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o f  the ex i st i ng rad i oac t i v e  wastes and res i dues  at the N i agara F a l l s  Storage S i te ( N F SS ) , Lewi ston , 
New York.  The a l ternat i ve s  i nc l ud e :  ( 1 )  no act i on ( conti nued i nter i m  sto rage at NFSS w i t h i n  a 
d i ked and capped contai nment area) , ( 2 )  l ong-term management at NFSS  ( imp roved conta i nment , wi th 
o r  wi thout mod i f i ed form o f  the re s i due s ) , ( 3 )  l ong- term management at other DOE s i te s  ( Hanford , 
Was h i ngton , o r  Oak  R i dge , Tennessee ) , and ( 4 )  offs i t e  management o f  the res i dues  at Hanford o r  
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other mod i f i cat i ons o f  res i due form ( v i tr i f i ca t i o n  and matri x  i so l at i on method s ) ,  mod i f i ca t i o n  o f  
the  bas i c  conceptual de s i gn s , other contai nme nt des i gn opt i o n s , t ransportati on route s , a n d  
transporta t i o n  modes . A l ternat i ve 2 i s  DOE ' s  p re fe rred a l ternat i ve . 

The rad i o l og i c a l  hea l th effects ( p r i ma r i l y  i nc reased  r i s k  of cancer)  a s s o c i ated wi th l ong- term 
management of the wastes  and res i dues a re expected to be much  sma l l er than the nonrad i o l og i ca l  
r i s k s  of occupa t i o n a l  a n d  transportat i on-re l ated i nj u r i e s  a n d  death s .  T h e  i nc reased r i s k  o f  
rad i o l og i ca l  hea l th e ffects i s  e s t i mated t o  range from 0 . 0013 t o  0 . 24 f o r  workers a n d  from l es s  
than 0 . 0000005 t o  0 . 30 f o r  the genera l p ub l i c  as  a resu l t  of act i o n s  that wou l d b e  ta ken under 
the vari ous  a l terna t i ve s .  The g reatest rad i o l og i ca l  r i s k  for worke rs wou l d  occur i f  a l l the 
wastes and res i dues were removed to Hanford , whereas the g reatest rad i o l og i c a l  r i s ks for the 
general pub l i c  wou l d occur i f  the wastes were removed to the ocean a nd the r e s i dues were removed 
to Hanford . For  the prefe rred a l ternat i v e  ( l ong-term management at N F SS ) , the rad i o l og i ca l  ri s ks 
for  workers are .esti mated to range from 0 . 0051 to 0 . 10 and for the gene ra l pub l i c  from l es s  than 
0 . 0000005 to 0 . 017-- the h i gher r i s ks be i ng assoc i ated wi th t reatment  of the res i dues  i n  Al terna
t i ve 2a . 

I n  compari son , the nonrad i o l og i c a l  r i s ks are e s t i mated to range f rom 0 . 0015 to 4 deaths and from 
0 . 13 to 166 i nj ur i e s .  Both wo rkers and the general  pub l ic wou l d  i ncur  these  r i s ks .  The pre ferred 
a l ternat i ve ( l ong-te rm management at N F S S )  i s  e s t i mated to resu l t  i n  a r i s k  o f  0 . 12 deaths and 12 
to 24 i nj u r i e s .  

F o r  a l l  a l te rnat i ve s , DOE wou l d  p l an t o  take perpetual  care of the wa ste contai nment a reas  and to 
restrict  s i te acce s s .  I f  contro l s were parti a l l y  lost ( e . g . , the conta i nment a rea  was not mai n
ta i ned ) ,  it i s  p red i c ted that contai nme nt wou l d  s t i l l  be e f fect i ve for the d e s i gn li fe ( at least  
200 years  and , to the  extent reasonably achi evab l e ,  for 1000  yea rs ) .  Pred i cted t i me for eros i on 



o f  covers over the b u r i e d  materi a l s  ranges from s everal  hundred years to more than two m i l l i on 
years , depend i ng p r i ma r i l y  on the use o f  the l and s urface .  At a l l s i te s ,  re l eases  o f  rad i oact i v e  
radon g a s  t o  the a i r  through the earthen covers o f  the contai nment system a re pred i cted t o  res u l t  
i n  n o  s i gn i f i cant adverse hea l th e ffects . A l s o ,  a t  a l l s i tes , n o  offs i te contam i na t i on o f  ground
wate r i s  p re d i cted for the 1000-year de s i gn l i fe .  I f  a l l  contro l s ceased , there wou l d  b e  r i s k  o f  
human i ntrus i o n  i nto the contami nated materi a l s .  A l-m ( 3- ft )  l ayer o f  r i p rap ( roc k )  i n  the 
e a rt he n  cove r  for p re ferred A l ternat i ve 2 i s  i ntended to d i scourage such  i ntru s i on .  An add i t i ona l 
i ntruder barr i e r  over the more rad i oact i ve res i due s , such  a s  a s l ab o f  re i nforced conc rete , i s  
a l s o be i ng con s i dere d .  

f )  The Department has i de n t i f i ed A l terna t i v e  2 ( l ong- term management a t  N F S S )  a s  the preferred 
a l ternat i v e .  Not l es s  than 60 days after pUb l i ca t i on o f  the not i c e  o f  avai l ab i l i ty o f  the F i nal 
E I S , a Record of Dec i s i on wi l l  be pub l i s he d  i n  the Federa l Regi ste r .  

i i 



FOREWORD 

T h i s F i na l  E n v i ronme n ta l I mpact Statemen t  ( F i na l  E I S )  i s  i s s ued by the U . S . Departmen t  of E nergy 
( DO E ) .  I t  assesses  the e n v i ronmental  i mpacts o f  var i ous  a l ternat i ve s  for the l ong- term management o f  
e x i s t i ng radi oacti v e  wastes a n d  r e s i dues stored at t h e  N i agara F a l l s  S torage S i te ( N F S S )  n e a r  Lew i s ton , 
New York .  These wastes and  re s i dues re s u l ted from the p roces s i ng o f  u ra n i um o re s .  About 1 1 , 000 m3 
( 15 , 000  yd3) o f  res i dues a n d  180 , 000 m3 ( 240 , 00 0  yd3) o f  wastes a re stored w i th i n  a d i ked contai nment 
a rea  at NFSS .  

Al though ongoi ng i nter i m  remedi a l  act i ons  i nvo l ved i mprov i ng the contai nment o f  the wastes and  
r e s i dues , DOE must dec i de how to manage  the se  radi oa c t i v e  materi a l s for the l on g  term . Therefore , i n  
accordance w i th the Nat i o n a l  E n v i ronme nta l  Po l i cy Act o f  1969 ( N E PA ) , a s  i mp l emented by the regu l a
t i on s  p romu l gated by the Counc i l  on E n v i ronmental  Qua l i ty ( CE Q )  ( 40 C F R  1500-1508 , Novembe r 1978) a n d  
O D E' s i mp l eme nt i ng g u i de l i nes  ( 4 5  F R  2 0694 , Ma rc h 28 , 1980 ) , DOE h a s  p repared t h i s F i na l  E I S  t o  prov i de 
e n v i ronmental i nput to th i s  dec i s i o n .  A Not i ce o f  I ntent t o  prepare t h i s F E I S  was i s s ue d  February 1 ,  
1983 , a n d  a publ i c  scop i ng proc e s s  was conducte d .  The Draft E I S  was i s sued i n  August  1984 . Pub l i c  
comment on  the Draft E I S  wa s rec e i ved both i n  wr i t i ng and  a t  publ i c  meet i ngs . After con s i de r i ng a l l  
comments , DOE i s  i s s u i ng t h i s F i na l  E I S .  DOE wi l l  the n i s s ue a Record o f  Dec i s i on  not l ess  than 
60  d ays fol l ow i n g  pub l i ca t i o n  of the not i c e  o f  ava i l ab i l i ty o f  the F i na l  E I S .  

The format o f  th i s  E I S  fol l ows the s uggested format i n  the CEQ  regu l at i o n s .  Sect i o n  1 documents 
the  p urpose  a n d  need for a dec i s i o n .  Sec t i o n  2 s ummari zes  a n d  compares a l terna t i ve s  a n d  predi cted 
e n v i ronmental i mpacts . Sec t i o n  3 s umma r i zes  the affected e n v i ronments  at NFSS and a l ternati ve s i te s .  
Sect i o n  4 p rov i des  deta i l ed i nforma t i o n  on  ana lyses  o f  t h e  e n v i ronmental  con sequences o f  the var i ous 
a l te rna t i v e s .  Sect i on 5 presents t h e  name s and  profe s s i on a l  qua l i f i cat ions  o f  t h e  persons respons i b l e 
for  p repar i ng the sta tement .  More deta i l ed i n fo rmat i o n  and  ana lyses  are prov i de d  i n  several  append i ce s .  

i i i  





SUMMARY 

The N i agara F a l l s  Storage S i te ( NF S S )  i s  l ocated i n  the Town ( Town s h i p )  of Lewi ston , N i ag�ra 
County ,  New York , about 30 km ( 19 m i l north of Buffa l o .  The c u rrent s i te i s  part of a former 
Manhattan Eng i neer D i s t r i c t  (MED ) s i te ,  wh i c h  in turn was part o f  the former Lake Ontar i o  Ordnance , 
Wo rks ( LOOW) . Beg i nn i ng i n  1944 , the MED u s ed the s i te for storage of rad i oacti ve res i dues that 
res u l ted from the p roces s i ng of urani um o re s  dur i ng deve l opment o f  the atomi c  bomb . Add i t i onal  
res i dues  were brought to the s i te for several  years  after Wor l d Wa r I I .  The U . S .  Department of Energy 
( DO E )  i s  now re spon s i b l e  for the s i te .  

Base l i ne cond i t i on s  a s s umed for ana lys i s  o f  a l l a l terna t i ves  for l ong- term management o f  the NFSS  
rad i oact i ve res i dues ( from p roces s i ng of uran i um o re s )  and wastes  ( most ly  contami nated s o i l s ) in  th i s  
F i na l  E n v i ronmental  I mpact Stateme nt ( F i na l  E I S )  are those cond i t i on s  projected to ex i st upon com
p l et i o n  of ongo i ng i nter i m  remed i a l  act i ons  i n  1986"'. At that t i me ,  a l l rad i oacti ve re s i dues  and 
wastes  wi l l  be conso l i dated w i t h i n  a d i ked contai nme n t  area i n  the southwest corner of NFSS.  The  
d i ked area wi l l  conta i n  about 11 , 000 m3 ( 15 , 000 yd3 ) o f  res i dues  and 180 , 000 m3 ( 240 , 000 yd3 ) o f  
was te s .  The res i dues are l ocated wi th i n  a re i n forced concrete s tructure a t  the bottom o f  the l arge 
p i l e  of  was te s .  The res i dues  account for l es s  than 6% of the total v o l ume of contami nated materi a l s 
but a l most  99% of the rad i oacti v i ty .  Mos t  of the urani um was removed dur i ng p roce s s i ng of the ores ; 
the refore , the rad i oact ive  contami nants i n  the res i d u e s  and wastes  are the natura l ly  occur i ng decay 
products o f  ura n i um .  The rad i oact i v i ty wi l l  not d i m i n i s h  apprec i ab ly  for thousands of years . 

Al though the i nter i m  remed i a l  act i on s  i nv o l ve i mp ro v i ng the contai nment of the wastes and res i dues 
and wi l l  resu l t  i n  reduc i ng emi s s i on s  of rad i oact i ve s ub s tances from the s i te and prov i d i ng better 
control  o f  the s i te ,  DOE must dec i de how to manage the rad i oact i ve wastes  and res i dues  for the l ong 
term .  In  addi t i o n  to eng i neeri ng , costs , and other con s i de rat i on s , env i ronmenta l i mpacts wi l l  be 
factored i nto th i s  dec i s i on .  Therefore , in accordance w i th the Nat i onal  E n v i ronmenta l Po l i cy Act 
( N E PA) , DOE has prepared th i s  F i na l  E I S  to a s se s s  and compare the pote nt i a l environme nta l i mpacts of 
v a r i o u s  a l ternat i ves for l ong- term management of the rad i oact i ve wastes and res i due s at N F S S .  

DOE conducted a scop i ng p roces s  t o  determi ne the a l ternati ves  t o  be anal yzed , the s i g n i f i cant 
i s sues  to be ana l yzed i n  depth , and the i s sues  to be e l i m i nated f rom further deta i l ed study .  Based on 
publ i c  and tec hni cal  scop i ng i nput, the fo l l ow i ng a l ternat i ve s  were def i ned for ana l ys i s  i n  t h i s  E I S :  

Al ternat i ve 1 :  N o  Act i on--Al ternat i ve 1 wou l d  i nv o l ve co n t i nued storage o f  a l l res i dues  and 
wastes w i t h i n  the d i ked contai nment area i n  the so uthwe s t  corner of N F S S .  The contai nment area i s  
s urrounded by a d i ke and subsurface c l ay c utoff wa l l  and i s  cove red w i t h  a mu l t i l ayered 1 . 4  m ( 4 . 5 f t )  
c a p  o f  c l ay a n d  so i l . '"  T h e  e n t i re N F S S  s i te wou l d  rema i n  under DOE owne rs h i p  a n d  control  i n  
perpetu i ty .  

Al ternati v e  2 :  Long-Term Management at NFSS i n  Perpetu i ty- - DO E ' s  P re ferred Al ternati ve 

Al ternati ve 2a: Long-Term Management at NFSS, Mod i f i ed Contai nment-- Under A l ternat i ve 2a,  f u rther 
acti o n s  wou l d  be taken to i mprove the  l ong- term conta i nment of the wa stes and res i dues  at NFSS .  Such 
acti o n s  wou l d  i nc l ude remova l  and temporary storage o f  the upper l ayers o f  the i nt e r i m  cap and construc
t i on o f  a l ong-term cap . The l ong-term cap wou l d  be 1 . 7-m ( 5 . 5 - f t )  th i c ke r  than the i nter i m  cap and  
wou l d  have extra c l ay and  a l ayer of r i prap ( graded l ayers of g rave l  and roc k ) . On ly  the contai nment  
a rea and a sma l l  buffer  zone wou l d  be reta i ned under  DOE owne rs h i p  and control  in  perpetu i ty .  

A l ternati ve 2b :  Long-Term Management at N F S S ,  Mod i f i ed Contai nment P l us Mod i f i ed F o rm--Under 
A l ternati ve 2b , in  add i t i o n  to the i mp roved contai nment system descri bed for Al ternati ve 2a , the 
res i dues wou l d  be mod i f i e d  phys i ca l l y  and chem i ca l l y  to reduce the rate o f  l ong- term m i grat i o n  of 
contami nated materi  a 1 s from NF SS . The res i dues  wou 1 d be removed f rom the conta i nment area and  pro
cessed  to extract potenti a l l y val uab l e  const i tuents ( e . g . , uran i um ,  coba l t ,  n i c ke l , mo l ybdenum , and  
l ead ) .  Once  processed , the v i tr i f i ed ( g l a s s )  res i due s l ag and some pre c i p i tates wou l d  be rebur i ed i n  
the d i ked contai nment area , the p roces s i ng faci l i t i e s  wou l d  be decontami nated and demo l i shed , and the 
e nt i re waste- contai nment  area wou l d  be covered w i t h  the l ong- term cap .  Only the contai nment area and 
a sma l l buffer zone wou l d  be retai ned under DOE owner s h i p  and control  i n  perpetu i ty .  

"'As of Apri l 1986 , t h e  i nter i m  cap h a s  been constructed o v e r  a l l of  t h e  contai nment area except the 
s o uthern port i o n  where the res i du e s  are l ocated.  I n  t h i s E I S ,  the conceptual des i g n  for  the i nter i m  
cap i nc l uded a 0 . 15-m ( 0 . 5 - f t )  sand  l ayer between  the c l ay and s o i l .  A m i nor des i gn mod i f i ca t i o n  
e l i mi nated th i s  s a n d  l ayer.  
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A l terna t i ve 3 :  Long-Term Management at Other S i te s .  

A l ternat i ve 3 a :  Long-Term Management at an  A r i d  S i te ( Ha nford ) --Under A l ternati ve 3 a ,  both the 
res i d ue s  and the was tes  wou l d  be excavated from the contai nment  area at NFSS and transported by truc k 
to a rad i oact i ve waste-management s i te ( 218W5 Are a )  on the DOE Hanford Reserva t i o n  near R i c h l and , 
Was h i ngton . The res i dues wou l d be pac kaged i n  l arge metal  conta i ners and transported on e i ther  f l at
bed t ra i l ers  o r  i n  s h i e l ded van s .  The was tes  are c l as s i f i ed a s  nonrad i oac t i ve under c u rrent transpor
tati on reg u l at i ons  and wou l d  be s h i pped i n  l arge dump truc ks . About 16 , 000 t ruc k l oads wou l d  be needed 
to  t ra n sport the was te s  and res i dues over 4000 km ( 2500 m i ) to Hanford.  F o l l ow i n g  transport o f  the 
wastes and res i dues to the Hanford s i te ,  the excavated areas wou l d  be f i l l ed and reg raded and NFSS 
wou l d  be re l eased for other u s e .  At Hanford , the contami nated mate ri a l s  wou l d  be buried  in  about 
42 trenches i n  a manner s i m i l ar to current p ract i ce s  for bur i a l  o f  other types  o f  s o l i d  rad i oact i ve 
wa stes at the Hanford Reservat i on .  The re s i dues  and wastes wou l d  be covered w i th 3 m ( 10 f t )  o f  l ocai 
earthen mate ri a l s ,  i nc l ud i ng a l ayer of r i p rap ( w i th any neces sa ry mod i f i ca t i ons  to e n s u re comp l i ance 
w i th 40 CFR 192 ) .  The wastes  and res i dues  wou l d  be contro l l ed i n  perp e tu i ty .  

A l ternati ve 3 b :  Long-Term Ma nagement at a Hum i d  S i te ( Oa k  R i dge ) - - Under A l ternati ve 3b , a l l the  
NFSS wastes and res i dues  wou l d  be excavated and transpo rted by truc k to the P i ne R i dge Knol l s  s i te on  
the DOE  Oak  R i dge  Reserva t i on near Oak  R i dge , Tennes see . About 16 , 000 t ruckl oads wou l d  be requ i red , 
w i th a transporta t i o n  d i s tance o f  about 1200 kIn ( 750 m i ) .  F o l l ow i n g  transport o f  the wastes  and 
re s i dues  to the Oak  R i dge s i te ,  the excavated a reas at NFSS wou l d  be f i l l ed and regraded and NFSS 
wou l d  be r e l eased fo r other u s e .  A t  O a k  R i dge , t h e  wastes  a n d  res i dues  wou l d  be stab i l i zed i n  several  
mound s .  The mounds wou l d  be covered w i th a l ong-term c a p  s i m i l ar t o  t h e  c a p  at  NFSS f o r  A l terna
t i ves 2a and 2b . The wastes and res i dues  wou l d  be contro l l ed i n  perpetu i ty .  

A l ternati ve 4 :  O f f s i te S to rage of R e s i dues  w i t h  Wastes  at NFSS or Ocean D i spo s a l  

Al ternati ve 4a :  Storage of R e s i dues  at Hanford/Long-Term Management o f  Wastes  at NFSS--Under 
A l terna t i ve 4a , the re s i dues wou l d  be excavated , pac kaged , and transpo rted to Hanford as  i n  A l terna
t i ve 3a.  About 1 , 600 truckl oads wou l d  be needed .  The res i d ue pac kages wou l d  b e  b u r i e d  i n  1 0  trenches 
at Hanford . The wastes wou l  d rema i n  at  NFSS and wou 1 d be covered w i th a 1 ong- term cap i dent i c a  1 to 
that descri bed for Al ternati ve 2 a .  The conta i nment areas and sma l l buffer  zones  at both NFSS and 
Hanford wou l d  be mai nta i ned and moni tored i n  perpetu i ty .  

A l terna t i ve 4 b :  Offs i te Sto rage o f  R e s i dues  at Hanford/Ocean  D i spo s a l  of Rema i n i ng Wastes - - U nder 
A l terna t i ve 4b , the res i dues  wou l d  be excavated ,  pac kaged , and t ranspo rted to Hanford a s  descr i bed for 
A l terna t i ve 4a .  A l l remai n i ng wastes  wou l d  be excavated , t ranspo rted in  b u l k in  dump trucks  to a doc k 
i n  the New Yor k/New Jersey harbor area , l oaded onto barge s , and transported to the 106-Mi  1 e Ocean 
Waste D i s posa l S i te ( S i te 106 ) for d i spers a l . After remova l  o f  a l l wa stes  and res i dues f rom the s i te ,  
NFSS wou 1 d be re 1 eased for other use .  On ly  the res  i due conta i nment area and a sma 1 1  b u f fer  zone at 
Hanford wou l d  be mai nta i ned and moni tored in pe rpetu i ty .  

Al ternati ve 4c : Offs i te Storage of Res i dues  at Oak  R i dge/Long-Term Management of Waste at NFSS-
Under  A l ternat i ve 4c , the res i dues  wou l d  be excavated , pac kage d ,  and transported to O a k  R i dge a s  i n  
A l ternat i ve 3 b .  About 1 , 600 truckl oads wou l d  be needed . The re s i due pac kage s  wou l d  be stab i l i zed i n  
mounds and covered w i th a l ong- term cap s i m i l a r  to that des c r i be d  for A l ternat i ve 3 b .  The  wastes 
wou l d  rema i n  at NFSS and wou l d  be cove red w i th a l ong- term cap i dent i ca l  to that descri bed for A l ter
nat i ve  2 a .  The conta i nment a reas a n d  s m a  1 1  b u f f e r  z o n e s  at b o t h  NFSS a n d  Oak  R i  d g e  w o u  1 d b e  
ma i nta i ned a n d  mon i tored i n  perpetu i ty .  

A l terna t i ve 4 d :  Offs i t e  Sto rage o f  Res i dues  at Oak  R i dge/Ocean D i spo s a l  o f  Rema i n i ng Wastes-
A l ternati ve 4d i s  i de nt i c a l  to A l t ernat i ve 4c except that  the NFSS wastes  wou l d  be d i s posed  in  the  
ocean  i nstead o f  rema i n i ng at N F S S .  Ocean  d i sposa l wou l d  be the  s ame a s  for A l ternat i ve 4 b .  After 
removal  of a l l  wastes  and res i dues from the s i te ,  N FSS wou l d  be re l eased for othe r u s e .  O n l y  the 
res i due contai nment  area and a sma l l b u ffer  z o ne at Oak R i dge wou l d  be mai ntai ned and moni tored"i n 
perpe tu i ty .  

I n  add i t i on to the  a l ternat i v e s  anal yzed i n  depth , severa l  opt i ons  are a l s o  cons i de red , i nc l ud i ng 
opti ons  for ( 1 )  retri e va l , pac kag i ng ,  and l oa d i ng of contami nated mate ri a l s ,  ( 2 )  mod i f i ca t i ons  o f  " the 
res i due  form ( i nc l ud i ng var ious  v i tr i f i ca t i o n  and mat r i x  i so l ati on  methods ) ,  ( 3 )  mod i f i cati ons  of the 
bas i c  conceptual contai nment d e s i g n s , ( 4 )  other conta i nment des i gn concepts , ( 5 )  t ransporta t i o n  route s ,  
a nd ( 6 )  transporta t i on modes .  

I mp l ementa t i on o f  any o f  the a l terna t i ves  wou l d  permanently comm i t  s ome l and to u s e  for rad i o
acti ve waste management .  Near- surface bur i a l  o f  the NFSS res i d ue s  ( and , i n  s ome a l ternat i ves , the 
wastes  a s  we l l )  wou l d  a l s o  unav o i dab ly  comm i t the federal government ( o r  i ts s ucces so r )  to perpetual 
care of the b u r i a l  s i te s  because the res i dues  and wastes wi l l  rema i n  hazardous for thousands of years . 
F o r  a l ternati ves  4a and 4c , two s i te s  wou l d  be mai ntai ned and moni tored i n  perpetu i ty .  

Impl ementat i o n  o f  any o f  t h e  act i on a l ternat i ve s  wou l d  expose  workers to r i s k  o f  i nj u ry a n d  death 
a s soc i ated w i th construct i on and e arth-mov i ng act i vi t i e s ,  rang i ng from an  e s t i mated r i s k  of 12 i nj u r i e s  
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and 0 . 0064 deaths i n  the case of Al terna t i ve 2a ( mod i f i e d  contai nment at NFSS ) to 100 i nj u r i e s  and 
0 . 044 deaths for Al ternati ve 3a  ( a l l was te s  and res i dues  at Hanford ) .  Transport of the wastes  and 
res i dues  ( A l ternat i ves  3a , 3 b ,  4a , 4b , 4c , and 4d)  wou l d  expose workers and the genera l pub l i c  to 
i nj u r i e s  and deaths a s s oc i ated wi th transporta t i o n  acc i dents , rang i ng from an  e s t i mated 2 . 5 i nj u r i e s  
a n d  0 . 15 deaths f o r  Al ternat i ve 4 c  ( re s i dues o n l y  t o  O a k  R i dg e )  to 66 i nj u r i e s  a n d  3 . 9  deaths for 
A l ternati ve 3a  ( a l l wastes and re s i dues to Hanford ) .  

The rad i o l og i ca l  hea l th i mpacts ( p r i mar i l y  i ncreased ri s k  o f  cancer) wou l d  b e  sma l l e r  than the 
r i s k s  of occupati onal  and transpo rtati on- re l ated i nj u r i e s  and deaths . O u r i n g  the act i on peri od , the 
r i s k  i s  e s t i mated to range f rom 0 . 0013 add i t i onal  hea l th e ffects for wo rkers i n  A l terna t i ve 1 ( s i te 
m a i ntenance workers ) to 0 . 24 add i t i onal  hea l th e ffects for wo rkers i n  A l ternat i ve 3a ( a l l wastes and 
res i dues  moved to Hanford ) .  F o r  the general  publ i c ,  the r i s k  i s  e s t i mated t o  range from l es s  than , 
0 . 0000005 add i t i onal  hea l th e ffects for A l te rnat i ve s  1 and 2a to 0 . 30 addi t i onal  heal th  e ffects for 
A l ternat i ve 4b ( re s i dues  to Hanford , wastes to ocean ) .  

For  A l ternati ve 2 ( p re fe r red a l ternat i ve ) , the rel ease of rad i oact i ve radon gas  through the th i c k 
earthen cover i s  e s t i mated to be about the s ame a s  that wh i c h  natura l l y  e scapes f rom the s o i l s  i n  the 
area because o f  the natural rad i oacti v i ty i n  a l l s o i l s .  The max i mum i nc reased rad i at i on dose to a 
nearby res i dent i s  e s t i mated to be l es s  than 0 . 001 mrem/yr.  T h i s compares with  2 . 0  mrem/yr that such  
a person  wou l d  rece i ve i f  he/she moved to B u f fa l o ,  New  York , because  o f  the i ncrease in  cosm i c  rad i a
t i on at the h i gher  a l t i tud e .  

T h e  l ong- term rad i o l og i ca l  r i s ks t o  t h e  gene ra l  pub l i c  a r e  expected t o  be smal l .  E v e n  i f  s i te 
mai ntenance ceased i n  200 years and there was very e ros i ve use  o f  the l and , the number o f  add i t i ona l  
adverse  hea l th e ffects at the yea r  1000  a re e s t i mated to range f rom l es s  t han  0 . :0000005/mi l l i on 
persons/year for A l ternat i ve s  2a , 2b , 3b , 4c , and 4d ( re s i dues  i n  the hum i d  c l i mate at NFSS o r  
O a k  R i dg e )  t o  0 . 0061/mi l l i on persons/year f o r  A l terna t i ves  4a and 4 b  ( re s i dues  i n  t h e  a r i d c l i mate a t  
Hanford ) .  Long- term rad i o l og i ca l  r i sks  t o  the general  pub l i c  a re expected to b e  h i ghest for A l terna
t i ve s  3a , 4a and 4b , p r imari l y  because of the much h i gher  rel eases  o f  radon gas from the res i dues  i n  
the ar i d c l i mate at Hanford.  

F o r  a l l a l ternat i ve s , DOE wou l d  p l an to take perpetual  care o f  the waste conta i nment areas and to 
restr i ct acces s  to the s i te .  Even  i f  contro l s were part i a l l y  l os t  ( e . g . ,  the conta i nment area was not 
mai ntai ned ) , it i s  p red i c ted that contai nment  wou l d  s t i l l  be e ffecti ve for the  d e s i gn l i fe ( at l east 
200 years and , to the extent reasonab l y  ach i evabl e ,  for  1000 years ) .  Predi cted t i me for e ro s i on of 
the  m u l t i l ayered earthen covers ranges from several  hundred years to more than 2 mi  1 1  i on  years , 
depend i ng on the use  o f  the l and s urfac e .  G i ven such  uncerta i nt i e s , there i s  no s i gn i f i c ant d i ffer
ence between a l ternat i ve s  wi th re spect to ero s i on o f  the covers . 

For  a l l a l ternat i ves , no offs i te contam i na t i on of groundwate r i s  predi cted for the 1000-year 
des i gn l i fe .  DOE p l ans  to i mp l ement a g roundwate r mon i to r i ng p rogram in order to detect m i grat i on 
before contam i nants reached the s i te boundary and to take any necessary correcti ve acti o n s .  

D i spersal  o f  t h e  s l i gh t l y  contami nated was te s  i n  t h e  ocean a t  S i te 1 0 6  ( A l ternati ves  4 b  and 4d ) 
i s  not expected to resu l t  i n  any s i gn i f i cant i mpacts on the ocean e n v i ronment o r  to pose  any 
s i gn i f i cant rad i o l og i ca l  r i s k  to humans .  A potent i a l  i ns t i tu t i onal  obstac l e  to i mp l ementat i o n  o f  
A l ternati ve 4 b  or 4d i s  t h e  need to obta i n  an  ocean dump i ng perm i t from t h e  U . S . E n v i ronmental 
Prote c t i o n  Agency and the uncerta i nty a s  to how the wastes  wi l l  be c l as s i f i ed for ocean d i sposa l  
p u rpose s .  

Impl ementati o n  o f  any o f  the  a l ternat i ve s  wou l d  requ i re a comm i tment o f  mo ney for l ong-term 
management o f  the NFSS res i dues , and , for some a l ternat i ve s ,  the wastes  as we l l .  E s t i mated i n i t i a l  
commi tments for the act i on a l ternati ves range from about $ 3 . 2-6 . 3 mi l l i on f o r  A l ternat i ve 2 a  ( mod i f i ed 
conta i nment at NFSS)  to about $130-260 m i  1 1  i on for A l te rnat i v e  3a (move a 1 1  wastes  and res i dues  to 
Hanford ) .  Long- term comm i tments for perpetual  care a re e s t i mated to range f rom $43 , 000/yr for 
A l ternat i ve s  4b and 4d ( re s i dues  only at  Hanford o r  O a k  R i dg e )  to $130 , 000/yr for A l te rnati ve s  4a 
and 4c ( i n  wh i c h  two d i f ferent s i te s  must be managed ) .  

DOE p l ans  to take perpetual  care o f  the NFSS s i te .  A 1-m ( 3- ft )  th i c k  l ayer o f  r i p rap ( roc k )  i n  
the earthen cover over the wastes  under preferred A l terna t i v e  2 i s  i ntended to d i scourage human 
i ntru s i on i nto the contami nated mater i a l s .  

Al ternati ve 2 i s  DOE ' s  p referred a l ternat i v e .  Ma i ntenance and mon i tori ng o f  the NFSS i nter i m  
s torage system ( A l ternat i ve 1 )  w i l l  cont i nue unti l i mp l ementati o n  o f  t h e  l ong- term a l ternat i ve .  The 
l ong-term a l ternati ve s e l ected for i mp l ementati on wi l l  be i denti f i ed i n  the Record of Dec i s i on .  At 
the t i me of i mp l ementati on ,  DOE wi l l  dete rm i ne the f i na l  des i gn featu res of the waste contai nment  
system and the res  i due  form. At a l l t i mes , DOE  w i  1 1  cont  i nue  to .keep the  pub 1 i c a s  we  1 1  a s  federa 1 , 
s tate , and l oc a l  off i c i a l s  app r i sed of DOE p l ans , acti ons , and mon i tori ng res u l ts .  

v i  i 
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1 . 1  I NTRODUCTION  AND B R I E F  H I STORY 

1 .  PURPOSE AND NEED  FOR  D E C I S I ON 

The N i agara F a l l s  Storage S i te ( N F S S )  i s  l ocated i n  the Town ( town s h i p )  of Lewi ston , N i agara 
County , New Yor k ,  about 30 km ( 19 m i ) north of  Buffa l o ,  New York ( F i gure 1 . 1 ) .  The c urrent 77-ha 
( 190- acre )  s i te i s  part of a former 610- ha ( 1500-acre )  Manhattan Eng i neer D i s t r i c t  (MED) s i te ,  wh i ch 
i n  turn was part of the former Lake Ontari o Ordnance Works ( LOOW) . Beg i nn i ng i n  1944 , the MED used 
the  s i te for storage of rad i oacti ve res i du e s  that res u l ted f rom the p roces s i ng of uran i um ores ( p i tch
b 1 ende)  dur i  ng deve  1 opment of the atomi c bomb . Add  it  i ona 1 res i dues  were brought to the  s i te for 
s everal  years after Wo rl d War I I .  

Subsequent to MED , respons i b i l i ty for the s i te has been transferred to the U . S .  Atomi c  Ene rgy 
Comm i s s i on (AE C ) , the U . S .  E ne rgy Research and  Dev e l opment Adm i n i s t rati on ( E RDA) , and the  U . S .  Depart
me nt of Energy ( DO E ) .  The s i te i s  curre n t l y  adm i n i s tered by the Oak R i dge Operati ons Off i ce of DOE 
and operated by Bechtel Nat i onal , I nc .  It i s  fenced and access i s  l i m i te d .  

1 . 2 SUMMARY DESC R I PT I O N  O F  NFSS RESI DUES AND WASTES 

The base l i ne for ana lys i s  of  a l l a l ternati ves for the l ong- term management of  the NF SS res i dues  
a nd wastes  in  th i s  E n v i ronmental  I mpact Statement ( E I S )  i s  a s s umed to be  the  cond i t i on o f  NFSS projec
ted to ex i st upon comp l e t i o n  i n  1986 of  the i nter im  remedi a l acti ons  that are curre n t l y  under way . * 
At that t i me ,  a l l rad i oacti ve l y  contami nated wastes ( mo s t l y  s o i l s ) and res i dues  ( from p roces s i ng of  
u ra n i um ores ) w i l l  be conso l i dated wi th i n  a 3 . 4- ha ( 8 . 5-acre )  d i ked contai nment a rea in  the  southwes t  
corner of  N F S S  ( F i gure 1 . 2 ) .  T h i s area wi l l  conta i n  about 190 , 000 m3 ( 250 , 000 yd3 ) of  contami nated 
mate r i  a 1 s. The area wi l l  be s urrounded by a d i  ke and subsurface c l ay cutoff wa 1 1 .  The cutoff i s  
keyed i nto an exi s t i ng l ayer o f  g ray c l ay . ** The conta i nment area wi l l  have an earthen cover con
s i st i ng of l ayers of c l ay ( 0 . 9  m [3 ft ) )  and s o i l ( 0 . 45 m [ 1 . 5 ft) ) - - tota l i ng 1 . 4  m ( 4 . 5 ft)  ( see Sec
t i on 2 . 1 for  conceptual des i gn d rawi ng ) . *** 

For p urposes  of  ana lys i s  i n  th i s  E I S ,  the NFSS contam i nated materi a l s  are separated i nto two 
g roup s :  ( 1 )  r e s i oues  and ( 2 )  wastes ( Tab l e 1 . 1 ) .  The res i dues and wastes are de scr i bed i n  deta i l  i n  
Sect i on 3 . 1 . 7 .  The  1 1 , 000 m3 ( 15 , 000 yd3 ) o f  res i dues cons i st o f  the K-65 , the comb i ned L- 30/F- 3 2 , 
and  the L-50 res i dues- - a l l of wh i ch w i l l  be s tored i n  bu i l d i ng s  w i th i n  the d i ked area upon comp l eti on 
o f  i nter i m  remed i a l  act i ons  ( F i gure 1 . 2 ) .  The res i dues account for l es s  than 6% of  the total vo l ume 
of contami nated mater i a l s  stored at NFSS but a l most  99% of the rad i um-226 i nventory .  The rad i um- 226 
co ncentrati ons i n  the res i dues range f rom 3 , 300 to 220 , 000 p C i /g and average 67 , 000 p C i /g . Radi um-226 
i s  a natura l l y  occurri ng rad i onuc l i d e  that res u l ts f rom the decay of urani um- 238. So i l s  i n  the N i agara 
F a l l s  area natura l ly  conta i n about 2 p C i /g of  radi um-226 . 

Unt i l  recent l y ,  these res i dues were owned by Afri met- I nd u s s a , I nc . , an Ameri can f i rm i ncorporated 
i n  the state of  New York and contro l l ed by U n i on M i n i ere ,  a B e l g i an f i rm .  D u r i ng Wo r l d  War I I ,  Afri met 
s u pp l i ed the federal government wi th uran i um ore ( p i tchb l ende ) f rom the Be l g i a n  Congo but reta i ned 
owner s h i p  of  the res i dues because of the rad i um and other , potent i a l ly  recoverab l e ,  va l uab l e e l ements 
that rema i ned i n  the res i dues after the uran i um was extracted . 

Afrimet he l d  a l i cense  from the state of New York for storage of the rad i oact i ve mate r i a l s at 
NF 5S and had a s torage 1 ease agreement wi th DOE .  The 1 ease  agreement exp i red i n  June  198 3 .  As a 
re s u l t of DOE negot i ati ons  w i th Afrimet , and i n  c o n s i derat i on of common defense  and sec uri ty arrange
ments between the U n i ted States and the government of  B e l g i um ,  Afr imet and DOE s i gned an agreement 

*The i mpacts assoc i ated with the i nteri m acti v i t i e s  are not covered i n  t h i s EIS  on  l ong-term 
management .  The i nter i m  act i ons  are addres sed i n  separate documents ( U . S .  D e p .  E n ergy 1982a , 
1982b , 1983a , 1983b ) .  

**The depth and thi c kness  o f  the g ray c l ay l ayer i s  var i abl e ,  and i t  i s  not known i f  t h i s l ayer i s  
conti nous underneath the d i ked area . 

***As of Apr i l 1986 , the i nter im  cap has been constructed over a l l of the contai nment  area excep t  
t h e  so uthern port i on where t h e  res i dues are l ocated . I n  th i s  E I S , the conceptual  des i gn for the 
i nter i m  cap i nc l uded a 0 . 15-m ( 0 . 5-ft)  sand l ayer between the c l ay and s o i l .  A m i nor  des i gn 
mod i f i cati on e l i m i nated th i s  sand l ayer.  
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F i gure 1 . 2 .  P l an V i ew o f  t he Waste-Contai nment Area i n  the Southwe s t  Corner of 
NFSS Upon Comp l et i on of I nte r i m  Remed i a l  Act i ons  in  1986 . Based 
on drawi ng provi ded by Becht e l  Nat i ona l , I nc .  Note : T he exact 
p l acement of the K-6 5  and comb i ned L- 30/F-32  r e s i dues i n  B u i l d i ng 411 
has been chang e d ,  but th i s  has not changed the i mpacts p red i c ted i n  
t h i s E I S .  
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Tab l e  1 . 1 .  Rad i oact i ve Mate ri a l s  at NFSSt 1 

11 , 000 

180 ,000 

190 , 000 

Average 
Rad i um-226 

Concentrat i o n  
( pC i lg ) t 3  

67 , 000 

36 

3 ,800 

Rad i um-226 
I nventory 

( C i )  

870 

7 . 8  

880 

t l A l l v a l ues rounded to two s i gn i f i cant f i gure s .  See Sec t i on 3 . 1 . 7 for 
deta i l s .  

t 2  E s t i mated v o l ume s .  More prec i se e s t i mates wi l l  be ava i l ab l e  after 
comp l e t i o n  o f  i nter i m  remed i a l  acti ons . 

t 3  D ry we i ght concentrat i o n s .  

t 4  I n c l udes K- 6 5 , L- 30/F-32 , and L - 50 re s i dues .  Dur i ng t h e  i nte r i m  
remed i a l  act i on s , t h e  v o l umes o f  res i dues  were found to be l es s  than 
the e st i mates u s ed i n  the ana l ys e s  i n  th i s  E I S .  

t S  I nc l udes a l l rema i n i ng contami nated mater i a l s ,  p r i mar i ly s l i gh t l y  
contami nated s o i l s . 

e ffec t i ve J u ly 1 ,  1983 , whereby A f r i met wi l l  pay DOE $8 mi l l i on and DOE too k t i t l e  to the res i dues and 
re l eased Afr imet f rom i ts obl i ga t i ons  w i th respect to the res i dues  ( U . S .  Dep . Energy 1983d ) .  

The 180 , 000 m3 ( 240 , 000 yd3 ) o f  NFSS wastes  cons i st p r i ma r i l y  o f  s l i gh t l y contami nated s o i l s  that 
have an average radi um-226 concentrati o n  o f  36 pC i/g .  Deta i l ed des c r i pt i on s  of the NFSS re s i dues  and 
wastes  are g i ve n  i n  Sect i on 3 . 1 . 7 .  

1 . 3 D E C I S I ON TO B E  MADE 

A l though the p l anned i nter i m  remed i al act i ons i nv o l ve p l ac i ng the wastes  and res i due s i nto a more 
s e cure cond i t i o n  and wi l l  re s u l t  i n  mar ke d l y  red uced em i ss i on s  o f  rad i oacti ve s ub s tance s f rom the 
s i te ,  DOE must dec i de how to manage the rad i oact i ve wastes and re s i dues  for the l ong term. I n  
add i t i on to e n g i neeri ng , cos t ,  and other cons i derat i on s , e n v i ronmental  i mpacts wi l l  b e  factored i nto 
t h i s dec i s i o n .  Therefore , i n  acco rdance wi th the Nat i ona l  E n v i ronme ntal  P o l i cy Act ( NE PA) , DOE 
p repared t h i s E I S  to a s s e s s  and compare the pote nt i a l  e n v i ronme ntal  i mpacts o f  vari ous  a l ternat i ve s  
f o r  t h e  l ong-term management o f  the rad i oact i ve wastes  a n d  res i dues at NFS S .  T h e  D O E  dec i s i on- ma k i ng 
p roces s  and s upport i ng documents for NFSS are s ummar i zed i n  F i g u re 1 . 3 .  

1 . 4  E I S  SCO P I NG 

I n  accordance w i th regu l at i on s  o f  the Counc i l on E n v i ronmental  Q ua l i ty ( CEQ)  and DOE g u i de l i nes  
for  i mp l ementi ng NEPA , the  Departme nt i s s ued a Not i ce o f  I ntent ( NO I )  to prepare th i s  E IS  ( U . S . Dep .  
Energy 1983c)  and conducted a scop i ng proc e s s  to determ i ne the  a l te rna t i ves  to be ana lyzed i n  the E I S .  
the s i gn i f i cant i s sues to b e  a n a l yzed i n  depth , and the i s sues  to b e  e l i mi nated f rom further deta i l ed 
s tudy .  Deta i l s  o f  the scop i ng p roces s  a re g i ve n  i n  the I mp l ementat i on P l an f o r  thi s E I S  ( U . S .  Dep .  
E ne rgy 1984 ) , and a s ummary i s  prov i ded i n  Append i x  G .  Both tec h n i c a l  and publ i c  scop i ng i nput we re 
cons i dered.  P ub l i c  i nput i nc l uded p re sentat i ons made at two pub l i c  mee t i ngs he l d  in  Lewi ston , New York , 
on Feb rua ry 17 and 19 , 1983 ; p re sentat i o n s  made at a pub l i c  mee t i ng he l d  i n  Oak  R i dge , Tenne s see , on  
Octobe r  19 , 1983 ; and l etters rec e i ved by  DOE regard i ng the  scope  o f  the E I S .  Techn i ca l  scop i ng i nput 
was p rov i ded by Bechtel Nat i ona l , I nc . , Argonne Nati on a l  Laboratory , DOE Operat i o n s  O f f i c e s  at Oak R i dge 
and R i ch l and , DOE Headquarters , and state agenc i e s  ( New York Departments o f  E n v i ronme ntal  Conservat i o n , 
Labo r , and Hea l th ) .  The pre l i m i nary l i s t  o f  potent i a l  i s sues  presented i n  the NO I was rev i sed a s  a 
resu l t o f  the scop i ng p roce s s .  I n  part i c u l a r ,  rad i o l og i ca l  contam i nati on o f  the ocean i c  e n v i ronment  
was added a s  a p r i mary i ss u e .  Further d i scus s i on i s  g i ve n  i n  Appen d i x  G rega rd i ng t h e  reasons  for 
reta i n i ng o r  rej ect i ng spec i f i c  i ss u e s  for deta i l ed con s i derat i on i n  th i s  E I S .  

Based on  the pub l i c  and techn i ca l  i nput , four bas i c  a l terna t i ves  were d e f i ned for ana lys i s  i n  
th i s  E I S :  

1 .  N o  Act i on- - Conti nue i nt e r i m  storage o f  a l l e x i s t i ng wastes  and res i dues at NFSS i n  the 
d i ked and capped contai nment area i n  the southwe s t  corner o f  NFS S .  
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SUPPORT DOCUMENTS 

Seri e s  of Ac t i on Descri p t i o n  Memoranda and 
Memoranda to F i l e  

Construc t i o n  and Subcontract Documents ( e . g . , 
d rawi ngs ,  techn i cal  spec i f i cat i on s , scope 
o f  work , e ng i neeri ng reports ) 

Ser i es of Mon i tori ng Reports 
S i te C haracte ri zati on Reports 

Eng i nee r i n g  Eva l uat i on o f  Al ternat i ve s  
Scop i ng Comments ( see Appendi x G o f  Draft E I S )  
E I S  I mp l ementat i on P l an 

Draft E I S  
Comments o n  Draft E I S  ( see  Append i x  K o f  

F i na l  E I S )  

F i na l  E I S  ( i nc l ud i ng documents  i ncorpor-
ated by referenc e )  

I nt e r i m  C l os ure/Post- C l o s u re P l an* 
I nter i m  Contai nment D e s i gn Repo rt* 
E n v i ronmenta l Mon i tori ng P l an* 
Waste Conta i nment Performance Mon i tori ng 

System Report* 
Record of  Dec i s i on ( RO D )  

Deta i l ed P l ans  for Se l ected Al ternati ve 
( i nc l ud i ng e ng i nee r i ng des i g n ,  m i t i gat i ve 
meas ures and moni tori ng p l ans , s i te 
c o n f i gurat i o n  p l ans , etc . ) 

Construct i on  and  Subcontract Documents 
RCRA/CERCLA Doc uments (as neces sary )  
O t h e r  Reports ( a s  necessary )  

Mon i tori ng Reports 
Correcti ve Act i o n  P l ans , E n g i neer i ng 

Eva l uat i o n s , E n v i ronmental  Asses sments  
(as  neces sary )  

*Wi l l  be f i na l i ze d  before ROD.  

F i gure 1 . 3 .  N i agara F a l l s  Storage S i te :  DOE Dec i s i on-Ma k i ng Proce s s .  
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2.  Long-Term Managemen t  at  NFSS--Carry o u t  f u rther act i ons  t o  i mprove t h e  conta i nment o f  
the  s tored was tes  a n d  res i dues o r , i n  add i t i on t o  i mp roved conta i nmen t ,  t o  modi fy the 
form o f  the res i dues to reduce l ong- term m i g ra t i o n  o f  contami nated mate ri a l s f rom NFSS.  

3 .  Long-Term Management at Other S i te s- - Remove a 1 1  wastes and res i dues fY'om NFSS and 
transport them to another s i te for l o ng-term management .  

4 .  Offs i te Storage of Res i dues--Remove the more radi oact i ve res i dues  to another s i te and 
e i th e r  l eave the wastes  at  NFSS o r  remove them for d i spos a l  i n  the ocean . 

The  f i rst three  a l ternati ves we re s uggested i n  the NO I .  Based on pub l i c  and techn i ca l  i nput to the 
scop i ng proce s s , the fourth a l ternati ve was added .  A l though a p re fe rred a l ternati ve was not  i de nt i �  
f i ed i n  the D raft E I S , a prefe rred a l terna t i ve ( A l ternati ve 2 ,  Long-Term Management a t  NFSS ) i s  i dent i 
f i ed i n  th i s  F i na l  E I S , a s  req u i red b y  C E Q  reg u l at i ons . 

The term " l ong- term manageme nt" i s  used i n  t h i s E I S  i nstead o f  the term " d i spos a l " for tho s e  
a l ternat i ve s  where i n  the N F S S  wastes  a n d  res i dues wi l l  rema i n  on  l and .  The term d i spo s a l  has  a conno
tat i o n  o f  permanent emp l acement with no further manageme n t .  Because the radi onuc l i des i n  the NFSS 
wastes  and res i dues  have re l at i v e l y  l ong ha l f- l i ve s  and the potent i a l  hazard wi l l  not d i m i n i s h  appre
c i ab l y  for thousands o f  yea rs , there wi l l  be a con t i n u i ng need for management  o f  these mate ri al s .  
Thus , the term l ong- term management i s  used .  The pote nt i a l  e n v i ronmenta l i mpacts under cond i t i on s  o f  
cont i nu i ng management (ma i ntenance , mon i tori n g ,  and correct i ve ac t i o n s  a s  nece s sary )  and under con
d i t i on s  o f  l oss  o f  management a re a s se s sed i n  th i s  E I S .  The  t i me peri ods for ana lys i s  and the a s s ump
t i on s  about management contro l s  for each t i me peri od a re g i ven i n  Sect i o n  4 .  

1 . 5 RE LATED  FEDERAL PROJECTS 

The Department has recent l y  p repared e n v i ronmenta l i mpact s tatements  for other p rograms and other 
s i te s  under i ts Remed i a l  Act i on Program , i nc l udi n g :  

U . S .  Department o f  Ene rgy . 1983 . " F i na l  E n v i ronmenta l Impact Statement , Remed i a l  Acti ons  at the 
Former V i tro Rare Meta l s P l ant S i te , Cannonsburg , Was h i ngton County , Pennsy l van i a . " DOE/E I S-
0096 - F  ( 2  v o l umes ) .  J u l y  1983 . 

U . S .  Department o f  E ne rgy . 1984 . " F i na l  E n v i ronmenta l Impact Statement , Reme d i a l  Ac ti ons  at the 
Forme r V i tro Chem i ca l  Company S i te ,  South Sa l t  Lake , Sa l t  Lake County , Utah . "  DOE/E I S- 0099- D .  
J u l y  1984 . 

U . S .  Department o f  Energy .  1985.  " F i na l  E n v i ronmenta l I mpact Statement .  Remedi a l  Act i o n s  at 
the  Former Vanadi um Corpora t i on o f  Ame r i c a  U ra n i um M i l l s  S i te ,  Durango , LaPl ata Co unty , 
Co l orado . " DOE/E IS-OIIIF .  October 1985 . 

I n  addi t i o n ,  the U . S .  Nuc l ear Regu l atory Comm i s s i o n  and the U . S .  E n v i ronmenta l Prote c t i o n  Agency 
have p repared E I S s  on v a r i o u s  re l ated p rograms , proposed standards , and spec i f i c  s i te s ,  i nc l ud i ng :  

U . S .  Nuc l ear Regu l atory Commi s s i on .  1983 . " F i na l  E n v i ronmenta l I mpact Statement Rel ated t o  the 
Decomm i s s i on i ng o f  the Rare Earths Fac i l i ty ,  West Ch i cago , .  I l l i no i s . "  Doc ket No . 40-206 1 , 
Ke rr-McGee Chem i c a l  Corpora t i o n .  O f f i ce o f  Nuc l ea r  Mate r i a l  Safe ty and  Safeguard s .  May 
1983 . 

U . s .  E n v i ronmenta l P rotect i on Agency . 198 2 .  " F i na l  E n v i ronmental  I mpact Statement for Remed i a l  
Act i on Standards for I nact i ve U ra n i um Proce s s i ng S i te s  (40  C F R  192 ) . "  Vol s .  1 and 2 ;  
EPA  520/4/82-013- 1 ,  - 2 .  O f f i c e  o f  Rad i at i o n  P rograms . October 1982 . 

U . S .  E n v i ronmental  P rotec t i o n  Agency . 1980 . " F i na l  E n v i ronmental  Impact Statemen t  ( E I S )  for 
lOG-M i l e  Ocean Waste D i sposa l S i te De s i gnati o n . "  O i l and Spec i a l  Materi a l s  Contro l  
D i v i s i on ,  Ma r i ne P rotecti on B ranch , Was h i ngton , DC . February 1980 . 

1 . 6 SUMMARY O F  POTENTIALLY APPL ICAB LE LAWS AND REGULAT IONS 

Maj or l aws and regu l at i on s  that may be potent i a l l y  app l i cab l e  to the  v a r i o u s  a l ternat i ve s  are 
p resented in  Tab l e  1 . 2 .  Deta i l ed d i scus s i on s  of severa l  major i n st i tut i on a l  i s sues  assoc i ated wi th 
e n v i ronmenta l  regu l at i on are g i ven  i n  Sec t i o n  4 . 7  and Append i x  D .  Cop i es o f  DOE O rders are avai l ab l e  
for pub l i c  i nspect i o n  a t  the NFSS E I S  pub l i c  reference l ocat i on s .  
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Tab l e 1 . 2 .  Major Laws a n d  Regul ati ons  That May Potent i a l ly  Be 
App l i cab l e  to the Var i ous A l ternati ves  

F EDERAL LAWS AND EXECUT I V E  ORDERS 

Atomi c E ne rgy Act ,  a s  amended 

Department of Energy O rgan i zati on Act 

Nat i onal  E n v i ronmental P o l i cy Act 

Comp rehens i ve E n v i ronmental  Response , Compensat i on , and L i ab i l i ty Act of 1980 

C l ean Ai r Act 

C l ean  Wate r Act ( Federal Water Po l l ut i o n  Control  Act ,  as amended )  

Re source Conservat i o n  and Recovery Act ( So l i d  Waste D i sposa l  Act) 

Safe Dri n k i ng Water Act 

R i ver  and Harbor Act 

Mari ne Protec t i o n  Research and Sanctuari es  Act 

Ocean Dump i ng Amendments Act of 1982 

S u rface Transportati on A s s i stance Act of 1982 

E ndangered Spec i es Act 

F i s h  and Wi l d l i fe Coord i nat i on Act 

Arche o l og i ca l  and H i stori c Preservat i on Act 

Archeo l og i ca l  Resources  P rotecti on Act 

Hazardous Mate ri a l s T ransportati on Act 

No i se Control  Act 

Exec u t i v e  O rder 12088 , Federal  Comp l i ance wi th Pol l ut i on Contro l Standards 

Executi ve O rder 11514 , P rotect i o n  and E nhancement of E n v i ronmental  Q u a l i ty 

Exec u t i ve O rder 11991 , Re l at i ng to the P rotect i on and Enhancement of Env i ronmenta l Qua l i ty 

Exec u t i v e  O rder 11738 , Prov i d i ng for Admi n i s t rati on of the C l ean Ai r Act and the Federal  Water P o l l u
t i o n  Control Act wi th Respect to Federal  Contracts ,  Grant s , or Loans 

Execu t i ve O rder 11807 , Occupati ona l  Safety and Hea l th Programs for Federal Emp l oyees 

Exec ut i ve O rder 11490 , As s i g n i ng Emergency Preparedness  F unct i ons to Federal  Departments  and Agenc i es 

DOE ORDERS AND C R I T E R I A  

1540 . 1 

5440 . 1B 

5480 . 1A 

5480 . 2  

5481 . 1 

5482 . 1A 

5483 . 1 

5484 . 1 

5484 . 2  

5500 . 2 

5700 . 6A 

Mater i a l s  Transportat i o n  and Tra f f i c  Management 

Imp l ementati on of the Nat i ona l  E n v i ronmental Po l i cy Act 

Env i ronmenta l P rotecti on , Safety , and Hea l th Prote c t i o n  P rogram for DOE Operati ons  

Hazardous and Rad i oact i ve Mi xed Waste Management  

Safety Ana l ys i s  Rev i ew Sys tem 

Env i ronmenta l , Safety , and Hea l th App ra i s a l  P rogram (Oak  R i dge and Hanford Al ternat i ve s )  

Occupat i ona l Safety a n d  Hea l th Program for Government-Owned Contractor-Operated Fac i l i t i es 

Env i ronmenta l P rotect i o n , Safety ,  and Heal th P rotect i on I n fo rma t i on Reporti ng Req u i rements 
Unusual  Occurrence Reporti ng System 

Emergency P l ann i n g ,  Preparednes s ,  and Response for  Operat i on s  

Q ua l i ty Ass urance 

5820 . 2 Radi oact i v e  Waste Management 

G u i de l i ne s  for Res i dual  Rad i oact i v i ty at Former ly  U t i l i zed S i tes  Remed i a l  Act i on  Program and Remote 
Surp l u s  Faci l i t i e s  Management P rogram S i tes  ( Re v .  1 ,  J u l y  198 5 )  



STATE LAWS* 

New York 
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Tab l e  1 . 2 .  Conti nued 

New York State E n v i ronmental  Conservat i on Law 

Was h i ngton 

P l an for Impl ementat i o n , Mai ntenance , and Enforcement  o f  the Nat i onal  Amb i ent A i r  Qua l i ty Standard s 
i n  the State o f  Was h i ngton 

Water Q u a l i ty Standard of the State o f  Was h i ngton 

Tenne s s e e  

Te nnes see  A i r  Qua l i ty Act 

Tennessee Water Q ua l i ty Contro l Act 

*Note : State and l oc a l  transporta t i on l aws do not app l y  to DOE s h i pments o f  the N F SS was te s  and 
res i dues  ( see  deta i l s  in Append i x  D ) .  

R E F E RENCES  ( Chapter 1 )  

u .  S .  Department o f  Energy . 1982a .  Act i o n  De s c r i p t i o n  Memo randum , N i agara F a l l s  Sto rage S i te .  
P roposed 1982 I nter i m  Remed i a l  Act i o n  ( R- 1 0  P i l e  Stab i l i z ati on ) .  Oak  R i dge Operat i ons , Tech n i c a l  
S e r v i c e s  D i v i s i o n ,  Oak  R i dge , T N .  Ap r i l 1982 . 

u . S . Department o f  Ene rgy .  1982 b .  Act i on De s c r i p t i o n  Memorandum , N i agara F a l l s  Storage S i te .  
P roposed I nte r i m  Remed i a l  Act i on f o r  B u i l d i ngs  413 and 414.  O a k  R i dge Operat i on s , Techn i ca l  
S e rv i ce s  D i v i s i on ,  O a k  R i dge , TN . Apr i l 1982 . 

u . S .  Department o f  Energy . 1983 a .  Act i on De s c r i p t i on Memorandum , N i agara F a l l s  Storage S i te .  
P roposed I nter i m  Remed i a l  Ac t i ons  for F Y  198 3 .  Oak  R i dge Operati on s , Techn i ca l  Serv i ce s  D i v i s i on ,  
Oak  R i d ge , T N .  February 1983 . 

U . S .  Department  o f  E n ergy . 1983 b .  Act i on Desc r i p t i on Memorandum , N i agara F a l i s Storage S i te .  
Proposed I nter i m  Remed i a l  Act i ons  f o r  FY 1983-85 Acc e l erated P rogram . O a k  R i dge Operat i on s , 
Techn i ca l  Serv i ce s  D i v i s i on , Oak  R i dge , T N .  J une 1983 . 

u . S .  Department o f  Ene rgy . 1983 c .  Long-Term Management  o f  E x i s t i ng Rad i oacti ve Waste s  and Res i du e s  
at  t h e  N i agara F a l l s  Storage S i te :  Not i ce of I ntent t o  P repare an  E n v i ronmental  Impact Statement 
and Conduct a P ub l i c  Scop i ng Meet i ng .  Fed. Reg i st .  48( 22 ) : 4522 ( Februa ry I, 1983 ) .  

U . S .  Department o f  Energy . 1983d .  Contract o f  Agreement and Sett l eme n t ; Lease Agreements  AT( 40- 1 ) -
2427 and AT(40- 1 ) - 2429 . E ffect i ve 1 J u l y  1983 . S i gned 26 August  1983 by J .  LaGrone ( Contrac t i ng 
O f f i c e r ) , Department of Energy , and V .  S h i c k  ( P res i dent and C h i e f  Executi ve O f f i ce r ) ,  Afr imet
I nd u s sa I n c . 

u . S .  Department o f  Energy . ' 1984 . Imp l ementa t i o n  P l an for the E n v i ronmental  Impact Statement , Long
Term Management o f  Ex i s t i ng Rad i oacti ve Wastes and Re s i dues  at  the N i agara F a l l s  Storage S i te .  
January 1984 . 



2 .  COMPAR I SON OF ALTERNAT I VES 

F o l l ow i ng i s  a s ummary compar i son  of the vari ous  a l ternati ves cons i dered to be reasonab ly  ava i l 
ab l e  to DOE for l ong- term management of the NFSS wastes and re s i due s .  A desc r i p t i o n  of the conceptual 
des  i g n  and genera 1 techn i ca 1 aspects of each a l ternat ive i s  presented.  '" Further tec h n i  ca 1 deta i 1 s-
i nc l ud i ng other  eng i nee r i n g ,  management , and transporta t i o n  opti ons-- are presented i n  Append i ce s  C ,  0', 
and  E of  th i s  document and i n  an  eng i nee r i n g  report by Bechtel  Nati o nal , I nc .  ( 1984 ) . Cost  e s t i mates 
are g i ve n  in  Append i x  F .  

The env i ronmenta l i mpacts assoc i ated w i th each a l ternati ve are s ummari zed based o n  the deta i l ed 
ana lyses  presented i n  Secti o n  4 .  Because of the rad i oacti ve nature of the natural l y  occurri ng rad i o
nuc l i des  i n  the NFSS wastes and res i due s ,  a l l env i ronmenta l i mpacts ( both rad i o l o g i ca l  and nonra d i o
l og i ca l ) are ana lyzed i n  terms of three t i me f rames :  

Act i on Per i od ( appro x i mate l y  1 0  years ) :  The pe r i od dur i ng wh i ch phys i ca l  act i ons  such  
a s  transportati on , s tab i l i zati on , ocean dump i ng ,  etc . , w i l l  take p l ac e .  

Ma i n tenance and  Mon i tori ng Per i od ( 10 to 200 years ) :  For  the a l ternati ves  i nv o l v i ng 
management on l and , the per i od duri ng  wh i c h  the wastes and res i dues wi l l  conti nue  to be 
managed . "'''' Conta i nment structures  wi l l  be rna i nta i ned , rad i  oact i ve  re 1 eases  to the  
env i ronment wi l l  be mo n i tored , and per i od i c  correc t i v e  remed i a l  act i on s  wi l l  be taken , 
a s  neces s a ry. H uman acces s  to the waste-management a reas wi l l  be l i m i ted , and the 
federal governme nt wi l l  con t i nue to own the s i te s  and use  them s o l e l y  for waste
management p u rposes . 

Long- Term P e r i od ( 200 to 1000 years ) :  Two case s , i nv o l v i ng d i ffe rent  degrees of l os s  
of contro l , are a s s e s s e d :  

Case  A :  L o s s  of Moni tori ng, Ma i ntenance ,  and Correc t i ve Act i o n s .  Mon i tori ng , 
rna i ntenance , and correcti ve acti ons wi 1 1  cease , but  acce s s  wi 1 1  conti nue to be 
l i mi ted and the federal  government wi l l  conti nue to own and use the s i tes  s o l e l y  
f o r  waste-manageme nt purposes . The e f fects  of natural  p roces se s  on  waste contai n
ment and the gradua 1 re 1 ease of rad i onuc 1 i des  to the env i ronment are a s se s s e d .  

Case  B :  L o s s  of Al l Contro l s .  Not o n l y  wi l l  mon i tori ng , mai ntenance , and  correc
t i ve  act i on s  cease , but acce s s , 1 and- u s e , and ownersh i  p contro 1 s w i  1 1  cease as  
we l l .  H uman i ntrus i o n  i nto the wastes  i s  a s s umed to occur .  

The  reasons for  s e l ect i ng the se  t i me per i ods and a s s umpt i ons for ana l ys i s  a re presented i n  the i nt ro
duc t i o n  to Sec t i o n  4. Deta i l ed d i sc u s s i ons  of pos s i b l e  meas ures to m i t i gate predi c te d  i mpacts are 
d i s c u s sed under each subject i n  Sect i o n  4. 

The pote nt i a l  env i ronmental i mpacts a s s oc i ated w i th a l l t h ree t i me per i ods  a re analyzed .  The 
i mpacts assoc i ated w i th the actual  i mp l ementa t i o n  o f  an  a l ternati ve can  often be greate r than the 
cumul at i ve i mpacts as  soc i ated w i t h  the d i  sposa 1 s i te fo r hundreds to thousands o f  years . However , 
because the dec i s i o n  to be made i s  what a l ternati ve s hou l d  be i mp l emented for l ong- term management of 
the NFSS wastes and res i dues , the var ious  ways that the contai nment systems may eventua l l y fa i l and 
the vari ous pathways by wh i ch rad i oact i ve sub s tance s cou l d  be d i spersed i nto the env i ronment a re g i ven  
p a rt i c u l a r  attent i o n .  Major  factors hav i ng i nput i nto the rad i o l og i c a l  ana lys i s  are :  (1 )  e ros i o n  and  
other  phys i ca l  e ffects on s i te i ntegr i ty ,  (2 )  groundwater  contami nati on , ( 3 )  b i o l o g i c a l  e f fects  on the 
conta i nment systems , and ( 4 )  human i ntrus i on  i nto the contami nated materi  a 1 s .  A l l of  these factors 
a re i nterrel ated and , at a g i ve n  t i me i n  the future , any one of these facto rs cou l d  be domi nant wi th 
respect to rad i o l og i c a l  i mpacts on  e i ther i nd i v i dua l s or the general pop u l a t i o n .  

"'Both techn i ca l  d e s c r i p t i o n s  o f  a l ternat i ve s  a n d  p redi cted i mpacts a r e  d i scus sed u s i ng t h e  verb "wi l l . "  
Th i s  s hou l d  be i nterp reted to mean that someth i ng wi l l  occur i f  the a l terna t i ve i s  i mp l emented as  
descr i bed .  

"''''The federal  government p l ans  to take perpetual  care of the NFSS wastes  and res i dues . Howe v e r ,  
because i t  i s  u n reasonab l e  t o  a s s ume that mai ntenance a n d  mo n i tori ng wi l l  conti nue for  the durat i o n  
of t i me that t h e  wastes a n d  res i dues w i l l  rema i n  rad i oact i ve l y  hazardous ( hundreds o f  thousands 
of years ) ,  the 200-year mai ntenance and mon i tori ng per i od i s  used as  a reference poi nt for purpose s  
of ana l ys i s  i n  th i s  E I S .  I f  ma i ntenance a n d  mon i tori ng cont i nues  l onger then 200 years , costs  wi l l  
be  h i gher  ( Append i x  F ) ,  but i mpacts due to fa i l ure of the contai nment  system wi l l  be de l ayed . 

2- 1 



2-2  

The NFSS  wastes  and res i dues  are s i m i l ar to m i l l  t a i l i ng s .  As  note d in  the E PA reg u l a t i ons on 
m i l l  tai l i ngs  ( U . S .  E n v i ron.  Prot . Agency 1983 ) , s uch wastes a re " hazardous to man beca u s e :  ( 1 )  decay 
p roducts o f  radon may be i nv o l ved and i ncrease l un g  canc e r ; ( 2 )  i nd i v i dua l s may be exposed to gamma 
rad i at i on f rom the rad i oacti v i ty i n  the t a i l i ngs ; and ( 3 )  rad i oact i ve and tox i c  mate r i a l s f rom ta i l 
i ng s  may be i ngested w i th food or water  . . . .  The  f i rst  o f  these haza rd s  i s  c l e a r l y  the most i mportan t . " 
The radon gas pathway wi l l  be the major contri butor to popu l a t i on doses  a s soc i ated w i th the vari ous  
a l ternati ves  for  manag i ng the NFSS wastes  and res i due s .  Re l at i v e l y  few peop l e  c ou l d  theore t i ca l l y  u s e  
contami nated g roundwater at the  s i tes  cons i dered for l ong- term management , a n d  i mpact t o  an i ntruder 
wou l d  resu l t o n l y  i f  contro l s  ceased and i ntrus i on occurred . 

Des c r i pti ons  o f  the  NFSS  wastes and res i due s , the ex i st i ng env i ronments at the v a r i o u s  s i tes , and 
the t ransporta t i on routes a re p resented in Sect i on 3 .  The ana l ys i s  o f  monetary costs  a s soc i ated w i t h  
i mp l ementat i on o f  e a c h  a l te rnat i ve ,  i nc l ud i ng c o s t s  of ma i ntenance a n d  mon i tori ng f o r  2 0 0  years , i s  
p resented i n  Append i x  F .  The tec h n i c a l  and env i ronme ntal  impacts o f  the var i ous  a l ternati ves  are 
s umma r i zed i n  Tab l es 2 . 1 and 2 . 2 .  The a l te rnat i ves  cons i dered are :  

1 :  No act i on 

2 a :  Long-Term Management at NFSS :  Mod i f i ed Contai nment 

2b :  Long-Term Management at NFSS :  Mod i f i ed Conta i nment P l us Mod i f i ed F orm 

3 a :  Long-Term Manageme nt at Hanford 

3 b :  Long-Term Management  at Oak R i dge 

4a :  Long-Term Management of R e s i dues  at Hanford , Wastes  at NFSS 

4b:  Long-Term Management of Res i dues  at  Hanford ; Ocean D i spers a l  of  Wastes  

4c :  Long-Term Manageme nt of R e s i dues  at O a k  R i dge , Wastes  at NFSS 

4d :  Long- Term Management of Re s i dues at Oa k R i dge ; Ocean D i spersal  o f  Wastes  

2 . 1 ALTERNATI V E  1 :  NO ACT I ON 

2 . 1 . 1 Descr ipt i on 

Al terna t i v e  1 encompasses  the cont i nued storage of a l l 190 , 000  m3 ( 250 , 000  yd3 ) of res i dues  and 
wastes  w i th i n  the 3 . 4-ha ( 8 . 5- acre ) d i ked conta i nment area i n  the southwest  corne r of NFSS ( F i gure 1 . 2 ) .  
The  conta i nment area i s  s u rrounded by a d i ke and subsurface c l ay cutoff  wa l l  and i s  capped w i th 1 . 4 m 
(4 . 5  f t )  o f  c l ay and s o i l ( F i gure 2 . 1 ) . *  The enti re 77- ha ( 190-ac re )  NFSS s i te wi l l  rema i n  under DOE 
owne r s h i p  and contro l ( Sect i o n  4 . 6 . 2 ) .  Mon i to r i ng , mai ntenance , and correct i ve act i on s , a s  needed , 
a re a s s umed to cont i nue for 200 yea r s .  Ma i ntenance wi l l  i nc l ude mow i ng of the  surface grass  c o v e r  t o  
p revent t ree  growth on  t h e  cap , repa i r  of a l l c a p  fa i l u res , rep l acement of e roded so i l s  from t h e  cap , 
and d i tc h  dredg i ng and c u l vert c l ea n i ng to e n s u re s i te dra i nage . A major tec h n i c a l  uncertai nty for  
t h i s a l ternati ve i s  the  durab i l i ty o f  the i nter i m  cap  and the frequency and extent of needed correc
t i ve act i on s  in the future .  The re wi l l  be no acti on costs  ( e . g . , no conta i nment , i mp roveme n t , excava
t i o n ,  storag e ,  o r  reb u r i a l ) assoc i ated w i th th i s  a l ternat i ve ,  and perpetual care costs ( fo r  mon i tori ng 
and mai ntenance ) are expected to be about $120 , 000/yr ( Append i x  F ) .  

2 . 1 . 2  S ummary o f  Impacts 

Because  the re wi l l  be no act i on in  t h i s a l ternat i ve ,  there wi l l  be e s s e nt i a l l y  no i mpacts dur i ng 
the act i o n  per i od .  Only m i nute amounts of radon-222 gas  ( above bac kground l eve l s )  wi l l  be r e l eased 
f rom the b u r i ed wastes  at NFSS  ( Sect i on 4 . 1 . 2 ) .  The re s i dues  are b u r i ed s o  deep l y  that the radon-222 
( radon g a s )  i n  the res i dues  wi l l  decay to s o l i d  decay products before it d i ffuses  to the s u rface 'o f  
the  conta i nment area . Radon-222 re l eases  f rom t h e  N F S S  d i ked conta i nment area duri ng t h e  act i on 
per i od ( 10 year s )  w i l l  resu l t  i n  l es s  than 0 . 0000005 add i t i ona l adve rse hea l th e ffects ( p r i ma r i l y  
cancers--Tab l e  2 . 2 ,  Sect i ons 4 . 1 . 2 a n d  4 . 1 . 4 ) i n  the exposed popu l at i on of 3 . 8  mi l l i on peop l e . Mai n
tenance and mon i to r i ng workers are expected to rece i ve a 10-year  cumu l ati ve rad i at i on dose res u l t i ng 
i n  0 . 0013 adverse heal th e ffects ( Tab l e  2 . 2  and Sect i o n s  4 . 1 . 3 and 4 . 1 . 4 ) .  

Because there wi l l  b e  no transportat i o n  i n  thi s a l te rnati ve , there wi l l  be no transportat i on 
re l ated i nj u r i e s  a n d  deaths . The sma l l amount o f  mai ntenance  a n d  mon i to r i n g  for the  10-year  act i on 
peri od i s  expected to res u l t  i n  neg l i g i b l e  occupati onal  i nj ur i e s  and deaths ( Tab l e  2 . 2 and Sect i on 4 . 6 ) .  

*As o f  Apr i l  1986 , the i nter im  cap has been constructed over a l l o f  the  conta i nment area exc ept the 
s o uthern port i on where the res i dues are l ocated .  I n  th i s  E I S , the conceptual  des i gn for the i nter i m  
c a p  i nc l uded a 0 . 15-m ( 0 . 5- f t )  s a n d  l ayer between  t h e  c l ay a n d  s o i l .  A mi nor des i g n  mod i f i ca t i o n  
e l i m i nated t h i s sand l ayer .  



Tech n i c a l  Aspect 

U l t i mate l oc a t i o n  of the 
wastes and res i dues 

Long-term management des i gn 

Res i due treatment 

Truck transportatti on 
( re s i dues c l as s i f i ed as 
" radi oact i ve" ; wastes 
c l as s i f i ed " nonrad i oacti ve" ) 

E s t i mated cost s :  
Act i on per i od 

Perpetual care 

Techn i c a l  Aspect 

U l t i mate l oc a t i o n  o f  the 
wastes and res i dues 

Long-term management des i gn 

Resi due treatment 

Truck transportat t i on 
( res i dues c l as s i f i ed as 
" radi oac t i ve" ; wastes 
c l as s i f i ed " nonrad i oact i ve" ) 

E s t i mated costs : 
Act i on per i od 

Perpetua l care 

Tab l e  2 . 1 .  Summary o f  T e c h n i ca l  Aspec t s  o f  the Vari ous A l t e r na t i ve s  f o r  Long- Term 
Management o f  t h e  N F S S  Wastes and Res i du e s  

A l ternat i ve 1 

A 1 1  at NFSS 
( Lewi ston ,  NY ) 

D i ked conta i nment a rea 
w i th i nter i m  cap 

No 

No 

$l20 , OOO/yr 

A l ternati ve 4a 

Res idues at Hanford ; 
wastes at NFSS 

Res i dues in  trenches ; 
wastes i n  d i ked con
ta i nment area 

No 

Res i dues , 1600 t r i p s ; 
13 mi l l i on mi l es 
round- t r i p ,  2 years 
tot a l  

$ 2 0  to $40 mi l l i on 

$ l30 , OOO/yr 

A l terna t i ve 2a 

A l l at NFSS 
( Lewi s ton , NY) 

D i ked contai nment area 
w i th l ong- term cap 

No 

No 

$3 . 2  to $6 . 3  m i l l i on ;  

$85 , OOO/y r 

A l ternat i ve 4b 

Res i dues at Hanford ; 
wastes i n  ocean 

Res i dues i n  trenche s ;  
wastes d i spersed i n  
ocean a t  S i te 106 

No 

Res i dues , 1600 t r i ps ; 
wastes , 1 5 , 000 t r i ps ; 
43 mi l l i on m i l es 
round- tri p ,  2 years 
tota l 

$50 to $99 mi l l i on ;  

$43 , OOO/yr 

A l ternati ve 2b 

A l l at NFSS 
( Lewi ston , NY ) 

D i ked conta i nment area 
wi th l o ng- term cap 

Resource recovery and 
v i tr i f i ed res i due s l ag 

No 

$4 . 4  to $18 m i l l i on ;  

$85 , OOO/yr 

A l terna t i ve 4c 

Res i dues at Oak R i dge ; 
wastes at NFSS 

Resi dues in mounds ; 
wastes i n  d i ked con
tai nment area 

No 

Res i dues , 1600 tri p s ;  
4 . 9  mi l l i on mi l es 
round- tr i p ,  2 years 
tota l 

$ 1 3  to $26 m i l l i o n ;  

$ 130 , OOO/yr 

A l ternat i ve 3a 

A l l at H a n ford 
218W5 Area 
(Hanford , WA ) 

Trenches 

No 

Res i dues , 1600 t r i ps ; 
was tes , 1 5 , 000 t r i ps ; 
130 mi l l i on m i l es 
round- t r i p ,  5 yea r s  
tota l 

$ 1 30 to $260 mi l l i o n ;  

$ 8 5 , OOO/yr 

A l ternat i ve 4d 

Res i dues at O a k  R i dge ; 
wastes i n  ocean 

Res i dues i n  mounds ; 
was tes d i spersed i n  
ocean a t  S i te 106 

No 

Res i dues , 1600 t r i ps ; 
was tes , 1 5 , 000 trips ; 
34 m i l l i on mi l es 
round- tr i p ,  2 years 
tot a l  

$ 4 2  t o  $84 mi l l i on ;  

$4 3 , OOO/yr 

A l ternat i ve 3b 

Al l at O a k  R i dge 
P i ne R i dge Kno l l s  
s i te ( O a k  R i dge , TN) 

Hounds 

No 

Resi dues , 1600 t r i ps ; 
was tes , 15 , 000 t r i ps ; 
42 mi l l i on mi l es 
round- tri p ,  2 years 
tota l 

$67 to $130 m i l l i on ;  

$85 , OOO/yr 
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Tab l e  2 . 2 .  Summa ry of Env i ronmenta l  I mpacts  Assoc i a ted w i th t h e  Var i ous  A l te rna t i ves f o r  Long- Term Manageme n t  
o f  the N F S S  Was tes a n d  Res i dues 

Env i ronmental I mpac t 

P rojected i nj u r i e s  and dea ths : 

T ransporta t i on 

Occupa t i ona l ( nontransp . )  

Add i t i onal  rad i o l og i c a l  
hea l t h e f fects ( pr i ma r i ly 
cancers ) re s u l t i ng f rom 
ac t i ons : 

Genera I pub I i  c 
Workers 

Add i t i onal rad i o l og i c a l  
hea l th e f fects ( cance rs ) 
at year 1000 ( a s sum i ng l o s s  
o f  control a t  200 years and 
eros i ve l a nd u s e )  

T i me t o  erode cap 
( a s s um i ng l os s  of contro l s  
a t  year 200 ) 

Ons i te we l l  contam i na t i on :  

Rad i um-226- 
At year 1000 
T i me to reach max i mum 

concentra t i on 
Other chem i c a l s  

Radon-222 g a s  re l eases from 
b u r i ed wa s tes and res i due s :  

Unt i l  year 201 

At year 1000 

Land- use commi tment 

Ocean d i spo s a l  i mpac ts 

A l ternat i ve 1 

None 

0 . 1 3  i nj u r i es , 
0 . 0015 deaths 

< 0 . 0000005 
0 . 0013 

< 0 . 00021 per 
m i l l i on persons 
per year 

650 to 
1 , 100 , 000 years 

1 , 100 pC i /L 
1 , 800 yr 

Neg l i g i b l e  

A l terna t i ve 2a 

0 . 19 i n j u r i e s , 
0 . 1 1  deaths 

1 2  i nj ur i e s , 
0. 0064 deaths 

< 0 . 0000005 
0 . 0051 

< 0 . 0000005 per 
mi I I  i on persons 
per year 

1 , 300 to 
2 , 200 , 000 years 

380 pC i /L 
3 , 600 yr 

Negl i g i b l e' 

Neg l i g i b l e  Negl i g i b l e  

9 . 6  pC i /m2/s Negl i g i b l e  

Temporary ( N F SS ) Permanent ( N F S S )  

None None 

A l tern a t i  ve 2b 

0 . 1 9  i nj u r i es , 
0 . 1 1  deaths 

24 i nj ur i e s , 
0 . 0 1 2  deaths 

0. 0 1 7  
0. 10 

< 0 . 0000005 per 
m i l l i on persons 
per year 

1 , 300 to 
2 , 200 , 000 years 

4 2  pC i /L 
3 , 600 yr 

Neg l i g i b l e  

A l ternat i v e  3a 

66 i nj u r i e s , 
3. 9 deaths 

100 i nj u r i e s , 
O. 044 dea ths 

0 . 090 
0 . 24 

0 . 00074 per 
m i l l i on pe rsons 
per year� 

1 , 500 to 
1 , 800 years 

None 
3 5 , 000 yr 

Neg l i g i b  Ie 

Negl i g i b l e  2 9  pC i /m2/s� 
Neg l i g i b l e  1 1 0  pC i /m� /s� 

Permanent ( NF S S )  Permanent ( Ha n f o rd ) 

None None 

A l terna t i ve 3b 

22 i n j u r i e s 
1. 4 deaths 

100 i nj ur i e s , 
0 . 042 deaths 

0 . 066 
0. 15 

< 0 . 0000005 per 
m i l l i on persons 
per year 

2 , 400 to 
420 , 000 years 

None 
7 , 000 yr 

Neg l i g i b l e  

Negl i gi b l e  
Neg l i gi b l e  

Permanent ( Oak R i dge ) 

None 

N I � 



Env i ronmenta l Impact 

Projec ted i n j ur i e s and death s :  
Transportat i o n 

Occupa t i on a l  ( nontran s p .  

Add i t i on a l  rad i o l og i c a l  
hea l th e f fects ( cancers ) 
resu l t i ng f rom ac t i on s :  

Genera 1 pub 1 i c 
Workers 

Add i t i on a l  rad i o l og i c a l  
hea l th e f fects ( c ance r s )  
a t  year 1000 ( a s s um i ng l os s  
o f  control  a t  200 years and 
eros i ve l and u s e )  

T i me to erode c a p  ( a s s um i ng 
l os s  of contro l s  at year 200) 

Ons i te we l l  contam i na t i on :  
Radi um- 226 - 

At year 1000 

T i me t o  reach max i mum 
concentra t i on 

Other chem i c a l s  

Radon-222 gas rel eases from 
b u r i ed wa s tes and re s i due s :  

Unt i l  year 201 

At year 1000 

Land-use comm i tment 

Ocean d i sposal  i mpacts 

A l ternat i ve 4a 

6 . 9  i nj ur i e s , 
0 . 4 4 deaths 

36 i nj ur i e s , 
O . O IB deaths 

0 . 054 
O . IB 

0 . 0061 per 
m i l l i on persons 
per year� 

Han ford , 2 , 300 
to 2 , BOO y r ;  
N F S S , 1 , 300 
to 2 , 200 , 000 yr 

Han ford , None ; 
NF S S ,  3 . 6 pC i / L 
Han ford , 35 , 000 y r ;  
N F S S , 3 , 60 0  y r  
Neg l i g i b l e  

Tab l e  2 . 2 .  Conti nued 

A l terna t i ve 4b 

22 i nj ur i es , 
1 . 3  dea ths 

B5 i n j u r i es , 
0 . 03B dea ths 

0 . 30 
0 . 20 

0 . 0061 per 
m i l l i on persons 
per year� 

Hanf ord , 2 , 300 
to 2 , BOO y r ;  
wastes i n  ocean 

None 

Han ford , 35 , 000 y r ;  
was tes i n  ocean 
Neg l i g i b l e  

Hanford , 300 pC i /m2 /s ; �  Han ford , 300 pC i /m2/s� 
N F S S , Neg l i g i b l e  
Han ford , 1 , 100 pC i /m2 /s ; �  Han ford , 1 , 1 1 0  pC i /m2/s� 
NF S S ,  Neg l i g i b l e  

Permanent ( Han ford ) Permanent ( Hanf ord ) 
Permanent ( N F S S )  

None Negl i g i b l e  

A l terna t i ve 4c 

2 . 5 i nj ur i es , 
0 . 15 deaths 

42 i nj ur i es , 
O . OIB deaths 

0 . 040 
0 . 12 

< 0 . 0000005 per 
m i l l i o n persons 
per year 

Oak R i dge , I , BOO 
to 3 10 , 000 y r ;  
NF S S ,  1 , 300 
to 2 , 200 , 000 yr 

Oak Ri dge , None 
NF S S , 3 . 6  pC i lL 
Oak R i dge , 7 , 000 y r ;  
N F S S , 3 , 600 y r  
Neg l i gi b l e  

Oak R i dge , Neg l i g i b l e ;  
NF S S ,  Neg l i g i b l e  
Oak R i dge , Negl i g i b l e ;  
N F SS , N eg l i g i b l e  

Permanent ( O a k  R i dge 
Permanent ( NF S S )  

None 

A l terna t i ve 4d 

17 i nj ur i e s , 
1. 0 dea ths 

91 i nj ur i es ,  
0 . 040 dea ths 

0 . 2B 
0 . 1 3  

< 0 . 0000005 per 
m i l l i on persons 
per year 

Oak R i dge , I , BOO 
to 3 10 , 000 yr ; 
wastes i n  ocean 

None 
None 
Oak R i dge , 7 , 00 0  yr ; 
wastes i n  ocean 
Negl i g i b l e  

Oak R i dge , Negl i g i b l e  

Oak R i dge , Neg l i g i b l e  

Permanent ( O a k  R i dge ) 

Neg l i g i b l e  

� I f  DOE dec i des t o  i mp l ement any o f  the Han f o rd a l ternat i ve s , the conta i nment sys tem wo u l d  b e  des i gned t o  meet the 2 0  pC i /m2 /s  radon 
em i s s i on g u i de l i ne .  For A l terna t i v e 3a ( wa s te s  and res i dues removed to Hanford ) , a re l ease rate o f  20 pC i /m2 / s  wou l d  res u l t i n  
approx ima t e l y  the same dose as i s  ca l c u l ated for the 29 pC i /m2 /s  re l ease e s t i mated for the conceptua l des i gn g i ven i n  t h i s E 1 S .  F o r  
A l tern a t i ves 4a a n d  4b ( res i dues o n l y  t o  Ha n f o rd ) ,  t h e  d o s e  wou l d  be approx i mate l y  10 t i mes l e s s  than t h a t  ca l c u l ated for the 
300 pC i /ml /s re l ease . However , the tota l dose to the general  pub l i c  wou l d  s t i l l  be sevpra l orders o f  magni tude h i gher than for any 
of the a l terna t i ves i nvo l v i ng l ong- term management o f  the was tes and re s i dues i n  a hum i d  e n v i ronment ( a t  N F S S  or Oak R i dge ) .  
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F i gure 2 . 1 .  Conceptu a l  Des i gn f o r  I nte r i m  Management of  NFSS Wastes a n d  Resi dues a t  NFSS , A l terna t i ve 1 - - N o  Ac t i on.  NOT E :  As o f  
Apr i l  1986 , the i n te r i m  c a p  has been constructed over a l l of  t h e  cont a i nme nt a rea except t h e  southern port i o n  where 
the re s i dues a re l oc ated . I n  th i s  E I S ,  the c onceptua l des i gn for the i n terim  cap  i nc l uded a O . 15-m ( O . 5- f t )  sand l ayer 
between the c l ay a nd s o i l .  A m i nor des i gn mod i f i c a t i on e l i m i na ted th i s  sand l ayer.  
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Dur i ng the mai ntenance and mon i tori ng per i od , var i ous  phys i ca l  and b i o l og i ca l  forces wi l l  tend to 
gradual ly  d i m i n i sh the i ntegri ty o f  the contai nment system ( Se c t i o n  4 . 2  and 4 . 3 ) .  Howeve r ,  the mon i tor
i ng system wi l l  be d e s i gned to detect changes i n  the contai nment system and any i nc rease  i n  rad i oact i ve 
re l eases  to the env i ronment ; co rrecti ve act i ons  w i l l  be taken a s  neces sary .  The drai nage system 
( d i tc h e s )  above and be l ow NFSS  wi l l  need to be contro l l ed and ma i nt a i ned so that the contai nment 
system i s  not jeopard i zed ( Se c t i o n  4 . 2 . 1 ) .  Cumu l ati ve rad i o l og i ca l  re l ease s ,  dose s ,  and hea l th effects 
are expected to conti nue to be i ns i gn i f i cant (Tab l e  2 . 2 ,  Sect i o ns 4 . 1 . 2 and 4 . 1 . 4 ) .  Any fa i l ure o f  
t h e  contai nment system ( expected t o  be l e s s  durab l e  than under t h e  o t h e r  N F S S  a l ternat i ve s )  wi l l  
probab ly  generate nega t i ve publ i c i ty w i th attendant soc i a l  i mpacts ( Se c t i o n  4 . 6 ) .  

Dur i ng the l ong-term peri od , i f  a l l contro l s cease ,  the cap wi l l  cont i nue t o  e rode and wi l l  not 
be repa i red .  Comp l ete e ro s i on o f  the cap i s  projected to t a ke f rom 650 to 1 , 100 , 000 years , dependi ng 
p r i mari l y  on the use of the l and ( Secti o n  4 . 2 . 1 ) .  The i nteg r i ty of po rt i ons  o f  the cap cou l d  be 
j eopard i zed earl i er by gu l l y i n g ,  s l ump i ng ,  f l ood i ng ,  extended drought , severe earthqu a ke , o r  b i ot i c  
i nt ru s i on ( Sect ions  4 . 2  and 4 . 3 ) .  At year 1000 , under the mos t  e ro s i ve l and u s e , the re wi l l  be 
i nc reased rel eases  of both radon-222 and part i cul ates f rom the exposed was t e s .  Because o n l y  the 
wastes wi l l  be exposed at  that t i me ( the res i dues  wi l l  be bur i ed v e ry deep l y ) , the radon re l eases  are 
expected to be very l ow ( o n l y  9 . 6 pCi /m2/s--Tab l e  2 . 2  and Sec t i o n  4 . 1 . 2 ) .  The resu l t i ng add i t i ona l  
hea l th e ffects in  the exposed popu l at i o n  wi l l  be i ns i g n i f i cant ( 0 . 00021 heal th e ffects/m i l l i on persons/ 
year ) . 

I f  contro l s cease , a " re s i dent- i ntruder" cou l d i ntrude i nto the contami nated a rea , b u i l d  a house 
i n  the contami nated mater i a l s ,  eat contami nated food g rown i n  an  ons i te garde n , and d r i n k  contam i nated 
water from a wel l l ocated at the edge of the contami nated area ( see Sec t i o n  4 . 1 . 2 ) .  By far the most 
s i g n i f i cant rad i o l og i ca l  pathway , both i n  te rms o f  dose and adverse hea l th e f fects ,  i s  the i nhal at i on 
o f  radon-222 gas ( and i ts rad i oact i ve decay produc t s )  w i th resu l t i ng dose  to the re s i dent- i ntrude r ' s  
bronc h i a l  ep i the l i um ( l i n i ng o f  the l ung ) and consequent i nc reased r i s k  o f  l ung cancer .  A s s umi ng that 
the NFSS wastes and res i dues are not d i spersed at the t i me o f  i ntrus i o n , the re s i dent- i ntruder wi l l  
i ncur  a dose o f  8 , 000 , 000 mrem/yr to the bronc h i a l  e p i t he l i um ( Secti o n  4 . 1 . 2 ) .  T h i s  dose  i s  expected 
to resu l t  i n  death wi th i n  a few years ( exc l ud i ng other causes  o f  death ) .  I f  contro l s are mai ntai ned 
o r  i f  a method of d i sposa l  i nvo l v i ng g reater confi nement o f  the r e s i dues  i s  i mp l emented ( Append i x  C ,  
Secti on C . 3 ) , the r i s k  o f  th i s  i mpact occurr i ng wi l l  be decreased . 

Rad i o l og i c a l  and nonrad i o l og i ca l  ( chem i ca l ) contam i nat i o n  o f  g roundwater at NFSS i s  expected to 
be l oc a l i zed ( Se c t i o n s  4 . 2  and 4 . 4 ) .  The rad i um-226 concentrat i o n  i n  water from a theoret i ca l  we l l 
d r i l l ed i nto the near- s urface aqu i fer  adjacent to the  d i ked contai nme nt area i n  the year 1000 i s  
projecte d  to b e  about 1 , 100 p C i / L  (Tab l e  2 . 2  and Sec t i o n  4 . 2 . 2 ) .  The peak  concentrati on  i s  expected 
to be reached i n  about 1800 years . We l l s  dr i l l ed i nto t h i s aqu i fer  have l i m i ted y i e l d ,  and because o f  
the extreme ly s l ow m i grat i o n  o f  contami nants from the d i ked conta i nment area , o n l y  a few peop l e  ( e . g . , 
one fami l y )  are expected to be a f fected.  I n  the l ong term , the  subsurface c l ay cutoff wa l l  i s  expected 
to prov i de l i tt l e  o r  no retardati o n  o f  contam i nant m i grati on  ( Se c t i o n  4 . 2 . 2 ) .  

2 . 1 . 3 M i t igat i ve Mea sures 

The l ong-term i mpacts can  be reduced by cont i nu i ng to mon i to r  and t a ke any neces sa ry corre c t i v e  
act i o n s .  I mpact s  t o  a person d r i n k i ng contam i nated we l l  water c a n  be m i t i gated by i ns t i tuti ng contro l s 
aga i n s t  use of we l l  water f rom the near- s urface aqui fer on o r  near the NFSS  conta i nment  area ( Sec
t i o n  4 . 2 . 2 ) .  

2 . 2 ALTERNATIVE  2a :  LONG- TERM MANAGEMENT AT  NFSS , MOD I F I ED CONTAI NMENT 

2 . 2 . 1  Descript i o n  

Unde r A l ternati ve 2a , further acti ons wi l l  b e  taken t o  i mprove t h e  l ong- te rm conta i nment  o f  the 
wastes  and res i dues at NFSS.  S uc h  act i ons  i nc l ude removal  and temporary storage o f  the upper l ayers 
o f  the i nter i m  cap and construc t i on o f  a l ong-term cap . The sequence o f  the major acti v i t i es i s  
p rese nted i n  F i g u re 2 . 2 .  The conceptual des i g n  for the l ong-term cap i s  presented i n  F i g u re 2 . 3 .  
Long- term cap construc t i o n  wi l l  e n ta i l  e n l a rgement o f  t h e  waste conta i nment area a n d  wi l l  neces s i tate 
re l ocat i o n  o f  the central  d i tc h .  The l ong-term cap i s  1 . 7-m ( 5 . 5 - f t )  th i c ke r  than the i nter i m  cap and 
wi l l  have 1 . 5 m ( 5  ft) o f  c l ay ,  0 . 15 m ( 0 . 5 ft) of  sand , 1 m (3 ft) o f  r i prap ( graded l ayers o f  gravel  
a nd roc k ) , another 0 . 15 m ( 0 . 5 f t )  of  sand , and 0 . 45 m ( 1 . 5 f t )  o f  topso i l .  About 110 , 000 m3 
( 140 , 000 yd3 ) o f  f i l l  mate r i a l  w i l l  have to be i mported to N F S S .  Other contai nment opti o n s  are 
d i s c u s sed i n  Appendi x C .  

I t  i s  a s s umed that fo l l owi ng construct i o n  o f  the l ong- te rm cap , the s i te wi l l  be mai nta i ned and 
mon i tored for 200 year s .  O n l y  t h e  actual waste contai nment area , p l u s  a sma l l b u f f e r  zone and serv i ce 
area tota l i ng 16 ha ( 39 acre s ) , w i l l  be ret a i ned under DOE owner s h i p  and contro l ( Sect i o n  4 . 6 . 2 ) .  The  
remai n i ng 6 1  ha ( 150 acre s )  o f  the NFSS wi l l  be rel eased for othe r use . 
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I t  i s  e s t i mated that i mp l ementati on of th i s  a l ternat i ve wi l l  cost  about $3 . 2  to $ 6 . 3 m i l l i on , and 
perpetua l care costs  are expected to b e  about $85 , OOO/yr ( Append i x  F ) .  

2 . 2 . 2  S umma ry o f  I mpacts 

As i n  the no-acti on a l ternat i ve ( 1 ) , rad i o l og i ca l  i mpacts to the genera l pub l  ic  near NFSS are 
expected to be i ns i g n i f i cant  for A l ternati ve 2a ( Tab l e  2 . 2 and Sect i o n  4 . 1 . 2 ) .  Re l eases  o f  radon-222 
gas from the d i ked contai nment are expected to be neg l i g i b l e  ( Tab l e  2 . 2  and Sect i o n  4 . 1 . 2 ) .  Workers 
construct i ng the l o ng-term cap wi l l  i nc u r  neg l i g i b l e  add i t i o n a l  adve rse  heal th e ffects f rom rad i ati on 
exp o s u re s  ( 0 . 0051 hea l th e f fects , p r i ma r i l y  cancers ) ( Tab l e  2 . 2 and Sect i o ns 4 . 1 . 3  and 4 . 1 . 4 ) .  

Dur i ng the l ong-term per i od , i f  contro l s  cease a t  200 yea rs , the  mod i f i ed conta i nment system wi l l  
de l ay exp o s u re o f  the contami nated mate r i a l s .  After 1000 years , even  under the most e ros i ve l and u s e , 
t h e re wi l l  b e  a cover over the contami nated materi a l s .  Conseque n t l y ,  doses  to the genera l p ub l i c  w i l l  
be l ower than i n  A l ternati ve 1 ( no act i on ) - - l es s  than  0 . 0000005 hea l th e ffects/ mi l l i o n  persons/yr 
( Tab l e  2 . 2 ,  Sec t i o n s  4 . 1 . 2 and 4 . 1 . 4 ) .  A pote nt i a l  res i de nt- i ntruder wi l l  rec e i ve the same h i gh dose  
as  i n  A l ternati ve 1 ( 8 , 000 , 000 mrem/yr to the  bronc h i a l  e p i the l i um- - Secti on 4 . 1 . 2 ) .  The add i t i on of  
the r i p rap l ayer in  the cap may i n i t i a l l y  d i s courage i ntru s i o n .  

Because f i l l  materi a l s w i l l  b e  transported re l at i ve l y  s hort d i stances  t o  NFSS f o r  construct i o n  o f  
the l o ng-term cap , transportati on- rel ated i nj u r i e s  a n d  deaths a r e  expected to b e  neg l i g i b l e  ( Tab l e  2 . 2 
and Sec t i o n  4 . 6 ) .  

As i n  the other a l ternat i ve s , i t  i s  expected that ma i ntenance and  mon i to r i n g  act i v i t i es w i l l  
i n i t i a l l y  offset the var ious  phys i ca l  and b i o l og i ca l  forces act i ng to d i m i n i sh the  i ntegr i ty o f  the  
c o ntai nment system.  I f  contro l s  cease at 200 years , it i s  e s t i mated that i t  wi l l  take f rom 1 , 300 to 
2 ,200 , 000 years for  the  l ong- term cap to comp l ete ly  e rode , depe n d i ng  p r i ma r i l y  o n  l and use ( Tab l e  2 . 2 
and  Sect i o n  4 . 2 . 1 ) .  The i nteg r i ty o f  port i on s  o f  the cap cou l d  b e  j eopard i zed ear l i er by g u l ly i n g ,  
s l ump i ng ,  f l ood i ng ,  extended drought , severe earthqua ke , o r  b i o t i c i ntrus i on - - a l though the r i s k  o f  
such  adverse effects o n  the conta i nment  system are expected t o  b e  l es s  than for the i nte r i m  cap i n  
A l ternat i ve 1 ( Secti o n s  4 . 2 and 4 . 3 ) .  

A s  i n  A l terna t i v e  I ,  rad i o l og i ca l  and nonrad i o l o g i c a l  ( chem i ca l ) contam i nat i o n  o f  groundwater at 
NFSS i s  expected to be s l ow and l oc a l i zed under A l ternat i ve 2a . Because o f  the i mp roved cap , the 
concentra t i o n s  ih water from a theore t i ca l ons i te we l l at 1000 years are expected to be l es s  than i n  
A l ternat i ve 1 ( 380 pC i /L fo r rad i um-226- - Tab l e  2 . 2 and  Secti o n  4 . 2 . 2 ) .  The concentrati on o f  rad i um-226 
i n  the o n s i te we l l is  expec ted to peak at a l ater date ( 3 , 600 years--Tab l e  2 . 2  and  Sec t i o n  4 . 2 . 2 ) .  

2 . 2 . 3  M i t i gati ve Mea sures 

M i t i gati ve measures fo r A l terna t i ve 2a are the s ame as  those d i scus sed fo r A l t e rnat i ve 1 .  

2 . 3 ALTERNAT IVE  2 b :  LONG-TERM MANAGEMENT A T  N F SS , MOD I F I ED CONTAI NMENT PLUS  MOD I F I ED FORM 

2 . 3 . 1 D e s c r i pt i on 

I n  A l terna t i ve 2b , i n  add i t i on to the i mproved conta i nmen t  system descr i bed for A l ternat i ve 2a , 
the  r e s i dues  wi l l  be mod i f i ed phys i ca l l y  and chem i ca l l y  to reduce the rate o f  l ong- term m i g rat i o n  o f  
contami  nated materi  a 1 s f rom NFSS . T h e  r e s  i d u e s  w i l l  be removed f rom the conta i nment a rea a n d  p ro
cessed  to extract va l uab l e  con s t i tuents ( e . g . , ura n i um ,  coba l t ,  n i c k e l , mo l ybden um , and l ead ) .  
Pos s i b l e  procedures that cou l d  be used are d i scus sed i n  Append i x  C of  t h i s  report and i n  a n  e n g i neer
i ng repo rt by Bechte l  Nat iona l  ( 1984 ) .  Once  p roces s ed , the v i tri f i ed ( g l as s )  re s i due s l ag and  prec i p i 
tates wi l l  b e  reb u r i e d  i n  the d i ked contai nmen t  area , the proce s s i ng fac i l i t i es w i l l  b e  decontami nated 
and  demo l i s hed , and  the e nt i re waste-conta i nment area wi l l  be covered w i t h  the l on g- te rm cap. The 
unused port i o n s  of  NFSS wi l l  be rel eased for other u s e .  The sequence o f  the maj o r  act i v i t  i e s  for 
A l te rnati ve 2b i s  presented i n  F i gure 2 . 2 .  

Before i mp l emen tat i o n  of A l ternati v e  2b i s  pos s i b l e ,  s evera l techn i ca l  que s t i ons  re l at i ng  t o  the 
res i due-mod i f i ca t i on proces s  must be res o l ved .  More deta i l ed chem i c a l  ana l yses  of the r e s i dues  wi l l  
be req u i red and l aboratory expe r i me ntat i o n  w i l l  be necessary to determ i ne the e ffecti ve n e s s  o f  the 
extra c t i o n  process  and  the l o ng-term l eachab i l i ty of the s l ag and  p rec i p i tate s .  A pote n t i a l  l i m i ta
t i on to the i mp l ementat i on o f  t h i s a l ternat i ve i s  ach i eveme nt of  a n  acceptab l e  l ev e l  of res i dua l  
contam i na t i o n  in  the  meta l s that  are extracted f rom the  res i dues (Append i x  C ) .  

I t  i s  e s t i mated that i t  w i l l  cost  from $4 . 4  to $18 m i l l i on t o  i mp l ement A l ternati ve 2b , and 
p e rpetual  care costs  w i l l  be about $85 , OOO/yr ( Append i x  F ) .  

2 . 3 . 2  Summary of I mpacts 

Wi th remov a l  o f  the p rotec t i v e  cover system and  the excavat i o n  and proces s i ng o f  the res i due s , 
radon-222 and part i c u l ate re l eases  w i l l  i nc rease  d u r i n g  the act i on per i o d .  As a res u l t ,  the doses  to 
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the  general  publ  ic  and resu l t i ng hea l th e ffects wi l l  be h i gher for A l ternati v e  2b than for A l terna
t i ve s  1 o r  2a ( Secti on 4 . 1 . 2 ) .  Howeve r ,  cumu l at i ve doses  to the c r i t i ca l  organs are expected to 
resu l t i n  neg l i g i b l e add i t i ona l  heal th e ffects ( o n l y  0 . 017 hea l th  e ffects i n  the exposed popu l ati on o f  
3 . 8  m i l l i o n  peop l e--Tab l e  2 . 2  a n d  Secti o n  4 . 1 . 2 ) .  Dur i ng t h e  mai ntenance a n d  mon i to r i n g  per i od and 
the  l ong- term pe r i od , radon-222 emi s s i ons  and  res u l t i ng doses and heal th e ffects wi l l  be s i m i l ar to 
those for A l ternat i ve 2a .  Mod i fy i ng the form o f  the re s i dues w i l l  not affect radon-222 emi s s i ons  from 
the contai nment area because emi s s i ons  from the deep l y  b u r i ed res i dues  are not expected to reach the 
s u rface o f  the waste-conta i nment area even i f  the re s i dues  are not mod i f i ed .  The l ong- term heal th 
e ffects to the genera l  pub l i c  w i l l  rema i n  neg l i g i b l e (Tab l e  2 . 2 and Sect i o n  4 . 1 . 4 ) .  As s umi ng that 
radon-222 emi s s i ons  from the mod i f i ed res i dues are reduced by a factor of 10 i n  the l ong term ( see  
Append i x  C ) , a res i dent- i ntruder wi l l  rec e i ve a l ower dose , amounti ng to  800 , 000 mrem/yr to the 
bronc h i a l  ep i the l i um ( Sect i on 4 . 1 . 2 ) .  

Because there wi l l  b e  more acti v i t i e s  i nv o l ved i n  i mp l eme nt i ng Al te rnat i v e  2b , the r i s k  o f  wor ke r  
i nj u r i e s  a n d  deaths , transporta t i on-re l ated i nj u r i e s  a n d  deaths , a n d  rad i at i o n  hea l th effects asso
c i ated w i th occupat i ona l  expo sures wi l l  be h i gher than for the no-act i o n  a l terna t i ve (Tab l e 2 . 2 ,  Sec
t i ons  4 . 1 . 4  and 4 . 6 ) .  Howeve r ,  such  i mpacts wi l l  s t i l l  be neg l i g i b l e .  The NFSS contai nmen t  a rea wi l l  
be permanently comm i tted to was te-managemen t  u s e .  

Mod i f i cati on o f  the form o f  t h e  res i dues  wi l l  n o t  marked l y  reduce g roundwater i mpacts . The 
co ncentrat i o n  o f  rad i um-226 i n  a theoret i ca l  on s i te wel l at year 1000 i s  predi cted to be about 
42 pC i / L ;  the t i me to reach peak concentrati o n s  i s  predi cted to be the same as  i n  Al ternati ve 2a- -
3 , 600 years (Tab l e  2 . 2  and Secti o n  4 . 2 . 2 ) .  

2 . 3 . 3 . M i t i gat i v e  Mea s u res  

Mi t i gat i v e  measures  for A l ternat i ve 2b are the same a s  those descr i bed for Al terna t i ve 1 .  

2 . 4  ALTE RNATIVE  3a :  LONG-TERM MANAGEMENT AT  ARI D  S I T E  ( HANFORD) 

2 . 4 . 1 Descript i o n  

Under A l ternat i ve 3a , both t h e  r e s i dues  a n d  t h e  wastes wi l l  b e  excavated from t h e  contai nment 
area at NFSS and transported o n  t ruc ks to a waste-management s i te ( 218W5 Are a )  o n  the DO E Hanford 
Reservat i on near R i c h l and , Wa s h i ngton ( F i gure 2 . 4 ) . '"  The r e s i dues wi l l  be pac kaged i n  l arge metal  
boxes and transported e i ther o n  f l at- bed t ra i l ers  or  i n  s h i e l ded van s .  The wastes are c l a s s i f i ed as  
nonradi oact i ve under curre n t  tran spo rtati o n  regu l at i o n s  and wi l l  be s h i pped i n  l arge dump t ruc ks . The 
pos s i b l e advantages and  d i sadvantages of v a r i o u s  methods o f  removal  and packag i ng ,  as  we l l  as  other 
modes of transportati o n , are d i scussed  i n  Append i ce s  C and  D.  About 1 6 , 000 truc k l oads wi l l  be needed 
to transport a l l 190 , 000 m2 ( 250 , 000  yd3)  of wa stes a n d  re s i due s .  Major  i nterstate h i g hway sy stems 
wi l l  be fo l l owed through 11  states , over a d i s tance o f  approx i mate l y  4000 km ( 2500 m i ) ( Sect i on 3 . 5 ) .  
F o l l ow i n g  transport o f  a l l was tes  and res i dues to the Hanford s i te ,  the excavated areas wi l l  b e  f i l l ed 
and  regraded , and NFSS wi l l  be rel eased for othe r u s e .  

A t  Hanford , t h e  contami nated mater i a l s  w i l l  b e  b u r i ed i n  trenches i n  a manner  s i m i l ar to current  
p ract i ce s  for other  types o f  so l i d  rad i oact i ve was tes o n  the Hanford Reservat i o n  ( U . S .  Energy Re s .  
Devel . Adm i n .  1975 ) .  Bur i a l  o f  the NFSS wastes and re s i dues wi l l  req u i re approxi mate l y  42 trenches , 
each 300-m ( 1000- ft)  l ong , 14-m ( 47- ft)  wi de , and 4 .  8-m ( 14- f t )  deep ( F  i gure 2 . 5 ) .  The res i dues and  
wastes  w i l l  be covered wi th 3 m ( 10 ft ) o f  l oca l  earthen  materi a l s-- i nc l ud i ng 0 . 9  m (3  f t )  o f  exca
vated s o i l s ,  0 . 9 m ( 3  ft) o f  g raded r i prap , and another 1 . 2 m (4  ft) o f  excavated s o i l s . About 
150 , 000 m3 ( 200 , 000 yd3 ) o f  r i prap wi l l  have to be i mported to the bur i al  s i te ( Append i x  D ) .  Other 
contai nment opt i ons  are d i scussed  i n  Append i x  C. The waste-management s i te at  Hanford wi l l  cover 
about 56 ha ( 140 acre s ) , i nc l u d i ng 38 ha ( 95 acre s )  i n  the  actual  waste- contai nment area ( Sec
t i on 4 . 6 . 2 ) .  The sequence o f  these act i v i t i e s  i s  presented i n  F i gure 2 . 6 . 

The cost to i mp l emen t  thi s a l ternati ve i s  expected to range from $130 to $260 m i l l i o n ,  and 
perpetual  care costs  wi l l  be about $85 , OOO/yr ( Append i x  F ) .  

2 . 4 . 2  S ummary o f  I mpacts 

I mp l ementa t i on o f  Al ternati ve 3a wi l l  res u l t  i n  i nc reased radon- 222 and  parti c u l ate re l eases  
wh i ch wi l l  affect the genera l pub l i c  s u rround i ng NFSS , Hanford , and a l ong the tran sportati on route .  

"'Ana l y s i s o f  a l ternati ve s i tes w i th i n  the  DOE  Hanford Reservat i on i s  beyond the scope o f  th i s  E I S  
( Append i x  G ) .  The DOE R i ch l and  Operati ons O f f i c e  has i de n t i f i ed the 218W5 area a s  be i ng a s i te that 
i s  reasonab l e  to a s s ume for p urpo ses of ana lys i s  and compari son of a l ternati ves i n  th i s  E I S .  It i s  
an  exte n s i o n  o f  a l arge area that i s  be i ng u sed for d i sposal  o f  wastes generated o n  the Hanford 
Rese rvati o n ,  and i t  i s  potent i a l l y  avai l ab l e  for d i sposa l of  the NFSS wa stes and res i dues . S i te
spec i f i c  i n fo rmati o n  i s  ava i l ab l e  for th i s  s i te .  
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F i g u re 2 . 4 .  Loca t i o n  o f  the NFSS  Waste-Management S i te 
o n  the Hanford Reservati on . Source : Adapted 
from S u l a  et a l . ( 1982 ) .  
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Re l eases  duri n g  the a c t i o n  pe r i od wi l l  resu l t  in doses to the general  pub l i c  that are h i gher than for 
the no-act i o n  a l ternat i ve ( I ) , but  the res u l t i ng rad i o l o g i c a l  hea l th e ffects wi l l  s t i l l  be i ns i gn i f i 
cant  ( 0 . 090 hea l th e ffects i n  the exposed popu l at i o n  o f  severa l  m i l l i o n  peop l e  a t  NFSS , Hanford , a nd 
a l ong  the transportat i o n  route- -Tab l e  2 . 2 a nd Sec t i o n  4 . 1 . 4 ) .  Rad i o l o g i c a l  hea l th e ffects for workers 
a re expected to be h i gher than for the gene ra l pub l i c  ( 0 . 24 hea l th e ffects ) but wi l l  a l so be neg l i g i b l e  
(Tab l e  2 . 2  and  Sect i o n  4 . 1 . 4 ) .  D u r i n g  the ma i ntenance and mon i tori ng per i od , radon-222 emi s s i ons  from 
the wastes and res i dues  b u r i e d  i n  the so i l -covered trenches at the a r i d  Hanford s i te wi l l  be much 
h i gher than emi  s s  i o n s  from the c l ay-covered conta i nment area at N FSS . A radon  re 1 ease rate of 
29 pC i /m2/s  i s  pred i cted (Tab l e  2 . 2 a nd Sec t i o n  4 . 1 . 2 ) . *  Even  though the exposed popu l at i o n  is  much 
sma l l e r  near Hanford , the h i gher radon- 222 emi s s i o n s  a re expected to res u l t  i n  a h i gher c umu l a t i v e  
dose  t o  t h e  genera l pub l i c  n e a r  Hanford ( Se c t i o n  4 . 1 . 2 ) .  T h e  resu l t i ng hea l th e ffects w i l l  a l so be 
h i gher ,  but s t i l l  neg l i g i b l e ( 0 . 016 hea l th e ffects over  the m a i ntenance a nd mon i tori ng pe r i od- - i n  a 
popul a t i o n  o f  240 , 000 peop l e-- Sec t i o n  4 . 1 . 4 ) .  At 1000 years , assum i ng a l l contro l s cease at 200 years 

* I f  DOE dec i de s  to i mp l ement any o f  the Hanford a l te rnat i ve s ,  the contai nment system wou l d  be d e s i gned 
to meet the 20 p C i /m2/s  radon emi s s i o n  �u i de l i ne .  For A l ternat i v e  3a (wastes and res i dues removed 
to Hanford ) , a r e l ease  rate o f  20 p C i /m Is  wou l d  res u l t i n  approxi mate l y  the same dose as i s  ca l c u l ated 
for the 29 p C i /m2/s  re l ea s e  e s t i mated for the concept u a l  des i g n  g i ve n  i n  th i s  E I S .  For A l ternat i ve s  4a 
a nd 4b ( re s i due s  o n l y  to Hanford ) , the dose wou l d  be appro x i mate l y  10 t imes  l es s  than that c a l c u l ated 
for the 300 p C i /m2/s  re l ea s e .  Howe ve r ,  the total  dose  to the genera l  pub l i c  wo u l d  s t i l l  be severa l  
orders o f  mag n i tude h i gher than for any o f  the a l ternat i ves  i nvo l v i ng l ong- te rm management o f  the 
wastes  a nd res i dues i n  a hum i d  e n v i ronment  ( at NFSS o r  Oak R i dge ) .  
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F i gure 2 . 6 .  A l ternat i ves  3a and  3b-- Long-Term Manageme nt a t  Other S i te s :  
Maj o r  Act i v i t i e s .  
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and  a s s um i ng eros i v e  use  of the l and , the radon  re l eases  wi l l  i nc rease  to about 110 p C i /m2/ s .  Rad i o
l og i ca l  hea l th effects as soc i ated wi th s u c h  re l eases  a re expected to be i ns i gn i f i cant , amounti ng to 
0 . 0022 hea l th effects/mi l l i o n  persons/yr ( T ab l e  2 . 2  and Secti o n  4 . 1 . 4 ) .  Overa l l ,  a l though movemen t  of 
the NFSS wastes and res i dues  to an a r i d s i te such  as  Hanford w i l l  decrease rad i o l og i ca l  r i s k  asso
c i ated wi th groundwater contam i nati o n  ( see l ater  d i s c u s s i o n ) , the total rad i o l og i ca l  r i s k  wi l l  be much  
greater ( a l though i ns i g n i f i cant ) .  

Because o f  the i nc reased s i ze o f  t he bur i a l  area a t  Hanford re l at i v e  t o  NFSS and because the 
re s i dues wi l l  not be concentrated i n  one area as  at NFSS , the dose to a res i dent- i ntrude r ' s b ronc h i a l  
ep i the l i um wi l l  b e  l es s  at  Hanford ( 400 , 000 mrem/yr) than a t  NFSS ( Se c t i o n  4 . 1 . 2 ) .  However , th i s  dose 
wi l l  s t i l l  resu l t  in  a s i g n i f i cant  heal th r i s k  to the re s i dent- i ntruder .  

Because o f  t h e  great depth t o  groundwater a n d  t h e  l ow rates o f  i nf i l trat i o n  at  t h e  ar i d Hanford 
s i te ,  rad i o l o g i c a l  and nonrad i o l og i ca l  ( chem i ca l ) contam i nati on of groundwater i s  not expected to 
occur for thousands o f  years ( Secti ons 4 . 2 . 2  and 4 . 4 ) .  Peak  conce ntrat i on s  o f  rad i um- 226 i n  a theo
ret i ca l  ons i te we l l  are not expected to be reached unt i l 35 , 000 years ( Tab l e  2 . 2 ) .  

Impl ementati o n  o f  A l terna t i ve 3a i s  expected to resu l t i n  a s i g n i f i cant  r i s k  o f  l nJ u ry and death . 
T ransportati on-rel ated i nj u r i e s  and deaths are expected to be 66 and 3 . 9 ,  respect i ve l y .  Occupat i ona l  
i nj u r i e s  and  deaths  are  expected to be 100  and 0 . 044 , respecti ve l y  (Tab l e  2 . 2  a nd Sect i on 4 . 6 ) .  
I mp l ementa t i o n  o f  th i s  a l ternat i ve wi l l  a l so permanent l y  comm i t  a sma l l amount  o f  add i t i ona l  l and at 
the Hanford Reserv a t i o n  to waste-management u s e .  

2 . 4 . 3  M i t i gati ve Measures 

Radon re l ease rates at Hanford cou l d  be reduced by b u ryi ng the res i dues  deeper ( Sect i on 4 . 1 . 2  and 
Append i x  C ) .  Cont i nuat i o n  o f  contro l s  wou l d  m i t i gate aga i n s t  pote n t i a l  l os s  o f  contai nment and i ntru
s i on i nto the waste-management s i te .  

2 . 5  ALTERNAT IVE  3b :  LONG-TERM MANAGEMENT AT A HUM I D  SITE  ( OAK R I DG E )  

2 . 5 . 1 Descr ipt i o n  

I n  Al ternati ve 3b , a l l t h e  N F S S  wastes a n d  res i dues wi l l  b e  excavated a n d  transported by truc k to 
the P i ne R i dge Knol l s  s i te on the DOE Oak R i dge Reservat i o n  near Oak R i dge , Tennessee  ( F i g u re 2 . 7 ) . *  
Approx i mate l y  16 , 000 truc k l oads wi l l  be transpo rted over  maj o r  i nterstate h i ghway systems , c ro ss i ng 
f i ve state s ,  and coveri ng appro x i mate l y  1200 km ( 750 m i ) ( Se c t i o n  3 . 5 ) .  F o l l owi ng transport o f  a l l 
wastes  and res i dues  to the Oak  R i dge s i te ,  excavated areas at NFSS wi l l  be f i l l ed and regraded and  
NFSS  wi l l  be rel eased for other u s e .  

T h e  wastes a n d  res i dues  wi l l  b e  stab i l i zed i n  several  mounds o n  top o f  t h e  kno l l s  a t  t h e  P i ne 
R i dge Knol l s  s i t e .  The mounds wi l l  be covered wi th a l ong-te rm cap s i m i l ar to that descri bed for NFSS 
( F i gu re 2 . 8 ) .  Other conta i nment opt i o n s  are d i scussed  i n  Appe nd i x  C.  Large amounts  o f  f i l l  mate r i a l  
( 530 , 000 m 3  [ 700 , 000 yd3 ] o f  c l ay ,  roc k  a n d  so i l )  wi l l  have to b e  i mported t o  the P i ne R i dge Knol l s  
s i te to construct the contai nment system ( Append i x  D ) .  A tota l o f  24 h a  ( 60 acre s )  wi l l  be needed at 
the Oak  R i dge s i te ,  i nc l ud i ng 12 ha ( 29 acre s )  for the actual  waste- conta i nment area ( Sect ion  4 . 6 ) .  A 
major  techn i ca l  uncertai nty i n  i mp l ementi ng thi s a l ternati ve i s  whether or not there wi l l  be enough 
space on  top o f  the knol l s .  

The cost o f  i mp l ement i ng Al ternati ve 3b i s  e s t i mated to range f rom $67- 130 m i l l i o n ,  and perpetual  
care costs  wi l l  be about $85 , 000/yr ( Append i x  F ) .  

2 . 5 . 2  Summary o f  I mpacts 

Du r i ng the act i on pe r i o d ,  the general  p ubl i c  at NFSS,  O a k  R i dge , and a l ong the transportat i on 
route wi l l  be exposed to rad i oact i v e  em i s s i ons  f rom the NFSS wastes and res i du e s .  The decreased 
transportat i o n  d i stance to Oak  R i dge ( versus  Hanford ) wi l l  not s i g n i f i cant ly  a ffect the cumu l ati ve 
popu l ati on dose s .  Therefore , the res u l t i ng hea l th e ffects wi l l  be a l most  i dent i ca l  ( 0 . 006 heal th 
e f f ects- -Tab l e  2 . 2  and Secti on 4 . 1 . 4 ) .  Doses  to workers , and res u l ti ng hea l th e ffects wi l l  be i ns i g
n i f i cant  and l ower because of the decreased t ran sportat i on d i stance ( 0 . 15 hea l th effects - - Tab l e  2 . 2  
and Sec t i o n  4 . 1 . 4 ) .  Radon-222 re l eases  from the contai nment area a t  O a k  R i dge are expected to be 

*Analys i s  of  a l te rnati ve s i tes  wi t h i n the DOE Oak  R i dge Reservati on i s  beyond the scope of t h i s  E I S  
( Append i x  G ) .  The DOE O a k  R i dge Opera t i o n s  O ff i ce has i de nt i f i ed the P i ne R i dge Knol l s  s i te a s  bei ng 
a s i te that i s  reasonab l e  to as s ume for p u rposes  of ana lys i s  and compari son  of a l ternat i ve s  i n  t h i s 
E I S .  I t  i s  potenti a l ly  ava i l ab l e  for d i sposa l of the NFSS wastes and res i dues  and i t  i s  not comm i tted 
o r  p roposed for d i sposal  of  wastes generated on the Oak R i dge Rese rvati o n .  S i te-spec i f i c  i n forma t i on 
i s  avai l ab l e  for th i s  s i te . 
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neg l i g i b l e ,  both dur i ng the mai ntenance and mon i to r i ng peri od and at  1000 years ( a s s um i ng l os s  of 
contro l s at 200 years and mo st e ros i ve l and u s e--Tab l e  2 . 2  and Sec t i o n  4 . 1 . 2 ) .  Res u l t i ng rad i o l og i ca l  
hea l th  e ffects wi l l  b e  i ns i g n i f i cant ( Tab l e  2 . 2  and Secti o n  4 . 1 . 4 ) .  

Because o f  the i nc reased s i ze o f  the b u r i a l  area a t  Oak  R i dge re l at i ve to NFSS ( thus  l owe r i ng the 
average rad i onuc l i de concentra t i o n s  i n  the b u r i a l  area and spread i ng the re s i due conta i ners among the 
wastes ) ,  the r i s k  to the res i dent- i ntruder i s  expected to be about the same as  at Hanford ( Sec
t i on 4 . 1 . 2 ) .  

Transportati on- re l ated i nj u r i e s  and deaths are expected to be s l i ght ly  l ower for A l terna t i ve 3b 
than for A l terna t i ve 3a ( Hanford ) ( 22 i nj u r i e s  and 1 . 4  deaths-- Tab l e  2 . 2  and Sect i on 4 . 6 ) , but they 
w i l l  s t i l l  be s i gn i f i cant .  Occupa t i on a l  i nj u r i e s  and deaths w i l l  be about the same . I mp l ementati on. 
o f  t h i s  a l ternati v e  wi l l  resu l t i n  the permanent comm i tment  o f  l and to was te management at the Oak  R i dge 
P i ne R i dge Knol l s  S i te .  There are competi ng demands for th i s  s i te for other pote n t i a l  deve l opments  
( Sect i o n  4 . 6 . 2 ) .  There may be s i gn i f i cant i mpact ( traff i c  conge s t i o n  and road dete r i ora t i o n )  a s s oc i 
ated w i th the h i gh amount o f  truck  tra f f i c  o n  l oca l roads near Oak  R i dge . I n  add i t i o n  to the trucks 
hau l i ng the NFSS wastes  and res i dues , there wi l l  be about three t i me s  as  many trucks  hau l i ng f i l l  
mate r i a l  for the conta i nment  system (Appen d i x  0 and Secti on 4 . 6 . 3 ) .  Peak traff i c  wi l l  average about 
one  truck every m i nute on  wor k  days dur i ng two construct i o n  sea s o n s .  

Vert i ca l  m i grat i o n  of rad i o l og i ca l  and nonrad i o l og i ca l  ( chem i ca l ) contami nants from the  NFSS 
wastes  and res i dues  to the groundwater at O a k  R i dge i s  expected to be very s l ow and , because o f  the 
l arger groundwater f l ow ,  the contami nants wi l l  be d i l uted more than at NFSS ( Secti on 4 . 2 . 2 ) .  I t  i s  
predi cted that groundwater contam i nat i o n  wi l l  not occur by the year 1000 , and the concentra t i o n  o f  
rad i um- 226 i n  a theoreti ca l  ons i te we l l  i s  not expected t o  p e a k  unt i l 7000 years ( Tabl e 2 . 2  a n d  Sec
t i on 4 . 2 . 2 ) .  No s i g n i f i cant nonrad i o l og i ca l  contam i nat i o n  of groundwater i s  expected ( Se c t i o n  4 . 4 ) .  

2 . 5 . 3  M i t i gati ve Meas u re s  

The potent i a l  i mpacts a s soc i ated w i t h  t h e  h i g h  v o l ume o f  truck  tra f f i c  at  Oak  R i dge m i ght b e  
m i t i gated to some extent by care f u l  p l ann i ng a n d  t i m i ng of opera t i ons  ( Se c t i o n  4 . 6 ) .  T h e  i ntruder 
i mpacts can be avoi ded by conti n u i ng to contro l aga i nst  i ntru s i on .  

2 . 6 ALTE RNAT IVE 4 a :  STORAGE O F  R E S I DUES A T  HANFORD/LONG-TERM MANAGEMENT O F  WASTES A T  N F S S  

2 . 6 . 1 Desc r i pt i o n  

Under A l ternati ve 4a , t h e  res i dues w i l l  b e  excavated , pac kaged , a nd t ransported t o  Han ford a s  i n  
A l terna t i v e  3 a .  O n l y  one- tenth a s  many t r u c k  t r i p s , i . e . , 1600 , wi l l  be needed.  T h e  pac kage s  wi l l  b e  
b u r i e d  i n  10 trenches 300-m ( lOOO- ft)  l ong ( F i gure 2 . 9 ) .  Much l es s  i mported f i l l  mate r i a l  ( 3 7 , 000 m 3  
[48 , 000 yd3 ] o f  r i prap ) wi l l  be requ i red at Hanford . The res i dues  wi l l  rema i n  s tored i n  the pac kages 
to a l l ow near- term retri eval  for poss i b l e  p roces s i ng or other d i spos i t i o n .  About 21  ha ( 5 3  acres ) ,  
i nc l ud i ng 9 . 3  ha ( 2 3  acre s )  for  the actual  waste-conta i nment area , wi l l  be requi red ( Sec t i on  4 . 6 ) .  

The wastes w i  1 1  remai n a t  NFSS and w i  1 1  be cove red wi th a l ong-term cap i dent i c a  1 to that 
descri bed for Al terna t i v e  2a ( F i g u re 2 . 10 ) .  About 120 , 000 m3 ( 160 , 000 yd3 ) o f  i mported f i l l  mate r i a l  
w i  1 1  be requ i red . DOE wi l l  m a  i nta i n a n d  moni tor both the NFSS a n d  Hanford s i te s .  The sequence  o f  
maj o r  acti v i t i e s f o r  A l ternat i ve 4a i s  p re sented i n  F i g u re 2 . 1 1 .  

T h e  e s t i mated c o s t  t o  i m p l ement th i s  a l ternat i ve i s  f rom $20 t o  $40 m i l l i on ,  a n d  perpetual  care 
costs  ( for the two s i te s )  wi l l  be about $130 , 000/yr ( Appen d i x  F ) .  

2 . 6 . 2  S ummary of Impacts 

The NFSS res i dues account for 99% o f  the rad i onuc l i de i nventory ; thus , removal  and transport of 
o n l y  the re s i dues  to Hanford wi l l  res u l t  i n  app rox i mate l y  the same rad i o l og i ca l  rel eases  and a s so
c i ated i mpact a s  removal  and transport of both the wastes  and re s i dues ( Se c t i o n  4 . 1 . 2 ) .  The general 
pub l i c  and workers wi l l  i nc u r  0 . 054 and 0 . 18 add i t i onal  rad i o l og i ca l  hea l th e ffects , respect i ve l y  
( Tab l e  2 . 2 and Sec t i o n  4 . 1 . 4 ) .  Because t h e  bur i ed res i dues  wi l l  not b e  cove red w i th t h e  NFSS was tes 
i n  t h i s a l terna t i ve ( the wastes  wi l l  rema i n  at  NFSS ) and because the nat i ve sandy so i l s  that wi l l  be 
used to cover the res i dues  have a h i gher radon- d i ffu s i on coe f f i c i ent  than the NFSS wastes , the 
radon-222 emi s s i on s  are expected to be h i ghe r ,  i . e . , 300 p C i /m2/s'" ( Tab l e  2 . 2  and Sect i on 4 . 1 . 2 ) .  

"' I f  DOE  deci des to i m p l ement any o f  the Hanford a l ternat i ve s , the conta i nment system wo u l d be des i gned 
to meet the 20 p C i /m2/s radon em i s s i on g u i de l i ne .  For  Al ternat i ves  3a (wa s te s  and res i dues  removed to 
Hanford ) , a re l ease  rate o f  20 p C i /m2/s wou l d res u l t  i n  app rox i mate l y  the same dose  a s  i s  ca l c u l ated 
for the 29 p C i /m2/s re l ease est i mated for the conceptual  des i gn g i ven  i n  th i s  E I S .  For A l te rnat i ve s  4a 
and 4b ( re s i dues  on ly  to Hanford ) ,  the dose wou l d  be app rox i mate ly  10 t i mes  l e ss  than that c a l c u l ated 
for the 300 p C i /m2/s re l ease .  Howe v e r ,  the  total dose to the general pub l i c  wou l d  s t i l l  be  severa l  
orders o f  mag n i tude h i gher than f o r  any of the a l ternati ves  i nvo l v i ng l ong-term management o f  the 
wastes  and res i d u e s  i n  a humi d e n v i ronment ( at NFSS or Oak  R i dge ) . 
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Howe ve r ,  the expected number o f  addi t i onal  adverse hea l th e ffects a s soc i ated with such  re l eases  i s  
s t i l l  expected to be extremel y  l ow--an  add i t i ona l 0 . 14 hea l th e ffect i n  the exposed popu l at i o n  o f  
240 , 000 peop l e  dur i ng t h e  ma i ntenance a n d  mon i tori ng peri od ( Se c t i o n s  4 . 1 . 2  a n d  4 . 1 . 4 ) .  At the 
year 1000 , a s s um i ng l os s  of contro l s at  200 years and e ros i ve l and use , the radon re l ease  rate wi l l  
i ncrease to 1 , 100 p C i /m2/s (Tab l e 2 . 2  and Sec t i o n  4 . 1 . 2 ) .  Res u l t i ng adverse  hea l th  e ffects wi l l ,  
howe ve r ,  s ti l l  be negl i g i b l e- - 0 . 0061 hea l th e ffects/m i l l i on persons/yr (Tab l e 2 . 2  and Sect i on 4 . 1 . 4 ) .  
The  r i s k  t o  a res i dent- i ntruder a t  Hanford wi l l  be h i gher i n  A l ternati ve 4a than i n  Al ternati ve 3a 
( dose  o f  1 , 600 , 000 mrem/yr to the bronc h i a l  ep i the l i um--Sec t i o n  4 . 1 . 2 )  because the res i dues  wi l l  not 
be e ffect i ve l y  d i l uted by the wastes  and the average concentra t i o n  o f  rad i onuc l i de s i n  the waste
conta i nment area wi  1 1  be h i ghe r .  The r i s k  to a res i dent- i ntruder at  NFSS wi  1 1  be s ubstant i a l l y  
reduced ( 4 , 300 mrem/yr t o  the bronc h i a l  ep i the l i um )  because o n l y  the wastes  wi l l  rema i n at  NFSS . 

E s t i mated transportat i on- rel ated i nj u r i e s  and deaths wi l l  be much l ower because  o n l y  the r e s i du�s 
wi l l  be transported ( 6 . 9 i nj u r i e s  and 0 . 44 deaths- -Tab l e  2 . 2  and Sec t i o n  4 . 6 ) .  Worker i nj u r i e s  and 
deaths wi  1 1  1 i kewi se  be 1 e s s  because  the 1 arge vo 1 ume o f  wastes  wi  1 1  not be moved ( 36 i n j u r i  e s  and 
0 . 018 deaths--Tab l e  2 . 2  and Secti on 4 . 6 ) .  Imp l ementati on o f  A l terna t i ve 4a wi l l  resu l t  i n  permane nt  
comm i tment o f  two s i te s  to was te management .  

2 . 6 . 3  M i t igati ve Measures  

Radon re l ease  rates at Hanford cou l d  be reduced by b u ryi ng the res i dues  deeper  or cov e r i ng them 
w i th c l ay ( Sect i on 4 . 1 . 2 and Append ix  C ) .  Other mi t i gat i ve meas ures a re the same a s  those p rev i ou s l y  
d i s c u s se d  f o r  Al ternat i ve s  2 a  a t  NFSS and 3a at  Hanford . 

2 . 7 ALTE RNAT I V E  4 b :  O F F S I T E  STORAGE OF RESI DUES A T  HANFORD/OCEAN D I SPOSAL OF REMA I N I NG WASTES 

2 . 7 . 1 Descr ipt i on 

Under Al ternat i ve 4b , the r e s i dues wi l l  be removed , pac kaged , and transported to Hanford a s  
descri bed for A l ternat i ve 4 a .  A l l rema i n i ng wastes  wi l l  be excavated , transported i n  b u l k i n  dump 
trucks  to  a doc k i n  the New York/New Jersey harbor area ( F i gure 2 . 1 2 ) , l oaded onto barges ,  and trans
p o rted to the 106-M i l e  Ocean Was te D i sposa l  S i te ( S i te 106 ) for d i spersa l . A more deta i l ed de s c r i p
t i on of the ocean dump i ng opera t i o n s  i s  presented i n  Append i x  E .  

F o  1 1  owi ng excavati on and remova 1 o f  a 1 1  wastes  and res i dues  from NFSS , the excavated areas wi 1 1  
be f i l l ed and g raded and the s i te wi l l  be re l eased for other u s e .  The sequence for  the maj o r  acti v i 
t i e s  to b e  accomp l i s hed under A l ternat i ve 4 b  i s  i l l u s t rated i n  F i gure 2 . 1 1 .  A potent i a l  i ns t i tuti onal  
obstac l e  to i mp l ementati on of Al ternat i ve 4b i s  the need to obta i n  an ocean dump i ng perm i t  f rom the 
U . S .  E n v i ronmental  P rotect i on Agency and the unce rta i nty a s  to how the was te s  wi l l  be c l as s i f i ed for 
ocean d i sposal  purposes  ( Se c t i o n  4 . 7 ) .  

The e s t i mated cost o f  i mp l eme n t i ng A l ternat i ve 4 b  i s  $50 t o  $99 m i l l i on ,  and perpetual  care costs  
for the res i dues  at Hanford wi l l  be about $43 , 000/yr ( Appen d i x  F ) .  

2 . 7 . 2  Summary of Impacts 

Dur i ng a l l t i me peri ods , the i mpacts at Hanford for  A l ternat i v e  4b wi l l  be the same a s  those  for 
Al terna t i ve 4a .  Dur i ng the acti on  per i od , the  tota l  pop u l a t i o n  doses  to the general  pub l i c  ( at NFSS , 
Hanford , the Harbor , and a l ong transportat i on routes )  wi l l  be greater than for any o f  the other 
a l ternat i ve s , res u l t i ng i n  an expected 0 . 30 add i t i on a l  hea l th e ffects ( Tab l e  2 . 2  and Sect i on 4 . 1 . 4 ) .  
T h i s  i s  ma i n ly  because o f  a s s umed part i c u l ate re l eases  f rom the NFSS wastes a s  they are transported 
through the den s e l y  popul ated New York metrop o l  i tan  area . T h i s  i mpact may actua l ly  be much l es s  
because the wastes  wi l l  be covered a n d  re l eases  may b e  l es s  than a s sume d .  T h i s i mpact i s  nonethe l e s s  
i ns i g n i f i cant con s i de r i ng t h e  several  m i l l i o n  peop l e  i n  t h e  exposed popu l at i o n s  a t  NFSS , Hanford , the 
Harbo r , and a l ong transportati on routes .  Rad i o l og i ca l  doses  to workers a re expected to resu l t  i n  
about 0 . 20 add i t i on a l  heal th  e ffects ( Tabl e 2 . 2  and Sec t i o n  4 . 1 . 4 ) . 

No heal th e ffects a s soc i ated wi th ocean d i sposa l  of the wastes  are expected beyond the acti on 
p e r i od ( Secti on 4 . 1 . 2 ) .  The max i mum pote nt i a l  dose  to an  i nd i v i dual  i s  expected to be about 
0 . 0072 mrem (who l e  body) and 0 . 084 mrem ( bone ) - - Sect i on 4 . 1 . 2 ) .  Because of the l ow rad i onuc l i de 
i nventory o f  the wastes  and the e f fect i ve d i spersal  of the was tes  i n  the ocean , the concentrati o n s  of 
both the rad i o l og i ca l  and nonrad i o l og i c a l  contami nants assoc i ated wi th  the was te s  is  expected to be 
negl i g i b l e  and general l y  i nd i s t i ngu i shab l e  f rom the natural l y  occ urr i ng concentrati ons  o f  these 
e l ements i n  the ocean ( Se c t i o n  4 . 5 and Append i x  E ) .  

The i mpacts a t  Hanford dur i ng the ma i nte nance and mon i tori ng peri od , dur i ng the  l ong-term peri od , 
and to the res i dent- i ntruder wi l l  be the s ame a s  for A l ternati ve 4a .  
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2 . 7 . 3  M i t i gat i ve Meas ures 

In  add i t i o n  to the m i t i gati ve meas ures prev i o u s l y  d i scuss ed , the  pote n t i a l  doses  assoc i ated wi th 
re l ease of part i c u l ates al ong transportati on routes cou l d  be reduced by ensur i ng that the wastes  are 
we l l  covered dur i ng transport and/or by avo i d i ng transport i ng the wastes  through d e n s e l y  pop u l ated 
areas ( e . g . , by goi ng to a d i fferent harbor) . 

2 . 8  ALTERNAT IVE 4c : O F F S I TE STORAGE O F  R E S I DUES  AT OAK RI DGE/ LONG-TERM MANAGEMENT OF WASTE S  AT N F SS 

2 . 8 . 1 Descript i o n  

I n  A l ternati ve 4c , t h e  r e s i dues  wi l l  b e  s h i pped t o  O a k  R i dge , Tennessee , stab i l i zed i n  o n e  o r  two 
l a rge mounds on the knol l s  at the P i ne R i dge Knol l s  s i te ,  and covered w i th a l ong-term cap s i m i l a r to 
that descri bed for A l ternat i ve 3 b .  T h e  conceptual  des i gn o f  a mound at t h e  O a k  R i dge s i te i s  i l l u st ra
ted i n  F i gure 2 . 1 3 .  Less  i mported f i l l  mate r i a l  wi l l  be requ i red at O a k  R i dge ( 120 , 000 m [ 160 , 000 yd3 ] )  
and the i mported f i l l  req u i red a t  NFSS wi l l  be about the same ( 100 , 000 m3 [ 130 , 000 yd3 ]--Append i x  D ) .  
About 1 3  h a  ( 33 ac re s )  of l and wi l l  be needed , i nc l ud i ng 2 . 7  h a  ( 6 . 7  acre s )  for the  actual  wa ste
conta i nment area ( Sect i on 4 . 6 ) .  The procedures for managi ng the rema i n i ng contami nated wastes  a t  NFSS 
wi l l  be i de n t i c a l  to those descr i bed for  Al ternat i ve 2 a .  The s e quence  of a l l  major  acti v i t i e s  i s  
p re s ented i n  F i gure 2 . 1 1 .  

T h e  e s t i mated c o s t  of i mp l emen t i ng Al ternat i ve 4 c  i s  $ 1 3  t o  $ 2 6  mi l l i on , a n d  perpetual care costs  
( for the two s i te s )  wi l l  be about  $ 130 , OOO/yr (Append i x  F ) .  

2 . 8 . 2  Summary of Impacts 

Dur i ng the act i on peri od , the  rad i o l og i ca l  i mpacts to the general  pub l i c  wi l l  be about the  same 
for Al ternati ve 4c as  for Al ternat i ve 4a ( remove res i dues  to Hanford i nstead of O a k  R i dg e ) - - Tab l e 2 . 2  
and Sect i on 4 . 1 . 4 ) .  Dur i ng both the ma i ntenance and mon i tor i ng per i od and the l ong- term p e r i od , the 
i mpacts to the general  pub 1 i c wi 1 1  be the s ame at Oak  R i  dge a s  for A l ternat i ve  4c ( i  n wh i c h  both the 
wastes and res i dues  are moved to Oak R i dge--Tab l e  2 . 2  and Sect i on 4 . 1 . 4 ) .  Wor ker  rad i o l og i c a l  hea l th 
e f fects wi l l  a l so be about the same a s  i n  Al ternat i ve 4a ( Tabl e 2 . 2  and Sec t i on 4 . 1 . 4 ) .  Rad i o l ogi ca l  
i mpacts wi l l  be negl i g i b l e .  The r i s k  to  a r e s i dent- i ntruder at O a k  R i dge for A l ternati ve 4c  wi l l  be  
somewhat h i gher than  for  A l ternat i ve 3 b  at O a k  R i dge because  the  res i due s wi l l  not be e f fect i v e l y  
d i l uted by t h e  was te s , a n d  thus  t h e  average rad i onuc l i d e  concentrat i on s  i n  t h e  waste-conta i nme nt area 
wi l l  be h i gher .  The dose  to a res i dent- i ntrude r ' s bronc h i a l  ep i the l i um wi l l  be about  2 , 200 , 000 mrem/yr 
( Sect i on 4 . 1 . 2 ) .  The r i s k  t o  a res i dent- i ntruder a t  NFSS wi l l  be s i gn i f i cantly reduced because o n l y  
the  wastes  wi l l  rema i n a t  N F S S  ( Secti on 4 . 1 . 2 ) .  

Al l other i mpacts are expected to be about the s ame a s  prev i ou s l y  des c r i bed for  Al ternat i ve s  2a 
( N F SS ) , 3b  (Oak  R i dge ) , and 4a ( movement of res i dues  o n l y  to Hanford ) .  G roundwater i mpacts at NFSS 
are expected to be reduced because  of removal  of the res i dues , but groundwater i mpacts at  Oak R i dge 
wi l l  be the same . 

2 . 8 . 3 M i t i gat i ve Measures 

M i t i gati ve meas ures for A l ternat i ve 4c are the  same a s  those prev i ou s l y  d i scus sed for A l terna
t i ves  2a ( NFSS ) and 3b (Oak R i dge ) .  

2 . 9 ALT ERNATIVE  4d : O F F S I T E  STORAGE OF R E S I DUES  AT OAK R I DGE/OCEAN D I SPOSAL OF REMA I N I NG WASTES 

2 . 9 . 1  Descript i on 

A l ternati ve 4d i s  i de nt i c a l  to Al ternat i v e  4c except that the NFSS was tes  wi l l  be d i sposed  i n  the 
ocean i nstead of rema i n i ng at N F S S .  The sequence of major act i v i t i es for Al ternat i ve 4d i s  i l l ustra
ted i n  F i gure 2 . 11 .  The e s t i mated cost of i mp l ementi ng t h i s a l ternat i ve i s  $42 to $84 mi l l i on ,  and 
perpetual  care costs  for mana g i ng the r e s i dues  at O a k  R i dge wi l l  be about $43 , 000/yr ( Append i x  F ) .  
2 . 9 . 2  Summary o f  Impacts 

Dur i ng a l l t i me peri ods , the i mpacts at Oak R i dge wi l l  be the same a s  those d i scus sed for A l ter
nat i ve 4c . The i mpacts at the ocean d i sposa l  s i te wi l l  be the same a s  d i scus s ed for A l ternat i ve 4 b .  
The total i mpacts dur i ng the act i on per i od wi l l  be about the same a s  for  A l terna t i ve 4 b  (Tab l e  2 . 2  a n d  
Sect i o n s  4 . 1 ,  4 . 2 ,  4 . 3 ,  4 . 4 ,  4 . 5 ,  a n d  4 . 6 ) .  

2 . 9 . 3 M i t i gat i ve Mea sures 

M i t i gat i ve meas ures for A l ternat i ve 4d are the s ame a s  those  p re v i o u s l y  descri bed for  A l terna
t i ve s  2a ( NFSS ) , 3b ( O a k  R i dge ) , and 4b (wa s te s  to ocea n ) . 
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2 . 10 SUMMARY O F  MAJOR  UNAVOI DABLE ADVERSE I MPACTS AND I RREVE R S I B LE AND I RRETRI EVABLE COMMITMENT 
O F  RESOURCE S  

Imp l ementat i on of any o f  t h e  a l ternat i ve s  wi l l  permanent ly  comm i t  s ome l and  to management of at 
l east  the N F SS re s i due s , and i n  some a l ternat i v e s- ,  the N F SS wastes as  we l l .  The near-s urface buri a l  
o f  t h e  NFSS  wastes a n d  re s i dues  comm i ts t h e  federal  gove rnment ( o r  i ts succ e s s o r )  to perpetual  care of 
the b u r i a l  s i tes  because  the res i dues and  was tes  wi l l  rema i n  hazardous for thousands o f  years . 

Imp l ementati o n  of any o f  the act i on  a l ternat i v e s  wi l l  unavo i da b l y  expose workers to r i s k  of 
i nj u ry and death , rang i ng from a r i s k  o f  12  i nj u ri e s  and 0 . 0064 deaths in  the  case  of A l ternat i ve 2a 
( mod i f i ed conta i nment at NFSS) to 100 i nj u r i e s  and 0 . 044 deaths for A l ternat i ve s  3a and 3b ( a l l wastes  
and r e s i dues at Hanford or O a k  R i dge ) .  Transport o f  the wastes and  res i dues wi l l  unav o i dab l y  expose'  
workers and the pub l i c  to i nj u r i e s  a nd deaths assoc i ated wi th transpo rtat i on acci dents , rang i ng from 
2 . 5  i nj u r i e s  and 0 . 15 deaths for A l ternati ve 4c ( re s i dues o n l y  to O a k  R i dge ) to 66  i nj u r i e s  and 
3 . 9  deaths for Al ternat i v e  3a ( a l l wastes and r e s i dues  to Hanford ) .  

An u navoi dab l e  adverse economi c i mpact i s  the comm i tment o f  money to l ong-term management of the 
NFSS wa stes and re s i due s .  I n i t i a l  c omm i tments for the act i on a l terna t i ves  range from about $3 . 2  to 
$ 6 . 3 m i l l i o n  for A l ternat i ve 2a ( modi f i ed contai nment at  NFSS) to about $130 to $260 mi l l i o n  for 
A l ternati ve 3a ( move a l l wa stes and res i dues  to Hanford ) .  Long-term comm i tme nts for  perpetual  care 
a re est i mated to range f rom $43 , 000/yr for  A l terna t i ves 4b and  4d ( re s i dues o n l y  at Hanford or 
O a k  R i dg e )  to $130 , 000/yr for  A l ternat i ves  4a and 4c ( i n  wh i ch two d i f fe rent s i te s  must be managed ) .  

F o r  a l l a l ternati v e s , i f  contro l s ceas e ,  there wi l l  be eventual  unavo i dab l e  d i spers i on o f  the  
radi oact i ve materi a l s to the e n v i ronment . Pred i ct i on o f  how and when t h i s wi l l  occ u r ,  and the resu l t
i ng e n v i ronmenta l i mpact , i s  beyond current p red i ct i ve capab i l i t i e s .  I f  i t  i s  a s s umed that a l l contro l s 
c ease  i n  200 years , p re d i cted l os s  o f  the covers over t he bur i e d  mate ri a l s  ranges from several  hundred 
years to more than two m i l l i on years , depend i ng on  the u s e  o f  the l and s urface .  

Groundwate r wi l l  eventua l l y  be unavo i dab l y  contami nated i n  a l l a l ternat i ve s .  At theoret i ca l  
we l l s  l ocated ons i te next t o  t h e  contai nment areas , radi um-226 concentrat i ons a re p redi cted t o  peak  
f rom 1 , 800 years  at N F SS in  Al ternat i ve 1 ( no acti o n )  to 35 , 000 years  at Hanford ( A l ternat i ve 3a , 4 a ,  
o r  4b ) .  

2 . 1 1 SUMMARY O F  OTHER TRANSPORTATION OPTIONS CON S IDERED  

There  a re three  potent i a l modes o f  transport for the NFSS res i dues and waste s :  truc k ,  rai l ,  and  
barge . T ruc k transport o f  a l l was tes  and res i dues wa s a s s umed for purposes  o f  deta i l ed ana lys i s  o f  
t h e  a l ternati ves con s i dered i n  th i s  E I S .  Barge transport h a s  b e e n  s hown to be unreasonab l e  ( Bechte l 
Nat l . 1984 ) .  Several  opt i ons we re a l so con s i dered that make use  o f  ra i l  transportat i on (Appen d i x  D ,  
Sect i o n  D . 5 ) .  These  other t ranspo rtat i on opt i ons fa l l  i nto three  catego ri e s :  ( 1 )  s i te to s i te on 
ra i l ,  ( 2 )  ra i l  wi th one  or two offs i te transfers  between truck and ra i l ,  and ( 3 )  ra i l  wi th truck 
t ra i l e rs on f l atcars ( TOFC ) .  It  shou l d be po i nted out that even  in  the  cases  for wh i ch the ra i l  move 
beg i n s  and ends ons i te ,  trucks wi l l  st i l l  be requ i red to trans fer  mater i a l s between the ra i l  spur  and 
the contai nment a rea o r  d i sposa l  l oc at i o n .  

T h e  transportat i o n  opt i ons that we re con s i dered i n  add i t i o n  t o  truck- o n l y  transpo rt a r e  s hown i n  
Tab l e  2 . 3 . Determi n i ng the bes t  opt i o n  for  transport i ng NFSS wastes  and re s i dues from the NFSS 
conta i nme nt area to the a l terna t i ve d i spo s a l  s i tes  requi res ana l y s i s  o f  many comp l ex trade- o f f s .  The 
req u i rements fo r construct i on , e q u i pment , mate ri a l - handl i ng ,  and m i t i gati on , as  we l l  as  pote nt i a l 
e n v i ronmental  i mpacts v a ry among the opt i o n s .  These  requ i rements  and i mpacts are s ummari zed  i n  
Tab l e  2 . 3 .  Wi th i n  each o f  t h e  part i c u l ar opt i ons , there a re several  con s i derat i ons f o r  t h e  ra i l  
port i on o f  the move that wi l l  i nf l uence the rates and e n v i ronmental  i mpact s . Among these are whether  
o r  not the ra i l cars move in  dedi cated t ra i ns o r  genera l -ma n i fest  tra i n s and whether o r  not the rai l 
roads own the ra i l c a r s .  Use  o f  dedi cated t ra i ns wi l l  affect turnaround t i me and routi ng wh i c h , i n  
turn , wi l l  affect equ i pment costs  and e n v i ronmental i mpacts . Ra i l car  owne r s h i p  affects rai l rates 
charged and cap i tal  i nvestment requ i re d .  I n  addi t i o n ,  the rates t h a t  a ra i l road wi l l  charge are 
uncerta i n  because they wi l l  be i nf l uenced by the s pec i a l  req u i rements i mposed for NFSS wastes and 
r e s i dues  ( rout i ng ,  trans i t  t i me , etc . ) ,  by the ra i l road ' s  percept i o n  o f  pote n t i a l  hazards , and by 
concerns about adverse pub l i c  reacti o n .  The actual  rates c a n  o n l y  b e  determ i ned by negot i at i o n  wi th 
the ra i 1 roads . 

The key e n v i ronmental  t rade-offs  for these other transportati on opt i on s  are : ( 1 )  the number o f  
waste/re s i due transfers  t o  be made- -wi th  consequent potenti a l  i nc reased re l eases  o f  radi oact i ve mater i a l s 
to the e n v i ronment  as we l l  a s  i mpacts a s s o c i ated wi th construc t i on and decontami nati on/decommi s s i o n i ng 
o f  the transfer faci l i t i es , ( 2 )  the propor t i o nate number o f  transport m i l e s to be covered by truc k and 
trai n-- because o f  the h i gher per  m i l e  r i s ks o f  i nj u ry and death assoc i ated wi th truc k transport , and 
( 3 )  the  number o f  ra i l  spurs to be constructed- -wi th consequent construct i on  i mpacts and ded i cat i o n  of 
1 and . 



S i te/Opt i ons 

HANFORD 

T ruc k offs i te to ra i l ,  
ra i l  to Han ford , truc k to 
trenches 

T ruc k ons i te to ra i l ,  ra i l  
to Hanfo rd , truc k to 
t renches 

Truc k to Buffa l o ,  NY , TOF C 
ramp ; ra i l  to Pasco , WA , 
TOFC ramp ; truc k to 
d i sposal  trenches 

OAK R I DGE 

T ruc k o f fs i te to rai l ,  ra i l  
to Oak R i dge Reservat i on ,  
truc k to d i sposa l mounds 

Tab l e  2 . 3 .  Transporta t i on Opti ons Us i ng Ra i l t l 

Faci l i t i e s  

Off s i te tra n s fe r  fac i l i ty 
at N i agara F a l l s  w i th 
tra i l e r  wa s h i ng faci l i ty 

Rai l ca r  wa s h i ng fac i l i ty 
at Hanford 

Ra i l  spur to NFSS 

Rai l c a r  was h i ng faci l i ty 
at Hanford 

Tra i l e r  wa s h i ng fac i l i ty 
a t  Hanford 

Offs i te transfer fac i l i ty 
at N i agara F a l l s  wi th 
tra i l e r  was h i ng fac i l i ty 

Offs i te trans fer faci l i ty 
at Oak R i dge w i th ra i l car 
wa s h i ng fac i l i ty 

Tra i l e r  wa s h i ng fac i l i ty 
at P i ne R i dge Knol l s  s i te 

Transporta t i on 
Equi pment 

. Requ i rementst2 

Low 

Lowe st 

H i gh 

Low 

Offs i te 
Handl i ng 

Yes 

No 

No 

Yes , two 
l ocati ons 

M i t i ga t i on 

Covers and was h i ng 
requ i red for both 
tra i l ers and rai l 
cars 

Covers and wa s h i ng 
for ra i l ca rs only  

Covers and  wa s h i ng 
for t ra i l e rs only 

Cove rs and wa s h i ng 
for ra i l ca rs and 
tra i l e rs in  two 
l ocati ons 

Env i ronmenta l 
Impacts 

Spi l l s  and rad i o
act i ve re l eases 
duri ng o f fs i te 
handl i ng 

Ra i l  spur con
s truct i o n  

S i m i l a r t Q  truck
on l y ,  l es s

' 
r i s k  

of  transporta t i on
re l a ted i nj u ry or 
death 

Spi l l s  and rad i o
ac t i ve re l eases 
duri ng o f fs i te 
hand l i ng 

N I N --.J 



S i te/Op t i ons 

OAK R I DGE ( Conti nued ) 

Truc k  o f fs i te to ra i l ,  ra i l  
to P i ne R i dge Kno l l s  s i te ,  
t ruc k to d i sposa l mounds 

Truck ons i te to rai l ,  ra i l  
to Oak R i dge Reserv at i on ,  
t ruc k to d i spos a l  mounds 

Truck on s i te to rai l ,  ra i l  
to P i ne R i dge Kno l l s  s i te ,  
t ruc k to d i spos a l  mounds 

Truck to Bu f fa l o ,  NY , TOFC 
ramp ; ra i l  to Knoxv i l l e ,  TN , 
TOFC ramp ; truck to d i sposal  
mounds 

Tab l e  2 . 3 .  Conti nued 

Faci l i t i es 

O f f s i te transfer faci l i ty 
at N i agara F a l l s  wi th 
trai l e r wa s h i ng f ac i l i ty 

Ra i l  spur to P i ne R i dge 
Knol l s  s i te 

Ra i l c a r  was h i ng faci l i ty 
at P i ne R i dge Knol l s  s i te 

Ra i l  spur to NFSS 

O f f s i te transfer faci l i ty 
at Oak R i dge wi th rai l ca r  
wash i ng faci l i ty 

Tra i l er was h i ng faci l i ty 
a t  P i ne R i dge Knol l s  s i te 

Ra i l  spur to NFSS and ra i l 
spur to P i ne R i dge Knol l s  
s i te 

R a i l ca r  was h i ng faci l i ty 
at P i ne R i dge Kno l l s  s i te 

Tra i l e r wa s h i ng faci l i ty 
at P i ne R i dge Kno l l s  s i te 

T ransporta t i on 
Equi pment 

Requ i rementst2 

Low 

Low 

Lowe s t  

H i gh 

O f f s i te 
Hand l i ng 

Yes 

Yes 

No 

No 

M i t i ga t i on 

Covers and wa s h i ng 
for ra i l cars and 
t ra i l ers 

Covers and was hi ng 
for ra i l c a rs and 
trai l e rs 

Covers and was h i ng 
for ra i l ca rs only  

Covers  and was h i ng 
for t ra i l e rs only  

Env i ronmental  
I mpac t s  

Spi l l s  a n d  radi o
acti v e  re l eases 
d u r i ng o f fs i te 
hand l i ng 

Ra i l  spur con
s truct i on 

Ra i l  spur con
struc t i on 

Sp i l l s  and rad i o
act i ve re l ea ses 
duri ng o f f s i te 
hand l i ng 

Ra i l  spur con
struc t i on i n  two 
l oc a t i ons 

S i m i l ar to t ruc k
on l y ,  l es s  r i s k 
of transpo rtati on
re l a ted i nj ury o r  
death 

N t N co 



S i te/Op t i ons 

OCEAN 

Truck o f f s i te to ra i l ,  ra i l  
to ra i l /ba rge trans f e r ,  
barge t o  d i sposal  

Truck ons i te to ra i l , ra i l  
to ra i l /barge t rans f e r ,  
ba rge t o  d i sposal 

Truck to Buffa l o  TOFC ramp , 
ra i l  to E l i zabeth , NJ , TOFC 
ramp , truc k to t ruck/barge 
trans fe r ,  barge to d i spos a l  

Fac i 1 i t i e s  

O f fs i te transfer fac i l i ty 
at N i agara F a l l s  wi th 
tra i l er wa sh i ng fac i l i ty 

Ra i l  to ba rge trans fer 
f ac i l i ty w i th ra i l ca r  
wa s h i ng f ac i l i ty 

R a i l spur to NFSS 

Ra i l  to barge transfer 
f ac i l i ty wi th ra i l ca r  
wa s h i ng f a c i l i ty 

Truck to barge trans fer 
f ac i l i ty wi th t ra i l er 
wa s h i ng f a c i l i ty 

Tab l e  2 . 3 .  Conti nued 

T ranspo rta t i o n 
Equi pment 

Requi rementst2 

Low 

Lowes t  

H i gh 

t l  T h i s tab l e  summa r i zes i n fo rma t i on p resented i n  Append i x  0 ,  Sec t i on 0 . 5 .  

O f f s i te 
Hand l i ng 

Yes ,  two 
l oc a t i ons 

Yes 

Yes 

M i t i ga t i on 

Covers and wa s h i ng 
for t ra i l ers and 
rai l ca rs 

Covers and wa s h i ng 
for r a i l cars  o n l y  

Covers and was h i ng 
for t ra i l ers o n l y  

t2 F o r  a c t u a l  numbers o f  ra i l ca rs , tra i l ers , and t ractors f o r  v a r i ous project dura t i ons , see Append i x  0 ,  Tab l e  0 . 10 .  

E n v i ronme nta l 
I mpacts 

Sp i l l s  and rad i o
act i ve rel eases 
duri ng o f fs i te 
hand l i ng at two 
l ocati ons 

R a i l spur con-
struc t i on 

Sp i l l s  and radi o-
ac t i ve re l eases 
dur i ng o f f s i te 
hand l i ng 

Sp i l l s  and radi o-
ac t i ve rel eases 
dur i ng o f f s i te 
hand l i ng 

N I N \D 
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O f  the  several  opti ons i nvo 1 v i  ng ra i  1 transport o f  the NFSS was tes  and  res i d ues , none  o f fe r  a 
c l ea r  advantage over  truck-on ly  trans port i n  terms o f  both costs  and e n v i ronmental  i mpacts . Wh i ch 
trans portat i on opt i o n  i s  "best"  i s  1 i ke ly to be d i  f fe re n t  for each type o f  res i due and waste and for 
each o f fs i te d i sposa l a l ternat i ve .  The costs  are uncerta i n  because rates have to b e  negoti a ted wi th 
i nd i v i du a l  ra i l roads and there are compl ex trade-offs  between  cap i ta l  i nv e s tments for fac i l i ti es and 
e q u i pment  and ope ra t i ng cost s .  F i na l l y ,  t h e  mos t  econom i c a l  opt i on may not nece s sari ly  b e  t h e  opt i on 
w i th the l ea s t  e n v i ronmenta l i mpact s .  A more deta i l ed d i scus s i o n  o f  ra i l  transportat i o n  opt i on s  i s  
prese nted i n  Appen d i x  0 ,  Secti o n  0 . 5 .  
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3 .  AFFECTED ENVI RONMENT 

F o l l owi ng are descr i pt i ons  o f  the a ffected e n v i ronments at NFSS , the three a l ternat i ve s i te s  to 
wh i ch the NFSS wastes and res i dues cou l d  be taken ( Hanford , Oak R i dge , or the ocean d i sposal  s i te ) , 
and the transportati on routes .  

3 . 1  N I AGARA FALLS STORAGE S I TE ( NFSS ) 

3 . 1 . 1 Topography, Geo l ogy ,  S o i l s , S e i smol ogy , and Mi neral  Resources 

The N i agara F a l l s  Storage S i te ( NFSS ) i s  l ocated south of Lake Ontar i o  on  the Onta r i o  P l a i n  that 
beg i n s  at the base of the N i agara E s carpment ( F i gure 1 . 1 )  and s l ope s gently northwes t  towards La ke 
O ntari o .  The p l a i n  i s  re l at i v e l y  f l at and feature l es s  except for a few broad s h a l l ow v a l l eys  and the 
N i agara R i ver  Val l ey that l ead to Lake Ontari o .  E l evat i on s  at NFSS are u n i form , rang i ng between 96 
a nd 105 m ( 315  and 344 ft) MSL ; the l ower e l e va t i ons  correspond to three man-made drai nage d i tches on 
the s i te and the h i gher e l evat i on s  correspond to the top o f  the d i ked waste contai nment area i n  the 
southwest corner o f  the s i te .  The natural s i te e l evat i on i s  approximately 98 m ( 320 ft) MSL .  

T h e  bedroc k o f  the reg i o n  i s  composed o f  re l at i ve l y  undeformed , f l at- l y i n g  sed i mentary roc ks  over 
a basement o f  metamorp h i c  roc k .  A 270-m ( 900- ft)  sequence of s ha l e s  and s i l t stones  of the Queenston 
Formati on l i e s  at the base  o f  the N i agara Escarpment and comp r i ses  the uppermost bedrock un i t  under 
N F S S .  The Queenston F o rmat i on under l i e s  NFSS at a depth of approx i mate ly 15 m ( 50 ft)  ( A c r e s  Ameri can 
1981 ) .  Unconso l i dated g l ac i a l  depo s i ts overl i e  the Queenston Forma t i o n  on the  Ontari o  P l a i n .  At 
NFSS , these depo s i ts con s i s t  of f i ve major strati grap h i c  uni ts ( F i gure 3 . 1 )  ( Ac re s  Ameri can  1981 ; 
Wehran E n g .  Corp . 1979 ) .  

The s i l ty- l oam s o i l s  wi t h i n the v i c i n i ty of NFSS b e l ong to the R h i nebec k-Ov i d-Mada l i n  a s s oc i a
t i on .  These  so i l s  are nearly l eve l to gently s l op i ng ,  deep , and somewhat to v e ry poorly d ra i ned .  
They have moderate l y  f i ne to f i ne-textured subso i l s  and are o f  med i um to l ow va l ue for farm i ng .  Poor  
natural  drai nage i s  the major l i m i tati on to uses  such  as  farm i ng or urban  deve l opment ( H i gg i n s  et a l . 
1972 ) .  So i l s  w i th i n  NFSS have been c l as s i f i ed i n  the N i agara County , New York , So i l  Survey a s  " made 
l and" ( H i gg i ns et a l . 1972 ) .  Made l and con s i sts  of areas that have been f i l l ed wi th s tone , br i c k ,  and 
other wastes  and covered wi th a th i n  mant l e  o f  s o i l mate ri a l . The p ropert i es o f  made l and vary w ide ly  
over the  NFSS . Under  the  i nter i m  act i on s , much  o f  the s urface so i l  has e i ther  been removed i n  s i te 
c l eanup operati ons or used a s  borrow mate r i a l  to p l ace i n  the d i ked a rea .  

The NFSS l i es  w i t h i n  the Central  Stab l e  Tecto n i c  Reg i on ( Eard l ey 1962 ) .  H i s tori ca l l y ,  earth
quakes wi th i n  t h i s  reg i on have genera l ly been of moderate s e i smi c i ntens i ty ( V I  and VI I or l es s  on the 
Mod i f i ed Merca l l  i sca l e ) . Near NFSS i n  western New York and adj o i n i ng O n ta ri o ,  there is  a sma l l 
s e i sm i ca l ly act i ve area ( Had l ey and Dev i ne 1974) that i s  a s s o c i ated wi th an earthquake event that 
occurred near Att i ca ,  New York , 40 km ( 2 5  mi ) southeast of NFSS ( Fox 1970 ) .  The confi gura t i on o f  the 
s e i sm i c  zone around Att i ca i s  not we l l  def i ned ,  but earthquakes i n  the Att i ca s e i sm i c  zone appear to 
govern the maxi mum h i sto r i c a l  i ntens i ty at NFSS . 

No natura 1 resources  o f  i mportance are known to ex i s  t beneath the NFSS fac i l  i ty .  A l though c l ay 
o f  the reg i on has been used h i stori cal ly  i n  the manufacture o f  b r i c k s , no manufactur i ng fac i l i t i e s  
c urrently e x i s t  near NFSS . L i mestone , sand , and gravel  a r e  m i ned and natural  g a s  f i e l d s  have been 
i dent i f i  ed i n  the reg i on;  howe ve r ,  none of the se  resourc e s  has been i dent i f i ed o r  m i  ned i n  the NFSS 
area i ts e l f ( Er i e  N i agara C o .  Reg .  P l an .  Board 1978b ) .  

3 . 1 . 2 Hydro l ogy, Water U s e ,  a n d  Water Qual i ty 

3 . 1 . 2 . 1 S urface Water  

The  natural s u rface drai nage patterns for the  NFSS area  are i l l u strated in  F i gure 3 . 2 .  H i sto r i 
ca l ly , o n l y  Fourm i l e ,  S i xmi l e ,  a n d  Twe l vemi l e  c reeks  cou l d have rec e i ved runoff from N F S S .  Stream
f l ows for Fourm i l e ,  S i xm i l e ,  and Twe l vemi l e  c reeks  cons i st of natural  s urface runoff , agr i c u l tural  
dra i nage , and treated and i ns t i tuti onal  waste d i scharges ( N . Y .  State Dep .  E n v i ron .  Conserv . 1975 ) .  
The c reeks  are i ntermi ttent through much of the i r  reaches , and they d i scha rge i nto Lake Ontari o .  

I n  t h e  1940s , a sys tem of d i tches was constructed ( as part o f  the Lake Onta r i o  O rdnance Works )  to 
d ra i n  s urface waters to the centra l drai nage d i tc h .  S i xm i l e  C ree k ,  wh i ch or i g i na l ly  f l owed through 
the  s i te ,  was d i verted to the southwe s tern drai nage d i tc h  j u s t  outs i de the s outhwes t  corner of the 
s i te boundary ,  and s urface waters f rom the southeast area that had f l owed east i nto Twe l vem i l e  C re e k  

3 - 1  
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DES C R I P T I ON 

Brown or ye l l ow- brown s i l t  wi th v a ry i n g  perce n tages  
o f  organ i c s .  I n  many area s , th i s  u n i t i s  i nd i s t i n 
g u i s h ab l e  f rom the unde r l y i ng un i t .  So i l  o ften c o n 
ta i n s  s and and grave l . Genera l l y  d ry and o f  l oo s e  t o  
me d i um d e n s i ty .  

P redomi n a n t l y  b rown t o  red- b rown c l ay conta i n i ng 
s i g n i f i c ant amo unts o f  s i l t  and s a nd , wi th l e s s e r  
amounts  o f  grave 1 .  Port i o n s  o f  t h i  s u n i  t are o f ten 
c l ayey s i l t . Occa s i o na l l y ,  e n t i re un i t  i s  c ompo sed 
o f  c l ayey , s i l ty s a n d s  and/or grav e l s ,  but the s e  are 
genera l l y  r e s t r i cted to the bas a l  area . soi  1 i s  
u s ua l l y  d ry and o f  med i um re l at i ve dens i ty .  

Gray o r  g ray- b rown c l ay w i th v a ry i ng amounts  o f  s i l t  
a n d  s a n d .  Gravel  i s  genera l l y  sma l l i n  s i ze and d i s -
p e r s ed random l y .  Occas i o na l l y ,  t h e  s a n d , s i l t ,  o r  
g r a v e l  becomes t h e  d o m i  n a n t  c o n s t i tuent o f  t h e  s o i  1 ,  
e s p ec i a l l y  i n  the trans i t i o n a l  zone  at  the b a s e .  
Cons i s te ncy i s  s o f t  t o  medi um. U n i t  i s  genera l l y  
s a turated a n d  i s  s l i g h t l y  t o  mode rate l y  p l a s t i c .  

U n i t  i s  comp o s e d  predom i na n t l y  o f  g ray o r  brown s andy 
s i l t . Genera l l y  a trans i t i o n a l  zone , i t  can range 
from a l mo s t  c l ean  s a nd to s i l ty c l ay .  Grave l quan
t i t i e s vary f rom absent  to b e i n g  over 50% of the 
u n i t .  Z o ne i s  s i te - c o n t i nuous , wi th rare l oc a l i zed 
absences  due to ero s i o n .  U n i t i s  we t .  

Red t o  red - b rown c l ayey s i  I t . Gravel  p re s e n t  
th roughout , occ as i o n a l l y  i n  qua n t i ty .  Un i t  i s  
c ommo n l y  p r e s e n t  whe re  bedrock i s  topograp h i c a l l y 
dep res s e d .  S o i l i s  genera l l y  d ry and h a s  a re l a t i v e 
dens i ty c l a s s ed a s  d e n s e  to very de n s e . 

Queens ton F o rmat i o n .  Red to b rown- red s h a l e  and 
si  l ts tone . O c c a s i o n a l  l e n s e s  of green si  l ts tone are 
c ommo n .  Bedd i ng i s  th i n  and h o r i z o n ta l . Upper  z o ne 
of roc k  i s  s l i g h t l y  to mode rate l y  weathered , w i th 
s ome ca l c i te rep l ac ement on the w i d e r  fracture s .  
C l ay i s  present  o n  s ome weathered s u r f ac e s .  

KEY :  
Maj o r  S o i l Types  GM · S i l ty q r a 'V p l s .  poo r l y  gradt>d g r a Itl P l - sand - 5 1 1 t  m i x t u rE' s .  

G C  - C l aypy g r a 'V t> l s .  poo r l y  gradt>d q ra Il P } - sand- c l ay m i x t u r p s  
SIN - Wt> 1 1  graded s a n d s . g r a v p l l y sands ; l i t t l t>  o r  no t , nt' S .  SP - Poo r l y  qradt>d s a nd s , gra'Vt> l l y s a nd s ;  l i t t l p  o r  n o  f i ne s . SM - S i l ty sands , poo r l y  graded sand- s l l t  m h luft>s . 

· so i l  c l a s s i f i c a t i o n  b a s ed on the 
U n i f i ed S o i l C l a s s i f i ca t i o n  Sys tem 

5C - C l ayey s a nd s ,  poo r l y  graded sand- c l ay m i x t u re s .  H l  - I norgan i c  s i l t s and very f i ne sands , roc k f l our , s i l ty 
or c l ayey f i ne s a n d s  'K i th s l i g h t  p l a s t i c i ty .  

C l  - I norga n i c  c l ay s  o f  l o �  to .ed i um p l a s t i c i ty .  grave l ly 
c l a y s , sandy c l ay s . s i  l ty c l ays , l ean c l ays 

Ol - Orga n i c  s i l t s  and orga n i c  s i l t- c l ays of l o� p l as t i c i ty .  
O H  - Orga n i c  c l ay s  o f  med i um t o  h i gh p l a s t i c i ty .  

F i g u re 3 . 1 . Genera l i zed Geo l og i c  C o l umn o f  Format i on s  Under the N i agara 
F a l l s  Sto rage S i te .  Sourc e :  Adapted f rom Acres Ameri can ( 1981 ) .  
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F i gure 3 . 2 .  Natura l Sur face Drai nage Patterns i n  the NFSS Are a .  
Adapted f rom Ande rson et a l . ( 1981- - F i gure 6 . 2 ) .  
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we re d i verted to the South- 3 1  d i tch and then to the centra l  d i tch ( Ae rospace Corp . 1982 ) .  The exi s t
i ng man-made drai nage system o f  the NFSS and s urroundi ng area i s  i l l ustrated i n  F i g ure 3 . 3 .  S i te 
runof f  v i a  the centra l d i tc h  d i s c harges i nto Fourm i l e  Creek .  

The 100-year f l ood l eve l  wi th i n  NFSS i s  e s t i mated t o  b e  approxi mate l y  97 m ( 319 f t )  MSL ,  and 
f l oodi ng i s  general l y  conta i ne d  wi thi n the centra l drai nage d i tc h  ( Ac res  Ame r i can  1981 ; U . S .  Dep . 
Hous  i ng Urban Dev .  1980 ) .  Major runoff occurs  dur i  ng the s p r i  n g  and , for mos t  o f  the yea r ,  there i s  
very l i ttl e surface f l ow. Ponde d  water i s  common at NFSS dur i ng and fo l l owi ng sp r i ng s nowme l t .  

D I S CHARGE T O  � 
F O U RMILE CREEK 

CAIN R O A D  

B R A N C H  OF 
SIX� 

M AG AZINE 

� 
o < o a: 

D RAINAGE 
DITCH f����.�H O F  

SIX M I L E  CREEK 

ABOVEG RO U N D  
RESERVOIR 

S O UTHWESTERN 
D R A I N A G E  

DITCH 

PLETCHER ROAD 

SIX MILE CRE E K  DISCH ARGE S INTO THE 

SOUT HWE STERN DRAINAGE DITCH ABOUT I 
ONE MILE SOUT H OF THIS POINT ____ ---J 

o 

N IAGARA FALLS 
STORAG,;:E:-___ ...I 
SITE 

5 - 3 1  

KIlOMET(RS I - = - -
- FLOW DIRECTION 

� D ITCH 

F i g u re 3 . 3 .  Surface Water Drai nage a t  NFSS and i n  the Surround i ng Area s .  
( So u rce : Bechte l Nat i onal , I nc .  ( 1984b ) ( o r i g i na l l y  modi f i ed 
f rom Acres Ame r i can  1981) .  
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In 1975 , the e nt i re l ength of Fourm i l e  C reek  was c l as s i f i ed a s  "water q ua l i ty l i m i t i ng . '" ''  
However , s i nce that t i me ,  the Lew i s ton-Porter Central  Schoo l s have d i scont i nued the i r  d i scharge t o  the 
c reek  upon connect i on to the Town o f  Lewi ston Sewage T re atment P l ant ; and the three  rema i n i ng d i s
charg e s  ( B e l l Aerosystems , Wh i tnor  Chemi c a l s ,  and Fourm i l e  C reek  State Park)  have upgraded the i r  
t reatment to conform to New York State c r i te r i a  govern i ng i nterm i ttent streams ( N .  Y .  State Dep.  
Env i ron.  Conserv .  1975 ) .  DOE has a State Pol l utant D i scharge E l i m i nati on System ( SPDES)  perm i t ( see  
Tab l e  4 . 52 )  to d i scharge to the centra l  drai nage d i tch , but upon  comp l et i on o f  the i nter i m  remed i a l  
act i ons  i n  1985 , n o  f u rther d i scharges a re ant i c i pate d .  Current l y ,  d i scharges f rom t h e  S C A  hazardous 
wastes  l andfi l l  north of NFSS are p i ped to the N i agara R i ve r  rather than the central  d i tc h .  

No  nonrad i o l o g i c a l  water q ua l i ty i nforma t i o n  i s  avai l ab l e  for the NFSS dra i nage d i tches .  Pr i o r  
t o  t h e  i nterim  act i on s , central  drai nage d i tc h  s e d i ments  had e l evated concentrat i on s  of coba l t ,  
n i cke l , copper ,  bar i um ,  1 i th i um ,  f l uor i ne , and c e s i um .  West dra i nage d i tc h  s ed i ments had e l evated 
concentrat ions  of sod i um ,  coba l t ,  and l i t h i um (Anderson e t  a l . 1981 ) .  Under the i nter i m  remed i a l  
act i on s , much o f  these contami nated s e d i ments  were removed f rom the d i tches and p l aced w i th i n  the 
d i ked conta i nment area ( F i gure 1 . 2 ) .  

Approx i mate ly  90% o f  the popu l a t i on i n  N i agara and E r i e coun t i e s  i s  s erved by s u rface water 
s upp l y  system s .  Surface water f rom Lake Er i e serves  65% o f  the popu l at i o n  and s urface water from the 
upper N i agara R i ve r  serves  2 5% o f  the popu l at i on .  Commun i t i es north of the N i agara Escarpment (and as 
far a s  80 km [ 5 0  m i ] from NFSS ) , i nc l ud i ng Lewi ston and Porter town s h i p s , rec e i ve much o f  the i r  water 
f rom Lake E r i e and the N i agara R i ve r  v i a  the N i agara County Water D i str i ct ( Er i e  N i agara Co. Reg . 
P l an .  Boa rd 1978a ) .  

Fourmi l e ,  S i xmi l e ,  and Twe l vemi l e  creeks are used p r i ma ri l y for boati ng and f i s h i ng ( N .  Y .  State 
Dep .  Env i ron .  Conserv . 1975 ) .  At the i r  con f l uence w i t h  Lake Onta ri o ,  both Fourmi l e  and Twe l vem i l e  
c reeks  are des i gnated as  recreat i onal  areas w i th publ i c  swimm i ng s i te s  ( Er i e  N i agara C o .  Reg.  P l an .  
Boa rd  1978a ) .  

3 . 1 . 2 . 2  G roundwater 

Wi th i n  N i agara County ,  g roundwater i s  p re sent  i n  both the surf i c i a l  g l ac i a l depos i ts and the 
underl y i n g  bedroc k .  The th ree most  s i gn i f i cant wate r- beari ng zones  at NFSS are (1 )  the i nterm i ttent 
s a nd l enses  found 3 to 6 m ( 10 to 12 ft) be l ow g round s urface ( upper s o i l  a q u i fer) , ( 2 )  the brown 
g rave l ly  sand- s i l t  l ayer found 9 to 12 m ( 30 to 40 f t )  b e l ow g round s u rface ( l owe r s o i l  aqu i fer) , and 
( 3 )  the weathe red and fractured upper s u rface ( about 3- to 4 . 5-m [ 9 . 9- to 1 5 - f t ]  t h i c k )  o f  the 
Queenston Forma t i on beg i nn i ng about 15  m ( 50 f t )  be l ow ground s u rface ( bedrock aqu i fer ) .  None of 
these water-bea r i ng zones  are major aqu i fe r s .  

Numerous extens i ve s a n d  l enses  o r  poc kets were found dur i ng trench opera t i o n s  f o r  construct i o n  o f  
t h e  d i ke a n d  subsurface cutoff wa l l  around t h e  waste-contai nment area i n  t h e  s outhwest corner of the 
s i te ( Bechtel  Nat l . 1984a ) .  Bori ngs i n  the east d i ke area encountered 2-m ( 7 - f t )  t h i c k  l enses  of 
sand , grave 1 ,  and cobb 1 e s .  I so  1 ated sand and grave 1 1 enses  4 .  6-m ( 15 - f t )  t h i  c k  were encountered i n  
the north d i ke area.  A sand and grav e l  depos i t  more than 7-m ( 2 0 - f t )  t h i c k  was encountered i n  the 
west d i ke a rea . These l enses  are recharged by perco l at i ng water.  No deta i l ed i nforma t i o n  i s  avai l 
ab l e  o n  the hydra u l i c  conduct i v i ty o r  y i e l d  o f  these sand depo s i t s .  Depend i ng on  the s urface moi sture 
reg ime  ( ra i n ,  snowme l t ,  etc . ) ,  the mo i sture content of these sand l enses  can v a ry from dry to satura
ted. I nterconnect i on of the sand l enses  has not been demonstrated . ** 

Sha l l ow we l l s  have been dr i l l ed to the s u rf i c i a l  unconso l i dated depo s i t s near NFSS  and , a l though 
wate r s upp l i e s  are l i m i ted , the we l l s  have y i e l ds s u f f i c i ent for l i m i ted use ( Johnston 1964 ) .  The 
zone that conta i ns the sand l enses  i s  referred to a s  the upper  s o i l aqu i fe r  or upper aqu i f e r .  The 
average permeab i l i ty of the brown sand aqu i fe r  ( l ower s o i l aqu i fer)  i s  about 2 x 10- 5 to 2 X 10-6 cm/s 
( Ac re s  Amer i can  1981) .  The d i rect i on of groundwater f l ow i n  th i s  aqu i fe r  i s  uncerta i n .  

There i s  a network o f  underground p i pes i n  the southern port i o n  o f  the d i ked contai nment area .  
The l ocat i o n  o f  known p i pe s  i s  s hown in  F i gure 3 . 4 . D u r i ng the i nter i m  remed i a l  acti ons , the se  p i pe s  
were e i ther removed or grouted t o  i nh i b i t  o r  prevent t h e  pote nt i a l  m i grat i o n  o f  contami nated ground
water a l ong these p i pe s .  

The l ower s o i l aqu i fe r  i s  genera l l y  conti nuous and conf i ned*** by the l e s s  permeab l e over l y i ng 
g ray c l ay and under l y i n g  red t i l l .  Th i s  aqu i fe r  i s  recharged by l eakage t h rough the ove r l y i ng 

*"Water Qua l i ty L i m i t i ng"  i s  def i ned a s  waters that do not meet s tate stream s tandards and wou l d  not 
be expected to meet standards even  a fter app l i cati on  o f  "best  pract i c a l  t reatment" requ i red by the 
1972 Federa l Water Pol l uti on Control  Act.  The c l as s i f i cati on  o f  Fourm i l e  C reek  has apparently not 
been rev i sed s i nce 1975 . 

**Bechtel Nati onal , I n c . , i s  mon i tori ng s ome o f  the sand l enses  s u rround i ng the contai nment area to 
determ i ne whether or not the s uspected d i s connecti o n  o f  the sand l enses  ex i sts . 

***Th i s  aqu i fer  has  a p i zeometr i c  s u rface that i s  above the s u rface e l evat i o n  o f  the aqu i fe r .  
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F i gure 3 . 4 .  Loca t i on and Fate o f  Underground P i pes  a t  NFS S .  Adapted f rom draw i ng of 
Bechtel  Nat i onal , I n c .  ( D rawi ng No. 15-DD19- C-03 ) .  

unconso l i dated depo s i ts and by upward m i g rat i o n  of water f rom the Queenston  Format i o n .  Water i n  t h i s 
aqu i fe r  f l ows towards the northwes t  and d i s c harges i nto La ke Ontar i o ,  the N i agara R i v e r ,  a nd l oc a l  
streams a n d  drai nage d i tche s .  T h e  average pe rmeab i l i ty i n  t h i s aqu i fer  i s  1 . 3 x 1 0 - 3  cm/s ( Wehran 
E n g .  Corp. 1979 ) , and the groundwater grad i ent acro s s  NFSS i s  0 . 001 ( Ac re s  Ame r i can 1981 ) .  

The major zone o f  groundwater movement i s  i n  the weathered and f ractured zone  ( bedrock aqu i fe r )  
i n  t h e  upper port i on of  the Queenston  Formati on .  Where t h e  red t i l l  i s  absent , t h i  s a q u i  fer  i s  con
nected wi th the l ower so i l  aqu i fe r .  At NFSS , the groundwater grad i ent o f  the bedroc k aqu i fer  i s  0 . 001 
( Ac res  Ameri can 1981 ) .  We l l  y i e l ds from th i s  aqu i fer  are typ i ca l ly  l es s  than 0 . 0004 m3/ s  (7 gpm ) .  
We l l  y i e l ds o f  l es s  than 0 . 00006 m3/s  ( 1  gpm) are e s t i mated for the l ower unweathered sect i o n s  o f  the 
Queenston Formati on  (Johnston 1964 ) .  

The g roundwater from a l l aqu i fers under l y i ng NFSS i s  o f  l ow qual i ty for d r i n k i ng water ( Ac re s  
Ame r i can 1981 ) .  G roundwater f rom t h e  Queenston  aqu i fe r  i s  l es s  a l kal i ne than that from t h e  upper 
aqu i fers . I t  i s  a l so more h i g h l y  mi neral i zed w i th h i gher  concentrat i ons  of s u l fate , c h l o r i d e ,  c a l c i um ,  
sod i um ,  i ron , and magne s i um (John ston 1964 ) .  Trace concentrati on s  o f  l ead , bar i um ,  n i cke l , copper , 
Chromi um ,  cobal t ,  s e l e n i um ,  and z i rcon i um have been detected i n  wate r samp l es c o l l ected by Batte l l e  
Col umbus  Laboratory from peri phery we l l s  on the wes t  s i de of NFSS and f rom the waste contai nment area 
(Anderson et a l . 1981 ) .  Detai l s  of  water q ua l i ty samp l i ng performed i n  J u l y  1981 can be found i n  a 
report by Acres Ame r i can ( 1981 ) .  ( D i scus s i on o f  bac kground groundwater qual i ty re l at i ve to potent i a l  
i nc reases  a s soci ated w i th b u r i a l  o f  the NFSS wastes and res i dues i s  g i ve n  i n  Sect i o n  4 . 4 ) .  
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Groundwater i s  used to s upp l y  approx i mate l y  10% of the  popu l at i o n  of N i agara and  E r i e  count i e s , 
p r i mari ly  for sma l l dome s t i c  and farm s upp l i e s  i n  rural  sect i ons . Mos t  of t h i s water i s  obtai ned from 
the Loc kport Dol omi t.e aqu i fe r ,  wh i c h  i s  absent north of the Escarpment at NFSS .  At NFSS , on ly  very 
sma l l s upp l i es can be obt a i ned from the Queenston s ha l e ( Johnston  1964 ; E r i e  N i agara C o .  Reg .  P l an .  
Board 1978b) .  G roundwater s upp l i e s  a t  NFSS a re genera l ly  o f  l ow y i e l d  and poor qual  i ty .  O n l y  the 
M i d d l eport area ( e astern N i agara County) i s  dependent on groundwater for mun i c i pa l  water ( Er i e  N i agara 
Co.  Reg . P l an .  Board 1978b ) .  The upper  a q u i fers i n  the g l ac i a l  depo s i ts near NFSS a re someti me s  
capab l e  of supp l y i ng adequate groundwater f o r  dome s t i c  uses , a l though thes e  s upp l i e s  may be depl eted 
duri ng dry seaso n s . 

The resu l t s  from mon i tori ng s everal  we l l s  l ocated around the contai nment area are presented i n  
annual  mon i to r i ng reports ( U . S .  Dep .  E ne rgy 1983c , 1983d , 1984 ) .  

3 . 1 . 3  C l i mate and Meteorol ogy 

N i agara County has a hum i d ,  cont i nental  c l i mate that i s  moderated by Lakes E r i e and Ontari o .  
Average annual  prec i p i ta t i o n  i s  8 3  c m  ( 3 3  i n . ) ,  wh i c h  i s  fa i r l y  e v e n l y  d i str i buted th roughout the 
year .  Approx i mate l y  140 cm ( 56 i n . ) of  s now f a l l s ,  p r i mar i l y  between  November  and Marc h (Acres 
Ame r i can 1981 ) .  The wi nd i s  p redomi nantly from the s outhwe s t .  

3 . 1 . 4  Eco l ogy 

Western New York i s  cons i dered to be w i t h i n  the d i stri but i on of the beech-map l e  forest assoc i 
a t i o n  ( VanKat 1979 ) ,  but the nature o f  NFSS s o i l s-- i . e . , deep , very poor l y  dra i ned , and poorly aerated 
( H i gg i n s  et a l . 1972 ) - - s uggests  th�t , pr i or to agr i c u l tural  devel opment i n  the 1800s , the vegetati on 
of the s i te was l i ke l y  a red map l e�wh i te oak  forest type adapted to these wet cond i t i on s  ( Braun 1972 ; 
Garri son  et a l . 1977 ) .  Th i s  i s  further s upported by the predom i nance o f  map l e ,  a s h , and oak  i n  the 
canopy of wooded areas of the s i te .  

The nat i ve and agri c u l tural  eco systems o f  NFSS were comp l ete ly  destroyed by U . S .  Army construc
t i on act i v i t i e s  d u r i n g  the early 1940s (Anderson et a l . 1981 ) .  S i nce  the m i d- 1940s , most of the s i te 
has  been untended unt i l  recent i nter i m  remed i a l  act i o n s .  As part o f  these c l eanup act i v i t i es , about 
two- t h i rds of the NFSS has now been c l eared o f  vegetat i on .  P r i o r  t o  the i nter i m  remed i a l act i on s , two 
other terrest r i a l  p l ant commu n i t i e s  occurred at NFSS : a northern s h rub commun i ty and a pasture- grass  
commun i ty (Ande rson et a l . 198 1 ) . I t  i s  l i ke l y  that these commu n i t i es were actua l ly  o l d- f i e l d  commun i 
t i es i n  the l ate r stages o f  o l d- f i e l d  s ucc e s s i on ( Me l l i nger  and McNaughton 1975 ) .  

The fore s t ,  shrub , and pasture grass  commun i t i es p rov i ded hab i tat for a v a r i e ty o f  wi l d l i fe .  
A l though n o  quant i tati ve wi l d l i fe s urveys  have been conducted o n  the  s i te ,  mamma l s  that have been 
observed on NFSS ( Anderson et a l . 1981)  and that are common to N i agara County are typ i ca l  of  those 
encountered in  fore s ted and s hrub-domi nated areas . Surveys o f  b i rd popu l at i o n s  on  and in  the  v i c i n i ty 
o f  NFSS i nd i cate that at l east  60 spec i e s  breed or a re thought to b reed i n  the a re a .  N o  i nforma t i o n  
concern i ng amp h i b i ans a n d  rept i l es o f  t h e  N F S S  i s  ava i l ab l e ,  b u t  i t  i s  expected that spec i es charac
ter i s t i c  of the for.ests  and agri c u l tural  commun i t i es o f  the area ( Sh e l ford 1974 ) are p re s e n t .  

N o  spec i e s  des i gnated a s  threatened or endangered under state or federal  l aw a r e  known to occ ur 
in  the i mmed i ate v i c i n i ty of NFSS .  However , the s i te i s  l ocated wi t h i n the d i str i bu t i on o f  a number 
o f  spec i es  cons  i dered endangered under the federal E ndangered Spec i e s  Act ( Pu b .  L .  93- 205 ) .  Among 
these  are the b a l d eag l e ,  Ame r i can  peregr i ne fa l con , and Ind i ana bat ( U .  S .  F i s h Wi l d l . Serv o 1980 ) .  
The arcti c fa l con i s  thought to m i g rate through the state o f  New York but does not nest  there . The 
l oca l  o f f i ce o f  the U . S .  F i s h and Wi l d l i fe Serv i c e  had no comments  on  the NFSS a l ternat i ves re l at i ve 
to endange red spec i es ( Hami l ton  1983 ) .  

Aquati c  b i ota are restr i cted to the drai nageways that carry s urface runoff  from the s i te ( F i g
ure 3 . 3 ) .  The p l ant commu n i t i es of the l argest d i tches  ( ce ntral  d i tch , west d i tc h ,  and South- 31  
d i tc h )  were domi nated by catta i l s  and var i ous marsh  gra s s e s  ( Anderson et a l . 1981 )  pr ior  to the  
excavat i o n  o f  rad i oact i ve l y  contami nated s e d i ments  a s  part  o f  i nter i m  remed i a l  act i o n s . A l though the 
i nte r i m  act i on s  comp l etely destroyed the catta i l -marsh grass  commun i ty ,  i t  i s  l i ke l y  that th i s  
c ommun i ty wi l l  become reestab l i s hed i n  these dra i nageways wi th i n  a few years . 

L i tt l e i s  known of the b i ota of Fourm i l e  Creek .  I t  has been reported that the c reek  s upports a 
l i mi ted spr i ng mi grat i on for s a l mo n i ds such  a s  coho s a l mon  and rai nbow trout ( Er i e  N i agara Co . Reg .  
P l an .  Board 1978a ) .  The cree k a l so s upports spawn i ng pop u l a t i o n s  of northern p i ke and a vari ety of 
panf i sh .  Fourm i l e  Creek i s  a l s o  reg u l ar ly  stocked with c h i nook s a l mon  by the New York State Depart
ment of Env i ronmental  Conservat i on  ( 1981) . 

3 . 1 .  5 Land U s e  

The N F S S  i s  c urre n t l y  e nc l o sed by a f e n c e  and i s  used o n l y  f o r  storage o f  rad i oact i ve res i dues 
a nd waste s .  Mos t  of the s i te i s  zoned " 1 -2 , Industr i a l , no houses  permi tted" w i th the except i o n  of 
the  northwest port i on of the s i te wh i c h  i s  zoned " 1 - 1  I ndustri a l , houses permi tted " . 
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Land uses i mmed i ate l y  adjacent to the s i te are var i ed.  A hazardous waste d i sposa l  fac i l  i ty 
operated by SCA C hemi ca l  Waste Serv i ces i s  l ocated north and east o f  the s i te .  A san i tary l andfi l l  
operated by Modern D i sposal , I n c . , i s  adjacent to the east s i de o f  NFSS . South o f  the s i te i s  fede ra l 
government p roperty contro l l ed by the General  Serv i ce s  Adm i n i strat i o n , wh i c h  i s  used for t ra i n i ng 
construct i on equ i pment operator s .  There i s  a l so a sani tary l andfi l l  s o u t h  of the s i te ,  wh i ch i s  owned 
by the town of Lewi ston . We st of the fac i l i ty i s  a N i agara Mohawk Power Corporati o n  transm i s s i on l i ne 
co rri do r .  Property west o f  the s i te i s  p r i vate l y  owned .  Al l t h e s e  p roperti e s  are l ocated on l and 
that was once part of the o r i g i na l  Manhattan E ng i neeri n g  D i str i ct s i te ( F i g u re 3 . 5 ) .  
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Re l ati v e  to the waste contai nment area , the neare s t  permanent res i dence i s  1 . 1 km  ( 0 . 7 m i ) south
we s t ,  there i s  a tra i l er park 2 . 6 km ( 1 . 6 m i ) northwes t  on Ba l me r  Road , the Lewi s ton- Porter Central  
Schoo l s  are l ocated approxi mate l y  2 . 4  km ( 1 . 5 m )  wes t  on  B l a i rv i l l e/Creek Road , and SCA Chem i ca l  Waste 
Serv i ce s  personnel  work outdoors 1 . 2 km ( 0 . 7 m i ) to the north . Dur i ng the summ e r ,  there are campers  
at  the  KOA campground 0 . 7 km  ( 0 . 4  m i ) southwe s t  on P l etcher Road . Hunters  occas i ona l l y  u s e  the area 
wes t of the Ni agara Mohawk corri dor. There are severa 1 res i dences al ong P l etcher and C reek  roads .  

Land uses  wi th i n the towns ( towns h i p s )  o f  Lewi ston and Porter are p redomi nantly rural and i nc l ude 
row-c rop agr i c u l ture , orchard s , recreati on a l  areas , o l d  abandoned f i e l ds , and second- growth forests . 
L i m i ted popu l at i on growth i n  the area i s  p rojected , and the area i s  expected to rema i n rura l through 
the year 2000 ( Tab l e  3 . 1 ) .  A recreat i ona l area , Fourm i l e  C reek  State Par k ,  i s  l ocated at the con
f l ue nce of Fourmi l e  C reek  and Lake Onta r i o ,  about 3 km ( 2  m i ) downstream f rom the central  drai nage , 
d i tc h  ( F i gure 3 . 2 ) .  

Tab l e  3 . 1 .  E x i s t i ng ( 1975 ) a n d  Projected ( 2000 ) Land U s e s  f o r  the Towns ( Town s h i p s )  o f  
Lew i s ton and Porte r a n d  f o r  N i agara Countyt 1 

Percent of Land Area 

Fore st/Brus h /  
Status Comme rc i a l / Outdoor 

of Res i - P ub l i ci I ndus- Recreati on/ Agri - Water/ Transpor-
Locat i on Land U s e  den t i a l  Sem i pub l i c  

Town o f  Lewi ston Ex i s t i n g  7 . 7  6 . 2  
( 10 , 000 h a )  

Projected 8 . 0 6 . 5 

Town of Porter E x i st i ng 4 . 1 4 . 6  
( 8 , 500 h a )  

Projected 4 . 2  4 . 8  

N i agara County E x i s t i ng 6 . 4  2 . 1  
( 140 , 000 h a )  

P rojected 6 . 6 2 . 2  

t l  A l l v a l ues rounded to two s i gn i f i cant  f i gu re s .  

Data f rom I nterstate Commerce Comm i s s i on ( 1981 ) .  

3 . 1 . 6  P opu l ati on and Soc i oeconom i c s  

3 . 1 . 6 . 1 Popu l a t i on 

t r i  a l  Vacant c u l ture Wet l and tati o n  

1 . 0  32 44 7 . 7  1 . 4  

1 . 0  32 43 7 . 7  1 . 4  

1 . 5 26 62 0 . 3 1 . 6  

1 . 5 26 62 0 . 4  1 . 6 

1 . 7 20 65 3 . 5 0 . 9  

1 . 8 20 65 3 . 6 0 . 9  

The  p r i mary areas o f  popu l at i o n  near NFSS are the towns o f  Lewi s to n ,  Porte r ,  N i agara , and N i agara 
F a l l s  C i ty--a l l  i n  N i agara County .  F rom 1970 to 1980 , there was a smal l p e rcent dec l i ne i n  popu l at i on 
i n  N i agara County and the town o f  Porte r ,  a sma l l p e rcent i nc rease  i n  the town of Lewi ston ( Math i ason 
1981 ) , and s omewhat l arger popu l ati on  changes in the town o f  N i agara (+15%) and i n  N i agara F a l l s  C i ty 
( - 17%) ( see Tab l e  3 . 2 ) .  F rom the ava i l ab l e  data , i t  appears that N i agara County and i ts borde r i n g  
count i e s  ( Er i e ,  Genesee , a n d  O r l e an s )  have been expe r i e nc i ng s i m i l ar patterns o f  popu l at i on change 
s i nce  1960 ( U . S .  Bur .  Census  1977 ) .  

A l most three-quarters o f  the  popu l at i on of N i agara County l i ve i n  urban area s .  Popu l at i o n  dens i ty 
i n  N i agara County i n  1980 was about 170 persons/km2 (430 persons/m i 2 )  ( U . S .  B u r .  Census  1982 ) .  The 
p opu l ati ons  l ocated wi th i n  a 16- km ( 10-mi ) and an 80- km ( 50-mi ) rad i u s  of NFSS are e st i mated at 
1 , 400 , 000 and 3 , 800 , 000 , respecti ve l y ,  i nc l ud i ng popu l at i on s  o f  both the U n i ted States and Canada . 
The  U . S . 1980 census  data were s u pp l i ed by Urban Dec i s i on  Sys tems ( 1983 ) .  The Canad i an popu l at i o n  i s  
based o n  pop u l ati on  dens i ty data supp l i ed by Stat i s t i c s  Canada O ttawa ( 1983 ) .  

3 . 1 . 6 . 2  Economy 

T he current econom i c  s i tuat i o n  i n  N i agara County and  i ts mun i c i pa l i t i es i s  s i m i l ar to that o f  
nearby areas a n d  the nati on a s  a who l e .  A l though the  popu l ati on o f  N i agara County dec l i ned 6 . 3% 
between  1959 and 1979 , tota l emp l oyment  dec l i ned on ly  0 . 9% over the s ame t i me per iod  ( Econ .  Cons u l t . 
O rgan . 1982 ) .  Th i s  d i spari ty re f l ects the national  trend toward i nc reased fema l e  l abor force parti c i 
pati on  rates and a s t rengthe n i ng o f  the s e rv i ce and reta i l trade s ( N . Y .  S tate Dep .  Labor 1982 ) .  
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Tab l e  3 . 2 .  Popu l ati on  and Percent Popu l ati on  Change 
i n  N i agara County and S e l ected Mun i c i pa l i t i es ,  

1970- 1980 

Percent 
Locat i o n  1970 1 980 Change 

N i agara County 236 , 000 227 , 000 -4 
Town o f  Lewi ston 15 ,900 16 , 200 +2 

Town o f  Porter 7 , 430 7 , 250 -2 

Town o f  N i agara 8 , 370 9 , 650 +15 
N i agara F a l l s  C i ty 85 , 600 71 , 400 - 17 

Sourc e :  Math i ason  ( 1981 ) .  

N i agara County expe ri enced a s l i ght ly  h i gher  rate o f  unemp l oyment i n  1981 ( 9 . 9% )  i n  compar i son  t o  the 
U n i ted States as  a who l e  ( 7 . 6%)  because a d i spropor t i o nate number o f  i ndustr i e s  i n  l oca l  areas were 
part i c u l ar ly  hard h i t  by the reces s i on ( N . Y .  S tate Dep.  Labor 1982-- p .  11-24 ) .  A l though few data are 
ava i l ab l e to quanti fy N i agara County ' s dependence on  the touri s t  i nd ustry ,  nearby N i agara F a l l s  ( 12 km 
[ 7 . 5 m i ] )  i s  an i nterna t i ona l tour i st attrac t i o n  and there a re many tou r i s t- rel ated b u s i n e s s e s  i n  the 
are a .  

3 . 1 . 6 . 3  P ub l i c  Fac i l i t i es 

There a re 16 p o l i c e  and 29 f i re s ta t i o n s  scattered througho ut  N i agara County , mos t  o f  wh i ch are 
f u l l - t i me p rotec t i o n  un i ts .  S i x  major hosp i ta l s  a re l ocated w i t h i n  2 6  km ( 16 m i ) o f  the s i te , the 
c l o s e s t  o f  wh i ch i s  8 km (5  m i ) away . Addi t i o na l l y ,  there a re 11 schoo l s  w i th i n  2 . 4  to 11 km ( 1 . 5 to 
7 m i ) o f  NFSS , wi th a comb i ned schoo l enro l l me n t  in 1982 o f  about 22 , 000 s tudents ( B rado 1982 ) . The 
Lewi s ton- Porter Centra l Schoo l s  are c l osest  to NFSS ( w i th i n  2 . 4  km) and have a comb i ned e n ro l l me n t  of 
j us t  ove r 3000 students . 

There are several  parks and recreat i onal  areas near the s i te .  Of the 10 parks  i n  the  area , 6 are 
state-owned , 1 i s  owned by N i agara County , and 3 are m un i c i pa l  parks . H i s to r i c  s i tes  l ocated near 
NFSS i nc l ude the F ront i er House  ( 6 . 4  km SW) , Lewi ston Mound ( 6 . 4  km SW) , Lew i s ton  Portage Land i ng 
( 7 . 2  km SW) , and O l d  Fort N i agara ( 7 . 2 km NW) ( Er i e  N i agara Co . Reg .  P l an .  Board 1978a ) .  Two p r i mary 
attract i on s , the Our  Lady o f  F a t i ma S h r i n e  and the Lutz Century Farm , are l ocated w i th i n  3 . 2  km ( 2  m i ) 
o f  the s i te .  None o f  these s i te s  i s  l ocated a l ong the roads  that wi l l  be used to transport the NFSS 
was te s  and res i dues  to other s i te s .  

Maj o r  h i ghway transporta t i o n  routes near t h e  s i te are State Route 9 3  t o  t h e  north , U . S .  Route 104 
to the south , and the Robert Moses  Parkway and State Route 18 ( B l a i rv i l l e/Creek  Road ) to the wes t  
( F i gures  1 . 1 a n d  3 . 2 ) .  The reg i on i s  s e rved by Conso l i dated Rai l a n d  t h e  Norfo l k & Southern Rai l road 
( see  Append i x  D ) .  

The 1981 traf f i c  count data o n  a n  hour ly  and year l y  bas i s  a l ong  key secti o n s  o f  
t i on routes t h a t  cou l d  be used  t o  transport NFSS wastes to o t h e r  s i te s  a r e  l i sted i n  
l oc a l  route to t h e  i nterstate h i ghway sys tem ( Se c t i o n  3 . 5 . 1 ) i s  i n  a semi  rural  a rea .  
res i dences  are l ocated a l ong the route.  

3 . 1 . 7 Rad i o l og i c a l  Characteri za t i o n  o f  NFSS R e s i dues and Wastes 

the transporta
Tab l e  3 . 3 .  The  
Severa l  p r i vate 

The  rad i o l og i ca l  base l i ne fo r ana l ys i s  o f  a l l a l ternat i ve s  in th i s  EIS i s  the cond i t i o n  of NFSS 
that i s  projected to e x i s t  upon comp l et i o n  o f  the schedu l ed i nter i m  remed i a l  acti ons  i n  1985 ( U . S .  Dep . 
E nergy 1982 a ,  1982b , 1983a , 1983b ) .  For  purposes  o f  ana l ys i s  i n  th i s  E I S ,  the contam i nated materi a l s  
at NFSS have been d i v i ded i nto two g ro up s :  ( 1 )  res i dues  ( from p roc e s s i ng o f  urani um ores ) and 
( 2 )  was te s  ( mo s t l y  s o i l s ) .  Upon comp l et i o n  o f  i nteri m  acti ons , a l l  res i dues  and was te s  wi l l  be con
s o l i dated w i th i n  a 3 . 4-ha  ( 8 . 5-acre ) d i ked area i n  the southwes t  corner o f  NFSS ( F i gure 1 . 2 ) .  T h i s 
area wi l l  contai n  abou t  190 ,000 m3 ( 250 , 000 yd3 ) o f  contami nated materi a l s ( Tab l e  3 . 4 )  h a v i ng an 
average rad i um-226 concentra t i o n  o f  3 , 800 pC i /g ( T ab l e 3 . 5 ) .  The area wi l l  be s urrounded by a d i ke 
and s u b s urface c l ay c utoff  wa l l  and wi l l  be capped w i t h  0 . 9 m ( 3  ft) o f  c l ay ,  0 . 15  m ( 0 . 5 ft) o f  sand , 
and 0 . 45 m ( 1 . 5 f t )  o f  s o i l .  ( T he depths o f  the var i ous  materi a l s and cover l ayers are presented i n  
F i g ure 4 . 3 . ) 

3 . 1 . 7 . 1  Res i dues  

For  p urposes  o f  ana lys i s  in  t h i s E I S ,  the res i dues  con s i s t  o f  the K-65 res i d ue s , the comb i ned 
L - 30 and F-32  res i dues , and the L-50 res i dues  fo r a total of 11 , 000 m3 ( 1 5 , 000 yd3) ( T ab l e  3 . 4 ) .  T h e  



Route No . 
o r  Name 

Ba l me r  
Roadt2 

18 

18 

104 

104 

104 
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Tab l e  3 . 3 .  1981 Tra f f i c  Count Data A l ong  Sect i ons o f  Potent i a l  Loca l  
Transporta t i on Routes 

Secti on 
Length 

( km) 
6 . 1 

2 . 7 

1 . 2  

2 . 8 

1 . 1 

0 . 5 

1 . 2 

Secti on Des c r i pt i on 
F rom To 

1800 ft west of 
D i c ke rsonv i l l e Road 

C R  86 , B l a i rv i l l e Road 

P l etcher Road 

C R  9 ,  Swann Road 

Rt. 18 

Acc . Rbt. Moses P kwy , 
Rt .  18F 

Rt . 18 

Rt. 18 

P l etcher Road 

C R  9 ,  Swann Road 

Rt . 104 , R i dge Road 

Acc . Rbt. Moses  P kwy , 
Rt . 18F 

Rt .  18 

Rt .  265 ,  M i l i ta ry Road 

Count 
Year 

1982 

1981 

1978 

1981 

1979 

1979 

1979 

E s t i mated for 
Count  Yeart 1 

AADT DH 

530 

3 , 400 

3 , 300 

3 , 550 

4 , 800 

9 , 700 

14 , 200 

21(J 

200 

260 

310 

710 

1 , 040 

t l  AADT = Annual  Average D a i l y  Traf f i c ;  DH Des i gn Hour ly  Vol ume ( 30th h i ghest  hour l y  t ra f f i c 
v o l ume i n  one d i rect i o n ) . 

t2 Data f rom Wi l son  ( 1982 ) .  
t 3  T he s e  and a l l  rema i n i ng data f rom New York State Department o f  Transportati on ( 1982 ) .  

r e s i dues  forme r l y  be l onged to Afr i met- I nd u s s a , an Ame r i can  f i rm i ncorporated i n  the s tate o f  New York 
and contro l l ed by U n i o n  M i n i ere ,  a Be l g i an f i rm .  As a resu l t  of a recent i nternat i on a l  agreement 
( Sect i on I ) , the res i dues now be l ong to the U . S .  gove rnment and are the respons i b i l i ty of DOE .  Upon 
comp l eti on of i nter i m  act i ons , most of the res i dues  ( K- 6 5  and comb i ned L-30/F- 3 2 )  wi l l  be stored i n  
B u i l d i ng 411 w i t h i n  the d i ked area ( F i gure 1 . 2 ) .  The L- 50 res i dues are s tored i n  Bu i l d i ngs  413 and 
414 .  T he res i dues account for l es s  than 6% of the total  vo l ume of contam i nated materi a l s at NFSS but 
conta i n  871 Ci of  rad i um- 226 , o r  a l mo s t  99% of the NFSS rad i um-226 i nventory .  The average radi um- 226 
concentrat i on of these res i dues i s  67 , 000 p C i /g ( Tabl e 3 . 5 ) .  

K-65 Res i dues . The K-65 re s i dues ( s to red i n  the bottom o f  Bu i l d i ng 411 as of comp l et i o n  of 
i nter i m  remed i a l  acti ons i n  1985 ) res u l ted from the p roce s s i ng of h i gh- g rade Afri can p i tchb l ende ore 
conta i n i ng 40- 50% urani um ox i de (Anderson et a l . 198 1 ) .  Most of the u ra n i um was removed , and the 
rad i um was prec i p i tated as  rad i um s u l fate in  the res i dues . Several  metal  hyd rox i de s  ( i ro n ,  a l um i num , 
mangane s e )  and other i mpuri t i es such  as prec i ous meta l s ( Anderson et a l . 1981 ) were a l s o p rec i p i tated.  
Some prec i ous meta l s  ( e . g . , go l d ,  p l at i num , pa l l ad i um ,  s i l ve r )  were extracted f rom some s h i pments of 
the ore p r i or to proces s i ng for urani um.  

T he K-65 r e s i dues e x i s t  as  a wet c l ay conta i n i ng about 30% water.  Two d i s t i nct types of materi a l s  
a re present wi th i n  the re s i due s :  73% i s  character i zed as  " s l  i mes"  ( pa rt i c l e  s i ze < 3 7  � m )  conta i n i ng 
recrysta l l i zed compou nds i nc l ud i ng rad i um-contami nated bari um s u l fate (Tab l e  3 . 6 ) , and the remai nder 
i s  s and ( p a rt i c l e  s i ze > 3 7  �m ) .  Most of the rad i um ( average rad i um-226 concentra t i o n  of 220 , 000 p C i /g ) 
i s  found i n  the " s l i mes"  fracti on .  Based on a gamma- ray spectra l ana l ys i s  o f  the K- 65 re s i d ues 
( Anderson et a l . 1981 ) , i t  appears that l ead-214 , b i smuth- 214 , and l ead-210 are i n  secu l ar e q u i l i br i um 
( see G l ossa ry )  wi th the parent rad i onuc l i de ,  rad i um-226 . No i n forma t i o n  i s  avai l ab l e  regard i ng the 
thori um-230 ( p a rent  rad i onuc l i de of rad i um-226 ) content of the res i dues , and it is thus  a s s umed that 
the rad i um-226 a nd thori um-230 were i n  secu l ar equ i l i br i um i n  the p i tc hb l ende ore a nd that only the 
urani um was removed dur i ng proce s s i n g .  Therefore , because of thori um- 230 decay , the rad i um- 226 concen
t rat i ons w i l l  rema i n  approx i mate l y  the s ame throughout the 1000-year  per i od dur i ng wh i c h  i mpacts are 
anal yzed in th i s  E I S  ( Sect ion  4 ) .  Anderson e t  a l . ( 1981 ) e s t i mated the urani um-238 concentrat i ons i n  
these  res i dues to b e  between 470 to 650  p C i / g  ( 140 t o  1965 ppm ) .  T h e  re s i dues  conta i n  sma l l amounts 
o f  other radi onuc l i des  resu l t i ng from decay o f  the sma l l amount of uran i um-235 (Anderson  et a l . 198 1 ) .  

L-30 Res i dues . The L-30 res i dues ( s tored i n  B u i l d i ng 411 as of comp l et i o n  of i nter i m  remed i a l  
acti ons  i n  198 5 )  resul ted from the extracti on  o f  u ra n i um f rom l ow-grade p i tchbl ende conta i n i ng about 
10% uran i um o x i d e .  Based on  a gamma- ray spectral ana l ys i s  o f  the L-30 r e s i dues , it  appears that 
urani um- 238 concentrati ons vary great l y ,  rang i ng f rom 280 to 1660 p C i /g ( 830 to 5000 ppm) (Anderson 
e t  a l . 1981 ) .  The average rad i um- 226 concentrati on  i s  about 12 , 000 p C i /g ( Tab l e  3 . 5 ) ,  and it appears 
that the daughters of rad i um-226 are i n  equ i l i b r i um wi th the parent rad i onuc l i d e .  



Tab l e 3 . 4 .  E s t i mated Vo l umes of Contami nated Mate ri a l s  a t  NF55 
a s  o f  Comp l et i on of I nteri m Remedi a l  Acti ons  in  1985 

I I .  Wastes  

A .  Contami nated 50 i l s ,  B .  Contami nated Port i ons o f  
I .  Res i dues R- 10 Res i dues , etc . Conta i nment 5�stem 

Vol ume t 1  Vo l umet 1 Vol umet 1 
Desc r i pt i on m3 yd3 Descri p t i on m3 yd3 Descri p t i on m3 yd3 

K-6 5  3 , 000 4 , 000 R- 10 area , 1972 c l e anup 11 , 500 15 , 000 413/414 covers ( over  750 1 , 000  
above gro undt2 L-50 res i dues ) 

L- 30/F- 32t3 6 , 500 8 , 500  
R-10  area , 1980 , be l ow 1/5 N d i ket6 3 , 000 4 , 000 

L-50 1 , 500 2 , 000  gro undt4 26 , 500 35 , 000 
1/5 5 d i ket6 750 1 , 000  

N d i ke area , 1982 12 , 000 1 5 , 500 
add ' l t 5  5 d i ke bac kf i l l t8 7 , 000 9 , 000 

N d i ke area , 1983- 1985 30 , 500  40 , 000 1/5 i nteri m cap over 10 , 500 14 , 000 w I 
add ' l t7 N + 5 d i ked areast 1 0  ...... N 

B l dg .  411  cove rt7 9 , 000 11 , 500  

N + 5 d i ke area 10 , 000 1 3 , 000 
( rema i n i ng bottom)t9  

5 d i ke area bu i l d i ng s  9 , 000  11 , 500 
and rubb l e  

5 d i ke area , add ' l 14 , 000  18 , 000 
from other v i c i n i ty 
propert i est8 

5ubtota l 1 1 , 000 14 , 500 122 , 500 159 , 500 22 , 000 29 , 000  

20% Conti ngency NA NA 24 , 500 32 , 000 4 , 500 6 , 000 

M i dd l e sex sands ( re s i dues ) Negl  i g .  Neg l i g . 

R-10 res i dues  7 , 000  9 , 500 

TOTAL 11 , 000 14 , 500 154 , 000 201 , 000 26 , 500 35 , 000 

GRAND TOTALt 1 = 190 , 000 m3 ( 250 , 000 yd3 ) 



t l  Rounded to nearest  500 m3 ( 500 yd3 ) ;  grand total rounded to two s i gn i f i cant f i gure s .  Dur i ng the i nt e r i m  reme d i a l  acti ons , the vol umes o f  
res i dues were found t o  b e  l e s s  than t h e  e s t i mates u s e d  i n  t h e  analyses  i n  thi s E I S .  

t2 About 11 , 500 m 3  ( 15 , 000 yd3 ) o f  contami nated s o i l s  were p l aced i n  the R-10 area dur i ng a 1972 remed i a l  act i on .  Ana l ys i s  o f  the data for 
core samp l es taken i n  1980 ( Anderson et a l . 198 1 )  genera l l y  conf i rms th i s  amount .  Based on  the  Anderson data and an engi neeri ng draw i ng 
o f  the R- 10 area p r i or to commencement o f  i nter i m  remed i a l  acti ons  i n  1982 , there were about  18 , 500 m3 ( 24 , 000 yd3 ) o f  contami nated s o i l s  
and res i dues  ( w i th radi um- 226 concentrat i on s  greater than 15 pC i /g )  above the o r i g i na l  grade i n  the R- 10 area ( cove r i ng about 1 . 6 hec
tares or  4 acre s ) .  Subtract i ng the 7 , 000 m 3  ( 9 , 500 yd3 ) o f  R-10 res i dues , there were about 1 1 , 000 m 3  ( 14 , 500 yd3 ) o f  contami nated s o i l s  
above ground .  

t 3 The L-30 and F-32  res i dues have been comb i ned  d ur i ng the i nterim  remedi a l  acti ons . 

t 4 Based on the core samp l es taken i n  1980 ( Anderson et a l . 198 1 )  and the abovement i o ned drawi ng ,  there was an e s t i mated 26 , 500 m3 
( 3 5 , 000 yd3 ) o f  contami nated s o i l s  ( greater than 15 pC i /g rad i um- 226 ) b e l ow the o r i g i na l  grade . I t  was conservati v e l y  a s s umed that 
the 15  pC i /g contami nated contour approached the s hape o f  an u p s i de-down weddi ng cake . The greates t  depth o f  contam i nat i o n  was 3 . 75 m 
( 12 . 5 ft) .  F or a l terna t i ve s  i nvol v i ng removal  o f  NFSS was te s , i t  i s  a l so a s s umed that after excava t i o n  o f  these contami nated s o i l s ,  the 
area wou l d  be backf i l l ed with c l ean s o i l mate r i a l s s uc h  that the top 15 cm ( 6  i n . ) wou l d  not exceed rad i um concentrations  of 5 . 0 pC i /g .  

t 5 I t  i s  a s s umed that the port i on wi th rad i um- 226 concentrati ons  between 5 and 1 5  pC i /g c ou l d  not b e  pract i cably separated from the port i on 
wi th c oncentrat ions  greater than 15 p C i / g .  

t6 I t  i s  a s s umed that i t  wou l d  be prac t i cab l e  t o  s e l ect i v e l y  remove about  0 . 6 m ( 2  ft)  o f  c l ay mate r i a l  from t h e  i ns i des  o f  t h e  d i kes  a s  
contami nated mate r i a l  for s h i pment offs i te .  I t  i s  a l so a s s umed that any dec i s i on t o  remove such  mater i a l s  wou l d  be wi th i n  t h e  next few 
years s uch  that rad i onuc l ides  from contami nated mater i a l s  stored wi th i n  the d i ked areas wou l d  not have had s u f f i c i ent t i me to m i grate 
through the c l ay d i ke s  more than 0 . 6 m (2 ft ) .  

t 1 O f  the e s t i mated 3 9 , 400 m3 ( 5 1 , 500 yd3 ) o f  contami nated mater i a l s  to be c l eaned up both ons i te and o f f s i te dur i ng the 1983- 1985 i nterim  
remed i a l  act i ons , about 30 , 600 m3 ( 40 , 000 yd3 ) wou l d  be p l aced in  the  north d i ke area and  8 , 800 m3 ( 11 , 500 yd3 )  wou l d  be p l aced over  the  
dewatered res i dues  in  B l dg .  4 1 1 .  

t 8 There a r e  s everal properti e s  i n  t h e  v i c i n i ty o f  NFSS that were recently s urveyed t o  determ i ne i f  contami nated mate ri a l s  occur i n  
s u f f i c i ent concentrations  to nece s s i tate removal  o f  thes e  materi a l s  and p l acement wi th i n  the d i ked areas at NFSS .  Such c l eanup wi l l  be 
part of the ongo i ng i nterim  remed i a l  act i ons , the comp l et i on of wh i c h  i s  a s s umed to be the base case  under the no-ac t i o n  a l ternat i ve for 
thi s E I S .  I n  add i t i o n  t o  the space occ up i ed by the bu i l d i ng s , rubb l e ,  and res i dues  w i th i n  the s o uth d i ked  area , there i s  a n  add i t i onal  
v o l ume o f  20 , 600 m3 ( 2 7 , 000 yd3 ) that cou l d  be  f i l l ed wi th any mater i a l s  from the s e  v i c i n i ty propert i e s , s uppl emented wi th uncontam i nated 
( c l ean)  f i l l  mater i a l , a s  necessary ,  to pro v i de a base for the i nter i m  cap over the ent i re d i ked are a .  E s t i mates for respec t i ve amounts 
of contami nated  and c l ean f i l l  mate r i a l s  wi l l  not be avai l ab l e  unti l rad i o l og i c a l  survey reports have been f i na l i zed , the need for 
i nterim  remedi a l  act i on establ i shed , and pre l i m i nary eng i neer i ng stud i e s  made . F or purposes of analys i s  i n  t h i s  E I S ,  i t  i s  therefore 
a s s umed that 13 , 800 m3 ( 18 , 000 yd3 ) wi l l  be s l i ght ly  contami nated v i c i n i ty-property mater i a l s  and 6 , 900 m3 ( 9 , 000 yd3 ) wi l l  be c l ean f i l l  
and that a l l o f  th i s  mate r i a l  wou l d  have to be treated a s  contami nated for removal  under the offs i te a l ternat i ve s .  

t 9  3 . 4  hectares m i nus 1 . 6 hectares ( 1980 R- 10 p i l e  area ) m i nus  0 . 2  hectares ( di kes )  = 1 . 6 hectare s .  1 . 6 hectares x 0 . 6-meter deep ( as s umed 
average depth of contami nat i on )  = 10 , 000 m3 [ 8 . 5 acres m i nus 4 acres ( 1980 R- 10 p i l e  are a )  m i nus 0 . 5 acre ( d i k e s )  = 4 acre s .  4 acres x 
2- feet deep ( a ss umed average depth o f  contam i nat i o n )  = 13 , 000 yd3 ] .  

t 1 0  3 . 4  hectares x 0 . 3 m ( a s s ume top 1 . 2 meters can  b e  removed a s  uncontam i nated mater i a l s = 10 , 500 m3 [ 8 . 5 acres x 1 foot ( as s ume top 
4 feet can be removed as  uncontami nated mater i a l s )  = 14 , 000 yd3 ] .  

W I .... W 
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Tab l e  3 . 5 .  E s t i mated Radi um-226 I nventory i n  Contam i nated Mater i a l s  a t  NFSS  
a s  of Comp l et i on of I nter i m  Remed i a l  Act i on s  in  1985 

Dens i t:r 

Vol umet l D ryt2 
Desc r i p t i o n  ( m 3 )  

Res i dues  

K-65  re s i due s  3 , 000 

L -30  res i duest8 6 , 000 

F-32 res i duest8 500 

L -50 res i dues 1 1 500 

SUBTOTAL 11 , 000 

Wa stest9 

R- 10 area 1980 , i nc l . 
R- 10 res i dues 45 , 000 

Rema i n i ng contami nated 
s o i l s ,  etc . 83 , 500 

Contami nated port i ons  of 
contai nment sys tem 22 , 000 

20% conti ngency on  non-
res i due materi a l s  29 1000 

SUBTOTAL 179 , 000 

GRAND TOTAL 190 , 000 

K-65 res i dues 

L-30/F-32 res i dues 

L -50  

TOTAL 

( kg/m 3 )  

l , 150tS 

l , 240tS 

l , 180t5 

l , 050t5 

l , 200t l O  

l , 200t l O  

l , 200t l O  

l , 200t l O  

% o f  Total  Vol ume 

1 . 5 

3 . 4  

0 . 8  

5 . 8  

Dampt3 
( kg/m3 ) 

1 , 800 

1 , 800 

1 , 800 

1 , 800 

1 , 800 

1 , 800 

1 , 800 

1 , 800 

Average Conc . 
( d ry wt . ) t4 

of Ra-226 
( p C i /g )  

220 , OOOt6 

12 , OOOt6 

300t6 

3 1 300t6 

6 7 , 000 

95t6 

36 

3 , 800 

% of Total  Ra-226 I nventor:r 

88 

10 

0 . 7 

99  

Ra-226 
I nventory 

( C i )  

775t7 

90t7 

0 . lt7 

_6t 7  

871 

5 . 2t l l 

7 . 8  

879 

tl Rounded to nearest 500 m3 • Grand tota l s rounded to two s i gn i f i cant  f i gure s .  Dur i n g  the i nter i m  
remed i a l  act i ons , the v o l ume s o f  res i dues were found t o  be l es s  than t h e  e s t i mates used i n  the 
ana lyses  i n  th i s  E I S .  

t 2  Based on  v o l ume s and dry we i ghts reported i n  Ande rson e t  a l . ( 1981 ) .  Approx i mate l y  equal  to 
dens i ty of d ry c l ay as  repo rted i n  Pee l e  and Church ( 1941 ) .  The NFSS  res i dues  a re expected to be 
s i m i l a r  to c l ays as  they are composed p r i ma r i l y  o f  parti c l es sma l l e r than 37  �m ( L i tz 1974 ) .  

t 3  Cons i de r i ng the parti c l e- s i ze d i s t r i b u t i o n  for the res i dues ( L i tz 1974) and the nature o f  the 
contami nated s o i l s  that comp r i se  most of the was tes , it is  expected that the damp res i dues a nd 
was tes  wi l l  both have dens i t i es s i m i l ar to wet c l ay ( Pe e l e and Churc h  1941 )  upon comp l et i on of 
i nter i m  remed i a l  act i o n s .  

t4  Damp we i ght  concentrati ons ( cond i t i o n  o f  re s i dues a n d  wastes a s  stored i n  t h e  d i kes  a rea at NFSS 
upon comp l et i on o f  remed i a l  acti ons ) wi l l  be l e s s .  T o  obta i n damp wei ght concentrat i on s , mu l t i p l y  
d ry we i ght concentra t i o n s  by a factor o f  1 . 2  � 1 . 8 ,  o r  0 . 6 7 .  

t 5  Dens i t i es b a s e d  on we i ghts and vol umes as  reported i n  Tab l e  3 - 1  o f  Anderson  e t  a l . ( 1981 ) .  
A s s umed to b e  d ry we i ghts s i nce the ca l cu l ated dens i t i es rought ly  correspond to the de n s i ty 
o f  d ry c l ay ( 1200 kg/m3 ) a s  reported i n  Pee l e  and C hurch ( 194 1 ) .  

t 6  Geome t r i c  mean o f  data g i ven  i n  Anderson e t  a l . ( 1981 ) .  

t 7  E s t i mated i nventory based o n  d ry we i ghts t i me s  e s t i mated ave rage concentrati ons  a s  reported i n  
Ande rson e t  a l . ( 1981 ) .  

t 8  T he L-30 and F-32 res i dues  have been comb i ned d u r i ng the i nter i m  remed i a l  act i ons . 
t 9  Vol ume s of wa stes taken from Tab l e  3 . 4 .  

t l O  As s umed dens i ty o f  dry c l ays  ( Pee l e  and C hurch 1941 ) ;  about the same a s  d ry dens i t i e s  o f  res i du e s .  

t I l E s t i mated i nvento ry based on  average concentrati on ( d ry we i gh t )  x v o l ume x d ry dens i ty .  

t l 2  No data avai l ab l e . Because mo st of t h e  s o i l  materi a l s c l eaned up dur i ng t h e  1982-1985 remedi a l  
acti o n s  were contami nated a s  a resu l t  o f  e ro s i on o f  the or i g i na l  R- 10 res i du e s , i t  i s  a s s umed that 
the total rad i um-226 i nve ntory o f  thes e  materi a l s i s  no greater than  ha l f  o f  the 1980 R-10 p i l e  
i nventory , o r  about 2 . 6  C i . The ave rage concentrati on o f  the 134 , 500 m 3  i s  therefore 1 6  p C i /g .  
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Tab l e  3 . 6 .  Phys i ca l  Characte r i s t i c s  o f  NFSS Res i dues a nd Wast e s  

I .  Res i dues 

K-65 

L- 30/F-32 

L-50 
- - - - - - - - - - -

I I .  Wastes 

P r i ma r i  ly  s o i l s  

Vol ume 
( m3 ) 

3 , 000 

6 , 500 

1 , 500 

- - - -

Vol ume 
( m3 ) 

180 , 000 

t l  Data from L i tz ( 1974 ) .  

> 840 

4 . 1 

17 . 1  

1 7 . 1 

Percent of  

>20 
( sa nd s )  

37 

Percent o f  Part i c l e S i ze 

840-240 

9 . 5 

7 . 0 

7 . 0 

240-150 

1 . 8 

1 . 9 

1 . 9 
- - - - - - - -

Part i c l e S i ze {!:!m) t 2  

20-2 <2  
( s i l ts )  ( c l  ays )  

26 37 

150-74 

5 . 2 

5 . 4  

5 . 4  

(!:!m ) t  1 

74-44 

4 . 0  

3 . 8 

3 . 8  

44-37 < 3 7  

2 . 3 73 . 1 

5 59 . 7  

5 59 . 7 · 

t 2  A s s umed parti c l e- s i ze d i s t r i b ut i on based o n  cha racte r i za t i o n  o f  NFSS c o ntami nated wastes  a s  
primari ly  c l ayey s o i l s .  

F -32  Res i dues .  The re l at i ve l y  sma l l amount o f  F-32  r e s i dues  ( comb i ned wi th the L- 30 res i dues  i n  
B u i l d i ng 411 as  part o f  the i nter i m  remed i a l  acti o n s )  a l so re s u l ted f rom the extract i o n  o f  uran i um 
f rom Afri can  p i tchb l e nde ore . A l though no spectrograp h i c  ana lys i s  appears to have been  carr i ed o ut 
for  these res i dues , i nventory data s uggest that the u ra n i um- 238 concentra t i o n  i s  1300-2200 p C i /g 
( 4000-6500 ppm) and the rad i um-226 concentrat i on i s  about 300 pC i /g ( Anderson  et a l . 1981 ) .  

L- 50 Res i dues . The L-50 res i d ues  ( stored i n  B u i l d i ng s  413 a nd 414 )  a re the by-product o f  treat
ment o f  Afri can p i tchb l ende o res  conta i n i ng approx i mate l y  7% uran i um oxi d e .  Ura n i um-238 concentra
t i o n s  range f rom 330 to 700 p C i /g , and  the rad i um-226 concentrati on i s  about 3300 pC i /g ( Anderson  et 
a l . 1981 ) .  

3 . 1 . 7 . 2 Wastes 

For  p urposes  of a na l ys i s  i n  th i s  E I S ,  the "waste s "  cons i st of a l l contami nated materi a l s not 
defi ned as  res i due s .  The wastes tota 1 about 180 , 000 m3 a nd have a n  average rad i  um-226 concentrat i o n  
o f  3 6  p C i /g ( Tab l e  3 . 5 ) .  T h e  wastes con s i st o f  two g roups  o f  mater i a l s :  ( 1 )  t h e  R-10 p i l e  i n  1980 
and  ( 2 )  the rema i n i ng wastes and contami nated port i on s  of the conta i nment system.  

R- 10 P i l e  i n  1980 . I n  1980 , the R- 10 p i l e  cons i sted of one  l a rge cont i n uo u s  p i l e  o f  contami nated 
s o i l s  and  what had o r i g i n a l l y  been  the U . S .  gove rnment-owned R- 10 res i dues . The R-10 res i dues res u l ted 
from the p roce ss i ng o f  a p i tchb l ende ore conta i n i ng about 3 . 5% u ra n i um ox i de .  I n  1946 , about 7 , 000 m3 
of these re s i dues  we re p l aced on the ground north of B u i l d i ng 411 .  The wi nd  and ra i n  g radua l l y  eroded 
these  res i dues i nto the d i tches and other port i o n s  o f  the s i te .  Rad i o n uc l i de s  were a l s o  l eached i nto 
the ground underneath the p i l e . I n  1972 , some of the nearby s o i l s  contami nated by wi nd  and water 
eros i on from the p i l e  were c l eaned up and p l aced on top of the p i l e . Based o n  reana l ys i s  o f  s u rvey 
data obta i ned by Anderson et a l .  ( 1981 ) ,  the R-10 pi 1 e i n  1980 ( above a nd be 1 ow g ro u n d )  conta i ned  
approx i mate l y  4 5 , 000 m3 o f  contami nated materi a l s hav i ng rad i um-226 concentrat i o n s  g reater than 
15 p C i / g  ( 1 1 , 500 m3 from 1972 c l eanup , 26 , 500 m3 be l ow ground , and  7 , 000 m3 o f  the o r i g i na l  res i dues ) .  
The  average u ra n i um-238 concentra t i on  i n  1980 was 1 . 7 pC i /g and the average radi um-226 concentra t i o n  
was 95 p C i /g ( Tab l e  3 . 5 ) .  

Rema i n i ng Wastes  and Contami nated Port i o n s  o f  Contai nment System.  S i nce 1980 , contami nated s o i l s  
a nd sed i ments have been added to the d i ked a rea a ro u n d  the R-10 p i l e .  These  wastes re s u l ted from 
c l eanup of ons i te a nd o f fs i te a reas u nder the i nter i m  reme d i a l  act i o n s .  Port i o n s  of the contai nme nt  
system ( d i kes , cove r ,  unde r l y i ng s o i l s ) wi l l  be contami nated a s  a res u l t  o f  be i ng i n  contact with  the  
contami nated wastes ( Tabl es  3 . 4  and  3 . 5 ) .  I n  add i t i on , expe r i ence thus  far dur i n g  the i nter i m  remed i a l  
a c t i o n s  i nd i cates that addi t i onal  s o i l s  and cover mate ri a l s ( 2 0% cont i ngency) wi l l  probab l y  have to be 
t reated a s  contami nated u nder a l ternati ve s  i nvo l v i ng removal  o f  the wastes  to a nother l ocati o n .  The 
total  amo u nt o f  rema i n i ng wa s tes  and  contami nated port i o n s  o f  the conta i nment  system i s  therefore 
e s t i mated to be 134 , 000 m3 •  

Because  most o f  the  rema i n i ng wastes and contami nated port i o n s  o f  the  conta i nment  system were 
contami nated as  a res u l t  of eros i o n  a nd l each i ng f rom the R- 10 p i l e ,  it is a s s umed that the tota l 
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rad i um-226 i nventory o f  these mate r i a l s i s  no g reater than ha l f  the i nve ntory in  the 19BO R- I0 p i l e ,  
o r  about 2 . 6 C i .  The  average rad i um-226 concentrat i o n  o f  these materi a l s i s  therefore about 1 6  pC i /g 
( Tab l e  3 . 5 ) .  

3 . 1 . B Nonrad i o l og i c a l  C haracteri s t i c s  o f  N F S S  Res i dues a n d  Wastes  

3 . 1 . B . l  Res i dues 

Concentrati o n s  of nonrad i o l og i ca l  e l eme nts in  the res i dues  are g i ven in  Tab l e  3 . 7 . The  K-65 
r e s i dues have much l es s  coba l t ,  n i cke l , and copper and more rare earths , p a l l ad i um ,  mo l ybdenum , and 
l ead than do the other res i du e s .  The L-30 res i dues  have more ura n i um.  A l l the res i dues have a sma l l 
amount o f  go l d ,  p l ati num , and the other nob l e  meta l s .  I t  s hou l d  be noted that broad ranges o f  concen
trat i on s  have been reported fo r l ead and u ra n i um i n  the K-65 res i dues and for u ran i um ,  i ron , copp e r : 
and n i c ke 1 i n  the L - 30 res i due s .  These d i fferences are thought to resu  l t  from the heterogene i ty of 
the res i dues  rather than from uncerta i nti es  in  experi menta l samp l i ng tech n i ques . 

3 . 1 . B . 2 Wastes 

The NFSS wastes are neutral  to s l i ght ly  bas i c .  The e l emental  compos i t i on of port i o n s  of the 
IBO , OOO m3 of wastes i s  g i ven  i n  Tab l e  3 . B . The range o f  concentrat i ons represent samp l es  f rom d i f
ferent l ocat i o n s .  We i ghted average concentrat i ons  for  the ent i re IBO ,OOO m3 are a l so s hown i n  
Tab l e  3 . B . Because most o f  the was tes  are contam i nated nat i ve s o i l s ,  the ranges o f  concentrat i on s  
occurri ng i n  uncontam i nated s o i l s  ( wor l dw i d e )  a r e  a l s o  g i ven  for compa r i s o n .  

I n  19BO , o n e  o r  more l oc a t i o n s  i n  t h e  R - I 0  p i l e  h a d  concentrati ons o f  coba l t ,  n i c ke l , coppe r ,  
l ead , and uran i um that appear t o  b e  i n  exc e s s  of natura l l y occ urri n g  concentra t i ons . I n  the central  
d i tch  sed i ments , f l uo r i ne , coba l t ,  n i c ke l , bari um , and u ra n i um appear to be i n  exc e s s  of natural  
concentrati o n s  (Tab l e  3 . B ) .  

There are a l so orga n i c  chem i ca l s  i n  the N F SS waste s .  Dur i n g  the i nter i m  remed i a l  a c t i o n s , the 
central d i tc h  north o f  N FSS was excavated and rad i oacti ve l y  contam i nated sed i ments were p l aced i n  the 
d i ked contai nment a rea at NFSS . Some o f  the d i tch  s e d i ments were contam i nated w i th organ i c  pest i c i des  
and other  orga n i c  compounds ( Haywood 19B3 ; U rbanczyk 19B3 ) .  C haracte r i z a t i o n  o f  the orga n i c  contami na
t i on i s  l i m i ted becaus�  o n l y  n i ne s amp l es were ana l yzed and , for some of the samp l es ,  the ana lyses  
were not s e n s i t i ve ( h i gh upper  l i m i ts were  reported ) .  F o r  anal ys i s  i n  th i s  E I S , it  i s  a s s umed that 
these o rgan i ca l l y  contami nated wastes  compri se  Z% o f  the total NFSS was tes . *  E s t i mated concentrat i ons  
o f  orga n i c  chem i ca l s are prese nted in  Tab l e  3 . 9 .  

3 . 2  HANFORD 

The Hanford Reservati on**  i s  a l arge , federa l l y  owned s i te o f  app rox i mate ly  1500 km2 ( 570 m i 2 )  
operated by DOE .  I t  has  not been open to the general  pub 1 i c s i nce 194 3 .  Except for a few hectares 
occup i ed by energy fac i l i t i es , the Hanford Reservat i on has been d e s i g nated as  a Nat i onal  E n v i ronmental 
Research Park ( U . S .  Nuc l .  Reg . Comm . 19B 1 )  and is ava i l ab l e  for e n v i ronmenta l research that i s  com
pat i b l e w i t h  DOE act i v i t i e s  at  Hanford .  

The Han ford Reservati on  i s  d i v i ded i nto f i ve majo r  subarea s :  ( 1 )  the 100 Area , wh i c h  borders on  
the Co l umb i a  R iver  in  the northern s ecti on o f  the Reservati on  and i s  the a rea where p l uto n i um produc
t i on reactors were constructed , ( 2 )  the 200 Area , wh i c h  i s  l ocated i n  the centra l area o f  the Reser
vati o n  and i s  the area where the nuc l ear fue l , waste p roces s i ng ,  and waste s torage fac i l i t i es are 
l ocated , ( 3 )  the 300 Area , wh i c h  i s  l ocated near the town of R i c h l and and i s  the area where the 
research and devel opment l aboratori es and the Fuel  Fab r i cat i on Faci l i ty are l ocated , (4)  the 400 Are a ,  
wh i ch i s  l ocated north of the 3 0 0  area and i s  t h e  s i te o f  t h e  F a s t  F l ux Test Reactor , a n d  ( 5 )  other 
areas that are not des i gnated under the 100 , 200 , 300 , o r  400 areas and are cons i de red to be part of 
the 600 area ( U . S .  E n e rgy Res.  Dev .  Adm i n .  197 5 ) . The northwes t  corner  o f  the 200-We s t  area ( de s i gna
ted as  the 21BW5 area) i s  the a l ternati ve s i te u sed for purposes of ana lys i s  in  th i s  E I S . * * *  A map o f  

*Th i s  amounts to 3600 m3 , wh i ch i s  a conservati ve l y  h i gh e s t i mate based on  t h e  amount  o f  mate r i a l  
excavated from the d i tc h e s .  

* * T h e  name o f  t h e  " Hanford Reservat i on "  has  recent ly  b e e n  changed t o  the "Hanford S i te . " Howeve r ,  
the o l de r ,  more fami l i ar name i s  used throughout th i s  E I S  to d i s t i ng u i s h  the l arge Reservati on from 
the sma l l spec i f i c  s i te wi th i n  the Reservati o n  that i s  a s s umed fo r d i sposa l  of the NFSS wastes and 
res i dues . 

* **Ana l ys i s  of a l ternati ve s i tes  wi th i n  the DOE Hanford Reservat i o n  i s  beyond the scope o f  t h i s E I S  
( Append i x  G) . T h e  DO E R i ch l and Opera t i o n s  O f f i c e  h a s  i denti f i ed t h e  2 1BW5 area a s  be i ng a s i te 
that i s  reasonab l e  to as sume for purposes  o f  ana lys i s  and compar i son  o f  a l terna t i ves i n  th i s  E I S .  
I t  i s  an  extens i o n  o f  a l arge area that i s  b e i ng used for d i sposa l  o f  wastes generated on  the 
Hanford Reservati o n ,  and i t  i s  potent i a l ly  avai l ab l e  for management o f  the NFSS wastes and  res i dues . 
S i te-spec i f i c  i nformati on  i s  ava i l ab l e  for th i s  s i te . 
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Tab l e  3 . 7 . Concentra t i ons  o f  Nonrad i o l og i ca l  E l eme nts  i n  the NFSS Res i duest 1 , t2 

Concentrat ion (ppm) 
K-65 L-50 

E l ement Average Range Average Range Average Range 

Arsen i c  
Bari um 
Boron 
Cadmi um 
Ceri um 
Ces i um 
Chromi um 
Coba I t  
Copper 
F l uor i ne 
Go l d  
Iod i ne 
I ron  
Lanthanum 
Lead 
Li th i um 

5 
30 , 000 

300 
< 5  

2 , 000 
1 

100 
2 , 000 

500 
30 

0 . 2  
1 

5 , 000 
2 , 000 

56 , 000 
100 

Manganese 100 
Mo lybdenum 10 , 000 
Mercury 0 . 5 
Neodymi um 1 , 000 
N i ckel 3 , 000 
N i o b i um 50 
Pal l ad i um 20 
P l at i num <0 . 5 
Praes odym i um 2 , 000 
Se l en i um 
Si l ver  
Stront i um 
Te l l uri um 
Thor ium 
Uran i um 
Vanadi um 
Yttri um 
Z i nc 
Z i rcon i um 

100 
<3 

500 
20 

5 
3 , 800 
2 , 000 

30 
100 
300 

27 
6 , 100 

140 
< 1  

1 , 200 
1 . 4  

244 
5 , 100 
2 , 300 

39 
0 . 37 
0 . 35 

26 , 000 
1 , 000 

33 , 000-95 , 000 13 , 000 
200 

31 , 000 
860 

0 . 3 
160 

17 , 000 

500-30 , 000 

24 
3 . 5 

0 . 32 

55 
50 

1 
240 
24 

2 . 4  
5 , 000 
2 , 400 

39 
77 

100 

15-50 31 
1 , 900-20 , 000  20 , 000 

100-200 100 

1 , 000- 1 , 500 
1-2 

200- 300 
2 , 600-10 , 000 
1 , 100-5 , 000 

30-50 
<0 . 2-0 . 7 

0 . 3-1  

< 1  
240 

0 . 71 
140 

7 , 700 
2 ,400 

50 
< 0 . 2 

0 . 55 
10 , 000-66 , 000 20 , 000 

220 
7 , 500-23 , 500 4 , 900 

200 
20 , 000-50 , 000 71 , 000 

500- 1 , 500 300 
0 . 5 

50-500 100 
6 , 200-50 , 000 24 , 000 

20-30 14 
2-6 . 2 2 . 4  

0 . 2-< 0 . 5 < 0 . 5 
20-150 24 

< 0 . 5-<2 
200-300 

20- 30 
2-3 

830- 30 , 000 
2 , 000- 3 , 000 

30-50 
30- 200 

39 
< 0 . 5 

240 
39 

1 . 4  
790 

2 , 400 
30 

200 
71 

20- 50 

200- 300 
0 . 5-1  
100-200 

5 , 900-10 , 000 
2 , 000- 3 , 000 

0 . 3-1 

100-500 
3 , 200-7 , 600 

50 , 000- 100 , 000 

2 0 , 000-30 , 000 
10-20 
2-3 

20-30 
30-50 

200- 300 
30-50 

1-2 
300-2 , 100 

2 , 000- 3 , 000 

50- 100 

We i ghted 
Averaget4 

2 
15 , 000 

172 
2. 1 

1 , 200 
1 . 2  

180 
4 , 700 
1 , 800 

37 
0 . 28 
0 . 68 

19 , 000 
1 , 100 

23 , 000 
170 

30 , 000 
3 , 300 

0 . 5  
390 

14 , 000 
30 

8 
0 . 41 

590 
62 

1 . 4  
310 

26 
4 . 8  

3 , 900 
1 , 500 

35 
100 
140 

t1 Adapted from Anderson et al . ( 1981--Append i x  F and Tab l es 3-2 , 3-3 ,  and 3-4) and L i tz ( 1974) . 
t2 For many e l ements , two or more analyses were performed . The l ac k  of range for an entry i nd i cates 

agreement among the analyses or that on ly one analys i s  was comp l eted . Averages are geometric means 
of the high and l ow val ues i n  the range or are the s i ng l e  number reported.  

t3 The smal l amount of F-32 res i dues have been combi ned wi th the L-30 r'es i dues duri ng the ongo i ng i nterim 
remed i a l  act i ons , but the res u l t i ng concentrations of e l ements i n  the comb i ned res i dues wi l l  be a l most 
the same as i n  the L-30 res i dues . 

t4 We i ghted averages based o n :  K-65 , 28% ; L-30 , 55% ;  L-50 , 18%. 



Tab l e  3 . 8 .  Concentrat i ons o f  Nonrad i o l og i cal  E l ements i n  the NFSS Wastes 

R-10 P i l e  in  1980t l 

E l ement  Average 

Arsen i c  1 . 6  

Bari um 230 

Cadm i um 0 . 3 

C e r i um 22 

Chromi um 24 

Coba l t  100 

Copper 141 

F l uor i ne 17 
I ron  14 , 000 

lanthanum 14 

lead 51 

l i th i um 244 

Mangane s e  450 
Mercury 0 . 3 
N i ckel  

Se l e n i um 

S i l ve r  

Stronti um 

Uran i um 

Vanad i um 

Z i nc 

Z i rcon i um 

240 

0 . 77 

0 . 23 

100 

14 

95 

4 . 4  

100 

Range 

0 . 5 - 5  

100- 500 

5- 100 

20- 30 

5- 2000 

20- 1000 

3- 100 

10 , 000- 20 , 000 

2- 100 

4-650 

200- 300 

200- 1000 

20- 3000 

< 0 . 3-<2  

50-200 

1-200 

30- 300 

2-10 

10- 1000 

Concentra t i o n  (ppm) 

New Nava l Waste Areat l 

Average 

1 . 2 

100 

0 . 2 

5 . 5 

16 

7 . 7 

24 

20 

31 , 000 

4 . 5 

17 

63 

450 

0 . 4 

16 

0 . 5 5  

0 . 14 

77 

5 . 5  

22 

10 

17 

Range 

0 . 5 - 3  

20-500 

1-30 

5 - 50 

2-30 

3-200 

10-50 

10 , 000-100 , 000 

1-20 

< 0 . 4-740 

20- 200 

200-1000 

5- 50 

<0 . 3- < 1  

30- 200 

0 . 1- 300 

10-50 

1- 100 

3- 100 

Ons i te Centra l 
D i tch Sedi mentst l 

Average 

1 . 2 

500 

0 . 2 

14 . 1  

4 5  

5 5  

45  

141  

22 , 000 

7 . 1 

4 . 5 
9 5  

450 

0 . 3 

100 

0 . 55  

0 . 14 

122 

14 

141 

4 . 4  

12 

Range 

0 . 5- 3  

50-5000 

2- 100 

10-200 

10- 300 

10-200 

10-2000 

10 , 000-50 , 000 

1-50 

< 0 . 4-51  

30- 300 

100- 2000 

10- 1000 

< 0 . 3 - < 1  

30-500 

1-200 

30- 100 

1-20 

5- 30 

We i ghted 
Averaget2 

1 . 4  

280 

0 . 26 

1 7 . 7 

28 

7 5  
9 9  

48 

19 , 000 

1 1  

34 

180 

450 

0 . 3 

170 

0 . 68 

0 . 19 

100 

13 

96 

5 . 2 

66  

Natura l 
Soi  l t3 

(Worl dwi de)  

0 . 1-40 

100- 3000 

3- 170 

5- 1500 

0 . 05-65 

2-250 

20-700 

2000- 550 , 000 

2- 180 

2- 300 

3-350 

20- 10 , 000 

0 . 1-40 

2-750 

4- 2000 

0 . 7-9  

3- 500 

1-900 

60-2000 

tl Adapted from Anderson et a l . ( 1981-- Se c t i o n  6 ,  Appendi x  A ,  and Append i x  I ) .  Ranges as  reported i n  Anderson et a l . 
( 1981 ) .  Averages are geometr i c  means o f  the h i gh and l ow v a l ues  i n  the range o r  are the s i ng l e  number reporte d .  

t2  Because these are t h e  on ly  wastes f o r  wh i ch comparab l e  e l emental data are avai l ab l e ,  a we i ghted average f o r  the 
tota l 180 , 000 m3 of wastes was obta i ned by we i ghti ng the concentra t i ons a s  f o l l ows : R-10 P i l e ,  60% ; New Nava l 
Waste Area , 15% ; and Ons i te D i tch Sedi ments , 25% .  

t3  Adapted from Bowen ( 1979 ) .  Data from heav i ly po l l uted s o i l s ,  s o i l s  near  ore bod i e s , and  serpent i ne s o i l s  have been 
exc l uded.  

W I ...... (Xl 
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Tab l e  3 . 9 . Concentra t i ons o f  Va r i o u s  Orga n i c  
Chem i ca l s i n  t h e  N F SS Wa stes 

C hemi c a l  

PCBs 

L i ndane , e tc . t3 

Toxaphene 

Heptac h l or 

C h l ordane 

D i e l dr i n  

Phenol  

Benzo ( a ) pyrene 

E s t i mated Ave rage 
Concentrati o n  i n  
N F SS Wastest 1 ' t2  

( ppb)  

<26 

< 10 

< 1 3  

< 10 

< 10 

< 10 

< 10 

< 10 

t l  Val ues g i ven  are the l a rger  o f  2% o f  the ave rage 
concentrati ons  for the n i ne samp l es reported i n  
Haywood ( 1983 ) and U rbanczyk ( 1983 ) - -a s s um i ng 
o rgan i ca l l y  contami nated wastes  comp r i s e  2% of 
the tota l NFSS wastes - - o r  10 ppb ( wh i c h  was the 
detec t i o n  l i m i t  i n  the c i ted stud i es ) .  

t 2  The symbo l  < i nd i cates that some o f  the samp l e  
concentra t i o n s  we re reported a s  upper l i m i t s .  

t 3  I n c l udes several  i some rs o f  benzene hexac h l o r i de .  

the Han ford Reservat i o n  s howi ng the l ocat ion  o f  the vari ous  area s , i nc l ud i ng the pote nt i a l  NFSS was te 
management area , i s  s hown i n  F i g u re 3 . 6 .  

3 . 2 . 1 Topography , Geo l ogy, So i l s , Sei smo l ogy ,  and M i neral  Re sources 

The Hanford Reservat i o n  i s  l ocated o n  the Co l umb i a  R i v e r  a l l uv i a l  p l a i n  w i t h i n  the central  part 
o f  the Pasco Bas i n  i n  the Col umb i a  Bas i n  geo l og i c  p rov i nc e .  The Reservati on i s  bounded to the west 
and north by l arge r i dges ( Sadd l e  Mounta i n  and Ratt l e snake H i l l s ) ; to the east  by the Col umb i a  R i ver ; 
and to the southea s t  by the conf l uence of the Yak i ma and Col umb i a  r i vers ( U . S .  Ene rgy Res .  Dev .  Adm i n .  
1975 ; B rown and I saacson 1977 ) .  The 200-Wes t  Area i s  l ocated near the wes t  centra l  port i on o f  the 
Reservat i o n  on  an ancestral  C o l umb i a  R i ver bar.  E l evati o n s  i n  t h i s a rea range f rom 200 to 220 m ( 650 
to 715 ft) above mean  sea l ev e l . 

Mos t  o f  the Reservati on i s  unde r l a i n  by coarse- gra i ned s ed i ments  depos i ted by severa l  g l ac i a l  
f l oods . Because o f  the cont i nuou s l y  sem i a r i d  c l i mate i n  th i s  reg i on fo r nearly  12 , 000 yea rs , these 
s u rf i c i a l  s e d i ments  have been only s l i ghtly weathered.  Sediments  at o r  near the g round s u rface range 
from coa rse boul der and cobb 1 e g rave 1 i n  the extreme no rthe rn secti o n  o f  the Reservat i on  to coa rse 
sand i n  the southern sect i o n .  As  a res u l t  o f  the sem i a r i d  t o  ar i d e nv i ronme n t , the e nt i re Reservat i o n · 
has been b l anketed by a s  much a s  1 5  m ( 50 f t )  o f  wi ndb l own depo s i ts rang i ng from very f i ne sands and 
s i l ts to coarse sand s .  Nume rou s  l i ve dunes and re l i c t  dune features a l so ex i st wi th i n  the Reserva
t i o n .  On  the west s i de o f  the 200-Wes t  Area , adjacent t o  t h e  Yak i ma a n d  Ratt l e s n a ke h i l l s ,  the 
s ed i ments  grade i nto s i l ts and f i ne sands ( U . S .  Ene rgy Re s .  Dev .  Adm i n .  1975 ) .  

The Co l umb i a  R i ve r  P l ateau Phys i ograp h i c  Prov i nce  was formed by a 3 , 700-m ( l2 , 000- f t )  t h i c k  
sequence of basa l t i c  l ava  f l ows . Deformati on  of t h e  accum u l ated l ava created t h e  Pasco Bas i n  
( U . S .  Energy Res .  Dev .  Adm i n .  1975 ; Brown and I saacson 1977 ) .  The major s trat i g rap h i c  un i ts under
l y i ng  the Han ford Reservat i o n  i n  o rder o f  decrea s i ng  depth are ( F i gure 3 . 7 ) :  ( 1 ) the C o l umb i a  R i ver  
Basa l t s , wh i ch ex i st to dept h s  of g reater than 3200 m ( 10 , 400 ft) , (2 )  the  R i ngo l d  Format i o n , c o n s i st
i ng o f  sem i conso l i dated s e d i ments  that were transported and depo s i ted by the ancestral  Co l umb i a  R i ve r  
a n d  accumul ated t o  depths of 400 m ( 1300 ft) , ( 3 )  unconso l i dated sands , s i l ts ,  and grave l s ,  and b u r i ed 
forme r r i ver c hanne l s of the Hanford Formati on  that we re carr i ed i nto the area by g l ac i a l  f l oodwaters , 
and ( 4 )  wi ndb l own s i l t  ( l oe ss ) ,  i n  part weathered to c l ay ,  and f i ne sand that ove r l i e  part o f  the 
e roded s urface o f  the R i ngo l d  Formati on ( U . S .  Ene rgy Re s .  Dev . Adm i n .  1975 ; B rown and I s sacson  1977 ) .  
The major strat i g raph i c  u n i ts i n  the unsatu rated zone  ( above the water tab l e )  unde r l y i ng the 200-West 
Area are ( 1 ) wi ndb l own s i l t ,  ( 2 )  the Han ford Format i o n , and ( 3 )  the uppe r port i o n  o f  the R i ngo l d  
Forma t i o n  ( F i g u re 3 . 8 ) .  The th i c kness  o f  the unsaturated sed i ments  range s  from 55 to 8 1  m ( 180 to 
265 ft) beneath the 200-We s t  Are a .  
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F i gure 3 . 6 .  Map o f  the Hanford Reservati o n .  Source : 
and Deve l opment Adm i n i strati on ( 1977 ) : 

U . S .  E ne rgy Research 

E a s te rn Was h i ngton i s  i n  a reg i on o f  l ow to moderate s e i s m i c i ty that l i e s  betwee n  the western 
Was h i ngton and eastern Montana zones  o f  con s i derab ly  greater se i sm i c i ty .  E a rthquake s  w i t h  i ntens i t i es 
o f  MM (Mod i f i ed Mercal l i ) V I I  have occurred i n  the reg i on ( U . S .  E ne rgy Res .  Dev .  Admi n .  1975 ) .  No 
c l earcut re l at i o n s h i p s  of e p i centers to s pe c i f i c  s u rface fau l ts or structures capab l e  o f  fau l t i ng are 
recogni zed i n  the Hanford area ( U . S .  E n e rgy Res. Dev . Adm i n .  197 5 ) . 

No m i nera l  resources  have been i de nt i f i ed w i t h i n  the  200 Area o r  the Hanford Reservati on .  
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F i gure 3 . 7 .  Stra t i g raph i c  Un i ts a t  the Hanford S i te .  
Sourc e :  B rown and I s aacson  ( 1977 ) .  

3 . 2 . 2 Hydro l ogy ,  Water Use, and Water Qua l i ty 

3 . 2 . 2 . 1 Surface Water 

The Co l umb i a  R i ve r ,  wh i c h  i s  north and east o f  the s i te ( F i gure 3 . 9 ) ,  i s  the dom i nant hydro l og i c  
feature i n  the Hanford area . F l ow i n  the Co l umb i a  R i ve r  i s  i nf l uenced by water usage , i nc l ud i ng 
upstream reservo i r  projects . I n  the Hanford reach of the Co l umb i a  R i ve r ,  the water i s  o f  exce l l ent 
qua l i ty and is  used for mun i c i pa l  dri n k i ng at R i c h l and and Pasco . Mun i c i pa l  water i ntakes a re l ocated 
both above and be l ow the conf l ue nce of the Ya k i ma and Co l umb i a  r i ve r s . 

An ephemeral  stream that d ra i ns the 200-West  are a ,  Co l d  Creek ( F i gure 3 . 9 ) , has a re l ati ve l y  
short reach ( about 1 km i n  l ength ) .  On  rare occas i on s , f l ow i s  s u f f i c i ent  t o  i nc rease the reach to 
10 km ( 6  m i ) .  Co l d  Creek  Va l l ey ends at the Ya k i ma R i ver  about 48 km ( 3 0  m i ) so utheast of the 200-West  
Are a .  

The potent i a l  for f l ood i ng i s  genera l l y  conf i ned t o  areas n e a r  t h e  Co l umb i a  R i v e r ,  wh i c h  i s  
norma l l y about 7 5  to 90 m ( 250 to 300 ft ) be l ow the 200-We s t  Are a .  T h e  200-West  s i te i s  about 6 0  to 
75 m ( 200 to 250 f t )  above the probab l e  max i mum f l ood l ev e l  ( U . S .  Army Corps E n g .  1969 ; U . S .  Oep .  
Energy 1982d ) .  
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3 . 2 . 2 . 2 Groundwater 

In  the Pasco Bas i n ,  groundwater i s  found in  both the sed i mentary depos i ts and bas a l t  bedroc k .  
Groundwater occurs  unconf i ned in  the sed i mentary depos i ts ,  a l though l oca l l y  c o n f i ned zones  ex i st .  
Water i n  t h e  basa 1 t  bedrock occurs m a i  n l y  under con f i  n e d  condi t  i o n s .  T h e  genera 1 e 1 evat i on and 
confi gurat i on o f  the unco n f i ned aqu i fe r  are shown i n  F i g u re 3 . 10 .  I t  appears that the water tab l e  
under the 200 Area i s  about 4 6  t o  100 m ( 150 t o  328 f t )  beneath the  ground s u rfac e .  More mo i sture i s  
evaporated from the  g round than i s  recharged by prec i p i tati on , and the unsaturated zone i s  genera l l y  
very d ry ( B rown a n d  I saacson 197 7 ) .  T h e  bottom o f  t h e  unconf i ned aqu i fe r  i s  hot a con t i nuous  s u rface ; 
i n  some area s , the bottom i s  the basa l t  bedrock and i n  other areas i t  i s  the s i l t/c l ay zones  of the 
R i ngo l d  Forma t i o n .  

Prec i p i tati on does not d i rec t l y  reach t h e  water tab l e  from t h e  f l at desert p l ateau ( U . S .  Dep . 
E ne rgy 1982d ) .  The a q u i fe r rece i ve s  natural  recharge f rom c re e k  val l eys  wes t  o f  the 200 Area and from 
runo f f  a l ong the Ratt l e s na ke H i l l s  ( F i gu re 3 . 9 ) .  Arti f i c i a l  recharge enters the a q u i fer  f rom was te
proce ss i ng and - d i sposa l  acti v i t i e s  that c reate two groundwater mounds i n  the 200 Area ( F i gure 3 . 10 ) .  
The p r i nc i pa l  d i re c t i o n  o f  f l ow i s  eastward from the recharge areas to the Col umb i a  R i ve r  ( F i gu re 3 . 1 1 ) , 
wh i ch i s  a s i nk for groundwater d i scharge . 

The hyd ra u l i c  characte r i s t i c s  of the unconf i ne d  aqu i fe r  are q u i te var i ab l e  ( U . S .  Ene rgy Res .  Dev .  
Adm i n .  1977 ) .  The ve rt i ca l l y  averaged hydrau l i c conducti v i ty for  the unconf i ned aqu i fe r  i n  the 218W5 
Area range s from 1 . 2  to 6 m/day ( 3 . 9 to 20 ft/day ) . Va l ues fo r the sto rage coe ff i c i ent rang i ng from 
0 . 0008 to 0 . 2  have been e s t i mated for the Hanford area f rom f i e l d  tests  ( U . S .  Energy Res .  Dev .  Adm i n .  
1977 ) , but  the typ i ca l  range o f  storage coe f f i c i ent  va l ues for  unconso l i dated sed i ments  i s  0 . 05 to 
0 . 4 .  Hydrau l i c p ropert i e s  o f  the uppe r conf i ned a q u i fers are presented i n  severa l  reports ( U . S .  E n e rgy 
R e s .  Dev .  Adm i n .  1975 , 1977 ; Brown and I saacson 1977 ; Gephart et a l . 1979 ) .  

Groundwater i n  the Hanford area a l so e x i sts i n  the i nterf l ow zones o f  the basa l t f l ows and i n  
s e d i me ntary i nterbeds .  The uppermo s t  conf i ned aqu i fe rs appea r  to b e  hydrau l i ca l l y connected to the 
over l y i ng unconf i ned aqu i fe r  ( B rown and I saacson 1977 ) .  Recharge to the c o n f i ned aqu i fers res u l ts 
from pre c i p i tati on and streamf l ow i n  the mounta i ns we st o f  Hanford ; and the groundwater i n  these 
conf i ned aqu i fers has the same general  west-to-east movement  towards  the Co l umb i a  R i ve r .  

3 . 2 . 3 C l i mate and Meteorol ogy 

The c l i mate o f  the Hanford s i te i s  sem i ar i d .  Mos t  o f  the d i rect prec i p i ta t i o n  evaporates or i s  
transp i red by p l ants ; the rema i nder becomes runo ff  and i nf i l trat i o n .  The average annua l prec i p i ta t i on 
i s  16 cm ( 6 . 3 i n . ) ,  o f  wh i ch 42% occurs d u r i n g  the November-January pe r i od and only 10% occurs  in  the 
J u l y- September peri od ( U . S .  Energy Res .  Dev . Adm i n .  1977 ) .  The average s ummer tempe rature i s  23°C 
( 73°F ) ,  and the average wi nter temperature i s  OoC ( 32° F ) .  

At the Hanford meteoro l og i ca l  stat i on ( l ocated between  the 200-We s t  and 200- East areas ) ,  p reva i l 
i ng wi nds are f rom NNW through NW . The s tronges t  wi nds  tend t o  b e  f rom the SW and gusts  often exceed 
64 km/h (40 mph ) .  To rnadoe s  a re re l at i v e l y  rare and tend to be sma l l ,  cau s i ng l i ttl e o r  no damage 
when they do occur ( U . S .  Ene rgy Res . Dev . Admi n .  1975 ) .  

3 . 2 . 4  Eco l ogy 

The 200-West  Area i s  l ocated wi th i n  an area o f  sagebrush/cheatgrass- Sandberg ' s  b l uegra s s  vegeta
t i on (Uresk  et a l . 1977 ) .  Th i s p l ant communi ty i s  typ i ca l  o f  a s h rub- s teppe ecosystem adapted to ar i d 
cond i t i on s .  Commun i ty structure i s  domi nated by l ow ,  wi de l y  spaced s h rubs a l ong wi th v a r i o u s  g ra s ses 
and forb s ( between 45  and 70% o f  the g round s urface i s  covered by vegetat i o n ) . The  l ac k  o f  nat i ve 
herbaceous cover i n  th i s  commun i ty tends to favor i nvas i o n  of Rus s i an Th i s t l e  ( tumb l eweed ) - - a  weedy , 
i ntroduced spec i e s .  Wi l df i re s  are a common occurrence o n  the Hanford Rese rvati on ,  and f i re i s  
e spec i a l l y  destruc t i ve to th i s  p l -ant commun i ty because b i g  sagebrus h  i s  k i l l ed by b u r n i ng and l arge 
pere nn i a l  grasses  that can surv i ve f i re are absent .  Thus , recovery o f  herbaceous  vegetati o n  fo l l owi ng 
f i re i s  q u i te s l ow ( U . S .  Energy R e s .  Dev .  Adm i n .  1975 ) .  

Sma l l mammal s  occurr i ng on  the 200 Area p l ateau i nc l ude m i ce , poc ket gophe r s , vo l e s , rabb i ts , and 
coyotes  (Uresk  e t  a l . 1977 ) .  Mu l e  deer a re occas i o na l l y  present  near the waste ponds i n  the 200 Area . 
Badgers a l so occur i n  l ow numbers on the s i te .  I t  i s  thought that badge rs bu rrowed i nto wastes  i n  the 
nearby B-C c r i b  d i spos a l  area dur i ng the 1 950s o r  ear ly  1 960s  ( Ures k  et a l . 197 7 ) , a l l owi ng jac k
rabb i ts acc e s s  to the rad i oact i ve mate ri a l s .  These mate r i a l s were s ub s equent l y  d i spersed to other 
port i on s  of the Reservati on v i  a rabbi  t feces and wi nd o r  wate r di  spers  i on  o f  l oose  contami nated 
mate ri a l s  b rought to the s u rface by the rabb i ts .  

B i rd s  are an i mportant e l ement o f  the  sh rub- steppe ecosystem , and 2 7  spec i e s  are known to breed 
i n  th i s  hab i tat on  the Hanford Reservati on ( U re s k  e t  a l . 1977 ) .  Howeve r ,  only a few spec i e s  are 
con s i dered abundant , i nc l ud i ng the wes te rn meadowl ark , horned l ar k ,  sage sparrow , and b l a c k- b i l l ed 
magp i e .  
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F i gure 3 . 10 .  Water Tab l e  Contour Map f o r  Hanford Area , January 1977.  
Source:  Brown and I saacson ( 1977 ) .  • 
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L i zard s  are perhaps the mo s t  common rept i l e  spec i e s  on the 200 Area p l ateau ( Uresk  et a l . 1977 ) .  
Snake spec i es present i n  the sagebrush/cheatgra s s -Sandberg ' s  b l uegras s  p l ant commun i ty i nc l ude the  
wes tern yel l ow-be l l i ed rac e r ,  gopher  snake , . and stri ped wh i psnake . 

I nve rtebrates ( i nsect s , e tc . ) p l ay i mportant ro l es i n  the s h rub-steppe commun i ty .  Beetl e s  and 
ants are often the major herb i vo re s , and they p l ay an  i mportant ro l e  i n  the so i l  commu n i t i e s .  

N o  aquat i c  habi tat occ urs  i n  the 218W5 area a t  the Hanford Reservati o n .  

No endangered or threatened spec i es of vascu l ar p l ants  a r e  known t o  occur i n  the 200-We s t  Area 
( U . S .  E n ergy Res .  Dev . Adm i n .  1975 ; Ure s k  e t  a l . 1977 ) .  Howeve r ,  s ome endangered or threatened raptors 
use the s i te ,  i nc l ud i ng the Ame r i can  peregri ne fal con and bal d eag l e  wh i ch m i g rate acro s s  the s i te .  

3 . 2 . 5 Land U s e  

I n  add i t i o n  t o  t h e  f i v e  s ubareas o f  the Hanford Rese rvat i o n  d i s c u s sed i n  Sect i on 3 . 2 ,  an area 
l ocated i n  the southwes t  corne r o f  the Reservati on has  been reserved for l ong-te rm eco l og i ca l  stud i es 
( U . S .  Energy Res .  Dev . Adm i n .  1977 ) . North o f  the Co l umb i a  R i v e r  i s  a wi l d l i fe refuge ( a l s o  l ocated 
on  the Rese rvat i o n )  ope rated by the Bureau o f  Sport F i sher i e s  and Wi l d l i fe .  A l s o  to the north of the 
R i ver  i s  a contro l l ed recreati on area used for s hotgun and bow hunti ng and a contro l l ed hunt i ng area 
east of the o l d Hanford town s i te ope rated by the Was h i ngton State Depa rtment  o f  Game ( U . S .  At .  Ene rgy 
Comm . 1972 ) .  

The l and- use  and zon i ng status o f  areas s urround i ng the Hanford Reserva t i o n  are vari ed 
( U . S .  Energy Res .  Dev .  Adm i n .  1977 ) .  Land use i nc l ude s res i denti a l , commerc i a l , i ndustri a l , agr i 
c u l tural , recreati ona l ,  and undeve l ope d .  The reg i on i s  spars e l y  vege tated a n d  s u i ted p r i ma r i l y  for 
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graz i ng ,  a l though l a rge areas o f  l and have recent ly  been brought under i rr i gat i o n .  The major 
urban i zed areas are the towns o f  R i ch l and , Kennewi c k ,  and  Pasco l ocated to the s outheast  o f  the 
Reserva t i on i n  Benton and F ra n k l i n  counti e s .  

3 . 2 . 6 Popu l ati o n  a n d  Soc i oeconom i c s  

3 . 2 . 6 . 1  Popu l at i on 

The Hanford s i te i s  l ocated p r i mari  ly i n  Benton County ,  w i  th port i ons  i n  F ra n k l  i n  and Grant 
count i e s .  Other nearby counti es i nc l ude Yak i ma and K i tt i ta s .  The c l osest  popu l at i on center i s  the 
c i ty o f  R i c h l a nd ,  wh i ch i s  l ocated about 50 km ( 30 m i ) southeast o f  the 200-We s t  Are a .  The pop u l a
t i on s  o f  four o f  the f i ve count i e s  i nc reased f rom 16 to 6 2%  between 1970 and  1980 (Tab l e  3 . 10 ) .  The.  
c i ty o f  R i ch l and exper i e nced a 28% i nc rease over th i s  same t i me per i o d .  County popu l at i on dens i ti es 
i n  1980 ranged f rom 4 persons/km2 ( K i tti tas Coun ty )  to 24 persons/km2 ( Be nton county ) . The 1981 
popu l at i on l ocated wi th i n  a 16- km ( 10-mi ) and a n  80- km ( 50-m i ) rad i us o f  the meteoro l o g i c a l  s ta t i o n  
n e a r  t h e  200-We s t  b u r i a l  area h a s  been e s t i mated at  0 a n d  258 , 000 , respec t i v e l y  ( U . S .  E ne rgy Res . Dev . 
Adm i n .  1975 ) .  

Tab l e  3 . 10 .  Pop u l a t i on Data f o r  the Hanford Reservati on Are a ,  1970-1980 

County 

Bento n  

F ra nk l i n  

Grant 

Yak i ma 

K i t t i tas  

C i ty 

R i ch l and 

t l  U .  S .  B ureau 

t2 u . s .  Bureau 

3 . 2 . 6 . 2  Economy 

1970t l 

Popu l at i o n  

Popu l at i o n  
Den s i ty 
( no . / km2 ) 

67 , 500 15 

25 , 800 8 

4 1 , 900 6 

145 , 000 13 

25 , 000 4 

26 , 300 

of the Census  ( 1970b- -pp . 
-. 

o f  the Census  ( 1980b ) . 

Popu l at i o n  

109 , 000 

30 , 000 

48 , 500 

173 , 000 

24 , 900 

33 , 600 

49- 15/49-20 ) .  

Popu l at i on 
Den s i ty 
( n o . / km2 ) 

25  

9 

7 

16 

4 

% I nc rease  
i n  

Popu l at i o n  
1970- 1980 

+61  

+16 

+16 

+19 

- 0 . 4 

+28 

The economy of the counti e s  near the Hanford area i s  based p r i ma r i l y  on agr i c u l ture and on e ne rgy 
research and produc t i o n .  Between 1970 and 1980 , the  c i v i l i a n  l abor  force i n  the b i co unty ( Benton
F ran k l i n ) area i nc reased from 38 , 000 to 74 , 000 ( U . S .  Nuc l . Reg . Comm .  1981 ) .  The c i v i l i an l abor  force 
i n  the area i s  a l s o  d i sproport i o na l ly  represented by s e rv i ce i ndustry jobs compared to other counti es  
i n  the s tate .  

3 . 2 . 6 . 3 Pub l i c  Faci l i t i es 

Because the Han ford s i te i s  a federa l faci l i ty ded i cated to nuc l ear e ne rgy research and produc
t i o n  as  we l l  a s  a natural  reserve , there are no popu l at i on centers or pub l i c  fac i l i t i es s uch as  schoo l s 
and  hosp i ta l s w i t h i n  a n  8- km ( 5-m i ) rad i us o f  the 200-We s t  Are a .  Howe v e r ,  because o f  rap i d  popu l at i on 
g rowth  i n  nearby Benton and F ra n k l i n  counti e s ,  publ i c  s e rv i ce s  s uch as schoo l s ,  publ i c  parks , po l i ce  
and  f i re p rotecti o n , water supp ly , and sewage t reatmen t  expe r i e nced some prob l ems  in  the  l atter part 
o f  the 1970 s .  

There have been numerous f i nd i ngs o f  archaeo l og i ca l  and c u l tura l resources o n  the Hanford Reserva
t i o n .  P re h i stor i c ,  h i s to r i c ,  and ethnohi s to r i c  s i tes  are reported for the Hanford Reservat i o n  and i n  
the nearby counti e s  o f  Bento n , G rant , and  Frankl i n .  Ethnograp h i c  settl ements  o f  the Wanapun I nd i ans  
are reported to have  pers i sted in  the  area  ( pa rt i c u l a r l y  a l ong the  Co l umb i a  R i ver)  unti l the e s tab l i sh
ment  of the  Hanford Atomi c  Works in  194 3 .  I n  earl i e r  e ra s , fur traders  and wagon t ra i n s  passed  through 
the a rea , and severa l  h i s to r i c  home steads may have been l ocated on the Reserva t i o n  ( R i ce 1968 ) .  An 
a rchaeo l og i ca l  s u rvey has been conducted o n  a port i on o f  the 1700 km2 Reserva t i o n  by foot and automob i l e  
( R i ce 1968 ) .  Three  resource l oc a l i t i e s  and 26 a rchaeo l og i ca l  s i te s  we re i denti f i e d , i nc l ud i ng camps i te s , 
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f l a k i ng f l oors , f i s h i ng stat i on s , and an h i s to r i c  s i te .  Add i t i onal  s i te s  have been found dur i ng 
s u rveys conducted for spec i f i c  areas on  the Reservat ion  as  part of i nv e s t i ga t i o n s  a s s o c i ated w i t h  
p a rt i c u l ar energy projects ( U . S .  Nuc l . Reg . Comm. 1981 ) .  Becau se  t h e  Reservati on-wide  reconna i s sance 
d i d  not i denti fy any c u l tural  resources i n  the 200-We s t  Area , the 218W5 s i te has  not been s urveyed for  
the p resence o f  c u l tura l resourc e s .  The State of  Was h i ngton , Off i ce  of Archaeol ogy and H i s to r i c  
Preservat i o n ,  h a s  recommended that profe s s i onal  c u l tural  resource s urveys o f  t h e  area be conducted 
( Was h .  Off.  Archaeo l .  H i s t .  Preserv . 1983 ) .  

The U . S . Department  o f  the I nter i o r  ( 1980 , 1983) has l i sted 18 p roperti e s  i n  the Nat i onal  
Regi ster  o f  H i s to r i c  P l aces for the Hanford reg i o n  ( T ab l e  3 . 11 ) .  

T ab l e  3 . 1 1 .  Nat i onal  H i stori c P l ac e s  near Hanford 

Locati o n  Des c r i p t i o n  

Benton County 

Paterson v i c i n i ty 

P ro s s e r  v i c i n i ty 

P ro s s e r  v i c i n i ty 

Prosser  v i c i n i ty 

R i c h l and v i c i n i ty 

R i c h l and v i c i n i ty 

R i c h l and v i c i n i ty 

R i ch l and v i c i n i ty 

R i c h l and v i c i n i ty 

R i c h l and  v i c i n i ty 

R i c h l and v i c i n i ty 

R i c h l a nd v i c i n i ty 

F ra n k l i n  County 

Lyon s  Ferry v i c i n i ty 

R i c h l and v i c i n i ty 

T e l egraph I s l and Petrog lyph s :  2 m i  SW of Paterson on Te l egraph I s l and 

Benton County Courthouse : Dud l ey Avenue and Market Street ( 12-12-76)  

P ro s s e r  Steel  Br i dge 

G l ade Creek  S i te :  SE of  P ro s s e r  

Hanford I s l and Archaeo l og i ca l  S i te :  18 m i  N of  R i c h l and 

Hanford North Archaeo l og i c a l  D i str i c t :  2 2  m i  N of  R i c h l and 

Locke I s l and Archaeo l og i c a l  D i s t r i c t :  about 2 5  m i  N of  R i c h l and 

Ratt l esnake Spri ngs S i te s :  25 m i  NW of  R i c h l and 

Ryegras s Archaeo l og i c a l  D i str i c t :  i n  Hanford Works  Reservati on  a l ong 
C o l umb i a  R i ver  

Sn i ve l y  Canyon Archaeo l og i ca l  D i s t r i c t :  about 25 m i  NW of R i c h l and 

Wooded I s l and Archaeo l og i ca l  D i s t r i c t :  about 7 mi  N of  R i c h l and 

P ar i s  Archaeo l og i ca l  S i te ,  Hanford Works Rese rvati on 

Marmes Roc kshe l te r :  1 m i  N of Lyo n s  Ferry o n  W s i de of Pa l ouse  R i v e r ,  
Nat i onal  H i s to r i c  Landmark 

Savage I s l and Archaeo l og i c a l  D i s t r i c t :  15  m i  N of  R i c h l and 

Pasco Moore , James House 

Pasco Pasco-Kennewi c k  B r i dge 

Pasco Pasco-Carneg i e  L i brary 

Sourc e :  U . S .  D epartment of the I nter i o r  ( 1980 , 1983 ) .  

Major h i ghway transporta t i o n  routes onto the Hanford reservati on  i nc l ude Route 10 and State 
Route 240 ( see F i gure 3 . 20 ) .  Barges w i t h  up to 2700-MT ( 3000 - to n )  capac i ti es can navi gate the 
C o l umb i a  R i ve r  from the Pac i f i c  Ocean to the  Hanfo rd a re a .  T h e  Bur l i ngton Northern ra i l road c u rre n t l y  
operates i n  t h e  Hanford a rea , a n d  t h e r e  i s  a DOE-owned ra i l road sys tem on  t h e  Han ford Rese rvat i on 
( U . S .  At .  Energy Comm . 1972 ) .  

3 . 2 . 7 Ex i st i ng Rad i o l ogi ca l  Env i ronment 

The Han ford Reservati on  and v i c i n i ty conta i ns severa l  nuc l ear- re l ated fac i l i t i e s  that have been 
operati ng s i nce 1943 ( F i gure 3 . 12 ) .  At one t i me , n i ne federal  governmen t  p l uto n i um produc t i o n  reactors 
were in  operat i on , but only one rema i ns act i ve .  Other government fac i l i t i es i nc l ude a reactor fue l 
reproces s i ng p l an t ,  reactor fue l -manufac tu r i ng fac i l i t i e s , the DOE P ac i f i c  No rthwe s t  Labo rator i e s  
( re searc h  a n d  deve l opment l aborator i e s ) ,  and t h e  F a s t  F l ux T e s t  Fac i l i ty .  Rad i oact i ve wastes are 
stored o r  d i sposed i n  the  100 , 200 , and 300 a re a s .  P r i vate l y  l eased fac i l i t i e s  i nc l ude the Was h i ngton 
P ub l i c  Power Supp l y  Sys tem nuc l ea r  generati ng s tat i o n , a radi oac t i ve was te b u r i a l  s i te ,  and the Exxon 
nuc l ea r  fue l fab r i cati o n  p l ant .  

L i  q u i  d rad i  oact  i ve  wastes a re stored on  the Hanford Reserva t i o n  i n  1 a rge underground tanks , 
c r i b s , and evapora t i o n  ponds ( U . S .  Energy Res .  D e v .  Admi n .  1975 ) .  So l i d rad i oact i ve wastes a re bur ied  
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F i gure 3 . 12 .  Nuc l ear-Re l ated Fac i l i t i es on the Hanford Reserva t i o n .  
Sourc e :  Adapted from S u l a  et a l . ( 1982 ) .  

tn trenches , the  transura n i c  port i on o f  wh i c h  i s  pac kaged i n  retri evab l e  form. The rad i oact i ve waste 
i nventory at Hanford i s :  183 , 000 m3 ( 530 m i l l i on C i )  of  h i gh- l eve l  l i q u i d  s l udge and s a l t  cake stored 
i n  underground tan ks ; 102 , 000 m3 o f  l ow- l ev e l  waste (1 m i l l i on  C i ) ;  193 , 120 m3 o f  s o l i d  tran s u ra n i c  
wastes a n d  between 5 7 , 200 t o  500 , 000 m3 o f  s o i l s  contami nated w i th trans u ra n i c  n uc l i des ( 160 , 000 C i ) 
b u r i e d  i n  trenches ; and 1 1 , 035 m3 of trans uran i c  defense  wastes i n  retri evab l e  s torage ( U . S .  Oep.  
Energy 1982f--Tab l es 0 . 3 ,  3 . 3 ,  3 . 4  and  F i g u re 4 . 1 ) .  

. 

The Hanford a rea has an exten s i ve e n v i ronmental mon i tori ng p rogram to determ i ne the contri but ion  
of Hanford acti v i t i es to  radi at i on l eve l s ( S u l a and B l umer 198 1 ;  Su l a  et a l . 1982 ) .  Radi oact i ve 
em i s s i ons  from Hanford nuc l ear- re l ated acti v i t i e s  d u r i n g  1981 were ca l cu l ated to res u l t  i n  a who l e
body dose o f  0 . 03 mrem/yr to an offs i te max i ma l l y exposed i nd i v i du a l ; the 50-year dose comm i tment to 
the pop u l at i on w i t h i n  an 80- km radi us was ca l cu l ated to be 4 person- rem ( Su l a  e t  a l . 1982 ) .  The 
i nd i v i dual  dos e  from natural  background rad i at i on s o u rces  in Wash i ngton is  app rox i mate l y  100 mrem/yr 
( Nat l . Counc .  Rad i at .  Prot. Mea s u re . 1975 ) .  

3 . 3 OAK R I OGE  

The Oak R i dge Reserva t i on i s  a federa l ly  owned s i te o f  approx i mate l y  15 , 000 ha ( 37 , 500 acres ) .  
I t  i s  l ocated about 4 0  km ( 25 m i ) west o f  Knoxv i l l e ,  Tennessee .  Most o f  the Reservati on i s  e i ther 
b e i n g  used for ongo i ng programs o r  has been des i gnated a s  a p rotected area ( U . S .  Oep.  E ne rgy 1980 ) .  
The three major b u i l d i ng comp l exes on the Reservati on ( F i gure 3 . 13 ) i nc l ude the Oak R i dge Nat i ona l 
Laboratory ( researc h ) , the Y- 12 P l ant ( nuc l ear weapons ) ,  and the Gaseous  D i ffu s i on P l ant  ( uran i um 
e n r i chment) . The b u i l d i ng comp l exes are l ocated throughout the val l ey port i ons  o f  the Reservati on and 
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are i nterconnected by a system o f  roads . A buffer  zone has been prov i ded around each faci l i ty for 
s e cu r i ty ,  s afety , and future expans i o n  p u rposes . Approxi mate l y  80% o f  the Reservati on i s  forested 
( U . S .  Dep . Energy 1982e ) .  

For p u rposes  o f  ana lys i s  i n  th i s  E I S ,  i t  i s  a s s umed that the NFSS wastes and res i dues w i l l  be  
managed at the P i ne R i dge Knol l s  s i te . * T h i s s i te i s  l ocated i n  the west-central  port i on o f  the Oak 
R i dge Reservat i o n  ( F i gure 3 . 1 3 )  and i s  part o f  what i s  commo n l y  known a s  the Exxon s i t e .  For  manage
ment o f  the NFSS wastes  and res i dues , o n l y  about 40 ha ( 100 acre s )  on  top o f  the knol l s  i mmed i at e l y  
south o f  P i ne R i dge w i l l  be deve l ope d .  The Exxon s i te comp r i s e s  a m u c h  l arger area , i nc l udi ng a l arge 
buffer  zone , for a proposed nuc l ea r  fue l  reproce ss i ng p l ant ( Exxon Nuc l . C o .  197 7 ;  U . S .  Dep . E ne rgy 
1980 ) . At p re sent , the s i te i s  no l onger be i ng cons i de red for a reproces s i ng p l ant .  

3 . 3 . 1 Topography, Geol ogy, So i l s ,  S e i smol ogy, and M i n e ra l  Resources  

The Oak  R i dge Reserva t i on i s  l ocated i n  the western  port i o n  o f  the Val l ey and R i dge Phys i ograp h i c 
Prov i nc e .  Th i s  s ubregi o n  i s  characte r i zed by a s e r i e s  o f  northeast- southwest tre nd i ng r i dges and 
i nterve n i ng val l ey s .  The r i dges a re breached at i rregu l a r i nterva l s  by stream channe l s that otherwi se  
fo l l ow the  trend  o f  the v a l l eys . The C l i nc h  R i ver  ( F i gure 3 . 1 3 )  borders the Oak  R i dge Reservat i on to  
the south  and east ( U . S .  Dep . E n ergy 1979 ) . 

North o f  the P i ne R i dge Knol l s  s i te i s  P i ne R i dge ( F i gu re 3 . 14 ) , wh i ch reaches e l evat i ons o f  
320- 340 m ( 1050- 1100 ft ) .  Chestnut R i dge l i e s  s outh o f  t h e  s i te and reaches an  e l evati o n  o f  about 
300 m ( 1000 ft) . Bear Creek Val l ey ( e l evati on 240-270 m [800-900 ftJ ) . l i e s  between  the two r i dges .  
The e l evati o n  on  the P i ne R i dge Knol l s  reaches approxi mate l y  290 m ( 9 50 f t )  MS L .  

T h e  bedrock that i s  exposed o v e r  most o f  t h e  O a k  R i dge Rese rvat i o n  cons i sts o f  t h e  Rome Forma t i o n  
a n d  t h e  Conasauga , Knox , a n d  Ch i ca kamauga group s , w i th l ower and  m i dd l e  Pa l eozo i c  sandstones ,  s i l t
s tones , s ha l es ,  and cherty carbonate s .  Fo l d i ng and fau l t i ng o f  these un i ts dur i ng the l ate Pa l eozo i c  
e ra res u l ted i n  a l terati o n  o f  these  rock types  a n d  the c rea t i o n  o f  an  i mb r i cate pattern of uni ts 
i nc l i ned l i ke s h i ng l es  to the southea s t .  Subsequent d i fferent i a l  weathe r i ng and eros i o n  o f  these 
u n i ts resu l ted in  the t re l l i s d ra i nage pattern and the r i dge and val l ey topography .  I n -genera l , the 
r i dges deve l oped in  areas unde r l a i n  by res i stant sandstone , s i l tstone , and the more s i l i ceous  l i me 
s tones  a n d  dol omi te s .  T h e  v a l l eys a re typ i c a l l y  broader than the r i dges a n d  have been fo rmed i n  areas 
unde r l a i n  by the more e rod i b l e  s ha l es and more so l ub l e  n o n s i l i ceous  l i me stones and  dol omi tes . 

The P i ne R i dge Knol l s  s i te i s  under l a i n  by the Rome Forma t i o n  and  the Conasauga Group ( F i gure 3 . 1 5 ) .  
About 2 30 m ( 740 f t )  o f  cont i nuous Rome Formati on--composed predomi nant l y  o f  s i l ts tone , sandstone , and  
s ha l e  ( 240 to 300 m [800  to 1000  ftJ  in  th i c knes s )- - ha s  been ob s e rved at the s i te .  The Conasauga 
Group over l i es the Rome Format i on and underl i e s  P i ne R i dge Knol l s  and Bear C re e k  Val l ey .  The Conasauga 
Group i s  approx i mate l y  550 m ( 1800 ft)  th i c k  and is  p re dom i nan t l y  composed o f  s ha l e ,  w i th s i l tstone 
and l i me stone . 

No l i mestone/do l om i te s i n ks· have been found w i th i n  the P i ne R i dge Knol l s  s i te ; howe v e r ,  such  
s o l ut i o n i ng i s  known to occur in  s ome un i ts o f  the  Conasauga Group , and it  i s  poss i b l e  that s o l u t i o n  
cav i t i es cou l d  form i n  t h i s area i n  t h e  future . N o  s i gn s  of deve l op i ng l ands l i de s  have b e e n  observed 
a l ong the s l ope ( Exxon Nuc l . Co . 197 7 ) . 

So i l s  i n  the R i dge and Val l ey Prov i nce  are u s ua l l y  s tron g l y  l eached , ac i d i c , and l ow i n  orga n i c  
conten t ,  and they have l ow exchange capac i t i es ( l es s  than 1 0  m i l l i eq u i v a l ents  p e r  hundred grams o f  
s o i l )  ( U . S .  Dep .  Energy 1979 ) .  T h e  sandstones and s ha l es o f  the Rome Forma t i o n  and the Conasauga 
Group geo l og i c  un i ts that form P i ne R i dge typ i ca l l y  p roduce f i ne to very f i ne s andy l oam s o i l s . The 
domi nant s urface s o i l s  in  the P i ne R i dge Knol l s  s i te are Lehew s tony , f i ne sandy l oams and Ap i son  very 
f i ne sandy l oam ( Swann e t  a l . 1942 ) .  The Api son  sandy l oam i s  genera l l y  s ha l l ow ( l es s  than 30 cm or 
12 i n . ) ,  conta i ns much s ha l e  from the unde r l y i ng parent mater i a l , and req u i re s  carefu l management i f  
used  for pasture o r  c rop s .  The Lehew s a ndy l oam over l i e s  sandstone o r  s ha l e  parent mate r i a l  and i s  
36 cm ( 14 i n . ) o r  greater i n  t h i cknes s .  Drai nage i n  t h i s  s o i l  i s  exces s i ve and the  s o i l i s  charac
ter i zed as  unf i t  for p roduct i o n  o f  crops and very poorl y adapted to pasture . Both s o i l s  are s u i ted 
for forestry ( Swann et a l . 1942 ) .  

The maxi mum earthquake for the reg i o n  ( an event w i th a 16% p robab i l i ty o f  occurri ng once i n  
5 0  yea r s )  was p re d i cted a s  hav i ng a maxi mum i ntens i ty o f  MM V I  to V I I I  ( U . S .  Dep . E ne rgy 1980 ) .  T �e 
O a k  R i dge Rese rvat i o n  i s  c rossed  by two maj o r  thrust fau l ts :  the Copper C re e k  fau l t  i n  the south
eastern part o f  the Rese rvat i o n , and  the Whi teoak Mounta i n  fau l t  in  the no rthwe stern part .  No 

*Ana l ys i s  o f  a l terna t i ve s i te s  wi th i n  the DOE Oak  R i dge Reservat i on is beyond the scope o f  t h i s  E I S  
( Appen d i x G ) .  T h e  DOE O a k  R i dge Opera t i o n s  Off i ce has i dent i f i ed the P i ne R i dge Knol l s  s i te a s  be i ng 
a s i te that i s  reasonab l e to as s ume for p u rposes  of ana lys i s  and  compa ri son  o f  a l ternati ves  i n  th i s  
E I S .  I t  i s  potent i a l l y  avai l ab l e  for management o f  the NFSS wastes and re s i dues , and i t  i s  not 
comm i tted o r  proposed for d i spo s a l  of  wastes  generated on  the Oak  R i dge Rese rvat i on .  S i te- s pec i f i c  
i n fo rma t i o n  i s  avai l ab l e for t h i s s i te .  
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F i gure 3 . 14 .  Topograp h i c Features near the P i ne R i dge Knol l s  S i te .  
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e v i dence  has been found o f  acti v i ty a s s o c i ated w i th the s e  fau l ts d u r i ng the past 230 m i l l i on years 
( U . S .  Nuc l . Reg . Comm. 1977 , 1982 ) .  No corre l at i o n  between the m i no r  se i sm i c  act i v i ty occurr i ng i n  
the  reg i o n  and known tecto n i c  structures has been c o n f i rmed ( U . S .  Dep .  Energy 1982e ) .  

The upper beds o f  the Conasauga Group are used i n  many p l aces i n  Tennes see as  a source o f  quarry 
stone for road aggregate ( U . S .  Dep . E n ergy 1979 ) .  No m i n i ng o f  th i s  formati on occurs i n  Bear Creek 
Val l ey or P i ne R i dge Kno l l s .  

3 . 3 . 2 Hydrol ogy, Water Use , and Water Qua l i ty 

3 . 3 . 2 . 1 Surface Water 

The c l i mate at the Oak  R i dge s i te is hum i d .  The ave rage annual prec i p i ta t i o n  i s  140 cm ( 56 i n . ) 
( Nat l . Ocean i c  Atmos .  Adm i n .  1973 ) , o f  wh i ch approx i mate l y  60% i s  l os t  through evapotrans p i rati on and 
40% becomes runoff  to surface waters and recharge to the groundwater .  

The P i ne R i dge Knol l s  s i te i s  dra i ned by tr i buta r i e s  o f  the C l i nc h  R i ver  ( F i gure 3 . 16 ) .  Grassy 
C re e k  d ra i n s  mos t  o f  the s i te and f l ows southwe s t  a l ong the northern edge o f  C hestnut Ri dge . The  
eas ternmo s t  port i on o f  the s i te drai ns  i nto Bear C ree k ,  wh i c h  f l ows northwester ly  i nto East  Fork 
Pop l ar C re e k  to Pop l ar Creek and wes t  i nto the C l i nch R i ve r. The  C l i nc h  R i ve r ,  wh i c h  d i scharges to 
the Tennessee  R i ver , i s  the source o f  mos t  water used i n  the Oak R i dge area and s up p l i es C l i nton , 
Oak  R i dge , and the DOE faci l i t i e s .  Was tewaters f rom these  areas are returned to the C l i nc h  R i ve r .  

C l i nch R i ve r  f l ow i s  p r i nc i pa l l y  regu l ated by Norr i s  Dam , l ocated about 90 km ( 55 m i ) upst ream 
( e a s t )  o f  the proposed s i te .  However , the i mmed i ate i nf l uence on  r i ve r  f l ow i n  the s i te v i c i n i ty i s  
Me l ton  H i l l  Dam , wh i c h  i s  l ocated about 8 km ( 5  m i ) upstream from the s i te .  F l ow be l ow the Mel ton 
H i l l  Dam has averaged 220 m3/s ( 7800 c f s )  s i nce  196 3 .  R i ve r  f l ow i n  t h e  s i te v i c i n i ty c a n  b e  ups tream , 
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F i gure 3 . 1 6 .  Surface Water  D ra i nage at the P i ne R i dge Knol l s  S i te .  
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downs tream , o r  qu i e scent , depen d i ng on the mode o f  opera t i o n  o f  dams  o n  the C l i nch and Tennessee 
r i vers . Through contro l l ed d i sc harge s ,  these dams  have g reat l y  reduced the potent i a l for  f l ood i ng .  
The P i ne R i dge Knol l s  s i te i s  not l ocated i n  a f l oodp l a i n . 

Several  c reeks i n  the O a k  R i dge area have been found to conta i n  substant i a l amounts o f  contam i 
nants ( Marsha l l 1983 ) .  Merc ury and othe r  contam i nants have been found i n  the East  Fork  o f  Pop l ar 
C re e k .  B e a r  C r e e k  a n d  Wh i te O a k  C reek a r e  a l  so  contami nated w i th rad i oacti ve mater i a l  s .  Grassy 
C reek , wh i ch d ra i ns most o f  the P i ne R i dge Kno l l s  s i te ,  has a mos t l y  undevel oped watershed and i s  
re l at i ve l y  uncontam i nated . 

3 . 3 . 2 . 2 Groundwater 

As d i scus sed prev i ou s l y , P i ne R i dge Kno l l s  i s  unde r l a i n  by i nte rbedded sandstone and s ha l e  of the 
Rome F o rma t i o n  and a l so by the more eas i l y weathered and e roded s ha l e  and l i me s tone o f  the Conasauga 
G roup . The Rome F o rma t i o n  i s  a poor aqu i fe r ,  w i th most o f  the g roundwater occ u r r i ng i n  the s o l u t i on 
channe l s  o f  the carbonate membe rs and l es s  o f  the groundwater ava i l ab l e  i n  fractures o f  the sandstones 
and s ha l e s .  G roundwater i n  the Conasauga Group is  u s ua l ly  found i n  fractures and so l ut i on cav i t i e s  i n  
the  l i me stones o f  the upper part o f  the group . The y i e l d s  are s u f f i c i ent for domes t i c and i ndustr i a l  
u s e .  

Groundwater i n  t h e  P i ne R i d ge area i s  genera l l y  encountered under unco n f i ned cond i t i on s  i n  
weathered rocks  and res i dual  s o i l s  that overl i e  l es s  weathered rocks ( Exxon Nuc l . C o .  197 7 ) . Howe v e r ,  
artes i an cond i t i ons h a v e  b e e n  noted dur i ng peri ods o f  h i gh water l eve l s i n  re l at i ve l y  l ow- l y i ng g round
wate r d i sc harge a re a s .  Recharge o f  groundwater i n  t h e  area i s  mos t l y  der i ved f rom l oc a l  prec i p i ta
t i o n .  Recharge occurs over the enti re area and i s  mos t  e ffect i ve i n  those areas where the overburden 
s o i l s  are th i n  o r  permeab l e .  Spr i ngs and seeps are common in the P i ne R i dge Kno l l s  area. 

Groundwater l ev e l s fo l l ow the topography o f  the s i te ,  and groundwater movement i s  from topo
grap h i ca l l y  h i gh areas to topograp h i ca l ly  l ow areas w i th a g rad i ent of about 3% ( Exxon Nuc l . Co . 
1977 ) .  Depth to the water tab l e  v a r i e s  w i th seasona l recharge.  O ns i te i nvest i gat i ons  dur i ng port i on s  
o f  o n e  y e a r  i nd i cated that t h e  water tab l e  l i es  about 4 m ( 13 f t )  be l ow t h e  ground s urface ( Exxon 
Nuc l . Co. 1977 ) .  

Based upon l aboratory permeab i l i ty tests , the max i mum measured val ues o f  permeab i l i ty for shal l ow 
res i dual  s o i  1 s from the s i te were found to be about 2 . 8  x 10- 5 cm/s ; ons i te permeab i 1 i ty tests  i n  
auger  ho l es i n  weathered roc k and so i l  i nd i cated a range of permeab i l i ty v a l ues from 2 . 2 x 10- 5 to 
3 . 4  X 10-3 cm/s ( Exxon Nuc l .  C o .  1977 ) .  An e f fect i ve poros i ty o f  0 . 025 and a d i spers i v i ty coeff i c i ent  
o f  0 . 9  m ( 3  f t )  were  determ i ned for  the  areal  aqu i fer  based on the res u l ts  o f  c h l o r i de tracer  tests  
( Exxon Nuc l . C o .  1977 ) .  

3 . 3 . 3  C l i mate and Meteoro l ogy 

The c l i mate at Oak  R i dge i s  warm and hum i d .  S ummers  are domi nated by warm , mo i st a i r  from the 
Gu l f  o f  Mex i co .  I n  the w i nte r ,  co l d ,  d ry a i r  mas s e s  f rom Canada a r e  warmed a s  t h e  a i r  crosses  the 
Cumberl and Mounta i ns and moves down the eastern s l opes to the Oak  R i dge area ( U . S .  Nuc l .  Reg.  Comm . 
1977) . Prec i p i ta t i o n  averages 130 cm ( 53 i n . ) annua l ly ,  and the re l at i ve hum i d i ty averages 70%. The 
maxi mum 24- hour  ra i n fa l l i s  about 20 cm ( 8  i n . ) .  Snow i s  i nfrequent , but s ome t i me s  occurs i n  s uf f i 
c i ent quant i ty t o  h i nder tra f f i c  and outdoor acti v i t i e s .  

Wi nds on  the r i dges b l ow p redomi nate ly  f rom the SW and WSW , a l though w i nds from the E N E  are a l so 
frequent .  Remnants o f  hurri  canes  and trop i cal  storms  occas i ona l ly affect the area ( U .  S .  Nuc 1 .  Reg . 
Comm . 1977 ) .  

3 . 3 . 4  Ecol ogy 

The P i  ne R i  dge Kno 1 1  s s i te has two natura l ly occurri  ng forest a s soc i at i on s :  oak-p i ne and oak
h i ckory ( Ne l son  and Z i l l g i tt 1969 ) .  Near ly  p u re stands of V i rg i n i a  p i ne occur as  s ucce s s i ona l  fore s t ,  
part i c u l ar l y  o n  d r i e r  areas . Red cedar occurs occas i ona l l y  i n  nearly  pure stands , part i c u l ar ly  o n  
d r i e r  areas w i th l i mestone substrate . Cove hardwood s - - i nc l ud i ng ye l l ow pop l ar and wh i te oak- -occ upy 
mes i c ,  we l l - drai ned s i te s .  Bottoml and hardwoods- - i nc l ud i ng sycamore , sweet gum , and e l m- -occur on 
l e s s  we l l - d ra i ned area s .  Both steepness  and aspect of s l ope have bea r i ng on the d i str i bu t i o n  o f  
forest types c u rren t l y  occupy i ng t h e  a re a .  The oak- p i ne a n d  m i xed hardwood forest type s  probab l y  
rep resent c l i max vegetat i o n  on the s i te ,  a n d  l i ke l y  w i l l  n o t  b e  rep l aced by natural succe s s i on barr i ng 
catastrop h i c  events that wou l d  destroy vegetat i on over l arge areas . Two type s  of catastroph i c  events  
apparen t l y  have  had vary i n g  i n f l uence on the c urrent status of the hardwood and p i ne forests . Bu rn
scarred trunks  of hardwood trees i nd i cate that f i re has p l ayed a ro l e  i n  forest rep roduct i on and 
understo ry v egetat i on .  Second l y , i nfesta t i o n s  of the p i ne bark bee t l e  dur i ng the past decade have 
k i l l ed p i ne trees and res u l ted i n  the growth o f  mi xed p i ne and hardwoods ( except i n  some areas where 
p i ne s  have been rep l anted ) .  
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A total  o f  251  spec i es of b i rd s  are l i s ted fo r Knox  County ( Howe l l and Monroe 1957 ) .  Of  th i s  
total , 144 are c o n s i dered a s  res i dent  dur i ng a l l or some port i on o f  the year ,  5 1  a s  permanent res i dents , 
42 as w i nter res i dents , and 51 a s  s ummer res i de nts ; the rema i nder  a re m i g rant s , acc i denta1 s ,  and/or 
v i s i tants . The P i ne R i dge Knol l s  s i te conta i n s  a l es s  d i ve rse  b i rd popu l ati on because it l ac ks g rass
l and and  wel l - deve l oped aquat i c  hab i tats . Of 96 spec i es o f  b i rd s  that have been obse rved i n  the area 
( Exxon Nuc l . Co.  1977 ) , 45  are pe rmanent res i dents ,. 7 are wi nte r r e s i dents , 38 are s umme r res i dents , 
and the rema i n i ng 6 spec i e s  a re b e l i eved to be present on ly  dur i ng m i grat i o n .  Four spec i es o f  upl and 
game b i rd s  occur reg u l ar ly  ( bobwh i te ,  ruffed grouse , Ame r i can woodcoc k ,  and mourn i ng dove ) ,  but hunt
i ng i s  not permi tted i n  the area . 

The l arger  mammal s  occurri ng on the s i te are p redom i nantly a s s o c i ated w i t h  fore s ted habi tat 
( e . g . , wh i teta i 1 ed dee r ,  cottonta i l  rabb i t s ,  g ray squ i rrel s ,  opo s s ums , s t r i ped s kunks , and m i n k ) . 
Sma l l mamma l s  occupy i ng the s i te are s h rews , m i c e ,  and vo l es .  F l y i ng s qu i rre l s  are a l so found i n  the  
a re a .  

A d i v e rs i f i ed group o f  amp h i b i an s  a n d  rept i l e s  occurs w i th i n  the reg i o n .  The taxonomi c  groups 
represented by the greatest number o f  spec i e s  are snake s  ( 2 1 )  and s a l amanders  ( 20 ) , fo l l owed i n  order 
by f rogs and toads ( 13 ) , t u rt l es ( 10 ) , and l i z ards ( 7 ) .  

F i ve terre s t r i a l  a n i ma l  spec i es con s i dered endangered by the U . S .  F i sh and Wi l d l i fe Serv i ce 
( 1983)  have been obse rved on o r  around the Oak Ri dge Rese rvat i on .  Mammal spec i es are l i m i ted to the 
I nd i ana bat and the gray bat ( Howe l l and Dunaway 195 9 ) .  The I nd i ana bat i nhab i ts caves  and ho l l ow 
tree s ,  the l atter habi tat perhaps a l l owi ng the spec i es to occ u r  on the Reservat i on a l though ne i ther 
spec i es has been reported there ( Proj . Manag e .  Corp . and Tenn.  Val . Auth .  1975 ; Exxon Nuc 1 . Co . 1977 ; 
U . S .  Nuc l .  Reg . Comm. 1977 ; Boy l e  et a l . 1982 ) .  Federa l l y  endangered and threatened b i rd spec i es 
observed i n  the v i c i n i ty o f  the Reservati on  are the bal d eag l e  ( e ndangered , southern race ; t h reatened , 
northern race-- observed a l ong the C l i nc h  R i ve r ) , the peregr i ne fa l con  ( e ndangered-- not observed on the 
Reservati o n ,  but reported f rom n e i ghbori ng Knox County ) , and the red- coc kaded woodpecker ( endangered-
known to occur i n C umber 1 and County about 80 km [50  m i ]  f rom the Rese rvat i on.  Add i t i ona 1 1  y,  the 
eastern cougar has been s i ghted on  the Rese rvati o n  and thus  shou l d  be con s i dered part o f  the spec i es 
range . However ,  the eastern cougar may be exti rpated ,  w i t h  s i gh t i ngs  actua l l y  be i ng i nd i v i dua l s  o f  
the western cougar race that have been re l eased or e s caped from capt i v i ty ( Boyl e et a 1 . 1982 ) .  

Th i rteen spec i es o f  terrestr i a l  fauna known o r  expected to occur o n  the Reservat i on are c l as s i 
f i ed a s  endangered o r  threatened by the state o f  Tenne s see  ( Hatche r ,  undated ) .  These  i nc l ude the 
federa l ly  l i sted spec i e s  above . Addi t i onal  spec i e s  i nc l ude the Tenne s see cave s a l amander ( threatened ) ,  
Bac hman ' s  ( p i newoods )  sparrow ( endangered) ,  sharp- s h i nned hawk ( threatened ) ,  o s p rey ( endangered ) ,  
marsh hawk ( th reatened ) ,  Bewi c k ' s wren ( th reatened ) ,  Coope r ' s hawk  ( threatened ) ,  and the grasshoppe r 
sparrow ( threatene d ) . The sharp- s h i nned hawk and Bachman ' s  sparrow have been observed on the Reserva
t i on and the other f i ve b i rd spec i es a re expected to occ u r  the re ( K i tc h i ngs and Mann 19876 ; Boyl e 
e t  a 1 . 1982 ; U . S .  Dep .  Energy 1982e ) .  

No 1 i s  ted o r  proposed endangered and threatened p l ant spec i e s  occur o n  P i  ne R i dge Kno 1 1  s 
( U . S .  F i sh Wi l d l . Serv o 1983 ) .  Howeve r ,  two spec i es that may occ u r  o n  the s i te are under status 
rev i ew :  Appa l ac h i an bugbane ( C i m i c i f uga rub i fo 1 i a )  and Carey ' s  saxi frage ( Sax i fraga careyana ) .  
Appal ac h i an bugbane occurs i n  r i c h ; s h e l tered , s teep l i me s tone b l uffs  whereas Carey ' s  sax i f rage occurs 
i n  wooded l i me stone b l uffs . Both hab i tat type s  occur wi th i n  P i ne Ri dge Knol l s . A l though those spec i es 
are not l egal l y  p rotected under the Endangered Spec i e s  Act , care s hou l d  s t i l l  be taken to avo i d  adverse l y  
i mpacti ng them 

None of the p l ant spec i es l i sted a s  endange red by the state of Tenne s see  ( Comm. T e n n .  Rare P l ants  
1978) have been found on  the Rese rvat i o n .  Several  p l ant spec i es found on  the  Reservat i on are rare , 
t h reatened ,  or o f  spec i a l  concern , b ut they a re pr i mari l y  found i n  the d e s i gnated natural  areas of the 
Rese rvat i o n  ( Ki tc h i ng s  and Mann 1976 ) , not on P i ne R i dge Knol l s  s i te .  I n  add i t i on to . these spec i es , 
K i tc h i ngs and Mann ( 1976)  have l i s ted p l ant spec i es o f  spec i a l  i nterest o r  o f  l i m i ted d i s t r i b ut i on  
w i th i n the  Reservati on ,  but none  o f  these spec i es occurs  on  P i ne R i dge Kno l l s . 

O n l y  two bod i es o f  water a re cont i g uo u s  to the P i ne R i dge Knol l s  are a ,  Grassy C reek  and Bear 
C reek  ( see Sect i o n  3 . 3 . 2 ) .  Grassy Cre e k  or i g i nate s f rom a ser i e s  of hardwater spr i ngs  and has  a l ter
nati ng pool  and r i f f l e hab i tats . I t  f l ows i n  a southwester l y  d i re c t i o n  and d i sc harges i nto the  C l i nc h  
R i ver .  Vari ous  bottom type s  i nc l ude roc k ,  grave l , sand , a n d  mud . The c reek  probab ly  s e rves  as  a 
spawn i ng area for f i s h  spec i es f rom the C l i nch R i ve r  that tend to m i g rate to bac kwaters on up tr i b u
tari  e s .  Waterc ress  g rows i n  port i ons  o f  t h i  s uncontami nated c ree k ,  and the phytop 1 ankton and per i 
p hyton s upport zoop l a n kton and a h i gh l y  d i verse  benth i c  fauna . There i s  a d i verse  f i sh popu l at i on i n  
Grassy C re e k  ( Exxon N u c l . C o .  1977 ) .  B l ueg i l l  i s  the maj o r  gamef i sh ,  thread f i n  shad i s  the domi nant 
forage f i s h ,  g i zzard s had i s  dom i nant i n  we i ght , and carp i s  the dom i nant rough f i s h  in  number  and 
we i ght .  

Bear  C reek  i s  l arger than Grassy C re e k  and rec e i ves  d i scharges f rom past  and  present  d i sposa l  
acti v i t i es at the Y-12 p l ant (McMaster 1967 ) .  These  d i scharges i nc l ude known seepage f rom a series  o f  
d i sposa l ponds and poss i b l e  seepage o r  runof f  f rom waste- b u r i a l  a re a s .  Except for some p l ant  growth 
near the Y - 12 p l a n t ,  the upper port i on of the stream i s  a l most dev o i d  of b i ota . The spec i e s  d i vers i ty 
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i s  l ow and  i nd i cates poor  water qua l i ty .  S i l t ,  i n  add i t i on to gravel  and  mud , compri ses  a great part 
o f  the s ubstrate mater i a l . The domi nant game f i s h  i n  Bear Creek i s  rock bas s ,  the mos t  abundant forage 
f i sh i s  the common s h i ne r ,  and the most abundant rough f i sh i s  the wh i te s ucker  ( Exxon Nuc l . Co . 
1977 ) . 

3 . 3 . 5 Land Use  

The P i ne R i dge Knol l s  s i te i s  wi t h i n the corporate boundari e s  o f  the  c i ty o f  Oak R i dg e .  The c i ty 
o f  Oak  R i dge i s  l ocated i n  Anderson and Roane count i e s , and i s  part of the Knoxv i l l e Standard Metro
p o l i tan Stat i st i ca l  Area. Oak R i dge i s  a l so c l as s i f i ed as  a sub reg i onal  center of the East Tennes see  
Deve l opment D i s t r i c t .  Th i s  d i s t r i c t  i s  rural  in  character w i t h  a g r i c u l tural , fore s t ,  and recrea t i o n a l  
l ands compri s i ng 95% of t h e  16- county area i n  1 9 7 9  ( U . S .  Dep . Energy 1982e--Tab l e  I I I - I ) . Oak  R i dge 
Reservat i on i s  l ocated wi t h i n Anderson and Roane count i e s , where most of the l and i s  rural  i n  nature. 
The Pi ne R i  dge Knol l s  s i te i s  i n  Roane County .  T h e  1 and- use  category breakdown for t h e  count i e s  i s  
s hown i n  Tab l e  3 . 12 . The c i ty o f  Oak  R i dge has expressed i nterest i n  acq u i r i ng DOE l and (betwee n  
b u i l d i ng comp l exe s )  for devel opment purposes . Proposed dev e l opment i nc l ude s  res i d e nti a l  areas , 
i ndustr i a l  s i te s , an a i rstr i p ,  and d i sposal  o f  c i ty s ewage s l udge on fore s ted l ands ( U . S .  Dep . E ne rgy 
1980 ) . 

Tab l e  3 . 12 . Land- Use Data for Ande rson 
and Roane Counti es , Tennesseet 1 

Land- Use  Anderson Count;i Roane Count;i 

Category Hectares Percentage Hectares Percentage 

R e s i dent i a l  3 , 255 3 . 8  2 , 097  1 . 9  

Comme rc i a l  146 0 . 2 9 3  0 . 1  
I ndustri a l  134 0 . 2  413  0 . 4  

Recreati onal  4 , 170 4 . 8  28 , 749  2 5 . 5 

Agr i  c u l tura 1 22 , 834 26 . 5  33 , 887  30  
Pub l i c  and  3 , 053 3 . 5 1 , 968 1 . 7  

quas i p ub l i c  

Fore sted 46 , 567 54 . 0  35 , 126 3 1 . 1 

Oak  R i dge 
Rese rvati o n  6 , 077 7 . 0  10 , 453  9 . 3  

t l  Source:  Data ( hectare s )  f rom U . S . Department o f  Energy ( 1982e-
Tab l e  1 1 1 - 2 ) ; data  ori g i n a l l y  f rom East  Tennes s e e  Devel opment 
D i str i ct ( 1979 ) .  

There are no federa l l y  des i gnated nat i onal  wet l ands o r  federa l l y  mai ntai ned wi l d l i fe refuges ,  
parks , or forests  near the P i ne R i dge Kno l l s s i te ( U .  S .  Dep . E ne rgy 1982e ) .  A l  though there are 
several  smal l swampy areas w i th i n  the Oak R i dge Reservati on ,  none a re l ocated on the P i ne R i dge Kno l l s  
s i te .  Twenty- f i ve natural areas w i thi n the Reservati on  have been i de nt i f i ed a s  hav i ng s c i enti f i c  
va l ue because o f  spec i e s  compo s i t i o n  o r  stage o f  eco l og i ca l  devel opment ( U . S .  Dep .  E ne rgy 1982c ) .  
There a re no un i que natura l o r  c u l tural  areas l ocated o n  the P i ne R i dge Knol l s  s i te ( U . S .  Dep . Energy 
1980 ) .  The s i te i s  not s u i tab l e  for agr i c u l tural  use  due to the poor so i l  and steep s l op e s .  About 
5 , 300 ha ( 13 , 000 acre s )  o f  the Reservat i on has been des i gnated a s  a Nat i on a l  E n v i ronmenta l Research 
Park ( not  i nc l ud i ng the P i ne R i dge Knol l s  s i te ) .  

I n  1975 , Exxon Nuc l ear  Company , I nc . , expressed a n  i ntere s t  i n  the purchase o r  l ease o f  a 1000- ha 
( 2500- acre ) s i te on the Oak  R i dge Reservati o n  for a proposed nuc l ea r  f u e l  rep roc e s s i ng p l ant ( U . S .  Dep . 
Energy 1980 ) .  A l though the s i te area i s  no l onger be i ng cons i d e red for a reproce ss i ng p l ant , the P i ne 
R i dge Knol l s  s i te i s  l o cated w i t h i n the proposed Exxon p l ant s i te and buffer  zone a re a .  Var i o u s  
porti ons  o f  t h e  Oak  R i dge Reservat i o n  a l so a r e  u s e d  f o r  t h e  storage a n d  d i spo s a l  o f  was te s , i nc l u d i n g :  
d i sposa l o f  s o l i d wastes  ( see Sect i o n  3 . 3 . 7 )  i n  near- s urface l andf i l l s ;  d i sposa l  o f  l i qu i d  wastes i n  
underground roc k formati ons  ( by the hydrofracture method ) ;  and d i sposa l o f  f l y  a s h , c i nders , construc
t i on was te s ,  o i l ,  chem i ca l  l i qu i d  was te s  ( treated p r i o r  to d i scharge ) ,  and combust i b l e  and decompos
ab l e  was te s  by var i ous  d i spos a l / s torage methods ( U . S .  Dep .  Energy 1980 ) .  Wes t  Chestnut R i dge , l ocated 
d i re c t l y  south of the P i ne R i dge Kno l l s  s i te ,  has been proposed for deve l opment of a Centra l Waste 
D i sposa l Faci l i ty ( CWDF )  for d i spo sa l  of rad i oact i ve wastes from the v a r i o u s  fac i l i t i e s  on the 
Oak R i dge Reservat ion  ( see  F i gure 3 . 13 ) .  
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I n terstates 40 and 75 and severa l  l oca l  roads s erve the s i te ( s ee Sec t i o n  3 . 5  for transportati o n  
route s ) .  The Norfo l k- Southern and Lou i sv i l l e & Nashv i l l e ra i l roads c urrently  operate i n  the O a k  R i dge 
regi o n .  Barges c a n  nav i gate on  t h e  Tennessee  R i ve r  t o  Knoxv i l l e  and  on  t h e  C l i nch R i ver  t o  C l i nt o n .  

3 . 3 . 6  Popu l at i o n  a n d  Soc i oeconom i c s  

3 . 3 . 6 . 1  Popu l a t i o n  

The O a k  R i dge Reservati o n  i s  l ocated i n  Anderson a n d  Roane count i e s ,  a n d  t h e  P i ne R i dge Knol l s  
s i te i s  i n  Roane County .  Other  nearby counti e s  i nc l ude Knox , Loudon , and Morgan .  The major pop u l a
t i on centers wi th i n  80 km ( 5 0  m i )  of the s i te i nc l ude the c i t i es of Knoxv i l l e  and Oak R i dge . Accord i ng 
to Census  Bureau  data ( T ab l e  3 . 13 ) ,  the popu l a t i o n s  of a l l f i ve count i es near the Oak  R i dge s i te 
i ncreased f rom 11 . 7  to 24 . 5% between  1970 and 1980 . The popu l at i o n  s i ze o f  the c i t i es o f  Knoxv i l l e ' 
and Oak  R i dge changed o n l y  marg i na l ly  dur i ng  the decade o f  the 1970 s .  Popu l a t i on  dens i ty i n  1980 
ranged f rom 12/km2 ( 31/mi 2 )  for Morgan County to 243/km2 ( 629/m i 2 )  for Knox county .  The popul a t i o n s  
l ocated wi th i n  a 16- km ( 10-mi ) and an  80- km ( 50-mi ) rad i us o f  the  P i ne R i dge Knol l s  s i te have been 
e s t i mated at about 54 , 600  and 756 , 700 , respecti v e l y ,  i n  1980 ( Exxon Nuc l . Co.  1977 ) .  

3 . 3 . 6 . 2  

County 

Anderson 

Knox 

Loudon 

Morgan 

Roane 

C i ty 

Knoxv i l l  e 

O a k  R i dge 

Tab l e  3 . 1 3 .  Popu l at i o n  Data for the Oak  R i dge Reserva t i o n  Area , 
1970- 1980 

Popu l at i o n  
Dens i ty 

Pop u l ati on  ( no . / km2 ) 

60 , 300 70 

276 , 300 210 

24 , 300 40 

13 , 600  10 

38 , 900 43 

174 , 900 

28 , 400. 

Popu l at i on 
Dens i ty 

Popu l at i o n  ( no . / km2 ) 

67 , 300 78 

319 , 700 243 

28 , 600 47  

16 , 600 12 

48 , 400 53 

175 , 000 

27 ,700  

t 1  u . S .  Bureau of the Census  ( l970a) . 

t2 U . S . Bureau  o f  t h e  Census  ( l980a )  . 

Economy 

% Change 
i n  

Popu l at i o n , 
1970- 1980 

+12 

+16 

+18 

+22 

+24 

+ 0 . 1  
- 2 . 5 

The l oca l  economy i s  dom i nated by the manufactur i n g  i ndustry ,  wh i c h  accounts for  about 33% of a l l 
emp l oyme nt .  The who l es a l e  and reta i l trades/  s e rv i ce s  and governme nt sector account for 20% and 19% 
of a l l emp l oymen t ,  respecti ve l y ,  but the m i n i ng and government s ectors are more i mportant to the 
reg i on than to the e nt i re state ( U . S .  Dep .  Energy 1982c ) .  For examp l e ,  much o f  the manufacturi ng  
emp l oyment i n  Anderson and Roane  count i e s  de r i ves  from  gove rnment- rel ated contract wor k .  Because 
Knoxv i l l e  i s  the center o f  commerce for  the reg i on , Knox County has the l arges t  p roport i ona l  emp l oy
ment i n  a l l econom i c  sectors except m i n i n g .  

3 . 3 . 6 . 3 Pub l i c  Fac i l i t i es 

There a re 21 schoo l s  w i th an e s t i mated 1980 e n ro l l me n t  o f  11 , 000 students i n  the commu n i t i e s  
l ocated wi th i n  1 6  km ( 10 m i ) o f  the O a k  R i dge Reservat i on  ( U . S .  Dep , E ne rgy 1979 ) .  Fac i l i t i es for l aw 
e n forceme n t ,  hea l th care , and f i re p rotec t i o n  i n  the count i e s  s urround i ng the s i te had been  c o n s i dered 
more than adequate to meet the needs o f  the area ( U . S .  Dep.  Energy 1982c ) .  Howeve r ,  l oca l  governmen t  
representati ve s  have recent l y  quest i oned t h e  adequacy o f  hea l th and  eme rgency serv i ce s  ( Pee l e  1984 ) .  

The Nat i ona l  Regi s te r  of H i stor i c  P l aces l i sts  23 s i te s  i n  t h e  f i ve-county area (Ande rson , Knox , 
Loudon , Morgan , and Roane ) , four o f  wh i c h  ex i st w i th i n about a 16- km ( lO-m i ) rad i us o f  the s i te 
( U . S .  Dep .  E nergy 1979 ) .  Add i t i o na l l y ,  t he re are 45 s i te s  o f  archaeo l og i c a l  s i gn i f i cance near the Oak  
R i dge Reservat i o n ,  most of wh i c h  a re d i s tr i buted a l ong the C l i nc h  R i ver  ma i ns tream . The Ame r i can  
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Museum o f  Sci e nce  and E ne rgy is  l ocated i n  Oak R i dge about 14 km ( 9  m i ) northeast o f  the Rese rvat i o n .  
There are n o  known h i sto r i ca l , archi tectura l , o r  archaeo l og i ca l  p rope rti e s  l ocated o n  the P i ne R i dge 
Kno l l s  s i te that possess  the qua l i t i es requ i red for e l i g i b i l i ty to the Nat i ona l  Regi ster ( T e n n .  H i s t .  
Comm . 1977 , 1983 ) . 

A l though there are no h u nt i ng a rea s , w i l d l i fe p reserve s ,  o r  s anctua r i e s  i n  the i mmed i ate v i c i n i ty 
o f  the s i te ,  a waterfowl refuge i s  l ocated o n  the Tennes see R i ve r  about 16 km ( 10 m i ) west- no rthwe st 
o f  the s i te .  About 6 9  h a  ( 170 acre s )  o f  the Reserva t i o n  i s  a l so used a s  a natural  s tudy area for eco
l og i ca l  obse rvat i o n  a nd expe r i me n ta t i o n .  I nformati o n  o n  recrea t i ona l  a reas  l ocated near the P i ne 
R i  dge Kno 1 1  s s i te may be found i n  other pub 1 i cat i o n s  ( U .  S .  Dep .  E n ergy 1979- - p .  4-4 ; Pro j .  Manage . 
Corp .  and  Ten n .  Va l .  Aut h .  1975 ) .  

3 . 3 . 7 Ex i st i ng Rad i o l og i c a l  E nv i ro nment 

Rad i oacti ve was te s  have been  generated at the var i ou s  research and p roducti on fac i l i t i e s  o n  the 
Oak  R i dge Reserva t i o n  s i nce  1943.  The maj o r  faci l i t i es i nc l ude the Gaseous D i ffus i o n  P l ant ( e n r i ched 
uran i um produc t i o n ) , the Y- 12 P l ant  ( nuc l ea r  weapo n s  product i o n ) , a nd .th e  O a k  R i dge Nat i o n a l  Laboratory 
( re searc h ) . The i nvento ry o f  s o l i d  rad i oact i ve was te s ,  a s  of 1982 , i nc l ude d :  about 6 , 200 m3 o f  s o l i d  
transura n i c  wastes and  12 , 000  to 1 , 600 , 000  m3 o f  t ra n s uran i c-contam i nated s o i l s  hav i ng a total  rad i o
acti v i ty o f  2 , 100  C i ; 1 , 000 m3 ( 2 8 , 000 C i )  o f  defense wastes  stored i n  b u i l d i ngs  and l i ned ho l es i n  
the groun d ;  and 330 , 000 m3 ( 600 , 000 C i )  o f  l ow- l ev e l  was te s ,  i nc l ud i ng  f i s s i l e  mate ri a l s ,  tras h ,  and 
contami nated e q u i pment  ( U . S .  Dep .  Ene rgy 1982f--Tab l e s  3 . 3 ,  3 . 4 ,  and 4 . 9 ,  F i gure 4 . 1 ) .  

The Oak  Ri dge faci l i t i e s  and the radi oacti ve waste d i spo s a l  areas contri bute rad i oact i ve em i s s i on s  
t o  the atmosphe re , wate r ,  a n d  l an d .  Rad i oacti v i ty i n  these med i a  has been mon i tored f o r  several  years 
( U n i on Carb i de Corp . 1981 , 1982 ) . A who l e- body dose f rom d i rect  rad i at i o n  to a " hypothet i ca l  max i ma l ly 
expo sed i nd i v i d ua l " at the boundary o f  the  Reservat i o n  was c a l c u l ated to be 6 . 1 mrem/yr and the c umu
l at i ve who l e-body dose to the popu l at i o n  w i th i n  an  80- km radi us o f  the Oak R i dge fac i l i t i es from 
1980- 1981 e f f l uents ave raged 20 . 2  person- rem ( U n i on Carb i de Corp . 1981 , 1982 ) .  The i nd i v i du a l  dose  
f rom natura l  bac kground rad i a t i o n  sources  ( c o sm i c  and terre s t r i a l  source s )  i n  Tennessee i s  approx i 
mate l y  100 mrem/yr ( Natl . Counc .  Rad i at .  Pro t .  Measure .  1975 ) .  

3 . 4  OCEAN D I SPOSAL S I TE 

The 106-M i l e  Ocean Waste D i sposal  S i te ( S i te 106)  i s  a de s i gnated ocean waste- d i spos a l  s i te .  The 
s i te i s  managed by the U . S .  E n v i ronme ntal  Protecti on Agen cy ,  who p re pared a deta i l ed desc r i p t i o n  o f  
the  s i te i n  1980 as p a r t  o f  the  F i na l  E n v i ronme ntal  Impact Statement  for des i gnat i ng  t h e  d i s po s a l  s i te 
( U . S .  E nv i ro n .  Prot.  Agency 1980--Appe nd i x  A and B ) . E n v i ronmenta l  character i zat i on stud i es are 
pe rformed by the Nat i onal  Ocea n i c  and Atmosphe r i c  Adm i n i st rat i on ( 1975 , 1977a , 1977b , 1977c ) ,  who has 
researc h  a nd mon i tori ng  respon s i b i l i t i es for dump s i te s  under autho r i ty o f  T i t l e  I I  o f  the Mar i n e  
Protect i o n , Research a n d  Sanctuari e s  A c t .  S i te 106 i s  1640 km2 ( 478 nmi 2 )  o f  ocean surface over the 
l ower edge of the Cont i nenta l  S l ope and the uppe r edge of the Con t i nenta l R i se where wate r depths are 
1400 m (4600 ft)  to 2750 m ( 9020 ft)  ( F i gure 2 . 12 ) .  It i s  used for d i sposa l o f  a var iety o f  i ndustr i a l  
a n d  mun i c i pa l  wastes ( U . S .  E nv i ro n .  Prot.  Agency 1980 ) . These  wastes are dumped i n  b u l k i nto the  
s urface waters of the s i te where  they are d i spersed by ocea n i c  m i x i ng proc e s se s .  Conta i ne r i zed or  
packaged wastes are not dumped at S i te 106 .  For purposes  of ana lys i s  i n  t h i s E I S ,  th i s  s i te i s  be i ng 
cons i dered as a pote n t i a l  s i te for ocean d i sposal  o f  NFSS wastes .  

3 . 4 . 1  C l i mate 

Weather at S i te 106 has been  characte r i zed by Brower ( 1977 ) .  S tab l e  s umme r a nd ear ly  autumn 
weathe r cond i t i o n s  are dom i nated by the Bermuda H i gh ,  a l though occas i on a l  t rop i ca l  storms and h u r r i 
canes  o c c u r  dur i ng l ate s ummer and fa l l .  I n  w i nter , extreme weather i s  p roduced by storm fronts from 
the northeast and south .  The f requency o f  h i gh wi nds  and wave s  i s  greatest for the months  o f  Novembe r 
through March when wi nds g reater than 17 m/s ( 34 knots ) occur more than 5% o f  the t i me a nd waves  
h i gher than 2 . 5 m occu r  25% o f  the  t i me or more .  D u r i ng  the  proposed act i o n  pe r i od (May through 
Octobe r ) , the frequenc i es o f  h i gh wi nds  a nd ·waves a re l es s  (a f requency range o f  0 . 2% i n  J u n e  to 2 . 9% 
i n  October for wi nds  greater than  17 m/s ; a freque ncy range o f  l es s  than 3% i n  August to 20% i n  
O ctober for waves  greate r than 2 . 5 m i n  he i ght ) .  

3 . 4 . 2 Open-Water E nv i ro nment 

S i te 106 1 i es  i n  an  area of comp 1 ex oceanographi  c cha racter betwe.en the Conti  nenta 1 She l f  and the 
G u l f  Stream ( F i gu re 2 . 12 ) .  A l though the s urface waters  o f  the s i te are often characte r i s t i c  o f  the 
C o nt i nental  S l ope , reg i ona l  atmo sphere/ocean dynam i c s  can  dr i ve Con t i nenta l She l f waters over the 
s urface o f  the s i te .  Occas i on a l l y ,  l oops  o f  the G u l f Stream p i nch  off  to become l arge warm-core r i ngs  
( approxi mate l y  56 km [ 30 nm i ]  i n  d i ameter )  that move  southwes tward through  the s i te toward Cape  Hatteras . 
Warm- core r i ngs  are expected to occupy the dump s i te a n  average o f  70 days per year ( B i sag n i  1976 ) .  

Open-water b i ota are characte r i s t i c  o f  the d i f fe re n t  water types that may occupy S i te 106 . 
S urface b i ota may be e i ther  c o l d e r ,  s ha l l ower-water spec i es from She l f  water ;  wa rme r  ocea n i c  forms 
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f rom G u l f Stream water in  warm- core r i ngs ; o r  spec i es f rom S l ope wate r.  M i dwater b i ota i nc l ude sma l l 
f i s h  that are day/n i ght vert i ca l  m i grants as we l l  a s  s qu i d ,  octopus , and j e l l y f i s h .  Large f i s h  such  
as  tunas , swordfi s h ,  and sharks are seasonal  m i grants to the area .  T h ree o f  f ive  sea turt l e s  f rom the  
area  ( hawksb i l l , l eatherbac k ,  and g reen )  are pe l ag i c  i n  hab i t  and may pass  through the s i te 
( U .  S .  E n v i  ron .  Prot .  Agency 1980 ) .  The 1 eatherback i s  an endangered speci  e s  and the green i s  a 
t h reatened spec i e s .  Wha l es and do l ph i ns cou l d  occas i onal l y  pas s t h rough the d i sposa l  s i te v i c i n i ty 
e i the r a s  temporary res i dents  or dur i ng m i grat i o n , based on the i r  ranges ( Leatherwood e t  a l . 1976 ) .  
There are no records o f  s i t i ng s  o f  mari ne mamma l s  o r  sea turt l e s  i n  the dumps i te .  

3 . 4 . 3 Sea F l oo r  E n v i ronment 

Si te 106 i s  l ocated at  the l ower edge of the Conti nenta 1 S l ope and the upper edge o f  the 
Cont i nental  R i s e  ( F i gure 2 . 12 ) .  Sed i ments  are composed o f  s i l ts and sandy s i l ts depo s i ted under 
tranq u i l ( S l ope ) or s h i f t i ng · ( R i se )  cond i t i ons ( U . S .  E nv i ro n .  Prot .  Agency 1980 ) .  Concentrati ons o f  
s uspended part i c u l ates j us t  above the sed i me n t  surface are l es s  than 50  t o  100 �g/ L , approxi mate l y  the 
same order o f  mag n i tude as  concentrati ons  at  the s urface « 100 �g/ L ) . The tota l quan t i ty o f  suspended 
part i cu l ates i n  a 30-m l ayer above the bottom i s  <10  to 200 �g/cm2 ( B i scaye and O l sen  1976 ) .  

Water movements a t  the sed i me n t  s urface appear to be very s l ow based o n  photographs o f  the bottom 
that do not s how features a s s o c i ated w i th bottom currents ( Heezen  1975 , 1977 ) . A net wate r ve l oc i ty 
o f  2 cm/s has been meas u red 180 km ( 110 m i l northeast o f  S i te 106 .  The sedi ment s u r face s hows ev i dence 
of m i x i ng due  to acti v i t i es of a n i ma l s l i v i ng in  the sed i ment ( i nfauna ) .  These  orga n i sms a re p r i mari ly  
worms and var i o u s  b urrowi ng c l ams . C rawl i ng a n i ma l s  such  a s  br i ttl e stars , anemone s ,  sea urch i n s ,  and  
sea cucumbers l i ve on  the  sed i ment surface ( ep i fauna) . Larger bottom- dwe l l i ng ( benth i c )  swi mm i ng 
a n i ma l s i nc l ude 55 spec i e s  o f  f i s h--the mo s t  common be i ng e e l s ,  ratta i l s ,  ha l osaurs , and l i zard f i s h .  
Max i mum dens i t i e s  o f  dom i nant bent h i c  fauna l components a re e p i fauna , 2 . 5/m2 ; i nfauna , 1180/m2 ; and 
bottom- dwe l l i ng f i s h ,  0 . 01 to 2 . 2/m2 ( U . S .  E n v i ron . P rot .  Agency 1980 ) .  

3 . 4 . 4  Resource  Use  

The U . S .  E n v i ronmental P rotect i o n  Agency ( 1980) conc l uded that few other resource acti v i ti e s  
occurred a t  S i te 106 before i ts d e s i gnat i o n  a s  a d i sposal  s i te .  The s i te i s  not wi th i n o i l o r  gas  
l ease  areas , no s h i pp i ng l anes c ro s s  i t ,  and no m i neral  resourc e s  a re known to occur there . Commerc i a l  
f i sh o r  s h e l l f i s h spec i es i nhab i t i ng the s i te i nc l ude ( 1 )  sword f i s h ,  s harks , and tunas , ( 2 )  red c rab 
( l a rvae and adul ts ) ,  wh i ch are caught by trawl er  on the Cont i nenta l S he l f ,  and ( 3 )  grey so l e  
( j uven i l e s ) , wh i ch occur a s  adu l ts o n  the G rand Banks farther north o f f  the coast o f  Canada . The o n l y  
f i s h i ng act i ve l y  known t o  o c c u r  i n  t h e  S l ope waters w i th i n 8 0  km ( 50 m i l o f  t h e  s i te i s  l on g l i ne 
f i s h i ng for sharks , swordf i s h ,  and tunas ( Ca s ey and Hoe n i g  1977 ) .  

3 . 4 . 5  Natural  Abundance o f  Rad i oact i ve and Nonrad i oac t i v e  Mate r i a l s 

U ra n i um and thori um rad i onucl i de s  and the i r  decay products are natura l ly occurri ng components of 
the ocean e n v i ronment that enter the sea f rom e ros i o n  o f  the l and mass e s .  The decay s e r i e s  o f  the 
p redomi nant  uran i um i sotope u ra n i um-238 ( and i ts decay product , uran i um- 234) i nc l udes the l onger- l i ve d  
thori um-230 i sotope , wh i ch i s  scavenged by parti c l es a n d  depo s i ted on  t h e  sea  f l oo r .  Thori um- 230 
decay p roduces rad i um-226 , wh i ch i s  mob i l i zed i nto the pore water o f  the sed i ments  and e n r i ches the 
bottom o f  the ove r l y i ng water  co l umn . The var i at i ons  i n  ab undance o f  natural ly  occurr i ng rad i o
nuc l i de s  depends upon var i at i ons  i n  ocea n i c  sed i mentat i o n  rates , water mas s  m i x i ng ,  and majo r  ocean 
c i rc u l at i on ( Cochran 1982 ) .  Deep sea sed i ments a re e n r i c hed in rad i um-226 (�20 pC i /g )  whereas the 
sed i ment concentrati ons o f  the Conti nental  She l f  and S l ope are s i m i l ar to typ i ca l  i n l and so i l  concen
trat i on s  o f  1 pC i /g .  S i te 106 sed i ments for wh i ch data a re not ava i l ab l e ,  are more l i ke l y  of the 
l atter concentrat i on .  Open water concentra t i ons o f  rad i um-226 i n  ocean s u r face waters are 0 . 1 pC i / L  
( Go l dberg e t  a l . 1972 ; Cochran ·  1982 ) .  

S i nce 196 1 ,  S i te 106 has 'been used for  d i spo s a l  o f  i nd u s tr i a l wastes conta i n i ng e l evated concen
trati on s  o f  trace meta l s i nc l ud i ng manganes e ,  copper , z i nc ,  cadm i um ,  and l ea d .  Based on  mon i tori ng 
stud i es for b i ota , sed i me nts , and water of the s i te ( Natl . Ocean i c  Atmo s .  Admi n .  1975 ; G re i g  and 
Wenz l of f  1977) , the ranges  o f  .se d i ment concentrat i ons ( ppm dry we i ght)  for s e l ected trace meta l s  are : 
cadm i um ,  1 . 2- 1 . 8 ppm ; chrom i um ,  16 . 8- 28 . 6  ppm ; copper ,  1 3 . 4- 37 . 2  ppm ; n i c ke l , 12 . 6- 33 . 6  ppm ; l ead , 
16 . 0- 38 . 8  ppm ; and z i nc ,  3 3 . 2 - 65 . 0  ppm .  

3 . 5 TRANS PORTAT I O N  ROUTES 

The p re fe rred truc k transportati o n  routes for a l ternat i ve s  i nvo l v i ng offs i te transportati o n  of 
the NFSS wastes and/or res i dues  ( A l ternat i v e s  3a , 3b , 4a , 4b , 4c , and 4d) are des c r i be d  i n  th i s  
sect i on .  Route s e l ec t i o n  c r i te r i a  and a l ternati ve routes a re d i s c u s sed i n  Appen d i x  D .  F o r  p urposes  
o f  analys i s ,  i t  i s  a s s umed that  i nterstate h i ghways wi l l  be used , whe re pos s i b l e ,  and  that  the mo s t  
d i rect  U . S .  o r  state h i ghways wi l l  be used  where i nterstates a r e  n o t  avai l ab l e .  A prefe rred route i s  
the one that has the fewes t  peop l e  l i v i ng near i t  ( Sect i o n  0 . 4 ) .  P re fe r red and a l ternati ve routes are 
s hown i n  F i gure 3 . 17 .  The three transporta t i o n  routes for offs i te d i sposal  scena r i os are compared i n  
T ab l e  3 . 14 .  
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Tab l e  3 . 14 .  Three  Transportat i o n  Routes Used to T ransport the 
Rad i oact i ve Wastes  from NFSS to the F i na l  Depos i t i on S i te 

Loc a l  Roads 
Near NFSS 

12 km o f  l oca l  
roads and h i ghways 
i n  s emi rural  area 

12 km o f  l oca l  
roads and h i ghways 
i n  semi  rural  area 

12 km o f  l oca l  
roads and h i ghways 
i n  semi  rural  area 

I nterstate 

3900 km cro ss i ng 
12 states 

1300 km cro s s i ng 
5 states 

710 km wi th i n  
New York and 
pos s i b l y  wi th i n 
New Jersey 

Near F i na l  D i spo s a l  S i te 

140 km o f  l oca l  roads and 
h i ghways i n  sem i ru ra l /  
rural  area 

10 km o f  l oca l  roads and 
h i ghways i n  s em i ru ra l / 
rural  area 

50-180 km ( depend i ng on  
f i na l  port  s e l ected)  o f  
i nters tate s , maj o r  h i gh
ways , and l oca l  roads i n  
dense urban area 

Total  
One-Way 
D i stance 

4100 km 

1300 km 

770- 900 km 

For  purposes of ana l ys i s  i n  th i s  E I S ,  i t  i s  a s s umed that the NFSS res i dues wi l l  be transported to 
the  f i na l  d i sposa l de s t i na t i o n  i n  steel  conta i ners on e i ther s h i e l ded vans or f l at-bed , s e m i t ra i l er 
trucks ( depend i ng on the rad i oact i v i ty o f  the materi a l ) .  The l ower-acti v i ty NFSS wastes wi l l  be 
trans ported by 15-m3 ( 20-yd3 ) d ump trucks ( each truck  conta i n i ng o n l y  12 . 3 m3 [16 yd3 ] due to we i ght 
l i m i tat i ons ) .  Detai l s  regard i ng pac kag i ng and transport veh i c l es are g i ve n  i n  Appendi x D .  

3 . 5 . 1 Loca l Route from NFSS t o  I nterstate Sys tem and I ntersec t i o n  w i th 1-90 East o f  Buffa l o 

The was tes  and/or res i dues wi l l  l eave NFSS v i a  the same route for a l l offs i te a l te rnat i ve s  ( F i g
ure 3 . 18 ) . F rom the NFSS ma i n  gate off  P l etcher Road , the trucks wi l l  proceed wes t  on P l etcher Road , 
south on Route 18 ( Creek Road ) , and west and south on U . S . Route 104 .  F rom th i s  po i nt ,  i nterstate 
h i ghways wi l l  be take n :  southeast on 1 - 190 around Buf fa l o ,  and then east and south on  1 - 290 to the 
east s i de o f  Buffa l o  ( F i gure 3 . 19 ) .  Beyond th i s  p o i nt , the routes vary to the  three  a l ternat i ve s i tes  
( Hanford , O a k  R i dge , and Harbor ) . 

3 . 5 . 2  Route to Hanford 

F rom the I ntersec t i o n  o f  1 -290 and 1 - 90 j u s t  east o f  Buffa l o ,  the rout i ng i s  as fo l l ows : south 
around Buffa l o  on  1 -90 ; southwe st on  1 -90 a l ong the Lake E r i e  coast l i ne through Pennsyl van i a  and O h i o  
t o  C l eve l and ; south on  1 -271 t o  1 -80/90 ; we s t  through northern I nd i ana t o  C h i cago ; around C h i cago o n  
1 - 294 t o  1 - 90 ;  northwest  on  1 -90 i nto Wi scons i n ;  s o uthern Mi nnesota , central  South Dakota , north
eastern Wyom i ng , and southern Montana ; we s t  from B i l l i ngs , Montana , on 1 -90/94 t h rough northern I daho 
and Was h i ngton to R i tz v i l l e ;  southwe st on  U . S .  395 to H i ghway 240 to R i ch l and ; and north on  Route 2 
onto the Hanford Res e rvat i o n .  Route 4 a n d  other ons i te roads wi l l  b e  used t o  transport the was tes  the 
rema i n i ng 8 km to the 200-West  Area ( F i gu re 3 . 20 ) .  The l oca l  and i nters tate routes to Hanford are 
s ummari zed i n  Tab l e  3 . 14 .  

3 . 5 . 3  Route  to Oak - R i dge 

F rom the i ntersect ion  of 1 -290 and 1 -90 j u s t  east of Buffa l o ,  the route to Oak  R i dge i s  as 
fo l l ows : s outh on 1 -290 around Buffa l o and southwe st on 1 - 90 a l ong  the Lake E r i e  coast l i ne to E r i e ,  
Pe nnsyl van i a ;  s outh o n  1 -79 through Pennsyl van i a  to C ha r l eston , We st V i rg i n i a ;  south o n  1 -77 to 
Wythev i l l e ,  V i rg i n i a ;  southwest  on  1 -81 to i ts j unct i o n  w i t h  1 -40 at  Dand r i dge , Tennes see ; on  1 -40 to 
Knoxv i l l e ,  Tennes see ; around Knoxv i l l e  on 1 -40 ; wes t  on  1 -40 to State H i ghway 95  ( Wh i te Wi ng Road ) ; 
north 7 km over the C l i nc h  R i v e r ;  wes t  on Bear Cree k Road _'or about 1-2 km to the P i ne R i dge Knol l s  
s i te .  The route to Oak R i dge i s  s umma ri zed i n  Tab l e  3 . 14 ;  the l oc a l  route i s  i l l u strated i n  F i g
u re 3 . 2 1 .  

3 . 5 . 4  Route t o  Harbor 

F rom the i ntersec t i on o f  1 -290 and 1 - 90 just east of B u f fa l o ,  the route to the Harbor ( Port of 
New York) i s  as  f o l l ows : 1 -90 to A l bany ( u s i ng i nterstates c i rcumvent i ng Syracuse and Uti c a )  and 
south  on 1 -87 t h rough Newb u rgh  to 1-87/287 near the New York/New Je rsey border .  At th i s  po i nt ,  the 
route depends upon the f i na l  l ocati on o f  the barge doc k to be used.  The Harbor area is  saturated w i th 
i nterconnect i ng i nters tates and major four- l ane roads ( F i gure 3 . 22 ) .  These  areas are a l so  dens e l y  
popu l ated . T h e  route t o  t h e  Harbor i s  s ummari zed i n  Tab l e  3 . 14 .  
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F i gure 3 . 2 1 .  Loca l  Route t o  Oak  R i dge S i te .  
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4 .  ENVI RONMENTAL CONSEQUENCES  AND R I SK 

The radi oact i v i ty i n  the N F SS res i dues and  wastes  i s  due to natura l l y  occurri ng rad i onuc l i des , 
p r i nci pa l ly  those re s u l t i ng f rom rad i oacti ve decay o f  urani um- 238.  The decay c ha i n  p resented i n  
F i gure 4 . 1 i nd i cates the re l at i on s h i p  between the var i ous  rad i onuc l i de s  i n  the NFSS r e s i dues  and 
wa ste s .  The rad i oact i ve materi a l s  a t  NFSS  res u l t from extract i o n  o f  urani um ( i . e . , urani um-238 , 
uran i um- 235 , and urani um-234)  from urani um- beari ng o re s .  Thu s , the amount  of ura n i um rema i n i ng i n  
the res i dues  and wastes i s  q u i te l ow. * However ,  there a re s i g n i f i cant quanti t i es o f  thori um-230 , 
radi um-226 , and a l l resul tant decay p roducts i n  these materi a l s .  For  a n a l ys i s  of rad i o l og i ca l  
i mpacts , i t  i s  a s s umed that a l l rad i onucl i de f rom thori um- 230 through  po l on i um- 2 10 a r e  present a n d  i n  
sec u l ar  equ i l i br i um ( l ead-206 i s  stab l e ) .  T h e  i mpacts of rad i onuc l i de s  above thori um-230 i n  th i s  
decay cha i n  wi l l  be negl i g i b l e .  

The rate a t  wh i ch the rad i onuc l i des  i n  the NFSS res i dues and wastes wi l l  decay depends o n  the 
h a l f- l i fe of thori um- 230.  In  th i s  E I S ,  a l l rad i onuc l i des  a re a s s umed to rema i n  i n  sec u l ar equ i l i b r i um 
w i t h  thori um- 230.  The concentrati o n  of these  rad i onuc l i de s  ( i n  pC i /g )  through  t i me ,  a s s um i ng that no 
d i spers i on occurs , i s  i l l u strated i n  F i gure 4 . 2 .  

Because o f  t h e  nature o f  t h e  N FSS radi oact i ve wastes  and res i dues-- i . e . , t h e  l ong- l i ved , natura l l y  
occurr i ng rad i onuc l i de s  ( e . g . , radi um- 226 h a s  a l , 600-year h a l f- l i fe a n d  thori um- 230 h a s  a 77 , OOO-year 
h a l f- l i fe ) - - i t  i s  necessary to eva l uate a l terna t i ves  over l ong t i me peri ods . The fo l l owi ng t i me 
p e r i o d s  a re used for  ana l ys i s  o f  a l l a l ternat i ve s :  

Acti on Per i od ( appro x i mately 10 years ) :  The per ipd d u r i n g  wh i c h  p hys i ca l  act i ons  such  
a s  transportati o n ,  s tab i l i zat i on , ocean  dump i ng ,  etc . , wi l l  take  p l ac e .  

Ma i ntenance and Mon i tori ng Per i od ( 200 years ) :  For  the a l ternat i ves  i nv o l v i ng manage
ment on 1 and , the peri od duri ng whi  ch  the was tes and res i dues  wi l l  conti nue to be 
managed.  * *  Conta i nment structures w i  1 1  b e  m a  i nta i ned , radi  oact i ve  r e  1 eases  to the 
e n v i ronment wi l l  be mon i tored , and peri odi c co rrect i ve remed i a l acti o n s  wi l l  be taken , 
a s  neces sa ry . * * *  Human acces s to the waste-management areas wi l l  be l i m i ted and the  
federal  gove rnment wi l l  cont i nue to own the s i tes  and use  them so l e ly  for waste
management purposes . 

Long-Term ( 200 to 1000 years ) :  Two cases , i nvo l v i ng d i fferent d eg rees  of l os s  o f  
contro l , a re a s s e s sed : _ 

Case  A :  Los s  o f  Moni tori ng, Mai ntenance ,  and Correcti ve Act i on s .  Mon i to ri ng ,  
ma i ntenanc e ,  and correcti ve actions  wi l l  cease , **** but acce s s  wi l l  cont i nue to be 
1 i m i ted and the federa 1 government wi  1 1  conti nue to own and use the s i tes  s o  1 e l y  
f o r  was te-management p u rpose s .  T h e  e ffects o f  natura l p rocesses  on  waste conta i n
ment and the g radual  re l ea s e  o f  rad i onucl  i des  to the env i ronment  a re a s se s s e d .  

Case  B :  Los s  of Al l Contro l s .  Not o n l y  wi l l  moni tori ng , ma i ntenance , and correc
t i ve act i ons  cease , but acces s ,  1 and- u s e , and ownersh i  p cont ro 1 s be l o s  t as 
we l l . ****  H uman i ntru s i on i nto the wastes  i s  a s s umed to occur .  

*The radi um-226 content o f  the res i dues i s  about 870 C i , whe reas  the urani um content ( urani um- 238 , 
- 235 , and - 234)  i s  l es s  than  30 C i .  The radi um-226 content o f  the  wastes  i s  about 7 . 8  C i , whereas 
the uran i um content i s  l e s s  than 1 C i .  See Sec t i o n  3 . 1 . 7  for deta i l s .  

* *The federa l government p l a n s  to take perpetua l care o f  the NFSS  wastes and res i dues .  Howe v e r ,  
because i t  i s  unreasonab l e  t o  a s s ume t h a t  mai ntenance a n d  mon i tori ng wi l l  cont i nue f o r  the dura t i o n  
o f  the t i me t h a t  t h e  wastes  a n d  re s i dues wi l l  rema i n  rad i oact i ve l y  hazardous ( h undreds o f  thousands 
o f  years ) ,  the 200-year ma i ntenance and mon i tori ng per i od i s  used a s  a reasonab l e  reference poi nt 
for  purposes o f  ana lys i s  i n  th i s  E I S .  I f  ma i ntenance and mon i tori ng cont i nues l onger than 200 years , 
costs  wi l l  be h i gher (Appen d i x  F ) ,  but i mpacts due to f a i l ure o f  the contai nment system wi l l  be 
de l ayed . 

***Al though there cou l d  be p hy s i c a l  f a i l ures of engi neered conta i nment structures dur i ng t h i s per i od ,  
a s  we l l  a s  temporary fa i l u res  of acces s contro l s ,  i t  i s  a s s umed that such  fai l ures wi l l  be detected 
and i mpact l i m i ted because  co rrect i ve remed i a l act i ons  wi l l  be taken .  

* ***The reasons  for ces sat i on o f  contro l s  can range from rad i ca l  changes  i n  soc i ety to gradu a l  l os s  of  
concern for pote n t i a l  hazard s  due to l ack of fund s .  

4- 1  



NOTES: 

Only the dominant decay mode 
is shown. 

The times shown are half-l ives. 
The symbol s a and 6 i nd i cate 

a l pha a nd beta decay. 
An aster i s k  indicates that the 

i sotope i s  a l so a ga m ma 
emitter. 

4-2  

a 240.00) yea r s  

a 77 .00) yea r s  

a lbOO yea r s  

a 3.8 days 

F i g ure 4 . 1 .  Urani um- 238 Decay Ser i e s .  

5 days 

a 140 days 

The 200- and 1000-yea r t i me frame s are s e l ected to be cons i s tent  wi th the t i me frame s i dent i f i ed 
i n  regu l at i ons  o f  the U . S .  E n v i ronmental  P rotec t i o n  Agency ( EPA) for management o f  i nact i ve uran i um 
m i l l  t a i l i ng s  ( 40 C F R  192)  ( U . S .  E n v i ro n .  Prot .  Agency 1983 ) .  The NFSS  wastes and res i dues  conta i n  
the s ame natura l ly  occ urri ng rad i o nuc l i de s a s  are found i n  u ra n i um m i l l  ta i l i ng s . EPA con s i dered " the 
s i ng l e  mo s t  i mportant goal  o f  contro l to be e ffect i ve i s o l at i o n  and s tab i l i za t i o n  o f  tai l i ngs  for as  
l ong a t i me pe r i od as  i s  reasonabl� feas i b l e ,  becau s e  t a i l i ng s  wi l l  remai n hazardous for hundreds o f  
thousands  o f  years . "  F u rthermo re , the l ongev i ty o f  contro l i s  governed by t h e  p o s s i b i l i ty o f  i ntrus i on 
by man and e ros i o n  by natural forces . "  After con s i de r i ng several  t i me per i ods for contro l , E PA req u i red 
t hat " control measure s  be c a r r i ed out i n  a manner that prov i de s  reasonab l e  a s s urance they wi l l  l as t ,  
t o  the extent reasonab ly ach i evab l e ,  u p  t o  1000 years , and , i n  any cas e , for a m i n i mum o f  200 years . "  
Uncerta i nt i e s  i nc rease  s i gn i f i cant ly  beyond 1000 years and i t  wou l d  not be reasonab l e  to req u i re 
a s s urances o f  contro l  for l onger t i me pe r i ods . Because  the 200- and 1000-year t i me per i ods have been 
deemed to be a reasonab l e  bas i s  for E PA ' s  dec i s i ons  regardi ng i nac t i ve uran i um mi l l  ta i l i ng s , DOE 
cons i de r s  the same t i me peri ods to be reasonab l e  reference poi nts for purposes o f  a n a l ys i s  o f  e n v i ron
mental i mpacts i n  th i s  E I S  s uppo rti ng DOE ' s  dec i s i o n  on  l ong- term management of the NFSS wastes  and 
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K-6S Res I dues 

L-30/F-32 Res I dues 

L-S0 Res i dues 

Was tes 

- - - - - - - - - - - - - - - - - - - - - - - - - -

Nat I ve So I I s  
- - - - - - - - - - - - - - - - - - - - - - - - - - -

1 03 

Ye ar s 
F i gure 4 . 2 .  Concentra t i o n  o f  Rad i onuc l i de s  i n  the NFSS Was te s  

a n d  Res i d ue s ,  Assum i ng N o  Di spers i o n .  

res i dues .  The l ongev i ty o f  the vari ous  conta i nment systems i s  e s t i mated wi th respect t o  both s urface 
e ro s i o n  and m i g ra t i o n  o f  contam i nants i nto g roundwater .  The exposure to an i ntruder l i v i ng on the 
s i te ( i f  such  i ntrus i o n  occurs ) i s  a s s e s s e d .  

4 . 1 RAD I O LOGI CAL IMPACTS 

4 . 1 . 1 Summary of Rad i o l og i c a l  Impacts 

4 . 1 . 1 . 1 General  Pub l i c  

The e s t i mated rad i at i on doses  to the general  pub l i c  for  each a l ternat i ve dur i ng the act i on peri od 
( 0 - 10 year s )  and the mai ntenance and mon i to r i ng p e r i od ( 10-200 years ) a re g i ve n  i n  Tab l e  4 . 1 .  Doses  
to the general  pub l i c  at year 1000 are s umma r i zed in  Tab l e  4 . 2 . The acti on-pe r i od doses  i nc l ude doses  
a t  NFSS , at the a l ternat i v e  s i te s  ( Ha n ford , Oak Ri dge , and Harbor ) ,  and a l ong  transporta t i o n  routes .  
The adverse hea l th e ffects that are expected a s  a res u l t  o f  thes e  organ doses  a re s umma r i z ed i n  
Tab l e  4 . 3 .  
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Tab l e  4 . 1 .  Summary o f  E s t i mated Doses  to the General  Pub l i c  D ur i ng the  Act i on Peri od 
( 0 - 10 years ) and Dur i ng the Ma i ntenance and Mon i tori ng Peri od ( 10-200 years ) 

Al terna-
t i ve Desc r i p t i o n  

1 No act i o n  

2 a  Long-term man
agement at NFSS : 
mod i f i ed con
t a i nment  

2b  Long-term man
agement at N F S S :  
mod i f i ed con
t a i nment  p l us 
mod i f i ed form 

3a  Long-term man
agement at 
Hanford 

3b Long-term man
agement at 
Oak  R i dge 

4a Long- term man
agement of 
res i dues at 
Hanford , wastes  
a t  NFSS 

4b Long- term man
a gement o f  
res i dues at . 
Hanford ; ocean 
d i spersa l  o f  
was te s  

4c Long- term man
ageme n t  of 
res i dues  at 
O a k  R i dge , 
wastes a t  NFSS  

4d  Long-term man
agement o f  
res i dues  a t  
O a k  R i dge ; 
ocean d i sper
s a l  o f  wastes 

C umu l at i ve Doses  to the Genera l Pub l i c  (pe rson- o r  o rgan- rem ) t 1  

Who l e  Body 

< 0 . 001/< 0 . 001 

< 0 . 001/< 0 . 001 

18/< 0 . 001 

120/2 . 5  

69/< 0 . 001 

62/23 

470/23 

43/< 0 . 001 

450/< 0 . 001 

Bronc h i a l  
Bone Lung Ep i the 1 i umt2 

< 0 . 001/< 0 . 001 < 0 . 001/<0 . 001  < 0 . 001/ 0 . 0032 

< 0 . 001/< 0 . 001 < 0 . 001/< 0 . 001 < 0 . 001/< 0 . 001 

100/< 0 . 001 91/< 0 . 001 110/<0 . 001  

480/13 440/2 . 0  260/140 

370/< 0 . 001 380/< 0 . 001 290/< 0 . 001 

160/120 270/19 310/1300 

460/120 1300/19 330/1300 

180/< 0 . 001 200/ < 0 . 001 290/< 0 . 001 

490/< 0 . 001 1200/< 0 . 001 310/< 0 . 001 

tl Al l doses g i ven to two s i gn i f i cant  f i g u res , u n l e s s  p receded by a l es s  than « )  symbol . 
F i rst numbe r i s  dose dur i ng act i o n  per i od and s econd number i s  dose  dur i ng ma i ntenance 
and mon i tori ng per i o d .  Al l v a l ues  a re cumu l at i ve over the  10 years o f  the  act i on per i od 
o r  190 years o f  the  mai ntenance and mon i to r i ng p e r i od and are reported a s  the  100-year  
e n v i ronmenta l dose comm i tment .  C umu l at i ve doses  to the  gene ra l pub l i c  be l ow 0 . 001 person
o r  organ- rem a re not g i ven because doses  t h i s sma l l are i mmea s urab l e  and mean i ng l e s s  w i t h  
regard t o  p red i ct i ng detri mental  hea l th effects . 

t2 Dose  res u l t i ng from i nh a l at i o n  of s hort- l i ved radon-222 decay p roducts . 
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Tab l e  4 . 2 .  Summary o f  E s t i mated Doses  to the General  Pub l i c  
a t  Year 1000 ( Lo s s  o f  Al l Contro l s )  

Cumu l a t i v e  Doses  to the Genera l Pub l i c  
� rem/�r/mi l l i o n  Qerson s ) t 1  

A l terna
t i ve 

1 

2a 

2b 

3a 

4a 

4b 

4c 

4d 

Des c r i p t i o n  

N o  act i o n  

Long-term man-
agement at NFSS :  
mod i f i ed con-
ta i nment 

Long- term man-
agement at NFSS :  
mod i f i ed con-
t a i nment p l u s  
mod i f i ed form 

Long- term man-
agement at 
Hanford 

Long- term man-
agement at 
Oak R i dge  

Long- term man-
agement of 
res i dues at 
Hanford , wastes 
at NFSS 

Long- term man-
agement o f  
res i dues at 
Hanford ; ocean 
d i spersa l of  
wastes 

Long- term man-
agement of 
res i dues at 
Oak R i dge , 
wastes  at NFSS 

Long-term man-
agement of 
res i dues at 
Oak R i dge ; 
ocean d i sper-
s a l  of  wastes  

Who l e  B ronc h i a l  
Body Bone Lung E p i t he l i umt2 

0 . 065 1 . 9 1 . 7 1 . 6  

< 0 . 001 < 0 . 001 < 0 . 001 < 0 . 001 

< 0 . 001 < 0 . 001 < 0 . 001 < 0 . 001 

0 . 39 1 . 7 0 . 33 28 

< 0 . 001 < 0 . 001 < 0 . 001 < 0 . 001 

3 . 3 14 2 . 8  230 

3 . 3 14 2 . 8  230 

< 0 . 001 < 0 . 001 < 0 . 001 0 . 0020 

< 0 . 001 < 0 . 001 < 0 . 001 0 . 0020 

tl A l l doses  g i ve n  to two s i g n i f i cant f i gures , u n l e s s  p receded by a l es s  than « )  symbo l .  It i s  
a s s umed that the m i l l i o n  persons  are even ly  d i str i buted wi th i n  an 80- km rad i u s of the waste 
management  � i te .  Cumu l at i ve doses  to the genera l pub l i c  be l ow 0 . 001 person- o r  organ- rem are not 
g i ve n  because doses  th i s  sma l l a re i mmeasurab l e  and mean i ng l es s  wi th regard to pred i c t i ng detr i 
mental  heal th e ffects . 

t2 Dose resu l t i ng from i nha l at i on o f  short- l i ved radon-222 decay produc t s .  
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4b 
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4d 
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Tab l e  4 . 3 .  Summary of Add i t i ona l  Hea l th E ffects i n  the General  Pub l i c  

Descri p t i o n  

No act i o n  

Long-term man
agement a t  NFSS :  
mod i f i ed con
t a i nment  

Long- term man
agement at N F S S :  
mod i f i ed con
tai nment p l us 
mod i f i ed form 

Long- term man
agement at 
Hanford 

Long- term man
agement at 
Oak R i dge 

Long- term man
agement o f  
res i dues a t  
Hanford , was tes  
a t  NFSS 

Long-term man
a gement o f  
res i dues a t  
Hanford ; ocean 
d i spersa l of 
was tes  

Long-term man
a gement o f  
res i dues at 
Oak  R i dge , 
wastes at NFSS 

Long- term man
a gement of 
res i dues  at 
Oak R i dge ; 
ocean d i sper
s a l  o f  wastes 

Expected Number o f  Adverse  Hea l th Effects 
from Doses I ncurred Dur i ngt 1 : 

Act i o n  
Pe r i od 

( tota l  ) t 2  

< 0 . 0000005 

< 0 . 0000005 

0 . 017 

0 . 090 

0 . 066 

0 . 054 

0 . 30 

0 . 040 

0 . 28 

Ma i ntenance 
and Mon i to r i ng 

Per i od 
( tota 1 )t3 

< 0 . 0000005 

< 0 . 0000005 

< 0 . 0000005 

0 . 0039 

< 0 . 0000005 

0 . 036 

0 . 036 

< 0 . 0000005 

<0 . 0000005 

Year 1000 
( pe r  m i l l i o n  

persons  
p e r  year)  

0 . 00021 

< 0 . 0000005 

< 0 . 0000005 

0 . 00074 

< 0 . 0000005 

0 . 0061 

0 . 006 1 

< 0 . 0000005 

< 0 . 0000005 

tl I nc l ude s fata l cancers p l us gene t i c  defects ( see  Secti o n  4 . 1 . 4 ) .  

t2 Total  f rom doses  i nc urred dur i ng 10 years . 
t3 Total  f rom doses  i nc urred duri ng 190 years . 
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Dur i ng the act i on per i od , who l e- body and  l ung doses wi l l  be h i ghest for Al ternati ves 4b and 4d , 
p r i ma r i l y  as a re s u l t of transport o f  the wastes through the de nse l y  pop u l ated New York metropo l i tan 
a rea to the ocea n .  Bone doses wi l l  b e  h i ghest  f o r  A l ternat i ves  3a , 4b , a n d  4d , p r i ma r i l y  because o f  
transport of t h e  was tes  t o  Hanford o r  t o  t h e  oce a n .  Bronc h i a l  ep i the l i um dos e s ,  on  t h e  other hand , 
w i l l  be comparab l e  for Al ternat i ves  3a , 3b , 4a , 4b , 4c , and 4d , p r i ma r i ly  because  radon-222 gas 
re l eases  a s s o c i ated wi th excavat i o n ,  transport , and reb u r i a l  o f  the res i dues at Hanford or Oak R i dge 
w i l l  be s i m i l a r for the s e  a l ternat i v e s .  

Dur i ng  the mai ntenance a n d  mon i to r i n g  peri od , doses  t o  a l l  c r i t i ca l  organs wi l l  b e  h i ghest  under 
any of the Han ford a l te rnat i ves  (Tab l e  4 . 1 ) , p r i ma r i l y  because o f  the greater d i ff u s i o n  of rado n- 222 
gas out of the re s i dues i n  the a r i d  c l i mate . 

At the year 1000 , a s s um i ng  that contro l s cease , popu l ati on doses  p e r  mi l l i on persons per  year 
w i l l  be h i ghest  at Hanford ( A l te rna t i ves 3a , 4a , and 4b ) and at NFSS under A l ternati ve 1 .  The l arger 
doses at Hanford wi l l  re s u l t p r i ma r i ly  from g reater radon-222 gas  re l eases  i n  the a r i d c l i mate . The 
dose  at NFSS under A l ternat i ve 1 wi l l  res u l t  from the pred i cted e ro s i o n  o f  the cap and expos u re of the 
was te s .  I t  shou l d  be kept i n  m i nd that the doses and re s u l tant hea l th e ffects fo r year 1000 , g i ven i n  
Tab l e s 4 . 2  and 4 . 3 ,  a s s ume c e s s a t i o n  o f  a l l contro l s a t  year 200 and devel opment o f  eros i ve l and uses  
unt i l year 1000 . Le s s  ero s i ve l and uses  and/or conti nuance o f  contro l s  (wi th a s s o c i ated do l l ar costs ) 
wou l d  res u l t  i n  l ower rad i o l og i ca l  i mpacts . 

F o r  a l l t i me peri ods and a l l a l te rnat i ves , the doses  to the general  pub l i c  wi l l  be i n s i gn i f i cant 
i n  terms o f  i nc reased  r i s k  o f  adverse hea l th effects ( fatal  cancers p l us genet i c  defects ) .  Doses 
i nc u rred d u r i n g  the a c t i o n  per i od wi l l  res u l t i n  the g reatest r i s k ,  wh i ch i s  e s t i mated to be 0 . 30 hea l th 
e f fects for the worst case  ( A l ternat i ve 4b ) ;  th i s  i s  l es s  than one adverse hea l th effect i n  a pop u l a
t i on o f  several  m i l l i on peopl e .  

4 . 1 . 1 . 2 Res i dent- I ntruder 

If contro l s cease , there i s  potent i a l --wherever the res i dues a re b u r i ed--for  a res i dent- i ntruder 
to i nhab i t  the s i te (a person res i d i ng i n  a house b u i l t  i n  the contami nated res i dues and/or wastes ) .  
The res i dent- i ntruder wi l l  i nc u r  a very l arge dose to h i s/her bronc h i a l  ep i the l i um from i n ha l i ng 
radon- 222 gas  d i ffus i ng out  o f  the res i dues . Doses  a s so c i ated w i th other pathways , such  as eat i ng 
contami nated food g rown i n  a garden on the waste a rea o r  dri n k i ng contam i n ated g roundwater are very 
sma l t i n  compa r i s o n .  

The  d o s e  t o  t h e  res i dent- i ntruder ' s  bronc h i a l  e p i t he l i um wi l l  re s u l t i n  death w i t h i n  a few years 
( exc l ud i ng other causes  o f  death ) i n  the worst cases ( A l ternati ves 1 and 2a at NFSS ) .  Th i s  adverse 
i mpact can be prevented i f  contro l s are ma i ntai ned for hundreds of thousands  o f  years to prevent 
peop l e  f rom b u i l d i ng a house i n  the contami nated a rea  o r  i f  a d i f fe rent method o f  l ong- term management 
( e . g . , greater conf i nement)  i s  i mp l emented ( see Append i x  C ,  Sec t i o n  C . 3 ) .  

4 . 1 . 1 . 3 Impacts Beyond 1000 Years 

Because the NFSS was tes  and res i dues wi l l  rema i n  rad i oact i ve for hundreds o f  thousands of years , 
i t  i s  expected that eventua l ly--on  a geo l og i c  t i me sca l e--these  materi a l s wi l l  be e roded from the 
l and . P red i ct i on o f  when and how th i s  wi l l  occur i s  beyond c urrent predi cti ve capab i l i t i es .  Even 
w i th i n  the 1000-year t i me frame , the pred i cted rates of eros i o n  o f  the cover materi a l s ( a s s umi ng 
c e s s a t i o n  o f  a l l contro l s  at 200 years ) range from severa l hundred years to over two mi l l i on years , 
dependi ng on the use  o f  the l and s urface ( Secti o n  4 . 2 ) .  W i t h  i nc reas i ng t i me ,  the uncerta i nt i es  
re 1 at i ve to degree o f  cont  ro  1 s ,  1 ocat  i ons o f  pop u l  a t  i ons , env i ronmenta 1 condi t i ons , etc . , become so 
g reat as to make any p red i ct i ons only spec u l at i o n .  G i ven these  uncerta i nt i e s , no reasonab l e  d i s t i nc
t i on can be made between  the var i ous  a l ternat i ve s  for l ong-term management o f  the NFSS wastes and 
res i dues for t i me peri ods beyond 1000 years . 

4 . 1 . 1 . 4  Workers 

The e s t i mated rad i at i o n  doses to the work force for  each a l ternati ve dur i ng the a c t i o n  per i od 
( 0 - 10 years ) are g i ven  i n  Tab l e  4 . 4 .  These doses wi l l  be i ncurred duri ng i mp l ementati o n  o f  the 
vari o u s  a l ternati ves and i nc l ude act i v i t i es a t  NFSS , a l ong  transportati o n  routes , and at a l ternati ve 
l ong- term management s i tes . The whol e- body , bone , and l ung doses  a re h i ghest  for Al ternati ve 3a , 
p r i ma r i l y  due to the doses to t ruc k dr i vers transpo rt i ng the res i dues and wa stes to Hanford.  The 
occup a t i o n a l  doses to these organs for other acti v i t i es wi l l  be comparabl e  for a l l a l ternat i ves req u i r
i ng ret r i e v a l  o f  the res i dues , i . e . , a l l except A l ternat i ves  1 and  2 a .  S i m i l a r l y ,  the bronc h i a l  
ep i th e l i um doses  a re comparab l e  for a l l a l ternat i ves requ i ri ng retri e va l  o f  the res i dues . T h e  adverse 
hea l th e f fects that a re expected a s  a resu l t  o f  these  organ doses are s umma r i zed in  Tab l e  4 . 5 .  The 
l i ke l i hood of an  adverse hea l th e f fect ( fata l cancer o r  genet i c  defec t )  to workers i s  compa rab l e  for 
a l l a l ternat i ves requ i r i ng  retri eva l  o f  the  res i dues , i . e . , a l l except Al tern a t i v e s  1 and 2a .  
A l ternat i ve 3a has the l argest e s t i mated l i ke l i hood o f  a hea l th e ffect .  It  is  e s t i mated that i mp l e
mentat i on o f  th i s  a l ternati ve wi l l  res u l t  i n  0 . 24 hea l th e f fects to the work forc e .  
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Tab l e  4 . 4 .  S ummary o f  E s t i mated Doses  to Workers Dur i ng the  
Act i on Peri odt 1 

Descr i pt i on 

No a c t i o n  

Long-term man
agement at N F S S :  
mod i f i ed con
ta i nment 

Long-term man
agement at NFSS :  
mod i f i ed con
ta i nment p l us  
mod i f i ed form 

Long- term man
agement at 
Hanford 

Long-term man
agement  at 
Oak  R i dge  

Long-term man
agement  of 
res i dues  at 
Hanford , was tes  
at NFSS  

Long- term man
agement o f  
res i dues  a t  
Hanford ; ocean 
d i spersa l of 
wastes  

Long-term man
agement of 
res i dues  at 
Oak R i dge , 
wastes  at NFSS  

Long-term man
agement of 
res i due s at 
Oak  R i dge ; 
ocean d i spe r
s a l  of wastes 

Cumu l a t i ve Occup a t i o n a l  Doses 
(pe rson- or organ- rem ) t 1  

Bronc h i a l  
Who l e  Body Bone Lung  E p i t he l i umt2 

2 . 6  

10 

140 

440 

250 

330 

360 

190 

220 

3 . 4  

14 

410 

690 

490 

560 

590 

420 

460 

3 . 5 

14 

450 

720 

530 

590 

630 

450 

490 

1 . 9 

7 . 4  

360 

340 

340 

310 

320 

310 

320 

tl A l l doses  g i ven  to two s i gn i f i cant f i gu re s .  

t2  Dose  res u l t i ng from i nh a l at i on o f  short- l i ved radon-222 decay p roduct s .  



Al terna-
t i ve 

1 

2a 

2b 

3a 

3b 

4a 

4b 

4c 

4d 

4-9 

Tab l e  4 . 5 .  S ummary o f  Addi t i ona l Hea l th E ffects 
to Worke rs Dur i ng  the Acti on Per i od 

E xpec ted Number 
o f  Adverse 

Des c r i pt i on Hea l th Effec t s t 1  

N o  acti on 0 . 0013 

Long- term man- 0 . 0051  
agement at NFSS : 
modi f i e d  con-
t a i nment 

Long- term man- 0 . 10 
agement at NFSS :  
mod i f i ed con-
ta i nment p l us 
modi f i ed form 

Long-term man- 0 . 24 
agement at 
Han ford 

Long- term man- 0 . 15 
agement at 
Oak  R i dge  

Long- term man- 0 . 18 
agement of 
res i dues at 
Hanford , wastes 
at NFSS 

Long- term man- 0 . 20 
agement o f  
res i dues at 
Hanford ; ocean 
d i spersa l  o f  
wastes  

Long-term man- 0 . 12 
agement o f  
res i dues a t  
Oak  R i dge , 
wastes at NFSS 

Long-ter.m man- 0 . 13 
agement of 
res i due s at 
Oak  R i dg e ;  
ocean d i sper-
s a l  o f  wastes 

t ) I nc l udes fatal cancers p l us geneti c  defects ( s ee Secti on 4 . 1 . 4 ) .  
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There wi l l  be no s i gn i f i cant  doses  to workers dur i ng the mon i tor i ng and ma i ntenance per i od ( up to 
200 yea r s )  at a l l s i te s  except Hanford . Due to the much h i gh e r  re l ea s e s  of radon-222 gas at th i s  
s i te ,  workers wi l l  l i ke l y  i nc u r  s i gn i f i cant  b ronc h i a l  ep i t he l i um doses , amoun t i ng to a cumu l a t i v e  dose  
o f  290 organ- rem to the b ronc h i a l  ep i the l i um over the 190-year ma i ntenance and  mon i to r i ng peri o d .  
T h i s cumu l a t i ve d o s e  wou l d  be expected t o  resul t i n  0 . 032 adve rse hea l th e f fects . 

There wi l l  be no occupat i ona l  dos e s  o r  hea l th e ffects " d u r i ng the l ong term ( 200- 1000 years ) i f  no 
mon i to r i n g  and mai ntenance act i v i t i es occur a fter 200 yea rs . 

4 . 1 . 2  Doses  to the Genera l P ub l i c  

4 . 1 . 2 . 1 Act i o n  Pe r i od ( 0  t o  1 0  year s )  

D u r i ng t h e  act i o n  p e r i od , rad i o l o g i c a l  i mpacts to members of the gene ral  pub l i c  wi l l  occ u r :  
( 1 )  at N F S S  a n d  t h e  a l ternat i ve s i te s  ( Ha n fo rd , Oak  R i dge , Harbor) , ( 2 )  a l ong transpo rtat i o n  route s ,  
and ( 3 )  a t  the ocean d i s po s a l  s i t e .  

A t  NFSS a n d  t h e  Al ternati ve S i te s .  Excavat i o n , t ra n s f e r ,  and  rebu r i a l  act i v i t i es wi l l  res u l t  i n  
re l ea s e s  o f  radon-222 gas  and radi oact i ve l y  contam i nated part i c u l ates t o  the atmo sphere . F o r  th i s  
a n a l y s i s ,  radon-222 re l eases  a re separa ted i nto two catego r i e s :  ( 1 )  the " steady" or cont i nuous  
re l eases  from expo sed res i due and  was te s u rfaces and (2)  the " puff"  o r  t empo rary rel eases  assoc i ated 
w i th d i sturb ance o f  these mate ri a l s .  

E s t i mated s teady radon-222 re l eases  a s  we l l  a s  the  a s s umpti on s  and  v a l ues for the v a r i o u s  para
meters used i n  t h i s a n a l ys i s  a re g i ve n  i n  Tab l e  4 . 6 .  The radon f l uxes a re e s t i mated us i ng a one
d i me n s i on a l  d i ffu s i on equa t i o n  ( U . S .  Nuc l . Reg .  Comm . 1983a ) .  The total re l ea s e s  are  the p roduct of 
the f l uxes ( rate per u n i t are a )  t i me s  the a re a  covered by the contam i nated mater i a l s .  The h i gher 
rates  o f  s teady radon-222 re l eases  at Hanford and  Oak  R i dge a re p r i ma r i l y  due to the g reater s urface 
a reas  a s soc i ated with reburi a l  a t  these s i te s .  ( Radon-222 re l ea s e s  wi l l  b e  marked ly  reduced a fter the 
NFSS  wastes and res i dues a re reburi e d .  See l ater d i scu s s i on . ) 

Whe n  the res i dues and  was te s  are d i sturbed and expo s ed to the a i r  ( e . g . , whe n they a re excavated 
o r  u n l oaded at the a l ternat i ve s i te s ) , radon-222 gas that has  b u i l t  up i n  the was te s  and res i dues may 
be re l e as ed i n  " p u f f s " . Mo st of the radon-222 gas  wi l l  be t rapped i ns i de i nd i v i dua l  part i c l e s  and  
c l ump s o f  res i dues  and waste s .  T h i s radon-222 g a s  w i l l  not b e  ava i l ab l e  for re l ease  but wi l l  decay to 
s o l i d  decay products be fore it can e scape to the a i r .  For th i s  a n a l ys i s ,  i t  i s  a s s umed that 20% o f  
the tot a l  amount o f  radon-222 g a s  i n  the wastes  a n d  res i dues  cou l d  be rel eased i n  puffs . Th i s  va l ue 
i s  commo n l y  used for ana l yz i ng radon- 222 re l ea s e s  from u ran i um m i l l  ta i l i ng s  and  i s  referred to as the 
emanat i ng powe r ( U . S .  Nuc l . Reg .  Comm . 1980a) .  After the wastes  " and re s i dues  are  aga i n  cove red wi th 
c l ay ,  so i l ,  etc . , radon- 222 re l ea s e s  wi l l  be marke d l y  reduced .  

A s ummary of the e s t i mated radon-222 re l eases  a s soc i a ted wi th v a r i o u s  act i v i t i e s  d u r i n g  the 
acti on per i od i s  g i ve n  in  T ab l e 4 . 7 .  These  re l ea s e s  are a l mo s t  enti re l y  a s soc i ated wi t h  d i sturbance 
and  exposure of the res i dues .  The  re l eases  a t  Hanford a re s i g n i f i ca n t l y  l arger  than the r e l eases  a t  
NFSS because of the m u c h  h i gher re l eases  fo l l owi ng rebur i a l  o f  the res i dues .  The  re l ea s e s  at Oak  R i dge 
are s l i g h t l y  h i gh e r  than , but comparab l e  to , those at N F S S .  When the res i dues  are reb u r i e d  at the 
a l te rnat i ve s i tes ,  it i s  a s s umed that the packages wi l l  be opened br i e f l y  so that the vo i d  spaces i n  
the  packages above the res i dues  can be f i l l ed to reduce the pote nt i a l  for future s l ump i ng o f  the 
e a rthern caps over the res i du e s .  

There wi l l  a l so b e  re l ea s e s  o f  rad i oact i ve parti c u l ates duri ng t h e  act i o n  per i od .  T h e s e  rel eases  
wi l l  be assoc i ated wi th acti v i t i e s  i nv o l v i ng movement o f  the contami nated mater i a l s as  we l l  as  wi th 
exposed res i due and waste surface s .  I t  i s  a s s umed that control  methods ( s uch as  pe r i od i c  wate r i ng and 
m i n i m i zati on of exposed surfaces )  wi l l  be used a t  a l l s i te s .  To e s t i mate yearly part i c u l ate re l ea s e  
rates from exposed was te and re� i due s u rfaces a t  N F SS , a re l ea s e  rate o f  0 . 27 kg/m2 /mo ( 1 . 2  tons/ 
ac re/mo )--wh i ch  i s  based on expe ri ence wi th e a rth-mo v i n g  acti v i t i e s ( U . S .  E nv i ro n .  P rot . Agency 1977a ; 
Argonne Natl . Lab . 1982 ) - - i s  mu l t i p l i ed by the exposed a re a s  (Tab l e  4 . 6 )  and the a s s umed s i x  months  of 
expos u re each yea r .  It  i s  as s umed that the contam i nated materi a l s wi l l  be covered (wi t h  the p e rmanent 
cap ) dur i ng the wi nter months a t  Han ford o r  Oak  R i dge and that the rema i n i ng contam i nated materi a l s  at 
NFSS wi l l  a 1 s o  be covered (wi  t h  a temporary E PDM cover)  each  wi  nter .  As  for radon- 222 re 1 eases , 
a l mo s t  a l l the part i c u l ate re l ea s e s  ( i n  c u r i e s  [ C i ] )  wi l l  be a s s o c i ated wi th the res i dues  ( T ab l e  4 . 7 ) .  
T he a rea  covered by the res i dues wi l l  be l a rg e r  a t  Hanfo rd and Oak  R i dge , but the res i dues  wi l l  be 
l e ft i n  the packages and expos ed o n l y  b r i e f l y  whi l e  the l i d s  are removed and the vo i d  spaces above the 
res i dues a re f i l l ed w i th wastes  o r  other earthern materi a l . �  T he refore , it i s  a s s umed that the 

�The vo i d  space must be f i l l ed i n  order to avo i d  future s ub s i dence p rob l ems . I t  may be pos s i b l e  to use  
conta i ne r s  that a l l ow very l i tt l e vo i d  space  and  the l i d s  wou l d  not have  to be removed .  Rad i oact i ve 
rel eases  and occupati o n a l  doses  cou l d ,  therefore , be reduced . 



Tab l e  4 . 6 .  E s t i mated Steady Radon-222 Re l eases  from Exposed Res i due a nd 
and Waste  Surfaces Duri ng the Act i on Per i od ( 0  to 10 years ) 

Radi um-226 Depth of Surface Exposed Durat i on Average Radon 
S i te/ Conc . Mate r i a l  Radon F l ux t 1  Areat2 per  Year Re l ease  Ratet 1 

Al terna t i v e  Materi a l  ( p C i /g )  ( m )  

N F SS 

2b , 3a , 3b 
4 a ,  4b , 4c  R e s i dues 6 7 , 000 2 . 0 

3a Wastes  36  6 . 0 

3b , 4c , 4d Wastes 36 6 . 0 

- - - - - - - - - -
HANFORD 

3a , 4 a ,  4b  Res i dues 6 7 , 000  0 . 8  

3a Wastes  36  2 . 4 

- - - - - - - - -
OAK R I DG E  

3b , 4c , 4d  Res i dues 6 7 , 000 0 . 8  

3b Wastes  36 3 . 0 

- - - - - - - - - - - - - -
HARBOR 

4b , 4d Wastes  36 3 . 0  

( p C i /m2 / s )  

3 , 900  

2 . 1 

2 . 1 

- - - - - -

3 , 900  

2 . 1 

- - - - - -

3 , 900  

2 . 1 

- - - - - -

2 . 1 

(m2 ) ( mo )  

170 6 

600  6 

1 , 500 6 

- - - - - - - - - - - - -

700 

1 , 600 

- - - - - -

700 

3 , 100 

- - - -

250 

6 

6 

- - - - - -

6 

6 

- - - - - -

6 

( C i /y r )  

1 0  

0 . 020 

0 . 050 

43 

0 . 053  

43 

0 . 10 

0 . 0083 

t l  Above background . Assumes that the radon- 222 d i ffus i on coe f f i c i ent for wastes and res i dues  duri ng the 
a c t i o n  per i od wi l l  be 0 . 0016 pC i /m2/s at a l l s i te s ,  i . e . , that the wastes and res i dues wi l l  not dry 
out apprec i ab l y  dur i ng the few days  i t  wi l l  take to excavate , transport , and rebury the wastes  a nd 
res i due s .  A l l re l ea s e s  are g i ve n  to two s i gni f i cant f i gure s .  

t 2  Assumes that the average exposed a rea equa l s 10% o f  the area covered by wastes  or  res i dues 
( Ta b l e  4 . 16 ) d i v i ded  by the number of years to comp l ete the acti v i ty .  

.". I ..... ..... 



Tab l e  4 . 7 .  E s t i mated Radon-222 and Part i cu l ate Rel ease  Rates--Above Background--at 
the Vari ous  S i tes Duri ng the Act i o n  P e r i od (0 to 10 years ) 

Tota l Re l eases--Above Average Rel ease  Rates--

Durat i o n  Re l ease  Rate-- Bac kground- - Du r i ng Above Bac kground--

of Above Background Act i o n  Peri od Dur i ng Act i o n  Per i od 

S i te/  Act i v i ty � C i /i:r� � C i ) ( C i /yr) 

A l ternati ve  Act i v i ty (yr)  Radon- 222 Part i c u l ate s t 1  Radon-222 Part i c u l ate s t 1  Radon- 222 Part i c u l atest 1 

NFSS 

1 I nterim  s torage 10 3 x 10_ 5t2 Neg l i g i b l e  3 x 10-4 Neg l i g i b l e 3 x 10- 5 Neg l i g i b l e  

2a Cons truct l ong- term 2 I cap 
1 x 10_ 8t2 Neg l i g i b l e  1 x 10- 7 Neg l i g i b l e  1 x 10-8 Negl i g i b l e 

Long- term management 8 

2b Sol i d i fy res i dues  2 87 ( pu f f s ) t3 0 . 022t4 
10 ( s teady ) t 5  

Cons truct l ong-term 2 t 190 0 . 044 19 0 . 0044 
.p-

I I ...... 
cap N 

1 x 10_8 t2 Negl i g i b l e  
Long- term management 6 

3a Excavate res i dues 2 87 ( pu f f s ) t 3  0 . 022t4 
10 ( steady )t 5  

Excavate wa stes 5 0 . 3 1  ( puffs )t6  1 x 10_ 5t4 
0 . 020 ( steady ) t 5  200 0 . 044 20 0 . 0044 

Restore s i te 1 I Neg l i g i b l e  Neg l i g i b l e  
Re l ease  s i te for 

other use  4 

3b Excavate res i dues 2 88 ( p u f f s ) t 7  0 . 022t4 
and wastes  10  ( steady ) t 5  

200 0 . 044 20 0. 0044 
Restore s i te 1 } Neg l i g i b l e Negl i g i b l e  
Re l ease  s i te for 7 

other u s e  



S i te/ 
A l terna t i ve 

NFSS 

4a , 4c 

4b , 4d 

HANFORD 

3a 

4 a ,  4b 

Tabl e 4 . 7 .  Conti nued 

Total  R e l eases- -Above Ave rage R e l ease Rates--

Dura t i on Re l ease  Ra te- - Bac kground- -Duri ng Above Bac kground--

o f  Above Bac kground Ac t i on Pe r i od Dur i ng Ac t i on P e r i o d  

Ac t i v i ty ( C i /yr) (C  i )  ( C i /yr) 

Ac t i v i ty (yr)  Radon-222 Part i c u l ate s t l  Radon- 222 Part i cu l atest l Radon-222 Part i cu l atest 1 

Excavate re s i dues 2 87 ( pu f f s )t3  0 . 022t4 
10 ( s teady ) t5  

200 0 . 044 20 0 . 0044 
Construct l ong- term 1 

cap 
1 x 10-Bt2 Negl i g i b l e 

Long- te rm management 7 

Excavate res i dues 2 88 ( pu f f s ) t 7  0 . 022t4 
and wastes 10 ( s teady )t 5  

200 0 . 044 20 0 . 0044 
Restore s i te 1 } Neg l i g i b l e  Neg l i g i b l e  
R e l ease s i te for  7 

other use 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ', - - - -

Bury res i dues 2 87 ( pu f f s )t3  0 . 022tB 
43 ( s teady ) t 5  

Bury wastes 5 0 . 31  ( pu f fs )t6 1 x 10- 5t4 
0 . 053 ( s teady ) t5 

370 0 . 044 37 0 . 0044 

Cap i n  p l ace over 8 14t2 Neg l i g i b l e  
res i dues 

Bury re s i dues 2 87 ( pu f f s ) t3 0 . 022t8 
43 ( s teady )t 5  

Cap i n  p l ace over 8 l30t2 Negl i g i b l e  
re s i dues 

1 , 300 0 . 044 l30 0 . 0044 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

� I .... w 



S i te/ 
A l ternati v e  

O A K  R I DGE 

3b 

4c , 4d 

Ac t i v i ty 

Bury res i dues 

Bury wastes 

Cap in p l ace over 
res i dues 

Bury re s i dues 

Cap in p l ace over 
re s i dues 

Dura t i on 
o f  

Act i v i ty 
(yr)  

2 

2 

8 

2 

8 

Tab l e  4 . 7 .  Conti nued 

Rel ease Rate--
Above Background 

(C i /yr) 

Radon-222 Part i c u l atest l 

87 ( p u f f s ) t 3  0 . 022t8 
43 ( s teady ) t 5  

0 . 78 ( puf f s ) t9 1 x 10- 5t4  
0 . 10 ( s teady ) t s 

1 x 10- 8t2 Neg l i g i b l e  

87 ( p u f f s )t3 0 . 022t8 
43 ( s teady ) t 5  

1 x 10-6t2 Negl i g i b l e  

Tota l R e l eases--Above 
Bac kground- -Duri ng 

Act i on Peri od 
( C i ) 

Radon- 222 Part i c u l ates t 1  

260 0 . 044 

260 0 . 044 

Average Re l ease  Rates-
Above Bac kground-

Duri ng Act i on Per i od 
(C i /yr ) 

Radon-222 Part i c u l a test l 

26 0 . 0044 

26 0 . 0044 

HARBOR 

t l  

t 2  

t3 

t 4  

t 5  

t 6  

t 7  

t 8  

t9 

4b , 4d Transfer  wastes to 2 
barges 

Restore doc k area 1 } Other uses  7 

0 . 78 ( p u f f s ) t 9  1 x 10_ 5t4  
0 . 0083 ( s teady ) t 5  

Negl i g i b l e  Neg l i g i b l e  

1 . 6  1 x 10- 4 0 . 16 1 x 10- 5 

Re l ease  rates for tho r i um-230 , radi um- 226 , and a l l  sub sequent decay products  ( except radon-222 gas ) ,  wh i c h  a re a s s umed to be i n  
s ecu l a r equ i l i b r i um ( see Sec t i on 3 . 1 . 7 for radi o l og i c a l  des cri p t i on o f  NFSS res i dues and wa s te s ) .  

Re l ea s e  rates for l o ng-term management act i v i t i es are g i ven i n  Tab l e  4 . 19 .  

871 C i  + 2 yr x 20% = 87 C i /yr .  

Assumi ng exposed a reas a s  g i ven in  Tab l e  4 . 6 and part i c u l ate em i s s i on factor of  0 . 27 kg/m3 /mo ( 1 . 2 tons /ac re/mo ) ( U . S .  Env i ro n .  Prot . 
Agency 1977a ; Argonne Nat l . lab . 1982 ) .  

S teady radon-222 re l eases  f rom exposed res i due and waste s urfaces duri ng the ac t i on pe r i od a re gi ven i n  Tab l e  4 . 6 . 

7 . 8  C i  + 5 yr x 20% = 0 . 31 C i /yr .  

879  C i  2 yr x 20% = 88 C i /yr .  

Al though the  e xposed areas  w i l l  be l a rger a t  Hanford  and Oak R i dge ,  the re s i dues--wh i c h  account for 99% of  the cur i e  content--wi l l  be l e ft 
in the packages and exposed only b r i e f l y  a f ter the l i ds  are removed and the v o i d  spaces above the res i due s are f i l l ed w i th wastes o r  s o i l s .  
These two factors tend to offset  each othe r ,  so i t  i s  a s s umed that total part i c u l ate rel eases ( C i /yr)  w i l l  be about the same a s  a t  NFSS . 

7 . 8  C i  + 2 yr x 20% = 0 . 78 C i /y r .  

� I ..... � 
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part i c u l ate re l ea s e s  at Hanford a nd Oak  R i dge wi l l  be about the same a s  a t  NFSS . Ac tua l re l ea s e s  
cou l d  be h i gher or l owe r ,  but becau s e  o f  the uncerta i nt i es regard i ng control  methods ( s uch a s  wate r i n g  
exposed s urfaces )  a n d  weather cond i t i o n s  dur i ng opera t ion s ,  no quant i tati ve d i f fe renc e s  i n  part i cu l ate 
rel eases  between NFSS and the a l ternat i ve s i te s  can  be p red i cted . Actua l rel eases  cou l d  be l ower i f  
the above-ment i oned contro l  meas u res a re e f fecti ve . 

There wi l l  be no s i g n i f icant  rad i o l o g i c a l  i mpacts to the general  pub l i c  dur i ng the act i on pe r i od 
a s  a res u l t o f  rel eases  to g roundwaters o r  s u rface waters . At a l l four s i te s , there i s  no mecha n i sm 
for g roundwater contami nat i on beyond s i te boundari  e s  dur i  ng the act i on peri  od ( see Section  4 . 2 ,  
Geo l ogy and Hyd ro l ogy ) .  Wi th respect to s urface waters , there are no pote nt i a l  s u rface wate r users  at 
Hanford (where di scharge is  to d ry c reekbed far  from s u rface wa te r)  or the Harbor (where d i s c harge i s  
to brac ki s h  o r  sa l t  wate r ) . I n  the N i agara F a l l s  reg i o n , pub l i c  water  s upp l i e s  are  p r i mari l y  from , 
s u rface waters ups tream o f  NFSS  and the rema i nder a re from deep aqu i fers ( Se c t i o n  3 . 1 ) .  At O a k  R i dge , 
re l eases  wi l l  occur for o n l y  two s umme rs and pote nt i a l  s urface water u s e r s  downs tream a re s u f f i c i ent ly  
f a r  away that  d i l u t i o n  of re l eases  from the Oak  R i dge s i te wi l l  res u l t  in  no d i s t i ngu i s hab l e  i nc re a s e s  
above natura l concentra t i o n s  i n  s urface waters or s ed i ments . F u rthermore , i t  i s  a s s umed t h a t  water 
treatment systems , s i m i l a r to the f i l trat i on/ i on-exchange system used at NFSS dur i ng i nte r i m  acti ons  
( U . S .  Oep . Ene rgy 1983c ) ,  wi l l  be  used  at a l l s i tes  to keep re l ea s e s  a s  l ow a s  reasonab l y  ach i evab l e  
be l ow DOE opera t i ng o rders for d i s c harges to uncontro l l ed areas ( e . g . , max i mum o f  30 p C i / L  for so l ub l e  
radi um-226 ) .  To meet the E PA federal  dr i n k i ng water  standard o f  5 p C i / L  for s o l ub l e rad i um ( app l i e s  
t o  Wa s h i ngton and Tennes s e e ) , on l y  a s i x- fo l d di l ut i on i s  req u i red .  T o  mee t  the New York State 
s tandard of 3 pC i / L ,  a ten- fo l d  d i l ut i o n  i s  requ i re d .  At both NFSS and Oak R i dge , these  d i l ut i ons  
wi l l  be  atta i ned before the c reeks  d i s c ha rge i nto pub l i c  s urface water s upp l i e s  ( La ke Onta r i o  at NFSS  
and C l i nc h  R i ve r  at O a k  R i d ge ) .  

DOE operat i ng orders perm i t  d i scharges  conta i n i ng up to 3 0 , 000 p C i /L o f  i n so l ub l e  radi um-226 ( see  
Sect i on 4 . 7 . 1 ) .  Dur i ng the  operati ona l pe ri ods , these  radi um-bea r i n g  s o l i ds cou l d  co l l ect in  depo s i 
t i on a l  areas i mmed i ate l y  downs tream o f  NFSS and O a k  R i dg e .  There fo re , after  d i scharges  have ceased , 
the downs t ream sed i ments wi l l  be s u rveyed and a ny contami nated s e d i ments  wi l l  be c l eaned up to confo rm 
w i th DOE  c l e anup g u i d e l i ne s  (Appe nd i x  H ) .  E f fect i ve i mp l ementat i on o f  e ro s i o n ,  runoff , and s e d i menta
t i on contro l s can m i t i gate th i s  i mpact.  

The  pote nt i a l  rad i o l o g i c a l  doses  to the general  pub l i c  and  to nearby i nd i v i du a l  members  of the 
pub l i c  dur i ng the act i on pe r i od are c a l c u l ated based on  the e s t i mated radon-222 and parti c u l ate 
re l eases  g i ve n  in Tab l e  4 . 7 .  For a l l rad i o l o g i c a l  ana l ys e s , the c urrent s i te-spec i f i c  popu l at i o n  
d i s t r i b u t i ons  a n d  meteoro l og i c a l  cond i t i on s '"  a r e  u s e d .  T h e  l ocat i ons  o f  nearby persons  a s s umed for 
th i s  ana l y s i s  a re g i ven in  Tab l e  4 . 8 .  The methods used  to e s t i mate these doses  a re de scr i bed by 
Momen i  e t  a l . ( 1979 ) .  Res u l ts a re s umma r i zed i n  Tab l es 4 . 9 and 4 . 1 0 .  

The dose s t o  t h e  g e n e r a l  pub l i c  are reported i n  terms o f  the 100-year  e n v i ronmenta l d o s e  comm i t
ment , wh i c h  i n c l udes both the doses  rec e i ved dur i ng the actual  re l eases  p l us the doses  a ssoc i ated w i th 
the  l i nge r i ng traces  o f  contam i nati on i n  the e n v i ronmen t .  The env i ronmenta l dose  comm i tment ( EO C )  i s  
de f i ned by EPA a s  the s um of a l l doses  to i nd i v i dua l s  ove r the e nt i re t i me peri od that the materi a l s  
pers i st i n  the e n v i ronment i n  a s tate a va i l ab l e  for interac t i o n  wi th humans . A 100-ye a r  i ntegrat i ng 
peri od , rather than some l onger t i me i nterva l , is  used  bec a u s e :  ( 1 )  the maj o r  expos u re pathways are 
dom i nated by doses  res u l t i ng f rom a i rborne act i v i ty concentra t i ons  that decrease rap i d l y  whe n  the 
so urce van i s he s  ( the  resuspe n s i o n  factor has  a ha l f- l i fe o f  about 50 day s ) ;  and (2)  for a rad i on uc l i de 
i n  s o i l , a mi n i mum o f  75% o f  the i nf i n i te t i me i nteg ra l  of concentrat i on occurs wi th i n  the f i rs t  
100 years . More than 75% o f  the 100-ye a r  E O C  for each  year ' s  re l eases  occurs wi th i n  the f i rst  
15  years , wi th expo s u re over the next 85 years  contri b ut i ng l es s  than  25%.  The 100-ye a r  EOCs  computed 
a re wi th i n  about 10% o f  tho s e  that wou l d  have otherwi s e  been computed based  on a n  i n f i n i te i ntegrati ng 
peri  od .  

"' I n order to have s evera l years  of record for  a i r  s ta b i l i ty data  (as  we l l  a s  w i nd s peed and d i rect i on ) , 
the STAR ( Stab i l i ty Array) data from the N a t i o n a l  Weather Serv i ce s tati on c l o s e s t  to each  s i te are 
used- - i . e . , B u f fa l o  data for NFSS , Yak i ma data for Hanford , Knoxv i l l e data for Oak R i dge , a nd Newark 
data for the Harbo r .  

I t  was s uggested duri ng t h e  E I S  scop i ng proc e s s  that s i te- s pec i f i c  meteoro l og i ca l  cond i t i ons , s uch  a s  
l a ke-e ffect i nvers i ons  at N F S S  and  va l l ey i nvers i ons  a t  O a k  R i dge , may a f fect d i spers i o n  of radio
nuc l i de s  and res u l t  in  popu l at i o n  doses  d i fferent from those pred i c ted in  th i s  ana l ys i s .  Such  
i nvers i ons  wi l l  tend  to retard the d i spers i o n  o f  radon-222 gas  and part i c u l ates , thus  l ead i ng to  
h i gher dos e s  to i nd i v i dua l s  near  the s i tes  but l owe r doses  to  i nd i v i dua l s  farther  away. Thus , the 
major  popu l at i on centers w i th i n  the a reas of a n a l ys i s  ( wi th i n  80 km) may rece i ve sma l l er doses  than 
the more spars e l y  pop u l ated areas  near the s i te .  Overa l l ,  tota l pop u l a t i on doses  may b e  l e s s .  A 
l arge degree of conse rvat i sm has  been b u i l t  i nto the a na l ys i s  i n  that i t  i s  a s s umed that exposed  
i nd i v i d ua l s  are outdoors whereas , in  rea l i ty ,  peop l e  s pend much  of the i r  t i me i ndoors where  expos u re 
to the re l eased NFSS rad i onuc l i de s  wi l l  be l e s s .  I n  the abs ence o f  severa l  years o f  s i te-spec i f i c  
meteoro l og i ca l  data f o r  these s i te s , t h e  u s e  o f  data from the neare s t  Nat i on a l  Weather Serv i ce stat i ons  
i s  con s i dered to be appropri ate for compa ri son  of a l te rnat i ve s .  
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NFSS 

4-1 6  

Tab l e  4 . 8 . Nearby Persons a t  the Var i ous S i te s t 1  

Descri p t i o n  

KOA campground 
Lewi s ton-Porter Schoo l s 
T ra i l er park 
SCA worker 
Poten t i a l  r e s i dence 

D i s tance 
( kIn)  

0 . 7 
2 . 4  
2 . 6  
1 . 2  
0 . 2 

D i rect i o n  

SSW 
W 
NW 
NNE 
W 

Hanford Hanford fac i l i t i es 10 . 4 
1 . 0 

N 

O a k  R i dge 

H a rbor 

200-We s t  bur i a l  area 
R i ch l and pote nt i a l  res i dence 

Oak  R i dge Nati ona l  Laboratory 
Gaseous  D i ffu s i on P l ant 
Poten t i a l  r e s i dence 

Barge/doc k a rea  
Pote n t i a l  r e s i dence - East  
Pote nt i a l  res i dence - South 
Potent i a l  res i dence  - Wes t  
Potent i a l  res i de nce - North 

38. 0 

3 . 2 
2 . 7  
4 . 0  

O ns i te 
1 . 0 
1 . 0 
1 . 0  
1 . 0 

E 
SE  

SE  
NW 
SSW 

O ns i te 
E 
S 
W 
N 

t l  Persons  are as s umed to be present and expos ed to rad i at i on  and/or rad i o
act i ve substances re l eased from the respec t i ve s i te s .  

Tab l e 4 . 9 .  Rad i o l og i ca l  Doses  t o  General  Pub l i c  
Dur i ng the Acti o n  P e r i od ( 0  t o  10  yea r s )  

S i te/Al terna t i v e  

NFSS 

I ,  2a 

2b , 
4b , 

3a , 3b , 
4c , 4d 

- - - -

HANFORD 

3a 

4a , 4b 

OAK R I DGE  

3b , 4c , 

- - - -

HARBOR 

4b , 4d 

- -

4d 

4a , 

-

-

- - -

- - -

C umu l a t i v e  Doses  to the General  Pub l i ct 1 
(pe rson- o r  o rgan-re m )  

Who l e  
Body 

< 0 . 001 

18 
- -

0 . 64 

0 . 64 
-

11  
- -

1 . 1 

Bone 

< 0 . 001 

100 
- -

- - -

- -

- -

3 . 7  

3 . 7  

-

6 2  
- -

6 . 5  

-

-

-

-

- -

-

Lung 

< 0 . 001 

91 
-

3 . 2  

3 . 2 

5 5  
-

5 . 7  

- -

- -

- -

Bronc h i a l  
E p i the l i umt2 

- -

- -

- -

< 0 . 001 

110 

20 

69 

140 

1 1  

t l  A l l doses  g i ve n  t o  two s i gn i f i cant f i gures u n l e s s  p receded by a 
l es s  than « )  symbo l .  Doses  a re reported as the 100-ye a r  e n v i ron
mental dose commi tmen t .  C umu l at i ve doses  to the general  pub l i c  
be l ow 0 . 001 person- . o r  organ- rem a re not g i ve n  because doses  t h i s 
sma l l are i mmeas urab l e  and  mean i ng l es s  wi th regard to pred i c t i ng 
detri mental  hea l th e ffect s .  

t 2  Dose  res u l t i ng from i nh a l a t i on o f  s hort- l i ved radon-222 decay 
products . 
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Tab l e  4 . 1 0 .  Rad i o l og i ca l  D o s e s  t o  Nearby I nd i v i dua l s Dur i ng 
the Act i on P e r i od 

Who l e Body 

NFSSt3 

KOA campground 

School  

Tra i l ers 

s eA 

Res i dence 
- - - - - - - - - -

HAN FORD 

Fac i l i t i e s  

200-W 

R i ch l and 

OAK R I DGE  

Nati ona l 

- - - -

l ab 

D i ffus  i on p l ant  

R e s i dence 

- - -

- - - - - - - - - -

HARBOR 

Barge 

East  

South  

Wes t  

North 

0 . 62 

0 . 081 

0 . 045 

0 . 74 

5 . 1 
- - - -

0 . 016 

1 . 9  

0 . 014 

0 . 040 

0 . 050 

0 . 077 

0 . 093 

0 . 0014 

0 . 0012 

0 . 0049 

0 . 0016 

- - - -

- - - -

Dose (mrem ) t l  

Bone 

17  

2 . 1  

1 . 1 

20 

140 

0 . 099 

46 

0 . 086 

1 . 0  

0 . 93 

1 . 7  

2 . 6  

- - - -

0 . 037 

0 . 032 

0 . 015  

0 . 042 

B ronc h i a l  
Lung E p i the l i umt2 

15 

1 . 9  

1 . 0  

18 

130 
- - - - -

0 . 075 

42 

0 . 041 

0 . 78 

0 . 83 

1 . 5 

- - - -

- - - - -

2 . 3 

0 . 033 

0 . 029 

0 . 014 

0 . 038 

10 

1 . 3  

0 . 89 

11  

62  

1 .  Ot4 

200t4 

0 . 076t4 

- - - - -

1 . 3 

2 . 4  

2 . 4  

2 . 6  

0 . 053 

0 . 040 

0 . 022 

0 . 06 1  

t l  Al l d o s e s  g i ven t o  two s i gn i f i cant f i gure s .  

t 2  Dose  res u l t i ng f rom i nha l at i on o f  short- l i ved radon-222 decay 
products .  

t 3  Doses  s hown are for A l ternat i ve s  2b , 3a , 3b , 4a , 4b , 4c , and  4 d .  
Doses  for Al terna t i ves  1 and 2a wi l l  be < 0 . 001 mrem/yr .  

t4 These bronc h i a l  ep i t he l i um d o s e s  a r e  f o r  Al terna t i ves  4a a n d  4 b .  
The  b ronc h i a l  ep i th e l i um d o s e s  f o r  Al ternati ve 3a wi l l  b e  about 
30% o f  these va l ue s .  

F i fty-year i nterna l dose comm i tments-- i . e . , t h e  e n t i re dose i ns u l t  rec e i ved over a per i od o f  
5 0  years fo l l owi ng i ntake i nto the body- -a re u s ed t o  c a l c u l ate doses  re s u l t i ng from i nh a l a t i o n  o f  
radon-222 gas  a n d  parti c u l ate s .  

Potent i a l doses  t o  t h e  general  pub l i c  dur i ng t h e  ac t i on p e r i od (Tab l e  4 . 9 )  wi l l  be l ow a t  a l l 
three s i te s .  T h e  doses  at NFSS under t h e  no-ac t i o n  a n d  mod i f i ed-contai nment a l ternati ves ( 1  a n d  2 a )  
wi l l  b e  the l owe st ( the contami nated mater i a l s wi l l  not be exposed ) .  The doses as soc i ated wi th remov
i ng the materi a l s  at NFSS  wi l l  be about  the same a s  rebury i ng them  at Oak  R i dge , p r i ma r i ly  because  of 
a comb i na t i on o f  somewhat s i m i l a r re l ease  rates , pop u l a t i ons , and  meteoro l og i ca l  cond i t i on s  at the two 
s i te s .  A l though the re l ease  rates a t  Hanford wi l l  b e  h i gh e r  ( s ee p rev i ous d i sc uss i o n ) , the doses wi l l  
be l owe r than at NFSS beca use  of the ma rked ly  smal l er and more d i s tant  popu l at i o n .  At the Harbo r ,  the 
re l ea se rates wi l l  be much l owe r than a t  NFSS , but there is a much l arger and c l oser  popu l at i o n , thus  
b r i ng i ng the doses  to the  genera l  pub l i c  duri ng the act i on pe r i od up to the l ev e l  genera l l y  expected 
at Hanford.  
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The l argest dose to the general  pub l i c  ( at NFSS under A l ternati ves  2b , 3a , 3b , 4a , 4b , 4c , and  
4d)  i s  extreme l y  sma l l  compared to the doses  that the same 3 . 8 mi l l i o n  persons  wi l l  rece i ve over the  
same 10-year  p e r i od f rom natural  bac kground sources o f  rad i a t i o n  (Tab l e  4 . 1 1 ) . For  examp l e ,  the 
predi cted who l e-body doses are s i m i l a r i n  magn i tude to hav i ng each member of that popu l at i o n  spend the 
s ame peri od of t i me ( 10 years ) at 3 . 5-cm ( 1 . 4- i n . ) h i gher e l ev a t i o n  (Argonne Natl . Lab 1982 ) . 

Tab l e  4 . 1 1 .  Compari son  of Doses  to the General  Pub l i c  a t  
N FSS ( A l ternat i ve s  2b , 3a , 3b , 4a , 4b , 4c , and 4d)  

to Doses  from Natura l Backg round Sources 
( Dur i ng Act i on Pe r i o d )  

Cumu l at i ve Popu l at i o n  Dose 
at NFSS Dur i ng Act i on Peri odt 1 

( pe rson- o r  organ-rem) 

18 (who l e  body )  

100 ( bone)  

91 ( l ung ) 

110 ( bronch i a l  ep i the l i um) 

Dose to Same Pop u l at i ont2 
from Natural  Background 
Rad i at i o n  for 10 years 

. ( pe rson- or o rgan- rem) 

3 , 000 , 000t3 

4 , 600 , 000t3 

6 , 800 , 000t3 

12 , 000 , 000 - 23 , 000 , 000t4 

tl A l l doses are g i ven  to two s i g n i f i ca n t  f i gu re s .  Doses  a re repo rted a s  
t h e  100-ye a r  e n v i ronmental  d o s e  comm i tment.  

t2  Popu l a t i o n  of 3 . 8  m i l l i o n  person s .  

t3 Convers i on factors a re g i ve n  i n  a report o f  the N a t i o n a l  Counc i l  on  
Rad i a t i o n  P rotect i o n  and Meas u rements ( 1975 ) .  

t4 Based o n  320 to 600 mrem/yr , a s s um i ng a n  outdoor radon-222 concentra t i o n  
o f  0 . 3 pC i / L ( Moses  et a l . 1963 ) , an  i ndoor concentrati on of 1 p C i / L  
( U . N .  S c i . Comm . A t .  Rad i a t .  1977) , a n d  d o s e  convers i o n  factors f o r  radon-
222 o f  1000 mrem/yr per p C i / L  for outdoor bac kground cond i t i ons  ( i nf i n i te 
source ) and 625 mrem/yr per p C i / L  for i ndoor cond i t i o n s  ( 50% equ i l i br i um 
of radon-222 decay produc t s )  ( U . S .  Nuc l . Reg . Comm. 1980a ) . 

The doses  to th'e genera l pub l  i c  dur i ng the ac t i o n  per i od are sma l l e r  than the doses  res u l t i ng 
from other DOE act i v i t i e s  at the Hanford and Oak R i dge  reservati o n s .  At Hanford , the 1 . 2- rem who l e
body dose  compare s  wi th the 40- rem dose  over the same 10-year p e r i od for other DOE nuc l e a r- re l ated 
act i v i t i es on the Han ford Reservat i on ( Sect i o n  3 . 2 . 7 ) .  At Oak  R i dge , the 16- rem who l e- body dose 
compares wi th the 200- rem dose assoc i ated w i th other DOE act i v i t i es over the  s ame 10-ye a r  peri od 
( Sect i o n  3 . 3 . 7 ) .  

The pred i cted doses  t o  nearby i nd i v i dua l s i s  a l so very sma l l compared to bac kground a nd other 
s o u rces  ( Tab l e  4 . 12 ) .  Dur i ng the year of max i mum expos ure , the pote nt i a l  res i dent next to NFSS wi l l  
rece i ve a who l e-body dose that i s  s i mi l ar to spend i ng 9 hours on  a j e t  p l ane o r  spend i ng the same year 
a t  160-m ( 530- f t )  h i gher a l t i tude . 

For  any o f  the a l terna t i ves i nv o l v i ng movement o f  the res i dues and  was tes  ( A l ternati ves  2b , 3a , 
3b , 4a , 4b , 4c , and 4d) , there wi l l  be potent i a l  for sp i l l s  a t  the var i ous  s i tes  and a l ong  tran s po r
tat i o n  route s .  The popu l at i o n  doses  a s s o c i ated wi th transporta t i o n  sp i l l s  a re ana lyzed i n  the next 
subsecti on ; worker doses a re a n a l yzed i n  Sec t i o n  4 . 1 . 3 .  Doses to the genera l  pub l i c  a s so c i ated wi th 
ons i t e  s p i l l s  are not expl i c i t l y  ana l yzed . T he amount o f  materi a l expo sed as a res u l t of a s p i l l  wi l l  
be sma l l compared to the amount a s s umed to be rout i ne l y  exposed dur i ng the ac t i o n  peri od ( see  prev i ou s  
d i scu s s i o n ) . T hu s , the i nc remental  amount o f  radon-222 a n d  part i c u l ate re l ea s e s  from s p i l l ed mate ri a l s 
wi l l  be i ns i g n i f i cant  compared to the re l eases  from the rout i ne l y  exposed materi a l . The worker doses  
a s so c i ated wi th o n s i te s p i l l s  are d i scus sed in  Sec t i o n  4 . 1 . 3 . 2 .  

I f  A l ternat i ve 2b i s  i mp l emented , there wi l l  be a dose  to the general  pub l i c  a s s o c i ated wi th use  
o f  the  mate ri a l s extracted from the res i dues .  One o f  the majo r  potenti a l  l i m i ta t i o n s  to imp l ementa
t i on o f  t h i s  a l ternat i ve i s  the need to determ i ne an acceptab l e  l ev e l  of  res i du a l  contam i n a t i on i n  
these materi a l s and whether o r  not a spec i f i c  extrac t i o n  proc e s s  can be reasonab l y  de s i gned to meet 
the requ i rements ( see  Secti on 2 . 3 . 1 and Append ix  C ) .  C r i te r i a do ex i st for re l ease  to the general  
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Tab l e  4 . 12 .  Compar i son o f  Doses  to Nearest Permanent Res i dents at NFSS  Dur i ng the 
Act i on Peri od to Doses f rom Other Sources 

Dose  Dur i ng Act i on Peri od 
( mrem/10 y r )  

5 . 1 (who l e  body) 

140 ( bone ) 

130 ( l un g )  

6 2  ( bronc h i a l  ep i the l i um )  

Dose  to Same I n d i v i dua l Dur i ng 10-Year 
P e r i od from Other Sources 

Equa l to dose f rom r i d i ng 17 hours in a jet  p l ane at 10 , 000 m 
(33 , 000 f t )  because o f  i nc rease  i n  cosmi c  rad i at i on wi th 
a l t i t ude , t 1  o r  

Equa l t o  d o s e  from spend i ng t h e  10  years a t  30 m ( 100-ft)  
h i gher a 1 t i tude t 1  

1200 mrem rec e i ved from natural  sources  ( background ) t 1  

1800 mrem rece i ved from natura l sources ( background ) t 1  

3200 t o  6000 mrem rec e i ved from natura l sources ( bac kground )t2 

t l  Convers i o n  factors are g i ve n  i n  reports o f  Argonne Nat i ona l Labo ratory ( 1982 ) and Nat i ona l Counc i l  
o n  Rad i a t i on P rotect i on and Meas urements ( 1975 ) . 

t 2  Assum i ng an outdoor radon-222 concentrati on o f  0 . 3 p C i / L  ( Mo s e s  et a 1 . 1963 ) , an i ndoor concentra
t i on o f  1 p C i / L  ( U . N .  Sc i .  Comm. At.  Rad i at .  1977) , and dose convers i o n  factors for radon-222 o f  
1000 mrem/yr per p C i /L  for o utdoo r bac kground cond i t i ons ( i nf i n i te source)  and  6 2 5  mrem/yr per  
pC i/L  for i ndoor cond i t i o n s  ( 50% equ i l i b r i um o f  radon-222 decay p roducts ) ( U . S .  Nuc 1 . Reg .  Comm. 
1980 a )  . 

pub l i c  o f  e qu i pment and mater i a l s contam i nated wi th s urface rad i oac t i v i ty ( i . e . , Regul atory Gui de 1 . 86 ,  
proposed ANS I N13 . 12 ) ; howe ve r ,  the re are no genera l l y  accepted c r i te r i a  for re l ease  to the genera l 
publ i c  for  unrestri cted use  o f  mate ri a l s  conta i n i ng l ow l e ve l s o f  rad i oact i v i ty d i str i buted throughout 
the i r  v o l ume . The pote nt i a l  doses  assoc i ated wi th use  o f  s uc h  p roducts wi l l  be a funct i o n  of the 
l eve l o f  contam i na t i o n  and type o f  u s e .  I n  a l l p robab i l i ty ,  i f  t h e  res i du a l  contam i nat ion  l ev e l  i s  
quest i onab 1 e ,  the p roducts wi 1 1  be  re stri  cted to DOE u s e .  I n any case , the doses  to the genera 1 
publ i c  a s soci ated wi th use  o f  those  ext racted materi a l s wi l l  be l ow compared to the doses a s soc i ated 
wi th the excavat i o n  and extract i o n  proce s s e s  due to the l ow l eve l o f  res i du a l  contam i nat i o n ,  the 
1 i m i  ted numbe r  of peop 1 e exposed , and the 1 i m i ted d u rat i on  of exposure . Gi  ven these uncerta i nt i e s , 
deta i l ed ana lys i s  o f  doses to the general  pub l i c  a s s o c i ated wi th use  o f  the extracted products i s  not 
warranted at thi s t i me . Such ana lys i s wou 1 d be appropri  ate i f  use of the products was actua l ly 
p ropo sed.  

A l ong Transporta t i o n  Route s .  Transport o f  the NFSS  res i dues and wastes wi l l  resu l t  i n  members o f  
t h e  general  pub l i c  be i ng exposed  t o  rad i at i o n .  Rad i at i o n  d o s e s  wi l l  be i ncurred : ( 1 )  as  a res u l t  of 
d i rect expos ure to gamma rad i a t i o n  emanat i ng from rad i o nuc l i d e s  in  the res i dues and  was te s , and ( 2 )  as  
a resu l t  o f  re l ease  o f  radon- 222 gas  and part i c u l ates from mov i ng trucks . The  rad i oact i ve mate ri a l s  
r e l eased from mov i ng trucks can b e  absorbed by p l ants , a n i ma l s ,  etc . , and enter the food c ha i n .  Thu s , 
two d i f ferent rad i at i o n  doses  f rom transportati on o f  the res i dues  and wastes a re e s t i mated : ( 1 )  the 
externa l rad i at i on dose res u l t i ng from gamma rad i at i o n  from pas s i ng trucks , and ( 2 )  the 100-year 
e n v i ronmenta l dose comm i tment resu l t i ng from re l ea s e  of rad i onuc 1 i de s  from trucks i nto the e n v i ronment.  

Mode l s  devel oped to e s t i mate the rad i o l og i ca l  i mpact of transpo rt i ng urani um mi l l  tai l i ngs  are 
mod i f i ed and used for t h i s ana lys i s  ( Chen et a l . 1981 ; Yuan and  Chee 1982 ) . The Chen e t  a l . ( 1981 )  
mode l i s  used t o  est i mate external  rad i a t i o n  doses , whereas the Yuan and C hee ( 1982 ) mod e l  i s  used to 
es t i mate doses  resu l t  i ng from di spers i on of radon- 222 gas  and part i c u 1  ates from the trans po rted 
re s i dues and wastes .  Waste packagi ng and s h i e l d i n g ,  t r i p  d i s tances and durat i o n s , as  we l l  as  other 
perti nent i nput parameters a re d i scussed  in  deta i l in  Append i x  D .  A s ummary of the pa rameters used 
for e s t i mati ng rad i at i o n  doses  to the pub l i c  f rom truck transportat i o n  o f  NFSS res i dues  and  wastes i s  
g i ven i n  Tab l e  4 . 13 . 

Persons exposed to externa 1 rad i at i on can  be d i v i  ded i nto three categori  e s :  ( 1 )  persons 
s u rround i ng the transporta t i on route wh i l e  the s h i pme nt i s  mov i ng ,  ( 2 )  persons  s u rround i ng l ocat i ons 
a t  wh i c h  the s h i pment i s  stat i onary , and  ( 3 )  passengers in  veh i c l e s  shari ng the transporta t i o n  route 
( trave l i ng both in the same and in oppos i te d i rect ions ) .  The externa l  rad i at i on doses  for the 
a l ternati ves  requ i r i ng trans port o f  res i dues and wa stes a re g i ven i n  Tab l e  4 . 14 .  Even though there 
wi l l  be ten t i me s  more s h i pments o f  wastes than res i dues and  some o f  the res i due s h i pments wi l l  have 
add i t i on a l  s h i e l d i n g ,  the external  rad i at i o n  doses wi l l  re s u l t  p r i ma r i l y  from transport o f  the 
res i dues . The wa stes wi l l  not be c l as s i f i ed as  rad i oact i ve for transporta t i o n  purposes  ( see 
Appe nd i x  D ) . 



Tab l e  4 . 13 .  S umma ry o f  Major I nput Parameters for E s t i ma t i ng Rad i a t i on Do ses t o  the Genera l P ub l i c  
Res u l t i ng from Truck T ransportat i on o f  NFSS R e s i dues and Was te s  

Average Radi um-226 
Radi um-226 I nvento ry 

Ma te r i a l  Concentra t i on per S h i pment 
S i te/A l terna t i ve T ransported ( p C i /g) ( C  i )  

HANFORD 

3a , 4a , 4b Res i duest 1 67 , 000 1. 6 ( K-65)  
0 . 1 ( L-30/F- 3 2 )  
0 . 043 ( L- 50 )  

3a Wa s te s  36 0 . 00052 

- - - - - - - - - - - - - - - - - - - - - - - -

OAK R I DGE 

3b , 4 c ,  4d Res i duest 1 67 , 000 1 . 6 ( K-65)  
0 . 1 ( L-30/F-32 ) 
0 . 043 ( L- 5 0 )  

3 b  Wa stes 36 0 . 00052 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

HARBOR 

4b , 4d Wa stes 36 0 . 00052 

Tota l 
Me thod o f  Number o f  
T ransport S h i pments 

Packaged 1 , 600 

Bu l k  15 , 000 

- - - - - - - -

Packaged 1 , 600 

Bu l k  15 , 000 

- - - - - - - -

Bu l k  15 , 000 

Stop T i me 
One-Way per 

T i me S h i pment 
( d )  

6 

6 

2 . 5 

2 . 5 

- - - -

1 .  25 

( h )  

15 

15 

5 

5 

0 

t l Extra s h i e l d i ng may be needed on the vans transport i ng the K-65 and L-30/F-32 res i dues ( se e  Append i x  D ) .  

Average 
One-Way Popu l at i on 
D i s tance Dens i ty 

( km ) (persons/km2 ) 

4 , 100 1 10 

4 , 100 110 

- - - - - - - -

1 , 300 100 

1 , 300 100 

- - - - - - - -

1 , 000 2 , 300 

� I N 0 



S i te/Al ternat i v e  

HANFORD 

3a 

4a , 4b 

OAK R I DGE 

3b 

4c , 4d 

HARBOR 

4b , 4d 
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Tab l e  4 . 14 .  E s t i mated Rad i at i o n  Doses  to the General  Pub l i c  
Re s u l t i ng from Transport o f  NFSS Res i dues and Wastest 1 

Mate r i a l  
Transported Source of Doset2  

Who l e  
Body 

R e s i dues  and External  rad i at i o n  43 
was tes  

Res i dues 

Rad i oact i ve r e l eases  57 

Tota l 100 

External  rad i at i on 

Radi oac t i v e  re l eases  

Tota l 

41 

2 . 3  

43 

Res i dues and External  rad i at i on 13 
27  

40 

was tes  

Res i dues 

Was tes  

Radi oact i ve re l eases  

Total  

External  rad i at i on 

Rad i oacti ve re l eases  

Tota l 

External  rad i at i on 

13 

0 . 65 

14 

1 . 9  

Rad i oacti ve re l eases  410 

Tota l 410 

Cumu l ati ve Doses to the 
Genera l Pub l i c t 1  

(person- or o rga n - rem) 

Bronc h i a l  
Bone Lung E p i thel i umt3 

43 

340 

380 

41 

13 

54 

13 

200 

210 

13 

3 . 9  

17  

1 . 9  

300 

300 

43 
310 
350 

41 

140 

180 

13 

220 

230 

13 

41 

54 

1 . 9  

1000 

1000 

130 

130 

130 

130 

39 

39 

39 

39 

5 . 6  

5 . 6 

t l  Al l doses g i ve n  to two s i g n if i cant f i g u re s .  

t 2  I t  i s  a s s umed that the  external rad i at i o n  dose t o  bone and l ung i s  approx i mately equa l to 
the whol e-body dose .  Doses  assoc i ated w ith  rad i oact i ve re l eases  ( e . g . , radon-222 gas  and 
part i c u l ate s )  are reported in  terms o f  the 100-yea r  e n v i ronme n ta l  dose comm i tme nt .  

t3  Dose  resu l t i ng from i nh a l a t i on o f  short- l i ved radon-222 decay products . 

Doses  to the gene ra l  pub l  i c  assoc i ated w i th rad i oact i ve re l eases  to the e n v i ronme nt dur i ng 
transpo rt are a l so shown i n  Tab l e  4 . 14 .  I t  i s  a s s umed that radon-222 gas wi l l  escape f rom both the 
pac kaged res i dues and the was tes ; however , parti c u l ates a re a s s umed to be re l eased only f rom the 
unpac kaged wastes .  The amount o f  radon-222 gas re l eased is  a s s umed to be 50% o f  that ava i l ab l e  for 
re l ease*  i n  the i n i t i a l  ( p re- excavat i o n )  amount  p l us a l l o f  the radon-222 generated and ava i l ab l e  for 
re l ease'"  dur i n g  transport as  a res u l t  of rad i o ac t i ve decay of radi um- 226 . T he radon-222 gas that 
e scapes wi l l  decay to s o l i d  decay products and wi l l  be depo s i ted on the ground . T h e  doses associ ated 
w i th these depos i ts are i nc l uded i n  th i s  analys i s .  

*As noted p rev i ous ly , i t  i s  a s s umed that o n l y  20% i s  ava i l ab l e  for re l eas e .  
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It i s  a l so conservati ve l y  a s s umed that 1%* of the wastes  wi l l  be re l eased as  part i c u l ates duri ng 
transport to Hanford .  For  the other a l ternat i ves , the amount rel eased i s  a s s umed to be p roport i on a l  
to t h e  l e s s e r  d i s tance trave 1 ed-- i . e . , for  transport t o  Oak  R i dge a n d  t h e  Harbo r ,  0 . 32% a n d  0 . 24% wi l l  
b e  re l eased , respect i ve 1 y . * These  part i c u l ates are a s s umed to be d i spersed from the transportati o n  
route a n d  resu l t  i n  human expo s u re a n d  entry i nto t h e  food cha i n .  

The l a rgest  who l e-body and l ung doses  t o  the general  pub l i c  w i l l  b e  as soc i ated w i t h  transport o f  
the  wastes  to the Harbo r ,  p r i ma r i ly beca u s e  o f  the re l ea s e  o f  part i c u l ates i nto the den s e l y  popul ated 
a re a .  The l argest b ronc h i a l  ep i the l i um and bone doses , howeve r ,  w i l l  be a s s o c i ated w i th transport of 
the res i due s and wastes to Hanford , p r i ma r i ly  because o f  the  radon-222 and parti c u l ate re l ea s e s  and 
the  l onger d i stance i nvo l ve d .  D o s e s  a s s o c i ated wi th transport t o  Oak  R i dge  wi l l  be about one-thi rd o f  
the  d o s e s  t o  Hanford because t h e  average popu l at i on dens i t i es a re approxi mate ly  t h e  s ame a n d  the 
d i stance to Oak R i dge  i s  about one-thi rd of the d i stance to Hanford .  

The maxi mum exposed i nd i v i du a l  i s  a s s umed t o  b e  a n  i nd i v i dua l  who spends 2 hours about 3 meters 
( 10 feet)  away from a truck transpo rt i ng the K-65 res i dues .  Th i s  i nd i v i dua l  w i l l  i nc u r  a n  exte rnal  
who l e-body dose  of about 10 mrem. 

Dur i ng transport o f  the was te and re s i dues , i t  i s  pos s i b l e  for an a c c i dent to occur that cou l d  
resu l t i n  the re l ea s e  o f  rad i oac t i ve mate ri a l s .  The acc i de n t  rate for truc ks transport i ng rad i oac t i v e  
mater i a l s i s  g i ve n  a s  1 . 06 x 10-6 acci dents p e r  veh i c l e- k i l ometer i n  a report o f  t h e  U . S .  N uc l ear 
Regul atory Comm i s s i on ( 1977b ) .  Not a l l of thes e  acc i dents  wou l d  be expected to resu l t i n  rel ease  of 
rad i oacti ve mater i a l . Because the res i dues  are packaged , the l i ke l i hood o f  a re l ea s e  occ urri ng  dur i ng 
a n  acc i dent wou l d  be l owe r for the res i dues  than for the was te s .  In t h i s a n a l ys i s ,  i t  i s  conserva
t i ve ly  a s s umed that 20% of the acc i dents i nvo l v i ng transport o f  the res i dues  wou l d  res u l t i n  a re l ea s e  
o f  rad i oact i ve mate r i a l  a n d  50% o f  t h e  acc i dents  i nvo l v i ng transport o f  t h e  w a s t e s  wou l d resu l t i n  a 
re l ea s e .  Us i ng these rates and the tot a l  d i s tance trave l ed for the v a r i o u s  a l ternat i ve s , the expected 
number  o f  acc i dents i nv o l v i ng a re l ease  o f  rad i oact i ve mate ri a l s i s  s hown i n  Tab l e  4 . 1 5 .  

Tab l e  4 . 15 .  Projected Numbe r o f  Transportati o n  Acc i dents  I nvol v i ng 
R e l ease  o f  Rad i oact i ve Materi a 1 t 1  

Mate r i a l  
S i te/A l ternat i ve T ranspo rted 

Total  
Numbe r  of 
Sh i pments 

One-Way 
D i stance 

( � ) 

Total  D i s tance  
( One-Way ) 
Trave l ed 

( �) 

Potent i a l Number  o f  
Acc i dents I nvol v i ng 

Re l ea s e  o f  
Rad i oact i ve Mate r i a 1 t2 

HANFORD 

3 a ,  4a , 4b 

3a 
-

OAK R I DGE  

3b , 

3b 

HARBOR 

4b , 

4c , 4d 

-

4d 

- -

-

-

- -

- -

-

-

Res i dues 

Was te s  
- - - -

R e s i dues  

Wastes 
- - - -

Was te s  

1 , 600 

1 5 , 000 
- - - -

1 , 600 

1 5 , 000 
- - - -

1 5 , 000 

4 , 100 

4 , 100 

1 , 300 

1 , 300 

1 , 000 

tl A l l e s t i mates a re g i ven  to two s i gn i f i cant  f i gures .  

6 . 6  x 106 1 . 4  

6 . 2  x 107 31 
- - - - - - - - - - -

2 . 1 x 106 0 . 45 

2 . 0 x 107 10 
- - - - - - - - - - -

1 . 5 x 107 7 . 5 

t2 Based on the f o l l ow i ng a s s umpti ons : ( 1 )  acc i dents  occur at the rate o f  1 . 06 x 10-6 per  
veh i c l e- k i l ometer and (2 )  20% of the acc i dents  i nvo l v i ng res i dues and 50% o f  the acc i dents 
i nvo l v i ng wastes res u l t in  re l ea s e  o f  rad i oac t i v e  mate r i a l . 

-

-

D u r i ng transport o f  the res i d ue s , about one acc i de n t  i s  p rojected to occur that wou l d  resu l t  i n  
re l ea s e  o f  rad i oact i ve mate r i a l  ( Tab l e  4 . 1 5 ) .  I f  an  acc i dent  i nv o l v i ng l os s  o f  contam i nated materi a l s 

* No data are ava i l ab l e  regard i ng actua l re l ea s e s  dur i ng b u l k transport o f  so i l  mater i a l s ( s uc h  a s  the  
NFSS waste s ) .  Adj u s t i n g  for d i stance trave l ed ,  i t  has  been a s s umed that 0 . 5% o f  coal  i s  l os t  dur i ng 
transport over s i m i l a r d i stance ( Szabo 1978 ) .  Al l ow i ng for the sma l l e r  average parti c l e  s i ze s  i n  
the NFSS wastes rel a tive to chunks  o f  coa l  m i xed w i t h  coa l dus t ,  i t  i s  as s umed that re l ea s e s  dur i ng 
transport to Han ford wi l l  be 1% .  If  the covers over the wastes a re kept secure , actua l re l eases  
s h ou l d be s ubstant i a l ly  l es s .  
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occurs , e f forts wi l l  be taken to m i n i m i ze doses  to the s urround i ng popul a t i o n .  Acces s  to the affected 
a rea  wi l l  be contro l l ed ,  and the contam i nated materi a l wi l l  b e  c l eaned up as  q u i c k ly a s  pos s i b l e .  The 
cumu l a t i ve radi at i on doses to the genera l popu l at i on from such acc i dents  wo u l d  be sma l l i n  compa r i son  
to that i nc urred from norma l transport.  F o r  th i s  reason , rad i at i o n  doses  to the general  popu l at i o n  
f rom transportat i on acc i dents a r e  not ana l yzed expl i c i t l y  i n  th i s  E I S .  Howeve r ,  i t  i s  pos s i b l e  for 
one  o r  a few i nd i v i dua l s  to i ncur  a measurab l e  dose from such  an  acc i de n t .  A person stand i ng 1 meter 
(3 feet) from a ruptured K-65 b i n  fo r 10 m i nutes wi l l  rec e i v e  a dose o f  about 20 mrem . 

I t  i s  projected ( Tab l e  4 . 1 5 )  that several  acc i dents  cou l d  occur dur i ng s h i pment of the wastes  
wi th sub sequent rel ease o f  rad i oacti ve mater i a l .  Howe v e r ,  the consequences  wi l l  be much l ower for an 
a c c i dent i nv o l v i ng the was tes  than  for  one i nvo l v i ng the res i due s .  A person s tand i ng for 10 mi nutes  
a t  1 meter (3  feet)  from a sp i l l  of  these mater i a l s  wi l l  rece i ve a dose  of only 0 . 007 mrem . (Worker  
doses  assoc i ated wi th transportat i on acc i dents  a re d i scus sed i n  Secti o n  4 . 1 . 3 ) .  

F rom Ocean D i sposa l . S i te 106 i s  l ocated on the l ower edge of the Conti nental  S l ope and the 
upper edge o f  the Conti nental  R i se .  I t  i s  i so l ated from human hab i ta t i o n  a n d  i s  not hyd ro l og i ca l l y 
connected to any h uman water supp l y .  The  dump s i te i s  l ocated i n  a n  area of tranqu i l depo s i t i on of 
s e d i ments ; wastes  depo s i ted on the s ed i ments wi l l  rema i n  there .  C l umps and aggregates o f  NFSS wastes 
a re expected to be depo s i ted wi th i n  the dumps i te ,  1 . 6 km or l es s  from the dump l oc a t i o n  (Appe nd i x  E ,  
Secti on E . 4 . 2 ) .  

Commerc i a l  f i sh i ng opera t i o n s  for bottomf i sh a re l i m i ted to the Conti nental  She l f and a re there
fore not present wi th i n  the dump s i te bounda r i es ( U . S .  E n v i ron .  Prot.  Agency 1980a ) .  Bottomf i sh 
abundance i s  l ow and any des i rab l e  spec i es are  more acces s i b l e  to comme rc i a l  exp l o i ta t i o n  i n  other 
a reas of the dump s i te reg i o n .  Both the red c rab and the g rey so l e  ( o r  wi tch f l ounder) are known to 
occur a t  the dumps i te ,  and j uven i l e s  of the g rey so l e  have been abundant i n  some t rawl samp l e s  i n  the 
v i c i n i ty of the s i te ( Mu s i c k  et a l . 1975 ) . J uven i l es of th i s spec i es are most l i ke l y  to be found on  
the  l ower and  upper  Conti nenta l S l ope ( approximate l y  160  m to  1400 m) . Adul t s  have not been  captured 
a t  S i te 106 ; they are more common a t  depths of 90 to 330 m near S i te 106 . The  j uven i l es have a greater 
tendency toward seasonal  m i grat i o n  than  the adu l ts ( Ma rt i n and Drewry 1978 ) , and Mus i c k  et a l . ( 1975 ) 
s uggest  that the juven i l e s  on the Conti nenta l  S l ope are l ater found as adu l t s  on the  Conti nental  
She  1 f .  

Because commerc i a l  f i s h i ng i s  n o t  p ract i ced wi th i n  t h e  dumps i te or v i c i n i ty ,  no d o s e  t o  t h e  
general  pub l i c  i s  expected.  I t  i s  pos s i b l e ,  a l though very un l i ke l y ,  t h a t  an  i nd i v i du a l  m i gh t  e a t  f i s h  
from e i th e r  a botton-dwe l l i ng o r  a surface-dwe l l i ng f i s h  that had been exposed to e l evated concentra
t i on s  o f  natura l l y  occurr i ng rad i o nuc l i des resu l t i ng from d i sposal  o f  the NFSS wastes .  There fo re , 
both cases  a re ana l yzed and the dose to such  a n  i nd i v i du a l  i n  the worst  of the two cases  i s  e s t i mated . 

I t  i s  pos s i b l e  that a bottom-dwe l l i ng grey s o l e j uven i l e  l i v i ng near the waste depo s i ts at the  
dump s i te bottom cou l d  mi g rate to the l ower Conti nental  She l f ,  there to be caught and consumed whe n  an 
ad u l t .  If  so , a person mi ght  purchase and consume a f i l et of that f i s h  ( 1- 2  kg)  through  a commerc i a l  
f i sh dea l er .  Because grey so l e  juven i l es l i v i ng i n  the dumps i te are a very sma l l part o f  a mob i l e  and 
w i d e l y  d i s t r i b uted spec i e s ,  i t  i s  u n l i ke l y  that the same i nd i v i dua l wou l d  eat a f i l et of f i sh from 
S i te 106 more than  once i n  h i s/her  l i fetime .  The radi um- 226 content o f  an adu l t  grey so l e  that spent 
a port i o n  of i ts l i fe near the wastes at S i te 106 wou l d  depend upon the radi um-226 concentrati o n  of 
water to wh i ch the f i s h  was exposed and the rate of remova l of  radi um-226 from the f i sh ' s  f l e s h  after 
it  l e ft the dump s i te .  Ana l ys i s  o f  movement  of rad i um-226 from wastes depos i ted on  t h e  sed i ments o f  
the dump s i te ( Append i x  E )  suggests that d i s s o l ved radi um-226 concentra t i on s  i n  water i n  the v i C i n i ty 
o f  the sed i ments  wi l l  be o n l y  0 . 002 p C i / L  above the amb i ent concent rat i o n  of radi um-226 i n  seawater 
( 0 . 1 p C i /L ) .  The IAEA ( Temp l eton 1979 ) recommends a concentra t i o n  factor o f  100 for radi um-226 ( i . e . , 
100 rad i um-226 atoms i n  f i s h  for every atom i n  seawate r ) . Therefore , the rad i um-226 content of the  
grey s o l e l i v i ng on or near the wastes  wou l d  be i nc reased by 0 . 0002 pCi /g .  Because ocean f i s h 
natura l l y  conta i n  an average o f  0 . 0016 p C i /g o f  rad i um-226 , the average radi um-226 concentrat i on of 
contami nated bottomf i sh wou l d  be 0 . 0018 pCi / g .  

I t  a l s o may be pos s i b l e  for a person t o  consume a surface-dwe l l i ng f i s h  t h a t  had b e e n  i n  contact 
w i th the NFSS wastes wi t h i n  the surface waters of S i te 106.  H i g h l y  mob i l e ,  l arge open-water f i s h  such  
as  swordf i s h ,  s harks , and  tuna  a re p resent i n  the dump s i te a rea  and are caught  by commerc i a l  l o ng l i ne 
f i sh i ng i n  adjacent Conti nental  She l f waters . Such a f i s h  m i gh t  swim throughout the dumps i te a nd at a 
l ater t i me swim i nto an a rea  of l ong l i ne f i s h i ng .  A person  m i gh t  obta i n  the f l e s h  of these  f i s h  as  
f i l et s  ( 1- 2  kg ) from a commerc i a l  dea l er .  

For  br ief  peri ods fol l ow i n g  the dump i ng act i on , unti l the wastes a re d i spersed and  d i l uted 
( Append i x  E ) , the concentra t i on s  of the natura l ly occurri n g  rad i onuc l i de s  found i n  the NFSS was tes  a re 
expected to be e l evated above background i n  the surface waters . I t  i s  conservat i ve l y  as s umed that the 
concentrati on  o f  rad i um-226 in  a s u rface-dwe l l i ng f i sh comes i nto equ i l i b r i um wi th rad i um- 226 in  the 
contam i nated water by the  t i me the water l eaves the dump s i te ( 4  days ) .  By th i s  t i me ,  the concentra
t i on  o f  was tes i n  seawater i s  expected to be 1 e s s  than 100 mg/L ( Sect i on 4 . 5 . 2 ) .  Because the 
radi um-226 content of the wastes  i s  36 p C i /g , the tota l rad i um-226 concentrati on i n  the waste
contami nated seawater wi l l  be l es s  than 3 . 6 p C i / L .  Because the concentrat i o n  factor for radi um-226 i n  
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s e d i ments  i s  500 ( i . e . , 500 radi um-226 atoms i n  s e d i ments to every atom i n  seawater ) , the d i s s o l ved 
radi um-226 concentrati o n  i n  the waste-contami nated seawater wi l l  be l e s s  than 0 . 007 p C i / L .  U s i ng the 
p rev i o u s l y  men t i o ned concentra t i o n  factor of 100 for f i sh , the radi um- 226 concentrat i o n  of f i s h wi l l  
b e  i nc reased  by 0 . 0007 p C i / g .  Thus , the f i sh that natura l l y conta i ns 0 . 0016 p C i /g radi um-226 wi l l  
c onta i n  0 . 0023 p C i /g radi um-226 .  

I t  i s  un  1 i ke  ly  that  anyone wi  11 ever  c o n s ume a f i  s h  i n  whi  c h  the radi  um-226  conce ntrat ion  i s  
e l evated above natural  concentrat i ons because  commerc i a l  f i sh i ng i n  the  d umps i te area i s  not frequent 
or hab i tua l  and the dump i ng ep i sodes  wi l l  occ u r  only 3- 5 t i me s  per  month over a 2-ye a r  pe r i o d .  How
eve r ,  i f  an i nd i v i dua l  adu l t  human consumed 2 kg of f i sh f i l et hav i ng 0 . 0007 p C i /g radi um-226 above 
the norma l 0 . 0016 p C i /g , he/she wou l d  i nc u r  a n  i nc reme nta l dose  of 0 . 0072 mrem to the who l e  body and  
0 . 084 mrem to  the  bone . Doses  to other organs  wou l d  be even  l ower .  These  doses  are e s t i mated us i ng 
i ngest i o n  dose  convers i on factors reported i n  Strenge and  Bander ( 1981 ) .  Th i s  cons e rvat i ve l y  h i gh ' 
dose  i s  i ns i gn i f i cant  compa red to the dose  a person  n o rma l l y  rece i ves  f rom natural  backgro und 
rad i at i o n .  

I n  conc l u s i on , no s i g n i f i cant rad i o l og i ca l  i mpact to t h e  genera l pub l i c ,  e i ther dur i ng t h e  act i on 
peri od o r  dur i ng s ubsequent peri ods , i s  expected due to ocean d i s p o s a l  o f  the NFSS was te s .  Th i s 
conc l us i on i s  based on the fact that :  ( 1 )  the NFSS wastes  a re expected to d i sperse  i n  the ocean at 
S i te 106 , ( 2 )  S i te 106 i s  not now o r  wi l l  ever  l i ke l y  be used for any extens i ve commerc i a l  f i s h i ng ,  
and ( 3 )  the maj o r  rad i onuc l i de o f  potent i a l  concern ( radi um-226 ) i s  a l ready present i n  the ocean and 
decreases i n  concentrati o n  from wastes to water.  

4 . 1 . 2 . 2  Mai ntenance and Mon i t o r i ng Peri od ( 10 to 200 years ) 

Mai ntenance , mo n i to r i ng , and correct i v e  remed i a l  act i ons  ( as necessa ry )  are a s s umed for  10 to 
200 yea r s .  The wastes a nd res i dues wi l l  be covered dur i ng th i s  per i od at a l l t h ree s i te s .  Therefore , 
the p r i mary s o u rce  o f  rad i at i o n  exposure wi l l  be v i a  the i nha l at i o n o f  radon-222 gas  and i ts s ho rt
l i ved decay products . 

There wi l l  be no s i g n i f i cant  popu l a t i o n  dose  v i a  the water pathway at any o f  the s i te s .  At a l l 
t h ree s i tes , ma i ntenance o f  the. l ayered cover system wi l l  preve nt ero s i on o f  the conta i ned wastes and 
res i dues i nto s u rface wate r s .  A l so , g roundwater contam i nat i o n wi l l  n o t  be a s i gn i f i cant pathway f o r  
s everal  rea s o n s .  As  d i scus sed i n  Sect i on s  3 . 1 . 2  a n d  4 . 2 . 2 ,  m o s t  o f  the p ub l i c  water s upp l y  i n  the  
reg i on o f  NFSS i s  from s u rface waters upstream o f  the s i te and the rest  i s  from a deep  a q u i fer  that 
does not underl i e  N F S S .  The sha l l ow near- s u rface a q u i fer at NFSS can yi e l d  l i m i ted quant i t i e s  of 
g roundwater ( i .  e . , a l arge sand l ens  y i e l d i ng water for s i ng l e- fami l y  use ) .  Becau s e  l eachate may 
contami nate the near- s u rface aqu i fe r ,  i t  i s  a s s umed that the mo n i tor i ng program wi l l  i nc l ude i dent i 
f i cat i on o f  a ny new we l l s  and moni tori ng t o  detect a ny contami nat i o n  from NFSS .  A m i t i ga t i v e  meas u re 
that c o u l d  a l s o  be app l i ed i s  to ensure that zon i ng ordi nances p ro h i b i t such  s h a l l ow we l l s  near 
hazardous  waste fac i l i t i es such  as  NFSS  and SCA.  The pote nt i a l  rad i o l o g i c a l  i mpact to a theoret i c a l  
i nd i v i du a l  dr i n k i n g  contami nated we l l water i s  d i scussed  i n  Sect i on 4 . 1 . 2 . 3 ( l ong-term peri od , when 
a l l contro l s  a re l o s t ) .  

A t  Hanford and O a k  R i dge , groundwater contam i nat i o n  wi l l  n o t  occur  dur i ng the 10- t o  200-year 
t i me peri od ( see Sect i o n  4 . 2 . 2 ) .  

Ca l cu l a t i o n  o f  doses  for  the mai ntenance and mon i to r i ng peri od i s  done i n  the same manner a s  for 
the a c t i o n  per i od .  The current meteoro l og i ca l  patterns and popu l a t i o n  d i str i but i ons are used .  It  i s  
a l so a s s umed that the re l at i ve d i fferences i n  popu l a t i o n  s i ze s  and d i str i but i o n s  between the three 
s i tes  wi l l  be the s ame i n  200 year s .  T h e  l ocat i o n s  o f  s e l ected nearby i nd i v i dua l s  are a l so  a s s umed to 
be the same as for the acti on  per i o d .  

To ca l cu l ate rado n-222  rel eases  from t h e  covered res i dues a n d  was te s , i t  i s  necessary t o  make 
s everal  a s s umpt i o n s  about the depth s , a reas , and nature o f  the was te s , res i d ue s , and vari o u s  l ayers of 
cover mate ri a l s .  The depths o f  the var i ous  materi a l s a t  each o f  the s i tes  for each o f  the a l terna
t i ves a re i l l us trated i n  F i gures  4 . 3  through 4 . 6  ( see Sect i on 2 for  descri pti on  o f  conceptual des i gns  
f o r  each a l ternat i ve ) . *  The a re a s  covered by the  res i dues and wastes  a re s hown in  Tab l e  4 . 16 . ** 

The  radon- 222 gas  wi 1 1  d i ffuse  through the var i  ous  1 aye rs at d i f fe rent rates ( e .  g . , i t  wi 1 1  
d i ffuse  faster through d ry sand than wet c l ay ) .  The radon-222 d i ffu s i on coe f f i c i ents that a re a s s umed 
for the d i fferent materi a l s are g i ven  i n  Tab l e  4 . 1 7 .  O f  t h e  several  phys i ca l  propert i e s  o f  the 

*Al though 
res i d ues  
for both  
that  the 

* *The exact 
t h i s E I S . 

the depths o f  the res i due  s l ag i n  A l ternat i v e  2b wi l l  be l es s  than for  the unmod i f i ed 
i n  Al ternat i v e  2a , i t  i s  a s s umed for  p u rposes  o f  t h i s ana l ys i s  that the depths a re the s ame 
a l terna t i v e s .  Any d i fference due to depth i s  a s s umed to be accounted for  i n  the a s s ump t i o n  
d i ff u s i on coe ff i c i ent  f o r  t h e  s l ag i s  one- tenth o f  t h a t  for  t h e  unp roce s s ed res i dues . 

p l aceme nt o f  the res i dues  i n  B u i l d i ng 411  d i ffers  from that a s s umed for  the ana l yses i n  
However , th i s  does  not s i g n i f i cantly  change the pred i ct i on o f  i mpacts a s  g i ven  i n  t h i s E I S .  
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S i te/A l ternati ve 

NFSS 

1 ,  2a , 2b 

4a , 4c 

HANFORD 

3a 

4 a , 4b 

OAK R I DGE 

3b 

4c , 4d 
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Tab l e  4 . 16 .  Areas Covered by Res i dues  and  Was tes  

Res i dues  and/or  Wastes 

K-65 res i dues and overl y i ng wastes 

L-30/F- 32 res i dues and ove r l y i n g  wastes 

Wastes o n l y  

Tota l 

Was tes  o n l y  

R e s i dues  and ove r l yi n g  wastes 

Wastes o n l y  

Total  

Res i d ues  

Re s i dues  and overl y i n g  wastes 

Wastes o n l y  

Total  

Res i dues  

Area t 1  

m 2  

1 , 700t2 

l , 700t2 

29 , 000 

32 , 000 

32 , 000 

14 , 000 

81, 000 

95 , 000 

14 , 000 

14 , 000 

6 2 , 000 

76 , 000 

14 , 000 

acres 

0 . 4  

0 . 4  

7 . 2  

8 . 0 

8 . 0 

3 . 4  

20 

23 

3 . 4  

3 . 4  

15 

18 

3 . 4  

t 1  Does not i nc l ude areas covered by d i ke s  and caps , a reas  between trenches , areas 
between res i due pac kages , o r  buffer zone s ,  serv i ce area s ,  etc . See Sec t i o n  4 . 6 for 
tota l areas at each  s i te . A l l data g i ve n  to two s i g n i f i cant f i g u re s .  

t 2  The  exact p l acement o f  the res i dues i n  B u i l d i ng 411 d i ffers  f rom that a s s umed for the 
ana lyses  i n  th i s  E I S .  Howeve r ,  th i s  does not s i gn i f i ca n t l y  change the pred i ct i on 
o f  i mpacts as g i ven  i n  th i s  E I S .  

Tab l e  4 . 17 .  A s s umed Radon-222 D i ffus i o n  Coe f f i c i ents  for Var i o u s  Mater i a l s  

Mate r i a l  

R i p rap ( a i r )  

Sand 
Nat i ve s o i l s  at Hanford 
Stoney s o i l s  at Hanford 

Tops o i l at NFSS or O a k  R i dge 
Stoney s o i l s  at NFSS o r  Oak R i dge 
D r i e r  NFSS res i dues  and was tes  at Hanford 
S toney wastes at NFSS 

Damp c l ay at NFSS or Oak R i dge 
Damp NFSS res i dues and wastes at 

NFSS or O a k  R i dge 

Repre senta t i v e  
% Mo i s ture 

o 

6 

13 

25 

Radon-222 
D i f f u s i o n  

Coeff i c i entt 1 
( cm2/ s )  

0 . 1 

0 . 022 

0 . 0036 

0 . 00016 

t l Ca l cu l ated u s i ng formu l a  g i ven i n  a report of the  U . S . Nuc l ear  Regu l ato ry Commi s s i on 
( 1980a--Append i x  P ) .  
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re s i due s , was te s , and cover mater i a l s  that i nf l uence radon d i ffus i o n  coef f i c i ents , the mo i sture content 
is  the most i mportant .  The mo i sture content of thes e  materi a l s wi l l  vary not o n l y  throughout the year 
( parti c u l a r l y  the materi a l s  near the s urface ) but a l so  over t i me a s  the p rope rt i es o f  mater i a l s 
( part i c u l a r l y  the cap ) a re changed by natura l phys i ca l  and b i o l og i ca l  forces (Secti ons  4 . 2  and  4 . 3 ) .  
These  var i at ions  over hundreds o f  yea rs cannot be p red i cted wi th certai nty .  Therefore , for purposes  
o f  ana lys i s  of the conceptual  des i gns  a nd compari s o n s  o f  the a l ternati ves  in  th i s  E I S ,  the materi a l s  
a re g rouped i nto four categor i e s  and " representati ve"  mo i sture contents a re used to determ i ne radon 
d i ffs i o n  coeff i c i ent s .  

T h e  moi s ture content o f  the materi a l s  near t h e  bottom wi l l  f l uctuate the l ea s t .  T h e  res i dues a t  
t h e  bottom a r e  expec ted to be s a tura ted at about 30% mo i s ture upon comp l e t i o n  of t h e  s l urry/dewate r i n g  
opera t i o n s  dur i ng t h e  i nter i m  remed i a l  act i ons  ( ba s e  case  f o r  ana lys i s  i n  t h i s E I S ) .  Therefore , the. 
a s s umed 25% mo i s ture content i s  conserv at i ve l y  l ow ( i . e . , res u l ts i n  a h i gher than expected d i f fus i on 
coeff i c i ent)  for the res i dues a t  NFSS and Oak  R i dge . When the r e s i dues  are taken to the a r i d  Hanford 
s i te ,  they wi l l  a l so be bur i ed under s e veral  feet of wastes  and cap , but i t  i s  cons ervati v e l y  a s s umed 
that they wi l l  dry out to about 13% moi s ture content i n  the a r i d  c l i mate . 

The wastes  are e s s enti a l l y  the nat i ve c l ayey s o i l s  excavated from the NFSS area and they wi l l  be 
covered wi th the l ayered caps a t  NFSS and O a k  R i dge . Therefore , they are not expected to app rec i ab l y  
c hange i n  mo i sture content , a n d  the 25% va l ue i s  wi th i n  the range f rom hydroscop i c  ( d ry )  t o  f i e l d  
capac i ty ( saturated ) ( B rady 1974 ) .  Whe n  the  wastes  are taken t o  Hanford , they a re a s s umed t o  dry out 
to about 13%. L i kewi s e , the c l ay l ayer at NFSS and O a k  R i dge wi l l  be p rotected by the r i p rap/s and/ 
top s o i l and on  the average i s  a s s umed to have about a 25% mo i sture content .  

The representatve mo i sture content of the next two groups o f  mater i a l s are a l s o wi th i n  the ranges  
reported in  the l i terature . The r i p rap l ayer a t  a l l  s i te s  i s  conservat i v e l y  a s s umed to retard radon 
no more than a i r .  The radon f l ux from the r e s i due s l ag ( mod i f i ed form) i s  s i mp l y  a s s umed t o  b e  one
tenth of that o f  the unmo d i f i ed r e s i dues ( the phys i ca l  p ropert i e s  of the s l ag a re not we l l  known-- see 
Append i x  C ) .  

The radon f l uxes are c a l c u l a ted accord i ng to the method o f  ana lys i s  g i ven  i n  a report o f  the 
U . S .  Nuc l ear  Regu l atory Commi s s i on ( l983a ) .  The res u l t i ng c a l c u l ated f l uxes ( Tab l e  4 . 18 )  are several  
orders  o f  magni tude sma l l er for the hum i d  eastern  s i te s  than for the arid  wes tern s i te .  D i f fe rences 
between  the  two eastern s i te s  a re we l l  wi th i n  the  uncerta i nt i e s  due to changes  in  the mater i a l s over 
hundreds o f  years . The tota l radon-222 re l ea s e  rates  as s o c i ated with  these  f l uxes and  the res u l tant 
doses to the general  pub l i c  are g i ve n  i n  Tab l e  4 . 19 .  

The re l eases  a t  NFSS res u l t  p r i ma r i ly  from the presence  o f  the wastes . The res i dues  are bur ied  
s o  deep l y  that  the radon- 222 gas  d i f f us i ng from the  res i dues decays to s o l i d  decay products be fore i t  
has a chance to escape from the conta i nment  sys tem ( hence , mod i f i ca t i o n  o f  the res i due form does not 
a ffect f l uxes at the top o f  the contai nment  area ) .  O n l y  the radon-222 from the wa s tes on  top o f  the 
res i dues  can e scape through the cap . Even so , the re l ea s e  rates are extreme l y  l ow .  At Oak  R i dge , the 
re l ease  rates a re a l so extreme l y  l ow .  At Hanford , the re l ea s e  rates a re severa l  orde rs o f  magni tude 
h i ghe r ,  p r i ma ri ly  becau s e  the d i f f u s i on rates wi l l  be h i gher  i n  the d r i e r  mater i a l s at that s i te .  

At NFSS and Oak  R i dge , the rates o f  radon-222 re l ea s e  are expected t o  b e  we l l  be l ow the DOE 
regu l atory l i m i t  o f  20 p C i /m2 /s ( see Append i x  H ) .  At Hanford , however , the radon-222 f l uxes are 
expected to be s l i ght ly  above c r i ter i a  for Al ternati ve 3a ( 29 pC i /m2/s ) and 15 t i mes above c r i te r i a 
for  A l terna t i ve s  4a and  4b ( 300 p C i /m2 /s ) .  The f l ux i s  much h i gher  for  A l ternati ves  4a and 4b than  
for  A l terna t i v e  3a because  the NFSS wastes  wi l l  not be moved to Hanford and  p l aced over the res i dues 
i n  A l terna t i ves  4a and  4b .  The was te s , even  though  they wi l l  be much d r i e r  at Hanford then at NFSS  
and O a k  R i dge , a re s t i l l  a better radon-222 bar r i e r  than the d ry nat i ve s andy s o i l s  at Hanford . To  
b r i ng the radon-222 f l uxe s a t  Hanford for A l ternati ves  4a and 4b down to the 20 p C i /m2/s c r i te r i a  
l eve l , the trenches wou l d  have t o  b e  about 7 . 5-m ( 25 - f t )  deep.  T o  reduce the radon-222 f l ux t o  the 
same l ow l eve l s a s  p re�i cted for the a l ternat i ve s  a t  NFSS and Oak  R i dge , the t re nches  at Hanford wou l d  
have to be about 30-m ( 97 - f t )  deep ( a s s um i ng backfi l l  w i th the nati ve s a ndy s o i l s ) .  An a l ternat i ve to 
deeper trenches i s  the u s e  of backf i l l  mate r i a l  that has a l owe r radon-222 d i f f u s i o n  coeff i c i ent  
( e . g . , c l ay ) , but s uc h  mate r i a l  i s  not  read i ly  ava i l ab l e in  l arge quant i t i e s  near Hanford . If  DOE  
dec i de s  to i mp l ement any o f  the Hanford a l te rnat i ve s , the conta i nment sys tem wou l d  be de s i gned to  meet 
the 20 p C i /m2/s radon emi ss i on gu i de l i ne .  For  A l ternat i ve 3 a  (wa stes  and res i due s removed to Hanford ) , 
a re l ea s e  rate o f  20 p C i /m2/s wou l d res u l t  i n  approx i mate l y  the s ame dose a s  i s  c a l c u l ated for the 
29 pC i /m2/s re l ea s e  e s t i mated for the conceptual  des i g n  g i ven i n  thi s E I S .  For A l te rnat i ves  4a and 4b 
( res i du e s  o n l y  to Hanford ) , the dose wou l d  be appro x i mate l y  10 t i me s  l es s  than that c a l c u l ated for the  
300 p C i /m2/s re l ea s e .  Howeve r ,  t h e  tota l d o s e  t o  t h e  general  pub l i c  wou l d  s t i l l  b e  severa l orders o f  
magni tude h i gher t h a n  f o r  a ny o f  t h e  a l ternati ves  i nvo l v i ng l o ng-term management o f  the wastes  and 
res i d ue s  i n  a hum i d  e nv i ronment  (at NFSS o r  Oak R i d ge ) .  

The s u rface radon- 222 f l uxes wi l l  be h i gher  a t  year 1000 due to the  gradua l  l os s  o f  cover u nder 
e ros i ve l and uses ( see Sect i on 4 . 1 .  2 .  3 ) .  Aga i n ,  the o n l y  s i te that wi 1 1  exceed the DOE 1 i m i t  of 
20 p C i /m2/s i s  Hanford . At Hanford , the s u r face radon-222 f l ux wi l l  be 110 pC i /m2/s for A l te rna
t i ve 3a and 1100 p C i /m2/s  for Al terna t i v e s  4a and 4b a t  year 1000 . 



S i te/A l ternati ve 

NFSS 

1 

2a , 2bt2 

4a , 4c 

HANFORD 

3a 
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Tab l e  4 . 18 .  E s t i mated Surface Radon-222 F l ux 
for the Var ious  A l ternati ves 

B u r i e d  
Rad i oac t i ve Mate r i a l  

Surface Rado n F l uxt1  
(pC i /m2 / s )  

Wastes a n d  unde rl y i ng 
K-65 res i dues  

Wastes and under ly i ng 
L- 30/F-32 res i due s 

Wastes o n l y  

Wa stes a n d  unde r l y i n g  
K- 6 5  r e s i due s 

Wastes and underl yi ng 
L-30/F- 32 res i dues  

Wastes o n l y  

Wastes o n l y  

Wastes a n d  underl y i ng 
res i dues 

Wastes o n l y  

Unti l Y e a r  201 

2 . 9  x 10-5 

2 . 9 x 10- 5 

2 . 9 x 10-5 

1 . 1 X 10-8 

1 . 1 x 10- 8 

1 .  2 x 10- 8 

1 .  2 x 10-8 

29 

3 . 5 x 10- 1 

At Year 1000 

9 . 6t2 

9 . 6t2 

9 . 6t2 

2 . 1 x 10-3 

2 . 1  x 10-3  

2 . 1 x 10-3 

2 . 1  x 10-3  

110 

3 . 5 

4a , 4b R e s i dues  o n l y  3 0 0  1 , 100 

OAK R I DGE 

3b 

4c , 4d 

Wastes and unde r l y i ng 
res i dues  

Wastes  only 

R e s i dues only 

7 . 9 x 10-9 

7 . 8  x 10-9 

1 . 5 x 10-5  

2 . 2  X 10-8 

2 . 2  x 10-8  

1 .  3 x 10-2  

t 1  Assumes ma i ntenance and mon i to r i ng e f forts unt i l  year 201  and  e ro s i v e  l and use  
( S e c t i on 4 . 2 . 1 )  from the  year 201 through the  year  1000 . 

t2 Cap i s  pred i cted to be comp l e te l y  e roded away and the wastes exposed at the s u rface 
by the year 1000.  The p red i cted surface radon f l ux i s ,  therefore , f rom the s urface 
o f  the exposed was tes .  

Doses  to the general  pub l i c  dur i ng the mai ntenance and mon i tori ng pe r i od a re �a l c u l ated a s s u m i n g  
that t h e  average radon- 222 re l ease  rates w i l l  b e  t h e  same e a c h  year.  I n  rea l i ty ,  there w i l l  b e  per i od i c  
i nc reases  i n  d i ffus i on through the cap p r i or to any ma i ntenance ac t i o n s .  T h e  cumu l at i ve doses  t o  the 
general  publ  ic res u l t i ng f rom the radon-222 rel eases  for  190 years are s hown i n  Tab l e  4 . 1 9 .  The 
maxi mum i nd i v i du a l  organ doses  to permanent r e s i dents near  the s i te s  wi l l  be l es s  than 0 . 001 mrem per  
year for a l l a l ternat i ves at a l l s i te s .  

The doses t o  the general  pub l i c  a t  Hanford a re c l ear ly  h i gher  than a t  NFSS o r  Oak R i dg e .  However , 
these doses  a re s t i l l  i ns i gn i f i cant re l at i ve to the dose  that the popu l at i on near  Hanford w i l l  rece i ve 
over  the same p e r i od of t i me f rom natural  backg round sources o f  rad i oact i v i ty i n  the e n v i ronment 
( Tab l e  4 . 20 ) .  
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Tab l e  4 . 1 9 .  Radon- 222 Re l ease  Rates a n d  Doses t o  t h e  General  Pub l i c  
D u r i ng the Ma i ntenance and Mon i to r i ng Peri od ( 10 t o  200 years ) 

C umu l at i ve Doses  to the Genera l Pub l i c  

Radon-222 (Qe rson- o r  o rgan- rem)tz  

Re l ease  Rate Who l e  B ro n c h i  a l  
S i te/Al te rnat i ve ( C i /y r ) t l  Body Bone Lung E p i the l i umt3 

NFSS  

1 

2a 

2b 

4a , 4c 

HANFORD 

3a 

4a , 4b 

OAK R I DGE  

3b 

3 x 10- s 

1 x 10-8 

1 x 10-8  

1 x 10-8  

14  

130 

< 0 . 001 

< 0 . 001 

2 . 5  

23 

< 0 . 001 

< 0 . 001 

13 

120 

< 0 . 001 

< 0 . 001 

2 . 0 

19 

0 . 0032 

< 0 . 001 

140 

1300 

4c , 4d 

2 X 10-8 

7 X 10-6 < 0 . 001 < 0 . 001 < 0 . 001 < 0 . 001 

t l  I ncremental  re l ea s e  above backgro u n d .  B a s e d  on  areas g i ven  i n  Tab l e  4 . 16 a n d  
f l uxes g i ve n  i n  Tab l e  4 . 18 .  

t2  A l l d o s e s  are g i ve n  t o  two s i g n i f i cant f i g u re s  u n l e s s  preceded by a l es s  t h a n  « )  
symbo l .  Doses  are reported as  the cumu l at i ve 100-year  e n v i ronmental  dose  comm i t
ment over 190  yea rs . C umu l at i ve doses  to the general  pub l i c  be l ow 0 . 001 person
o r  organ- rem are not g i ve n  because doses  t h i s sma l l a re i mmeas u rab l e  and  mea n i ng
l es s  wi th regard to pred i ct i ng detri menta l hea l th effect s .  

t 3  Dose  res u l t i ng from i nha l at i o n  o f  short- l i ved rado n-222 decay produc t s .  

Tab l e  4 . 20 .  Compa r i son  o f  D o s e s  t o  t h e  Genera l Pub l i c  at Hanford 
( A l te rnati ves  4a a nd 4b ) to Doses  from Natural  Bac kg round 

Sources  ( D u r i ng Ma i ntenance and  Mon i to r i ng P e r i o d )  

C umu l a t i v e  Pop u l at i on D o s e  at 
Hanford D u r i ng Ma i ntenance 

and Mon i to r i ng Per i odt 1 
( pe rson- o r  organ - rem)  

23 ( who l e  body )  

1 2 0  ( bone ) 

19 ( l un g )  

1300 ( bronc h i a l  ep i the l i um )  

D o s e  t o  Same Pop u l at i on+z  
f rom Natura l Background 
Rad i at i on fo r 190 years 

( pe rson- o r  o rgan- rem) 

3 , 900 , 000t3 

5 , 900 , 000t3 

8 , 800 , 000t3 

16 , 000 , 000 - 29 , 000 , 000t4 

tl Al l doses are g i ven to two s i g n i f i ca nt f i gu res . Doses  a re reported a s  
t h e  cumu l at i ve 100-ye a r  e n v i ronmenta l d o s e  comm i tment o v e r  190 yea rs . 

t Z  Popu l at i on o f  258 , 000 perso n s . 
t 3  Conve r s i o n  factors a re g i ve n  i n  a report o f  the Nati o n a l  Counc i l  o n  

Rad i at i on Protect i on and Mea s u rements ( 1975 ) .  

t 4  Based o n  320 to 600 mrem/y r ,  a s s um i n g  a n  outdoor radon-222 concentra t i on 
of 0 . 3  pC i / L  ( Moses  et a l . 1963 ) , a n  i ndoor concentra t i o n  o f  1 p C i /L 
( U . N .  S c i . Comm . At .  Rad i at .  1977 ) , and  dose  convers i on factors for  
radon-222 o f  1000 mrem/yr per  pCi/L  for outdoor bac kground cond i t i on s  
( i nf i n i te sourc e )  and  625 mrem/yr per  p C i /L for i ndoor cond i t i o n s  ( 50% 
equ i l i b r i um of radon-222 decay p roducts )  ( U . S .  Nuc l . Reg .  Comm . 1980a ) .  
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In s ummary ,  control  and ma i ntenance of the NFSS wastes and res i dues  i n  a n  earthen mound at NFSS 
( p referred a l ternat i v e )  i s  p red i c ted to res u l t in  doses  to nea rby members of the genera l pub l i c  that 
a re extremel y  sma l l compared to doses that occur in  everyday l i fe because  of natural  rad i oact i v i ty i n  
the  env i ronment .  F o r  examp l e ,  the predi cted max i mum i nd i v i dua l dose o f  l es s  than 0 . 001 mrem/yr (who l e 
body )  compares wi th approx i mate l y  2 . 0  rem/yr that the same i nd i v i dua l  wou l d  rece i ve j u s t  by mov i ng to 
Buffa l o ,  New Yor k ,  because o f  the i nc rease  i n  cosm i c  radi a t i o n  at the 117-m ( 385- f t )  h i gher a l t i tude 
i n  Buffa l o .  The same i nd i v i dua l wou l d  rec e i ve 3 . 0 mrem from r i d i ng 10 hours c ro s s  country i n  a jet  
p l ane at 10 , 000 m ( 30 , 000 ft)  a l t i tude . L i kewi se , the pred i cted doses  o f  l es s  than 0 . 001 mrem/yr to 
other  organs compare wi th the fo l l owi ng year l y  doses  f rom natura l sources  ( bac kground rad i at i on such  
a s  natura l l y occ u rr i ng radi onuc l i des  i n  the s o i l , wate r ,  and body t i s s ue s ;  and  cosm i c  radi at i on from 
outer space ) :  120 mrem/yr (bone ) , 180 mrem/yr ( l ung ) , and 320- 600 mrem/yr ( bronc h i a l  e p i the l i um) . 

4 . 1 . 2 . 3 Long- Term Per i od ( 200 to 1000 yea r s )  

Duri ng the l ong- term per i od ( 200 t o  1000 years ) ,  the pri mary pathway t o  t h e  genera l pub l i c  wi l l  
aga i n  be v i a  i nh a l a t i o n  of radon-222 gas  and i t s  decay produc t s .  I t  i s  as s umed , f o r  p u rposes  o f  
ana  l y s  i s ,  that t h e  covers wi  1 1  no l onger be m a  i n t a  i n e d  a n d  t h a t  they w i  1 1  gradua l l y e rode . Under 
Case A ( 1  a nd- use contro l s s t i l l  i n  e ffect ) , the rates o f  e ro s  i on  from 1 and covered wi  th  natura 1 
vegeta t i o n  wi l l  b e  s l ow ( Secti on 4 . 2 . 1 ) .  I n  a l l a l ternati ve s , the res i dues wi l l  not be exposed .  The 
c overs  wi l l  cont i nue to i nh i b i t  radon-222 d i ffus i o n  out o f  and  water i n f i l trat i o n  i nto the was tes  
( a l though not  a s  we l l  a s  dur i ng the ma i ntenance  and mon i tori ng pe r i od--see  Sect i o n  4 . 3  for d i scuss i on  
o f  b i o i ntrus i o n ) . A l though the cap th i c knesses  wi l l  be decreas i ng s l i gh t l y ,  the rates o f  radon-222 
re l ease  are not expected to be s i g n i f i cant l y  d i fferent than dur i ng the ma i ntenance and mon i tori ng 
p e r i o d .  

F o r  Case  B ( no contro l s ) , the e ro s i o n  rates u n d e r  i nten s i ve use  o f  the l and ( i . e . , agr i c u l t u re at 
NFSS and Oak  R i dge and overgrazed range a t  Hanford- -Sect ion  4 . 2 . "1)  wi l l  be  much greater.  Only under 
A l terna t i ve 1 wi l l  the cap be e roded away w i th i n  1000 years . Doses  under C a se B a re esti mated for the 
genera l  pub l i c  and for an i nd i v i dua l ca l l ed the " re s i dent- i ntrUder" . F o l l ow i ng a re d i scu s s i ons  o f  the 
a s s umpt i ons , methodo l ogy , and res u l ts o f  the ana l ys i s  of  doses  to the general  pub l i c  and a hypothet i ca l  
res i dent- i ntruder at each s i te .  

General  Pub l i c .  The water pathway to the general  pub l i c  i s  not s i gn i f i cant for the l ong-term 
peri od ( to 1000 year s )  because  of the same cons i derati o n s  di scuss ed for the ma i ntenance and mon i tori ng 
per i o d .  For  e s t i ma ti ng doses v i a  a i rborne re l eases , i t  i s  a s s umed that there wi l l  be one mi l l i o n  
peop l e  eve n l y  d i s t r i buted wi th i n  8 0  km o f  each s i te ,  t h u s  focu s i ng on  t h e  s i te- spec i f i c  phys i ca l  
features ( geo l ogy , hyd ro l ogy , meteoro l ogy , conta i nment sys tem , etc . ) .  T h i s a s s umpt i o n  i s  reasonab l e  
because , over such  a l ong t i me per i od , re l at i ve popu l a t i on d i fferences between  s i tes  cou l d  comp l ete l y  
change ( e . g . , the popu l a t i o n  near the Hanford s i te cou l d  become l a rger than  at the other s i te s ) .  
Therefore , for p u rposes  o f  a n a l ys i s ,  i t  i s  a s s umed that the pop u l at i ons  near each  s i te a re i de nt i c a l  
a nd t h e  doses t o  the genera l p u b l i c  a r e  reported i n  terms o f  d o s e  per  mi l l i on persons . 

I t  i s  a l so a s s umed that the meteoro l og i ca l  cond i t i ons  wi l l  be the  same a s  c u rrent condi ti ons . 
A l t hough  there may be s ome c l i mat i c  changes over 1000 years , i t  i s  expected that the re l at i ve d i ffer
ences  between s i tes wi 1 1  rema i n  the same , i .  e . , the c 1 i mate at Hanford wi 1 1  cont i nue  to be a r i  d and 
the c l i mates a t  Oak  R i dge and  NFSS wi l l  cont i nue to be hum i d .  

A t  year 201 , radon-222 re l ea s e s  wi l l  b e  t h e  same a s  dur i ng t h e  mai ntenance a n d  mon i tori ng peri od 
( Tab l e 4 . 21 ) . At year 1000 , the mate ri a l s  coveri ng the waste and re s i dues  wi l l  be l es s  th i c k  and have 
d i fferent radon-222 d i ffus i o n  coe f f i c i ents due to the natura l process  of e ro s i on ( Sect i on 4 . 2 . 1 )  and 
s o i l formati on ( Sect i on 4 . 3 ) . There fore , radon-222 re l ease  rates at the year 1000 ( Tab l e  4 . 21 )  a re 
c a l c u l ated based on the depths o f  the var i ous  mater i a l s  a s  g i ven  i n  Tab l e  4 . 22 and the radon-222 
d i ffus i on coeff i c i ents as  g i ve n  i n  Tab l e  4 . 17 .  In add i t i on to radon-222 re l ea s e s , for A l ternat i ve 1 
there wi l l  be part i c u l ate re l ea s e s  because  the cap wi l l  be comp l ete ly  eroded away , thus  expo s i n g  the 
was te s .  

A t  year 201 and a t  year 1000 , the h i ghest  doses  t o  the genera l pub l i c  ( p e r  m i l l i on person s ) wi l l  
be a t  the Han ford s i te for A l ternat i ves  4a and 4b . As d u r i n g  the mai ntenance and mon i tori ng peri od , 
the a r i d  c l i mate at Hanford res u l ts i n  h i gher rates of radon-222 re l ea s e  wi th consequent h i gher doses  
to the genera l pub l i c .  Expo s u re o f  the wa stes at N F SS under A l ternati ve 1 wi l l  resu l t  i n  popu l at i o n  
doses  t o  the who l e  body , bone , a n d  l ung comparab l e  t o  those a t  Han ford . The re l at i ve l y  l arge organ 
doses at NFSS for A l ternat i ve 1 a re a res u l t o f  part i c u l ate re l ea s e s .  Once the caps eventua l l y  erode 
at a l l s i tes , the popu l at i on doses to the who l e  body , bone , and l ung at a l l t h ree s i tes  wi l l  be 
compa rab l e ,  a s s umi ng equal  popu l at i o n  d i str ibut i ons , because the maj o r  cont r i b u to r  to these  doses  wi l l  
be from part i cu l ate re l eases . The bronch i a l ep i the l i um doses  wi l l  be l arger a t  Hanford due to the 
d r i e r  c l i mate whi ch res u l ts  i n  d r i e r  was te s ,  res i dues ,  and cov e r  materi a l s .  

A l though the doses  a t  Han ford wi l l  be s i g n i f i cant ly  l arger dur i ng the l ong term than a t  the other 
s i tes  under a ny o f  the act i o n  a l ternati ves  ( the doses  at NFSS under the no-act i on  A l ternat i ve 1 wi l l  
be comparab l e  to the doses  a t  Hanford ) , the doses  wi l l  s t i l l  be i n s i gn i f i cant re l at i v e  to the doses 
that the pop u l a t i o n s  wi l l  rece i ve from natura l bac kground sources o f  rad i oact i v i ty ( Tab l e  4 . 23 ) . 



Tab l e  4 . 2 1 .  Radon- 222 Re l ease Rates a n d  Doses t o  the Genera l Publ i c  
a t  the Year 201 a n d  the Year 1000 

At Year 201 At Year 1000 

Radon-222 Dose to the Genera l Publ i ct2 , t 3  
Radon-222 Dose to the Genera l Pub l i ct2 , t3 

Rel ease (organ- rem/year/mi l l i on persons)  Rel ease (organ- rem/year/mi l l i on persons)  

S i te/ 
A l terna t i ve 

NFSS  

1 

2a , 2b , 4 a ,  4c 

Rate 
( C i /yr)t l 

3 x 10- 5 

1 x 10-8 

Who l e  
Body 

< 0 . 001 

< 0 . 001 

Bronc h i a l  
Bone Lung Ep i thel i umt4 

< 0 . 001 < 0 . 001 < 0 . 001 

< 0 . 001 < 0 . 001 < 0 . 001 

Rate Who l e  
( C i /yr)t5 Body Bone Lung 

9 . 8t6 0 . 06 5  1 . 9 1 . 7 

2 x 10- 3 < 0 . 001 < 0 . 001 < 0 . 001 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

HANFORD 

3a 

4a , 4b 

OAK R I DGE 

3b 

4c , 4d 

14 

130 

2 X 10- 8  

7 x 10-6 

0 . 092  

0 . 86 

< 0 . 001 

< 0 . 001 

0 . 39 

3 . 7 

< 0 . 001 

< 0 . 001 

0 . 078 

0 . 73 . 

< 0 . 001 

< 0 . 001 

6 . 5 

61 

< 0 . 001 

< 0 . 001 

59 

500 

5 x 10- 8  

6 x 10- 3 

0 . 39 

3 . 3 

< 0 . 001 

< 0 . 001 

1. 7 

14 

< 0 . 001 

< 0 . 001 

t1 I ncremental  re l ease above bac kground . Same a s  duri ng ma i ntenance and mon i to r i ng per i od ( see Sec t i on 4 . 1 . 2 . 2 ) .  

t2  Assumed pop u l at i on s  o f  one  m i l l i on persons  even l y  d i s tri b uted w i th i n  80 km  o f  each s i te .  

0 . 33 

2 . 8  

< 0 . 001 

< 0 . 001 

Bronc h i a l  
Ep i the l i umt4 

1 . 6 

< 0 . 001 

- - - - -

28 

230 

< 0 . 001 

0 . 0020 

t3 Al l doses g i ven to two s i g n i f i cant f i gures , u n l es s  preceded by a l es s  than « )  symbo l .  C umu l a t i ve doses  to the genera l publ i c  
be l ow 0 . 001 person- o r  organ- rem are not g i ven because doses  thi s sma l l are i mmeas urab l e  and mea n i ng l es s  w i th regard to pred i c t i ng 
detr imental hea l th effec l , . 

t4 Dose res u l t i ng from i nha l � t i on o f  s hort- l i ved radon-222 decay produc t s . 

t 5  I ncremental rel ease above bac kground . Based on depths o f  mater i a l s  as s hown i n  Tab l e  4 . 22 .  

t 6  I n  add i t i on t o  radon-222 re l eases , there wi l l  b e  part i c u l ate re l eases ( 3  x 10-3 C i /yr for thor i um- 230 , radi um- 226 , and a l l  s ubse
quent decay products except radon-222 g a s ) from the exposed res i dues ( the cap wi l l  have eroded away ) .  

""" I W """ 



S i te/ 
A l te rnat i ve  

N F SS 

1 

2a , 2b 

4a , 4c 

S i te/ 
A l ternat i v e  

HANFORD 

3a 

4a , 4b 

. OAK R I DGE  

3b  

4c , 4d 
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Tab l e  4 . 22 .  T h i ckne s s  o f  Var i ous  Mater i a l s  at Year 1000 
( Ca s e  B ,  No Contro l s )  

K- 65 Re s i dues  

T h i c knesst2  
Materi a l t 1  ( m )  

Stoney wastes  

Wastes 

C l ay 

Wastes 

K- 6 5  res i dues  

Stoney so i l  

C l ay 

Wastes 

C l ay 

Wastes  

K-65 res i duest3  

Not app l i cab l e  

Res i dues 

Mate ri a l t 1  

Stoney so i l  

Wastes  

Re s i due s 

Stoney so i  1 
Res i dues  

Stoney so i  1 
C l ay 

Wastes  

Res i dues  

Stoney s o i  1 
C l ay 

Res i dues  

0 . 7  

1 . 9 

0 . 9  

3 . 6 

1 . 2 

0 . 7 

0 . 5  

3 . 0 

0 . 9  

3 . 6 

1 . 2 

T h i c knesstZ  
( m )  

1 . 4  

1 . 6 

0 . 8  

3 . 0 

0 . 8  

0 . 7 

1 . 5  

2 . 2  

0 . 8  

0 . 7 

1 . 0  

0 . 8  

L- 30/F- 32 Res i dues  

Th i c knesstZ  
Mate r i a l t 1  ( m )  

Stoney wastes  

Wastes 

C l ay 

Wastes 

L- 30/F-32 
res i dues 

Stoney s o i l  

C l ay 

Was tes  

C l ay 

Wastes  

L-30/F- 32 
res i duest3  

Not app l i cab l e  

Materi a l t 1 

Stoney s o i  1 
Was tes  

Wastes 

Not app l i cab l e  

Stoney so i  1 
C l ay 

Wastes 

Not app l i cab l e  

0 . 7  

0 . 3 

0 . 45 

2 . 6  

2 . 7 

0 . 7  

0 . 5 

1 . 4  

0 . 45 

2 . 6 

2 . 7 

T h i c knesstZ  
(m)  

1 . 4  

2 . 4  

0 . 7 

1 . 5 

3 . 0  

Wastes 

Th i c knesstZ  
Mate ri a l t 1  (m)  

Stoney wastes  

Wastes  

Stoney so i l  

C l ay 

Wastes 

Stoney soi  1 
C l ay 

Wastes  

0 . 7  

4 . 9  

0 . 7  

0 . 5 

6 . 0  

0 . 7 

0 . 5 

6 . 0  

t l  Radon- 222 d i ffus i o n  coe f f i c i ents  of vari ous  mate ri a l s  are g i ve n  i n  Tab l e  4 . 1 7 .  

t Z  T h i ckness  of vari o u s  materi a l s based o n  e ro s i on rate s g i ve n  i n  Sect i on 4 . 2 . 1 f o r  i nte n s i ve l and 
uses . 

t3 Radon- 222 d i ffus i o n  coeff i c i ents o f  K-65 and L-30/F- 32 res i dues reduced by a factor o f  10 for 
A l ternati v e  2b ( re s i dues  p roce s sed and res u l t i ng s o l i d i f i ed s l ag i s  reb u r i ed ) .  
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Tab l e 4 . 23 .  Compari son  o f  Doses  to the Genera l  Pub l i c  
a t  Hanford ( A l ternat i ves  4a and  4b)  t o  Doses  

from Natura l Bac kground Sources 

Annual  Pop u l a t i o n  Dose  
at Year 1000t 1 , t2  

( pe rson- o r  o rgan- rem/yr)  

0 . 065 (who l e  body )  

1 .  9 (bone ) 

1 .  7 ( l ung )  

1 . 6  ( bronch i a l  ep i t he l i um )  

at Year 1000 

Annual  Dose to Same Pop u l a t i ont2 
from Natural  Bac kground Rad i at i o n  

( pe rson- o r  organ- rem/yr)  

80 , OOOt3 

120 , OOOt3 

180 , OOOt3 

320 , 000 - 600 , OOOt4 

t1 A l l doses  are g i ve n  to . two s i gn i f i cant f i g u re s .  

t2  Popu l a t i o n  i s  a s s umed t o  be 1 m i l l i o n  persons even ly  d i str i buted w i th i n  
a n  80- kIn rad i us .  

t 3  Convers i o n  factors are g i ven  i n  a report o f  the N a t i o n a l  Counc i l o n  
Rad i at i o n  P rotec t i o n  and  Mea s u rements ( 1975 ) .  

t4 Assumi ng a n  outdoor radon-222 concentrat i on o f  0 . 3 pC i / L  ( Moses  e t  a l . 
1963 ) ,  an i ndoor concentrati on o f  1 p C i / L  ( U . N .  Sc i .  Comm . At . Rad i at .  
1977 ) , a n d  d o s e  convers i on factors f o r  radon-222 o f  1000 mrem/yr p e r  
p C i / L  f o r  outdoor bac kground cond i t i o n s  ( i nf i n i te source)  a nd 6 2 5  mreml 
yr per p C i /L  for i ndoor cond i t i ons ( 50% equ i l i b r i um of radon-222 decay 
products ) ( U . S .  Nuc l . Reg .  Comm. 1980a ) .  

Res i dent- I ntruder .  T h e  bas i c  a s s umpt i on s  of t h e  r e s i dent- i ntruder scenari o a re based on  known 
and probab l e patterns of human act i v i ty .  In t h i s scenar i o ,  a r e s i dent- i ntruder- - unaware of the 
presence  o f  the wastes  and/or res i d ues- - l i ve s  i n  a house constructed i nto the contami nated materi a l s  
a t  a future date when the cover sys tems have comp l ete l y  e roded o r  been removed . *  I t  i s  a s s umed that 
the  res i de n t- i ntruder ( 1 )  l i ves  i n  a two- story house i n  wh i ch the basement i s  b u i l t  i nto 1 . 5 m of  
wastes  and  res i dues , (2 )  consumes p roduce f rom a vegetab l e  garden  l ocated in  the contami nated are a ,  
a n d  ( 3 )  obta i ns d r i n k i ng water from a we l l  l ocated o n  t h e  edge of t h e  contam i nated a rea  i n  t h e  d i rec
t i o n  o f  g roundwater f l ow .  

The two- story house has  a fu l l basement-- l0 m x 10 m in  a rea  and  8 m from basement f l oo r  to  
roof--w i th c e i l i ng  h e i g hts o f  2 . 5 m for each  f l oor .  It  i s  a s s umed that the structure p ro v i de s  a 
s h i e l d i ng factor o f  0 . 7 for rad i a t i o n  f rom sources  outs i de the house  ( U . S .  N u c l . Reg .  Comm . 1977a ) ;  no 
cred i t  i s  ta ken for s h i e l d i ng by i nterna l part i t i ons . The  house i s  i de a l ly  represented i n  the scena r i o  
a s  a n  800-m3 v o  1 ume s h i  e 1 d e d  by t h e  externa 1 wa 1 1  s .  I t  i s  a s s umed that concrete i s  used for the 
foundat i on and basement f l oor .  Attenuati on factors for radon-222 gas  m i grat i o n  through concrete can 
range f rom 0 . 08 to 0 . 5 ( He a l y  and Roge rs 1978 ) ; a v a l ue of 0 . 3  i s  u s ed for t h i s  study for both base
ment f l oor and be l ow- grade wa l l s  ( U . S .  Nuc l . Reg . Comm . 1980a ) .  

I t  i s  further  a s s umed that the t i me spent by the  res i de nt- i ntruder i ns i de the house 
ted between the basement , f i rs t  f l oo r ,  and s econd f l oor i n  the proporti on 0 . 1/0 . 3/0 . 6 . 
expec ted to spend 500 hours  c u l t i vati ng  the garden and 500 hours i n  the yard annua l l y .  
from t h e  garden i s  expected t o  account f o r  approx i mate ly  50% of t h e  res i dent- i ntrude r ' s 
and he/she i s  a s s umed to d r i n k  730 l i te rs of contami nated we l l  water  per year.  

i s  d i stri bu
He/she  i s  

The  produce 
p l ant  d i et , 

The methods of G i l be rt et a l . ( 1983) are app l i ed to th i s  res i dent- i ntruder scenar i o  to obta i n  
source/dose conve r s i o n  factors for the var i ous  pathways . A l though the wastes  and res i dues  wi l l  be 
expo sed at d i fferent t i mes  for the vari ous  a l ternati ves  ( depend i ng on when the c ap s  are removed or 
e roded ) ,  the year 1000 i s  used as  a bas e .  Under C a s e  B ( no contro l s ) , t h e  r e s i dent- i ntruder scena r i o 
cou l d  actual l y  occur a s  ear ly  a s  200 years or a s  l ate a s  several  thousand year s .  F o r  Al ternati ve 2b , 
the  e ffect i ve source  concentrat i o ns  o f  the res i dues a re reduced by a factor o f  10 to a l l ow for the 
mod i f i e d  form .  

There a re s evera l pathways by wh i ch t h e  res i dent- i ntruder wi l l  rece i ve rad i a t i o n  dose s .  By far  
the most i mportant pathway , both i n  terms of dose and  i n  terms of hea l th e f fect s , i s  the i nh a l a t i o n  of 

* I t  i s  not pos s i b l e to p red i ct when the re s i dent- i ntruder s cenar i o  wi l l  occur at the three s i te s , nor 
the re l at i ve p robab i l i t i es o f  i ntrus i o n , because there a re too many maj o r  unce rta i nt i e s  wi th respect 
to c e s s a t i o n  o f  contro l s  and the beha v i o r  of contai nment systems in  the l ong term ( see Sec-
t i ons  4 . 1 . 1 . 3 ,  4 . 2 ,  and 4 . 3 ) .  
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radon-222 gas and  i t s  decay products wi th res u l ti n g  dose to the bronch i a l ep i the l i um ( U . S .  Dep.  E ne rgy 
1983a ; see  a l so Tabl e 4 . 30 ) .  The expected doses to the res i de n t- i ntrude r ' s bronc h i a l  ep i the l i um a re 
g i ve n  i n  Tab l e  4 . 24 .  

The e f fect i v e  source concentrat i on ( ra d i um-226)  for e s t i mat i ng doses to the bronc h i a l  e p i the l i um 
v i a  i nh a l a t i o n  of radon-222 gas  and i ts s hort- l i ved decay products i s  based on the as s umpt i on that the 
house cou l d be bu i l t  i n  the res i dues ( " hot spot" ) a t  NFSS , whereas at the other s i tes  there wi l l  be no 
" hot spot" because  of the method o f  rebur i  a 1 ( re s  i duoes i n  packages  d i  spersed among  the was te s ) .  The 
radon-222 d i ffu s i on i nto the house  at Hanford i s  adjusted for the d r i e r  mate r i a l s  in  the arid e nv i ro n
ment .  The average d i ffu s i on coe f f i c i ent  for  radon-222 i n  the sandy s o i l s  and wastes/re s i dues  at 
Hanford is  a s s umed to be 5 x · 10-2  cm2/s ; that i n  the l oamy s o i l s  and  wastes/re s i dues at NFSS a nd Oak 
R i dge i s  a s s umed to b e  8 x 10-3  cm2 / s .  

A s  c a n  b e  seen i n  Tab l e  4 . 24 ,  as  l on g  as  the res i dues  a re l ocated near the s urface- - no matter 
what form they a re i n- - the radon-222 wo rki ng l eve l s  (\oiL) i n  the res i dent- i n t ruder ' s  house wi l l  be 
extreme l y  h i g h  ( the work i ng l ev e l  i n  a house norma l l y  ranges from about 0 . 001 to 0 . 067  \oiL [ George a nd 
B re s l  i n  1980 ] ) .  As a res u l t ,  the res i dent- i ntruder wi l l  rece i ve a very l arge dose  to h i s/her 
b ronc h i a l  ep i the l i um .  Leav i ng the res i dues concentrated i n  a " hot spot" a t  N F S S  wi l l  resu l t  i n  the 
h i ghest  dose s .  The dose to the res i dent- i ntruder wi l l  be l es s  i f  ( 1 )  the form of the re s i dues i s  

Tab l e  4 . 24 .  Dose t o  the Res i de n t- I ntrude r ' s Bronc h i a l  Ep i the l i umt 1 

S i te/A l ternat i ve 

NFSS 

1 

2a 

2b 

4a , 4c 

HANFORD 

3a 

4a , 4b 

OAK R I DGE  

3b  

4c , 4d 

E ffect i v e  Source 
( D ry \oIe i ght)  

Concentrati on 
( pC i /g ) t 2  

6 7 , 000 ( re s i dues )t4  

6 7 , 000 ( re s i dues ) t 4  

6 , 700 ( mod i f i ed res i du e s ) t 4  

3 6  ( was t e s ) t 4  

1 , 300 (wastes and  res i dues ) t 7  

5 , 200 ( re s i due s ) t 7  

4 , 000 (wastes and  res i dues ) t 7  

18 , 000 ( re s i dues ) t 7  

t l  Al l va l ue s  g i ven t o  two s i gn i f i cant  f i gure s .  

\oIor k i n g  Level  
(\oiL)  

- - - -

1l0tS 

1l0tS 

llt S 

0 . 058t5 
- - - - - - - - - -

Bronc h i a l  
E p i the l i um 

Doset3 
( mrem/yr) 

8 , OOO , OOOt6 

8 , 000 , 000t6 

800 , 000t6 

4 , 300t6 
- - - - -

400 , 000t9 

l , 600 , 000t9 

480 , OO.Ot6 

2 , 200 , OOOt6 

t2 The concentrat i on of rad i um-226 wi l l  not decrease apprec i ab l y  i n  1000 years because i t  
i s  a s s umed that rad i um- 226 i s  i n  secu l ar equ i l i br i um wi th i ts parent rad i onuc l i d e ,  
thori um- 230 , a n d  there wi l l  b e  i ngrowth o f  rad i um- 226 due to decay o f  the thori um- 230.  

t3  Dose  res u l t i ng from i nh a l a t i o n  of short- l i ved radon-222 decay produc t s .  

t4  At NFSS , t h e  e f fect i ve source concentrat i o n s  f o r  e s t imat i ng d o s e s  t o  t h e  bronc h i a l  
ep i the l i um v i a  i nha l a t i o n  o f  radon- 222 and i t s  short- l i ved d ecay p rod ucts i s  based on 
the a s s umpt i o n  that the house is bu i l t  i n  the res i dues  ( " hot spot" ) under Al te rnat i ve s  I ,  
2a , and  2b .  The e ffecti ve concentrat i on for 2b i s  l ower by a factor of ten because  the  
res i dues wi l l  be mod i f i ed and radon-222 wi l l  not d i ffuse  as  read i l y  out o f  the  res i dues .  

t 5  Based o n  0 . 0016 \oiL ( i n  the house ) per pC i / g  ( i n  the source)  ( U . S .  Dep .  E ne rgy 1983a-
Tab l e  3 . 6 ) .  

°t6 Based o n  dose/source convers i on factor o f  120 mrem/yr per  p C i /g ( U . S .  Dep .  E ne rgy 
1983a ) .  

t 7  The e f fecti ve source  concentrati ons for Han ford and Oak R i dge a re ca l c u l ated based on 
the a s s umpt i o n  that the contami nated mate ri a l s  are 1 . 5 m deep over the ent i re was te 
contai nment area ( as g i ven  i n  Tab l e  4 . 58 ) .  

t 8  Based o n  0 . 004 \oiL per pC i /g ,  adj u s t i ng for the h i gher d i ffus i on rates i n  the d r i e r  
res i dues i n  t h e  a r i d  c l i mate a t  Hanfo rd ( U . S .  Dep .  E n ergy 1983a ) .  

t 9  Based o n  300 mrem/yr per  pC i / g ,  adj u st i ng for  the h i gher  di ffus i o n  rates and  hi gher \oiL 
i n  the house i n  the a r i d e n v i ronment.  
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mod i f  i ed , ( 2 )  sma 1 1  packages o f  res i dues  are spread among the wastes  at Oak R i  dge o r  Hanford , or 
( 3 )  the res i dues  are spread over a l arge a rea  at Oak R i dge o r  Hanford . T h i s conc l u s i on i s  very 
s e ns i t i v e ,  howeve r ,  to the as sump t i ons  that a re made ' about the nature and durab i l i ty o f  the mod i f i ed 
res i dues and about the geometry and e ffect i v e  d i l ut i on o f  the re s i dues at the a l terna t i v e  s i te s .  O n l y  
unde r A l ternat i v e s  4 a  a n d  4 c  wi l l  t h e  dose t o  the res i dent- i ntruder a t  NFSS be s i gn i f i cant ly  reduced . 
However , under the s ame a l ternat i ve s , the res i dent- i ntruder at e i the r o f  the other two a l terna t i v e  
s i tes  wi l l  rec e i ve a very l arge d o s e .  

T h e  N F S S  wastes a n d  res i dues are both i n  t h e  same category of " wastes  contami nated wi th natura l l y 
occurr i ng rad i onuc l i de s "  under Secti on I V  o f  DOE O rder 5820 . 2 .  F o r  management of these  materi a l s ,  DOE 
i s  u s i ng the EPA urani um m i l l  ta i l i ng s  regu l at i on s  (40 CFR 192) as  g u i dance ( see  i ntroduct i o n  to 
Sec t i o n  4 ) .  I t  i s  exp l i c i tl y  stated i n  the p reamb l e t o  these regu l at i ons  that " i nst i tuti ona l  over- , 
s i g ht i s  an e s s e nt i a l  bac kup to pas s i ve contro l s , "  that " i t  wou l d  not be safe  to b u i l d  hab i tabl e 
s t ructures on the d i sposal  s i te s , "  and that " Federal  ownersh i p  o f  the s i te i s  a s s umed to precl ude s u c h  
i napp ropr i ate u s e s "  ( U . S .  Env i ro n .  P r o t .  Agency 1983 ) .  D O E  has expl i c i t l y  s tated i n  the i nt roduct i on 
to Sect i on 2 ( p .  2 - 1 )  that i t  i ntends to ta ke perpetual  c a re of whatever s i te i s  used for l ong-term 
management of the NFSS wastes and res i dues . 

I f  contro l s  a re effect i ve ,  the re s i dent- i ntruder scenar i o  wi l l  not occur .  Even  i f  contro l s 
cease , the i ntrus i o n  barr i e r  ( r i prap l ayer) i ncorporated i nto the l ong- te rm cap o f  prefe rred A l terna
t i ve 2 i s  i ntended to deter the i ntruder and make the res i dent- i ntruder scenar io  u n l i ke l y  to occ u r .  
Howeve r ,  to a s s e s s  potent i a l  e n v i ronme ntal  i mpacts so t h a t  t h e  D O E  dec i s i on-maker has f u l l knowl edge 
o f  the potent i a l  con sequences of the l ong- term management dec i s i o n ,  the ana lys i s  i nc l udes the potent i a l  
i mpacts that cou l  d occur i f  m a  i ntenance , mon i to r i  ng , and contro 1 s were t o  cease .  The res i dent
i ntruder scenari  0 for the preferred A l ternat i ve  2 i s  based on  severa 1 conse rvat i ve a s sumpt i ons , 
i nc l ud i ng :  ( 1 )  both the 3-m ( 10 f t )  earthen cap (wh i c h  i nc l udes  a O . 9-m [ 3- f t ]  r i prap i ntru s i on 
barri e r )  and the approx i mately 3-m ( 10 - f t )  l ayer o f  wastes over l y i ng the res i dues  a re e i ther comp l et e l y  
e roded or h a v e  b e e n  removed , and  ( 2 )  the i ntruder ' s  house  i s  constructed exact ly  over the uncovered 
res i du e s .  I t  i s  u n l i ke l y  t h a t  a n  i ntruder wou l d b u i l d  a h o u s e  on t h e  exact spot on the mound o f  
wastes/re s i dues where t h e  res i dues a re bur i e d .  

Because o f  t h e  very h i gh d o s e s  that a re predi c ted a n d  becau s e  o f  t h e  many other pote nt i a l  l ong
term i mpacts a s s o c i ated wi th the presence  o f  the res i dues , DOE  a l so i dent i f i ed poss i b l e  mod i f i ca t i o n s  
t o  t h e  near- s u rface contai nment  des i gn s  a s  we l l  a s  opti ona l des i gn concepts  ( Secti o n  C . 3 )- - some of 
wh i c h  wou l d  reduce the l i ke l i hood of the r e s i dent- i ntruder scena r i o  o r  reduce the i mpact to such  an 
i ntruder (Tab l es C . 3  and C . 4 ) .  

A s  a resu l t  o f  further d i s c u s s i ons  wi th EPA and New York o f f i c i a l s ,  DOE  ha s g i ven cons i de rat i on 
to an add i t i on a l  i ntruder barr i e r  over the res i dues ( i n  add i t i on to the r i p rap l ayer i n  the cap ) .  The  
eng i neeri ng aspects  and costs  of several  opt i ons have been i nvest i gated ( Bechtel  Nat1 . 1985 ) .  In  
order  to i n sta l l the add i t i on a l  barr i e r ,  the  cap and wastes  ove r l y i n g  B u i l d i ng 411 wou l d  have to  be  
excavated and stored . A barr i e r  cou l d  be constructed o f  re i n forced conc rete , aspha l t ,  cement- stab i l i z� ,] 
sand , cement- stab i l i zed f l y  a s h , or stone .  Re i n forced concrete wou l d  prov i de the only prac t i c a l  means 
to tie  the barr i e r  i nto the b u i l d i ng wa l l s  and wou l d  p ro v i de the mos t  pos i t i ve means of deterr i ng an 
i nadvertent i nt rude r .  Construc t i o n  of such  a barr i er i s  e s t i mated to cost a n  add i t i ona l  $ 1 . 3 m i l l i on 
( Bechtel  Nat 1 .  1985 ) .  

U s i ng  the same methodol ogy and parameter va l ues g i ven i n  Sec t i o n  4 . 1 . 2 . 2 ,  radon emi s s i on s  at the 
top o f  B u i l d i ng 411 a re e s t i mated to be a t  bac kground l ev e l s- -wi th o r  wi thout a concrete barri er-
p r i ma r i l y  becau s e  of the i nterven i ng l ayer o f  approx i mate l y  4 m ( 12 ft)  o f  damp wastes  (mostly nat i ve 
c l ayey s o i l s )  and  c l ay on top o f  the res i dues . Th i s  l ayer retards the radon emi tted from the res i dues  
l ong enough for the radon to decay to so l i d decay produc t s .  Thus , i f  a n  i ntruder on ly i nt ruded as  far 
as  the top of B u i l d i ng 411 , he/she wou l d  not i nc u r  the very h i gh rad i a t i o n  doses c a l c u l ated for the 
case  i n  whi c h  the res i dues a re a s s umed to be uncovere d .  

S umma ry .  I n  s ummary , dur i ng t h e  l ong- term per i od , e v e n  t h e  l arge s t  d o s e s  t o  t h e  gener a l  pub l i c  
a t  Hanford wou l d  be sma l l re l at i ve t o  doses  the same popu l at i on wou l d  rece i ve f rom natura l bac kground 
sources . Moreove r ,  severe e ro s i on of the cap at NFSS wou l d  not l ead to a s i gn i f i cant dose  to the 
general  pub l i c .  I f  a person i ntruded i nto the h i gh l y  rad i oact i ve res i dues , he/s he wou l d  i nc u r  a very 
h i gh rad i at i on dos e .  Howeve r ,  i f  the i ntended perpetual c a re of the s i te i s  effect i ve ,  i f  the i ntruder 
i s  s topped by the l ayer of r i prap i n  the cap o f  p referred A l terna t i ve 2 ,  o r  i f  the i ntruder does not 
happen to cons truct a house i mmed i ate l y  on  top of the res i dues , the c a l c u l ated doses wo u l d not be 
i ncurred and there wou l d  be no s i gn i f i cant  i mpac t to i nd i v i dua l s i n  the l ong term . 

4 . 1 . 3  Doses  to Workers 

I mp l ementa t i o n  of a ny o f  these a l ternati ves  wi l l  requ i re that workers be exposed to rad i at i o n  and 
rad i oact i ve mate ri a l s  and thus  i ncur  rad i at i on dose s .  The doses to wo rkers ( occupa t i o n a l  dos e s )  are 
g i v e n  separate l y  from the doses  to the general  pub l i c  i n  t h i s  E I S  because the occup a t i o n a l  doses  are 
bas i c a l l y  v o l untary whe reas those to the general  pub l i c  are i nv o l unta ry .  
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At NFSS and Oak R i dge , the o n l y  t i me pe r iod  d u r i ng wh i c h  s i g n i f i cant occupat iona l  doses  wi l l  
occur i s  the act i on pe r i od ( 0- 10 years ) .  Doses d u r i n g  the act i on per i od are d i s c u s sed i n  deta i l  i n  
Sec t i ons 4 . 1 . 3 . 1 through 4 . 1 . 3 . 4 . Dur i ng the ma i ntenance a nd mon i tori ng pe r i od , doses  to wo rke rs at 
NFSS and Oak R i dge are expected to be negl i g i b l e .  Workers wi l l  per i od i c a l l y  be ons i te to col l ect a i r  
and  wate r samp l es , to i n spect the cond i t i on o f  the conta i nment system , to mai nta i n  the  fences and mow 
the g ras s ,  to patro l the s i te for securi ty purposes , and to perform other rou t i ne mai ntenance and 
mon i to r i ng act i v i t i e s .  Occas i ona l ly , workers may be on s i te to take remed i a l  a c t i o n s  s uch as  repa i r i ng 
a ny f a i l u re s  i o  the conta i nment sys tem . D u r i ng the ma i ntenance and mon i to r i ng peri od , wo rkers a re not 
expected to be d i rect ly exposed to the rad i oact i ve  was tes o r  res i due s .  Rad i oact i ve emanat i ons , 
i nc l udi ng radon-222 gas , from the deep ly  b u r i ed res i dues and from the s l i gh t l y  contami nated wastes  are 
expected to be negl i g i b l e  at the surface of the e a rthen conta i nment caps ( see  expected radon-222 
re l ea s e  rates i n  Sec t i on 4 . 1 . 2 . 2 ) .  Al so , workers a re expected to be ons i te o n l y  for b r i e f  p e r i ods of 
t i me .  Beca u s e  o f  a l l these factors , occupati onal  doses  a t  NFSS and Oak R i dge d u r i ng the mai ntenance 
and mon i tori ng per i od a re expected to be neg l i g i b l e ,  p robab l y  l es s  than a tota l o f  a few rem to the 
whol e body o r  c r i t i c a l  organs ( pr i nc i pa l l y  the bronc h i a l  ep i the l i um)  over the e nt i re pe r i o d .  

A t  Hanfo rd , there wi l l  be s i gn i f i cant  occupat i ona l  d o s e s  d u r i ng b o t h  t h e  act i o n  p e r i od a n d  the 
m a i ntenance and mon i to r i ng p e r i o d .  D u r i ng the act i o n  per i od , d o s e s  a re e s t i mated i n  the s ame manner 
as doses  at NFSS and Oak  R i dge and are deta i l ed i n  Sec t i ons 4 . 1 . 3 . 1  through 4 . 1 . 3 . 4 . D u r i ng the 
m a i n tenance and mon i tori ng pe r i od , worke rs  wi l l  be o n s i te only b r i e f l y  and wi l l  a l so not be d i rec t l y  
exposed t o  t h e  contami nated mate ri a l s .  Howe ve r ,  the radon-222 g a s  re l eases  from t h e  buri ed materi a l s  
a t  Hanford wi l l  be much h i gher  than a t  NFSS o r  Oak R i dge ( Se c t i o n  -4 . 1 . 2 . 2 ) .  Workers a t  Hanford wi l l  
there fore be exposed to s i gn i f i ca n t l y  e l evated l eve l s  o f  radon-222 gas  and i ts s ho rt- l i ved decay 
p roducts and wi l l  i nc u r  s i gn i f i cant b ronc h i a l  e p i t h e l i um doses . Thu s , wo rker doses  at Hanford duri ng 
the  ma i ntenance and mon i to r i ng p e r i od a re e s t i mated s eparate l y  ( see  Sect i o n  4 . 1 . 3 . 5 for deta i l s ) .  

At a l l  s i tes , there wi l l  no occ upati ona l  doses  i n  the l ong-term per i od because i t  i s  a s s umed that 
there wi l l  be no mon i tori ng o r  mai ntenance act i v i t i e s  occ u rri ng a fter 200 years . 

4 . 1 . 3 . 1 General  A s s umpti ons  and Method o l ogy 

Occupat i ona l  doses dur i ng the act i on peri od are e st i mated for ( 1 )  act i v i t i e s  at NFSS , ( 2 )  trans
porta t i o n  acti v i t i e s , and ( 3 )  act i v i t i e s  at a l terna t i v e  l ong- term management s i te s  and the Harbo r .  
There a r e  three m a j o r  sources  o f  rad i  oact i v i  ty t h a t  c o u l  d 1 ead t o  occupat i ona  1 d o s e s  from these 
act i v i t i es :  ( 1 )  d i rect gamma exposure , ( 2 )  re l ease  o f  rad i o ac t i ve l y  contami nated part i c u l ates , a nd 
( 3 )  re l ease  o f  radon- 222 g a s .  The f i rs t  source re s u l ts i n  an extern a l  who l e-body dose  whereas the 
s econd and th i rd sources resu l t  in  doses  to i nternal  o rgans v i a  i nh a l at i on of rad i onuc l i de s .  The 
cont r i b u t i o n  f rom other pathways ( e . g . , i ng e s t i on of contam i nated water and foods t u f f s )  wi l l  have a 
re l at i ve l y  sma l l e f fect on occupa t i o n a l  doses  to i nternal  organs . A l l three  sources a re not app l i 
cab l e  to each a l terna t i ve o r  component o f  the a l te rnat i ves , e . g . , the second and th i rd sources do not 
app l y  to trans porta t i o n  ( see  Sect i on 4 . 1 . 3 . 3 ) .  

The occup a t i o n a l  doses  for d i rect gamma expo s ures resu l t i ng from act i v i t i es associ ated wi th 
p roc e s s i ng and hand l i ng the rad i oacti ve mate ri a l s are c a l c u l ated separate l y  for the res i dues and the 
wa ste s .  O n l y  the wo rkers i n  the i mmed i ate v i c i n i ty of the wastes o r  res i dues  wi l l  rece i ve s i g n i f i cant 
expo s ures because d i rect gamma rad i at i on decreases rap i d l y  wi th d i s tance f rom the wastes o r  res i dues . 
The occupati onal  doses  a s so c i ated wi th i nha l at i on o f  p a rt i c u l ates and radon-222 gas ( and i ts short
l i ved decay produc t s )  are a l so ca l cu l ated separa t e l y  for acti v i t i e s  a s s o c i ated wi th the p roce s s i ng and 
hand l i ng o f  the res i dues  and was te s .  

External  who l e-body doses  a re c a l c u l ated by mu l t i p l y i ng t h e  l ength o f  t i me workers spend i n  
var i ous  rad i at i on f i e l d s  by the rad i at i on f i e l d  strength and summi ng over the numbe r o f  workers 
i nvol ved . I nternal  doses a re c a l c u l ated i n  a s i m i l ar manner us i ng the e s t i ma ted concentra t i o n s  of 
a i rborne rad i onuc l i des i n  the work e n v i ronment and ave rage rates of i nha l at i o n .  F i fty-year i nterna l 
dose  commi tments- - i . e . , the ent i re dose i ns u l t  rece i ved over a per i od of 50 years fo l l owi ng i ntake 
i nto the body- - are used in th i s  E I S .  

D i rect Gamma Expo s u re .  Acti v i t i es i nvol v i ng the res i dues  wi l l  b e  the major s o u rce o f  occupa
t i on a l  doses  v i a  d i rect g amma exposure due to the h i gh concentra t i o n  o f  radi um- 226 and i ts decay 
p roducts . Workers d i rect l y  i nv o l ved i n  hand l i ng the res i dues a re a s s umed to be exposed to a n  ave rage 
rad i at i o n  f i e l d  of 1 mrem/ h .  T h i s dose rate i s  used to e s t i mate the dose to the who l e  body , bone , and 
l ung from expo s u re to external  gamma rad i a t i o n .  The rad i at i on f i e l d  for certa i n  o f  the re s i dues may 
be much h i gher  than th i s  va l ue- - i . e . , the K-65  res i dues may have contact expo s u re rates up to 300 mR/h 
o r  h i gher  ( Bechte l Nat l . 1984a ) .  Thus , some workers may be exposed to h i gher  rad i ati on  f i e l d s  d u r i ng 
acti v i t i e s  i nvo l v i ng p roces s i ng and  hand l i ng o f  the K-65  re s i dues . ( The expo s u re rates for the othe r  
res i dues  wi l l  b e  s i g n i f i ca n t l y  l ower because t hey have a much l owe r concentrat i o n  o f  radi um- 226--see  
Tab l e 3 . 5 ) .  Howe v e r ,  e f forts wi l l  be taken  to keep the l en gth of such expos u re s  to a mi n i mum to be i n  
comp l i ance w i t h  DOE ' s  " as l ow a s  reasonab l y  a c h i evab l e" ( A LARA ) p h i l osophy.  When neces sa ry ,  s h i e l d i ng 
and  remote hand l i ng equ i pment wi l l  be used to red uce expo s u re rate s .  The 1 mrem/h ave rage rad i ati on 
f i e l d  is appropr i ate for e s t i mati ng occupat i ona l  doses con s i de r i ng the rad i um- 226 concentrati on in the 
re s i dues , the a s s umed eng i neeri ng p roced ures for the vari o u s  a l te rnat i ve s , and  comp l i ance w i t h  ALARA. 
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Workers i nvo l ved i n  hand l i ng the wastes are a s s umed to be expos ed to a n  average rad i at i on  f i e l d  
o f  0 . 04 mrem/h . T h i s  dose rate i s  used t o  e s t i mate the dose  t o  the who l e body , bone , and l ung from 
exposure to external  gamma rad i at i o n .  Th i s  average rad i a t i o n  f i e l d  a s s umes hand l i ng of the wastes  by 
mac h i nery wi thout the use  o f  add i t i ona l  s h i e l d i ng o r  remote handl i ng equ i pmen t .  The 0 . 04 mrem/h 
average rad i at i o n  f i e l d  strength i s  based on an average rad i um- 226 concentra t i on of 36 p C i /g ( see 
Tab l e 3 . 5 )  and tak i ng c red i t  for a sma l l amount o f  s h i e l d i ng afforded by construct i on equ i pment .  

. I nha l at i on o f  Rad i oact i ve Part i cu l ate s .  I nha l at i o n  o f  rad i oacti ve l y  contami nated dust  wi l l  
resu l t  i n  workers i ncurri ng an i nternal  rad i at i on dose .  Dust  concentra t i o n s  wi l l  gene ra l l y  be q u i te 
l ow ;  howeve r ,  use  o f  respi ratory- p rotecti on e q u i pme nt may occas i onal l y  be neces s a ry to e n s u re that the 
A LARA p r i nc i p l e  i s  mai nta i ned .  In th i s  ana l ys i s ,  i t  i s  a s s umed that resp i rators  are not used but 
mas ks wi l l  be used for act i v i t i e s  i nvo l v i ng excavati on  and packagi ng of the res i du e s .  The mas ks are 
a s s umed to reduce the amount o f  part i c u l ates i nh a l ed by a factor o f  10 .  

The amount  o f  dust in  the v i c i n i ty o f  earth-mov i ng act i v i t i e s  has  been e s t i mated by NRC to be 
about 0 . 01 g/m3 , wi th 10% be i ng in  the resp i rab l e  parti c l e- s i ze range , i . e . , < 10 �m i n  d i ameter 
( U . S .  Nuc l . Reg . Comm . 1980b ) .  Thu s , the amount of resp i rab l e  dust wi l l  be about 0 . 001 g/m3 • Wett i ng 
wou l d  be expected to reduce th i s  by at l east  a factor o f  two , s o  the resp i rab l e  dust  l oad i s  as s umed 
to be 0 . 0005 g/m3 for th i s  analys i s .  The workers exposed to t h i s  a i rborne contam i nat i on wi l l  i nc l ude 
mach i  nery operato rs , 1 abore rs ,  and s uperv i sory and mon i tori  ng personne 1 .  Th i s average concentrat i on 
o f  0 . 0005 g/m3 i s  used  for i nternal  dose e s t i mates for a l l wo rkers at NFSS  and at the vari o u s  a l terna
t i ve management s i te s  and the Harbor. A res p i rat i o n ·  rate of 20 L/m i n i s  a s s umed i n  ca l cu l a t i ng the 
amount o f  dust that wou l d  be i nh a l ed by workers ( I n t .  Comm . Rad i o l . Prot.  1966 ) .  

The average concentra t i on o f  radi um-226 i s  about 67 , 000 p C i /g i n  the res i du e s  and about 36 pC i /g 
i n  the was t e s .  I n  th i s  E I S ,  i t  i s  as s umed that the concentrati o n  of thori um- 230 i s  equal  to that of 
radi um-226 .  There fore , for  every person-hour assoc i ated wi th hand l i n g  the res i due s unt i l they are 
pac kaged , workers wi l l  i nha l e  abou t  4 pCi o f  thori um-230 , rad i um-226 , and a l l o f  i t s  decay products 
( e xc l ud i ng radon-222 gas and i t s  short- l i ved decay products , wh i ch are ca l c u l ated s eparate l y ) . Th i s  
e s t  i mate i s  ob.t a i ned by mu l t i p l y i ng the average concentra t i o n  o f  rad i on u c l  i des  i n  the res i dues by the 
average i nh a l a t i o n  rate , taki n g  i nto account the reducti on i n  parti c u l ates i nh a l ed through use of 
a i r- f i l te r i ng mas ks a s s umed to be used by the workers .  

F o r  every person- hour  assoc i ated wi th hand l i ng the was tes , i t  i s  e s t i mated that  workers wi l l  
i nha l e  about 0 . 022 p C i  o f  thori um-230 , rad i um- 226 , and a l l s ub s eq uent decay products ( e xc l ud i ng 
radon-222 gas ) .  Th i s est i mate i s  obta i ned i n  a manner s i mi l ar to that obta i ned for the res i dues , 
i . e . , mu l t i p l y i ng the average concentrati on o f  rad i onuc l i de s i n  the res i dues by the  average i nhal a t i o n  
rate.  

The dose  convers i o n  facto rs for c r i t i ca l  organs ( i . e . , who l e  body , bone , and l un g )  are g i ven as  
f o l l ows : 

O rgan 

Who l e  Body 

Bone 

Lung 

Dose  Convers i on Factor 
(mrem/pC i i nh a l ed)  

0 . 020 

0 . 57  

0 . 65 

These conve rs i on factors were obtai ne d  f rom Append i x  G o f  the U . S .  N u c l ear  Regul atory Comm i s s i on 
( 1980a)  report , u s i ng an average parti c l e s i ze o f  5 �m.  Thus , the i nternal  occupat i onal  dose  assoc i 
ated wi th hand l i ng the NFSS  res i dues  and was te s , pe r worker- hour o f  expo s u re , i s  g i ve n  a s  fol l ows : 

Occupat i ona l Dose  �mrem/worke r- hour)  

O rgan Res i du e s  Was te s  

Who l e body 0 . 080 0 . 00044 

Bone 2 . 3  0 . 013  

Lung  2 . 6  0 . 014 

I nhal ati on o f  Radon-222 Gas and I ts Short- L i ved Decay Products .  Radon-222 gas wi l l  emanate from 
the res i dues  and was tes , and part of i t  wi l l  e s cape i nto the atmosphere.  As  a res u l t ,  the concentra
t i on o f  radon-222 gas  and i ts short- l i ved decay products wi l l  be e l evated i n  the  amb i ent a i r .  Construc
t i on workers and ma i ntenance pe rsonnel  w i l l ,  therefore , be exposed wh i l e  on the  j ob .  The only i nte rnal 
organ that wi l l  rece i ve a s i g n i f i cant dose  f rom radon-222 gas and i t s  s hort- l i ved decay products i s  
the b ronchi  a l  ep i thel  i um.  Average radon- 222 concentrat i on s  above contami nated s u rfaces that emi t 
radon-222 gas are extreme ly  var i ab l e .  I t  i s  d i ff i cu l t  to corre l ate radon-222 concentrat i on s  i n  a i r 
w i th radon-222 f l ux from the s urface o r  wi th the rad i um-226 concentrat i o n  i n  the contam i nated mate r i a l s 
( even  i n  the re l at i ve l y  rare cases  when the rad i um-226 d i str i but i on " i s  homogeneou s ) .  Thu s , i t  i s  
neces sa ry to make s i mp l i fyi ng as sumpti ons  to e s t i mate t h i s component o f  the occupat i ona l dos e .  
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The  bronch i a l ep i the l i um dose for hand l i ng the r e s i dues and wastes i s  e s t i mated as  fo l l ows . The 
average occupati ona l  expo s u re to radon-222 and i ts short- l i ve d  decay products at uran i um mi l l s  was 
reported to be 0 . 05 work i ng l ev e l  (WL)  i n  a report o f  the U . S .  Nuc l e a r  Regul atory Comm i s s i on ( 1980a ) .  
Because the res i dues have a h i ghe r concentrati on of rad i um-226 than urani um m i l l  ta i l i ngs , the average 
occup a t i o n a l  exposure to wo rkers hand l i ng the res i dues  i s  a s s umed to be 0 . 1 WL . The average occupa
t i on a l  exposure to workers hand l i ng the wastes i s  a s s umed to be 0 . 001 WL due  to the much l ower concen
trat i on o f  radi um-226 in the was te s .  Certai n  worke rs  may be exposed to h i gh e r  concentrati ons  of 
radon-222 gas and  i ts s hort- l i ved decay p roducts for s hort per i ods  o f  t i m e .  I f  neces sa ry ,  p rocedures 
s uc h  a s  use  o f  supp l i ed a i r  o r  venti l at i o n  wi l l  be i m p l emented to keep doses  ALARA. The occupat i o n a l  
doses  t o  the  b ronch i al ep i the l i um from i nha l a t i on o f  radon- 222 gas  and  i ts short- l i ved decay p roducts , 
p e r  worker- hour o f  exposure , a re g i ven a s  fo l l ows based on the a s s umed wo r k i n g  l ev e l  for res i dues and  
wastes  and  a convers i o n  factor o f  5 rem to the bronc h i a l  e p i t he l i um per  work i ng l ev e l  month  ( one month 
o f  exposure i s  approxi mate l y  equal  to 170 hours ) :  

O rgan 

Bronc h i a l  ep i the l i um 

Occu pa t i o na l  Dose  
(mrem/worker- hour)  

R e s i dues Wastes 

2 . 9 0 . 029 

4 . 1 . 3 . 2 Occupati ona l  Doses a t  Var i ou s  S i te s  Dur i ng the Act i o n  Pe r i od 

The occupat iona l  doses for act i v i t i e s  at the v a r i o u s  l oc a t i o n s  dur i ng the act i o n  pe r i od a re g i ven 
i n  th i s  secti o n  u t i l i z i ng �he methodo l ogy descri bed i n  Sect i o n  4 . 1 . 3 . 1 and the wo rk force  req u i rements  
g i ve n  in  Secti on 4 . 6 . 4  for ' the  vari ous s i te s .  The occupa t i o n a l  doses  for  transportati on are g i ven i n  
Sect i o n  4 . 1 . 3 . 3 . The tota l occupat i ona l  doses  for the act i on per i od for the v a r i o u s  a l terna t i v e s  a re 
g i ve n  i n  Sect i o n  4 . 1 . 3 . 4 . 

Occupat i ona l  Doses  a t  NFSS . Occupati ona l doses  at NFSS dur i ng the act i on per i od for  the v a r i o u s  
a l terna t i v e s  a re g i ven i n  Tab l e  4 . 25 .  T h e s e  est i mates a r e  obta i ned us i ng the work force e s t i mates 
g i ve n  in  Secti on 4 . 6 . 4  and  the dose convers i o n  factors descri bed in  Sec t i on 4 . 1 . 3 . 1 . Many o f  the 
act i v i t i e s  at NFSS do not d i rect ly  i nv o l ve handl i ng o f  the was te s  and re s i dues  ( e . g . , s i te p repara
t i on , f i e l d  superv i s i on ) .  I f  there i s  a potent i a l for rad i at i o n  exposure f rom these acti v i t i e s , the 
u n i t  dose  factors g i ven for the  wastes are used to e s t i mate occupa t i o n a l  doses  because the res i dues  
a re i n i t i a l ly  covered beneath at l ea s t  6 m o f  mate r i a l  and , hence , rad i at i on exposure for i n i t i a l  
act i v i t i e s  wi l l  b e  l arge l y  from the waste s .  I n  add i t i on ,  mos t  o f  the act i v i t i e s  wi l l  occ ur i n  much  
c l os e r  p roxi m i ty to the was te s  than the res i dues .  

The l argest component o f  occupati onal  doses  for act i v i t i e s  a t  NFSS i s  f rom the excavat i on ,  
p ac kag i ng ,  and l oad i ng of the res i d ue s .  A l ternat i ves  that do not requ i re retr i eva l  o f  the res i dues 
( i  . e . , A l terna t i ve s  1 and 2a) have much l owe r occupati ona l doses . The exte rnal  who l e- body doses  
res u l t f rom d i rect gamma exposure ; the i nterna l organ  doses  res u l t from i nh a l a t i o n  o f  rad i oact i ve 
parti c u l ate� and radon-222 gas . P rocedures that wou l d  e l i m i nate the need for wo rkers to be exposed to 
the res i dues  ( i . e . , remote ret r i e v a l  and  p roce s s i ng )  cou l d  res u l t  i n  much l owe r i nternal  o rgan dos e s .  

Occupa t i o n a l  D o s e s  at Hanford . Occupa t i o n a l  doses  at Hanford assoc i ated wi th rec e i p t  and  di spos a l  
o f  t h e  res i dues (A l ternat i ve s  3a , 4a , a n d  4b ) a n d  wastes ( A l ternat i ve 3a)  a re g i ven i n  Tab l e  4 . 26 .  
When the packaged res i dues a re rece i ved , they wi l l  be removed from t h e  trucks a n d  p l aced i nto trenches  
f o r  b u r i a l .  The  covers o f  the  b i n s wi l l  be removed , and  wastes  o r  other  earthen materi a l s wi l l  be 
p l aced on  top o f  the exposed res i dues p r i o r  to backf i l l i ng the trenche s .  The  p u rpose o f  th i s  p rocedure 
is to f i l l  the b i ns and  thus m i n i m i ze the l i ke l i hood of trench s ub s i dence i n  the f u ture . '"  Workers 
wi l l  be exposed to radon-222 gas  and part i c u l ates from the exposed res i dues  d u r i ng these acti v i t i e s  
( A l terna t i ves  3 a ,  4 a , a n d  4b ) a n d  thus wi l l  i ncur  i nternal  rad i a t i o n  dos e s . Wo rkers wi l l  a l so be 
expo sed to external  rad i at i o n  and rad i oact i ve radon- 222 gas and part i c u l ates f rom d i spo s a l  o f  the 
wastes i n  A l ternati ve 3a. The wastes are a s s umed to be emp l aced i n  the trenches u s i ng standard earth
mov i ng e q u i pment .  The occup a t i o n a l  doses  at Hanford are s i g n i f i ca n t l y  l owe r than those at NFSS due  to 
the much l ower wo rk force requi rements assoc i ated w i th d i spo s a l  act i v i t i e s .  Al ternat i ves  4a and 4 b ,  
i n v o  1 v i  ng  recei pt  a n d  d i  sposa 1 o f  on ly  t h e  res i due s ,  have a l ower occupat i o n a  1 dose commi tment than 
A l te rnat i ve 3a in  wh i c h  a l l o f  the NFSS res i dues and wastes  are d i sposed at Hanford . 

Occupa t i o n a l  D o s e s  at O a k  R i dge . Occupa t i ona l  doses  at Oak  R i dge a s s o c i ated w i t h  rec e i p t  and 
d i spo s a l  o f  the re s i d ues  ( A l ternati ves  3b , 4c , and  4 d )  and wastes  (A l ternati ve 3 b )  are g i ve n  i n  
Tab l e  4 . 26 .  Al though  the concept for l ong-term management o f  the NFSS res i dues and was te s  i s  s i gn i f i 
cant ly  d i f ferent a t  O a k  R i dge than  a t  Hanford ( i . e . , above-ground versus  be l ow- ground d i sposal ) ,  the 
acti v i t i e s  associ ated wi t h  emp l acement o f  the res i dues and  waste i nto the contai nment  system wi l l  be 
s i mi l ar .  As at Hanford , the covers o f  the b i ns conta i n i ng the res i du e s  wi l l  be removed and the b i ns 
f i l l ed wi th wastes or other earthen mate r i a l  p r i or to emp l acement o f  a n  e a rthen cap . The wastes a re 

"' I t  may be pos s i b l e  to use  conta i ners that a l l ow very l i ttl e vo i d  space and the l i d s  wou l d  not have 
to be removed . Rad i oacti ve rel eases  and occupat i ona l  doses  cou l d ,  therefore , be reduced.  
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Tab l e  4 . 2 5 .  Occupa t i o n a l  D o s e s  at NFSS  Duri ng 
the Act i o n  Per i od 

Occuea t i onal  Doses  (eerson- or o rgan- rem ) t l 

Bronc h i a l  
A l ternat i ve Who l e  Body Bone Lung E p i t he l i umt2 

1 2 . 6  3 . 4  3 . 5 1 . 9  
2a 10 14 14 7 . 4  
2b 140 410 450 360 
3a 110 300 320 250 
3b 110 290 320 2 50 
4a 100 280 300 240 
4b 110 290 320 250 
4c 100 280 300 240 
4d 110 290 320 250 

t1 A l l doses  g i ven  to two s i gn i f i cant  f i gu re s .  

t 2  Dose res u l t i ng from i nha l at i o n  o f  s hort- l i ved radon-222 decay products . 

Tab l e  4 . 26 .  Occupati on a l  Doses  a t  Hanford , O a k  R i dge , and 
the Harbor Dur i ng the Act i on Per i od 

Occueat i onal  Doses  (eers on- or o rgan- rem )t l 

Bronc h i a l  
A l ternat i ve Who l e  Body Bone Lung E p i the l i umt2 

Hanford 

3a 51  110  120  88 
4a 26 79 86 70 
4b 26 79 86 70 

Oak R i dge 

3b 5 1  110 120 88 
4c 26 79 86 70 
4d 26 79 86 70 

Harbor 

4b 2 . 7  3 . 5 3 . 6 1 . 9  
4d 2 . 7 3 . 5 3 . 6 1 . 9  

t 1  A l l doses  g i ven  to two s i gn i f i cant f i g u re s . 

t2 Dose res u l t i ng from i nha l at i on of s h o rt- l i ved radon-222 decay p roducts . 
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a s s umed to be hand l ed wi th standard earth-mov i ng equ i pment .  T h u s , the occupat i ona l doses  at Oak R i dge 
wi l l  be compa rab l e  to those a t  Hanford.  

Occupat i o n a l  D o s e s  at the Harbor . I n  Al ternat i ve s  4b and  4d , the wastes  wi l l  be brought to the 
Ha rbor for l oa d i n g  onto a barge wi th s ub sequent d i sposa l  i n  the ocean .  The occupa t i o n a l  doses for 
act i v i t i e s  at the Harbor a re g i ve n  i n  Tab l e  4 . 26 .  These  dose s are s i gn i f i cant ly  l ower than  those at 
Hanford o r  Oak R i dge because o n l y  the wa stes  are i nv o l ved .  There wi l l  be no s i gn i f i cant doses  a s s oc i 
ated wi th d i s po s a l  o f  the was te s  once the barge has  l e ft the Harbor because the barge wi l l  b e  towed by 
a tugboat that wi l l  be s ev e ra l  hundred meters away. 

The maxi mum exposed  i nd i v i du a l  for these  v a r i o u s  s i te s  wi l l  be a worker i nv o l ved i n  the ret r i eva l , 
pac kag i ng ,  and l oad i ng o f  the res i dues at N F SS for a l l a l ternat i ve s  except 1 and 2 a  i n  wh i ch the 
re s i dues  a re not retri eved .  The dose to the max i ma l ly  exposed  worker a t  a l terna t i ve l ong- term manage
ment s i te s  wi l l  be s i g n i f i cant ly  l ower .  The dose to the max ima l ly  exposed i nd i v i du a l  a t  N F SS i s  
e s t i mated by a s s um i n g  exp o s ure to the res i dues for 100 o f  the 120 wo rki ng days i n  a construc t i o n  
s e a s o n .  T h e  annua l who l e-body and  c r i t i ca l -organ dos e s  rece i ved b y  th i s  worker a r e :  who l e-body dose , 
0 . 86 rem ; bone , 1 . 8 organ- rem ; l ung , 2 . 1  organ- rem ; and  b ronc h i a l  ep i the l i um ,  2 . 3 organ- rem .  These  
doses  are be l ow l i mi ts  e s tab l i s hed by DOE for  p rote c t i o n  o f  workers , a s  g i ve n  i n  DOE O rder 5480 . 1A.  
The max i mum i nd i v i dua l  doses  for a l ternat i v e s  not i nv o l v i ng excavat i o n  of the res i dues ( i . e . , Al terna
t i ves  1 and 2a) wi l l  be much l owe r-- doses  to the who l e  body and  c r i t i cal  organs are expected to be 
l es s  than  100 mrem. 

I f  an acc i de n t  occurs duri ng ret r i e v a l  of the res i due o r  was te s , worke rs wi l l  i nc u r  a n  i nc re
mental  rad i at i o n  dos e .  T h e  c umu l at i ve dose t o  t�e wo rk force wou l d  n o t  c hange apprec i ab l y  wi th s uch  
a n  ac� i dent .  Howeve r ,  it  i s  pos s i b l e  that one , o r  perhaps  severa l , workers may i ncur  rad i at i on doses  
that are s i gn i f i cant ly  l a rg e r  than  the  average d o s e .  P recaut i o n s  wi l l  be taken  to  m i n i mi ze rad i at i on 
doses  to the workers , e . g . , u s e  o f  breath i ng apparatus and m i n i m i z at i on o f  the t ime spent i n  the 
i mmed i ate v i c i n i ty o f  the rad i oact i ve materi a l s .  The  maj o r  s ou rce  o f  rad i ati on exposure wi l l  be from 
external  gamma rad i at i on becau s e  any radon-222 gas  re l eased  wi l l  qu i c k l y  d i sperse  and worke r s  wi l l  u s e  
breath i n g  appa ratus  t o  m i n i m i ze i ntake o f  parti cu l ate s .  The exte rnal  who l e- body d o s e  to a worker from 
an acci dent as s oc i ated wi th ret r i e v a l  of the K-65 res i due s i s  e s t i mated to be about 30 mrem , a s s um i ng 
that th i s  worker spends 10 m i nutes i n  a 100 mrem/h f i e l d ,  50 m i nutes  i n  a 10 mrem/h f i e l d ,  and 1 hour 
i n  a 5 mrem/h f i e l d .  Occupa t i o n a l  doses  a s soc i ated wi th a n  acc i dent  i nvol v i ng a s p i l l  o f  wastes  wi l l  
be much l ower .  The dose t o  a worker wi l l  be l es s  than  1 mrem , even  a s s um i ng that such  a worker spends  
s e veral  hours i n  the d i rect v i c i n i ty o f  s uc h  was te s . 

4 . 1 . 3 . 3  Occupat i ona l  Doses  to D r i vers  Transport i ng N F SS R e s i dues  and Wastes  

The  pr i nc i pa l  pathway by  wh i ch d r i ve rs wi l l  be exposed to  rad i at i o n  i s  from d i rect external 
exposure to gamma rays emanati ng from the rad i oact i v e l y  contam i nated r e s i dues  and was te s .  Doses  from 
expos u re to contami nated part i c u l ates  and radon-222 gas  wi l l  be negl i g i b l e and  a re not con s i dered 
f u rther .  Sh i e l d i ng may be requ i red between the dr i vers  and the res i dues to meet  the regu l atory 
expos u re l i m i t  o f  2 mrem/h ( see  Appen d i x  D ) .  I t  i s  a s s umed that s u ff i c i ent s h i e l d i ng o f  the r e s i dues  
i s  u sed to  reduce the  dose rate to  a n  average o f  1 mrem/h ;  the dose to  the d r i vers transport i ng the  
u n sh i e l ded N F SS wastes  i s  e s t i mated to average 0 . 04 mrem/h ( a s s um i ng  a n  average radi um-226 concentra
t i on o f  36 pC i /g and a l l ow i ng for the s h i e l d i ng a f forded by the truck body and cab ) .  Othe r a s s ump
t i ons  used i n  ca l cu l at i ng dr i ver  doses  a re a one-way t r i p l ength as l i s ted i n  Tab l e  4 . 13 and use o f  
two d r i ve rs a l terna t i n g  dr i v i ng s h i fts  a n d  cont i nuous l y  occupyi ng  the c a b  wh i l e the t r u c k  i s  mov i ng 
f rom NFSS  to i ts des t i nat i o n .  The dr i vers  are a s s umed t o  b e  i n  the truc ks for 6 4  hours  en  route to 
Hanford , 20 hours to Oak R i dge , and 16 hours  to the Harbor .  The greatest dose  t o  a dr i ver o n  a s i ng l e  
t r i p  i s  6 4  mrem/pe rson  dur i ng transport o f  a l oad o f  re s i dues  t o  Hanford ( A l ternati ves  3a , 4a , and 4b ) .  
The  c umu l at i ve dose s to dri vers  are l i s ted i n  Tab l e  4 . 27 .  The annua l  externa l  whol e-body dose  to the 
max i ma l l y exposed d r i ve r  i s  e s t i mated to be 0 . 64 rem for Al terna t i v e s  3a , 4a , and 4b for transport of 
re s i dues  to Hanford and 0 . 48 rem for Al ternat i ve s  3b , 4c , and 4d for transport o f  res i dues  to Oak 
R i dge . These e s t i mates  are based  on a 120-day construc t i on season  and the transport t i me s  g i ven i n  
Tab l e  4 . 1 3 .  

I f  an  acc i de n t  o c c u r s  d u r i n g  transport o f  t h e  res i dues  and  was te s ,  i t  wi l l  be neces sary f o r  
worke rs t o  c l ean u p  a ny materi a l s t h a t  a re s p i l l ed .  ( The two bas i c  type s  o f  potent i a l  acc i dents a re 
de scr i bed i n  Secti o n  4 . 1 . 2 . 1 . ) The do se to workers wi l l  be much g reater for c l ean i ng up s p i l l ed K-65 
re s i dues  than s p i l l ed wastes  because  the much h i gher  concentrati o n  o f  radi um- 226 in  the K-65 res i dues  
wi l l  res u l t  in  much  h i g he r  externa l  rad i at i on exposure s .  It  i s  a s s umed that i t  wi l l  take two workers 
4 hours each  to c l ean up a ny s p i l l ed K- 65 res i dues  and that each  worker wi l l  spend about 10 m i nutes  i n .  
a 50 mrem/h f i e l d ,  50 mi nutes i n  a 10 mrem/h f i e l d ,  and 3 hours i n  a 5 mrem/h f i e l d .  Each  wo rker wi l l  
rec e i v e  an external  who l e-body dose  o f  about 30 mrem ; the tota l exte rna l who l e-body worke r dose  for 
t h i s c l eanup wi l l  there fore be about 60 mrem . 

Because  there wi l l  be many more s h i pments  o f  wastes  than o f  res i due s ,  the probab i l i ty o f  an 
a c c i dent i nvol v i ng the wastes  i s  much h i g h e r .  Al so , because  the was te s  wi l l  not  be pac kaged , the 
probab i l i ty and mag n i tude o f  a s p i l l  o f  wastes  i s  great e r .  Howe ve r ,  the rad i um-226 content o f  the 
was te s  i s  much l bwe r than that o f  the res i due s , so  the doses  to workers wi l l  be much l es s  for  c l ean i ng 



A l terna t i v e  

3 a  

3b 

4a 

4b 

4c 

4d 
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Tab l e  4 . 27 .  Doses  to Dri vers  Transport i ng NFSS 
Res i dues  and Wastes  

Who l e  Body 

280 

88 

200 

220 

64 

83 

C umul at i ve Dose  to D r i verst 1 
(person- o r  o rgan- rem) 

Bone Lung 

280 280 

88 88 

200 200 

220 220 

64 64 

83 83 

Bronch i a l  
E p i thel i umt2  

t l  A l l doses  g i ven  to  two s i g n i f i cant f i gure s .  I t  i s  a s s umed that  the  
external  rad i a t i on dose  to  each  organ  i s  appro x i mate ly  equa l  to the  
who l e-body dose .  

t 2  Dose  res u l t i ng from i nha l at i on o f  short- l i ved radon-222 decay p roduct .  

up s p i l l ed wastes  than s p i l l ed res i dues . As sumi ng that it  wi l l  t a ke two workers 10 hours each to  
c l ean up s p i l l ed wastes . and that each worker wi l l  rece i ve an extern a l  who l e- body dose  rate o f  about 
0 . 04 mrem/h ( the same as  the truc k dr i ver) , the exte rna l who l e-body dose to each worker wi l l  be 
0 . 4  m rem and the total  externa l  who l e- body wo rker dose  wi l l  be 0 . 8 mrem.  

4 . 1 . 3 . 4  Occupati ona l  Doses for  the Var i o u s  A l ternat i ve s  

E s t i mates o f  t h e  occupa t i o n a l  doses  f o r  the v a r i o u s  a l ternati ves con s i dered i n  th i s  E I S  are g i ve n  
i n  Tab l e  4 . 28 .  T h e s e  tota l d o s e s  a re obta i ned by s umm i ng t h e  d o s e s  fo r t h e  var i o u s  components o f  the 
a l ternati ves  g i ve n  i n  the precedi ng two sect i on s .  The occupa t i ona l  doses a re l owest for A l terna
t i ves  1 and 2a , wh i c h  do not i nvo l ve ret r i eva l  of  the  wastes  and res i dues .  Imp l ementa t i o n  o f  a ny o f  
the  o t h e r  a l te rnat i ves  wi  1 1  resu  l t  i n s i g n i f i  cant rad i at i on d o s e s  to t h e  wo rk force t h a t  a re o f  the 
same order o f  magn i t ude as  the c umu l ati ve doses to the general  p u b l i c  duri ng the act i on p e r i o d .  

4 . 1 . 3 . 5 Occupat i ona l  D o s e s  at Hanford dur i ng t h e  Ma i ntenance a n d  Mon i tori ng Per i od 

Bec a u s e  of the re l ati ve l y  h i gh re l ea s e s  o f  radon-222 gas  from the bur i a l  a rea at Hanford d u r i ng 
the ma i ntenance and mon i to r i ng peri od , it  i s  l i ke l y  that workers on  the Hanford s i te wi l l  i nc u r  s i g n i 
f i cant doses  t o  the bronc h i a l  ep i the l i um .  The e s t i mated radon- 222 f l uxes a t  Hanford are s i m i l ar to 
the f l uxes meas u red at uran i um mi l l  ta i l i ng s  s i te s .  Therefore , i t  i s  a s s umed that the average worker 
exposure to radon-222 and  i ts s ho rt- l i.ved decay products at Hanford wi l l  be s i m i l ar to those at urani um 
m i l l s ,  i . e . , about 0 . 05 WL ( U . S .  Nuc l . Reg . Comm . 1980a ) .  At 0 . 05 WL , a wo rker wi l l  rece i v e  a dose  of 
about 1. 5 o rgan-mrem to the b ronc h i a l  e p i thel  i um per hour of exposure . As sumi ng an average of 
250 worker- days per year fo r ma i ntenance and mon i to r i ng act i v i t i es at the Hanford s i te ,  and a s s umi ng 
t hat about ha l f  o f  t h i s i s  spent o n s i te ( o r  about 130 wo rker-day s ) , the c umu l a t i ve b ronc h i a l  ep i the l i um 
dose  to the workers wi l l  be about 1 . 5 organ- rem/y r ,  o r  a tota l o f  290 organ- rem over the a s s umed 
190-year ma i ntenance and mon i tori  ng per i  od. I f  ma i ntenance and mon i tori  ng cont i nues  l onge r ,  the 
annua l worker dose  wi l l  cont i nue and the tot a l  dose wi l l  i ncrea s e .  

4 . 1 . 4  E s t i mati on o f  Hea l th E ffects 

The s i g n i f i cance o f  the e s t i mated doses  for  the v a r i o u s  a l ternat i ves  may be p l aced in  perspec t i v e  
by e s t i mati ng the i r  effects on human hea l th .  The potent i a l  hea l th effects f rom exposure t o  l ow l eve l s  
o f  rad i a t i o n  may i nc l ude a sma l l ( unmeas urab l e ) i nc rease  i n  the occurrence o f  cancer , depend i ng on 
what part i c u l a r  o rgan i s  i rrad i ated ,  and poss i b l e  genet i c  e ffects that may occur i n  future genera
t i on s . Wi th respect to NFS S ,  i mp l ementa t i o n  o f  any one o f  the a l ternati ves  i s  not expec\ed to res u l t  
i n  expos u res  to rad i at i on that a re l a rge enough to produce e i ther  i mmed i ate l y  observab l e  hea l th e f fects 
i n  a ny i nd i v i du a l  or l ong- term effects that cou l d  be i dent i f i ed by stat i s t i ca l  methods i n  the  expos ed 
popu l a t i o n  ( the o n l y  except i on be i ng the i nadvertent  res i de n t- i ntruder- - see  l ate r d i s c us s i on ) . 

The p robab i l i ty that a u n i t dose  o f  radi at i on wi l l  p roduce a de l eteri o u s  e ffect on an i nd i v i du a l  
( o r  e ffects on  a pop u l a t i o n )  i s  common l y  refe rred t o  a s  a r i s k  factor o r  r i s k  e s t i mato r .  E s t i mates o f  
r i s k  factors from exposure t o  rad i at i o n ,  for both i nd i v i du a l s a n d  popu l at i ons , are a v a i l ab l e  i n  a 
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Tab l e  4 . 28 .  Occupat i onal  Doses  f o r  the Act i on P e r i od 

OccuEat i ona l  Doses  {Eerson- or organ- rem ) t l  

Bronc h i a l 
A l te rnat i ve Who l e  Body Bone Lung E p i the l i umt2 

1 2 . 6 3 . 4  3 . 5 1 . 9  

2a 10 14 14 7 . 4  

2b 140 410 450 360 

3a 440 690 720 340 

3b 250 490 530 340 

4a 330 560 590 310  

4b 360 590 6 30 320 

4c 190 420 450 310 

4d 220 460 490 320 

t l  A l l doses g i ve n  to two s i gn i f i cant f i gure s .  

t2  Dose  res u l t i ng from i nh a l a t i o n  o f  s hort- l i ved radon- 222 decay p roduc t s .  

number of pub l i ca t i o n s .  The  Nati ona l Academy of S c i ences  i s s ued a report i n  1960 from t h e  Adv i sory 
Commi ttee on B i o l o g i c a l  E f fects of Atom i c  Rad i at i on c a l l ed the BEAR Report ( Nat l . Acad . Sc i .  1960 ) .  
I n  1972 , the Nati onal  Academy of Sci ences Adv i so ry Comm i ttee on the B i o l og i ca l  E f fects of I on i z i ng 
Rad i at i on i s s ued a repo rt commo n l y  referred to as " BE I R  I "  (Nat l . Acad . S c i . 1972 ) .  T h e  commi ttee was 
s ubsequently a s ked to rev i ew the r i s k  e s t i mators , and the resu l ts of that rev i ew were i s s ued i n  the 
1980 report referred to a s  " B E I R  I I I "  ( Na t l . Acad . Sc i .  1980 ) .  Other  groups of experts a l so have 
pub l i s hed ri s k  est i mators for rad i ati on expo s u re ; for examp l e ,  the I nternat i ona l  Comm i s s i on on Rad i o
l og i c a l  Protect i on ( I C R P )  and the Nat i on a l  Counc i l  on Rad i at i on Prote c t i o n  and Measurements ( NC R P )  
h a v e  both stud i ed rad i at i o n  effects . T h e  ICRP  i s s ued Pub l i cat i on 2 6  i n  1977 ( I nt .  Comm . Radi o l . Prot . 
1977 ) .  I n  the same yea r ,  a U n i ted Nati ons  study g roup ( U . N .  Sc i enti f i c  Comm i ttee o n  the E f fects of 
Atom i c  Rad i at i o n ,  or UNSCEAR ) pub l i s hed a n  exte n s i ve repo rt that i nc l uded e s t i mate s · of r i s k s  of cancer 
from i on i z i ng rad i at i on ( U . N .  Sc i .  Comm.  E f fects Atom.  Rad i at .  1977 ) .  

4 . 1 . 4 . 1 Cancers 

The  cancer r i s k  est i mates devel oped by v a r i o u s  profe s s i ona l  organ i zat i on s  are presented i n  
Tab l e  4 . 29 .  The v a l ues repre sent  the e s t i mated range of added cancer  morta l i ty ( above t h e  normal 
morta l i ty from s uc h  cance r s )  per 0 . 5 rem of rad i at i on to a popu l at i on of one m i l l i on peop l e  cont i nu
o u s l y  exposed to external  gamma rad i at i on . Compa r i son o f  the va l ues i n  Tab l e  4 . 29 i nd i cates that 
there i s  general agreement amon g  the e s t i mates dev e l oped by the th ree stud i e s .  In app l i cat i on of 

Tab l e  4 . 29.  E s t i mated Cancer Morta l  i ty from 
Expo s u re to Low- Level  Rad i at i on 

Source 

Nat iona l  Academy o f  Sc i ences 
( 1980 )- -B E I R  I I I  

I nterna t i ona l  Comm i s s i o n  on  
Rad i o l og i ca l  P rotec t i o n  ( 1977) 

U n i ted Nat ions  S c i e nt i f i c  
Commi ttee o n  the E ffects 
o f  Atomi c  Rad i at i on ( 1977) 

Number o f  Add i t i on a l t 1 Fata l Cancers 
E s t i mated to Resu l t  from Cont i nuous  

Expo s u re of One Mi l l i o n  Peop l e  to  
0 . 5 rem of External  Gamma Rad i ati on 

33-85 

50 

38-88 

t l  Add i t i ona l  means above the norma l cancer morta l i ty .  

Sourc e :  U . S .  Department of Energy ( 1983b ) .  
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these e s t i mate s , care must be taken to i dent i fy the l i m i tati ons o f  each  study .  The UNSCEAR and  I CRP 
approach p ro v i des average l i fet i me r i s k  factor s .  The UNSCEAR report d i s c u s s e s  abso l ute r i s k ,  o r  the 
numbe r  o f  expected cancer  cases  that wi l l  resu l t  f rom exposure of a gi ven pop u l  at i on.  The  BEl R I I I 
report c o n s i ders both abso l ute and  re l at i ve r i s k .  R e l at i ve r i s k  i s  the rat i o  o f  i nc i dence o f  cancer 
in  a n  exposed popu l at i on to the i nc i dence in  a control  pop u l a t i o n .  

T h e  Ameri can Cancer  Soc i e ty ( 1978 ) i nd i cates that about ha l f  o f  a l l cancer c a s e s  a re fata l . 
T h u s , the numbers i n  Tabl e 4 . 29 can be mul t i p l i ed by 2 to e s t i mate total  i nc i dence ( not just  
fatal i t i e s ,  but  a l so i nj ury and i l l ne s s ) .  These  cancers wou l d  be i n  add i t i on to  those norma l l y 
expected i n  a pop u l a t i o n .  Accord i ng to the Ame r i can  Cancer  Soc i ety ,  the i nd i v i du a l  r i s k  o f  gett i ng 
c ance r for any member  i n  the popu l a t i on i s  1 c hance i n  4 .  The cure rate for these  cancers ranges from 
90% to 5% , depend i ng on  the type of canc e r .  

T he va l ue s  g i ve n  i n  Tab l e  4 . 29 are cons i dered by many rad i at i on p rotec t i on speci a l i sts  t o  be t h e  
best  e s t i mates t h a t  can  be provi de d .  P r e s s  re l ea s e s  h a v e  publ i c i zed rad i at i on-e ffects stud i e s  i n  
w h i c h  the authors have i nd i cated that the r i s k  i s  much h i gher .  For  examp l e ,  recent ep i dem i o l o g i c a l  
stud i es on  worke rs  from the Portsmouth N a v a l  S h i pyards a n d  t h e  Hanford Reserv at i o n  i nd i cate t h a t  a 
greater r i s k  may ex i st from rad i at i o n  exposure than has  been reported i n  the p a s t .  T he Comm i ttee on 
the B i o l og i ca l  E ffects o f  I on i z i ng Rad i at i o n  ( Nat l . Aca d .  S c i . 1980 ) revi ewed these stud i e s  and took 
the res u l ts i nto cons i derat i o n  i n  ma k i ng i ts recommendat i ons  i n  the B E I R  I I I  report . 

There have been no d i rect mea s u rements o f  i nc reased  cancer for l ow- l ev e l  rad i at i on expos u re s ;  
data ex i st on ly  for h i gher- l eve l  expos u re s .  R i s ks a t  l ower doses  have been e s t i mated by a s sumi ng that 
the same dose/hea l th-effects re l at i o ns h i p  app l i es to l ow doses  as  to h i gh  doses and then  extrapo l at i ng 
from data ta ken at h i gh e r  dose  l eve l s .  

Organ- r i s k  e s t i mators have been presented i n  the UNSCEAR and  Nati onal  Academy o f  S c i ences repo rts 
for  rad i at i on exposure o f  organs i n  wh i ch rad i onuc l i de s  depos i t  s e l ec t i v e l y .  R i s k  e s t i mators g i ven i n  
B E l R  I I I  ( Natl . Acad.  Sc i .  1980 ) for i rrad i a t i o n  o f  s e l ected organs  are s umma r i zed i n  a report p repared 
by the U . S .  Department of E ne rgy ( 1983b ) .  These  r i s k  e s t i mators a re used to e s t i mate the l i ke l i hood 
o f  i ncurr i ng a fatal cancer ( fatal  p l u s  nonfata l ) as a res u l t  o f  rad i at i on exp o s u re .  These  r i s k  
e s t i mators a re g i ve n  i n  Tab l e  4 . 30 for the four c r i t i c a l  organs cons i dered i n  t h i s  ana lys i s .  

O rgan 

Who l e  body 

Bone 

Lung 

Tab l e  4 . 30 .  E s t i mated Cancer  Mo rta l i ty 
Re l at i ve to Se l ected O rgans  

R i s k  E s t i mato rt 1  
( L i fet i me r i s k  o f  
cancer morta l i ty 

p e r  person- rem ) 

120 x 10-6 

2 x 10-6 

90 x 10-6 

B ronc h i a l  ep i th e l i um 

t l  Source : U . S .  Department o f  E nergy ( 1983b ) .  

t 2  Obta i ned u s i ng a va l ue of 100 add i t i ona l  fata l l ung 
cancers per  1 mi l l i on persons  each  exposed to 1 work i ng
l ev e l  month (WLM) of radon decay products ( U . S .  Oep .  
E ne rgy 1983b ) .  A convers i o n  factor o f  5 person- rem/ 
person-WLM i s  used  to convert to a r i s k  e s t i mator per 
person- rem o f  expos ure.  ( U . S .  Nuc l .  Reg . Comm . 1980a ) .  

4 . 1 . 4 . 2 Geneti c E ffects 

Gene t i c  effects i n  subseque nt gene rat i on s  may be e s t i mated a s  a res u l t  o f  exposure o f  the parents 
to a g i v e n  rad i at i on l ev e l . The r i s k  factor used to e s t i mate the tota l of  a l l geneti c e ffects as 
g i ven i n  B E I R  I I I  to range f rom 60 to 1100 tota l cases o f  genet i c  d i sorders* per  one m i l l i o n  l i ve-born 

* I nc l ude s d i sorders and  tra i ts that cause  s e r i o u s  hand i caps  a t  some t i me dur i ng l i fe t i m e .  
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offspr i ng for each  1 rem per  g e nerat i o n  f rom l ow- LET'" radi at i o n  ( X - rays , gamma rays , and beta 
p a rt i c l es ) ,  and from 180 to 3300 tot a l  cases o f  geneti c  d i sorders per one m i l l i o n  l i ve-born offspr i ng 
for  each 1 rem per  generat i o n  o f  h i gh-LET  rad i at i on ( a l pha parti c l es and neutro ns ) .  T he dose  i nv o l ved 
h e re i s  the gamete dose--wh i c h  i s  c a l c u l ated from the  gonada l  dose of the exposed i nd i v i dua l s ,  the i r  
a ge a nd sex d i s t r i but i o n , the p robab i l i te s  o f  the i r  hav i ng c h i l dre n ,  and adj u s tment factors o f  0 . 82 
a nd 0 . 18 for ma l e  and  fema l e  exposures , respect i ve l y ,  to account  for spermatogon i a  a nd oocyte muta
t i on a l  sens i t i v i t i e s .  Because the major component of t h e  gonadal  dose  f o r  these  a l ternati ves  i s  from 
l ow- LET rad i at i on ,  the appropriate  r i s k  e s t i mator for e s t i mat i ng genet i c  e ffects i s  60 x 10-6 to 
1100 X 10-6 genet i c  e ffects per person- rem of who l e-body expos ure . ( The gonad a l  dose i s  approx i mate l y  
equa l t o  t h e  who l e-body dos e ) .  A va l ue o f  250 x 10- 6 ( the geometr i c  mean  o f  t h e  two l i m i t s )  i s  used 
i n  t h i s docume nt .  

4 . 1 . 4 . 3  R i s k  o f  Adverse Hea l th E ffects for Each  A l ternat i ve 

Heal th E ffects to the General  P ub l i c .  E s t i mates o f  i nc reased  r i s k s  o f  adverse hea l th e ffects to 
the genera l  pub l i c  as  a res u l t of doses  i nc u rred duri ng the act i on peri od and the mai ntenance and 
mo n i tori ng per i od are s hown i n  Tabl es  4 . 31 and 4 . 32 ,  respect i ve l y .  The r i s k s  to the general  pop u l a
t i o n  per m i l l i o n  persons  per year a t  the year 1000 and  the  yearly ri s ks to the res i dent- i ntruder are 
s hown i n  Tab l e  4 . 33 .  Adverse hea l th e ffects are e s t i mated based o n  the var i o u s  doses  t o  the c r i t i c a l  
o rgans  mul t i p l i ed by t h e  correspondi ng r i s k  e s t i mators d i scussed  p rev i ou s l y .  Fatal  cancers and 
genet i c  defects are i nc l uded i n  the tota l hea l th effec t s .  

D o s e s  i nc urred duri ng  t h e  a c t i o n  pe r i od wi l l  res u l t  i n  t h e  l owes t  hea l t h  e ffects f o r  Al terna-
t i ves  1 a nd 2a , p r i ma r i  l y  because the N FSS wastes and res i dues wi  1 1  not be exposed i n  these two 
a l ternati ves . Impl ementa t i o n  of Al ternati ves  4b a nd 4d , where i n  the res i dues  a re s h i pped e i ther  to 
H a n fo rd or Oak  R i dge and the wastes are s h i pped to the ocea n ,  i s  expected to res u l t i n  the h i ghest  
number o f  adverse  hea l th effects- - p r i ma r i l y  because  o f  transporta t i o n  of the wa s tes  through the dense l y  
popu l ated New York metropo l i tan  a re a .  Howe v e r ,  t h e  r i s k  i s  l es s  t h a n  o n e  hea l th e f fect i n  a popu l a
t i on o f  several  m i l l i o n  peop l e  ( tota l a t  the va r i ous  s i te s  and a l ong  transportat i on routes ) ,  a nd i s  
therefore con s i dered to be i ns i g n i f i cant .  

Dur i ng the ma i ntenance and mo n i tori ng peri od , the r i s k  of i ncreased adverse  hea l th e ffects i s  
h i ghest  for A l te rnat i ves 3 a ,  4a , a nd 4b ( l ong- term management at Hanford ) ; however , th i s  r i s k  i s  s t i l l  
i ns i gn i f i cant , i . e . , l es s  than one  hea l th e f fect over a 190-year per i od i n  a popul a t i o n  o f  258 , 000 
perso n s .  

A t  t h e  year 1000 , i f  n o  o n e  i ntrudes i nto t h e  waste-management areas , t h e  popu l at i on dose p e r  
m i l l i on persons per  year wi l l  b e  h i ghest  at Hanford under Al ternat i ve s  4a and  4b"'''' a n d  at NFSS under 
A l ternat ive  1 .  Howe v e r ,  the r i s k  i s  s t i l l  i ns i g n i f i cant ( 0 . 019 a nd 0 . 0010 hea l th e ffects at Hanford 
and  NFSS , respecti ve l y ) . 

I f  there i s  a res i de nt- i ntruder ( Sect i o n  4 . 1 . 2 . 3 ) , i t  i s  expected that such  a person wi l l  have 
adverse heal th effects as  a res u l t o f  exposu re to the NFSS  rad i oa c t i v e  mate ri a l s .  The  h i g hest r i s k  
w i l l  be f o r  the res i dent- i ntruder a t  NFSS under A l tern a t i v e s  1 a n d  2 a  where i n  0 . 88 hea l th effects 
( fata l cancers ) a re expec ted for each  year of bronc h i a l  ep i the l i um dose  resu l t i ng from i nh a l at i o n  o f  
radon-222 g a s  and i ts decay p roduc t s .  T h e  number o f  expected hea l th e ffects i s  l owes t  at Han ford and 
O a k  R i dge under A l ternati ves  3 a  and 3b because the res i dues a re a s s umed to be sp read out among the 
waste s ,  thus  l ower i ng the concentra t i o n  o f  radon-222 i n  the hous e .  E xc l u d i ng other c a u s e s  o f  death , 
the  res i dent- i ntruder i n  A l ternati ves  1 and 2a wou l d  be expected to d i e  w i t h i n a few years a s  a res u l t  
o f  exposure to the NFSS rad i oact i ve mate ri a l s .  

Heal th E ffects to the Wo rk Force.  E s t i mates o f  i ncreased r i s k  o f  adverse hea l th e ffects to 
wo rke rs a s  a res u l t  of doses  i nc urred dur i ng  the acti on per i od are g i ven  i n  Tab l e  4 . 34 .  The  l owes t  
e s t i mates o f  hea l th e ffects a re for A l ternat i ves 1 and  2 a  i n  wh i ch the res i dues and wastes a r e  not 
exposed .  The e s t i mates o f  adverse  hea l th e ffects for the rema i n i ng a l ternat i ves  ( 2b , 3 a ,  3b , 4a , 4b , 
4c , and 4d)  are about the s ame because retri eva l , hand l i ng ,  and  rebu r i a l  o f  the res i dues a re common to 
a l l these  a l te rnat i ves and doses  a s s o c i ated w i th these  acti v i t i e s  a re the l a rgest  components of the 
occup a t i o n a l  dose s .  The  a l ternat i ve with the h i ghest  e s t i mated adverse hea l th e f fects for workers i s  

"' LET = L i near energy tra n s fe r ,  the amount o f  ene rgy transferred f rom the rad i a t i o n  to t i s s ue per un i t  
path l ength .  

"'''' I f  DOE dec i des  to i mp l ement any o f  the Hanford a l ternati ves , the contai nment system wou l d  be des i gned 
to meet the 20 p C i /m2/s  radon emi s s i on g u i de l i ne .  F o r  A l ternat i v e  3a (wastes and res i dues  removed to 
Hanford ) , a re l ea s e  rate o f  20 p C i /m2 /s  wou l d  resu l t  i n  approxi mate l y  the  s ame dose  a s  is  ca l c u l ated 
for the 29 p C i /m2/s re l ea s e  e s t i mated for the conceptual des i g n  g i ven  i n  th i s  E I S .  For  A l ternat i ves 4a 
and 4b ( re s i due s o n l y  to Hanford ) , the dose wou l d  be app rox i mate l y  10 t i me s  l es s  than that c a l c u l ated 
for the 300 pC i /m2/s re l ea s e .  Howe v e r ,  the tota l dose  to the general pub l i c  wou l d  s t i l l  be  several  
o rders o f  magn i tude h i gher than  for any o f  the a l terna t i ves  i nvo l v i ng l o ng-term management o f  the 
wastes and res i dues  i n  a hum i d  env i ronment (at NFSS o r  Oak  R i dge ) .  
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Tab l e  4 . 3 1 .  E s t i mated Add i t i o n a l  Hea l th E ffects i n  the General  Pub l i c  As  a 
Res u l t o f  D o s e s  I nc urred D u r i n g  the Act i on  Per i od 

Number  o f  Pote nt i a l  Adverse  Hea l th E ffectst l 
Fata l  Cancers  As soc i ated W i th 

Who l e-Body Bone Lung Gene t i c  A l te rnati v e  Dosest2  Dosest2  Dosest2 , t 3  Defectst4 

1 < 1  x 10-7 < 2  x 10-9 <1 x 10-7 < 3  x 10- 7 
2a <1  x 10-7 <2 x 10-9 <1 x 10- 7 < 3  x 10-7  
2b  2 . 2  x 10-3 2 . 0  x 10-4 1 .  0 x 10-2  4 . 5 x 10- 3  
3at6 1. 4 x 10-2 9 . 6  x 10-4 4 . 5 x 10-2  3 . 0 x 10- 2 
3b 8 . 3 x 10-3  7 . 4  x 10-4 4 . 0 x 10-2  1 .  7 x 10-2 
4at6 7 . 4  x 10-3  3 . 2  x 10- 4 3 . 1 x 10-2  1 .  6 x 10-2 
4bt6 5 . 6 x 10-2 9 . 2  x 10- 4 1 .  2 x 10- 1 1 .  2 x 10- 1 
4c 5 . 2  x 10-3  3 . 6  x 10- 4 2 . 4  x 10- 2 1 . 1 x 10-2 
4d 5 . 4  x 10-2 9 . 8  x 10-4 1 . 1 x 10- 1 1 . 1 x 10- 1 

t l  A l l v a l ues g i ve n  to two s i g n i f i cant  f i g u re s  un l es s  p receded by a l es s  than « )  symbol . 
doses  to the general  p ub l i c  g i ve n  i n  Tab l e 4 . 1 .  

t2  Based on  fata l cancer  rates f o r  doses  t o  v a r i o u s  organs  as  g i ve n  i n  Tab l e  4 . 30 . 

Total 
Hea l th 

E ffec tst5 

< 5  x 10-7 
< 5  x 10- 7 

1 .  7 x 10-2 
9 . 0  x 10-2 
6 . 6 x 10-2 
5 . 4  x 10-2 
3 . 0 x 10- 1 
4 . 0 x 10-2 
2 . 8  x 10- 1 

Based on  

t3  I nc l udes fatal  cancers a s so c i ated wi th l ung doses  p l us those a s soc i ated wi th bronc h i a l  ep i the l i um 
dose s .  

t 4  Based on  the a s s umpt i o n  that the dose  t o  the gonads ( reproduct i ve organs ) i s  approx i mate l y  the 
same as  the who l e-body dose  and that the genet i c  defect rate i s  250 x 10-6/organ - rem . 

t S Total  adverse hea l th e ffects resu l t i ng from doses  to the c r i t i c a l  orga n s .  
t 6  I f  DOE dec i de s  t o  i mp l ement  any o f  the Hanford a l te rnat i ve s , the contai nment system wou l d  be des i gned to meet the 20 pC i /m2/s rado n em i s s i on g u i de l i ne .  F o r  Al ternat i ve 3a (wa stes and resi dues removed to Hanford ) , a re l ea s e  rate o f  20 pC i /m2/s wou l d  res u l t i n  appro x i mate l y  the same dose as ca l cu l ated for the 29 pC i /m2/s re l ease  e st i mated for the co nceptual  des i gn g i ven  i n  th i s  E I S .  F o r  A l ternat i ves  4 a  and 4 b  ( re s i dues  o n l y  to Hanford ) , the dose wou l d  b e  approx i mate ly  10 t i mes  l es s  than that c a l c u l ted for the 300 p C i /m2/s rel e a s e .  Howe v e r ,  the total  dose  to the general  pub l i c  wou l d  st i l l  be s ev e ra l  orders o f  magni tude h i gher  than for a ny o f  the a l ternati ves  i nvo l v i ng l ong- term management o f  the  wastes  and res i dues  in  a h um i d  env i ronment ( a t  NFSS or Oak R i dge ) .  

Al ternati v e  

1 

2a 

2b 

3at6 

3b 

4at6 

4bt6 

4c 
4d 

Tab l e  4 . 32 .  E s t i mated Add i t i ona l  Hea l th E ffects i n  the General Publ i c  As a 
Resu l t  o f  Doses  I ncurred Duri ng the Mai ntenance and  Mon i tori n g  Pe r i od 

Number  o f  Pote nt i a l  Adverse Hea l th E ffectstl  
Fata l Cancerst2  As soc i ated Wi th 

Who l e- Body 
Dosest2  

< 1 x 10-7 

< 1  x 10- 7 

< 1 x 10- 7 

3 . 0  x 10-4 

< 1 x 10- 7 

2 . 7 x 10-3 

2 . 7  x 10-3 

< 1 x 10-7 

< 1 x 10-7 

Bone 
Dosest2  

< 2  x 10-9 

< 2  x 10-9 

< 2  x 10-9 

2 . 6  x 10-5 

< 2  x 10-9 

2 . 4  x 10-4 

2 . 4  x 10-4 

< 2  x 10-9  

< 2  x 10-9  

Lung  
Dosest2 , t 3  

< 2  x 10- 7 

< 1 x 10- 7 

< 1  x 10- 7 

3 . 0 x 10-3 

< 1 x 10- 7 

2 . 7 x 10-2 
2 . 7 x 10-2  

<1  x 10-7  

< x 10-7  

Genet i c  
Defectst4 

< 3 x 10- 7 

< 3 x 10- 7 

< 3 x 10- 7 
6 . 3 x l0-4 

< 3 x 10- 7 

5 . 8  x 10-3  

5 . 8  x 10-3  

< 3 x 10- 7 

< 3 x 10- 7 

Total  
Hea l th 

E ffectst5 

< 6  x 10-7 

< 5  x 10- 7 

< 5  x 10-7 
3 . 9 x 10-3 

< 5  x 10-7 

3 . 6 x 10-2 

3 . 6 x 10-2  

< 5  x 10-7 
< 5  x 10-7  

tl  Al l va l ue s  g i ven  to two s i g n i f i ca n t  f i g u re s  un l es s  preceeded by a l es s  tha n « )  symbo l .  Based o n  doses  to the genera l pub l i c  over 190 years , as  g i v e n  in  Tab l e  4 . 1 .  
t2  - t6 Same a s  Tab l e  4 . 31 .  



Tab l e  4 . 3 3 .  E s t i mated Adverse Hea l th E ffects As a Res u l t  of D o s e s  I nc u rred Dur i ng t h e  Year 1000 

Res i dent- I ntrudert2 
General Publ i c  { hea l th e ffects/m i l l i o n  �ersons/year2t l {hea l th ef fects/year) 

Fatal Cancers Assoc i ated Wi th F atal  Cancers 
A s s oc i ated Wi th 

A l terna- Who l e-Body Bone Lun� Genet i c  B ronc h i a l  Epi the l i um 
t i ve Dosest3 Dosest3  Dosest  , t4 DefectstS Tota l t 6  Dosest3 

1 7 . 8  x 10- 6 3 . 8  X 10-6 1. 9 X 10-4 1 . 6 x 10- 5 2 . 1 x 10- 4 0 . 16 
2a <1 x 10- 7 <2 X 10- 9 < 1  X 10- 7 < 3  X 10- 7 < 5  X 10- 7 0 . 16 

2b <1 x 10- 7 <2 X 10-9 < 1  X 10- 7 <3 X 10- 7 < 5  X 10- 7 0 . 016 

3at7 4 . 7 x 10- 5 3 . 4  x 10- 6 5 . 9 X 10-4 9 . 8 X 10- 5 7 . 4  X 10-4 0 . 0080 
3b <1 x 10-7 <2  X 10-9 <1 X 10-7 < 3  X 10- 7 < 5  X 10- 7  0 . 0096 
4at7 4 . 0  x 10-4 2 . 8  X 10-5  4 . 9  X 10- 3 8 . 3 X 10-4 6 . 1 X 10- 3 0 . 032 
4bt7 4 . 0 x 10-4 2 . 8  X 10- 5 4 . 9 X 10- 3 8 . 3 X 10-4 6 . 1 X 10- 3 0 . 032 

4c <1 X 10- 7 <2 X 10-9 < I x 10- 7 < 3  X 10-7 < 5 x 10- 7 0 . 044 
4d < I x 10- 7 <2 x 10-9 <1 X 10- 7 < 3  X 10- 7 < 5  X 10- 7 0 . 044 

t l  A l l v a l ues  g i ve n  to two s i g n i f i cant f i gures  u n l e s s  preceded by a l es s  than « )  symbol .  Based on  doses  g i ven i n  Tab l e  4 . 2 .  

t 2  Based o n  doses  g i ve n  i n  Tab l e  4 . 24 .  
t 3  Based o n  fata l cancer rates for doses  t o  vari o u s  organs a s  g i ven  i n  Tab l e  4 . 30 .  

t4 I n c l udes fatal cancers a s soc i ated w i th l ung doses p l us cancers a s soc i ated w i th bronc h i a l  e p i thel i um dos e s .  

t 5  Based o n  the a s s umpt i o n  that t h e  d o s e  to t h e  gonads ( reproduc t i ve organs ) i s  approx i mately t h e  same a s  t h e  who l e  body d o s e  and 
that the gene t i c defect rate i s  250 x 10- 6/organ-rem.  

t6  Total adver s e  hea l th e ffects res u l t i ng from doses to the c r i t i ca l  organs . 

t 7  I f  DOE dec i de s  t o  i mp l ement any o f  t h e  Hanford a l ternat i ve s , t h e  contai nment system wou l d  be des i gned t o  meet t h e  2 0  p C i /m2/s  
radon emi s s i on gu i de l i ne .  For  A l terna t i v e  3a (wastes  and res i dues removed to Hanford ) , a re l ease rate  of 20 pCi /m2/s  wou l d  
resu l t  i n  approx i mately the same dose  a s  i s  ca l c u l ated for the 2 9  p C i /m2 / s  re l ease  e s t i mated for the conceptua l des i gn g i ven i n  
thi s E I S .  F o r  A l terna t i ves  4 a  a n d  4 b  ( re s i dues  o n l y  t o  Hanford) ,  t h e  dose  wou l d  be approx i mate l y  10 t i me s  l es s  than that 
c a l c u l ated for the 300 p C i /m2/s re l ea s e .  However , the total dose to the genera l p ub l i c  wou l d  s t i l l  be s everal  orders of 
magn i tude h i gher than for a ny o f  the a l ternati ves  i nv o l v i ng l ong- term management of the wastes  and res i dues i n  a hum i d  env i ron
ment ( at NFSS o r  Oak R i dge ) .  

� I � I.D 



Al ternati ve 

1 

2a 

2b 

3a  

3b 

4a 

4b 

4c 

4d 
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Tab l e  4 . 34 .  E s t i mated Add i t i on a l  Hea l th E ffects to Workers  
As a Res u l t of Doses  I ncurred D u r i ng the  Act i on Per i od 

Number  o f  Potent i a l  Adverse Hea l th E ffects t 1  

Fatal  Cancers Associ ated W i t h  

Who l e-Body Bone L ung Genet i c  
Dosest2 Dosest2  Dosest2 , t3 Defectst4 

3 . 1 x 10-4 6 . 8  x 10- 6 3 . 5 x 10- 4 6 . 5 x 10-4 

1 . 2 x 10-3 2 . 8  x 10- 5 1 .  4 x 10-3 2 . 5  x 10- 3 

1 .  7 x 10- 2  8 . 2 x 10-4 4 . 8  x 10-2 3 . 5  x 10-2 

5 . 3 x 10-2 1 .  4 x 10-3 7 . 2 x 10-2 1 . 1 X 10- 1  

3 . 0 x 10- 2 9 . 8  x 10-4 5 . 5 x 10,.2  6 . 3 x 10-2 

4 . 0 x 10- 2 1 . 1 x 10-3 5 . 9  x 10-2  8 . 3 x 10-2  

4 . 3 x 10-2 1 . 2 x 10-3 6 . 3 x 10-2 9 . 0  x 10-2  

2 . 3 x 10- 2 8 . 4  x 10-4 4 . 7 X 10-2 4 . 8  x 10-2 

2 . 6 x 10-2 9 . 2  x 10- 4 5 . 1  x 10-2 5 . 5  x 10-2  

t 1 Al l v a l ues g i ve n  to two s i g n i f i cant f i g ures un l e s s  p receded by a 
doses  to the genera l  p ub l i c  g i ven i n  Tab l e  4 . 4 .  

l es s  than « )  

t 2  Based on fatal  cancer rate s for doses  to v a r i ous  organs as  g i ve n  i n  Tab l e  4 . 3 0 .  

Total  
Hea l th 

E ffectst5  

1 .  3 x 10-3 

5 . 1 x 10-3 

1. 0 x 10- 1 

2 . 4  X 10- 1 

1 .  5 x 10- 1 

1 . 8  x 10- 1 

2 . 0 x 10- 1 

1 .  2 x 10- 1 

1 .  3 X 10- 1 

symbo l .  Based on 

t3 I nc l udes fatal cancers assoc i ated w i t h  l ung doses p l us  those a s s o c i ated w i th bronc h i a l  ep i the l i um 
doses . 

t 4  Based on the a s s umpt i on that the dose to the gonads ( reproduct i ve o rgans ) i s  approx i mate l y  the 
s ame as  the who l e- body dose and that the genet i c  defect rate i s  250 x 10-6/organ- rem. 

t 5  Total adve rse hea l th e ffects res u l t i ng f rom doses to the c r i t i ca l  organ s .  

A l ternat i ve 3 a  ( 0 . 26 heal th e ffects ) .  F o r  a l l a l ternat i ve s , the expected number  o f  hea l th e ffects i s  
l es s  than o n e .  G i ven the conservat i ve a s s umpt i on s  used i n  ma ki ng the se  est i mates , i t  i s  h i gh l y  
u n l i ke l y  that any i nd i v i dual  wo rker  wi l l  i ncur  an adverse heal th e f fect s t r i c t l y  a s  a res u l t  o f  wo rk 
act i v i t i es for th i s  program . 

There wi l l  be no s i gn i f i cant doses  or hea l th e f fects to workers d u r i ng the ma i ntenance and mon i tor
i ng per i od at a l l s i te s  except Hanford ( A l ternat i ves  3a , 4a , and 4b ) .  There i s  a l i ke l i hood for 
s i gn i f i cant b ronc h i a l  ep i the l i um doses at Hanford d u r i ng t h i s t i me pe r i od d ue to the re l at i ve l y  h i gh 
radon-222 f l ux from the b u r i e d  mate r i a l s .  Mai ntenance and mon i to r i ng workers a t  Hanford are p red i c ted 
to i ncur  a c umu l ati ve dose of 290 o rgan- rem to the b ronc h i a l  ep i the l i um dur i ng the 190-year mai nten
ance and mon i to r i ng peri od.  T h i s cumu l at i ve dose wou l d  be expected to res u l t i n  0 . 032 adverse hea l th 
e f fects ( fatal  cance rs ) .  The occupat i onal  doses  at NFSS at Oak  R i dge are expected to be neg l i g i b l e  
d u r i ng th i s  t i me per i od , p robab l y  l es s  than a total o f  a few rem t o  the who l e  body o r  c r i t i ca l  o rgans  
( p r i n c i pa l l y the  bronc h i a l  ep i the l i um)  over the ent i re 190  years . Thus , it  i s  h i g h l y  u n l i ke l y  that 
any i nd i v i dual  wo rker wi l l  i ncur  an  adverse  heal th e ffect a s  a resu l t  of moni tori n g  and mai ntenance 
acti v i ti e s .  

There wi l l  b e  n o  adve rse hea l th e ffects t o  the work  force du r i ng the l ong- te rm per i od ( 200-
1000 yea r s )  because it i s  a s s umed that there wi l l  be no mon i to r i ng and mai ntenance acti v i t i es occur
r i n g  after 200 years . I f  s uc h  acti v i t i e s  conti nue beyond 200 years , the i mpacts to wo rkers w i l l  
cont i nue . 

4 . 1 . 5  M i t i gati on of Rad i o l ogi c a l  Impact s  

T h e  rad i o l og i ca l  i mpacts p re v i o u s l y  d i scus sed were e s t i mated b a s e d  on  severa l  a s s umpt i on s  regard
i ng engi nee r i ng des i gn ,  constructi o n  p ract i c e s , heal th-phys i cs safety p rocedure s ,  comp l i ance w i th 
ex i st i ng regu l a t i ons , and the degree o f  phys i c a l  and i ns t i tut i onal  contro l  for each t i me p e r i o d .  
F o l l ow i ng a r e  add i t i onal  meas u re s  that cou l d  be take n t o  m i t i gate the  p red i cted rad i o l og i ca l  i mpacts . 

4 . 1 . 5 . 1  Ac t i on P e r i od 

Dur i n g  the act i o n  peri od , rad i at i on doses  to the genera l  pub l i c  near NFSS and the a l ternat i ve 
s i tes  a re p r i ma r i l y  the res u l t  o f  re l eases  of radon-222 gas  and part i c u l ates f rom the NFSS wastes  and 
res i dues .  These re l eases  cou l d  be reduced by : ( 1 )  m i n i m i z i ng the amount of exposed  res i due and waste 
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s u rfaces- -e . g . , l i m i t i ng the excavati o n  are a ,  (2 )  m l n l m l Z l ng the  amount o f  t i me the wastes  and  
re s i dues  are exposed-- e . g . , u s e  o f  temporary coveri ngs ,  construc t i o n  o f  new  permanent caps  at a l terna
t i ve s i te s  a s  q u i c k l y  a s  pos s i b l e ,  ( 3 )  m i n i m i z i ng d i sturbance o f  exposed s urfaces- - e . g . , l i mi t i ng 
q u i pment speed s , (4)  wett i ng exposed s u r faces to m i n i m i z e  dust , and ( 5 )  cea s i ng opera t i o n s  dur i ng 
adverse weather cond i t i o n s . 

Rad i at i o n  doses  to the general  pub l i c  a l ong transportati on  routes cou l d  be reduced by: ( 1 )  u s i ng 
extra s h i e l d i ng around res i due  pac kages ,  ( 2 )  pac kag i ng the wastes to reduce the amount of mate r i a l  
l o s t  dur i ng transport , a n d  ( 3 )  m i n i m i z i ng pub l i c  contact w i t h  t h e  s h i pment-- e . g . , avoi d i ng u s e  o f  
heav i ly  t rave l ed road s , routi ng around den s e l y  pop u l ated areas , s e l ec t i on o f  another harbo r f o r  the 
ocean d i sposal  a l ternati ve so a s  to avo i d  the den s e l y  pop u l ated New York metrop o l i tan  area . 

I mpacts to wo rkers wi l l  be m i n i m i zed by i mp l eme nt i ng an e ffect i v e  hea l th- phys i c s  program co ns i s
tent w i th the " a s  l ow a s  reasonab ly  ach i evab l e" ( ALARA ) p h i l osophy .  Spec i f i c  meas u res  to reduce 
occupati onal  doses i nc l ude : ( 1 )  m i n i m i z i ng the t i me spent i n  prox i m i ty of the  wastes  and r e s i dues , 
( 2 )  encourag i ng attenti o n  to personal  hyg i ene , ( 3 )  u s i ng p rotec t i ve c l ot h i ng and resp i rators , part i cu
l ar l y  around the  res i dues , and (4)  u s i ng extra s h i e l d i ng between the  workers and the  res i dues . 

4 . 1 . 5 . 2  Mai ntenance and Mo n i tori ng Per i od 

D ur i ng the mai ntenance and mo ni tori ng peri od , co rrec t i v e  acti ons  w i l l  be taken , as neces sary ,  to 
restore the conta i nment system and to return any d i spersed contami nated mate r i a l s to the l o ng-term 
management s i te .  One m i t i gati ve meas u re wo u l d  be the i mp l ementa t i o n  of an i nten s i ve and extens i ve 
e n v i ronmental mon i to r i ng · system and frequent mon i tori ng o f  the cond i t i o n  o f  the contai nment system . 
Another mi t i gat i ve meas u re wo u l d  be the construc t i o n  o f  a contai nment system that i s  l e s s  l i ke l y  to 
f a i  1 .  
4 . 1 . 5 . 3 Long-Te rm Per i od 

D ur i ng the l ong- term peri od , the mos t  e f fecti ve m i t i gati ve mea s u re wo u l d b e  to cont i nue  mai nten
a nce , mon i tori ng , and corre c t i v e  act i ons . Another meas u re wo u l d  be to m i n i m i ze the pote nt i a l  for 
human i ntru s i on i nto the wastes and res i due s  by ( 1 )  i ns t i tuti onal contro l s  for l and use  t hat are more 
s t r i c t  than are c urrent ly  i n  p l ace  ( better record contro l s ,  use  o f  phy s i c a l  s i te markers , stri cter 
l eg a l  constra i nts ) , and ( 2 )  mod i f i ed contai nment des i gn ( add i t i onal  phys i ca l  barr i ers on top o f  the 
wastes  and res i dues , bury i ng the mate r i a l s deeper ,  etc . ) .  Doses  to the genera l  p ub l i c  cou l d  a l s o  be 
reduced by construct i ng mod i f i ed caps that wou l d  reduce the radon-222 emi s s i o n s .  ( Severa l  eng i ne e r i ng 
opti ons are d i scus sed i n  Appen d i x  C . ) 

4 . 2 GEOLOGY AND HYDROLOGY 

4 . 2 . 1  S i te I ntegr i ty 

F o l l ow i n g  i s  a d i s c u s s i on of the phy s i c a l  prpc e s s es affe� t i ng s i te i nteg r i ty .  B i ot i c  processes  
are d i s c us sed in  Secti on 4 . 3 .  

4 . 2 . 1 . 1  E ros i o n  

So i l eros i o n , b y  t h e  acti on o f  wi nd o r  water ,  cou l d  prove t o  be a maj o r  i mpact at  NFSS and the 
a l te rnat i ve  l o ng- term management s i te s .  The s o i  1 e ros i on p roces s  can degrade the s tab i 1 i ty o f  the 
p rotecti ve cap , and the g radual  l os s  and degradati on of the barri ers  p l aced over the wastes wi l l  
eventua l ly  a l l ow penetrat i o n  of the wastes by p l ant roots . The s ubsequent uptake , trans l ocat i on , and 
accumu l at i o n  of was te consti tuents by p l ants cou l d  serve to transport these mate ri a l s i nto food cha i ns 
and the s u r round i ng e n v i ronment .  Wi th comp l ete e ro s i on of the cap (or  port i on s  thereof ) ,  contami nated 
was te s  and resi dues cou l d  a l so be e roded and transported i nto the s u rround i ng env i ronment.  To 
eval uate the effects of s o i l  e ro s i on on the i nteg r i ty o f  the wa ste-conta i nment des i gn ,  potent i a l  s o i l 
l os s  i s  e s t i mated for each a l terna t i ve s i te .  

NFSS  and Oak  R i dge S i te s .  Water e ros i o n  i s  the p r i nc i pa l  cause  of so i l  l os s  i n  the hum i d  eastern 
U n i ted States ( Brady 1974 ) .  I n  th i s  ana lys i s ,  the ave rage annual  o r  l ong-term average s easona l 
e ros i on for NFSS and Oak  R i dge ( eastern  U . S .  s i te s ) .  are e s t i mated us i ng the U n i versal  So i l  Loss  
E q uat i on ( US L E )  (W i schme i er and Smi th 1978 ) accord i ng to  the approac h and a s s umpt i o ns deta i l ed by 
K n i ght  ( 1983a ) .  The USLE y i e l ds good e s t i mates o f  l ong- term average e ros i on rates o n  un i form s l opes 
s uch  a s  those at a waste- bur i a l  s i te ( F oster  1979 ) .  I t  i s  a n  e ro s i on mode l  that can b e  u s ed to 
e s t i mate the s e d i ment generated and d i sp l aced from a g i ve n  area by sheet and r i l l  eros i on over t i me , 
but i t  does not e s t i mate so i l l os s  due to g u l l y  eros i on .  There are no accepted methods for quanti fy
i ng g u l l y  e ros i on over hundreds of yea r s .  

So i l  l os s  ( p e r  un i t  a r e a  per year )  due t o  water eros i on i s  computed a s  t h e  product of f i ve major 
factors : 

Soi l Loss  = R x K x LS x C x P 
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where :  R = ra i n fal l and runo f f , K = erod i b i l i ty .  LS = topograph i c ,  e = cove r ,  and P = s upport 
p ract i c e .  

The damage of t h e  cap caused by water e ro s i on i s  eva l uated o n l y  f o r  t h e  l ong- te rm p e r i od ( 200 to 
1000 years ) ( o r  a tota l of  800 years ) .  Dur i ng the i n i t i a l  200-year per i od , i t  i s  as s umed that there 
wi l l  be no  net l os s  o f  s o i l  from the cap because s i te ma i ntenance act i v i t i e s  w i l l  i nc l ude add i t i on of 
so i l  mate r i a l  to the cap to rep l ace  any materi a l s l os t .  

Vegetati o n  management ( i . e . , l and  u s e )  i s  t h e  s i ng l e  most i mportant determ i nant o f  t h e  rate o f  
water e ro s i on at  a waste- buri a l  s i te ( K n i ght  1983a ) .  Thus , t h e  range o f  s o i l  l os s  that can  be expected 
at  NFSS and Oak R i dge i s  e s t i mated by a s sumi ng that e ro s i ve and noneros i ve l and uses  ( ag r i c u l ture and 
natura l succ e s s i o n  to fore s t ,  respec t i v e l y )  represent the extreme bounds of pos s i b l e  uses a f fecti ng 
l ong- te rm e ro s i o n .  ( The d i ked bur i a l  a t  NFSS and t h e  mounded b u r i a l  at  Oa k R i dge a r e  n o t  expected to 
be parti c u l ar ly  we l l  s u i ted to e i ther  use , and the probab l e  uses  are expected to fa l l s omewhere i n  
between thes e  two extremes- - s ee Sec t i o n  4 . 3 . ) 

The e ro s i v e  l and use  a s s umes that the s i te s  are used for 4-year c rop- rotati on  agri c u l ture . For  
p u rposes  o f  ana lys i s ,  i t  i s  a s s umed that the vegetati v e  cover ( e )  fac to r  for agr i c u l ture at NFSS and  
O a k  R i dge corre sponds to that o f  a mi dwestern 4-year c rop rota t i o n  o f  wheat , meadow , and corn ( grown 
i n  two succes s i ve years ) u s i ng good so i l  management p rac t i c e s  ( e . g . , contour p l anti ng s )  (Wi s c hm e i e r  
and  Smi th 1978 ) .  

The nonero s i ve l and use  i s  a s s umed to b e  l oca l  c l i max vegetat i o n .  The deve l opment o f  l ocal  
c l i max vegetat i on t h rough natural  s ucces s i on w i l l  resu l t i n  a vegetati o n  cover on  the s i te that wi l l  
p rotect the so i  1 cap and m i  n i m i  ze  water e ro s  i on .  F o r  purposes o f  ana 1 y s  i s ,  therefore , i t  i s  a s sumed 
that the s i te s  w i l l  be managed a s  g ras s l and dur i n g  the 200-year mai ntenance and mon i to r i ng peri od and 
that natural  succe s s i on beg i n s  at  the end  o f  th i s  200-year p e r i o d .  At NFSS , natural  s ucces s i on w i l l  
l ead to the e stab l i shment o f  a mature beech-map l e  fore s t ;  due to the e l evati on o f  the b u r i a l  s i te 
above s urroundi  ng g rade , i t  i s  thought that the s i te wi l l  be d r i  e r  than i ts v i  c i n i ty ,  and thus  
s uccess i on wi l l  tend towards the beec h-map l e  fore s t  wh i c h  occurs on  wel l -dra i ned , fa i r l y  d ry s i tes  o f  
that a r e a  rathe r t h a n  t h e  mesophytic  map l e-oak  forest type that o r i g i nal ly occurred on  s i te . At the 
Oak  R i dge s i te ,  a mature oaR- h i c ko ry forest wi l l  eventua l l y  deve l op (Wh i ttake r 1975 ) .  The vari ous  
s ucces s  i ona 1 stages  i nvo 1 ved in  the  deve 1 opment  o f  mature fores  ts  on  these s i te s  w i  1 1  i n f l  uence  the 
v a l ues  o f  the vegetati ve cover (e)  factor .  U s i ng i nfo rma t i on prese nted in  Wi schme i e r  and Smi th 
( 1978 ) , appropri ate e factors are determ i ned for each s ucce s s i on a l  s tage . The s ucces s i on a l  stages 
u s ed in th i s  ana lys i s  are p re se n ted i n  Tab l e  4 . 3 5 .  

T h e  topso i l at N F S S  i s  a s s umed t o  be Mada 1 i n s i I t  l oam ( Anderson et a 1 .  1981 ) , whereas that a t  
the O a k  R i dge s i te ( P i ne R i dge Knol l s ) i s  a s s umed to be Lehew l oam ( Luxmoore e t  a l . 198 1 ) .  I t  i s  a l so 
a s s umed that as  l ayers o f  s o i l are removed from the cap by water e ro s i on , the natural  proc e s s  o f  s o i l 
gene s i s  ( B rady 1974 ) a l te r s  the unde r l y i n g  mate r i a l  i nto a form resemb l i ng the nat i ve s o i l s  o f  that 
s i te ( Se c t i o n  4 . 3 . 2 ) .  G i ve n  the l ong pe r i od o f  anal ys i s  ( 1000 year s )  and the uncerta i nt i e s  about 
c l i ma t i c  f l uctuat i o n s , l and use , e tc . , i t  i s  not po s s i b l e  to p red i c t  whether o r  not the rate o f  so i l  
e ro s i on wi l l  exceed the rate at  wh i c h  the contai nment materi a l s  are broken down i nto s o i l .  Therefore , 
i t  i s  s i mp l y  a s s umed that the rates of e ros i o n  at a l l s i te s  w i l l  be s i mi l ar to the rates for nat i ve 
s o i l s .  ( See  Sec t i o n  4 . 3 for d i scus s i on  o f  l ong- te rm b i o t i c  e ffects o n  i nteg r i ty o f  contai nme n t  
systems . ) 

The p re sence o f  the  r i p rap ( rock )  l ayer i s  not taken i nto account i n  these  e s t i mates o f  l ong- term 
cap e ro s i on .  The abi l i ty o f  such l ayers to wi thstand 1000 years of weatheri ng i s  h i gh l y  uncerta i n  
( L i ndsey e t  a 1 . 1982 ) .  Al though such  a l ayer wi l l  p robab l y  i nh i b i t i n i t i a l  e ro s i o n  rates after the 
overl yi n g  so i l  is  eroded , the e ffecti vene s s  o f  r i p rap over hunreds of years cannot be e n s ured .  R i p rap 
wi l l  eventua l l y  be broken down i nto s o i l by phys i ca l  and b i o l o g i c a l  fo rces . The rate of so i l  gene s i s  
l ayer wi l l  depend o n  c l i mati c cond i t i ons , phys i ca l  roc k  properti e s ,  a s  we l l  a s  the b i ot i c  communi ty 
that dev e l ops on the cap ( Secti o n  4 . 3 . 2 ) .  F u rthe rmore , the r i p rap may be a n  attrac t i v e  res ource and 
m i ght be removed for construct i o n  mate r i a l s whe n  i ns t i tu t i ona l contro l s are no l o nger  in  e ffect . 
G i ve n  such  uncerta i nt i e s  at th i s  conceptua l des i gn s tage o f  the dec i s i on-ma k i ng proce s s , the surface 
mate r i a l  o f  the cap at  any g i ven  po i n t  i n  t i me i s  therefore a s s umed to be nat i ve so i l , a s  d i scussed  
above . Spec i f i ca t i o n s  o f  more d u rab l e  roc k type s ( i gneous roc k  such  a s  rhyo l i te s  and g ran i te s ,  or 
metamorp h i c  roc ks , such  as  quartz i te s  o r  g ran i t i c  g ne i s s  [ L i ndsey e t  a l . 1982 ] )  and con s i derat i o n  of 
s i te - s pec i f i c  phys i c a l  and b i o l og i ca l  factors may a l l ow spec i f i c  cap d e s i gns  that wi l l  have l ong- term 
e ro s i on rates that are l es s  than those e s t i mated i n  th i s  ana lys i s .  

Dur i ng construc t i o n  o f  the cap , the s i te and cap s o i l s  w i l l  be compacted to vary i n g  extents by 
t ruc ks  and heavy earth-mov i ng equ i pment.  Such compacti o n  w i l l  drast i ca l l y a l te r  the phys i ca l  charac
teri s t i c s  o f  the so i l  such as  b u l k dens i ty ,  the reby a l ter i ng the so i l  e rod i b i l i ty factor ( K ) .  Howev e r ,  
i t  i s  a s s umed that t h e  phys i c a l  characte r i s t i c s  o f  t h e  surface s o i l s  w i l l  g radua l ly  return t o  a state 
s i m i l ar to that of undi sturbed nat i ve s o i l s  o f  the same c l as s i f i cati on  due to the act ion  o f  ( 1 )  p l ant 
roots penetrati ng the cap s u rface ( Sect i o n  4 . 3 )  and ( 2 )  f ro s t  heave and so i l  de s s i cati o n .  

T h e  ave rage a n n u a l  so i l  l o s s e s  from NFSS and  the O a k  R i dge  s i te a r e  c a l c u l ated us i ng the para
mete rs descr i bed i n  Tabl e 4 . 3 5 .  T h e  l o ng- term s o i l l os se s  f rom these s i te s  a r e  der i ved by extrapol a
t i o n  o f  the average annua l  so i l  l os s  e s t i mates and are presented i n  Tab l e  4 . 36 . Such e s t i mates are 



T ab l e  4 . 35 .  Land Us e ,  Stage o f  Succes s ,  and Uni versa l So i l  Loss Equa t i on ( USLE ) Factors Used in  E s t i ma t i ng Wa te r E ro s i on 
f rom the Eastern Long- Term Was te Management S i tes  

S i te/A l terna t i ve 

NFSS 

1 ( no ac t i on )  

2a , 2b , 4a , 4c 

OAK R I DGE 

3b 

4c , 4d 

Land Use 
( Vegeta t i on )  

Agr i c u l t ure 
( 4-yr crop rota t i on )  

Natura l s ucces s i on 
( beech-map l e  fore s t )  

Agr i c u l ture 
( 4-yr c rop rota t i o n )  

Natura l s ucces s i on 
( beech-map l e  fores t )  

Agr i c u l ture 
( 4-yr crop rota t i on )  

Natura l s ucce s s i on 
( Oa k- h i c ko ry fore s t )  

Ag r i cu l ture 
( 4 -yr c rop rotat i on )  

Natura l s ucce s s i o n  
(Oak- h i c ko ry fores t )  

Stage o f  
Natural  Succe s s i ont2 

Ol d f i e l d/meadow 

Shrub/young t rees 

E a r l y  forest devel opment 

Mature fore s t  

O l d  f i e l d/meadow 

Shrub/young t rees 

E a r l y  forest devel opment 

Mature forest 

O l d  f i e l d/meadow 

Shrub 

E a r l y  fore s t  devel opment 

Mature forest 

Old  f i e l d/meadow 

Shrub 

E a r l y  forest dev e l opment 

Mature forest  

Length o f  
Stage 

(yea r s )  

800 

50 

250 

200 

300 

800 

50 

2 50 

200 

300 

800 

50 

250 

200 

300 

800 

50 

250 

200 

300 

R 

75 

75 

75 

75 

7 5  

75 

75 

75 

7 5  

75 

210 

210 

2 10 

210 

210 

210 

210 

210 

210 

210 

K 

0 . 37 

0 . 37 

0 . 37 

0 . 37 

0 . 37 

0 . 37 

0 . 37 

0 . 37 

0 . 37 

0 . 37 

0 . 28 

0 . 28 

0 . 28 

0 . 28 

0 . 28 

0 . 28 

0 . 28 

0 . 28 

0 . 28 

0 . 28 

USLE F actort2 

LS 

2 . 6  

2 . 6  

2 . 6  

2 . 6  

2 . 6 

1 . 8  

1 . 8 

1 . 8 

1 . 8  

1 . 8  

0 . 8  

0 . 8  

0 . 8  

0 . 8  

0 . 8  

1 . 1 

1 . 1 

1 . 1 

1 . 1 

1 . 1 

t l  Gene ra l s ucce s s i ona l pa tterns devel oped f rom i nforma t i on i n  Daubenmi re ( 1968 ) , Whi ttaker ( 1975 ) , and VanKat ( 1979 ) .  

c 

0 . 35 

0 . 011 

0 . 012 

0 . 011 

0 . 0001 

0 . 35 

0 . 011 

0 . 012 

0 . 011 

0 . 0001 

0 . 35 

0 . 011 

0 . 04 

0 . 011 

0 . 001 

0 . 35 

0 . 011 

0 . 04 

0 . 011 

0 . 001 

p 

0 . 5 

1 

1 

1 

1 

0 . 5 

1 

1 

1 

1 

0 . 5 

1 

1 

1 

1 

0 . 5 

1 

1 

1 

1 

t2 R = ra i nfa l l and runo f f  factors ; K = erod i b i l i ty f actors ; LS = topograp h i c  f actors ; C = cover factors ; P = support p rac t i ce factors . A l l 
data f rom Wi schme i e r  ana Sm i th � 1978 ) , except K factors obta i ned f rom state soi l conse rva t i on serv i ce s  for Mada l i n  s i l t  l oam ( N F S S )  and 
Lehew l oam ( P i ne R i dge Knol l s )  and L S  factors e s t i mated us i ng Wi schme i e r  and Sm i th ( 19 78 )  and i n forma t i on desc r i b i ng buri a l  s i te d i mens i on s  
and st ruc tural deta i l s  presented i n  Sect i on 2 .  

� I IJI W 



Tab l e  4 . 36 .  E s t i mates o f  Long-Term E ros i on o f  Earthern Covers ( Caps ) a t  A l terna t i ve Bur i a l  S i test l 

P r i mary Cap Loss  a t  

Eros i ve Land Use C ap T h i c kness (m) 

S i te/A l ternat i ve Mate r i a l  Forcet2 ( Vegetat i on )  2 0 0  Years 1000 Years 

NFSS 

1 ( no ac t i o n )  Wastes and Water Natura l s ucce s s i on 1 . 5 
res i dues ( beech-map l e  fore s t )  

Agri c u l ture 

2a , 2b Wastes and Water Natura l s ucces s i on 3 . 2 
res i dues ( beech-map l e fores t )  

Agr i c u l ture 

4a , 4c Was te s  only  Water Natural s uccess i on 3 . 2 
( beec h-map l e  fores t )  

Agr i c u l ture 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

HANFORD 

3a Wastes and Wi nd Natural succe s s i on 3 
res i dues ( sagebrush ) 

Range l and , overgrazed 
( s h rubs/annua l gras s e s )  

4a , 4b Res i dues o n l y  Wi nd Natura l s ucces s i on 4 . 6  
( s agebrus h )  

Range l and , overgrazed 
( s h rubs/annua l gra s s e s )  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

OAK R I DGE 

3b Was te s  and Water Natura l s ucce s s i on 3 . 2 
res i dues ( oa k- h i c kory fores t )  

Agr i cu l ture 

4c , 4d Res i dues only  Water Natura l s uccess i on 3 . 2  
( oa k- h i c ko ry fores t )  

Agr i c u l ture 

1. 42 

- 0 . 4  

3 . 12 

1 . 2 

3 . 12 

1 . 2 

1 . 6 

1 . 4  

3 . 2 

3 . 0  

3 . 1 

2 . 2 

3 . 06 

1 . 7  

- - - -

- - - -

1000 Years 

Meters 

0 . 08 

1 . 9 

0 . 08 

2 . 0  

0 . 08 

2 . 0  

1 . 4 

1 . 6 

1 . 4 

1 . 6  

0 . 10 

1 . 0 

0 . 14 

1 . 5 

Percent 

5 

> 100 

- - - -

- - - -

3 

63 

1 

63 

47 

53 

30 

35 

3 

31 

4 

47 

tl E s t i mates are used to compare the rel a t i ve potent i a l  for l os s  of contai nment , not the actual l ongev i ty of contai nment . 

t2 Water e s t i mates based on U n i versal  Soi l Loss  Equa t i on ; w i nd e s t i mates based on Wi nd E ros i on Equa t i on .  

Total  Years 
to E rode C ap 

1 , 100 , 000 

650 

2 , 200 , 000 

1 , 300 

2 , 200 , 000 

1 , 300 

- - - - - - - - -

� I 
1 , 800 111 � 

1 , 500 

2 , 800 

2 , 300 

- - - - - - - - -

420 , 000 

2 , 400 

310 , 000 

1 , 800 
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u s ed to compare the re l a t i ve potent i a l  for l o s s  o f  conta i nment under d i fferent scenar i o s  and are not 
i ntended to pred i ct the actual  l ongev i ty o f  the conta i nment system . I t  shou l d  be noted that the USLE  
p re d i cted " so i l l os s "  represents  the average s o i l t h i ckness  removed from a s l op i ng s u rfac e .  I n  
rea l i ty ,  i t  i s  l i ke l y  that so i l  e ro s i o n  wi l l  not b e  u n i form acro s s  the surface o f  the conta i nment 
cap s .  So i l  eroded from the cap wi l l  be redepo s i ted f urther downs l ope , and , as  a resu l t ,  there wi l l  be 
a cont i nual  change i n  the s l ope parameter ( LS )  wi th t i me as  a resu l t o f  the decrease in s l ope s teep
ness  and i nc rease i n  s l ope l ength .  Because the USLE equa t i on cannot be used w i th any va l i d i ty for 
s l opes in  excess o f  18% ( the outs l opes of the contai nment  caps at  NFSS  are 40% and 20% and the out
s l ope at  Oak R i dge i s  20%) , and because o f  the con t i nuous change in the s l ope parameter w i th t i me ,  the 
average s l opes  of the d i s po s a l  s i tes  are u s ed in th i s  ana l ys i s .  Use of the ave rage s l ope res u l ts i n  
undere s t i ma t i o n  o f  the i n i t i a l  outs l ope eros i on and overe s t i mat i o n  o f  the i n i t i a l  eros i o n  o f  the tops 
of the p i l es .  Howe v e r ,  the average s l opes  more c l os e l y  approx i mate the s hape of the p i l es i n  the , 
l ong- term per i od ( e . g . , w i t h  the s i de s l opes  l onger and l es s  steep because  o f  depos i t i o n  o f  eroded 
mate r i a l  from the top o f  the p i l e  at  the base o f  the s l ope ) .  

Changes i n  env i ronmental  factors , such  a s  c l i mate o r  topograp h i c  re l i e f ,  that wi l l  undoubted ly  
occur  dur i ng th i s  p e r i od wi l l  subsequent l y  a l ter  the compo s i t i on and s tructure o f  p l ant commun i t i es on 
the waste-management s i te s .  Changes in these factors wi l l ,  in turn , a l te r  the rate o f  so i l  e ros i o n .  
U n fortunate ly , cu rrent state- of- the- art mode l i ng i s  n o t  capab l e  o f  pred i ct i ng s uc h  change s .  

A l though the constra i nts o f  the USLE  ( Fo s te r  1979) l i m i t  the acc uracy o f  so i l  e ro s i on e s t i mates 
for NFSS and the Oak R i dge s i te ,  a number o f  gene ra l conc l us i on s  can be mad e .  F i rs t ,  there i s  a l arge 
range i n  the numbe r  o f  years it m i ght  take for the contai nment cap to e rode . T hu s , the i nt e r i m  cap at 
NFSS m i gh t  erode as  early a s  650 years under agr i c u l tural  use  o r  as  l ate a s  1 . 1 m i l l i on years under 
natural s ucces s i on to fo re s t .  E ros i on o f  t h e  l ong-term c a p  m i ght  be a s  e a r l y  as  1 , 300 yea rs o r  a s  
l ate a s  2 . 2 mi l l i o n  years . At Oak  R i dge , t h e  c a p  m i gh t  be e roded by 1 , 800 years o r  a s  l ate a s  
420 , 000 yea r s .  G i ven s uch  great ranges because  o f  uncerta i nt i e s  i n  future l and u se s , there i s  n o  
s i gn i f i cant d i fference between t h e  two hum i d  s i te s  o f  N F S S  a n d  O a k  R i dge w i th respect t o  eventua l 
e ros i o n  o f  the cap s .  

F o r  a l l a l ternat i ve s , cap e ro s i o n  wi l l  occur much more rap i d l y  under c rop- rotat i o n  ag r i c u l ture 
than under natural s ucces s i on  (Tab l e  4 . 36 ) .  The  pr i nc i pa l  effect o f  water e ro s i on unde r agri c u l tural  
l and use  wi l l  be a reduc t i on in  the t h i c kness  o f  the p rotect i v e  caps p l aced over the wastes . Comp l ete 
e ro s i on o f  the NFSS A l ternati v e  1 cap wi l l  occur wi th i n  the 200- to 1000-year p e r i od und e r  c rop
rota t i on agri c u l ture.  T h i s w i l l  not o n l y  i nc rease  radon emmanat i o n  f rom the s i te , but wi l l  a l so 
i nc rease  the potenti a l  fo r p l ant root and burrowi ng a n i ma l  i ntrus i o n  o f  the wastes wh i ch wi l l ,  i n  
turn , a l l ow for  the s ubsequent uptake and tran s l ocat i o n  o f  rad i onuc l i des  i n  the wastes by p l ants and 
the i ngest i on and i nhal a t i on o f  the wastes thems e l ves  by a n i ma l s .  I n  add i t i o n , the penetra t i on of the 
cap by burrowi ng a n i ma l s  o r  p l ant  roots wi l l  jeopard i ze the i nteg r i ty and stab i l i ty of the cover 
system. B i o l og i c  e f fects on  the l ong- term stab i l i ty o f  the cap are d i scuss ed further in  Secti o n  4 . 3 .  
T he i mpacts a s soci ated wi th the d i spers i on o f  the wastes i nto s urface water supp l i e s  are d i scus sed i n  
Secti on s  4 . 1 ,  4 . 2 . 2 ,  and 4 . 4 . 

Hanford S i te .  I n  ana l yz i ng the amount o f  e ros i on a l  l os s e s  a t  the a r i d Hanford s i te , the effects 
o f  both w i nd and wate r  eros i o n  are exam i ned . So i l  l os s e s  at  Hanford d ue to water e ro s i on are ca l cu l a
ted as for the NFSS and Oak  R i  dge s i te s  us i ng the U S L E .  So i 1 l os s e s  at  Han ford d u e  to wi  n d  e ro s  i o n  
a r e  computed accord i ng t o  t h e  Wi nd E ro s i on E q uati o n  ( WE E )  (Woodruff a n d  S i ddoway 196 5 ; S k i dmore and 
Woodruff  1968 ; S k i dmore 198 3 ) .  Because s o i l l os s e s  at  Han ford due t o  w i nd e ro s i on a re computed ( us i ng 
the WEE )  to be 100 to 200 t i me s  greater than so i l  l os ses  due to water e ro s i on ( u s i ng the USLE ) ,  the 
wi nd e ro s i on l os s e s  are reported here . (As  noted p re v i ou s l y ,  the USLE equat i on cannot be used to 
e s t i mate so i l  l os s e s  as a resu l t  of severe f l ood i ng events or gu l ly e ro s i on ,  wh i ch can be the dom i nant 
geormo rp h i c  fo rce i n  ari d c l i mate s .  The pos s i b i l i ty of such severe water eros i on l os s e s  occ urri ng at 
Han fo rd a re d i scussed  i n  Sec t i o n  4 . 2 . 1 . 2 . ) 

So i l  l os s  ( pe r  un i t  area per  year) due to wi nd e ro s i on i s  comp uted a s  the product o f  f i ve maj o r  
factors : 

So i l  Los s  = f ( 1 '  K '  C '  L '  V )  

where : I '  = e rod i b i l i ty ,  K '  = s urface roughne s s , C '  = c l i mat i c ,  L '  = open- f i e l d  l ength , and V = 
vegetati ve cov e r .  T h e  funct i ona l aspects o f  t h e  var i ab l e s  o f  t h e  W E E  a r e  n o t  d i s c u s sed here because 
res o l u t i on o f  the equati on e n ta i l s  the use  of nume rou s  tab l es , f i g u re s ,  and equa t i ons . A deta i l ed 
exp l anat i on o f  the WEE i s  g i ven  by Woodruff and S i ddoway ( 1965 ) and S k i dmore and Woodruff  ( 1968 ) .  

Several  o f  t h e  as sump t i o n s  made to u s e  the USLE for e s t i mati ng water e ro s i o n  l os s  a t  NFSS and the 
Oak  R i dge  s i te are a l so made to use the WEE for e s t i mati ng w i nd e ro s i o n  l os s  at the Hanford s i te .  The  
p a rameters used to compute ave rage wi nd e r o s i onal  so i l l os s  are presented in  Tab l e  4 . 3 7 .  As  wi th the 
easte rn s i tes , l and use  i s  the p r i mary factor affec t i ng eros i o n  rate s .  Therefore , eros i o n  i s  e s t i mated 
u s  i ng  both an e ro s  i ve  and noneros i ve  1 and u s e .  The e ro s  i ve  1 and use i s  as s umed to be overgrazed 
range l and and the nonero s i ve l and use i s  a s s umed to be nat i ve ,  undi sturbed vegetat i on ( i . e . , sageb rush 
commun i ty ) .  A l so ,  a s  was the case for the eastern s i tes , the a s s umed l and uses represent  two extremes 
i n  that the bur i a l  trenches at Han ford are not expected to p rov i de part i c u l a r l y  good habi tat for 
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Tab l e  4 . 3 7 .  Land Uses , Stage o f  Commun i ty Deve l opment , and W i nd E ro s i on 
E quat i o n  (WEE ) Factors Emp l oyed i n  E st i ma t i ng Wi nd E ros i o n  

from t h e  A r i d  Long- Term Waste Management  S i te ( Hanford )  

Stage of Length o f  WEE Facto r s t 1  Commun i ty Stage 
Land Use  Deve l opment  (yea rs)  I '  K '  C '  L '  

Sagebru s h  used for Overg razed 800 98 1 . 0 18. 9% 1000 
range l and 

Nat i ve sagebrush Deve l op i ng 30 98 1 . 0 18 . 9% 1000 
commun i ty Mature 770 98 1 . 0 18 . 9% 1000 

t l  I ' :;:: E rodi b i l i ty factor.  Computed a s s um i ng 20% of the soi  1 parti c l es o f  the  s i te ' s  
g reater than 0 . 84 mm i n  d i amete r .  

K '  :;:: S urface roughness  factor.  A s s ume s t h e  top o f  t h e  bur i a l  trench i s  smooth . 

C '  :;:: C l i mat i c  factor. Ca l cu l ated accord i ng to Woodruff and S i ddoway ( 1965 ) .  

L '  :;:: Open- f i e l d  l ength .  As s umes preva i l i ng w i nd i s  a l ong  the l ength o f  the trenc h .  

V 

732 

732 

1742 

so i l  i s  

V :;:: Vegetati ve cover factor .  As s umes producti v i ty of deve l op i ng and ove rgrazed commun i ty to 
be 41  g/m2 /yr , mature commun i ty to be 80 g/m2 /yr ( f rom U re s k  et a l . 197 7 ) . 

nat i ve vegetat i o n  or rang e l and .  Because succe s s i ona l patterns a re poo r l y  unde rstood i n  a r i d  we stern 
e cosystems , i t  i s  a s s umed that 30 years i s  req u i red to deve l op a s agebrush  commun i ty ( i t  is as sumed 
that d u r i ng the mai ntenance and mon i tori ng peri od , deep- rooted p l ants such  as sagebrush  are proh i b i ted 
f rom growi n g  i n  the waste management area through use o f  he rb i c i de s  o r  other contro l method s ) .  

I t  i s  a s s umed that the cap p l aced over the wastes  a t  Hanford i s  i ntact a t  the end  o f  the mai nten
ance and moni tori ng peri od ( 200 years ) .  Wi nd e ros i o n  i s  then e s t i mated for the l o ng- term peri od 
( 200- 1000 year s ) .  The so i l  at  the Hanford s i te i s  a s s umed to be a sandy l oam ( U re s k  et a l . 1977)  w i t h  
an  undi sturbed bu l k  dens i ty of 1 . 5 g/cm3 . As wi th the e ro s i on e s t i mates for the two hum i d  s i te s ,  the 
r i prap l ayer at  Hanford i s  a s s umed to be cha nged i nto so i l  by p hys i c a l  and b i o l og i ca l  weathe r i n g  
p roces s e s . As  noted prev i ou s l y ,  care f u l  s e l e c t i o n  of roc k  mate r i a l  dur i ng deta i l ed e ng i nee r i ng des i gn 
may l ead to e ro s i on rates that are s l ower than those predi cted- - i f  the r i p rap l ayer i s  not removed 
a fter i ns t i tut i ona l contro l s cea s e .  A l so ,  a s  i s  the case for the water e ro s i on ca l cu l at i on s , w i nd 
e ros i on l os se s  are ca l c u l ated a s s um i ng u n i form l os s e s .  I n  rea l i ty ,  l os se s  w i l l  not be u n i form .  The  
p red i cted e ro s i o n  rates are used o n l y  for  compar i son  o f  the re l at i ve pote nt i a l  for l os s  o f  the caps 
and a re not i ntended to prec i se l y  p red i c t  the actual l ongev i ty o f  the cap. F urthermore , at  Hanford , 
t here cou l d  even  be depos i t i on of mate r i a l  on top of the trenches ( a s  i s  the case  w i th dune  forma
t i on ) , the reby i nc reas i ng the l e ngth  of t i me to was te/re s i due expos ure . 

T he so i l - l o s s  e s t i mates computed u s i ng the WEE are converted to trench- cap l os s  e s t i mates fol l ow
i ng the procedure out l i ned i n  the prev i ou s  s ubsect i on and are p re sented i n  Tab l e  4 . 36 .  I f  contro l s  
cease i n  200 years , the cover over the NFSS wastes and res i dues a t  Hanford may be e roded i n  a s  l i tt l e  
a s  1 , 800 yea rs o r  a s  many a s  420 , 000 years , depend i ng p r i mari l y  o n  l and use . 

Mi t i gat i ve Measure s .  Dur i ng the i n i t i a l  200-year ma i ntenance a n d  mon i tori ng per i od , any l os s  o f  
s o i l from t h e  c a p  at any s i te wi l l  be rep l aced a n d  c a p  fa i l ures wi l l  be repa i re d .  Gras s over t h e  cap 
wi l l  he l p  to stab i l i ze the cap and m i n i m i ze so i l  eros i on l os se s  dur i ng . th i s  per i od ( see Sec t i o n  4 . 3  
for deta i l ed d i s c u s s i o n  o f  vege ta t i on management) . Regre s s i on o f  the s i te s  to nat i ve c l i max vegeta
t i on or use of known farm i ng p ract i ces  conduc i ve to so i l  conservat i o n  wi l l  s i gn i f i cant ly  reduce 
e ros i on l os s e s  i n  the l ong- term peri od . 

4 . 2 . 1 . 2  F l ood i ng 

I n  add i t i o n  to the average o r  everyday forces act i ng upon the s to rage s i te ,  severe events  occur
r i ng wi t h i n the 1000-yea r  per i od o f  ana l ys i s  are l i ke l y  to stre s s  the i ntegr i ty o f  the contai nme n t  
systems .  

A t  NFSS , the pote n t i a l  for f l ood i ng cou l d  i ncrease wi thout p roper mai ntenance and dredg i ng o f  the 
e x i s t i ng drai nage d i tches o r  w i t h  future mod i f i cati ons  to the drai nage system both upstream or down
s tream f rom N F S S .  For  examp l e ,  rerouti ng of water i nto t h e  N F S S  drai nage system from offs i te areas 
cou l d  i nc rease  the pote nt i a l  for f l oods at  the s i te- -espec i a l l y  i f  there i s  no attendent mod i f i cati on  
o f  the carryi ng capac i ty o f  downstream c u l verts and d i tche s .  F l oo d i ng cou l d  l ead to saturati on of the  
contami nated materi a l s ,  the reby i nc reas i ng the concentrat i ons o f  contam i nants  i n  g roundwate r and 
s u rface water in  the v i c i n i ty o f  the s i te .  D u r i n g  the mai ntenance and mon i to r i ng peri od , a l l s i te 
drai nage systems wi l l  be ma i nta i ned to e n s u re proper drai nag e .  Such  ma i ntenance wi l l  i nc l ude dredgi ng 
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o f  l oc a l  di tches , c u l vert c l ea n i ng and repa i r ,  and control  o f  drai nage f l ow patterns  both  ups tream and 
downstream from NFSS . 

Duri ng the l ong- term peri od , the NFSS d ra i nage d i tches wi l l  f i l l  w i t h  s e d i ments and the NFSS 
cou l d  become a s  poo r l y  dra i ned as i t  was p r i o r  to the construct i on o f  the drai nage d i tches . As a 
resu l t ,  g roundwater f l ow patterns may be a l tered.  Wi th pond i ng o f  water on  the s i te ,  sat urat i o n  of 
the was tes  and res i dues i s  l i ke l y . I nc reased saturati o n  o f  the waste/re s idue  p i l e  may a l so tri gger 
s l ope fa i l ures at the o uter s l ope of the p i l e  ( see Sec t i o n  4 . 2 . 1 . 4 for further d i scus s i on ) . 

The conta i nment area i n  the Oak  R i dge a l ternati ves  w i l l  not be subject to severe f l oo d i ng because 
o f  i ts l ocat i o n  on  the knol l s . The 218W5 s i te for the Han ford a l ternat i ves  i s  above the f l oodp l a i n  o f  
t h e  C o l umb i a  R i ve r ,  a n d  severe f l oo d i ng wi l l  n o t  be a probl em on  the  p l ateau area . 

4 . 2 . 1 . 3  Severe E ro s i on Events and Droughts 

Seasona l l y  heavy ra i n s  cou l d  tr i gger g u l l y  eros i o n  at  both the NFSS and Oak  R i dge  s i tes . G u l ly  
ero s i on wi l l  be mos t  l i ke l y  to occur  duri ng the  construc t i o n  per i od and pr ior  to the  estab l i s hment of 
a s tab l e  vegeta t i ve cover over the p i l es .  Dur i ng the mai ntenance �nd mon i tori ng peri od , g u l ly  ero s i on 
i s  a s s umed to be detected and repa i re d .  Drai nage contro l measures such  a s  drai nage swa l e s  to co l l ect 
runof f  from the p i l e  and ri p rapped channe l s  down the s i de s l opes  can  be used to m i n i m i ze g u l l y deve l op
ment .  

Wi thout mai ntenance , the e ffecti veness  o f  drai nage contro l measures wi l l  decrease dur i ng the 
l ong-term per i o d .  In add i t i on , d rought o r  f i re cou l d  damage the vegetati ve cover.  Wi thout e f fect i ve 
d ra i nage contro l s  and a vegetat i v e  cov e r ,  the s teep outer s l opes  o f  the p i l es w i l l  b e  extreme l y  v u l ner
ab l e  to g u l l y  eros i o n .  Th i s  w i l l  b e  part i c u l ar ly  true on  the very s teep outer s l opes on  t h e  i nte r i m  
c a p  at NFSS . T h e  l on g- t e rm c a p  at N F S S  a n d  t h e  c a p  at Oak  R i dge wi l l  have l es s  steep s l opes , but they 
wi l l  be s teep enough to c reate a good potent i a l  for gu l ly eros i o n .  U nchec ked , g u l l y  ero s i on wi l l  
s e r i o u s l y  j eopard i ze the i nteg r i ty of the waste/re s i due p i l e . No quant i tat i ve methods are ava i l ab l e  
for  e s t i mat i ng the extent o f  gu l l y ero s i on over the l ong term. 

Seasonal droughts at the NFSS and Oak R i dge  s i te s  cou l d  resu l t  i n  the forma t i o n  o f  des s i ca t i o n  
c racks  i n  t h e  s u rface o f  t h e  c l ay l ayer.  Dur i n g  t h e  mai ntenance a n d  mon i to r i ng per i od a n d  wh i l e  the 
over l y i n g  l ayers of r i p rap/ sand/so i l  rema i n  i ntact dur i ng the l ong- term peri od , such crac ki ng s ho u l d 
be m i n ima l . Dur i ng the wette r seasons , i n f i l trat i ng water wi l l  mo i s ten the c l ay and the c racks  wi l l  
tend to c l ose  up . As  the s urface l ayers e rode dur i ng the l ong- term per i od o r  i f  there i s  a p ro l onged 
drought , the cracks wi l l  be more extens i ve .  Radon emi ss i on s  wi l l  tend to i nc rease wi th c rac ki ng of 
the c l ay l ayer.  Howeve r ,  it  s ho u l d  be po i nted out that underneath the c l ay l aye r wi l l  be the c l ayey 
N F SS wastes wh i ch wi l l  sti l l  serve to retard the radon emanat i ng f rom the major source- -the res i dues  
bur i ed even  deeper unde rneath the was tes . 

I n  ari d c l i mates , water e ro s i on can  be the domi nant geomo rph i c  factor .  Sudden , heavy ra i ns 
( " f l a s h  f l oods " )  may be respons i b l e for substant i a l s heet eros i on and pos s i b l y  gu l l y eros i o n  of the 
trench covers . Howeve r ,  the f l at topography o f  the p l ateau , the l ow re l i e f  o f  the  trench covers , and 
the d i stance of the d i spos a l  s i te from maj o r  s u rface d ra i nage systems s ho u l d  m i n i m i ze the potenti a l  
for g u l l y  e ros i o n  at t h e  Hanford a l ternati ve s i te .  

Howe v e r ,  a severe drought o r  f i re a t  Han ford cou l d  destroy the vegetati ve cover over the trenches 
and s ubs equent h i gh wi nds  cou 1 d i nc rease the rate o f  s o  i l l os s .  The presence o f  the 0 . 9-m r i  prap 
1 aye r may serve to reduce such l os s e s  by act i n g  1 i ke " d es e rt pavement" (a s tone-covered surf ace 
res i stant to w i nd ero s i on that i s  natura l ly  present i n  deserts ) .  

4 . 2 . 1 . 4  S l ope and Cover F a i l u re 

Because o f  the re l ati ve steepness  o f  the outer s l opes  o f  the caps at NFSS and Oak  R i dge (40% i n  
A l ternat i ve 1 and 20% i n  Al ternat i ves  2a , 2b , 3b , 4a , 4b , 4c , and 4 d ) , the p rotec t i v e  cap cove r i ng the 
was te s  wi l l  l i ke l y  eventua l l y  s l ump , i nduc i ng gu l ly i ng and i nc reased e ro s i o n .  Al though measures s uch 
a s  careful  compact i on  of the was tes , scar i f i  cat i on  o f  trans i t  i on  s urfaces ( e .  g . , c l ay to sand ) , and 
gradual gradat i on of materi a l s ( e . g . , c l ay to sand to pea gravel ) ,  can  i n i t i a l ly  reduce the potent i a l  
for s l ump i ng ,  they wi l l  proba b l y  n o t  e l i m i nate the prob l em o n  s u c h  s teep s l opes o v e r  h u n d reds o f  
years . Any s l ope fa i l u re occurr i n g  w i th i n  t h e  i n i t i a l  2 0 0  years o f  ma i ntenance a n d  mon i tori ng wi l l  be 
repa i red . I f  contro l s  cease ,  s l ope fa i l ure wi l l  res u l t i n  earl i er expo s ure and d i spers i o n  of the 
contam i nated wa stes/re s i due s .  S l ope fai l ure i s  l i ke l y  to occur i n  the d i ked and mounded contai nment 
structures i n  the hum i d  c l i mates at NFSS and Oak R i dg e .  S l ope fa i l ures are not expected on the l ow
re l i e f  trench covers  at Hanford.  If  one  o f  the a l ternati ves  at NFSS o r  O a k  R i dge i s  s e l ected , a 
r i gorous ana l ys i s  o f  potent i a l  s l ope fa i l ure wi l l  be appropri ate at the deta i l ed engi neeri ng des i gn 
s tage o f  the dec i s i on-ma k i ng proces s .  

The presence o f  ka rst features ( s i nk ho l es ,  underground caves , e tc . ) i n  the O a k  R i dge area are 
i nd i cati ons  of  s o l uti on cav i t i e s  that have deve l oped i n  the l i mestone bedroc k .  A l though there are no 
s urface man i festati o n s  o f  such s o l uti oni ng on the P i ne R i dge Kno l l s ,  s o l ut i o n i ng i s  known to occur i n  
some u n i ts o f  the Conasauga Group that unde r l i es the knol l s  ( Secti on 3 . 3 . 1 ) .  Deve l opment o f  s o l uti on 
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c av i t i e s  i n  the bedrock underneath the kno l l s  cou l d jeopard i ze the i ntegr i ty o f  the p i l es .  Sub s i dence 
o f  the p i l es i nto such  a cav i ty wou l d  res u l t  i n : ( 1 )  fa i l ure o f  the caps wi th consequent i nc rease i n  
water i n f i l t rat i on i nto the wastes  and res i dues , ( 2 )  i nc rease i n  g u l l y  ero s i on o f  the cover  system 
w i th consequent earl i er d i spers i o n  of the contami nated mate r i a l s i nto the e n v i ronme n t , and ( 3 )  decrease  
i n  the  e ffect i v e ne s s  of the  cap i n  retard i ng radon and consequent  i nc rease i n  radon emi s s i o n s .  The  
probabi l i ty of such  an event occurr i ng on  the P i ne R i dge Kno l l s  s i te i s  l es s  than in  other parts  o f  
t h e  Oak  R i dge Reservati on  that a r e  unde r l a i n  by d i ffe re n t  k i nd s  of bedrock t h a t  a re more prone to 
s o l u t i o n i ng .  

4 . 2 . 1 . 5 Se i sm i c  Acti v i ty 

The pos s i b l e  e ffects o f  the max i mum probab l e  se i sm i c  event dur i ng the 10-year and 10- to 200-yea·r 
t i me f rames as we l l  as the e ffect o f  the maxi mum pote n t i a l  s e i sm i c  event  for the 200- to 1000-year 
t i me f rame on  the i ntegr i ty o f  the contai nment structures at  the N i agara F a l l s ,  Oak R i dge , and Hanford 
s i tes  are p re sented i n  Tab l e  4 . 38 .  Based on h i s tori c s e i s m i c  record s , a l l s i te s  may experi ence very 
s trong earthquake s  o f  at l ea s t  a modi f i ed Mercal l i  (MM) i ntens i ty of V I I  ( see  Sect i o n s  3 . 1 ,  3 . 2 ,  

S i te/ 
Al ternati v e  

NFSS 

1 ,  2a , 2b , 
4a , 4c 

HANFORD 

3 a ,  4a , 4b 

OAK R I DG E  

3 b ,  4c , 4d 

Tab l e  4 . 38 .  Pote nt i a l  E ffects of Sefsmi c Acti v i ty on  Contai nment Structures 

Pote nt i a l  I mpact s  As s o c i ated wi th Three T i me F rames t 1  

Act i o n  Per i od 
( 10 years ) 

Pos s i b l e  c rack i ng of cap 
and  fa i l ure a l ong  cap 
s l opes  after max i mum 
probab l e  s e i smi c event-
wi l l  be repa i re d  

Subs urface c l ay c uto ff  
wa l l  may be damaged- -wi l l  
be repa i red o n l y  i f  
damage detected 

Maxi mum probab l e  s e i s m i c  
e v e n t  may c a u s e  s l i ght  
g round c rack i ng i n  
trenche s - -wi l l  be 
repa i red 

Pos s i b l e  s u b s i dence o f  
c a p  i nto v o i ds  between 
pac kaged wastes--wi l l  be 
repai red 

Pos s i b l e  damage to cap 
and  fa i l ure of c ap s l opes 
after max i mum probab l e  
s e i sm i c  event--wi l l  be 
repa i red 

Pos s i b l e  subs i dence  of 
cap i nto voi ds  betwee n  
pac kaged was tes--wi l l  
be repa i red 

Mai ntenance and  
Mon i to r i ng Peri od 

( 10- 200 years ) 

Pos s i b l e  c rac k i ng o f  cap 
and fa i l ure a l ong cap 
s l opes a fter maxi mum 
probab l e  s e i s m i c  event- 
wi l l  b e  repa i red 

Subs urface c l ay c utoff  
wa l l may be damaged--wi l l  
be rep a i red o n l y  i f  
damage detected 

Max i mum probab l e  s e i sm i c  
event may cause  s l i ght 
g round c rack i ng i n  
trenches--wi l l  be 
repai red 

Pos s i b l e subs i dence  of 
cap i nto v o i d s  betwee n  
pac kaged wastes--wi l l  b e  
repa i re d  

Pos s i b l e  damage t o  c ap 
and  fai l ure of cap s l opes  
after  max i mum probab l e  
se i sm i c  event--wi l l  
be repa i  red 

Pos s i b l e  subs i dence  of 
cap i nto v o i d s  between 
pac kaged wastes--wi l l  be 
rep a i  red 

Long-Term Per i od 
( 200- 1000 years ) 

Crac k i ng of cap and  fa i l ure 
a l ong cap s l opes  after 
max i mum pote n t i a l  s e i sm i c  
event 

Damage to cutoff wa l l  

Maxi mum pote nt i a l  s e i smi c 
event  may cause  s l i ght 
ground c rac k i ng i n  trenches 

Sub s i dence o f  cap i nto 
v o i ds  between pac kaged 
was te s  

Damage to c a p  a n d  fa i l ure 
o f  c ap s l opes after max i mum 
pote nt i a l  s e i sm i c  event 

Sub s i dence o f  cap i nto 
v o i ds  between pac kaged 
wastes 

tl Max i mum p robab l e  s e i sm i c  event a s s umed to be MM VI  to VI I for a l l s i te s ,  based on  h i s to r i ca l  
records ( see  Secti o n s  3 . 1 . 1 ,  3 . 2 . 1 and 3 . 3 . 1 ) .  Max i mum pote nt i a l  se i smi c event a s s umed t o  be 
one l ev e l  h i gher  than h i stori c  rec o rd , or MM VI I I  for a l l s i tes . 
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and 3 . 3 ) . '" G round c rack ing o r  s l ope fai l ure may occ u r  but shou l d be m i n i ma l  in  extent at a l l  s i tes  
for  the  max i m um p robab l e  ,quake un l e s s  saturated s o i l cond i t i on s  ex i st .  W i t h  saturated cond i t i ons , 
s l ope fa i l ure may occ ur  at NFSS and the Oak  R i dge s i te espec i a l ly  a l ong the s and/c l ay i nterfaces . 
Such  s l ope fa i l ures may res u l t i n  the exposure and eros i on o f  the wastes at these two s i te s .  N o  s uch 
s l ope f a i l ure i s  expected at the Hanford s i te due to the use of  bur i a l  t renches . Such s e i s m i c  '�vents 
may a l so fac i l i tate sett l i ng o f  the materi a l  used to f i l l  the spaces between the waste conta i ners and 
thereby cause l i m i ted s ubs i dence  and pos s i b l e crac k i ng ' o f  the cover mate r i a l  at Hanford and Oak  R i dge . 
Subs  i dence at these s i tes  wou 1 d i nc rease  radon  re 1 eases  unt i 1 the c rac ks caused by subs  i dence are 
f i l l ed by natural ero s i o n  proc e s ses  or by act i ve ma i ntenanc e .  

Al though p o s s  i b 1 e damage t o  the s i te st ructures may occur d u r i  n g  t h e  200-year p e r i  od , i t  i s  
a s s umed that a l l structures or features known to have been damaged wi l l  be p rompt ly  repa i red , thereby 
m i n i m i z i ng i mpacts re s u l t i ng f rom the fa i l ure . T h i s a s s umpt i on appl i es p r i mari ly  to repa i r  of the cap 
because damage to the cap wi l l  be most noti ceab l e .  Damage to the subsurface c l ay cutoff  wa l l  at NFSS  
may not  be not i ced un l es s  mon i tori ng we l l s  are fort u i tous ly  l ocated to detect  a breach in  the  wa l l  and 
any s ubsequent m i  g rat i on of  contami  nants . The s l ow 1 atera 1 m i  g rat i on of groundwater at NFSS ( see  
Sect i on 3 . 1 . 2 ) , however ,  l es sens the i mportance of  th i s  i mpac t in  the s hort term (0  to 200  years ) .  
Because  no stud i es have been conducted to demonstrate and pred i c t  the l ong- term durab i l i ty o f  a cutoff  
wa l l  ( Harri s et a l . 1982 ) , the e f fect i veness  o f  th i s  structure over 1000 years cannot be re l i ed upon 
to res tri  ct contami nant m i  grat i on  v i a groundwater.  The ana 1ys  i s o f  g roundwater contami nat ion i s  
p resented i n  Sec t i o n  4 . 2 . 2 ,  and the  i mpacts  res u l ti ng from g roundwater m i g rat i o n  o f  contami nants are 
addre s s ed i n  Sec t i o n s  4 . 1 and 4 . 4 .  

The potenti a l  for  cap s u b s i dence a t  Oa k R i dge and Hanford may b e  s ubstant i a l ly l es sened by the ' 
order l y  arrangeme nt  of conta i neri zed waste and bac k f i l l i ng between the res i due conta i ners  w i t h  f i ne 
sand or g rout .  Wi th cap s ub s i dence , i n f i l trat i o n  of p rec i p i ta t i o n  through the  wastes and re s i dues 
wi l l  i ncrease and gu l ly eros i on of  the cap may be acce l erated . It i s  a s s umed that such damage wi l l  be 
repa i red duri ng  the mai ntenance and mon i tori ng  p e r i o d .  

As  t h e  t i me f rame f o r  ana lyses  i ncreases , so  d o e s  the potent i a l  f o r  more severe earthq uakes  for 
each area.  Pred i ct i o n  of the sever i ty of quakes that may occ ur w i th i n  the 200- to 1000-year t i me 
f rame , howeve r ,  i s  l i m i ted by the re l at i ve l y  s hort peri od of record for  se i sm i c  events  i n  the 
North Ameri  can Cont i nent .  For purposes of  ana 1ys  i s ,  therefore , the max i mum potent i a l  earthquake 
pos s i b l e  for  the 200- to 1000-year t i me f rame i s  a s s umed to be g reater than the pred i cti ons  for the  
maxi mum p robab l e  earthquake based on the h i s to r i c  record s .  The res u l t i ng i mpacts wi l l  be more s evere 
and  are a s s umed to not be repa i red i n  the l ong-term p e r i o d .  I n  add i t i on , i t  can be a s s umed that due 
to s i te des i gn d i f ferences ( e . g . , trenches v s .  waste p i l e ) ,  l os s  of  contai nment duri ng severe s e i sm i c  
events w i th i n  the 200- t o  1000-year t i me f rame wi l l  b e  l es s  l i ke l y  t o  occ ur  a t  the Hanford s i te than 
at e i ther NFSS or Oak R i dg e .  

. 

4 . 2 . 2  G roundwater I mpacts 

4 . 2 . 2 . 1 General  Mode l Desc r i p t i o n  

Both rad i o l og i c a l  a n d  nonrad i o 1 0g i ca 1  substances wi l l  be ' l eached o u t  o f  t h e  N F S S  wastes and 
res i dues by i nf i l trat i ng water and carri ed i nto the g roundwater .  An  i nd i v i d u a l  c o u l d  c o n s ume contam i 
nated water f rom a wel l ( a s s umed to b e  l ocated ons i te next to the waste/ res i d ue area ) , and a pop u l a
t i on cou l d  con sume contam i nated water f rom a s t ream or other s u rface-water body that rec e i ves 
contami nated g rou ndwater d i scharg e .  In th i s  sect i on , the CIS rat i o s  (concentrat i on o f  the contam i nant  
i n  the  groundwater d i v i ded by the concentrati on in  the source [wastes  and/or  res i dues ] )  are determ i ned 
for both the ons i te we l l  and the poi nt where groundwater d i s c harges to s urface wate r .  The i mpacts 
a s soc i ated wi th re l eases  o f  rad i o l og i ca l  and nonrad i o 1 0g i ca 1  contam i nants to s u r face waters a nd ground
waters are d i scus sed i n  Sec t i o n s  4 . 1 ,  4 . 2 ,  and 4 . 4 .  

The rate of re l ease o f  ' ion tam i n  ants from t h e  waste/re s i due area c a n  be esti mated by means  o f  the 
i on - exchange mod e l  or d i ffus i on mod e l  ( U . S .  Dep . Energy 1983a ) .  I n  t h i s  study , the i on-exchange mode l 
i s  used because i t  g i ves  a more conservat i ve ( h i gher)  e s t i mate .  The geometry and t i me vari ati on of 
the g roundwater contami nat i on are shown sc hemat i c a l ly  in  F i gure 4 . 7 .  Prec i p i tati on stri ki ng the 
res i due/waste area (waste f i e l d )  i n f i l trates through the wastes and transports contam i nants  down i nto 
the aqu i fe r .  T h e  wa s te f i e l d  i s  assumed t o  be a rectang u l ar reg i on w i th d i me n s i ons  L x , Ly , a n d  L z · 
The geometry o f  the contam i nated l ayer i s  a s s umed to be constant du r i ng m i g rat i o n .  After the contam i 
nat i on reac hes  the water tab l e ,  i t  wi l l  b e  d i l uted i n  the grou ndwater and transported t o  the we l l  and  
eventua l l y  to  nearby surface waters . The wel l i s  a s s umed to be l ocated at the center o f  the edge  of  
the  waste f i e l d  downgrad i ent in  the g roundwater f l ow .  

Contam i nant concentra t i o n s  i n  the  groundwater at var i ous t i mes  and  p l aces  may be determ i ned by 
s o l v i ng a three- d i mens i onal  mass  transport equat i o n  that i nc l udes  the effects o f  convec t i v e  transport , 
mo l ec u l ar d i ffus i o n , hyd rau l i c d i spers i on ,  chem i c a l  sorpt i on , and rad i oac t i ve decay ( Bear 1972 ; Yeh 

"'No i n format i o n  is avai l ab l e  to perform probab 1 i s t i c  earthquake r i s k  ana lys i s  for  the s o i l s  upon wh i ch 
the conta i nment  systems wi l l  be founded at a l l three s i te s .  Poss i b l e  modes  of fa i l ure are d i scussed .  
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F i gure 4 . 7 .  Schemat i c  D i agram o f  Mod e l  f o r  E s t i mat i ng Con
centrat i ons of Contam i nants i n  Groundwater .  
Mod i f i ed from G i l be rt et a l . ( 1983 ) 

1981 ) .  I t  i s  a s s umed that the aqu i fe r  i s  homogeneous and i sotrop i c  and that the f l ow i s  u n i form and 
i n  one d i recti o n .  The e ffects o f  fractures and so l ut i on cav i t i es on  the f l ow and s o l ute transport a re 
taken i nto cons i de rati on i n  the s e l ect i on o f  the v a l ues for the v a r i o u s  hydrogeo l og i c  pa rameters . For  
examp l e ,  the hydrau l i c conduc t i v i ty at Oak  R i dge is  set  at 0 . 03 cm/s , whereas at  NFSS it  i s  0 . 000011 cm/ s 
( Tab l e  4 . 39 ) .  I t  i s  a l so a s s umed that wate r d rawn i nto the ons i te we l l  wi l l  be mi xed befo re i t  reaches 
the g round s urfac e .  

The s o l ut i o n  o f  t h e  mas s  transport equati on i s  obta i ned w i th t h e  a i d  o f  a computer p rogram 
deve l oped at Oak  R i dge Nat i onal  Laboratory ( Ye h  1981)  and adapted for  t h i s study .  The p rog ram i s  
mod i f i ed to take i nto account the de l ay t i me for the contam i nants to m i grate f rom the bottom o f  the 
waste f i e l d  to . the wate r tab l e .  The mos t  sens i t i ve parameters are hyd raul i c  conduct i v i ty o r  d i str i 
b u t i o n  coe f f i c i e n t .  The resu l ts o f  a s e ns i t i v i ty s tudy o f  the concentrat i on s  p redi cted by the mode l  
to var i ous  i nput parameters have  been repo rted by G i l be rt et a l . ( 1983 ) .  

A l though more soph i st i cated groundwater  mode l s  are avai l ab l e ,  the use  o f  a more comp l ex mod e l  i s  
not warranted because o f  the uncerta i n t i e s  re l at i ve to hyd rogeo l og i ca l  cond i t i on s  at the s i tes , the 
c onceptual  nature o f  the contai nment d e s i gns at th i s  stage o f  the dec i s i on-ma k i ng proces s ,  the uncer
t a i n t i e s  re l at i ve to the beha v i o r  o f  contai nment systems over hundreds o f  years , and  the uncerta i n t i e s  
re l at i ve to d u rat i on o f  ma i ntenance and i ns t i tuti onal  contro l s .  Use  o f  a more comp l ex mod e l  wou l d  
req u i re i nc l us i on  o f  even  more a s s umpt i ons  and wou l d  not resu l t  i n  a more acc urate pred i c t ibn o f  
i mpacts . For  t h e  mode l used , conservat i ve a s s umpt i on s  a r e  made regard i ng t h e  " a ve rage" v a l ues for t h e  
v a r i o u s  i nput parameters ( see next s ect i o n )  a n d  a re l at i ve compari son  of a l ternat i ves  i s  made . Use  o f  
a more comp l ex mod e l  may be approp r i ate at a l ater stage i n  t h e  dec i s i on-ma k i ng proces s  when one of 
t h e  bas i c  a l te rnat i ves  has been s e l ected for i mp l ementa t i o n  and  further dec i s i ons must be made 
re l at i ve to spec i f i c  deta i l ed eng i neeri ng des i gns . 
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Tab l e  4 . 39 .  Parameters Used for the Ca l cu l a t i on o f  
C ontami nant Concentrat i ons i n  Gro undwatert1 

Parameter 

Annual prec i p i tat ion  

S u rface runoff  coe ff i c i ent 

Evapotransp i rat i on rate 

I n f i l trat i o n  rate (w/o cover)  

I n f i l trat i o n  rate ( w i th cover)  

E ffe� t i ve poros i ty 

B u l k dens i ty o f  s o i l 

Hyd rau l i c g rad i ent 

Hydrau l i c conducti v i ty 

Longi tudi nal  d i spers i v i ty 

Transverse d i spers i v i ty 

Vert i ca l  d i spe rs i v i ty 

Waste f i e l d  d i mens i on s  

D i stance f rom l owe r 
boundary of waste f i e l d  
t o  wate r tab l e  

D i s tance from water tab l e  
to bottom o f  we l l  

Symbol 

P 

C 

n e 

U n i t  

m/yr 

m/yr 

m/yr 

m/yr 

kg/m3 

cm/ s  

m 

m 

m 

m 

m 

m 

m 

m 

NFSS Hanford 

0 . 89 0 . 16 

0 . 20 0 . 20 

0 . 60 0 . 10 

0 . 11  0 . 03 

0 . 04 0 . 01 

0 . 1 0 . 2 

1 , 700 1 , 600 

0 . 001 0 . 002 

0 . 000011  0 . 19 

1 . 0  3 . 0  

0 . 1 0 . 3 

0 . 1 0 . 3  

270 310 

120 3 10 

6 . 0 2 . 4  

0 65 

10 10 

Oak R i dge 

1.  40 

0 . 15  

0 . 89 

0 . 30 

0 . 10 

0 . 025 

1 , 700 

0 . 03 

0 . 03 

1 . 0 

0 . 1 

0 . 1  

270 

270 

3 . 0 

4 

10 

t 1  D i s t r i b u t i on coeff i c i ents and rad i oacti ve decay constants are di scus sed i n  the text .  

4 . 2 . 2 . 2 Hydro l o g i c a l  Parameter V a l ues 

The var ious  hyd ro l og i ca l  parameters used  i n  the mode l are 1 i s ted i n  Tab l e  4 . 3 9 .  The hyd ro l og i c  
parameters such  a s  prec i p i tati on and evapotra n s p i rat i on are obta i ned e i ther  from s i te-spec i f i c  reports 
( Ac res  Ame r i can 198 1 ;  Bechtel  Nat1 . 1984a , 1984b ; U . S .  Nuc 1 . Reg.  Comm. 198 1 ;  B rown and I s aacson  1977 ; 
Exxon N uc 1 .  Co . 1977 ) o r  from the Water At l as o f  the U n i ted States (Geraghty et a 1 . 1973 ) .  The s u rface 
runoff coef f i c i ents  are s e l ected for "m i l d" grass cover ( Chow 1968) and ave rage waste-area s l ope 
cond i t i ons  for the contai nment des i gns p resented in  Sect i o n  2 .  The waste- f i e l d  d i men s i ons are based 
on  the conceptual  de s i gns de s c r i bed in  Sec t i o n  2 .  

The g roundwater f l ow characte r i s t i c s  such  as  hyd rau l i c g rad i e n t , hyd rau l i c conduct i v i ty ,  and 
v a r i o u s  d i spers i v i t i es are obta i ned from s i te- spec i f i c  reports ( Acres  Ame r i can 1981 ; Bechte l Natl . 
1984a , 1984b ; B rown and I saacson 1977 ; Exxon N uc 1 . Co . 1977 ) .  At N F SS , the average hyd ra u l i c  conduc
t i v i ty of the near- s urface b rown sand aqu i fe r  is ass umed for the ent i re s i te .  ( The effects of the 
i nte rm i ttent sand l enses  are d i s c u s sed i n  Secti o n  4 . 2 . 2 . 3 . ) Ca l c u l ati ons  by Bechte l C i v i l  and 
M i neral s ,  I nc .  ( 1982 ) , and Bec hte l Nat iona l  ( 1984b ) i nd i cate that the m i g rat i o n  o f  contam i nants i n  
g roundwater cou l d  b e  s l owed by the l ower-permeab i l i ty c l ay cutoff wa l l  surround i ng the was te/re s i due 
areas . Howeve r ,  several  natural  proce s ses  ( e . g . , tree root pe netrat i on , f ro s t  heav i ng ,  des s i cati o n ,  
c rack deve l opment , e tc . ) cou l d  s e r i o u s l y  j eopard i ze the i nteg r i ty and durab i l i ty o f  the c utoff wa l l  
over the 200- to 1000-year p e r i o d .  There fore , i n  t h i s  ana lys i s  i t  i s  ass umed that o v e r  t h e  t i me f rame 
ana lyzed , the average p rope rt i e s  of the cutoff wa l l  are the same as  for the wastes  and s u rround i ng 
s o i l s .  L i kewi se , the concrete foundati ons o f  the b u i l d i ngs  conta i n i ng the res i dues are ass umed to 
offer  no s i gn i f i cant l ong- term barr i e r  to contam i nant m i g rati o n .  
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Whereas s i te i nv e s t i gatons at  NFSS have e stab l i shed the presence o f  the  groundwater tab l e  one  o r  
more meters ( several  feet) be l ow t h e  ground s u rface dur i ng t h e  d ry s ummer  p e r i od , t h e  f l uctuati on o f  
t h e  groundwate r l ev e l  throughout t h e  y e a r  has  n o t  y e t  b e e n  determ i ne d .  Knowl edge o f  t h e  saturated 
cond i t i o n s  at NFSS duri ng spri ng s nowme l t ,  the poor drai nage o f  the s i te ( H i gg i ns e t  a l . 1972 ) , and 
the pond i ng o f  water on  the s i te dur i ng s nowme l t  and heavy per i ods o f  prec i p i ta t i o n  suggest  that z e ro 
depth to groundwater s ho u l d  be a s s umed dur i ng some pe r i ods  o f  the year .  Th i s  i s  a l so a reasonab l e  
a s s umpti on i n  l i ght  o f  the fact that some o f  the contami nated so i l s  and res i dues  are b u r i ed we l l be l ow 
the ground s urface ( see Secti on s  2 and 3 . 1 . 7 ) .  

There i s  p robab l y  l i t t l e potenti a l  for undetected underground p i p i ng t o  fac i l i tate the m i grati on 
o f  contam i nated groundwater f rom the was tes/re s i dues  at NFSS .  D u r i ng construc t i o n  o f  the subsurface 
c l ay c utoff  wa l l  dur i ng i nter i m  remed i a l  act i on s , a l l known p i pe s  were removed o r  grouted to i nh i b i t  
groundwater comm u n i ca t i o n  a l ong these  pathway s .  Any rema i n i ng undetected p i pe s  wi l l  have t o  b e  l ocated 
s o  as  to d i scharge i nto a sand l en s  borde r i ng NFSS i n  order to fac i l i tate rap i d  m i grati o n  o f  wastes  
o f fs i te through  the  l en s .  I f  s u c h  a p i pe i s  not connected t o  a sand l ens , o n l y  l i m i ted contam i nant 
m i grat i o n  i s  expected to occ u r  through the s urround i ng l ow- permeab i l i ty c l ay mate ri a l . M i grat i o n  of 
the contami nated g roundwater i nto a d i sconti nuous s and l en s  adjacent to the s i te wi l l  pose  a hea l th 
r i s k  o n l y  i f  the sand l en s  i s  tapped by a dome s t i c  we l l ;  the pote n t i a l  r i s ks a s s o c i ated w i t h  such  an 
e vent are presented in Sec t i o n  4 . 1 . 2 . 3 under the res i dent- i ntruder scenari o .  

4 . 2 . 2 . 3 E s t i mates o f  Radi um-226 i n  Groundwater 

Wi th  respect to groundwater contam i nat i o n , the rad i onuc l i d e  o f  mos t  concern in  the NFSS waste s  
a n d  res i dues  i s  rad i um-226 ( G i l be rt e t  a l . 1983 ) .  Concentra t i ons  o f  rad i um-226 i n  groundwater are 
mode l ed for varyi ng th i c Kne s s e s  of c l ay i n  the cover mate r i a l s  ( Tab l e  4 . 40 ) , co rrespond i ng to the 
conceptual  des i gn s  d i s c u s s ed i n  Sec t i o n  2 .  The th i c knes s  o f  o n l y  c l ay i s  c o n s i dered because the other 
l ayers o f  sand , grave l ,  e tc . , w i l l  not s i gn i f i cant ly  i nh i b i t  water i nf i l trat i o n  i nto the contami nated 
mater i a l s .  For  each s i te ,  a n  e s t i mate i s  a l so made for  the case  i n  wh i ch there i s  no c l ay cover 
because , at  a l l s i te s ,  the cover mate r i a l  w i l l  dete r i o rate and eventua l l y  be e roded ( see Sec t i on 4 . 2 . 1 ) .  
I f  the sand and r i prap l ayers i n  the f i na l  cap a t  N F SS ( A l terna t i ve s  2a and 2b ) and i n  the  cap at 
Oak  R i dge rema i n  i ntact , these l ayers--comb i ned wi th  the s teepness  o f  the cap s l opes-- s hou l d  p romote 
cap drai nage and i nf i l trati on  may be l es s  than a s s umed ( at l east  wh i l e  the cap i s  ma i nt a i ned for 
200 years ) .  

S i te 

NFSS :  

No  cap 

I nte r i m  cap 

Long- term cap 
- - - - - - - -

Hanford:  

No cap 
- - - - - - - - -

Oak R i dge : 

No cap 

Long- term cap 

Tab l e  4 . 40 .  Rad i um-226 i n  O n s i te We l l st 1  

C l ay Cover 
T h i c kness  

(m )  

0 

0 . 9 

1 . 5  
- -

Ot4 
- -

0 

1 . 5  

- - -

- - -

CIS Rat i ot 1  at  
Year  1000 

( p C i /L)/ ( p C i /g)  

3 . 8 

2 . 1 

1 . 0  
- - - -

OtS 
- - - -

Ot 5 

Ot5 

- - -

- - -

Maxi mum CIS 
Rat i ot2  

( pC i / L ) / ( pC i / g )  

4 . 0  

2 . 5  

1 . 2  
- - - -

0 . 55 
- - - -

0 . 23  

0 . 083 

t l  A s s umed to be l ocated next to the was te/res i due contai nment area.  

- - -

- - -

T ime to Reach 
Max i mum 

Concentrati ont3 
(yr) 

1 , 400 

1 , 800 

3 , 600 
- -

35 , 000 
- - - - -

2 , 500 

7 , 000 

t2  C i s  the concentra t i o n  o f  radi um-226 i n  the we l l  wate r ,  and S i s  the i n i t i a l  concentra
t i o n  o f  rad i um-226 in  the wastes and/or res i du e s .  

t 3  I nc l udes t h e  de l ay t i me f o r  rad i um-226 t o  mi g rate f rom t h e  bottom o f  t h e  waste f i e l d  to 
the water  tab l e  (0 yr at  NFSS , 35 , 000 yr at  Hanford ; and 230 yr [ no c l ay ]  or 6 , 800 yr 
[ 1 . 5 m c l ay]  at Oak  R i d ge ) .  

t 4  Nat i ve s andy s o i l s  wi l l  be used for  the cover mate r i a l  a t  Hanford.  A c l ay cover wou l d  
d ry out and become i ne ffecti ve i n  the a r i d c l i mate a t  Hanford . Therefo re , o n l y  the no 
c l ay cap case i s  analyzed . 

t S Zero means that the waste f ront  has not reached the spec i f i ed l oc a t i o n  at t = year 1000.  
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For the sandy s o i l cond i t i ons at the Hanford s i te ,  the a s s umed Kd va l ue ( d i s t r i b ut i on coeff i c i ent)  
i s  10 cm3/g , wh i c h  i s  ten  t i mes  l owe r than the  a s s umed va l ue o f  100  cm3/g* for the  c l ayey s o i l s  at 
both the N i agara Fa l l s  and Oak R i dge s i tes ( Nuc l . Saf .  Assoc .  1980 ) .  

The CIS rat i o s  for ons i te wel l s  and for g roundwate r at v a r i o u s  l ocat i ons downgradi ent from the 
wa ste/re s i due areas are presented i n  Tab l e s  4 . 40 and 4 . 4 1 ,  respect i v e l y .  F o l l ow i ng are d i scu s s i on s  of 
p red i cted rad i um-226 contam i nat i on o f  groundwate r of each s i te . 

NFSS . The concentrat i ons o f  rad i um-226 i n  ons i te we l l s  at year 1000 for the var i ous  NFSS a l ter
nati vesa re p re s ented i n  Tab l e  4 . 42 .  These concentrat i ons are based on  the CIS rat i o s  g i ven i n  
Tab l e  4 . 40 .  F o r  A l ternat i v e  I ,  t h e  CIS rat i o  i s  a s s umed t o  b e  3 . 0 ,  wh i ch i s  between the va l ue f o r  n o  
c l ay a n d  0 . 9 m c l ay because t h e  c l ay cover wi l l  g radua l ly b e  eroded away under agri c u l tural  use  o f  the 
s i te ( Sect i o n  4 . 2 . 1 ) .  Furthermo re , a mul t i p l i e r  of 0 . 1 i s  app l i ed based on the a s s umpt i on that a we l l  
d r i l l ed i nto a sand l en s  at the edge of the NFSS wa ste/re s i due area wi l l  d raw 10% o f  i t s  water from 
the contami nated a rea and 90% f rom the surround i ng uncontam i nated area i n  order to have suff i c i ent 
yi e l d  to supp l y  the water needs o f  the person u s i ng the we l l  wat e r .  The CIS rati os , and thus the 
we l l -wate r concentrat i on s ,  w i l l  be o n l y  s l i ghtly h i gher  at the t i me o f  maxi mum concentrat i o n .  

F o r  a l l a l ternat i ves  i n  wh i ch the re s i dues wou l d  rema i n  a t  NFSS ( A l terna t i ves I ,  2a , a n d  2b ) ,  the  
concentrat i o n s  of radi um-226 i n  the ons i te we l l s  are  predi cted to be g reater than the c urrent DOE  
standard o f  30 pC i /L for so l ub l e  rad i um- 226 i n  uncontro l l ed area s .  For a l terna t i ves i n  wh i ch o n l y  the 
wa stes wou l d  rema i n  at NFSS ( A l te rnati ves 4a and 4c ) ,  the rad i um-226 concentra t i ons are predi cted to 
meet both the DOE standard o f  30 pC i /L and the EPA dr i nk i ng water standard of 5 p C i / L  but to exceed 
the c urrent New York state s tandard o f  3 pC i / L .  

N o  o f fs i te contam i nat i o n  i s  p red i cted t o  occur a t  a theoret i cal  we l l  l ocated a t  the s i te boundary 
northwe st o f  the conta i nment area wi t h i  n the 1000-yea r des i gn 1 i f  e of the conta i nment system 
( Tab l e  4 . 2 ) .  Even after  32 , 000 years ( the p o i nt a t  wh i c h  the computer pro gram was aborted ) ,  the 
g roundwater contami nat i o n  wi l l  not m i g rate very far f rom the waste/re s i due area ( Tab l es 4 . 40 and 
4 . 41 ) ;  thus , d i scharge of contami nated groundwater to s u rface water i s  not cons i dered further i n  th i s  
a n a l ys i s .  Because o f  the characteri s t i c s  o f  the NFSS s i te hydro l ogy ( e . g . , hydrau l i c g rad i ent and 
conduct i v i ty ,  depth to deeper confi ned aqu i fers , d i rect i o n  o f  groundwater f l ow ) , i t  i s  h i gh l y  u n l i ke l y  
that rad i o l og i ca l  contam i nat i on o f  the deeper conf i ned aqui fers i n  the reg i on wou l d  occur even i n  the 
l ong- term pe r i od .  

When l e ss  conservati ve va l ue s  a re used for the mo st sen s i t i ve parameters ( i . e . , d i str i but i on 
coeff i c i ent for rad i um o f  500 cm3/g and average hydra u l i c  conducti v i ty o f  10- 7 cm/ s ) , i t  i s  p red i cted 
that aga i n  there wi l l  be no o f fs i te contam i nat i o n  for the 1000-year des i gn l i fe of the conta i nment 
system and that peak  concentrat i ons i n  the theoret i ca 1 ons i te we 1 1  wi l l  decrease by a factor o f  
about 5 .  

I n  s ummary , the c l ay o f  the i nte r i m  cap ( A l terna t i ve 1 )  and the add i t i on a l  c l ay i n  the preferred 
l on g- term cap ( A l terna i ves  2a and 2b ) are expected to reduce (but not e l i m i nate ) water i nf i l t ra t i o n  
i nto t h e  bur ied  wastes and res i dues . The ex i st i ng c l ayey s o i l s  beneath the contai nment  area are 
expected to retard ( but not e l i m i nate ) mi grat i o n  o f  rad i onuc l i des from the wastes and re s i dues .  
Because the c l ay l ayers ( i nc l ud i ng the so- ca l l ed " g rey c l ay l ayer" ) are known to conta i n  sand l enses , 
the average hyd ra u l i c  prope rt i es o f  the und e r l yi ng c l ayey mate ri a l s  are conservat i ve l y  a s s umed to be 
between the p ropert i e s  o f  c l ay and sand . F u rthermore , over  the l ong term , it i s  conservat i v e l y  
a s s umed that the properti e s  o f  the c utoff  wa l l  are the s ame as  for  the s u rround i ng so i l s- - i . e . , that 
the c utoff  wa l l  o ffers no s i gn i f i cant add i t i onal  l on g- t e rm barr i e r . Thu s , the m i g ra t i o n  o f  contam i 
nants may actua l ly  b e  s l owe r than pred i cted i n  th i s  ana lys i s .  

Groundwater i s  used very l i tt l e  i n  the NFSS area , and mo st o f  the groundwater  that i s  used i s  
obtai  ned f rom a geo l og i c  fo rmat i o n  l ocated s o uth o f  the N i agara Escarpment but not north o f  the 
escarpment at N F S S .  Howeve r ,  i nd i v i dua l s occas i o na l ly are ab l e  to f i nd s a nd l enses  i n  the near
s urface unconso l i dated g l ac i a l  depos i ts ( i n  the c l ayey s o i l s )  that y i e l d  enough wate r to s upp l y  the 
needs o f  about one fam i l y .  B ecause s a nd l enses  a re known to occur i n  the N F SS conta i nment a rea and 
because it cannot be ascerta i ned whether o r  not there are l arge sand l enses  next to the contai nme nt 

* Ra d i um- 226 sorpti o n  tests have been performed on seven so i l  samp l e s  from NFSS ( Ke l mers  and See l ey 
1983 ) .  Kd va l ues rang i ng from 1100 to 18 , 000 cm3/g were repo rted . Howe v e r ,  exam i nat i on o f  the test 
res u l ts i nd i cate that i f  i n i t i a l  concentrati ons  i n  the g roundwater are l ower than the i n i t i a l  concen
trat i o n  o f  100 , 000 pCi /mL used i n  the tests , then the Kd v a l ue cou l d be s i gn i f i cant ly  l ower than the 
va l ues reported . Because o f  th i s  unce rta i nty , a conservat i ve l y  l ow Kd val ue o f  100 cm3 /g wa s used 
for the  so i l s  at both NFSS and O a k  R i dge . Thu s , g roundwater i mpacts a re conservat i ve l y  overesti mated.  
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Tab l e  4 . 4 1 .  Radi um-226 i n  Groundwater at Var i o u s  Locat i on s  
Downstream f rom t h e  Waste/Re s i due Areas 

( a t  

( at 

( at 

D i s tance 
F rom S i te 

( m ) t l  

4 , 000 

8 , 000 
L a ke O ntari o )  

- - - -

11 , 000 

22 , 000 
C o l umb i a  R i ve r )  

2 , 400 

4 , 800 
C l i nch R i ver)  

T i me to Reach 
Cl  ay Cover Maxi mum CIS Max i mum 
T h i c knes s Ratiot2  Concentrati ont3 

( m )  ( pC i /L ) / ( pC i /g )  (yr)  

0 and 1 .  5 

- - - - - - -

0 

- - - - - - -

0 

1 . 5 

0 

1 . 5 

-t3  

- t3 

- - - - - -

-t3  
-t3 

- - - - - -

0 . 044 

0 . 0 16 

0 . 0 17 

0 . 0047 

>32 , OOOt4 

>32 , OOOt4 

- - - - -

> 32 , OOOt4 

>32 , OOOt4 

- - - -

3 , 800 

8 , 400 

4 , 800 

10 , 000 

t l  Contam i nat i o n  a t  0 m ( o n s i te wel l )  i s  s hown on  Tab l e  4 . 40 .  

t2  C i s  the concentrat i o n  of  rad i um- 226 i n  the groundwater a t  the spec i f i ed po i nt ,  and 
S i s  the i n i t i a l  concentrati on of  rad i um-226 i n  the contami nated materi a l s .  

t 3  I nc l udes the de l ay t i me for rad i um- 226 t o  m i grate f rom the bottom o f  the waste f i e l d  
t o  the water tab l e  ( 0  y r  a t  N F SS ; 3 5 , 000 y r  a t  Hanford ; and 230 y r  [ n o  c l ay] o r  
6 , 800 y r  [ 1 . 5 m c l ay] a t  Oak  R i dge ) .  

t 4  F o r  NFSS and Hanford , there wi l l  be no contam i nat i o n  at the number o f  years 
i nd i cated . The computer program was aborted when 32 , 000 years was reached and no 
contam i nat i on was yet i nd i cate d .  

Al ternati ve 

1 

2a 

2b 

4a , 4c 

Tab l e  4 . 42 .  Conce ntrati on s  of  Rad i um- 226 i n  
O n s i te We l l st l  at NFSS at Year 1000 

I n i t i a l I n i t i a l  Concentrat i o n  i n  
C l ay Cover Was te/Re s i due O ns i te We l l  at 
T h i c knesst2  Concentrati o n  Year 1000t2 

( m )  ( pC i /g )  ( pC i / L )  

0 . 9  3 , 800 1 , 100 

1 . 5 3 , 800 380 

1 . 5 420t3 42 

1 . 5 3 6  3 . 6  

Concentrati o n  i n  
S i te Boundary We l l  

at Year 1000 
( pC i /L )  

o 
o 
o 
o 

t l  We l l  i s  a s s umed to be l ocated next to the res i due/waste contai nme nt  are a .  
t2 S e e  text for d i scus s i on of  c a l c u l ati on  a n d  a s s umpt i o n s .  

t 3  F o r  A l ternat i ve 2b , the effecti ve concentrati on of the res i dues  i s  decreased by a 
factor of 10 because they wi l l  be b u r i ed i n  a mod i f i ed form ( re s i due s l ag )  that i s  
l es s  l eachab l e .  
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area wi thout d i gg i ng up the ent i re s i te , it  i s  assumed for ana lys i s  that there i s  a l arge sand l e ns  
i mmed i  ate l y  adj acent to the conta i  nment area and that 1 eachate from the wastes  and res i dues  w i l l  
m i g rate i nto such  a sand l en s .  I t  i s  a l so a s s umed that a we l l i s  d r i l l ed i nto th i s  l ens , that the 
we 1 1  has s u f f i  c i  ent  y i  e 1 d ,  and that groundwater from thi  s we 1 1  i s  used for dr i  nk i  ng water .  If the 
l a rge sand l en s  does not e x i s t , i f  no one  acc i dently l ocates a we l l  and u s e s  the water from such a 
l ens , o r  i f  the perpetual  contro l s  that DOE i ntends to exert conti nue , then there wi l l  be no i mpact on  
humans through the  dri nk i n g  water pathway . I f  the average properti es o f  the s o i l s ,  was tes , res i dues , 
a nd cap over the contai nment area a re better than tho s e  as s umed i n  th i s  ana lys i s ,  then the mi grat i o n  
o f  contam i nants wi l l  be e v e n  s l ower .  

Hanford.  Desp i te the h i gh permeab i l i ty o f  the sandy s o i l s  at Hanford , there wi l l  be very s l ow 
mi g rat i o n  o f  contami nants f rom the s i te because  of the l ow annual  p rec i p i ta t i o n .  As a resu l t o f  the 
s l ow m i g rat i o n  o f  contami nants to the deep aqu i fers , contam i nant concentrati o n s  i n  the groundwater 
w i l l  be very l ow. It i s  pred i c ted that rad i um-226 wi l l  not even  reach the water tab l e  u nt i l 
3 5 , 000 years . 

A l though i t  i s  pos s i b l e  that eventua l l y  ( hundreds o f  thousands o f  year s )  contami nated g roundwater 
f rom the aqu i fer  u nd e r l y i ng the s i te cou l d  be tapped and used for  i rr i gati on  and pub l i c  o r  domest i c 
water supp l i e s , the s l ow m i g ra t i on o f  contam i nants i nto t h i s aqu i fe r  m i n i m i z e s  the pote nt i a l  concen
trat i on and consequent hea l th r i s k  assoc i ated wi th use o f  the s l i g ht ly  contami nated groundwate r.  

F o r  A l ternat i ves  4� and 4b i n  wh i ch o n l y  the res i dues  wi l l  be bur i ed at Hanford , the amounts  of 
contam i nants--and hence the c a l c u l ated CIS rati o s--wi l l  be about the  same a s  for Al ternati ve 3a i n  
wh i c h  both the wastes  and res i dues are i nv o l ved .  Th i s  conc l us i on  i s  based on  the a s s umpt i o n  that the  
res i d ue s  wi l l  be bur i ed in  the same manner for a l l three Hanford a l te rnat i ve s .  

Oak R i dge . The CIS rat i o s  presented i n  Tab l e s  4 . 40 and 4 . 41 are for A l terna t i ve 3b , i n  wh i ch a l l 
the  NFSS res i dues  and wastes w i l l  b e  b u r i ed at Oak R i dge . The maxi mum CIS rat i o s  i n  the ons i te we l l  
are smal l er than the maxi mum CIS rati o s  at  NFSS and  Hanford because o f  the much l arge r g roundwater 
f l ow ,  and consequent g reater d i l ut i o n , at Oak R i dg e .  Contam i nants wi l l  a l so be transported downs tream 
much faster at Oak R i dge . Th i s  ref l ects the e ffects of fractures and s o l ut i on c av i t i e s  at the Oak R i dge  
s i te .  At year 1000 , the 1 . 5 m o f  c l ay in  the cover  system wi l l  not yet be e roded ( even  under the most  
e ros i ve l and  use , Sect i o n  4 . 2 . 1 ) .  Wi th the c l ay cover  i ntact , the rad i um-226 wi l l  not  yet have reached 
the water tab l e .  

The CIS rati os for A l terna t i ves 4 c  and 4d , i n  wh i c h  o n l y  the NFSS res i dues  wi l l  b e  bur i ed at 
Oak  R i dge , wi l l  be s l i ght ly  l ower .  The sma l l er vo l ume o f  the  res i dues and greater ave rage s l ope o f  
the  contai nment area ( see Secti o n s  2 . 8  and 4 . 2 . 1 )  wi l l  resu l t  i n  mo re surface runo f f ,  l es s  i n f i l tra
t i o n ,  and even l ower concentrati ons of contam i nants  i n  the . groundwate r .  

4 . 2 . 2 . 4 E s t imates o f  Rad i um-226 i n  Surface Waters 

W i th i n  1000 years , i f  NFSS i s  used for agri c u l ture , the cap wi l l  e rode and the contami nated 
wastes wi l l  be exposed o n l y  under Al ternati ve 1. In order to e s t i mate pote nt i a l  radi um-226 concentra
t i o n s  res u l t i n g  f rom eros i o n  and  l eachi ng of contami nated mate ri a l s  i nto s urface waters , a scenari o i s  
eva l uated where i n  i t  i s  a s s umed that a farm pond i s  cons tructed i mmed i ate l y  downstream of the waste
conta i nme nt area , that the p i l e  o f  contam i nated mate r i a l s i s  the e nt i re wate rshed for the pond , that 
the cap has ent i re ly  eroded and the wastes are exposed but the deep l y  buri e d  res i dues  are not exposed , 
and that 100 mg/L o f  s u spended so l i ds  i n  the pond o r i g i nate from the contam i nated waste materi a l s .  
Because the average concentrati on  o f  rad i um-226 i n  the wastes i s  36 p C i /g , the concentrat i on of 
s uspe nded rad i um-226 in  the farm pond wi l l  be 3 . 6  p C i /L .  U s i n g  t h e  natural  a n a l ogue method o f  G i l bert 
et a l . ( 1983 ) ,  the concentra t i o n  of d i s s o l ved radi um-226 i n  the pond water i s  e s t i mated to be 18 pC i / L .  
Th i s  i s  much l es s  than the 1 , 100 p C i / L  i n  the theore t i c a l  ons i te we l l a t  the year 1000 ( Sect ion  4 . 2 . 2 . 3 ) .  

4 . 2 . 2 . 5 Nonrad i o l og i ca l  E l eme nts  i n  G roundwater 

The general  mode l  and parameter v a l ues used for e s t i mati n g  the CIS rat i o s  for nonrad i o l og i ca l  
e l ements a r e  s i m i l ar t o  those used f o r  c a l c u l ati n g  the radi um- 226 CIS rat i o s .  However , the dep l et i o n  
constant ( radi oac t i v e  decay constant f o r  radi onuc l i de s )  i s  a s sumed t o  be z e ro . The p red i c ted res u l ts 
are p rese nted i n  Tab l es 4 . 43 through 4 . 46 for var ious  c l ay cover cond i t i ons  and for groundwater at 
d i f fe rent l ocat i o n s  downgrad i e nt o f  the waste/res i due area s .  The concentra t i o n s  for nonrad i o l og i ca l  
e l eme nts  a r e  obta i ned f o r  a representati ve range o f  K d  v a l ues , c h o s e n  b y  g roup i ng a l l t h e  K d  val ues 
for the nonrad i o l og i ca l  e l ements cons i dered i n  th i s  s tudy ( see Sec t i o n  4 . 4 fo r deta i l ed d i scus s i on of 
Kd va l ue s ) . For  the sandy so i l  cond i t i o n s  at Hanford s i te ,  the Kd v a l ues are a s s umed to be 10 t imes  
l ower than the  Kd  v a l u e s  s e l ected for c l ayey subso i l s  at both  NFSS  and Oak R i dge ( N uc l . Sa f .  Assoc .  
1980 ) . 

D i scus s i o n s  of pred i c ted co ncentra t i o n s  o f  the var i ous  nonrad i o l og i cal  e l ements i n  groundwate r ,  
and any resu l t i ng i mpacts , are presented i n  Sect i o n  4 . 4 . 
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Tab l e  4 . 43 .  Nonrad i o l og i ca l  E l ements in  Ons i te We l l st 1  for Var ious  Kd Val ues ,  
A s s umi ng No C l ay Cover 

D i s t r i b ut i on 
Coe f f i c i ent , 

- - - -

Kd ( cm3/g ) 

0 
3 

25  
50  

100  
1 , 000 

0 
0 . 3 
2 . 5 
5 

10 
100 

Re l ease  
T i met2 

(yr)  

76  
230  

1 , 900 
3 , 800 
7 , 600 

76 , 000 

13  
5 3  

330 
670 

1 , 300 
13 , 000 

CIS Rati ot3 at 
Year 1000 

( p pb ) / ( ppm)  

- - - -

3 . 0  
0 . 9  
0 . 062 
0 . 022 
0 . 0075 
0 . 00020 

OtS 
0 
0 
0 
0 
0 

- - - -

T i me to Reac h 
Max i mum CIS Max i mum 

Rat i ot3  Concentrat i ont4 
( p pb ) / ( ppm ) (yr)  

3 . 2  800 
1 . 0  1 , 000 
0 . 1 1  6 , 000 
0 . 05  6 , 400 
0 . 025 9 , 500 
0 . 0024 95 , 000 

- - - - - - - - - - - - - -

0 . 55 450 
0 . 018 1 , 500 
0 . 0025 9 , 200 
0 . 0011 12 , 000 
0 . 00068 36 , 000 
0 . 000067 350 , 000 

- - - - - - - - - - - - - - - - - - - - - - - - - -
Oak  R i dge 0 15  Ot S 5 . 1 50 

3 45  . 0 0 . 20 110 
25  380 0 0 . 025 700 
50 750 0 0 . 013  1 , 300 

100 1 , 600 0 0 . 0072 2 , 600 
1 , 000 16 , 000 0 0 . 00071 26 , 000 

NOT E :  See Tab l e  4 . 44 for footnotes .  

Tab l e  4 . 44 .  Nonrad i o l og i ca l  E l ements i n  Ons i te We l l st 1  for  Vari ous  Kd Val ues , 
A s s um i ng C l ay Covert6 

S i te 

NFSS 

Oak  R i dge 

D i s t r i b u t i o n  
Coe ff i c i ent , 

Kd ( cm3/g ) 

0 
3 

25  
50 

100 
1 , 000 

0 
3 

25  
50  

100  
1 , 000 

- - - -

Re l ease  
T i met2 

(yr)  

210  
630  

5 , 300 
10 , 500 
20 , 900 

209 , 000 

45 
130 

1 , 100 
2 , 300 
4 , 600 

46 , 000 

T i me to Reach 
CIS Rati ot3 at Max i mum CIS Max i mum 

Year 1000 Rati ot3 Concentrati ont4 
( pp b ) / ( ppm)  

1 . 7  
0 . 50 
0 . 022 
0 . 0078 
.0 . 0027 
0 . 00007 1 

Ot6 
0 
0 
0 
0 
0 

( ppb ) / ( ppm ) 

- - - -

2 . 0  
0 . 69 
0 . 084 
0 . 040 
0 . 019 
0 . 0019 
- - - -
2 . 8  
0 . 067 
0 . 0085 
0 . 0044 
0 . 0025 
0 . 00025 

- - - -

(yr)  

4 , 000 
6 , 000 

56 , 000 
68 , 000 
90 , 000 

900 , 000 

100 
280 

2 , 300 
4 , 100 
8 , 000 

80 , 000 

tl We l l  i s  a s s umed to be l ocated next to the res i due/waste conta i nment area . 

t 2  R e l ease t i me i s  the t i me for a l l of the chem i c a l  w i th the spec i f i ed Kd v a l ue to be 
re l eased to the g roundwater .  

t3 C i s  t h e  concentrat i o n  of t h e  chem i ca l  i n  t h e  we l l  wate r ,  and S i s  t h e  i n i t i a l  concen
trat i o n  o f  the chem i ca l  i n  the was tes  and/or res i dues . 

t4 I nc l udes the de l ay t i me fo r the chem i c a l  to mi grate f rom the bottom o f  the was te f i e l d  
to the water tab l e .  

tS Zero means that the waste front has  e i ther passed  o r  not yet reached the spec i f i ed 
l ocat i o n  at year 100 0 .  

t6 T h e  c l ay covers are 1 . 5-m th i c k  at NFSS a n d  Oak  R i dg e .  There wi l l  be no  c l ay cover 
at  Hanford.  



4-67 

Tab l e  4 . 45 .  Nonrad i o 1 o g i ca 1  E l ements  in  Groundwater at Var i o u s  locat i o n s  
Down s t ream f rom Waste/R e s i due Areas , A s s umi n g  No C l ay Cover 

S i te 

NFSS 

- - - -
Hanford 

O a k  
- - - -

R i dge 

( a t  

( at 

D i stance 
from S i te 

( m )  

4 , 000 
8 , 000 

lake Onta r i o )  
- - - -

11 , 000 
22 , 000 

Co l umb i a  R i ver)  

2 , 400 

4 , 800 
( at C l i nc h  R i ver)  

D i str i but i on 
Coef f i c i ent , 

Kd ( cm3/g)  

o - 1 , 000 
o - 1 , 000 

- - - -
o - 100 
o - 100 

- - - -
0 
3 

25  
50 

100 
1 , 000 

0 
3 

25  
50 

100 
1 , 000 

Max i mum CIS 
Rat i o t 1  

( pp b ) / ( ppm) 

-t2  
-t2  

-t2  
-t2  

0 . 80 
0 . 12 
0 . 017 

- - - -

- - - -

0 . 0090 
0 . 0048 
0 . 00048 

0 . 33 
0 . 091 
0 . 012 
0 . 0060 
0 . 0031 
0 . 00031 

T i me to Reach 
Max i mum 

Concentra t i on 
(yr) 

> 32 , OOOt2 
> 32 , OOOt2 

- - - - - -
> 32 , OOOt2 
>32 , OOOt2 

- - - -
90 

160 
800 

1 , 500 
3 , 500 

35 , 000 

120 
250 
900 

1 , 800 
4 , 600 

4 6 , 000 

t l  C i s  the concentra t i on o f  the chem i c a l  i n  the groundwate r and S i s  the 
i n i t i a l  concentrat i o n  o f  the c hem i cal  i n  the wastes and/or res i du e s .  

t 2  For  N F S S  a n d  Hanford , there wi l l  be no  contam i nati o n  for  t h e  n umber of 
years i nd i cate d .  

Tab l e  4 . 46 .  Nonrad i o 1 og i ca 1  E l emen ts i n  Groundwater at Var i o u s  locat i on s  
Downs tream from Was te/Res i due Areas , A s s um i ng C l ay Covert l 

D i stance D i str i but i on 
f rom S i te Coeff i c i ent , 

S i te ( m )  K d  ( cm3/ g )  

N FSS 4 , 000 0- 1 , 000 
8 , 000 0- 1 , 000 

( a t  lake Ontari o )  
- - - - -

Oak  R i dge 2 , 400 0 
3 

25 
50 

100 
1 , 000 

4 , 800 0 
( at C l i nch R i ver)  3 

25 
50 

100 
1 , 000 

t l  The c l ay covers are 1 . 5-m t h i c k  a t  NFSS and 
no  c l ay cover at Hanford .  

Max i mum CIS 
Rati ot2 

( ppb ) / ( ppm) 

-t3  
-t3  

- - - -
0 . 30 
0 . 052 
0 . 0041 
0 . 0032 
0 . 0014 
0 . 00014 

0 . 089 
0 . 028 
0 . 0032 
0 . 0020 
0 . 00098 
0 . 000098 

Oak R i dg e .  

T i me to Reac h 
Max i m um 

Concentrati on 
(yr)  

>32 , OOOt3 
> 32 , OOOt3 

- - - -
160 
350 

2 , 500 
4 , 400 
9 , 200 

92 , 000 

200 
410 

2 , 700 
4 , 800 

11 , 000 
110 , 000 

There wi 1 1  be  

t2  C i s  the concentrat i on o f  the c hem i ca l  i n  the groundwater and S i s  the 
i n i t i a l  concentrat i on of the chem i ca l  i n  the wastes and/or res i d ue s .  

t 3  For  NFSS , there wi l l  b e  n o  contam i na t i on for the number o f  years 
i nd i cated . 
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4 . 2 . 2 . 6 M i t i gati ve Measures 

In order to conf i rm the v a l i d i ty o f  the mode l i ng resu l ts ,  cont i nued s i te i nvest i ga t i o n s  of the 
c hosen  s i te wi l l  be necessary ( i nc l udi ng seasonal  eva l uat i o n  o f  g roundwater c haracte r i s t i c s , Kd deter
m i na t i o n s  for  the var i ous  so i l  u n i ts  unde r l y i n g  the s i te s ,  f i e l d  tes t i ng to determ i ne the e ffects of 
secondary permeab i l i ty features on  i nf i l trati o n  rate s , and hydra u l i c  conduct i v i ty determi nati ons ) .  
D i rect mon i tori ng o f  the c hosen  s i te may be usefu l  i n  ver i fy i ng mode l  pred i c t i on s .  Howeve r ,  such  
mon  i tori  ng i s  genera l l y d i ff i  c u  l t  to  perform , e spec i a l l y  in  hete rogeneous ( NF S S )  o r  fractured 
( Oa k  R i dge)  cond i t i o n s .  

. 

Measures to m i t i gate the m i  g rat i on o f  contami nants wi l l  be requ i  red o n l y  i f  contami nants are 
found to be mi grat i ng at an unacceptab 1 e rate and concentrat i on  f rom the s i te .  Such  m i t  i gat i ve  
measures may i nc l ude reeng i neeri ng/reconstruc t i on o f  the waste-contai nment  system.  Mon i to r i ng wi l l  be 
conti nued through the 200-year ma i ntenance and mon i to r i ng p e r i o d .  Any mod i f i cati ons  spec i f i c  to the 
chosen l ong-term a l terna t i ve wi l l  be s umma r i zed i n  the DOE Record o f  Dec i s i on .  

4 . 2 . 3 I mpacts on Geol ogi c and Hydro l og i c  Resources  

The quant i t i e s  of grave l , sand , so i l ,  and c l ay requi red for construct i o n  o f  cover systems for the  
var i o u s  a l te rnat i ve s  ( see  Appen d i x  0 ,  Tab l e  0 . 10 )  wi l l  genera l l y  be ava i l ab l e l oc a l l y  at each  s i te and  
wi l l  not stra i n  the ex i st i ng resource base .  At Oa k R i dge , howeve r ,  l i m i ted s upp l i e s  o f  sand and  
g rave l may be ava i l ab l e  in  Roane  and Anderson  count i e s  ( Swann  et a l . 1942 ; U . S .  Dep .  Agr i c .  1981 ) .  As  
s uch , sand and g rave l req u i rements  for the cover system at the Oak  R i dge s i te may stra i n  ex i sti ng 
s upp l i e s  or may compete with ex i st i ng o r  future demands for these materi a l s .  Requi rements for sand  
and g ravel  at  Oak  R i dge wi l l  be g reatest under  A l ternat i ve 3b .  

No other known m i neral  o r  fue l  resources wi l l  be i mpacted at  any o f  the t h ree  s i te s .  

Al though l oca l  water supp l i e s  w i l l  b e  used dur i ng t h e  construc t i on operat i o n s  t o  contro l f ug i t i v e  
em i s s i on s  f o r  veh i c l e  decontami nat i o n  a n d  f o r  san i tary p u rposes ,  t h e  amounts  t o  be used a r e  sma l l 
re l at i ve to the avai l ab l e  resourc e s  and l oca l  demands at each s i te .  

4 . 3 ECO LOGY 

4 . 3 . 1 I mpacts Assoc i ated wi th Deve l opme nt  o f  Long-Term Waste-Management  S i te 

Act i v i t i e s  assoc i ated w i t h  the l ong-term management o f  wastes  at NFSS  are not expected to have 
adve rse effects on the b i ota of the s i te .  Dur i ng the i nte r i m  remed i a l  act i on s  ( a s sumed to be 
comp l eted a s  a base l i ne for ana lys i s  i n  th i s  E I S ) , the p l ant and a n i m a l  commu n i t i e s  o n  the s i te wi l l  
have been destroyed o r  exten s i ve l y  d i s tu rbed .  Any f u rther d i s turbance a s s o c i ated w i th l ong-term 
management acti v i t i es w i l l  have no s i gn i f i cant i mpact.  

The devel opment o f  l ong-te rm waste management s i tes at  Hanford and Oak  R i dge  wi l l  res u l t i n  the 
destruc t i o n  of approx i mate l y  56 ha ( 140 acre s )  of Sagebru s h  commun i ty at the Hanford s i te under A l ter
nat i ve 3a , and app rox i mate l y  24 ha ( 60 acre s )  o f  oak- h i c ko ry forest at  the Oak  R i dge  s i t e .  However , 
l a rge  tracts o f  s i m i l ar p l ant commun i t i es are l ocated i n  the v i c i n i ty o f  both s i te s , and th i s  l os s  i s  
not cons i dered s i gn i f i cant .  The destruc t i o n  o f  the p l ant  commun i t i es o f  these s i te s  wi l l  a l so 
e l i m i nate wi l d l i fe hab i tat .  The c l eari ng and deve l opment  of these  s i tes  w i l l  destroy l es s  mob i l e  
a n i ma l s  spec i e s ; more mob i l e  a n i ma l  spec i es w i l l  seek  habi tat i n  areas adjacent to the waste manage
ment s i te ,  but s i nce  these undi sturbed areas are very l i ke l y  at the i r  carryi ng capac i ty ,  the tota l 
number  o f  i nd i v i dua l s  o f  a g i ve n  spec i es w i l l  be reduced ( Dvorak e t  a l . 1978 ) . 

Before DOE wou l d  i mp l ement any o f  the Oak  R i dge a l ternat i ves , s u rveys wou l d  be conducted to 
determi ne the p re sence o r  absence o f  threatened o r  endangered spec i e s  po s s i b l y  on the P i ne R i dge 
Knol l s  s i te ( Sect i on 3 . 3 . 4 ) .  I f  present , DOE wou l d  take measures to avo i d  i mpac t i ng those spec i es .  
I f ,  i n  cooperati on wi th the U . S .  F i sh and Wi l d l i fe Se rv i ce , i t  was determ i ned that i mpacts to those 
spec i es cou l d  not be m i t i gated o r  avoi ded , then  DOE wou l d  not be ab l e  to i mp l ement any o f  the Oak 
R i dge  a l ternat i ves . The pos s i b i l i ty o f  e ndange red spec i es be i ng p resent  o n  the P i ne R i dge  Kno l l s  s i te 
i s  a n  uncerta i nty that wi l l  be cons i dered i n  ma k i ng a dec i s i on on the l ong- term manageme n t  o f  the  NFSS  
wastes and res i dues .  No i mpacts to endangered o r  threatened spec i e s  are expected to occ ur  at  the N FSS 
o r  Hanford s i te .  

4 . 3 . 2  B i oti c E ffects o n  Long-Term I ntegri ty o f  Contai nme n t  Sys tems 

F o l l ow i ng i s  a d i s c us s i on of the general  e ffects of b i ota on  the l ong- term i nteg r i ty of conta i n
ment system s .  T h e  v a r i  ous  a l ternat i v e s  f o r  manageme n t  o f  t h e  NF 55 wastes a n d  r e s  i d u e s  a r e  then 
d i scussed  and some m i t i gat i ve mea s u res  2re suggested.  
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4 . 3 . 2 . 1  General  E ffects 

B i ota can affect the l o ng-term i ntegri ty o f  the proposed contai nment systems i n  a var i ety o f  ways 
that are both bene f i c i a l  and adverse.  Bene f i c i a l  b i ot i c  e f fects on conta i nment systems that have 
m u l t i l ayered p rotect i ve caps with vege tated s o i l as  the  outermo st l ayer i nc l ude : ( 1 )  so i l  stab i l i za
t i o n  and e ro s i on control  and ( 2 )  phys i c a l  and chem i ca l  mod i f i ca t i o n  of cap s o i l s  to i mp rove t i l th and 
a l l ow for  pote nt i a l  p roduct i ve l and use  o f  the cap s u rface . Adverse b i ot i c  e ffects i nc l ude p l ant and 
a n i ma l  i ntrus i on i nto the s tored wastes and res i dues fo l l owed by mob i l i z ati on  and d i spersa l  of  the 
contami nated materi a l s  v i a  both phy s i c a l  and b i o l og i ca l  transport pathway s .  

D i sturbance o f  the cap by burrowi ng a n i ma l s ,  t h e  c reati on o f  channe l s  by p l ant  roots , a n d  the 
format i o n  o f  so i l  aggregates by m i croorgan i sms a l l have the  ef fect of decreas i ng soi l b u l k dens i ty and 
p roduc i ng i n te rconnected vo i ds o f  v a r i o u s  s i ze s .  Such vo i ds i nc rease  water i nf i l trati on and prov i de 
routes for radon  to e s cape to the atmosphere before i t  can decay to so 1 i d decay products . I nc reased 
water i nf i l trat i o n  i nto the cap can i nc rease the l i ke l i hood o f  s l i ppage o r  s l ump i ng o f  the cap 
mate r i a l s ,  espec i a l l y  i n  the mo st s teep l y  s l oped ( 20%) p e r i meter area s .  

I nc reased i nf i l trat i o n  may a l so resu l t  i n  more water mov i ng through t h e  cap l aye rs i nto the 
s tored wastes where acce l e rated l each i ng and contam i nati o n  o f  g roundwater can occur ( see Sec t i o n  4 . 2 . 2 ) .  
These  e f fects can b e  bal anced by the enhanced water storage capac i ty o f  s o i l s  mod i f i ed by b i o l og i ca l  
act  i v i ty , a s  w e  1 1  as  b y  the  a b  i 1 i ty of vegetati on  t o  absorb a n d  transpi  r e  1 arge amounts o f  s o i  1 
moi sture back to the atmosp here . I n  the western U n i ted State s ,  th i s  can  amount to nearly  a l l o f  the 
annua l  prec i p i ta t i o n  ( H a konson  et a l . 1983 ) .  

Numerous examp l es o f  p l ant root i ntru s i on i nto b u r i ed rad i oact i v e  wastes  have been  repo rted 
( C l i ne and U re s k  1979 ; F i tzner  et a l . 1979 ; Breedl ow et a l . 1982 ; Yamamoto 1982 ) .  Whe n  the r i p rap and 
other l ayers of the contai nme nt  caps over the NFSS waste and res i dues have been breached by deep
rooted p l ant spec i es , the uptake o f  rad i oact i ve and other waste const i tuents may take p l ac e ,  w i th 
transport o f  some f ract i on o f  these co n s t i tuents to above-ground o r  near- s u rface p l ant organs ( Kn i ght 
1983b ) .  Waste consti tuents can  then be d i spersed e i ther  d i rec t l y  to the atmosphere ( a s  i n  the case of 
rado n ) , to food web s v i a  a var iety of conventi ona l herb i vo res ( mamma l s ,  repti l es ,  i nsects , etc . ) ,  o r  
v i a  rather spec i a l i zed pathways s u c h  a s  t h e  so i l wate r- p l ant nectar- honeybee- honey route ( Ha konson  
et a l . 1983 ) .  P hys i ca l  d i spe rsa l of  contami nated p l ant parts  by wi nd and water can a l s o  occ u r .  

B u rrowi ng rodents , ca rn i vo re s , ants , a n d  term i te s  have b e e n  reported as  i ntrud i ng i nto bur ied  
rad i oac t i v e  wastes  ( F i tzner  e t  a l . 1979 ) .  Tunne l i ng act i v i t i es o f  a n i ma l s cause  soi l pu l veri zati on , 
transfer  o f  mate r i a l s between l ayers o f  the conta i nment  s tructure , and c reat i on o f  v o i d s  as tunne l s  
and nest  chambers . Loose so i l  and/or waste mate ri a l s  brought to the s urface by burrow i ng act i v i ty 
wi 11 be subject to acce l e rated e ro s i on and d i spersa l i n  the env i ronment .  Contam i nated a n i ma l  b i omass  
ente r i n g  food webs  i s  another route of waste const i tuent d i s s em i na t i o n .  

T h e  NFSS contai nment a l ternat i ves a n d  t i me per i ods a r e  eva l uated i n  terms o f  t h e  b i omod i f i ca t i on 
and b i o i ntrus i on cons i derat i on s  presented abov e .  Because th i s  i s  e s s en t i a l l y  an a s s e s sment o f  cap 
i nteg r i ty under thes e  b i o t i c  i nf l uences , i t  was pos s i b l e  to group the a l te rnat i ves for a s s e s sment  o f  
e c o  1 o g i  ca 1 i mpacts--e i ther because  t h e  d i ff e rences  between a 1 ternat i ves  h a v e  n o  e ffect on the 
parameters be i ng con s i dered or because no mean i ngfu l  d i fferences  cou l d  be ascertai ned between  a l ter
nat i ves i n  l i ght  of the comp l ex i nteracti ons  characte r i s t i c  of b i o l ogi cal  systems . There are three 
major g roups o f  a l ternati ves  as  fo l l ows : 

Group 1--A l ternati ve 1 at NFSS ( 1 . 5 m l ayered cap* con s i s t i ng o f  0 . 9  m c l ay ,  0 . 15 m sand , 
and 0 . 45 m s o i l ) . T h i s  a l ternati ve i s  i n  a sepa rate g roup because the cap des i gn 
i s  d i s t i nct i v e l y  d i fferent i n  that i t  l ac k s  the l aye r o f  r i p rap and  has l es s  c l ay .  

Gro up 2--Al ternat i ve s  2a , 2b , 4a , and 4c at NFSS and Al te rnati ves  3b , 4c , and  4d at O a k  R i dge 
( 3 . 2 m l ayered cap* con s i s t i ng of 1 . 5 m c l ay ,  0 . 15 m sand , 0 . 9 m graded r i p rap , 
0 . 15 m s and , and 0 . 45 m so i l ) .  These a l ternati v e s  are grouped together because 
they have i de n t i c a l  caps and are l ocated at  the two temperate , hum i d  eastern s i tes  
o f  NFSS  and Oak  R i dge . The  mi nor d i fferences  between  the  two hum i d  s i tes  do not  
perm i t mea n i ngfu l  d i s t i nc t i o n s  in  b i ot i c e ffects . 

Group 3- -Al ternat i ves 3a , 4a , and 4b at Hanford ( 3 . 0  m l ayered cap* con s i st i ng o f  0 . 9 m or 
2 . 5 m nat i v e  s o i l s ,  0 . 9 m g raded r i p rap , and 1 . 2  m so i l ) .  These  a l ternat i ves are 
s l i ght  vari a t i o n s  of the same trench cap des i gn l ocated at the a r i d  western s i te .  

4 . 3 . 2 . 2 Groups 1 a n d  2 :  A l ternati ves at  NFSS and O a k  R i dge 

The Group 1 and 2 al ternati ves  at the humi d s i te s  wi l l  have protect i ve caps wi th an outermos t  
s o i l l ayer 0 . 45 m th i c k  unde r l a i n  by 0 . 15 m o f  sand . I n  the Group 1 a l te rnat i ve ,  the sand wi l l  be 

*Conceptual  des i gns for the vari ous  a l ternati ves  are g i ven  i n  Sec t i o n  2 .  
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underl a i n by 0 . 9 m of c l ay and then the NFSS wastes ( i nter i m  cap- - F i g u re 2 . 1 ) .  I n  the G roup 2 a l ter
nat i ves , the sand wi l l  be underl a i n  by 0 . 9  m of g raded r i prap , another 0 . 15  m of sand , 1 . 5 m o f  c l ay ,  
and  then the wastes  o r  res i dues ( l ong-term c ap s - - F i g u re s  2 . 3 ,  2 . 8 ,  2 . 10 ,  and 2 . 1 3 ) . 

Both the G roup 1 and 2 caps wi l l  be i nvaded by p l ant roots and a n i ma l s .  I n i t i a l l y ,  the ef fect i v e  
root i n g  zone wi l l  b e  on  l y  about 0 . 6 m ( 0 . 45 s o i l p l us  0 . 15 m s a nd ) , w h i  ch  w i  1 1  prec 1 ude t h e  deve l op 
ment o f  mos t  mature nat i v e  trees ( Spurr and Barnes 1973 ) and wi l l  be l i m i t i ng to many other p l ants 
except g rasses , forb s , and some s ha l l ow- rooted s hrubs and sma l l tree s .  Shrubs a n d  trees wi l l  germ i nate 
and become estab l i shed i n  t h i s  s o i l  depth but the i r  g rowth wi l l  s l ow when the roots encounter the c l ay 
o r  r i p rap i nterfac e .  The l oca l  spec i es that are adapted to heavy s o i l s  wi l l  conti nue to g row through 
the c l ay o f  the i nter i m  cap . Some woody spec i es g row i ng on  the l ong-term cap ( over  r i prap) may pers i st 
as s tunted i nd i v i dua l s and s ome may d i e .  

Because the NFSS i nter im  cap wi l l  conta i n  n o  r i p rap l ayer ,  i t  w i l l  p robab ly  b e  breached f i rst by 
p l ants whose  roots are adapted to g row i n  heavy , c l ayey s o i l s . As thes e  i n i ti a l  i ntrud i ng roots d i e  
and l eave channe l s  t h rough the c l ay l ayer ,  other p l ant  roots can  fo l l ow.  I t  i s  p robab l e that th i s  
wi l l  occur ear ly  i n  the ma i ntenance and mon i tori n g  peri od , perhaps even  dur i ng the 10-yea r  act ion  
per iod .  Eventua l l y ,  the  l ong- term caps  at  NFSS, and  Oak  R i dge wi l l  a l s o  be breached , p roba b l y  dur i ng 
the mai ntenance and mon i tori ng per i od , a s  so i l  settl i ng and rock fragmentati o n  f i l l  the i nters t i c e s  
between t h e  r i p rap w i th parti c l e s  a n d  prov i de a s o i l pathway for p l ant root s  ( Ha konson  e t  a l . 1983 ) .  

The ear ly  cap commu n i t i es wi l l  be s l i ght ly  more s uscepti b l e to e ro s i on and wi l l  have poorer 
wi l d l i fe habi tat than  the s urround i ng are a .  The i n i t i a l  p l ant commun i ty ,  and .the l ater mature com
mun i t i e s  that deve l op on e i ther type of cap , w i l l  be parti c u l ar ly  s u scepti b l e  to drought , dur i ng w h i c h  
many i nd i v i dua l  p l ants may d i e .  F o l l owi n g  s eve re drough t ,  l i ke l y  t o  o c c u r  s everal  t i mes  dur i ng the 
ma i ntenance and moni tori ng pe r i od and nume rous t i me s  dur i ng the l ong- term per i od , l arge a reas o f  bare 
ground may be produced that wi l l  be subject to acce l e rated e ros i on .  The s tressed p l ant commu n i t i e s  on 
the caps wi l l  a l s o  be more s u scepti b l e  to the adverse  e f fects o f  herbi vores ( graz i ng a n i ma l s and 
i ns ects ) ,  d i sease , and f i re than the s urround i ng p l ant  commu n i t i es g row i n g  on  norma l s o i l s  o f  the 
area . 

. 

The p l ant commun i t i e s  on the caps wi l l  undergo p l ant  s ucces s i o n .  Howeve r ,  the s ucces s i onal  
patterns  a re l i ke l y  to be d i ffe re n t  than those i n  the s u rround i ng p l ant  commu n i t i e s  on norma l s o i l s .  
Dur i ng the f i rst  200 years of mai ntenance , t h i s s ucces s i on wi l l  be regu l a r l y  i nte rrupted by mai nten
ance act i v i t i e s  a i med at  prec l ud i ng or dest roy i ng l a rge , deep- rooted p l ants . Dur i ng the l ong-term 
peri od , a fter ma i ntenance cease s , cap commu n i t i es may i n i t i a l l y  " stagnate" i n  a grass/forb/sma l l 
s h rub/sma l l  tree stage , wi th a few i nd i v i du a l s of l a rger  tree spec i e s  u s ua l l y  present .  These  you ng 
trees wi l l  not reach matu r i ty because they ( and s ome o f  the other p l ants ) w i l l  d i e  out duri ng pe r i od s  
o f  d rought .  When adequate mo i sture i s  restored , t h e  cyc l e  w i l l  beg i n  aga i n  wi th new s eed l i ngs  
rep l ac i ng the p l ants that  have  d i ed .  Dur i ng the f i rst  300 years  o f  the l ong- term per i od , b i o l og i ca l  
mod i f i ca t i o n  o f  the cap l ayers wi l l  con t i nue and adapted p l ant  spec i es w i l l  co l on i ze the cap . 
Eventua l l y ,  deep- rooted mature trees wi l l  deve l op on a l l o f  the NFSS and Oak  R i dge cap s .  Conti nued 
s o i l mod i f i cati on , deve l opme n t , and settl i ng combi ned w i th vege tati o n  s ucces s i on  may res u l t  i n  the 
e stab l i s hment o f  a c l i max forest typ i ca l  o f  each area.  Howeve r ,  th i s  commun i ty wi l l  con t i nue to be 
more s uscepti b l e  to d rought than a s i m i l a r  one on normal s o i l s  o f  the area . 

The c l ay l i ner  o f  the NFSS i nter i m  cap and the add i ti onal  barr i e r  prov i ded by the r i p rap l ayer i n  
the l ong-term caps a t  NFSS and Oak  R i dge wi l l  i n i t i a l l y  deter burrowi ng a n i ma l s from i ntrud i ng i nto 
the wastes and re s i dues .  Howeve r ,  as  root g rowth mod i f i es and d i s rupts thes e  l ayers , mamma l s ,  ants , 
and other i n sects wi l l  i ntrude i nto the contam i nated materi al s  because  the mate r i a l s w i l l  be w i th i n  
the known tunne l i ng depths o f  these  orga n i sms ( C l i ne e t  a l . 1982 ) .  A s  the t h i c kne s s e s  o f  the caps are 
reduced apprec i ab l y  by e ros i on ,  the l i ke l i hood of a n i ma l  i ntrus i o n  wi l l  i nc re a s e .  

Potent i a l  a g r i c u l t u ra l  use  o f  t h e  cap s urfaces for pasture , gra i n ,  or row c rops  wi l l  be i n i t i a l l y  
l i m i ted by the 0 . 45 m so i l  th i c knes s  becaus e  many crop p l ants  such  as  corn , s oybean s , a l fa l fa , and 
other l egumes requ i re con s i de rab l y  deeper roo t i ng depths for optimal  growth ( M i tche l l 1975 ) .  Howeve r ,  
a g r i c u l tura l acti v i t i e s  wi l l  not b e  a l l owed for 200 years , by w h i c h  t i me the so i l  forma t i o n  proces s e s  
d i scussed  prev i o u s l y  may l ead t o  a deeper roo t i ng l ayer.  Dur i ng the l ong- term per i od , agr i c u l t u ra l 
success  w i l l  depend both o n  the depth o f  the roo t i ng l ayer at the t i me agr i c u l t u re beg i ns and on the 
rate o f  so i l  e ro s i on l os se s .  

4 . 3 . 2 . 3 G roup 3 :  A l ternat i ves  at Hanford 

Al l o f  the Hanford a l ternat i ves  wi l l  have protect i ve  caps wi th an  outermos t  nat i ve so i l  1 ayer 
1 . 2-m t h i c k ,  under l a i n  by a g raded r i p rap l ayer 0 . 9- m th i c k  over 0 . 9 or 2 . 5 m of nat i ve s o i l .  No c l ay 
l ayer i s  i nc l uded i n  these caps ( F i gures 2 . 5 and 2 . 9 ) .  Nat i v e  s h rub- s teppe g ra s s l and--co n s i st i ng o f  
gras s e s , forbs , a n d  s hrubs adapted t o  a r i d  cond i t i ons- -wi l l  be a l l owed t o  deve l op on  t h e  cap s .  These  
p l ants are mos t l y  deep- rooted , wi th h i gh l eve l s  o f  root  growth acti v i ty when  so i l  mo i s tu re i s  ava i l 
ab l e  ( F i tzner  e t  a l . 1979 ) .  Most o f  the p l ant b i oma s s  i n  these spe c i e s  occurs  unde rground .  Typ i ca l  
root t o  shoot b i omass  rat i o s  a re 9 : 1 ( Ca l dwe l l  and Fernandez 197 5 ) . 
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The d i sturbed s o i l cover of the comp l eted cap wi l l  probab ly  be i n i t i a l ly  co l on i zed by weedy 
annua l  p l ants such  as  R u s s i a n  t h i s t l e ,  Koc h i a ,  and cheatgra s s . The  upper 1 . 2  m of s o i l w i 1 1  be 
adequate to support a near l y  n o rma l nati ve p l ant commun i ty that wi l l  become ree s tab l i shed early i n  the 
190-year ma i ntenance and mon i tori ng per i o d .  Because  t h e  r i p rap l ayer wi l l  i n i t i a l l y  be a barri e r  t o  
most root penetrat i o n s , t h e  deep- rooted s h rubs a n d  fo rbs cou l d  exper i ence mo i sture s tre s s  duri ng 
per i ods of drought early i n  the i r  deve l opment  ( R i c kard 1983--persona l commu n i cati o n ) . So i l  settl i ng ,  
roc k  f ragmenta t i on , and the so i l -p u l ver i z i ng act i v i t i e s  of burrow i n g  a n i ma l s  and ants wi l l  eventua l l y  
f i l l  some of the i nterst i ces  between t h e  rocks  o f  the r i p rap wi th so i l  part i c l es and prov i de a pathway 
for  root exte n s i o n  through the l ayer.  

Once through the r i prap l ayer ,  the p l ant  roots wi l l  penetrate q u i c k l y  through  the 0 . 9 m o r  2 . 5 m 
o f  nat i ve so i l  under l y i ng the r i p rap and w i l l  i ntrude i nto the b u r i e d  wastes  and res i dues .  Conti n ued 
penetrati on  o f  the r i prap l ayer by new roots and the death o f  o l d  roots wi l l  perm i t sma l l rode nts 
( m i c e  and poc ket gophers ) , ants , and other i nsects to ga i n  acces s  to the wastes  v i a  root channe l s  
because the deepe s t  wastes  are we l l  w i th i n  known tunne l i ng depths o f  these organi sms i n  the l oose  
sandy s o i l s  at Hanford ( C l i ne et a l . 1982 ) .  These events are l i ke l y  to occur ear ly  i n  the mai ntenance 
and mon i tori n g  pe r i o d .  

Per i od i ca l ly ,  t h e  vegetat i o n  on the  c a p s  wi l l  be destroyed by wi l d f i re .  W i l df i re i s  a fa i r l y  
common a n d  often natura l  ( l i gh tn i ng- i n i t i ate d )  occurrence i n  the s h rub-steppe commun i t i es of the 
Hanford s i te .  A l though f i re he l ps to ma i nta i n  the overa l l  v i go r  of the ecosystem , burned areas are 
s ubject to i nc reased w i n d  e ros i o n  for at l east  one g rowi n g  season fo l l owi ng a f i re ( H i nds  and  Thorp 
1970 ) .  I f  the f i re i s  exte n s i ve , seed sources  wi th i n  e f fect i ve d i s pe rs a l  d i stances a re reduced and 
the  e ro s i on- prone per i od i s  i nc reased .  

B i o i nt rus i on and rad i onuc l i de d i spersal  (as  descr i bed earl i er )  wi l l  g radua l l y i nc rease ,  w i th 
conti nued b i omod i f i ca t i o n  o f  the cap l aye rs unt i l  a re l at i ve steady- state i s  reached that wi l l  be 
r e l ated to the b i o l og i ca l  carry i ng capaci ty o f  the cap ecosystem. Because o f  the sandy s o i l s  and the 
greater be l ow-g round act i v i ty of both p l ant roots and burrow i n g  a n i ma l s  at  Hanford , b i o i nt ru s i on i nto 
the b u r i ed wastes  and res i dues wi l l  p robab ly  occur sooner than at the two hum i d  s i te s  under the 
G roup 2 a l ternat i ve s .  However ,  the presence o f  the r i prap l ayer a t  Hanford wi l l  p robab ly  de l ay b i o
i nt ru s i o n  l onger than i n  the Group 1 a l ternat i ve at NFSS ( wh i ch has no r i prap l aye r ) . 

4 . 3 . 2 . 4  Mi t i gati ve Meas ures 

Mea sures to m i t i gate bi  oi  ntrus i on  i nto the N FSS wastes  and res i dues  can be o f  two types :  
( 1 ) correct i ng b i o i ntrus i o n  after i t  occurs , and ( 2 )  de l ay i ng b i o i ntrus i o n .  

Correcti ve Mea s ures . D u r i ng the mai ntenance and moni tori ng per i od , mea s ures wi l l  be taken to 
restore cap i nteg r i ty i f  rad i onuc l i de d i spersa l due to the acti v i ty o f  p l ants and an i ma l s  reaches a 
l ev e l  o f  concern.  Such measures cou l d  i nc l ude removal  o f  l arge , deep- rooted p l ants , herb i c i de appl i 
c at i on  to e l i m i nate and prevent regrowth o f  s uch  p l ants , trappi ng and/or po i son i ng o f  burrowi ng 
an i m a l s ,  i nsect i c i de app l i cati on  to control  ants and other i ns ect s , and add i t i on s  to and recompact i o n  
o f  t h e  s o i l 1 ayer .  

De l ayi n g  Mea s u re s .  A 1 1 the a l ternati ve caps wi l l  be affected by b i omod i f i cat i o n  of the cap 
l ayers and b i o i ntru s i on i nto the wastes and res i dues  f o l l owed by d i spersal  o f  rad i onuc l i des  to the 
e n v i ronment.  Al though these events cannot be prevented , the cap des i gns cou l d  be mod i f i ed to further 
de l ay b i omod i f i ca t i o n  and b i o i ntrus i o n .  In part i c u l a r ,  the outer s o i l l ayer cou l d  be e l i m i nated , 
l eav i ng o n l y  roc k  on the outer  cap s urfac e ,  o r  a chem i ca l  " b i obarri er" cou l d  be b u i l t  i nto the cap .  

Rock Cover .  At NFSS and O a k  R i dge , the  outer  0 . 6  m o f  s o i l and sand  cou l d  be e l i m i nated , l eav i ng 
the 0 . 9  m o f  r i prap outermos t .  A t  Hanford , t h e  trenches cou l d b e  bac kf i l l ed a l mo s t  e nt i re l y  wi th so i l  
and the 0 . 9 m o f  r i prap cou l d  be p l aced on  top.  Furthe rmore , i nstead of hav i ng the r i prap l ayer 
graded f rom sma l l pea g rave l  to l a rge cobb l e s  and bac k to pea grave l , l a rge cobb l e s  cou l d be p l aced 
outermo s t .  Such roc k  a rmo r i ng o f  the cap surface wou l d  prov i d e  adequate protect i o n  aga i n s t  water and 
wi nd e ro s i on ( B reedl ow et a l . 1982 ) and wou l d  great l y  de l ay b i o i ntrus i o n .  Wi th i n  the 1000-year per i od , 
sed i ments  may f i l l  the r i p rap i ntersti ces  and prov i d e  s i te s  for some vegetati on e stab l i s hment .  Howe v e r ,  
t h e  res u l t i ng sparse commun i ty wou l d  have a much l ower b i omod i f i ca t i o n  and b i o i nt ru s i o n  pote nt i a l  than 
the so i l -covered cap. A roc k- covered cap wou l d  a l so e l i m i nate the i nc reased so i l  eros i on that wi 1 1  
otherw i s e  occu r  when vegetat i o n  on  a s o i l -c overed cap i s  reduced because o f  drought , d i seas e ,  f i re ,  
herb i vory ,  o r  agri c u l tural  u s e .  

A roc k-covered cap i s  feas i b l e  at a l l t h ree a l ternati ve s i tes , but care f u l  c o n s i derat i on wou l d  
have to b e  g i ven to several  aspects o f  water management i n  such  a mod i f i ed cap . S uch a mod i f i ca t i o n  
wou l d  a l so e l i m i nate t h e  water storage capab i l i ty o f  t h e  so i l  c o v e r  a n d  t h e  trans p i rati on  pote nt i a l o f  
t h e  vegetat i o n .  Both o f  these  p roces s e s  c a n  prevent  a l arge port i o n  o f  i nf i l t rated prec i p i ta t i o n  f rom 
be i ng avai l ab l e for downward moveme n t  through the cap and i nto the wastes where l each i ng and ground
wate r contam i nati on cou l d  occur  ( Hakonson 1983- -personal  commun i cat i o n ) .  The vegetati o n  tran s p i ra t i o n  
cons  i derat i on  i s  e s p e c i  a 1 1 y i mportant at t h e  ar i  d Hanford s i te .  A t  t h e  h u m i  d N F S S  and Oak  R i  dge 
s i te s , water transport through the c l ay l aye r wi l l  be ve ry s l ow ,  and most p rec i p i tati on  ente r i ng the 
cap wi l l  p roba b l y  f l ow a l o n g  the c l ay/sand i nterface and ·out  o f  the cap at  the peri phery .  For  th i s  
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reaso n ,  a mod i f i ed cap wou l d  have to be carefu l ly construc ted so that the c l ay ,  sand , and r i p rap 
l ayers toe out at ground l eve l , and prov i s i on s ho u l d be made for e ro s i on control  i n  these  cap 
per imeter areas . 

Chem i ca l  B i obarr i ers . Chem i ca l  b i obarri e r s  have been devel oped to prevent root i ntrus i o n  through  
so i l - covered , vegetated caps ( C l i ne et a l . 1982 ) .  The most e ffect i ve barr i e r  cons i st s  o f  p o l ymer 
pe l l ets i mp regnated w i th a h e rb i c i de that is re l eased s l ow l y  i nto the  so i l .  The  pel l ets wou l d  be 
p l aced in a l ayer d u r i ng cap construct i o n  ( p robab l y  at the sand/c l ay i nterface in the NFSS and O a k  
R i dge c a p s  or t h e  upper so i l /r i prap i nterface i n  t h e  H�nford cap ) t o  k i l l  p l ant roots ( but n o t  the 
enti re p l ant)  that penetrate to that depth.  The  e s t i mated e f fect i ve l i fet i me of the chem i c a l  b i o
barr i er i s  100 years , wh i ch wou l d  he l p  reduce mai ntenance costs  d u r i ng the ma i ntenance and mon i tori ng 
per i od but wou l d  not reduce b i o i ntru s i o n  and b i omod i f i ca t i o n  i mpacts in  the l o ng- term per i od .  . 

4 . 4  CHEMICAL 

In add i t i on to rad i onuc l i de s , there are other chem i cal  e l ements  and compounds  in  the  NFSS 
r e s i dues and was te s  that cou l d  potenti a l ly  contam i nate the e n v i ro nme n t .  Most of the e l ements occ u r  
natural ly  i n  s o i l s  a n d  water but a r e  i n  above- norma l concentrat i o ns i n  t h e  N F S S  mate ri a l s ,  e spec i a l l y  
the res i dues . Some e l ements a re i n  concentra t i o n s  s u ff i c i ent ly  h i gh to warrant further cons i derat i o n  
regard i ng extract i o n  a n d  sa l e  of some of these e l ements ( A l ternati ve 2b ) .  The c hem i c a l  nature of the 
NFSS was te s  and res i dues  i s  deta i l ed in Sect i o n  3 . 1 . 8 . F o l l ow i ng are the res u l ts  of ana lys i s  of  
pote nt i a l  chem i c a l  i mpacts assoc i ated w i th each a l ternat i ve i nvo l v i ng l and d i sposa l ; chem i ca l  i mpacts 
a ssoc i ated wi th ocean d i sposa 1 a re d i  scus  sed i n Sect i on 4 . 5 .  Because the potent i a l i mpacts a re 
c l os e l y  l i n ked to the vari ous  t i me peri ods and a s soc i ated a s s ump t i ons  regard i ng control  mea sure s , the 
fo l l ow i ng d i scus s i on  is  d i v i ded i nto the three  t i me per i od s  ( act i on p e r i od , ma i ntenance and mon i tori n g  
p e r i od , and l on g- term per i od ) .  O t h e r  t h a n  the pote nt i a l  for e l evated concentrat i on s  o f  a few e l ements , 
no s i gn i f i cant chem i c a l  i mpacts to e i th e r  surface waters or g roundwate rs are expected at NFSS , 
Oak R i dge , or Hanford . 

4 . 4 . 1 Act i o n  Per i od ( 0  to 10 year s )  

4 . 4 . 1 . 1 NFSS 

Under Al ternat i ve 1 ( no act i on ) , there wi l l  be no d i sturbance of the contami nated materi a l s  at 
NFSS . Becaus e  the cover wi l l  be acti ve ly  mai nta i ned , no ero s i o n  o f  the contam i nated mater i a l s i nto 
the s u rface water wi l l  occur .  A sma l l amount of water may i nf i l trate t h rough the cover and pe rco l ate 
t h rough the res i dues  i nto the groundwater .  Howe ve r ,  becau s e  the g roundwate r  moves so s l ow l y  ( Sec
t i on 4 . 2 . 2 ) ,  the l eachate i s  not expected to move outs i de the d i ked area w i t h i n  the acti on p e r i o d .  

T h e  contami nated mate ri a l s may be exposed d u r i ng t h e  act i o n  p e r i od u n d e r  a l l a l ternat i ves  except 
A l ternati ve 1 .  Under Al ternat i ves  3 a ,  3b , 4a , 4b , 4c , and 4d , the res i dues-- and i n  some cases the 
wastes a s  we l l --wi l l  be d i sturbed in order to transport them to other s i te s .  Under A l ternat i ve s  2a 
and 2b , part i a l  removal  of the i nter i m  cover and construc t i o n  of the l ong-term cover over the d i ked 
a rea may a l so res u l t in  i nadvertent temporary expos ure o f  some o f  the was te s ;  wh i l e the res i dues  and 
wastes are expo sed , they wi l l  be subject to wate r and wi nd e ro s i o n .  As  a res u l t ,  there may be s l i ght  
i ncreases in  sed i ment l oadi ng in  the d i tches and  i ncreased depo s i t i on o f  wi ndborne mate r i a l  on nearby 
a reas . Howeve r ,  as  was the case for the i nte r i m  act i on s  at NFSS , i t  i s  as s umed that control  measure s  
w i l l  b e  emp l oyed- - s uch as  l i m i t i ng the  amount of expo sed wastes or res i dues , control  a n d  treatment  o f  
a l l wate r ,  a n d  peri od i c  wate r i ng to mi n i m i ze dust .  Impacts res u l t i ng from such  d i spers i on s  a r e  there
fore expected to be neg l i g i b l e .  

Under A l ter nati ve 2b , there i s  add i t i on a l  pote nt i a l  for re l ease  o f  chemi cal  contami nants  to 
s u rface water s .  The res i dues  wi l l  be s l urr i ed from the bu i l d i ng s  i n  the d i ked contai nment area and 
p roces sed to recover v a l uab l e  e l ements . A l l aqueous and gaseous wastes  generated by the recovery 
p roces s  wi l l  be treated to remove contam i nants before re l ease , and a l l s o l i d  wastes  wi l l  be returned 
to the d i ked area for b u r i a l . Any wastewate r p roduced must  s at i s fy the New York State P o l l u t i o n  
D i scharge E l i m i na t i o n  System ( SPDES ) req u i rements before be i ng d i scharged . 

4 . 4 . 1 . 2  Hanford and Oak  R i dge 

Under A l ternati ves  3a , 3b , 4a , 4b , 4c , and 4d , bur i a l of  the pac kaged res i dues  at Hanford or 
Oak  R i dge wi l l  res u l t i n  negl i g i b l e d i spers i on of chemi c a l ly contami nated res i due s .  Under A l terna
t i ve s  3a  and 3b , atmosphe r i c  d i spers i o n  and s u rface wate r runoff  from the was tes  wi l l  occur dur i ng 
u n l oad i ng and buri a l  operat i o n s .  The concentra t i o n s  of t h e  majori ty o f  nonrad i oac t i v e  contam i nants i n  
these wastes wi l l  be  s i m i l ar to those of most natural s o i l s  w i t h  the excep t i o n  of coba l t ,  n i cke l , 
copp e r ,  l ead , and uran i um for wh i ch the upper l i m i ts  of concentrati on s  found i n  NFSS waste mate r i a l s  
exceed the upper l i m i ts i n  natural  s o i l s  ( Secti on 3 . 1 . 8 ) .  The geometr i c a l ly  averaged concentrat i on s  
o f  t h e s e  e l ements , howe v e r ,  do n o t  great l y  exceed t h e  natural  concentrati ons o f  t h e s e  e l ements i n  
natural  so i l s . A s  a re s u l t ,  surface runoff wi l l  not carry suspended o r  d i s s o l ved e l ements o f  concern 
i n  concentrati ons g reat l y  i n  exce s s  of uppe r l i mi t s  found i n  natura l ly  occurr i ng s o i l s .  At a l l s i te s , 
measu res  wi l l  be taken to mi n i m i ze and contro l runoff f rom temporari ly exposed waste surfaces .  
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Because of the arid  c l i mate and depth to g roundwater at Hanford , no l eachate from the wastes 
and/or res i dues i s  expected to reach the g roundwater dur i ng the act i o n  peri od . At Oak R i dge , the rate 
of m i grati on for any l eachate that may be generated i s  too s l ow to reach the g roundwater duri ng th i s  
peri  od .  

4 . 4 . 2 Mai ntenance and Mon i tori ng Period  ( 10 to 200 year s )  

4 . 4 . 2 . 1 NFSS 

For a l l a l ternati ves at NFSS ( 1 ,  2a , 2b , 4a , and 4c ) ,  there wi l l  be no chem i ca l  i mpact on the 
s urround i ng a reas . The re s i dues and wastes wi l l  cont i nue to l i e under the mai nta i ned cover and thus 
wi l l  not be exposed to wi nd o r  wate r e ro s i o n .  Accord i ng to hyd ro l og i c  mode l i ng res u l ts , there wi l l  be 
no apprec i ab l e  m i grat i o n  o f  chem i c a l  contami nants beyond the s i te boundary in  200 years ( see Sec
t i on 4 . 2 . 2 ) .  

4 . 4 . 2 . 2  Hanford and Oak  R i dge 

As at NFSS , mai ntenance and mon i to r i ng o f  the caps at Hanford and Oak  R i dge wi l l  p revent d i sper
s i on o f  contam i nated materi a l . D u r i ng th i s  per i od there wi l l  cont i nue to be no chemi ca l  contami nati on 
o f  g roundwater at e i ther Hanford o r  Oa k R i dge ( Secti on 4 . 2 . 2 ) .  

4 . 4 . 3 Long-Term Period  ( 200 to 1000 years ) 

For a l l a l ternat i ves at a l l s i tes , there wi l l  be no chem i ca l  i mpacts i n  Case  A (where i n  mai nte
nance and mon i tori ng cease but l and- use  contro l s  rema i n  e ffecti ve ) .  Under these  cond i t i o n s , there 
wi l l  be no i ntens i ve use  o f  the was te-management areas ; thus , the caps wi l l  not e rode very fast and 
the  wastes and res i dues wi l l  not be exposed to wi nd and water e ro s i on ( Sect i o n  4 . 2 . 1 ) .  Water i nf i l tra
t i on th rough the caps wi l l  i ncrease on ly  s l i ght ly  and there wi l l  be no s i gn i f i cant chem i ca l  contam i na
t i on of g roundwater ( see Sec t i o n  4 . 2 . 2 ) .  

Howeve r ,  i n  Case  B ,  there may be s ome chem i c a l  i lllpacts for some a l ternat i ves . The l os s  o f  a l l 
contro l s cou l d  l ead to i nten s i ve use  of the waste-manageme n t  a rea s , wh i ch i n  turn wi l l  l ead to 
acce l erated eros i o n  of the cap s , acce l erated i nf i l trat i o n  of wate r i nto the caps , and l each i ng to 
g roundwate r .  I n  addi t i on , we l l s  cou l d  be d r i l l ed i nto contami nated g roundwater next  to the waste 
a rea s .  The geo l o g i cal  and hydro l og i ca l  a s pects are d i scuss ed i n  deta i l i n  Sec t i o n  4 . 2 . F o l l ow i ng are 
d i s c u s s i ons o f  pote nt i a l  chem i ca l  i mpact s  for the v a r i o u s  a l ternat i ve s  at each s i te .  

4 . 4 . 3 . 1  NFSS 

Surface Water s .  W i th i n  1000 years , i f  N F S S  i s  u s e d  for agri c u l ture , t h e  c a p  wi l l  erode a n d  t h e  
contami nated mate ri a l s wi l l  be exposed o n l y  unde r A l ternati v e  1 .  I n  order to e s t i mate c hem i ca l  
i mpacts res u l t i ng from e ro s i o n  a n d  l each i ng o f  contami nated mate ri a l s  t o  s u rface waters , i t  i s  a s s umed 
that a farm pond i s  constructed i mmed i ate l y  downstream of the was te-contai nment area.  It i s  a l so 
a s s umed that the p i l e  o f  contami nated mate r i a l s i s  the e n t i re watershed for the  pond , that the cap has 
been ent i re l y  l os t ,  and that 100 mg/ L  o f  s uspended so l i ds  i n  the pond o r i g i nate f rom the contam i nated 
mate r i a l  s .  At year 1000 , o n l y  the NFSS wastes wi l l  be exposed ( the res i dues  are b u r i e d  much deeper 
and wi l l  not be exposed unti l much l ater [ Sect i on 4 . 2 ] ) .  Therefore , e s t i mates o f  concentrat i ons of 
var ious  e l ements i n  the farm pond at year 1000 are based on  the a s s umpt i o n  that e ros i on and l each i ng 
from the was te s  contri bute to the concentrat i o n s  i n  the pond .  E ventua l l y ,  howeve r ,  the res i dues w i l l  
be expo s e d .  Therefore , concentrat ions  i n  the pond are a l so e s.t i mated for the t i me at w h i c h  both 
wastes and res i dues  w i l l  be exposed . 

D i s so l ved and s uspended so l i ds  concentra t i o n s  for v a r i ous  e l ements are g i v e n  i n  Tab l e  4 . 47 .  The 
concentrati on of tota l s uspended so l i ds  i s  a s s umed to be 100 mg/L ; the s uspended so l i ds  concentrat i on 
o f  each e l ement i s  a s s umed to be p roport i on a l  to i ts concentrat i on i n  the was te s .  The d i s so l ved 
concentrat i ons  are based on  the natura 1 ana 1 ogue method of G i l bert e t  a 1 .  ( 1983 ) .  T h i  s method uses  
rat  i o s  o f  natura 1 concentrat ions  i n  s o i  I s  to  concentra t i o n s  i n  water to  determ i ne concentrati ons  i n  
wate r i f  the " so i l s " a re the NFSS was te s  o r  the res i dues  p l us wastes  ( see Sec t i o n  3 . 1 . 8  for desc r i p
t i on o f  NFSS re s i dues  and was te s ) .  The  d i s so l ved concentrat i ons  i nc l ude contri but ions  from both 
s u rface runoff and g roundwater seepage i nto the pond.  

For  mos t ,  but not al l o f  the e l ements , the mai n cont r i b u t i o n  to the total concentra t i on is made 
by the suspended so l i ds .  Excep t i o n s  i nc l ude f l uori ne , mercury ,  s e l e n i um ,  s i l ve r ,  stront i um ,  and 
u ra n i um .  A l so ,  even when the res i dues a re exposed , the total concentrati o n  of mos t  e l ements i s  be l ow 
0 . 1 ppm ( 100 ppb ) , wh i ch i s  at o r  be l ow regu l ato ry l i m i t s .  Except i on s  i nc l ude l ead , i ron , mangane se , 
and n i c ke l . Howe v e r ,  var ious  s e d i menta t i o n  and p rec i p i ta t i o n  e ffects may act to reduce the se  va l ue s .  

T h e  v a l ues  p red i cted by t h e  farm pond mode l  cou l d  be l arger o r  smal l er by a factor o f  10 , and 
e s t i mates are therefore g i v e n  to only one s i gn i f i cant f i gure .  The current state o f  New York SPDES 
perm i t  concentrati ons  are g i ve n  for comparat i ve purposes  ( Tab l e  4 . 47 ) .  I t  shou l d  b e  noted that farm 
pond waters are general ly  not used for dr i n k i ng wate r and are u s ua l l y s ubject to l es s  str i ngent 
regu l at i ons o r  none at a l l .  Al so , farm ponds and other s u rface waters wou l d  genera l l y have watersheds 
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Tab l e  4 . 47 .  Concentra t i ons  o f  E l ements of  Concern i n  a Farm Pond 

At Year 1000 

Suspended D i s so l ved 

0 . 1 

30  

0 . 03 

0 . 6 

3 

8 

10 

5 

2 , 000 

1 . 

4 

20 

40 

0 . 03 

20 

0 . 07 

0 . 02 

10 

1 

10 

0 . 2  

6 

0 . 1 

6 

0 . 07 

0 . 02 

0 . 4  

2 

10 

24 

240 

0 . 03 

4 

10 

4 

0 . 5 

2 

0 . 3 

1 

30 

3 

0 . 5 

0 . 3 

0 . 1 

Concentrati o n  (ppb ) t 1  

Tota l 

0 . 2 

40 

0 . 1  

0 . 6 

3 

10 

20 

30  

2 , 000 

1 

8 

30  

40  

0 . 5 

20 

0 . 4  

1 

40 

4 

10 

0 . 5 

6 

At T i me Both Res i dues 
and Wastes  are Expos ed 

Suspended D i s s o l ved Tota l 

0 . 5 

200 

0 . 05 

20 

5 

70 

30 

1 . 7 

2 , 000 

20 

300 

20 

400 

0 . 03 

200 

0 . 8  

0 . 4  

10 

50 
40 

2 

8 

0 . 4  

40 

0 . 1  

0 . 6  

0 . 7 

20 

30 

8 

200 

0 . 4  

300 

10 

30  

0 . 5 

20 

4 

2 

40 

100 

2 

3 

0 . 2  

0 . 9 

200 

0 . 2 

20 

6 

90 

60 

10 

2 , 000 

20 

600 

30 

400 

0 . 5 

200 

5 

2 

50 

200 

40 

5 

8 

Regul atory 
L i m i tt2 

( ppb ) 

330  

420  

100 

150 

100 

100 

4 , 200 

100 

100 

100 

420 

100 

100 

420 

6oot3 

400 

100 

300 

tl Val ues g i ven i n  parts pe r b i l l i on to one s i g n i f i cant  f i gure o n l y .  E s t i mates of 
d i s so l ved e l ements are based on natural  ana l ogue method ( G i l be rt et a l . 1983 ) .  

t 2  New Yo rk SPDES pe rm i t  concentrat i ons ; max i mum a l l owed i n  rece i v i ng wate rs . 

t3 The  DOE reg u l atory concentrat i on of 600 pC i /g for s o l ub l e  natural  uran i um i n  
uncontro l l ed a reas  ( DO E  O rder 5480 . 1 )  wou l d  b e  the app l i cab l e  reg u l atory l i m i t .  

that encompas s much l a rg e r  areas than j u s t  the NFSS waste/re s i due p i l e ,  thus  afford i ng d i l ut i on o f  
runoff and l eachate f rom the NFSS wastes and res i dues . The concentrat i ons  based o n  the farm pond 
mode l shou l d  be i nterpreted a s  a conservat i ve upper l i m i t  o f  pote nt i a l  concentrat i o ns  i n  s u rface 
wate rs . 

Because of the sma l l amounts of orga n i c  chem i ca l s i n  the NFSS wastes  ( see  Tab l e  3 . 9 ) ,  concentra
t i on s  i n  the pond wi l l  be extrem e l y  l ow .  I f  the wastes  contri bute 100 mg/L to the s uspended sed i me nts 
i n  the pond , organ i c  s uspended s o l i ds concentrat i o ns  wi l l  be 0 . 01% of the ave rage concentrati ons  i n  
the  NFSS  wastes . These  are very l ow v a  1 u e s .  I f  the d i  s so 1 ved components are present at the same 
concentrati on s  or l es s , the total concentrat i o n s  w i l l  be l ow .  F o r  examp l e ,  PCBs wi l l  be  at concentra
t i on s  l es s  than 0 . 003 ppb , wh i c h  i s  much l owe r than the regu l atory l i m i t  of 0 . 1 ppb ( see Tab l e  4 . 53 ) .  

Groundwate r .  Leac hate f rom the N F SS wastes  and res i dues wi l l  eventual l y  contami nate the g round
wate r .  Th i s  contam i nat i on wi l l  occ u r  sooner and reach h i gher  l ev e l s  i f  the caps are not ma i nta i ned 
a nd i nf i l trat i on o f  water through the cap and i nto the wastes  and res i dues  i nc reases  ( Sect i o n  4 . 2 ) .  
The  concentrat i on s  o f  c hem i ca l  co ntami nants i n  water  f rom a we l l  dr i l l ed next to the d i ked a rea at 
N FSS wi l l  be the sum of  the natural  background concentrati on s  ( f rom natural  l eac h i ng of the c hemi ca l s  
f rom the g round)  p l us  the con t r i b u t i on f rom l eac hate f rom the NFSS res i dues  and was t e s .  
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The contri buti ons  from NFSS was tes  a nd res i dues  are e s t i mated u s i ng the source/water concentra
t i on rat i os e s t i mated i n  Sect i o n  4 . 2 . 2  ( G roundwater Impact s ) .  For A l ternati ves  1 ,  2a , 4a , and 4c , the 
source  concentrat i on s  o f  each contami nant are gi  ven  i n Sect i on  3 . 1 . 8 . Under A l te rnat i ve  2b , the 
r e s i dues  wi l l  be processed to remove some v a l uab l e  e l ements , and the resu l t i ng s l ag wi l l  be so l i d i f i ed 
and rebur ied  i n  the d i ked a re a .  To obta i n  the e ffect i ve source concentrati on s  for the v a r i o u s  e l ements 
i n  t h i s  s l ag ,  the or i g i na l  concentra t i o n s  in the re s i dues  ( Sect i o n  3 . 1 . 8 ) are m u l t i p l i ed by a facto r 
o f  0 . 1 o r  0 . 0 1 .  The factor 0 . 1 i s  used i f  the e l ement of concern i s  not separated out by the resource 
recovery p roces s .  Th i s  accounts for the a s s umed 10- fo l d  reduct i on in the l eachab i l i ty of the e l ement 
f rom the res i due s l ag re l at i ve to untreated res i due . * The factor of 0 . 01 i s  used i f  the e l ement of 
concern i s  separated out by the recovery proce s s  ( as s um i ng a 90% e f f i c i ent proces s ;  the rema i n i ng 10% 
i s  conta i ned i n  the s l ag was tes ) .  

As d i scus sed i n  Sec t i o n  4 . 2 . 2 ,  the concentrat i on s  i n  wel l water wi l l  a l so depend o n  the d i str i 
b u t i o n  coeff i c i ents  ( Kd )  for each chem i ca l . L i terature v a l ues  o f  the d i s t r i b ut i on coef f i c i ents  are 
g i ven i n  Tab l e  4 . 48 for so i l s  and c l ays and for sand . Geometr i c  s tandard dev i ati ons , og , are ca l cu l a
ted for the Kd val ues i n  the tab l e  by use  o f  l i terature data ( Baes and Sharp 1983 ) .  The Kd v a l ues a re 
uncerta i n  by factors rang i ng f rom 1 . 8  for arsen i c  to 15 for manganes e .  Because there a r e  many e l ements 
o f  concern and the Kd val ues have apprec i ab l e  uncerta i nt i e s , each e l ement i s  a s s i gned a repre sentat i ve 
Kd va l ue and the hyd ro l og i c  ca l cu l at i on s  a re made for these representat i ve v a l ues .  T h i s s i mpl i f i 
cati on i s  supported by the fact that f o r  a l l the e l ements , the mean K d  v a l ues are wi th i n  one geome t r i c  
standard dev i at i o n  of the a s s i gned val ues .  

The concentrat i on s  o f  v a r i o u s  e l ements i n  water f rom a wel l adjacent to the d i ked a rea for Al ter
nati ves  1 ,  2a , and 2b are presented i n  Tab l es  4 . 49 , 4 . 50 ,  and 4 . 5 1 .  E s t i mates  of contami nant concen
tra t i o n s  in the we l l  water  are g i ven for  two t i me s :  ( 1 )  at year 1000 and ( 2 )  at the t i me at wh i ch 
l eachate cont r i b u t i o n s  to g roundwater wi l l  reach a max i mum. The e l ements o f  concern a re taken here to 
be the trace e l ements l i s ted e i ther i n  the New York State Regu l at i on s  regard i ng d i scharge to ground
water ( N .  Y .  Department o f  Env i ronmental  Conservat i o n , T i t l e 6 ,  Part 703 , 1978) o r  in the SPDES d i s
charge  perm i t for the NFSS i nter i m  remed i a l  act i o n s  ( E i sman 1983a , 1983b ) .  The e l ements o f  concern 
and the co rrespond i ng max i mum a l l owab l e  concentrati o n s  a re g i ven  i n  Tab l e  4 . 5 2 .  Urani um i s  a l so 
i nc l uded because  of concern expressed by E n v i ronment Canada regard i ng u ra n i um chem i ca l  tox i c i ty 
( A l exander 1983 ) .  The l owest reg u l a to ry v a l ues are reported for comparati v e  p u rposes  i n  Tab l e  4 . 49 .  

F o r  most e l ements o f  concern , the backg round we l l -water concentrati o n s  are l a rger  than those con
t r i buted by l eachate from NFSS contam i nated mate r i a l s under A l ternati ves 1 ,  2a , and 2b . O n l y  i n  the 
case  o f  l ead in A l ternat i ves  1 and 2a do the l eachate concentrat i ons make s i gn i f i cant cont r i buti ons  to 
the tota l we l l -water concentrat i o n s .  For Al ternati ve 2b , the co ncentrat i on cont r i b u t i ons  f rom the 
1 eachate are much 1 ess than the background concentra t i ons  for  a l l e l ements o f  concern at  both 
1000 years and at the t i me o f  max i mum concentrati on  ( Tab l e  4 . 5 1 ) . The tota l wel l -water concentrat ions  
are s l i ght ly  sma l l er for Al ternat i ve 2a than  for A l terna t i ve 1 .  These  d i f ferences are due to  the 
add i t i ona l  c l ay i n  the cap unde r Al ternati ve 2a , wh i ch reduces the i nf i l tra t i o n  rate i nto and the 
l each rate out of the d i ked mate r i a l s .  

I n  Al ternati ve 1 ,  the tota l we l l -water concentrati ons o f  cadm i um ,  mangane s e , mercury ,  stronti um ,  
and z i nc are h i gher than the regu l atory l i m i t s .  The h i gh v a l ues  o f  cadm i um and mercury may b e  due to 
the re l at i ve i nsens i t i v i ty of the background ana l y ses ; the real va l ues  a re probab ly  much l owe r than 
the upper l i m i t s  g i v e n .  The  background concentrati ons  for s tronti um ,  manganese , and z i nc ,  wh i ch are 
real  v a l ues and not upper l i m i ts , are much l a rge r  than the concentrati on s  a l l owed in the rece i v i ng 
waters by the SPDES D i scha rge Perm i t  ( Tab l e  4 . 52 ) .  The v a l ues  for manganese and stronti um are a l so 
l a rger  than the max i mum a l l owed i n  groundwate r .  

I n  genera l , f o r  Al terna t i ves  1 ,  2a , a n d  2b , t h e  e s t i mated i mpact o f  t h e  d i ked mater i a l s at NFSS 
o n  concentrati ons  o f  the var i ous  i norga n i c  e l ements o f  concern in  the we l l  water is  sma l l .  Because 
even  these sma l l i mpacts are p r i mari l y  assoc i ated w i th the presence o f  the NFSS res i dues , the i mpacts 
a s so c i ated w i th the NFSS wastes o n l y  ( A l ternati ves  4a and 4c ) wi l l  be eve� l es s  and are therefore not 
spec i f i ca l ly  ca l cu l ated.  F urthe rmore , the cont r i b u t i o n s  f rom the l eachate are ca l cu l ated u s i ng a 
s i mp l e  i o n-exchange mode l  ( G i l bert et a l . 1983)  that overe s t i mates the concentrat i ons i n  the we l l  
water .  Howeve r ,  because  the concentrati o n s  are a l ready sma l l ,  e spec i a l l y  for the 1000-year peri od of 
concern , use  o f  a more comp l ex mod e l  ( G i l bert et a l . 1983)  is  not wa rranted . 

I n  add i t i o n  to the i no rga n i c  e l ements , contam i nat i on o f  the we l l  water by o rga n i c  chem i ca l s 
( e . g . , pest i c i de s )  l eachi ng from the contam i nated d i ked mate r i a l s may a l so occ u r .  The e s t i mated 
concentrati�ns of  o rgani c chem i ca l s  i n  the wa stes are g i ve n  i n  Sect i o n  3 . 1 . 8 . The potent i a l  concen
trat ions  o f  these o rga n i c s  i n  the we l l  water under A l ternati v e  1 are g i ven  i n  Tab l e  4 . 5 3 .  The v a l ues 

*The hyd ro l og i c  mod e l  used g i ves  rat i o s  of concentra t i o n s  in  the wel l water to those  i n  the d i ked 
materi a l s .  These are mu l t i p l i ed by the average concentra t i o n s  in  the d i ked mate r i a l s  to obta i n  we l l 
water  concentrat i o n s .  Reduc i ng t h e  rat i o  by a factor o f  1 0  i s  equ i va l ent  t o  u s e  of  t h e  ori g i na l  
rat i o  and reduc i ng the co ncentrati on by a factor o f  10 . 
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Tab l e  4 . 48 .  D i str ibut i o n  Coef f i c i ents  fo r the E l ements o f  Concern 

Average 
D i s t r i b u t i o n  Coeff i c i ent , t 1  

Kd (cm3/g) 

Soi l s  and C l ayst2  

3 . 3  

50  

6 . 7  

1 , 100 

3 . 7  

1 , 000 

22  

o 
1 , 000 

1 , 000 

99 

500 

150 

100 

1 , 000 

2 . 7  

110 

27 

45 

1 , 000 

16 

1 , 000 

0 . 33  

5 

0 . 67 

110 

3 . 7  
100 

2 . 2  

o 
100 

100 

9 . 9  

50 

15  

10 

100 

0 . 27 

1 1  

2 . 7  

4 . 5 

100 

1 . 6 

100 

Geome t r i c  
Standard 
Dev i ati on  

1 . 8 

2 . 4  

3 . 7 

9 . 0 

3 . 0  

5 . 5  

15  

1 . 9 

3 . 7 

7 . 4  

3 . 6  

6 . 7  

As s i gned Representat i ve 
D i s t r i b ut i o n  Coeff i c i en t ,  

K d  ( cm3/g) 

So i l s  and C l ayst2  

3 

50 

3 

1 , 000 

25 

1 , 000 

25  

o 
1 , 000 

1 , 000 

100 

1 , 000 

100 

100 

1 , 000 

3 

100 

25 

50  

1 , 000 

25 

1 , 000 

0 . 3 

5 . 0  

0 . 3 

100 

2 . 5 
100 

2 . 5 

o 
100 

100 

10 

100 

10 

10 

100 

0 . 3 

10 

2 . 5 

5 . 0  

100 

2 . 5 

100 

t l  Data for arse n i c ,  cadm i um ,  c e r i u m ,  c h rom i um ,  coba l t ,  copper ,  l ead , manganese ,  s e l e n i um ,  
s i l ve r ,  s t ront i um , uran i um ,  and z i nc from Baes and Sharp ( 1983 ) ; the va l ue s  o f  Kd are the 
geome t r i c  means  o f  the 1 i te rature data ( see al  so  Gi  l be rt et a l . [ 1983- - p p .  3- 57 to 3 - 60 ] ) .  
Data for other e l ements  from Nuc l ea r  Safety Assoc i ates ( 1980 ) .  

t 2  The v a l ues  for s o i l s  and c l ays  are used  for a s s e s sment o f  i mpacts a t  NFSS and O a k  R i dge , 
whereas the v a l ues for sand are used for Hanford.  

t 3  The v a l ues  are taken to be 10% o f  the v a l ues o f  s o i l s  and c l ays  ( Nu c l . Saf .  Assoc . 1980 ) .  



Tab l e  4 . 49 .  Concen tra t i ons o f  Va r i ous I norgan i c  E l�ments i n  a We l l  Adjacent to the D i ked Mate r i a l s ,  A l terna t i ve 1 

E l eme nt 

A r s e n i  c 

B a r i um 

Cadm i um 

C e r i  um 

C h rom i um 

Coba l t  

Copper 

F l uo r i ne 

I ro n  

L anthanum 

Lead 

Li t h i um 

Manganese 

Mercury 

N i c k e l  

Se l en i um 

S i  l ve r  

Stront i um 

Ura n i um 

Vanad i um 

Z i nc 

Z i rc on i um 

Average 
Conce n t ra t i o n ,  
D i ked Mate r i a l  

( ppm) 

4 . 5 

2 , 200 

0 . 5 

160 

4 B  

670 

320 

17 

IB , 500 

150 

2 , 900 

IBO 

4 , 200 

0 . 32 

2 , 000 

B . 5 

0 . 35 

1 30 

5 1 0  

3BO 

18 

76 

Cqn t r i b u t i o n  f rom 
D i ked Mate r i a l  

Leachatet l 

Yr 1000t2 
( pp b )  

0 . 34 

3 . 4  

0 . 035 

0 . 0021 

0 . 20 

0 . 0076 

1 . 3 

3 . 7 

0 . 24 

0 . 0020 

1 . 5  

0 . 023 

2 . 1 

0 . 0002 

0 . 026 

0 . 60 

0 . 0002 

0 . 54 

0 . 76 

0 . 049 

0 . 076 

0 . 0010 

Max i mumt2 
( pp b )  

0 . 3B 

9 . 9  

0 . 042 

0 . 03 5  

0 . 4 5 

0 . 1 5  

3 . 0  

4 . 5  

4 . 0 

0 . 033 

6 . 4  

0 . 040 

9 . 2  

0 . 0007 

0 . 44 

0 . 7 2  

O . OOOB 

l . 2  

1 . 1 

0 . OB3 

0 . 1 7  

0 . 0 1 7  

T i me t o  Reach 
Ma x i mu m  

Concentra t i o n  
( y r )  

1 , 000 

6 , 400 

1 , 000 

95 , 000 

6 , 000 

9 5 , 000 

6 , 000 

BOO 

95 , 000 

95 , 000 

9 , 5 00 

95 , 000 

9 , 500 

9 , 500 

95 , 000 

1 , 000 

9 , 500 

6 , 000 

6 , 400 

95 , 000 

6 , 000 

9 5 , 000 

Background 
Concentra ti o n t �  

( ppb ) 

< 6 . 7 

220 

< 53 

2 . 0  

28 

3 . 7  

8 1  

180 

200 

< 4  

1 3  

2 5 0  

1 , 200 

< 2 7 0  

2 1  

< 16 

< 3 . 3 
4 , 000 

8 .  7 

< 2 . 4 

2 , 600 

< 6 . 6 

T o t a l  Concentra t i o n ,  
We l l  Wa ter 

Y r  1000t2 
( ppb ) 

< 7  

220 

< 5 3 

2 . 0  

28 

3 . 7 

82 

180 

200 
< 4 

1 5  

250 

1 , 200 

< 2 7 0  

2 1  

< 1 7  
< 3 . 3  

4 , 000 

9 . 4  

< 2 . 4 

2 , 600 

< 6 . 6 

Max i mumt2 
( ppb ) 

< 7  

230 

< 54 

2 . 0  

28 

3 . 7  

84 

180 

200 

< 4  

1 9 

250 

1 , 200 

< 2 7 0  

2 1  

< 1 7  
< 3 . 3  

4 , 000 

9. 8 

< 2 . 5 

2 , 6 00 

< 6 . 6 

Lowe s t  
Reg u l atory L i m i t  

Concentra t i on 
( pp b ) t � 

25 

420 

10 

100 

50 

100 

100 

1 , 500 

300 

100 

25 

420 

100 

2 

100 

20 

50 

420 

600 

400 

100 

300 

t l  Concentra t i on con t r i bu t i o n s  were c a l c u l a ted by m u l t i p l y i ng the ave rage d i ked mater i a l  concentra t i o n s  by t he a v e rage o f  the ra t i o s 
o f we l l -water concentra t i on/source concentra t i o n  g i ve n  i n  T ab l e  4 . 4 3 ( w i thout cove r )  a nd T a b l e  4 . 44 ( w i th cove r )  for each Kd 
va l ue .  T h i s  a s s ume s that the average cover i s  equ i va l e n t  to a comp l ete cover for one- h a l f  the per i od and no cover for the 
rema i nd e r .  T h e  re s u l t i ng concentra t i on s  a r e  t h e n  mu l t i p l i ed b y  a factor o f  0 . 1 .  T h i s  fac tor accounts for t h e  fact t h a t  a wel l 
d r i l l ed i n to a s a nd l en s  a t  the edge of the d i ked a rea w i l l  draw most water ( a s s umed to be 90% of the tota l ) f rom surround i ng 
uncontam i na ted a re a s  ( s ee Sec t i o n 4 . 2 . 2 ) .  

t 2  Y r  1000 = concentra t i on a t  year 1000 . Ma x i mum = max i mum concen tr.a t i on reac hed a t  the t i me s  noted . 

t 3  Va l ues a re averages of v a l ue s  g i ven i n  Anderson et a l .  ( 1 981- - T ab l e  1 - 22 , Append i x  I )  for we l l s  N4W29 , N I 0W 1 7 , and N I 0 E I 0 .  T h e s e  
we l l s  o n  the p e r i phery o f  the s i te are chosen to be representa t i ve o f  bac kground concentra t i o n s  b e c a u s e  the rad i um-226 concentra
t i o n in these we l l s  was l ow ,  $ 0 . 1 pC i / L , f o r  a l l samp l e s drawn f rom the we l l s .  T he symbo l < d e no tes that va l ues for a l l three 
we l l s  a re upper l i m i t s . ·  

t 4  See T ab l e  4 . 52 for deta i l s  o n  regu l a tory l i m i t s .  

� , -..j -..j 
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Tab l e  4 . 5 0 .  Concentrati ons of Var i ous I norgan i c  E l ements i n  Water f rom a We l l  
Adjacent to the D i ked Materi a l s ,  Al ternat i ve 2a 

Contri buti on  from 
D i ked Mate r i a l  T i me t o  Reach Total Concentrati on , 

Leachatet 1 Maxi mum Background We l l  Water 
Yr  1000t2 Maxi mumt2 Concentrati o n  Concentra t i ont3 Yr 1000t2 Maxi mumt2 

E l ement ( ppb)  ( pp b )  (yr)  ( pp b )  ( pp b )  ( pp b )  

Ars e n i c  0 . 23 0 . 31 6 , 000 < 6 . 7 < 6 . 7 < 6 . 7  
Bar i um 1 . 7  8 . 8 68 , 000 220 220 230 
Cadmi um 0 . 025 0 . 03 5  6 , 000 < 5 3  < 53 < 53 
Cer i um 0 . 001 0 . 03 900 , 000 2 . 0 2 . 0 2 . 0 
C h romi um 0 . 11 0 . 4  5 6 , 000 28 28 28 
Coba l t 0 . 005 0 . 13 900 , 000 3 . 7  3 . 7  3 . 7  
Copper 0 . 7  2 . 7  56 , 000 81 82 84 
F l uori ne 2 . 9  3 . 4  4 , 000 180 180 180 
I ron 0 . 13 3 . 5 900 , 000 200 200 200 
Lanthanum 0 . 0011 0 . 03 900 , 000 <4  <4  <4  
Lead 0 . 78 5 . 5 90 , 000 13  14  19 
L i t h i um 0 . 001  0 . 034 900 , 000 250 2 50 250 
Manganese  1 . 1 8 . 0 90 , 000 1 , 200 1 , 200 1 , 200 
Mercury 0 . 00009 0 . 0006 90 , 000 <270 < 270 < 270 
N i  ckel  0 . 014 0 . 38 900 , 000 21  21 21  
Se l e n i um 0 . 43 0 . 59 6 , 000 < 16 < 1 6  <17  
S i l ver  0 . 00009 0 . 0007 90 , 000 < 3 . 3  < 3 . 3 < 3 . 3 
Stronti um 0 . 28 1 . 1 5 6 , 000 4 , 000 4 , 000 4 , 000 
U ran i um 0 . 4  2 . 0 68 , 000 8. 7 9 . 1 11  
Vanad i um 0 . 003 0 . 072 900 , 000 < 2 . 4 < 2 . 4  < 2 . 5 
Z i nc 0 . 04 0 . 15 56 , 000 2 , 600 2 , 600 2 , 600 
Z i rcon i um 0 . 0005 0 . 014 900 , 000 < 6 . 6  < 6 . 6 < 6 . 6 

t 1  Ca l c u l ated for a constant cap thi c kn e s s  o f  1 . 9  m ( 1 . 5 m c l ay + 0 . 2 m sand + 0 . 2  m r i p rap ) .  
The concentrati on va l ue s  have been mu l t i p l i ed by a factor o f  0 . 1 .  Th i s  accounts for the fact 
that a we l l  dr i l l ed i nto a sand l en s  at the edge o f  the d i ked a rea wou l d  d raw mos t  water 
( a s s umed to be 90% o f  the tota l ) f rom s urround i ng uncontami nated areas . 

t2 Yr 1000 = concentrat i o n  at year 1000.  Max i mum = max i mum concentra t i o n  reached at  the t i me s  
note d .  

t3 S e e  Tab l e  4 . 49 .  
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Tab l e  4 . 5 1 .  Concentrati ons o f  Var i ous  I norgan i c  E l ements i n  Water from a 
We l l  Adjacent to the D i ked Mater i a l s ,  A l te rnati ve 2b 

E f fect i ve Average Contri b u t i o n  from T i me to Reach We l l -Water Leachate t 1  Concentra t i on , Max i mum Bac kground 
D i ked Mate r i a l s Yr looot2 Max i mumt2 Concentra t i o n  Concentrati o nt3 

E l ement ( ppm)  ( ppb ) ( p p b )  ( y r )  ( ppb ) 

Arse n i c  2 . 0  0 . 1 0 . 14 6 , 000 < 6 . 7 
Bari um 440 0 . 34 1 . 8  68 , 000 220 

Cadm i um 0 . 24 0 . 012 0 . 017 6 , 000 < 5 3  

Ceri um 21  0 . 00015 0 . 0040 900 , 000 2 . 0  
Chromi um 26 0 . 057 0 . 22 56 , 000 28 
Coba l t 71  0 . 00050 0 . 013 900 , 000 3 . 7 

Copper 89 0 . 19 0 . 75 5 6 , 000 81 
F l uor i ne 43  7 . 3 8 . 6 4 , 000 180 

I ron  16 , 000 0 . 11 3 . 0  900 , 000 200 

Lanthanum 24 0 . 0002 0 . 0045 900 , 000 <4  

Lead 59 0 . 016 0 . 11  90 , 000 13 

L i th i  urn 160 0 . 0011 0 . 030 900 , 000 250 

Manganese 780 0 . 21  1 .  48 90 , 000 1 , 200 

Mercury 0 . 26 0 . 00007 0 . 0005 90 , 000 < 270 

N i c ke l  170 0 . 0012 0 . 032 900 , 000 21 

Se l e n i um 1 . 4  0 . 07 0 . 097 6 , 000 < 16 

S i l ve r  0 . 17 0 . 00004 0 . 0003 90 , 000 < 3 . 3 

Stronti um 92 0 . 2 0 . 77 56 , 000 4 , 000 

Ura n i um 16 0 . 012 0 . 064 68 , 000 8 . 7 

Vanad i um 110 0 . 00078 0 . 020 900 , 000 < 2 . 4 

Z i nc 5 . 9  0 . 013 0 . 050 5 6 , 000 2 , 600 

Z i rcon i um 59  0 . 00042 0 . 011 900 , 000 < 6 . 6 

t l  Ca l cu l ated for a constant cap t h i c knes s  o f  1 . 9 m ( 1 . 5 m c l ay + 0 . 2 m s a nd + 0 . 2  m 
r i p rap ) .  The concentra t i o n  v a l u e s  are mul t i p l i ed by a factor o f  0 . 1 .  T h i s accounts for 
the fact t�at a we l l  dr i l l ed i nto a sand l en s  at the edge o f  the d i ked a rea wou l d  d raw 
most water ( a ss umed to be 90% o f  the tota l ) f rom s urround i ng uncontam i nated areas ( see  
Sect i on 4 . 2 . 2 ) .  

t 2  Y r  1000 = concentra t i o n  a t  year 1000.  Max i mum = max i mum concentrati on reached at the 
t i me s  noted.  

t3  See Tab l e  4 . 49 .  
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Tab l e  4 . 52 .  Maxi mum A l l owed Concentrat i on s  o f  
Vari ous I norgan i c  E l ementst 1  

Maxi mum A l l owed Concentrat i ons  ( mg/ L )  

E l ement 

Groundwater 

Rece i v i ng 
D i scharge Watert2 

SPDES 
D i scharge 

Perm i tt3 

Arsen i c  

Bari um 

Cadm i um 

Ceri um 

C h romi um 

Coba l t 

Copper  

F l uori ne 

I ron 

Lanthanum 

Lead 

L i th i um 

Manganes e  

Mercury 

N i  cke l  

Se l en i um 

S i l ve r  

Stront i um 

Uran i um 

Vanadi um 

Z i nc 

Z i rcon i um 

0 . 05 

2 . 0  

0 . 02 

0 . 10t4 

1 . 0 

3 . 0  

0 . 6tS 

0 . 05 

0 . 6tS 

0 . 004 

2 . 0 

0 . 04 

0 . 1 

5 . 0 

0 . 025 

1 . 0  

0 . 01 

0 . 0 5t 4  

1 . 0  

1 . 5 

0 . 3t6 

0 . 025 

0 . 3t6 

0 . 002 

0 . 02 

0 . 05 

5 . 0  

t 1  Sourc e :  New Y o r k  Department o f  E n v i ronmental  Conservat i on Groundwater 
Qua l i ty Standards , T i t l e  6 ,  Part 703 ; E i sman ( 1983a , 1983b ) .  

t 2  Maxi mum a l l owab l e  concentrat i ons i n  groundwater u n l e s s  exceeded by the 
natural  env i ronmen t .  

0 . 33 

0 . 42 

0 . 10 

0 . 15 

0 . 10 

0 . 10 

4 . 2  

0 . 42t7 

0 . 10 

0 . 10 

0 . 42 

0 . 10 

0 . 10 

0 . 42t7 

1.  8t8 

0 . 40 

0 . 10 

0 . 30 

t3 Max i mum a l l owab l e  concentra t i on s  i n  rece l v l ng water i n  the centra l drai nage 
d i tc h  under cond i t i ons of l arge wate r f l ow i n  the d i tc h .  

t 4  App l i es t o  hexav a l e n t  chrom i um o n l y .  

tS  T h e  comb i ned concentra t i o n s  of i ron a n d  manganese s ha l l n o t  exceed 1 . 0  mg/L .  

t 6  T h e  comb i ned concentrati on s  o f  i ron  and manganese  s ha l l  n o t  exceed 0 . 5 mg/ L .  

t7  T h e  New Y o r k  SPDES Perm i t h a s  recent l y  been mod i f i ed t o  a l i m i t  o f  0 . 42 mg/L 
for total  i ron  and  0 . 42 mg/L for s t ront i um ( Fac i l i ty Perm i t  No.  NY-011-0469 , 

Mod i f i ca t i o n  date : March 9 ,  1984 ) .  

t 8  DOE O rder 5480 . 1A L i m i t  ( A l exander 1983 ) .  1% o f  96- h  LCso for  fathead 
m i n nows i n  hardwater i s  1 . 35  mg/L ( U . S .  E nv i ro n .  P ro t .  Agency 1972 ) .  
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Tab l e  4 . 5 3 .  We l l -Water Concentra t i ons  of Se l ected O rgan i cs Contri buted by 
Leachate f rom NFSS Contami nated Materi a l s ,  A l ternati ve 1 

Concentrat i o n  i n  
N F SS Wastest 1 ' t2 

O rgan i cs ( ppb ) 

PCBs  < 2 6  
L i ndane , etct 5 < 10 

Toxaphene 13  

Heptac h l o r  <10  

C h l ordane < 10 

D i e l dr i n <10  

P henol  < 10 

Benzo( a ) pyrene <10  

t 1  See  Sect i on 3 . 1 . 8  for detai l s . 

Contri buti on to We l l  Water f rom 
NFSS Mate r i a l  {eeb ) t3 

Year 1000t4 Maxi mumt4 

Kd :: 0 Kd :: 1000 Kd :: 0 Kd :: 

< 0 . 0057 <3 x 10- 7 < 0 . 0067 <5 x 
< 0 . 0022 <2 x 10- 7 <0 . 0025 <2 x 
< 0 . 0028 <2 x 10- 7 < 0 . 0033 < 2  x 
< 0 . 0022 <2 x 10- 7 < 0 . 0025 < 2  x 
< 0 . 0022 <2  x 10- 7 < 0 . 0025 <2 x 
< 0 . 0022 <2 x 10- 7 < 0 . 0025 <2  x 
< 0 . 0022 <2 x 10- 7 < 0 . 0025 <2 x 
< 0 . 0022 <2  x 10- 7 < 0 . 0025 <2 x 

t 2  The symbol < i nd i cates that samp l e  v a l ues are reported as upper l i m i ts .  

Regu l atory L i m i t 
Concentrati ont5 

1000 (ppb)  

10-6 0 . 1 

10-6 NO 

10-6 NO 

10-6 NO 

10-6 0 . 1 

10-6 NO 

10-6 1 

10-6 NO 

t3  Concentrati on contri but i ons  are cal c u l ated by mu l t i p l y i ng the average d i ke d  mate r i a l  concentra
t i ons by the average o f  the rat i os o f  we l l -wate r concentrati on/source concentrati o n  g i ven i n  
Secti o n  4 . 2 . 2  for c l ay cover and no c l ay cover fo r each Kd val ue . T h i s a s s umes that the average 
cover i s  e qu i va l ent to a comp l ete cover for one- ha l f the per i od and no cover for the rema i nder .  
The res u l t i ng concentrat i ons are  then mul t i p l i ed by a factor  of  0 . 1 .  T h i s  factor  accounts  for  
the fact  that a we l l  dri l l ed i nto a sand l ens  at  the edge  o f  the d i ked area wou l d  d raw most water 
( a s s umed to be 90% o f  the tota l ) from s urround i ng uncontam i nated a rea s .  

t 4  Year 1000 :: concentrati on at  year 1000 ; Maxi mum :: maxi mum concentrati on reached a t  any t i me ;  
max i mum for  Kd :: 0 and Kd :: 1000 cm3/g i s  800 and 95 , 000 years , respecti ve l y .  

t5  New York  Department of E n v i ronmental Cons ervat i on G roundwater Q ua l i ty Standards , T i tl e 6 ,  
Part 703 , 9/1/78 ) . NO :: not detectab l e . 

t6 I nc l udes several  i somers o f  benzene hexac h l o r i d e .  One  sampl e v a l ue for  one of the i somers 
was not an upper l i m i t .  

are ca l c u l ated u s i ng the same hydro l og i c  mode l  and parameters a s  used f o r  the i norga n i c  e l ements  o f  
concern ( Secti on 4 . 2 . 2 ) .  Because K d  v a l ues are not ava i l ab l e ,  e s t i mates o f  concentra t i o n s  are 
c a l cu l ated us i ng 0 and 1000 cm3/g as  the l owes t  and h i ghest pos s i b l e  v a l ues for  Kd ( Tab l e  4 . 48 ) . 
Because o f  the i ncreased cover t h i c kness  i n  A l terna t i v e s  2a , 2b , 4a , and 4c , l eachate generat i o n  w i l l  
be reduced re l at i ve to A l ternat i ve 1 .  As  a res u l t ,  concentrati ons  of  organ i cs i n  the wel l water  wi l l  
be approx i mate l y  70-80% of the concentra t i ons  presented i n  Tab l e  4 . 53 for the t i me of  max i mum 
concentrati o n .  

T h e  organ i c  concentra t i ons  a r e  l ow a n d  are we l l  be l ow t h e  regu l atory l i m i ts for  t h e  cases i n  
wh i ch spec i f i c  l i m i t i ng concentrati ons  ar.e g i ve n .  A l though th i s  i nd i cates that the potenti a l  for  
o rgan i c  chem i ca l  contam i na t i o n  i s  negl i g i b l e ,  th i s  conc l u s i on i s  reached with  the caveat that the  
concentrat i on s  in  the NFSS waste are not we l l  documented ( based on  l i m i ted samp l i ng ,  some i nsens i t i ve 
ana lys e s , and a s i mp l e  a s s umpt i on that 2% of the wastes a re contami nated w i th organ i c  chem i ca l s ) .  
A l s o ,  the e s t i mated concentrat ions  a re sen s i t i ve to the Kd v a l ues a s s umed ; w i thout more accu rate 
v a l ues of Kd , the v a l ues for  Kd :: 0 and Kd :: 1000 are a s s umed to be upper and l owe r l i m i ts  of a range 
of pos s i b l e va l ue s .  F i na l l y ,  for the s e  cal c u l at i o n s , the o rga n i c s  are a s s umed to be comp l etely 
p e r s i stent and to not decompose apprec i ab l y  for pe r i o d s  o f  1000 years  and more.  Wi th decompos i t i o n , 
the  e s t i mated concentrat i on s  o f  o rgan i c s  i n  we l l  water wi l l  be reduced further .  

4 . 4 . 3 . 2  Hanford 

The cover wi l l  not e rode dur i ng the 200- to 1000-year t i me per i od for a l l a l e rna t i ves at Hanford 
( 3 a ,  4a , 4b ) ,  even under i nten s i ve use of  the l and for graz i ng a n i ma l s .  Therefo re , there wi l l  be no 
r e l ease o f  was tes  o r  res i due s  to  s urface wate r s .  There wi l l  be no i mpact of  l eachate f rom bur i ed NFSS 
materi a l s on  water in  a we l l  dr i l l ed at the edge of the b u r i ed materi a l s because the l eachate wi l l  not 
reach the groundwater in th i s  p e r i o d .  At l ater t i me s  after the l eachate reaches  the grounwate r ,  the 
maxi mum cont r i b u t i o n s  to we l l -water concentrat ions  of  both i no rga n i c  e l ements and organ i c  chem i c a l s 
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w i l l  be about 10% o f  the max i mum va l ues c a l c u l ated for the we l l  at N F S S .  The  maxi mum concentrati o n  o f  
any e l eme n t  o f  concern i n  the we l l  wate r  at  Hanford wi l l  be neg l i g i b l e  ( l e s s  t h a n  1 ppb ) .  T he concen
trati ons  o f  nonra d i oac t i ve contami nants i n  g roundwater at  the po i nt of d i s c harge to the Co l umb i a  R i ve r  
a re expected to be e s senti a l l y  z e ro .  

4 . 4 . 3 . 3  O a k  R i dge 

As at Hanford , there wi l l  be no re l eases  to s u rface waters at Oak R i dge w i th i n  1000 years under 
a l l a l terna t i ves  ( 3b ,  4c , and 4d ) .  Wi th the excep t i o n  of arse n i c ,  cadm i um ,  f l uo r i ne , and s e l e n i um ,  
the we l l -water concentrat i o n s  o f  a l l nonrad i oac t i ve c hem i ca l  contami nants wi l l  be e s s e nt i a l l y  z e ro 
d u r i ng the f i rst 1000 yea r s .  Mos t  o f  the contam i nants requ i re more than 1000 years to m i grate f rom 
the bottom of the waste/re s i due p i l e  to the water tab l e .  Arse n i c ,  cadm i um ,  f l uo r i ne , and s e l en i um 
w i l l  be o n l y  s l i ght ly  retarded by s o rp t i on-desorpti on e f fects  and w i l l  therefore reach max i mum concen
trati on s  i n  l e s s  than 1000 years ( Tab l es 4 . 43 and 4 . 44 ) .  At 1000 years after was te emp l acement , the 
concentrati ons o f  these  four e l ements in  the  wel l water w i l l  be reduced to z e ro .  

Max i mum contr i b u t i o n s  o f  e l ements i n  t h e  l eachate t o  the g roundwater at  a wel l next t o  the bur i a l  
s i te ( A l ternati ve 3b ) and at a p o i nt  o f  g roundwater d i scharge  to the C l i nc h  R i ve r  a r e  g i ve n  i n  
Tab l e 4 . 54 .  T h e  t i mes  a t  wh i c h  maxi m um concentra t i o n s  w i l l  be reached are a l so presente d .  The  max i mum 
concen t ra t i ons  o f  e l ements o f  concern i n  the g roundwater i mmedi ate l y  under the s i te are expected to be 

E l emen t  

Arse n i c  

Bar i um 

Cadm i um 

Cer i um 

C h rom i um 

Coba l t  

Copper 

F l uori ne 

I ron 

Lanthanum 

Lead 

L i t h i um 

Manganese  

Me rcury 

N i  c ke 1 
S e l e n i um 

S i l ve r  

Stronti um 

U ra n i um 

Vanad i um 

Z i nc 

Z i rcon i um 

Tab l e  4 . 54 .  Maxi mum Contri bu t i on  t o  Concentrati o n s  o f  E l ements  
o f  Concern i n  G ro undwater at  D i f fe rent 

O a k  R i dge  Locati ons , Al terna t i ve 3b 

Max i m um Cont r i b u t i o n  
f rom Leachate (ppb ) 

Tennessee 
Wate r Qua l  i ty 

C r i te r i at2 
( ppb ) 

T i me to Reach 
Max i mum Contr i bu t i o n  (yr)  

At C l i nc h  R i vert 1 

0 . 12 

4 . 4 

0 . 014 

0 . 015 

0 . 15 

0 . 065 

1 . 0 

1 . 5 

1 . 8  

0 . 01 

2 . 8  

0 . 02 

4 . 1 

0 . 0003 

0 . 20 

0 . 24 

0 . 0003 

0 . 41 

1 . 0  

0 . 04 

0 . 06 

0 . 007 

At S i te We l l  

0 . 30 

9 . 7 

0 . 033 

0 . 04 

0 . 41 

0 . 17 

2 . 7  

4 . 8  

4 . 6 

0 . 04 

7 . 2  

0 . 04 

10  

0 . 0008 

0 . 5 

0 . 57 

0 . 0009 

1 . 1 

2 . 2 

0 . 1 

0 . 15 

0 . 19 

50  

1 , 000 

50  

0 . 05 

100 

10 

50  

5 , 000 

At C l i nch  R i ver  At S i te We l l  

410 

4 , 800 

410 

1 10 , 000 

2 , 700 

110 , 000 

2 , 700 

200 

1 10 , 000 

110 , 000 

11 , 000 

110 , 000 

11 , 000 

11 , 000 

110 , 000 

4 10 

1 1 , 000 

2 , 700 

4 , 800 

110 , 000 

2 , 700 

110 , 000 

280 

4 , 100 

280 

80 , 000 

2 , 300 

80 , 000 

2 , 300 

100 

80 , 000 

80 , 000 

8 , 000 

80 , 000 

8 , 000 

8 , 000 

80 , 000 

280 

8 , 000 

2 , 300 

4 , 100 

80 , 000 

2 , 300 

80 , 000 

t1 4800 m f rom the b u r i a l  s i te .  

t 2  Source :  R u l es and Regu l at i ons o f  the S tate o f  Tennessee , Chapter 1200-4 ,  Ru l e  3 as  
amended , October 22 , 1982 . 

t3 Nat i ona l  I nter i m  Pr i mary D r i n k i ng Water Standards ( 40 C F R  141 ) .  
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wel l be l ow the  regul atory l i m i ts .  As  a res u l t ,  the i mpact on the  g roundwater o f  concentrati ons of 
e l ements o f  concern res u l t i ng from b u r i a l  o f  the NFSS wastes at Oak  R i dge wi l l  be negl  i g i b l e at a l l 
t i mes . Under Al ternat i ves  4c and 4d , g roundwater concentrat i ons at the wel l and at C l i nch  R i ver wi l l  
b e  even l ower than under A l ternati v e  3b . 

S i m i l ar l y ,  tox i c  orga n i c s  b u r i ed at Oak  R i dge wi l l  have a neg l i g i b l e  i mpact on groundwater .  
Those  organi cs w i th Kd  > 3 cm3/g wi l l  not reach the  water tab l e in  1000 years , and the  max i mum val ues 
o f  the concentrati on  contri b u t i on s  w i l l  be about 7% o f  the v a l ues for the NFSS we l l for Al terna
t i ve 2a. For  those  orga n i c s  w i th Kd ; 0 ,  maxi mum concentra t i o n s  w i l l  be reached i n  570 years and wi l l  
b e  the same as  those for the we l l  water at NFSS for A l terna t i ve 2a .  

4 . 5  MAR I NE 

The consequences of dump i ng NFSS wastes i n  the  ocean wi l l  depend upon the fate o f  the NFSS wastes  
i n  the ocean  env i ronment .  The  expos u re o f  mar i ne organ i sms to turb i d i ty and trace e l ements , i nc l ud i ng 
rad i  onuc 1 i de s , wi 1 1  depend on the 1 ocat i on and d i l ut i o n  o f  the waste const  i tuents . The  expos ure of 
huma n s  to rad i onuc l i de s  added to the dump s i te ( Secti o n  4 . 1 . 2 . 2 ) wi l l  depend on  the i r  use  o f  the mar i n e  
e n v i  ronment.  

4 . 5 . 1 D i sposa l  S i te S e l ect i on 

I n  order to e s t i mate the  re l ati v e  i mpacts from ocean d i spo s a l  a s  compared to o n l and d i spos a l  
a l ternat i ves , i t  i s  neces s a ry t o  i denti fy a potent i a l  ocean- d i sposa l  s i te .  Deta i l ed anal ys i s  o f  
opt i ona l ocean d i sposa l  s i tes  i s  beyo nd t h e  scope o f  th i s  E I S .  I n  th i s  E I S , t h e  s i te a s s umed f o r  
ocean d i sposal  i s  the 106- M i l e  Ocean Waste D i sposal  S i te ( S i te 106 ) , wh i ch i s  dedi cated t o  d i sposa l  o f  
i ndustr i a l  a n d  mun i c i pa l  wastes  ( see Append i x  F for deta i l ed desc r i pt i on s ) .  S i t e  106 i s  a deep- wate r 
s i te i n  an area wi th comp l ex hydrodynami c  features .  The  s i te i s  w i th i n  a reasonab l e  d i stance of the 
P o rt o f  New Yo r k ,  yet in  an  area wi th  l i tt l e other h uman use  o f  the  mari ne env i ronment ( U . S .  E nv i ron .  
P rot .  Agency 1980a ) . S i te 106 and adjacent areas  o f  the  Conti nental  S l ope and R i s e  are under study by 
t h e  U . S .  Env i ronmental Protecti o n  Agency ( EPA) and the Nat i onal  Ocea n i c  and Atmosphe r i c  Admi n i s trat i o n  
( NOAA ) .  S i te moni tori ng s tud i es by NOAA have provi ded p re l i m i nary e s t i mates o f  waste d i spers i o n  and 
the i mpact of past d i spo s a l  acti v i t i es .  U s i ng S i te 106 a s  an  examp l e in t h i s  E I S  enab l es the use of 
emp i r i c a l  data a s  wel l a s  theoreti ca l  ca l c u l ati ons  to e s t i mate the  i mpacts o f  the  ocean d i spos a l  of  
N F SS wastes .  

4 . 5 . 2  Waste- Fate Scenar i o s  

E x i s t i ng mode l s  o f  waste d i sper s i o n  i n  the  ocean h a v e  b e e n  devel oped for ana l ys i s  o f  was tes  that 
are e i ther l i q u i d  o r  eas i ly d i spersed s o l i d s  ( i ndustri a l  s l urrys , a s h , l i q u i d  chem i ca l  was tes , d r i l l 
i ng mud s , s a n i tary was te s ,  and dredge spo i l s ) .  I n  contra s t ,  NFSS wastes  are s i l ty c l ays  and wi l l  be 
wet , compacted , and very cohes i ve whe n  they arr i ve at the dump s i te .  U s e  o f  ex i st i ng mode l s  wi thout 
reservat ions  wi l l  res u l t i n  undere s t i mati ng the  i mpact to the ocean bottom becaus e  these mode l s  treat 
waste p l umes as  though they were l i q u i ds , so  the mode l s  pred i ct that the wastes d i sperse  wh i l e  s t i l l  
s uspended i n  the upper  l ayers o f  the ocean.  I n  actua l i ty ,  c l oddy so i l s  w i l l  probab ly  be poorly m i xed 
w i th s eawater and o n l y  part o f  the was te s  wi l l  act l i ke a patch of turb i d  water .  The contrary a s s ump
t i o n  i s  that a l l the NFSS so i l s  wi l l  remai n a so l i d  mas s  and s i nk d i rec t l y  to the bottom. T h i s a s s ump
t i on wou l d  resu l t  i n  undere s t i ma t i ng the  i mpact to the s u rface wate rs o f  the ocean and overest i mat i ng 
i mpacts to the bottom of the  dump s i te becaus e  some muds may be was hed from the  so i l  mass  dur i ng 
d i spo s a l  operat i o n s  and as  the  mas s  s i nks . NFSS  wastes  are compos ed p r i mari l y  o f  so i l s  ( Sect i o n  3 . 1 . 7 ) 
that have part i c l e dens i t i es o f  about 2 . 5 to 10 g/cm3 . Al though some o rga n i c  mate r i a l  wi l l  be present  
i n  the so i l  frac t i o n  o f  the was tes , the  pr i mary contam i nated compo nent o f  the s o i l s  w i l l  be c l ay 
parti c l e s .  Because the dens i ty o f  parti c l e s  i n  the wastes ( dens i ty ; 2 . 6 g/cm3 ) i s  mo re than twi ce 
the dens i ty o f  s eawater ( de n s i ty ; 1 . 026 g/cm3 ) ,  accumu l ati on  o f  parti c l es at the  var i ous  zones of 
rap i d  dens i ty change in  the s eawater i s  not con s i dered further .  Co l l o i da l  suspe n s i ons  of c l ay i n  
s eawater wi l l  a l so be more dense  than seawater and wi l l  not be permanen t l y  trapped i n  zones  of rap i d  
dens  i ty change.  

Therefore , pred i ct i on s  o f  waste fate i n  th i s  EIS  a re based on  an ana l ys i s  of  two bound i ng 
scena r i o s  ( F i gure 4 . 8 ) : ( 1 )  a l l the wastes  fa l l  d i rectly to the bottom wi thout d i l ut i o n ,  and ( 2 )  a l l  
the  wastes are we l l m i xed i n  the  surface waters above the  l ayer o f  permanent water s t rati f i cati o n  
( pycnoc l i ne )  ( Append i x  E ,  Sec t i o n  E . 4 . 1 ) .  The  actual  i mpacts from NFSS was tes  are expected to f a l l 
somewhere between these two extreme cases .  The  c urrent state of the art on mode l i ng d i spers i o n  o f  
s o l i d  b u l k was te s  does n o t  a l l ow a mo re prec i se a s s es sment t h a n  p re se nted here . Cumu l ati ve i mpacts on  
s u rface waters ( Scena r i o  I )  f rom repeated dump i ng are not expected becaus e  was tes  from one dump i ng 
a c t i o n  wi l l  be d i l uted and carri ed beyond the dump s i te before the next dump i ng act ion  ( Append i x  E ) .  
Wi th respect to depo s i t i o n  o f  wastes  o n  the ocean bottom ( Scena r i o  I I ) , l es s  than 0 . 1% o f  the ded i ca
ted was te- d i sposal  s i te bottom wi l l  b e  af fected by dump i ng of a l l the NFSS wastes ( see Sect i o n  4 . 5 . 2 . 1 ) . 
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F i gure 4 . S .  Schema t i c  D i agram o f  Two Bound i ng Scena r i o s  Used 
for As s e s sment  of Impacts  from Ocean D i spos a l  of  
NFSS Wastes .  

4 . 5 . 2 . 1  Scenari o I :  Wa ste Depos i t i o n  to the Sed iments 

The h i ghest  rate of exposure  of mar i ne o r ga n i sms to waste consti tuents over  the l onge s t  p e r i od of 
t i me wou l d  occur i f  the wa s tes  descended d i rect l y  to the bottom o f  the dump s i te wi thout d i l ut i on 
( Scenari o I ) .  Such beha v i o r  m i ght  be expected o f  wet , compacted , s i l ty- c l ay so i l s - - such  a s  the NFSS 
wastes- -wh i ch s hou l d  reach the bottom wi th i n  about 1 . 6  km o f  the dump l ocat i o n .  Dur i ng the dump i ng 
acti on , the fal l i ng  wastes wou l d  probab l y  smother a n i ma l s  (worms , e tc . ) l i v i ng on the ocean f l oo r .  I f  
a l l the NFSS was te s  ( lS0 , OOO m3 ) were depos i ted i n  l ayers o r  mounds a t  l ea s t  10-cm th i c k ,  n o  more than 
1 . 7  km2 o f  benth i c  s urface ( ocean  bottom ) wou l d  be covered.  Th i s  i s  l es s  than 0 . 1% of the dump s i te 
area . 

Reco l on i zati on  of was te depos i ts by benth i c  a n i ma l s w i l l  be l i m i ted by the i r  sens i t i v i ty to waste 
const i tuents that are d i s s o l ved in  water i n  the pore space o f  the sed i ments . The compo s i t i on o f  the 
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pore water i n  the wastes wi l l  be determ i ned p r i mar i l y  by the trace-metal  compo s i t i on o f  the wastes and 
the  d i s t r i b u t i o n  coe f f i c i ents between sed i ments  and water .  T h e  concentrat i on s  o f  trace meta l s i n  the 
wastes are compared w i th the i r  concentrati ons  i n  the S i te 106 sed i ments  i n  Tab l e  4 . 5 5 .  Chromi um ,  
l ead , and z i nc concentrati on s  i n  the wastes are not muc h g reater than concentrat i o n s  i n  the sed i ments ; 
however , copper  and n i cke l concentra t i o n s  are h i gher .  E s t i mates of the i n i t i a l  concentrati on  o f  
d i s so l ved coppe r a n d  n i c ke l  i n  pore waters i n  t h e  N F S S  wastes  a r e  ca l cu l ated by d i v i d i ng t h e  NFSS 
waste concentra t i o n s  by the representati ve d i st r i bu t i o n  coe ff i c i ents  ( from Tab l e 4 . 48 ) , y i e l d i ng 
4 . 0 ppm for copper and 0 . 17 ppm for n i c ke l . These concentrat i o n s  exceed c r i te r i a recommended for 
p rotect i on of mar i n e  l i fe and , therefore , some a n i ma l s may have d i f f i c u l ty reco l on i z i ng the waste soon 
after depo s i t i o n .  Al though i n i t i a l pore water concentrat i o n s  for other trace meta l s are g reater than 
the tox i c i ty c r i te r i a ,  reco l o n i zat ion  s ho u l d not be i nh i b i ted by these meta l s because S i te 106 sed i 
ments natural ly  conta i n  even  g reater concentra t i ons than the was t e s .  Wi th t i me , trace- e l ement concen� 
trat i ons s hou l d  dec rease  as the e l ements i n  the pore waters d i ffuse  i nto waters that move over the 
depo s i ted wastes .  

Tab l e  4 . 5 5 .  Compari son  o f  Trace E l ements i n  Wastes  and S i te 106 Sed i ments  

Ex i st i ng 
S i te 106 NFSS 

Sed i mentst 1 Wastest2  
E l ement ( �g/g)  ( �g/g ) 

Cadm i um 1 .  2- 1 .  8 0 . 26 

Chrom i um 16 . 8-28 . 6 28 

Coppe r 13 . 4- 37 . 2  99 

Lead 16 . 0- 38 . 8 34 

N i  cke  1 12 . 6- 33 . 6  170 

Z i nc 65 . 0  5 . 2  

t 1  F rom G re i g  and Wenz l o ff  ( 1977 ) .  

D i s t r i b u t i o n  
Coeff i c i e ntst3 

6 . 7 
37 

25 

99 

1000 

16 

t2 Average from Tab l e  3 . 8  of th i s  doc ument .  

t 3  F rom Tab l e  4 . 48 o f  t h i s document .  

I n i t i a l  
Pore Water 

Concentrati o n  
i n  Wastes 

( mg/L)  

0 . 04 

0 . 8  

4 . 0 

0 . 3 

0 . 17 

0 . 3 

t4 24-hour average , total recoverab l e  ( U . S .  E nv i ro n .  P ro t .  Agency 1980a ) .  

t 5  Repo rted l eve l for chro n i c  tox i c i ty ( U . S .  E nv i ro n .  Prot .  Agency 1980a ) .  

Cri ter i a  Based 
on Tox i c i ty 

( mg/L)  

< 0 . 0001 

0 . 2t4 

0 . 004t4 

0 . 02t5 

0 . 007t4 

0 . 05t4 

Caut i on shou l d be used i n  app l y i ng data f rom freshwater and coasta l spec i es to deepwater spec i es 
because the trace-metal to l erances o f  deepwater mar i ne organ i sms a re not known . Al so , those organ i sms 
l i v i ng i n  typ i ca l  deep- sea s e d i ments ( 130-570 ppm copp e r ;  80-290 ppm n i c ke l ) or i n  a reas o f  manganese 
nod u l es  ( 3 , 920 ppm copper ;  6340 ppm n i cke l ) a re exposed to much h i gher concentrati o n s  o f  trace meta l s 
than are present  i n  NFSS waste s .  

The addi t i on o f  7 . 8  C i  o f  rad i um- 226 t o  S i te 106 wou l d  be o n l y  a sma l l add i t i o n  t o  the i nventory 
o f  natural ly  occurr i ng radi um- 226 i n  the s e d i ments  o f  S i te 106 . I t  i s  e s t i mated that the upper 10 cm 
o f  the S i te 106 s e d i ments conta i n  app rox i mate l y  200 to 400 C i  of rad i um-226 , based on the a s s umpt i on 
that the rad i um content o f  the S i t e  106 sed i ments  i s  s i m i l ar to s o i l s  of nearby areas o f  the cont i 
nental  U n i ted States ( 1-2  p C i /g ) .  The rad i um content o f  the S i te 106 sed i ments i s  not known , b u t  much 
o f  these s e d i ments  i s  deri ved from conti nental e ro s i o n .  Based o n  ca l c u l at i ons  us i ng the h i ghest f l ux 
o f  rad i um-226 known for the oceans ( Append i x  E ,  Secti o n  E . 4 . 2 ) ,  the add i t i on of rad i um-226 to water 
over l y i ng the wastes  wi l l  be l es s  than 0 . 002 pC i /L i n  was te s  undi l uted by na�ral s e d i ments .  Th i s  i s  
l e s s  than  2% of the average concentrati on o f  rad i um i n  seawate r ,  wh i ch i s  0 . 1 p C i / L  ( Jo seph et a l . 
1971 ) . 

4 . 5 . 2 . 2  Scenari o I I :  Waste D i spe r s i o n  i n  the Surface Waters 

Was tes  that are we l l  m i xed wi th s u rface waters dur i ng a d i sposa l  acti on wi l l  be d i spersed i n  both 
vert i c a l  and hor i zontal  d i rect i on s  due to the dens i ty o f  the s o i l  part i c l e s ,  the descent o f  the waste
f i l l ed wate r ,  and the natural m i x i ng act i o n  of ocean water s .  S i te 106 i s  a dedi cated waste- d i spo s a l  
s i te ;  therefore , i mpacts t o  a r e a s  out s i de t h e  s i te are est i mated . 

Vert i ca l  M i x i ng. Because  the part i c l es a re more dense ( app rox i mate l y  2 . 5 g/cm3 ) than seawater 
( app rox i mate l y  1 . 0 g/cm3 ) ,  the parti c l es wi l l  s i nk due to grav i ty- - a  tende ncy that wi l l  be res i sted by 
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the  v i scos i ty of  the wate r ,  water turbu l ence , and dens i ty grad i ents . A s i mp l e  app roxi ma t i o n  for 
dete rm i n i ng the s i n k i ng rate of  part i c l e s  that are far apart i s  Stokes ' equat i o n .  When app l i ed to 
NFSS wastes at S i te 106 , Stoke s ' equati o n  p re d i cts that sand parti c l e s  w i l l  settl e to the bottom 
wi th i n  1 . 5 days , but sma l l s i l t  and c l ay parti c l es w i l l  s i nk very s l ow l y  and may not sett l e  for many 
days ( see  Secti o n  E . 4 . 2  for further d i 1 c us s i o n ) . 

When waste part i c l es are c l ose  togethe r ,  s uch a s  i n  a turb i d  c l o ud ,  the waste  and i ts a s s o c i ated 
water act l i ke a dense f l u i d . The d i fference i n  dens i ty between  the waste c l oud and the  surround i ng 
wate r resu l ts i n  descent of the waste c l oud , a pro c e s s  ca l l ed convecti ve descent .  As the c l oud 
descend s , i t  capture s surround i n g  wate r ( entra i nment)  unt i 1 i ts dens i ty decreases  to that of  the 
surround i ng wate r .  An e s t i mate of  convecti ve descent f o r  a l arge l oad of N F S S  was te s  i n d i cates that 
the wastes  wi l l  be carr ied  through the s easona l  the rmoc l i ne* ( approx i mate l y  26-30 m)  but may o r  may' 
not be c a r r i ed be l ow the permanent pyc noc l i ne** ( 100-200 m) , depend i ng on i n i t i a l  d i l ut i on and 
geometry of  the waste mass ( see  Sec t i o n  E . 4 . 2 ) .  In any case , convecti ve descent i s  a mec ha n i sm by 
wh i c h  the N F SS wastes wou l d rap i d l y  m i x  verti ca l l y  i n  the s urface wate r ,  even  for very sma l l so i l  
part i c l e s  wi th very s l ow s i nk i ng rate s .  Therefore , i t  i s  as s umed that before the wastes a re d i spersed 
by ocean i c  turbu l ence , they a re m i xed to the top of  the permanent pyc noc l i ne .  M i x i ng the  wastes from 
one dump i n g  act i o n  i nto a v o l ume of water that i s  100 m i n  depth and 100 m i n  rad i us res u l ts i n  a 
d i l ut i on to app rox i mate l y  200fr mg/ L .  Convect i ve descent c a n  re s u l t i n  l a rge d i l ut i on s , even  wi thout 
the e ffects of hor i zonta l  d i spers i o n .  

Hori zonta l D i spers i o n .  Ho r i zonta l d i spers i o n  o f  was te s  i s  due t o  a var i ety o f  hydrodynam i c  
p rocesses  that c reate c urrents  and ocean turb u l e nc e .  The ave rage c urrent i n  the surface waters o f  
S i te 106 i s  1 1  cm/s i n  a south south-wester ly  d i recti on , paral l e l t o  the Conti nental  She l f  ( Sec
t i o n  E . 2 . 3 . 4 ) .  Thu s , wastes  dumped a t  the center o f  S i te 106 wi l l  be carried  3 7  km t o  the southern 
boundary of s i te wi th i n  93 hours ( 4  days ) ;  at th i s  t i me ,  the center of the waste mass  w i l l  be at the 
s i te boundary.  A l l ca l c u l at i on s  of  waste d i l ut i on and d i spers i on are p red i cted for the waste mas s  i n  
t h i s  pos i t i o n .  As  t h e  wastes  move out s i de t h e  s i te ,  they wi l l  con t i n u e  t o  be d i l uted ,  reduc i ng 
exposure of ma ri ne o rgani sms to the was te s .  Exposure i s  expected o n l y  d u r i n g  the act ion  per i od .  

T h e  turbu l ence of  the ocean from t h e  mot i o n s  of  water ranges  from a s  sma l l as  a few cent i meters 
to tens  of  k i l ometers from l arge wate r mot i o n s  assoc i ated with  maj o r  ocean feature s , such  as  fronts 
between d i fferent water mas se s  o r  l a rge edd i es 100 km o r  more acro s s .  Such turbu l ence ( ca l l ed eddy 
d i ffus i o n )  wi l l  d i spers e  and d i l ute the was te s  to varyi ng degrees , depend i ng on the strength of the 
turb u l ence .  The rates of  d i spers i on expected for NFSS  was te s  are e v a l uated from theoreti ca l  formul a
t i on s  of  d i spers i o n  app l i ed to data on  p l ume d i spers i on of  expe r i me n ta l  dump i ng act i v i t i es at S i te 106 
( see  Sec t i o n  E . 4 . 3 for detai l s ) .  Data on  experi mental was te dump i ng a re ana l yzed us i ng three di fferent 
d i spers i on  re l at i ons h i ps , wh i ch g i ve a w i de range of  d i spers i o n  p red i c t i o n s .  The l owes t  and h i ghest  
e st i niates of d i spers i on a re refe rred to a s  l ow m i x i ng and h i gh m i x i ng in  further d i scus s i ons . The  
resu l ts of  th i s  ana lys i s  s uggest  that  at the  end of  4 days when  the  was te mas s  l eaves  S i te 106 , the 
patch i s  between  0 . 64 to 17 km wi de and the ave rage waste concentrat i on s  expected at these patch s i zes  
range from 12 , 300 to 8 , 900 , 000 mo re d i l ute than i n i t i a l  waste concentra t i o n s .  These  d i l ut i on s  res u l t 
i n  waste concentra t i o n s  of 100 mg/L to 0 . 1 mg/ L ,  respec t i v e l y  ( Tab l e  4 . 56 ) .  

Pau l  e t  a l . ( 1983 ) have a n a l yzed waste d i spers i on at S i te 106 based o n  d i spers i on coeffi c i ents  
de r i ved from l ong term c urrent record s  at S i te 0 ,  l ocated no rthwe s t  of  S i te 106 . Thei  r ana lys i s  
p resents  concentrat i on s  of wastes  i n  a p l ume res u l t i ng from frequent  ( 100 t i me s  per  day) dump i ng at 
S i te 106 . The re s u l ts  s how that d i l ut i on s  of  6 , 000 , 000 t i me s  w i th i n  the dump s i te are reached under 
h i gh-m i x i ng cond i t i on s .  Under l ow- m i x i ng cond i t i on s , a d i l ut i on of  2 , 000 , 000 i s  reached at the edge 
of  a na rrow p l ume extend i ng tens of  k i l ometers south of  S i te 106 . T h i s range of  d i l ut i o n  i s  wi th i n 
that ca l cu l ated by ana lys i s  of exper i me n ta l dump s .  

4 . 5 . 3 Impacts to B i ota 

Suspended sed i ment concentra t i ons  i n  the s l ope waters i n  the v i c i n i ty of  S i te 106 are charac
ter i s t i ca l l y  very l ow ,  l es s  than 0 . 1 mg/L .  O n  i n i t i a l  contact wi th seawate r ,  the waste mas s  wi l l  
conta i n  l i tt l e  wate r ,  but wi l l  be rap i d ly m i xed w i t h  seawater due  to convec t i v e  descent .  Dur i n g  the 
i n i t i a l  phases of  d i spers i o n , p l ankto n i c  orga n i sms that are i ncapab l e  of  e scap i n g  the wa ste mass  cou l d 
b e  k i l l ed o r  damaged by h i gh turb i d i ty .  F urther d i l ut i o n s  by hor i zonta l d i spers i on wou l d  reduce 
average waste concentrat i on s  to between 0 . 1  and 100 mg/L by the t i me the waste c l oud reaches  the 
boundary of  S i te 106 . Damage to mari ne organ i sms from turb i d i ty i s  not expected at the l ower end of 
th i s  range where part i c u l ates a re wi th i n  the range of  amb i ent  concentrat i o n s .  

* A  thermoc l i ne i s  a n  area of  sharp changes i n  water  den s i ty due t o  changes i n  tempe rature that 
deve l op s  i n  the s umme r because of  s o l a r  heati ng of  the s urface water ;  i t  d i sappears whe n  the 
s u rface wate rs cool  i n  fa l l and wi nter .  

* *The pe rmanent pynoc l i ne i s  a n  area  of sharp changes  i n  wa ter dens i ty due to changes  in  s a l i n i ty 
and/or temperature that prevent m i x i ng of s u rface wate rs w i th deeper ocean wate r s .  
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Tab l e  4 . 56 .  Waste Patch Wi dth and Waste D i l u t i o n  
Four  Days After Waste D i s po s a l  

Average 
Patch Wi dth , 4xa Waste Concentra t i ont2 

Cond i t  i on s  ( km) D i l u t i ont 1 ( mg/L)  

I .  H i gh M i x i ng 

A .  Case  2 . 0 120 , 000 10  

B .  Case I I 3 . 4  350 , 000 4 

C .  Case I I I  17 8 , 900 , 000 0 . 1 

I I .  Low M i x i ng 

A .  Case 0 . 64 1 2 , 300 100 

B .  Case I I  1 . 1 36 , 500 40 
C .  Case I I I  1 . 6  77 , 300 20 

t l  M i x i ng depth = 100 m. 

t2 I n i t i a l  waste concentra t i on = 1 .  3 g dry s o l i ds/cm3 . 

The e ffects o f  waste d i l u t i o n  by hori zontal  d i spers i o n  a l one on t race-meta l concentra t i ons  i n  the 
water are s ummari zed in Tab l e  4 . 57 .  After  4 days , two o f  the  expected tota l  concentra t i ons  o f  trace 
meta l s i n  the waste patch exceed the recommended c r i ter i a of 24- hour average concentrati o ns for protec
t i on of mari ne l i fe by factors  o f  2 . 5 ( coppe r )  and 2 . 4  ( n i cke l ) .  D i l ut i on to the tox i c i ty c r i t e r i a  
wou l d  requ i re a d i l ut i o n  of 32 , 000 t i me s , wh i ch wou l d  occur i n  a waste patch 1 . 03- km w i d e .  T h i s l ev e l  
o f  d i l ut i o n  i s  accomp l i s hed wi th i n  4 days under a l l cond i t i o n s  except l owes t  m i x i ng ;  under l owest
m i x i ng cond i t i ons , such  d i l ut i o n  wo ul d be reached w i t h i n  7 day s .  T h i s compari son  i s  conservati ve 
because o n l y  part of the t race meta l s in the waste can be mea s u red a s  " total  recoverab l e " trace meta l . 
I n  add i t i o n ,  i t  i s  h i g h l y  u n l i ke l y  that much of the waste wi l l  rema i n  i n  the s urface waters for more 
than 38 hours , when a l l so i l aggregates and sand part i c l es l arger than 0 . 2 mm wi l l  have been depo s i ted 
to the sed iments  due to the dens i t i e s  o f  the part i c l e s .  Rap i d  sett l i ng wi l l  decrease the quanti ty of 
wastes  �pon wh i ch d i spers i on acts . For tota l concentrat ions  o f  t race meta l s to be at or above toxi c i ty 
c r i te r i a ,  40% o f  the wastes wou l d  have to be comp l ete l y  m i xed w ith  water d u r i ng the dump i ng operati o n .  
T h e  ene rgy neces s a ry to m i x  s u c h  a h i gh proport i o n  of d ry o r  damp s o i l s  i nto the i r  c o l l o i da l  c l ay 
c o n s t i tuents i s  unl i ke l y  i n  di spersal  by g rav i ty dump . 

4 . 5 . 4  M i t igat i o n ,  Measurement,  and Mon i to r i ng 

Add i t i onal  s t ud i es o f  the cohe s i vene s s  of NFSS wastes  are needed i n  o rder to use  a veri f i ed 
s i mu l a t i o n  mod e l  to pred i c t  waste d i spers i o n .  These s t ud i e s  mi ght  i nc l ude an exper i me nta l dump i ng o f  
b u l k so i l s  because othe r s t ud i es of waste d i spers i o n  at S i te 1 0 6  have used l i q u i d  or s l urr i ed  wastes . 
Req u i rements fo r tox i c i ty b i oassay tests , mon i to r i ng , and m i t i ga t i ng i mpacts wi l l  be spec i f i ed i n  the 
E PA Ocean Dump i ng Permi t .  

4 . 6 SOC I OECONOMI C  I MPACTS 

4 . 6 . 1  I ntroduc t i o n  

For the a l ternati ves  be i ng cons i dered i n  t h i s  E I S ,  no l arge construct i o n  wor k  force wi l l  be 
req u i red , few new jobs  wi l l  be c reated , and the major eng i neer i ng act i ons w i l l  be b r i e f .  Therefore , 
no l arge- s ca l e  demograph i c  changes beg i nn i ng a cha i n  o f  other changes i n  the s oc i a l  and econom i c  
env i ronment a r e  expected t o  occ u r .  Rathe r ,  because o f  t h e  rad i oact i ve nature of t h e  N F S S  wastes and 
res i d ue s , pub l i c  atti tudes and percep t i ons  w i l l  be a major factor i nf l uenc i ng the a l ternati ves and 
t he i r  potent i a l  soc i oeconom i c  i mpacts ( Argonne Natl . Lab 1982 ; Payne 1983 ) .  For examp l e ,  potenti a l  
i mpacts rel at i ve t o  l and u s e  and property v a l ues  are a funct i on  o f  publ i c  percepti ons  regard i ng the 
potent i a l  hea l th r i s ks a s soc i ated with the wastes and res i dues .  Pub l i c  pe rcept i on s  w i l l  depend 
p r i mari l y  on :  ( 1 )  the sens i t i v i ty of the  pub l i c  to rad i oact i ve waste , hazardo us waste , and env i ron
mental i ss u e s  i n  genera l and ( 2 )  negati ve publ i c i ty ( N i gg 1982 ; Argonne Nat l . Lab. 1982 ; Payne 1983 ) .  
I t  i s  expected that pub l i c  sens i t i v i ty and the potent i a l  for nega t i ve pub l i c i ty wi l l  genera l l y  
decrease  over t i me .  
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Tab l e  4 . 5 7 .  D i l ut i on o f  T race Meta l s by D i sper s i o n  After 4 Days 
( B ased on Lowes t  D i spers i o n  E s t i mate ) 

We i ghted Ambi ent Average 
Ave rage D i s s o l ved Concentrati o n  i n  C r i te r i a ( 24 - h  avg . ) 

Concentra t i on Concentra t i o n  Waste Patches due for P rotect i o n of 
i n  Wastest 1 i n  Seawatert2 to the Wastes  Aquat i c  Mar i ne L i fet3 

( �g/g ) (�g/L)  ( � g/ L ,  tota 1 ) ( � g/ L ,  total recoverab l e ) 

1 . 4  0 . 09 0 . 14 508 

0 . 26 0 . 014 0 . 026 4 . 5 

28 0 . 07 2 . 8  18 
99 0 . 17 9 . 9 4 . 0  

34 0 . 005 3 . 4  25  

0 . 3 0 . 005 0 . 03 0 . 025 

170 0 . 2  17 7 . 1 

0 . 68 0 . 04 0 . 068 54 

96 1 . 5  9 . 6  150t4 

5 . 2  0 . 01 0 . 52 58 

Tab l e  3 . 8  o f  th i s  doc ument .  

Pau l  e t  a l . ( 1983 ) ;  1 �g/L = 0 . 980 �g/kg .  

U .  S .  Env i ronmental  P rotec t i on Agency ( l980b) . 

U . S .  E n v i ronmental Protect i on Agency ( 1977b ) .  

4 . 6 . 2  Land Use  and P roperty Va l ue s  

4 . 6 . 2 . 1 Land U s e  

T h e  l and on wh i ch the N F S S  wastes a n d  res i dues  a r e  bur i ed must b e  cons i dered to be pe rma nent l y  
( i rrevers i b ly and i rretri evab l y )  dedi cated t o  waste management , w i th a l l other l and uses  permanent ly  
p reempted .  In  order to conta i n the NFSS wastes  and res i due s , the l and  above , unde r ,  and s u rround i ng 
the contai nment area must rema i n  und i sturbed .  Improper ons i te s urface or subsurface deve l opment coul d 
s t re s s  eng i neered barri e r s  and a l l ow for  m i grat i on of the wastes  offs i te .  Therefore , certa i n  ons i t e  
human acti v i t i e s  ( e . g . , excavati on or agri c u l tural  acti v i t i e s )  must b e  prevente d .  O f f s i t e  l and  uses  
must a l so be contro l l ed because  there i s  a pote nt i a l  for  offs i te uses  to  advers e l y  affect the i so l a
t i on of the N F SS wastes .  For  examp l e ,  dur i ng the l ong term when contro l s  have ceased , the construc
t i on of a dam near the waste s i te o r  fa i l ure to mai nta i n  drai nage d i tches co u l d  resu l t  i n  f l oodi ng of 
the waste s i te ,  thereby advers e l y  affect i ng the i ntegr i ty of the conta i nment system . There fore , some 
uses  of nearby l and may a l so be permanently p reempted .  

The amount of l and ded i cated t o  waste  management  wi l l  be sma l l for a l l the  a l ternati ves  
( Tabl e 4 . 58 ) .  The g reatest amount o f  l and  wi l l  be dedi cated at Hanford unde r Al ternat i ve 3 a  ( 5 6  ha 
[ 140 acre s ] )  and at NFSS under A l ternat i ve 1 ( 69 ha [ 170 acre s ] ) .  Mos t  of the l and at Hanford wi l l  be 
i n  the actual  waste-conta i nment area. Th i s  area i s  much l arger at Han ford than at the other s i te s  
because t h e  rad i oacti ve materi a l s  wi l l  b e  b u r i e d  i n  trenches w i t h  s t r i p s  o f  l and i n  betwee n  the 
trenche s , thus cons um i ng more l and than when p l aced i n  l arge p i l es a s  at NFSS · and  Oak  R i dge . At NFSS 
under A l ternati ve 1 ,  mos t  o f  the l and i s  not used for waste  management but it i s  a s s umed that DOE 
takes no act i on and reta i ns ownersh i p  of the ent i re s i te .  Under A l terna t i ves 2a , 2b , 4a , and 4c , i t  
i s  a s s umed that DOE w i  1 1  re l ease  the unused port i on s  o f  the  s i te for other uses . The actua 1 waste
contai nment areas at  the vari ous  s i tes  range from 3 . 4  ha ( 8 . 3 ac re s )  at NFSS under A l ternat i ve 1 to 
38 ha ( 9 5  acre s )  at Hanford under A l ternat i ve 3 a .  

A t  NFSS , the l and i s  a l ready u s e d  f o r  waste managemen t ,  a n d  i mp l ementati on  o f  A l ternati ves  2a , 
2b , 4a , o r  4c wou 1 d s i mp l y  comm i t the 1 and to was te-management use . At O a k  R i  dge  and Hanford , 
a l though the l and use  on the  Rese rvati o n s  i s  c urre n t l y  restri cted , deve l opment of the NFSS waste
management  s i tes  wou l d  permanen t l y  comm i t  those part i c u l a r  parts o f  the Rese rvat i o n s  to restri cted 
u s e .  At Hanford , th i s  commi tment · does not appear to be a s e r i o u s  i mpact because the NFSS waste
management s i te i s  a very sma l l addi t i o n  to an e x i s t i ng waste-management s i te on  the Rese rvat i o n  and 
was te-management s i te s  are not scarce. At Oak R i dge , howeve r ,  such comm i tment o f  a s i te that i s  a l so 
a p r i me pote nt i a l  i ndustri a l  s i te may be s i gn i f i cant .  Loca l  c i t i zens  and gove rnments have objected to 
such  commi tment of pote nt i a l  i ndustr i a l  l and duri ng the E I S  scopi ng proce s s .  The P i ne R i dge Knol l s  
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Tab l e  4 . 58 .  Land Use at the A l te rna t i ve Was te-Management S i te s t l  

Waste Conta i n-
ment A reat2 Buffer  Area Se rv i ce Area Tota l 

Al ternati v e  Loca t i on ha acres ha 

1 NFSS  3 . 4  8 . 3t3 66t4 
2a , 2b , 4a , 4c NFSS  4 . 5 11t6 3 . 2 

3a  Hanford 38 95t9 9 . 7 

4a , 4b Hanford 9 . 3 23t I O 4 . 0  

3b O a k  R i dge 12 29t I I  4 . 4  

4c , 4d O a k  R i dge 2 . 7 6 . 7t I 2  2 . 4  

t l  A l l numbe rs rounded to two s i gn i f i cant f i gu re s .  

acres ha acres ha 

160t4 t4 t4  69 

8t7 8 . 1 20 16 

24t7 8 . 1 20 56 

10t7 8 . 1 20 21  

11t7  8 . 1 20 24 

5 . 8t 7  8 . 1 20 13 

t2 I nc l ude s a rea between  trenches and waste package s , d i ke s , underneath cove r ,  etc . See 
Tab l e  4 . 16 for areas cove red by wastes and/or res i dues .  

t 3  Sourc e :  U . S .  Depa rtment o f  Energy ( 1983d ) .  

t4 Buffer zone and s e rv i ce a rea are comb i ne d .  

t 5  Area o f  current DOE s i te . 

acres 

170t5 

39t8 

140 

53 

60 

33 

t6  Based on a 120-m x 270-m (400- ft x 900- ft)  contai nment area  in  Al ternati ve 1 p l us an  extra 
15 m ( 50 ft) a l l around to a l l ow for the l ong- te rm cap ( extra 1 . 7  m [ 5 . 5  f t ) )  and a 20% 
outs l ope on the contai nment area .  

t 7  Assum i ng a 30-cm ( 100- f t )  buffer s t r i p  at  a l l s i te s  f o r  l ong- term manageme n t .  

t8  Assumes that  on ly  the waste conta i nment , buffe r ,  and sma l l s e rv i ce areas  need  be reta i ned 
under DOE owners h i p  for l ong- term management .  After  ongo i ng i nter i m  c l eanup act i on s  and 
construct i o n  of a l ong-term cap a re comp l eted , the rest o f  NFSS cou l d  be re l eased for 
other u s e .  

t9  A s s umi ng 190 , 000 m3 ( 250 , 000 yd3 ) o f  NFSS  wastes and res i dues  b u r i ed in  42  trenches 300-m 
( 1000- ft)  l ong havi ng d i me n s i o n s  and spac i ng as  s hown in  F i g u re 2 . 5 .  

t i O  A s s umi ng NFSS  re s i dues pac kaged i n  7360 b i ns 1 . 8 m x 1 . 5 m x 1 . 2 m ( 6  f t  x 5 f t  x 4 ft)  
and p l aced in  10 trenches  havi ng d i mens i on s  and spac i ng as  s hown in  F i gure 2 . 9 .  

t i l  A s s um i ng 190 , 000 m 3  ( 250 , 000 yd3 ) o f  NFSS  wastes  and res i dues  p i l ed 3 - m  ( 10-ft)  deep ( p l us 
20% conti ngency area ) over a 0 . 6-m ( 2- f t )  base of c l ay and sand/grave l ,  covered by a 3 . 2-m 
( 10 . 5-ft)  cap w i th a 20% outs l ope ( see  F i gure 2 . 8  for conceptual  des i g n ) . 

t l 2 Assumi ng NFSS  res i dues  pac kaged i n  5100 b i ns 1 . 8  m x 1 . 5  m x 1 . 2 m ( 6  ft x 5 ft x 4 ft)  
b i ns p l aced in  a 77 x 9 6  a rray w i th 0 . 15 m ( 0 . 5 f t )  spac i ng between b i ns--wi th base , cap , 
and out s l ope a s  descr i bed above ( F i gure 2 . 13 ) .  

s i te has been cons i de red for p r i vate i ndustr i a l  deve l opment i n  the recent past  ( for  the p roposed Exxon 
project ) and the  scarc i ty of such  s i tes  i n  the hi l l y reg i on has p rompted l oc a l  authori t i es to request 
that DOE rel ease some o f  the Reservati on l and for p r i vate deve l opmen t .  I n  add i t i on to a scarc i ty o f  
i ndus tr i a l  s i te s ,  there i s  a l so a scarc i ty o f  waste-management s i tes  i n  t h e  reg i on .  T h e  l oc a l  c i t i e s  
have di f f i c u l ty f i nd i ng l andf i l l  s i tes  and DOE needs s i tes  t o  d i spose o f  wastes  from v a r i o u s  ongo i ng 
DOE operati ons  on the Reservat i o n .  Ded i cati on o f  the P i ne R i dge  Knol l s  s i te t o  management of the NFSS 
contami nated mate ri a l s  wi l l  l es s e n  the amount o f  l and  ava i l ab l e  for  d i sposal  of  other waste s .  

The d e s i gnat i o n  o f  a s i te f o r  l ong- term management of the N F S S  wastes and res i dues may a ffect the 
types  of s urround i ng l and- use  deve l opments . Certa i n  surround i ng l and  uses and the i r  assoc i ated human 
acti v i t i es may be perc e i ved by the pub l i c  as  compati b l e o r  i ncompat i b l e  w i th a waste s i te .  For 
examp l e ,  the exi stence of a waste s i te may be perce i ved by the p ub l i c  ( and potent i a l  deve l opers ) as 
pos i ng a .s i g n i f i cant hea l th r i s k  to the pub l i c .  Therefore , l and  uses adjacen t  to the s i te may s h i ft 
to i ndustr i a l - type deve l opment or some form o f  rec reat i on a l  rather than res i de n t i a l  u s e .  

Land- use i mpacts that cou l d  o c c u r  f o r  the  v a r i o u s  a l ternati ves  over t h e  va r i ou s  t i me frames are 
p resented i n  Tab l e  4 . 5 9 .  The ef fects on  l and use perta i n  to res t r i c ted and u n restri c ted s i te use , 
i mpacts to s u rroun d i ng l and  uses , and s u rround i ng l and uses  i mpact i ng the i nteg r i ty of the contai nment 
system. 



A I terna t i  ve 

1 

2a , 2b 

3a 

3b 

A ct i on Per i od 
( 10 yea rs ) 

Res t r i c ted use o f  N F S S .  
No s i gn i f i cant i mpacts to sur

round i ng l and uses a re a nt i 
c i pated.  

Surround i ng l and uses s hou l d  not 
adverse l y  a f f ect the i ntegr i ty 
of the wa s te s .  

Same a s  A l te r na t i ve I ,  except 
i mp roved conta i nme n t  measures 
s hou l d  reduce the potent i a l  
f o r  adverse i mpac ts . 

Unre s t r i cted use of NFSS upon 
comp l e t i on of remova l  o f  
was tes . 

Con t i nued rest r i c ted use o f  
Hanford s i te .  

N o  s i gn i f i cant i mpacts t o  sur
round i ng l and uses a t  Hanford 
a re a nt i c i pated . 

S u r round i ng l a nd uses shou l d  not 
adve rse l y  a f fe c t  the i ntegr i ty 
of the Hanford s i te .  

Same a s  A l terna t i ve 3 a  ( e xcept 
e f f ects w i l l  be to Oak R i dge 
area rather than Hanford area ) .  

T ab l e  4 . 5 9 .  Land-Use  I mpacts  

I mpac t s  A s s oc i ated w i th T h ree T i me F rames 

Mon i tor i ng 
Ma i ntenance , and 
Correc t i ve Ac t i on 

( 200 yea rs ) 

long Term (200- 1000 yea r s )  

Rest r i c ted use o f  N F S S .  
No s i gn i f i c ant i mpacts to s u r

round i ng l and uses a re a nt i 
c i pa ted . 

S u rround i ng l and uses shou l d  not 
adverse l y  a f fect the i nteg r i ty 
of the wa s te s .  

Same a s  A l te r na t i ve I ,  except 
i mproved cont a i nment mea s u re s  
s hou l d  reduce the potent i a l  
for adverse i mpac t s .  

Res t r i c ted u s e  o f  Hanford s i te .  
N o  s i gn i f i c a n t  i mpacts t o  sur

round i ng l and uses a t  Hanford 
s i te a re a n t i c i pated. 

S u rround i ng l a nd uses shou l d  not 
adve r se l y  a f fect the i ntegr i ty 
of the Hanford s i te .  

Land u s e  o n  N F S S  poten t i a l l y  
a f fected i f  re s i dua l contam i na
t i on causes re s t r i c ted l and use. 

Same a s  A l terna t i ve 3 a  ( except 
e f fects w i l l  be to Oak R i dge 
a rea rather than Hanford a re a ) .  

Case At ! 

Re s t r i c ted use of N F S S .  
Su rround i ng l and uses c ou l d  b e  

adve r s e l y  i mpac ted a s  waste 
conta i nment mea s u res fa i l .  

Potent i a l  f o r  s u rround i ng l and 
uses to adverse l y  a f fect the 
i nteg r i ty of the was tes . 

• Same as A l terna t i ve 1 .  

Res t r i c ted u s e  o f  Hanford s i te .  
Surround i ng l and uses a t  Hanford 

c ou l d  be advers e l y  i mpac ted a s  
was te conta i nment mea s u res 
f a i l .  

Potent i a l  f o r  s u rround i ng l and 
uses to adve rse l y  a f fe c t  the 
i ntegr i ty of the Hanford s i te .  

Same a s  A l terna t i ve 3 a  ( except 
e f fects w i l l  be to O a k  R i dge 
a re a  rather than Hanford a rea ) .  

Case Bt2 
Unre s t r i c ted use o f  NFSS re

s u l t i ng in the potent i a l  for 
human i ntrus i on i nto the 
wa s tes . 

Su rround i ng l and uses c ou l d  be 
adve r s e l y  i mpacted due to 
waste conta i nment f a i l ure o r  
i nadvertant human i n trus i o n  
i nto t h e  wa s t e s .  

Pote n t i a l  for s urround i ng l and 
uses to adverse l y  a f fect the 
i ntegr i ty of the wa stes . 

Same as A l ternat i ve 1 .  

Unre s t r i c ted use a t  the 
Hanford s i te res u l t i ng i n  the 
potent i a l  for human i nt ru s i o n  
i n to t h e  wa s t e s .  

Surround i ng l and u s e s  a t  
Han ford c ou l d  b e  adverse l y  
i mpac ted due t o  conta i nment 
f a i l ure o r  i nadvertent human 
i n trus i on i nto the wastes . 

Potent i a l  for s urround i ng l and 
uses to adve rse l y  a f fect the 
i ntegr i ty of the Ha n ford 
s i te .  

Same a s  A l te rna t i ve 3 a  ( e xcept 
e f fects w i l l  be to Oak R i dge 
area rather Hanford a re a ) .  

.j>. I \D C) 



Tab l e  4 . 59 . Conti nued 

I mpac ts Assoc i ated w i th Three T i me F rames 

Act i on P e r i od 
( 10 years ) 

Mon i tor i ng 
Ma i ntena nce , a nd 
Correc t i v e  A c t i on 

( 200 years ) 

long T e rm (200- 1000 years ) 

A l terna t i ve 

4a ( 4 c ) 

4b ( 4d )  

Re s t r i cted u s e  o f  NFSS a nd 
Hanford ( O a k  R i dge ) .  

No s i gn i f i c a n t  i mpacts t o  sur
round i ng l and uses at Han ford 
( O a k  R i dge ) or NFSS are a n t i 
c i pa t ed . 

Surround i ng l and uses s ho u l d  not 
adverse l y  a f fect the i n tegr i ty 
of NFSS or Hanford ( O a k  R i dge ) .  

U n re s t r i c ted u s e  o f  NFSS upon 
comp l e t i on of remo v a l  of NFSS 
waste s .  

Short- term re s t r i c ted use o f  
des i gna ted dock s i te .  

C o n t i nued re s t r i cted use a t  
Hanford ( O a k  R i dge ) s i te .  

N o  s i gn i f i ca n t  i mpacts t o  sur
round i ng l a nd uses at Han ford 
( O a k  R i dge ) a re a n t i c i pated.  

Surround i ng l and uses shou l d not 
adverse l y  a f fect the i n tegr i ty 
of the Hanford ( O a k  R i dg e )  s i te .  

R e s t r i c ted use o f  NFSS a nd 
Han ford ( O a k  R i dge ) .  

N o  s i gn i f i c a n t  i mpacts t o  sur
round i ng l a nd uses at NFSS 
o r  Han ford (Oak R i dg e )  a re 
a n t i c i pated . 

Surroundi ng l a nd uses at NFSS a nd 
Han ford ( O a k  R i dg e )  s hou l d  not 
adversely a f fec t the i nteg r i ty 
of the wa s t e s .  

Same a s  A l te rna t i v e  3 a , e xcept 
res i dua l contam i na t i on i s  
o n l y  poten t i a l  l a nd use 
c o n s i derat i o n  a t  NF S S .  

tl  A s s umes l o s s  o f  mon i to r i n g ,  ma i ntenanc e , a n d  correc t i ve a c t i o n .  

t2 As sumes l os s  o f  mon i to r i ng ,  ma i n tenanc e , c o rrec t i ve ac t i on ,  a nd i ns t i t u t i o n a l  contro l s . 

Case At l 

Restr i c ted use o f  NFSS and 
Hanford ( Oa k  R i dge ) .  

Poten t i a l  for s urround i ng l a nd 
uses to adverse l y  a f fect the 
i ntegr i ty o f  the wa stes a t  
NFSS and Hanford ( O a k  R i d ge ) .  

Surround i ng l and uses a t  the 
Hanford (Oak R i dg e )  s i te c ou l d  
b e  adve rse l y  i mpac ted a s  waste 
conta i nment mea s ures f a i l .  

A l though the mag n i tude o f  t h e  
i mpact wou l d  be reduced , s u r 
round i ng l a nd uses a t  N F S S  
c ou l d  be adverse l y  i mpac ted 
a s  waste cont a i nmen t  mea s u re s  
f a i l .  

Same a s  A l terna t i ve 3a , except 
no l a nd use i mpacts a t  N F S S .  

Case Bt2 
Unre s t r i c ted use o f  NFSS and 

Hanford ( O a k  R i dge ) re S U l t i ng 
i n  the potent i a l  f o r  human 
i nt ru s i on i nto the was t e s .  

Potent i a l  for surroun d i ng l and 
uses to adverse l y  a f fe c t  the 
i nteg r i ty of NFSS a nd 
Hanford ( O a k  R i dge ) .  

Surround i ng l and uses a t  the 
Hanford (Oak R i dg e )  s i te 
cou l d  be adver s e l y  i mpacted 
due to conta i nment fa i l ure or 
i nadvertent human i n trus i on 
i nto the wastes . 

A l though the magn i tUde of the 
i mpact wou l d b e  reduced , s u r
round i ng l a nd uses at NFSS 
cou l d  be i mpac ted a s  waste 
conta i nme n t  measures fa i l .  

Same a s  A l terna t i v e  3 a ,  except 
no l and use i mpacts a t  N F S S .  

� I In .... 
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For a l l the a l ternat i ve s , the  pote nt i a l for s i g n i f i cant  l and- u s e  i mpacts i s  m i n i ma l  dur i ng the 
acti on  per i od and the mai ntenance and mon i tori ng per i od ( up to 200 years ) .  However ,  i f  l and-use 
contro l s cease dur i ng the l ong- term per i od ( 200-1000 years ) ,  s urround i ng l and uses  cou l d  be adverse l y  
a ffected as  t h e  was te-contai nment system beg i ns t o  f a i l .  O v e r  t i me ,  t h e  pote nt i a l  a l so ex i sts for 
s u rround i ng l and uses  to stress  engi nee red barri ers and a l l ow for  m i g rat i o n  o f  the was tes  o f fs i te .  I f  
t h e  waste  s i te becomes unrestri cted i n  use ,  the pote n t i a l  ex i st s  for d i rect  h uman i ntrus i on i nto the 
wastes ( see Secti o n  4 . 1 . 2 . 3 ) .  Surround i ng l and uses  are currently contro l l ed on  the O a k  R i dge and 
Hanford reserva t i o n s . Howe ve r ,  i t  i s  pos s i b l e  that the c urrent buffer  zones  between the var i ous  DOE 
fac i l i t i es cou l d  be r e l eased to other owners  for other uses  in  the future .  Because  o f  the uncerta i nty 
of the types of l and uses  s urround i ng the waste s i tes  over the l ong term ,  l ong- term l and-use  i mpacts 
can  be d i scuss ed o n l y  i n  general terms . It s ho u l d be noted that i n  o rder to ma i nta i n  l and- use  contro l s 
for l onger peri ods , do l l ar costs  wi l l  i nc rease .  Furthermore , i t  i s  not reasonab l e  to expect l and- us!;!  
contro l s to rema i n  in  effect for the hundreds o f  thousands of years  that the NFSS wastes and res i dues  
w i l l  rema i n  rad i oact i ve ( see beg i n n i ng of Sect i o n  4 ) .  

Under A l ternati ves  1 ,  2a , and 2b , the  wastes  wi l l  rema i n  a t  NFSS and l and use  wi l l  b e  restri cted . 
The s i te area i s  c u rrently zoned i ndustr i a l  and i s  bordered to the north by a hazardous wa ste faci l i ty 
and to the east by a l and f i l l .  Surround i ng l and- use patterns are we l l  estab l i s hed and are not l i ke l y  
t o  b e  s i gn i f i cant l y  affected b y  o f f i c i a l l y  des i gnati ng t h e  s i te a s  a l ong-te rm ( rather than " i nte r i m" ) 
waste-management  s i te .  As l ong a s  use  of the s i te rema i ns re s t r i c ted and the was tes  are mai nta i ned 
and mon i tored , no s i g n i f i cant  i mpacts to s u rround i ng l a nd uses are ant i c i pated.  Duri ng the acti on  
per i od and ma i ntenance and mon i to r i ng peri od at NFSS in  A l terna t i ves  2a and 2b , the pote n t i a l  for 
adverse l and- use  i mpacts wi l l  be further reduced because o f  the l owered potent i a l  for  l os s  of conta i n
ment and resu l tant negat i v e  publ i c i ty .  

At NFSS i n  t h e  s hort term , i t  may be more d i ff i cu l t t o  ma i nta i n  act i ve l and use  contro l s  than at  
the Oak  R i dge o r  Hanford Reserva t i o n s .  Th i s  i s  because  NFSS  i s  an  i so l ated p i ece  o f  federa l l y  owned 
p rope rty , and there wi l l  be no ongoi ng acti v e  fede ra l projects after one of the a l terna t i ves  i s  i mp l e
mented.  At the DOE Reservat i on s , acti v e  and pass i v e  contro l s over  the sma l l areas conta i n i ng the NFSS 
wastes and res i d ues wou l d  b e  part of the l arger contro l l ed and act i v e l y  managed federal  Reservat i o n .  
I t  s h ou l d  be s tressed , howe ve r ,  that the poss i b l e  control  advantages o f  l ocati ng t h e  NFSS wastes  and 
res i d ues  on  a l arge federal  Reserva t i on are conti ngent upon federal  ownersh i p  and acti ve u s e  of the 
Reservat i o n .  If  the government  s e l l s  o r  transfers  " unused "  por t i o n s  o f  the Reservat ions  to pr i vate o r  
o t h e r  i ns t i tu t i o n a l  owners and o n l y  t h e  actua l waste-management s i tes  on  t h e  DOE  reserva t i o n s  rema i n  
under government  contro l , the l ong- term advantage o f  hav i ng the NFSS was tes  and res i dues  o n  a Reserva
t i o n  wi l l  be l os t .  

U n d e r  A l terna t i ves  3a , 3b , 4 b  and 4d-- i n  w h i c h  a l l wastes and re s i dues  wi l l  be removed from 
NFSS- - l and- use  i mpact s  at NFSS wi l l  occur p r i mar i l y  d u r i ng the act i on peri od ( 10 years ) .  These 
i mpacts wi l l  be temporary and assoc i ated with  constructi o n  and excava t i on act i v i t i es at the s i te .  
Upon  compl e t i o n  o f  these  acti v i t i es , NFSS wi l l  be re l eased f o r  other u s e s . Depend i ng on the degree o f  
decontam i na t i on , o t h e r  uses  o f  t h e  s i te may be restri cted o r  u n re s t r i cted . E v e n  i f  the  s i te i s  
r e l eased for unrestri cted use , h owe v e r ,  potent i a l  controversy over what cons t i tutes acceptab l e  l ev e l s 
o f  res i dual  contami na t i o n  may l ead to re i mpo s i t i on o f  l and- use  re s t r i ct i on s  by s tate o r  l oca l  
autho r i t i e s .  Th i s  has  happened in  the past  at  NFSS  and  other s i te s .  A l s o ,  l oc a l  zon i ng authori t i es 
may restr i ct uses  o f  the s i te to those con s i dered compati b l e w i t h  the ex i st i ng use o f  the s u rround i ng 
l and for other waste-management acti v i t i e s .  

Dur i ng the act i o n  peri od a t  Hanford and Oak  R i dge , l ocati o n  o f  the NFSS waste-management  s i te s  
wel l wi th i n  t h e  bounda r i e s  of t h e  Reservat i ons i s  expected to p rec l ude l and- use  i mpact s  a s soc i ated 
w i th construct ion  acti v i t i e s  under A l te rnati ves  3 a ,  3b , 4a , 4b , 4c , and 4d.  

Management of the NFSS wastes and re s i dues  at Hanford ( A l terna t i ves  3a , 4a , and 4b ) shou l d  not 
adve r s e l y  affect the s urround i ng l and uses through the mai ntenance and mon i to r i ng per i od .  Both  nuc l ea r  
power generati o n  fac i l i t i es a n d  rad i oac t i v e  was te- s to rage s i te s  a r e  l ocated on  the  Hanford Reservat i o n ,  
and these s i tes  are comm i tted t o  restri cted use  for the  f o re s eeab l e  future . A s  l ong a s  the federal 
government reta i ns owne r s h i p  and control  o f  the Reservati o n  and because o f  the remoteness  o f  the 
Hanford was te-management s i te and restri cted- use  buffer zone , i mpacts to l and uses  s urround i ng the 
R e se rvat i o n  are not anti c i pated . Howeve r ,  i f  the federa l gove rnment s e l l s  o r  re l eases  port i ons  o f  the 
reservati o n  to other governmental  o r  pr i vate ent i t i es in the future , much o f  the ex i st i ng buffer zone 
area cou l d be l ost and resu l t  i n  con f l i ct i v e  l and uses adjacent to the  s i te where the  NFSS wastes and 
r e s i dues  are bur i ed .  

The 1 and- use i mpacts a t  O a k  R i  dge ( A  l te rnat i v e  3b . 4c , and 4 d )  w i  1 1  b e  s i m i  1 ar  t o  those at 
Hanford . Howe v e r ,  because the Oak  R i  dge s i te i s  not a s  remote a s  the Hanford Rese rvati o n . the 
pote nt i a l  for i mpacts to surround i ng l and uses  is  g reater.  

Dur i  ng the acti on peri  od at the Harbor , it  i s  expected that the dock  wi 1 1  be res tr i  cted to use  
for the transfer of the NFSS  wa stes to the barges . After the wastes  have a l l been  d i sposed at the  
ocean dump i ng s i te and the doc k area has been decontam i nated , no future l and-use  restri c t i o n s  are  
anti c i pate d .  
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4 . 6 . 2 . 2  P roperty Val ues 

I mpacts on  re s i dent i a l  property v a l ues may occur because the pub l i c  may perce i v e  the acti v i t i e s  
a s so c i ated wi th l ong-te rm manageme n t  of t h e  NFSS was te s  and r e s i dues as  be i ng hazardous a n d  det r i 
menta l t o  pub l i c  hea l th a n d  sa fety. P roperty v a l ues o f  comme rc i a l o r  i ndustri a l  propert i es , s u c h  a s  
t h e  adjacent hazardous waste fac i l i ty a t  NFSS , a r e  n o t  expected t o  b e  affected . Res i de n t i a l  property 
v a l ue i mpacts may be meas u red i n  terms o f  vari ati ons  i n  number o f  days on the market o r  d i fferences i n  
a s k i ng versus  s e l l i ng p r i ce betwee n  properti es near the was te-management s i te and p roperti es  farther 
away. 

Dur i ng the scop i ng p roce s s  at NFSS , a l ocal  rea l es tate agent ( C o l l i ns 1983 ) argued that the 
p roperty val ues near NFSS have been adverse l y  i nf l uenced by negat i ve pub l i c i ty about the NFSS and 
other waste s i te s  i n  the area . Howe v e r ,  a second l oc a l  real es tate agent ( Ba l dw i n  198 3 )  p o i nted out 
that a cause-effect re l at i o n s h i p  betwee n  prox i m i ty to NFSS and res i de nt i a l  p roperty v a l ues cannot be 
documented because of: ( 1 )  the d i f f i c u l ty i n  separati ng out the i nf l uence o f  other nearby hazardous 
waste s i tes ,  ( 2 )  the sp i l l ove r o f  nega t i ve publ i c i ty from other recent l oc a l  e n v i ronmenta l i s s ue s , 
( 3 )  the d i ff i cu l ty i n  separat i ng out  the i nf l uence of nat i ona l  trends i n  the economy and hou s i ng 
marke t ,  and ( 4 )  the fact that a pattern of property v a l ue dec l i ne wou l d  be d i ff i cu l t  to determ i ne from 
the very sma 1 1  number of home s that have changed hands  i n  the NFSS area i n  recent  year s .  I t  i s  a 1 s o  
i mpo rta nt t o  po i nt o u t  that , i n  general , patterns  of p rope rty va l ue s  a r e  a funct i on of severa l  
h i s to r i cal  forces ,  i nc l ud i ng prox i m i ty to urban areas , transporta t i on system deve l opment ,  a n d  prox i m i ty 
to other devel opments ( re s i de n t i a l , commerc i a l , i ndustr i a l , etc . ) .  I t  shou l d  be kept i n  m i nd that 
p rope rty- va l ue i mpacts a s s o c i ated wi th management  o f  the NFSS wastes and re s i d ue s  may be i ns i gn i f i cant 
compared to a l l these other facto r s .  

A l though there i s  n o  c l ear  e v i dence t o  conf i rm o r  deny any p a s t  i n f l uence o f  N F S S  on  property 
v a l ues , i t  has been s hown that there i s  a corre l ati on  between  percei ved rad i o l o g i c a l  hazard s  and 
s h ort- term property v a l ue i mpacts ( Gamb l e and Down i ng 1981 ) .  I f  a l l o r  some of the wastes  and 
res i dues rema i n  at  NFSS ( A l terna t i ves  1 ,  2a , 2b , 4a , and 4c ) ,  there i s  a pote nt i a l  for a short- term 
( 6  months to 1 year) , negat i ve i mpact on p roperty v a l u e s .  T h e  removal  o f  a l l t h e  wastes  a n d  res i dues  
f rom NFSS ( A l terna t i v e s  3a , 3 b ,  4b , and 4d ) may have  s ome pos i t i v e  s hort-term i mpacts on  p rope rty 
va l ue s  i n  the commu n i t i e s  s urround i ng NFSS , after wh i ch p rope rty-v a l ue i mpacts a s soc i ated wi th NFSS 
wi  1 1  be neg l  i gi  b 1 e.  Concurrent 1 y,  the i mport of the  wastes  and res  i dues to the O a k  Ri dge o r  Hanford 
s i te s  may produce negat i ve i mpacts on prope rty val ues i n  tho se  areas , parti c u l a r l y  i f  the potent i a l  
negat i v e  publ i c i ty i s  rea l i ze d .  I t  s ho u l d  b e  kept i n  m i nd ,  howeve r ,  that p r i vate res i dences  are 
l ocated much  farther away f rom the waste-management s i te s  at Oak . R i dge and Han ford than at NFSS , 
thereby decreas i ng the pote nt i a l  for p roperty- val ue i mpacts re l at i ve to NFSS . D i spos a l  o f  the NFSS 
wastes  i n  the ocean i s  not expected to have a n  i mpact on  p roperty v a l ues  i n  the Harbor area.  

In  addi t i o n  to pote nt i a l  nega t i v e  p roperty v a l ues i mpacts ( e . g . , greater number of days on  the 
market and much l owe r s e l l i ng p r i ce than a s k i ng p r i ce ) , there can  be pos s i b l e  economi c  benef i t s .  The 
nega t i v e  i mpacts cou l d  occur for those re s i dents attempt i ng to s e l l o r  rent the i r  home s ,  but these 
i mpac t s  may occur o n l y  wh i 1 e i t  i s  common k nowl edge that there i s  a nearby rad i oact i ve was te
management s i te .  For  those who buy at l ower p r i ces , o n  the other hand , the i r  p rope rty may ga i n  i n  
v a l ue whe n  the presence o f  the rad i oact i v e  waste s i te i s  no l onger  w i d e l y  p u b l i c i zed . R e s i dents who 
i ntend to s tay i n  the area may exper i ence a pos i t i ve i mpact i f  the a s s e ssed val ue of the i r  property i s  
l owered , w i th attendent  reduc t i o n  i n  p roperty taxe s .  Res i dents near NFSS , for examp l e ,  have c l a i me d  
t h a t  the i r  property va l ues a r e  l ower because  o f  prox i m i ty t o  t h e  waste area and therefore s ho u l d  have 
l owered property tax a s s e s sments . 

4 . 6 . 3 T ra n sportat i o n  

4 . 6 . 3 . 1 Traffi c Conge s t i o n  and Road Deteri orat i o n  

I mp l ementat i on 
dete r i orati on .  For 
f i l l  mater i a l s w i l l  
wi l l  be transpo rted . 

o f  some o f  the a l ternati ve s  may res u l t i n  i ncreased traff i c  conge s t i o n  and  road 
A l ternati ve 1 ,  there wi l l  be no such  i mpac t .  For A l ternati ves  2a and 2b , o n l y  
b e  transported ; f o r  t h e  other a l ternat i ves , b o t h  contami nated a n d  f i l l  mater i a l s  

E s t i mated peak  traf f i c  v o l umes are s hown i n  Tab l e  4 . 6 0 .  

T h e  greatest potent i a l  f o r  adverse i mpact i s  at  Oak  R i dge under A l ternat i ve 3 b  i n  wh i ch there 
wi l l  be about one truck every m i nute dur i ng two s umme r s .  About o ne- fourth o f  the trucks wi l l  be 
hau l i ng o r  return i n g  for contam i nated mate r i a l s wh i l e  the rema i nder  wi l l  be hau l i ng o r  return i ng for 
f i  1 1  materi a l  s.  Wh i te Wi ng Road ( Rt .  95) and Bear C reek  Road wi l l  bear mos t  o f  the tra f f i c  ( F i g
ure 3 . 21 ) .  Trucks  haul i ng contami nated materi a l s  w i l l  arr i ve f rom the south v i a  Wh i te Wi n g  Road and 
travel  west o n  Bear Creek road to the P i ne R i dge Knol l s  s i te .  The trucks  hau l i ng f i l l  mate r i a l  cou l d  
arr i ve from a ny d i recti on , depend i ng o n  what supp l i ers are awarded contracts for the f i l l  materi a l . 
Whi te Wi n g  Road i s  a state h i ghway. Most o f  Bear Creek  Road wi t h i n the O a k  R i dge Reserva t i o n  i s  the 
respon s i b i l i ty of DOE ( the we stern port i o n  through an i ndustri a l  area near the C l i nch  R i ve r  has been 
turned over to the c i ty of Oak R i d ge ) .  

I n  addi t i o n  to the NFSS- a s s o c i ated traff i c ,  these roads are used by workers commut i n g  t o  var i ous  
O a k  R i dge fac i l i t i es .  They are a l so used to transport mater i a l s  for other projects . For  examp l e ,  



Tab l e  4 . 60 .  Truck T ra f f i c  a t  the Vari ous S i test l 

Ac ti v i ty/Rate o f  T rucks NFSS HANFORD OAK R I DGE HARBOR 
Arri v i ng and Depart i ng 1 2a 2b 3a 3b 4a 4b 4c 4d 3a 4a 4b 3b 4c 4d 4b 4d 

Haul i ng contami nated 
res i dues :  

t ruc ks /day 0 0 0 13 13 13 13  13 13 13  13 13  13  13  1 3  0 0 
trucks/hour 0 0 0 1 . 6 1 . 6  1 . 6  1 . 6 1 . 6 1 . 6 1 . 6 1 . 6  1 . 6 1 . 6 1 . 6 1 . 6 0 0 

Ha u l i ng contam i nated 
wa stes : 

trucks/day 0 0 0 50 120 0 120 0 120 50 0 0 120 0 0 120 120 
trucks/hour 0 0 0 6 . 2  15 0 15  0 15  6 . 2  0 0 15  0 0 1 5  1 5  "'" I 1.0 

Haul i ng f i l l  mate r i a l s :  "'" 
t rucks/day 0 150 150 28 28 170 28 170 28 44 10 10 360 82 82 0 0 
trucks/hour 0 19 19 3 . 5 3 . 5  21 3 . 5 21 3 . 5 6 1 . 3 1 . 3 45 10 10 0 0 

Pea k t ra f f i c :  

trucks/day 0 150 150 63 133 170 133  170 133 107 23 23  5 10 9 5  9 5  120 120 
trucks/hour 0 19 19 7 . 8 17 21  17  21  17 14 2 . 9 2 . 9 62 12 12 15 15 

Dura t i on o f  peak tra f f i c :  

number of  yea rs NA 1 1 5 2 1 2 1 2 2 2 2 2 2 2 2 2 
months/year NA 6 6 6 6 6 6 6 6 4 4 4 4 4 4 6 6 

Abbrev i a t i ons : NA = not app l i c ab l e .  

t l Based on numbers g i ve n  i n  Appe nd i x  D .  
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there have been  recent traff i c  p robl ems on Bear  Cree k Road because trucks  hau l i ng c ru s hed roc k  f rom 
the eastern s i de of the Reserva t i on to the forme r breeder reactor p roject on the western s i de of the 
Reservat i on cause conge s t i o n  and potent i a l  acc i dent s i tuat i on s  duri n g  s h i ft c hanges  at the Y- 12 comp l ex .  
A l though th i s  project  has been  canc e l l ed ,  there i s  a potent i a l  for over l ap w i t h  another project--the 
p ropos ed central  waste fac i l i ty on Wes t  Chestnut R i dge acro s s  the street south o f  the P i ne R i dge 
Kno l l s  s i te ( U . S .  Oep . Energy 1983e ) .  Traff i c  f rom the other fac i l i t i es on  the Oak  R i dge  Reserva t i o n  
a l so use  Wh i t e  Wi ng a n d  B e a r  C r e e k  roads , parti c u l ar ly  d u r i ng t h e  morn i ng a n d  even i ng r u s h  hours . T h e  
c umu l ati ve i mpacts a ssoc i ated w i t h  t h e  heavy truc k traf f i c  from i mp l emen t i ng NFSS A l ternati ve 3b , 
e spec i a l l y  i f  comb i ned w i th heavy traf f i c  a s s o c i ated w i th other projects , wi l l  be i nc reased traff i c  
conge s t i on , i nc reased acci dents , and acc e l erated deteri orat i on o f  the roads .  These i mpacts m i ght  be 
m i t i gated to some extent ( see Sec t i o n  4 . 6 . 7 ) .  

At NFSS , Hanford , and the Harbo r , NFSS-assoc i ated t raf f i c  wi l l  be much l es s  than at Oak  R i dge 
( Tabl e 4 . 60 ) , and the potent i a l for adverse  i mpacts i s  c o rrespond i ng l y  l es s .  Th i s  i s  somewhat depen
dent on  the degree of over l ap w i th other traffi c ,  and the need for  s i m i l a r  m i t i gati ve measures wi l l  
have to be determ i ned for the t i me an a l ternat i ve i s  actua l ly  i mp l emented .  

4 . 6 . 3 . 2  Deaths and  I nj u r i e s  Resu l t i ng from T ransporta t i o n  Acc i dents 

T ransportat i on o f  contami nated and f i  1 1  materi  a 1 s wi l l  i ncrease the ri s k  o f  human i nj u ry and 
death because of the pote nt i a l for transportat i o n  acc i dents . Based on acc i dent stat i st i c s for the 
U n i ted States ( rural  and urban areas ) ,  the i nj ury rate for truc k acc i dents i s  5 . 1 x 10-7 i nj ur i e s  per  
k i l ometer and the  fatal i ty rate i s  3 . 0  x 10- 8 per  k i l ometer ( Gay 1979 ) .  Ava i l ab l e data  do not 
s eparate the occupa t i onal  ( d r i ver)  and pub l i c  components . The e s t i mated transportat i on-re l ated deaths 
and i nj u r i e s  as soc i ated wi th i mp l ementa t i o n  o f  each a l ternati ve for  management o f  the NFSS wastes and 
res i dues are g i ven i n  Tab l e  4 . 6 1 .  

There wi l l  be n o  transporta t i on-re l ated deaths o r  i nj u r i e s  fo r A l ternat i ve 1 ( no act i o n ) . T h e  
r i s ks o f  transportat i on-re l ated death a n d  i nj ury under A l ternati ves 2 a  a n d  2b a r e  i n s i g n i f i cant 
( Tab l e 4 . 61 ) .  For  t he rema i n i ng a l ternat i ve s , a l l o f  whi ch  i nv o l ve transport o f  a l l o r  part o f  the 
NFSS wastes and res i dues to other s i te s ,  several  i nj u r i e s  and deaths are p rojected to occur . Al ter
nat i ve 3a ( t ransport o f  a 1 1  wastes  and res i dues  to Hanford) wi 1 1  have the g reatest r i  s k ,  wi th an  
e s t i mated 4 deaths  and 66 i nj uri e s .  T ransport o f  a l l the wastes  and res i dues  to  Oak  R i dge  enta i l s  
about one - th i rd as  much r i s k  because o f  the l es s e r  d i stance i nv o l ved .  Al most a l l the potent i a l  r i s k  
i s  assoc i ated wi th transport o f  t he contami nated mate r i a l s  because o f  the greater tota l d i stances  
i nv o l ved.  Even doub l i ng o f  the average transportati on  d i stance for  f i l l  mate r i a l s from 20 to 40 km  
wi l l  not s i gn i f i cantly i ncrease the  re l ati ve r i s k  a s s o c i ated w i th hau l i ng o f  f i l l  mate r i a l s .  A l so ,  
most o f  the r i s k  i s  a s s o c i ated wi th  transport o f  the s l i ght ly  contam i nated , but l arge , b u l k wastes .  
Removal  o f  o n l y  the res i dues  f rom NFSS ( A l terna t i v e s  4 a  and 4c ) wi l l  res u l t i n  o n l y  one-tenth o f  the 
r i s k  i nc urred by remov i ng a l l contami nated mate ri a l s  from NFSS .  

These  r i s k  e s t i mates are based  on genera l  U . S .  truck-ac c i dent  death and i nj ury rates .  Local  
cond i ti ons  and m i t i gati ve measures cou l d i nc rease o r  decrease  the actual  rates . For  examp l e ,  i f  
m i ti gati ve measures are not i mp l emented o r  are not e f fec t i ve , the i nj u r i e s  and deaths assoc i ated w i th 
transportati on  at Oak R i dge ( see p rev i ou s  d i scus s i on about t ra f f i c congest i o n )  cou l d be g reater.  On 
the other hand , extra precaut i on s  taken because o f  the rad i oac ti ve materi a l s may l ead to acc i dent 
rates that are genera l ly  l ower than the average rates .  Howeve r ,  a l though the absol ute numbers may be 
s l i ght ly  d i fferent , the re l at i ve r i s ks between a l te rna t i ves  are expected to be about the same . 

4 . 6 . 3 . 3  A i r  Po l l ut i o n  

Transporta t i o n  o f  t h e  contami nated and f i l l  mate r i a l s  wi l l  l ead t o  i nc reased l ev e l s  o f  comb u s t i o n  
p o l l utants i n  t h e  atmo sphere.  I n  a study about poten t i a l  i mpacts a s soc i ated w i th a c l ean-up acti v i ty 
i nv o l v i ng about 20 trucks/hour ( p l us s ome construc t i o n  equ i pment)  ( Argonne Nat l . Lab 1982 ) , i t  has 
been reported that veh i c l e  emi s s i on s  can be maj or contri butors to l oc a l  a i r q u a l i ty degradat i o n .  T h i s  
i s  e spec i a l l y  true f o r  rura l areas where t h e  bac kground emi s s i on s  are about one-tenth o f  those for 
urban area s .  

A s  d i s c u s s ed i n  Sect i on 4 . 6 . 3 . 1 ,  pea k  traf f i c  wi l l  b e  greatest a t  O a k  Ri dge under Al ternat i ve 3b 
( over  60 truc ks/hour ) .  Not only wi l l  em i s s i on s  be g reater than those analyzed i n  the Argonne study 
( A rgonne Natl . Lab 1982) , but a l so the roads at Oa k R i dge are l ocated i n  v a l l eys where the a i r  i s  
o ften very s tab l e--thus  de l ay i ng d i spers i o n  o f  a i r  po l l utants . Dependi ng on  the amount o f  ex i st i ng 
traff i c  ( Se c t i o n  4 . 6 . 3 . 1 ) ,  the  em i s s i ons assoc i ated w i th NFSS tra ff i c  cou l d  be a s i gn i f i cant contribu
tor to a i r  q ua l i ty degradat i o n  dur i ng peak  tra f f i c  p e r i ods . Even  i f  the NFSS contr i b u t i o n  i s  on ly  a 
m i no r  contri bu t i on i n  compari son  to ex i st i ng tra ff i c  contr i buti on s , i t  wi l l  exacerbate a i r qua l i ty 
p robl ems duri ng rush  hours on days when there are weather i nvers i ons . I mpacts can be reduced to some 
extent i f  the m i t i gat i ve measures d i s c u s s ed i n  Sect i on 4 . 6 . 7  are emp l oyed.  

The peak traff i c , and thus the potent i a l ai r p o l l ut i on i mpacts , are l es s  for  the other a l terna
t i ve s .  Imp l ementati on o f  A l ternati v e  1 ,  2a , o r  2 b  wi l l  cause  l i tt l e  or n o  i mpact .  T h e  i mpact at 
Hanford ( A l terna t i ves  3a , 4a , and 4b ) i s  expected to be l es s  not only because the peak  tra f f i c  wi l l  be 
l es s  but a l so because l oc a l  meteoro l og i ca l  cond i t i on s  wi l l  cause  p o l l utants to be more read i l y  
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Tab l e  4 . 61 . E s t imated Numbe r  o f  Transportat i on-Re l ated 
Deaths and I nj u r i est 1 

A l ternat i ve!  
Type o f  Mate r i a l  
Transported 

A l terna t i ve 1 

None 

Al ternat i v e  2a 

Contami nated 
F i l l  

Tota l 

A l terna t i v e  2b 

Contami nated 
F i l l  

Total  

A l ternat i v e  3a 

Contami nated 
Fi 1 1  
Tota l 

A l terna t i ve 3b 

Contami nated 
Fi 1 1  
Tota l 

A l ternat i ve 4a 

Contam i nated 
F i l l  

Tota l 

A l terna t i v e  4b 

Contami nated 
F i l l  

Tota l 

Al ternat i v e  4c 

Contami nated 
F i l l  

Tota l 

Al ternat i v e  4d 

Contam i nated 
F i l l  

Total  

Total  
D i stance 

Trave l edt2 
( km) 

o 

o 
370 , 000 

370 , 000 

o 
370 , 000 

370 , 000 

130 , 000 , 000 
580 , 000 

130 , 000 , 000 

42 , 000 , 000 
1 , 800 , 000 

44 , 000 , 000 

13 , 000 , 000 
520 ,000 

14 , 000 , 000 

43 , 000 , 000 
190 , 000 

43 , 000 , 000 

4 , 200 , 000 
790 , 000 

5 , 000 , 000 

34 , 000 , 000 
460 , 000 

34 , 000 , 000 

Number 
of 

Deathst3 

o 

o 
0 . 11 

0 . 11 

o 
0 . 11  

0 . 11 

3 . 9  
0 . 018 

3 . 9  

1 . 3 
0 . 054 

1 . 4  

0 . 39 
0 . 016  

0 . 44 

1 . 3 
0 . 0058 

1 . 3 

0 . 13 
0 . 024 

0 . 1 5  

1 . 0  
0 . 014 

1 . 0 

t l  Al l v a l ues rounded to two s i gn i f i cant f i gure s .  

t2  Ta ken from tab l e s  i n  Appen d i x  D .  

Number 
o f  

I n j ur i est4  

o 

o 
0. 19 

0 . 19 

o 
0 . 19 

0 . 19 

66  
0 . 3 

66  

21  
0 . 92 

22 

6 . 6 
0 . 27 

6 . 9  

22 
0 . 098 

22 

2 . 1 
0 . 40 

2 . 5 

17 
0 . 23  

17  

t 3  Based  on  truck-acci dent fata l i ty rate o f  3 . 0 x 10-8!km , ( i nc l udes 
dr i vers and the pub l i c ) .  

t4  Based  on  truc  k- acc i dent  i nj u ry rate o f  5 . 1 x ·10- 7 ! km ,  ( i  nc  1 udes dr i  vers  
and the publ  i c ) .  
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d i spersed . Imp l ementati o n  o f  any o f  the Hanford a l terna t i v e s  wi l l , however , resu l t  i n  a greater net 
cont r i b u t i o n  to general  a i r  qua l i ty degrada t i o n  i n  the U n i ted States because  total emi s s i o n s  wi l l  be  
g reater a s  a resu l t  o f  the greater d i stance i nv o l ved .  NFSS v eh i c l e  emi s s i on s  i n  the Harbor a rea wi l l  
b e  i ns i gn i f i cant re l at i ve to the ex i st i n g  emi s s i o n s  i n  the New York metropo l i tan  area.  

4 . 6 . 3 . 4  Demands  on  State and Local  Emergency Preparednes s Serv i ce s  

State a n d  l oc a l  authori t i e s  c harged wi t h  i ndependently  safeguard i ng t h e  pub l i c  may have t o  prov i de 
emergency preparedness  s e rv i ce s  w i t h  respect to transport o f  the NFSS wastes and res i dues , parti c u l a r l y  
the  res i dues that wi l l  be c l as s i f i ed as  " ra d i oac t i v e "  under federa l regu l a t i o n s  ( see  Appe nd i x  0 . 2 ) .  
A l though not l ega l l y  app l i cab l e  to DOE  s h i pments , the state o f  New Yo rk  and some l oca l  mun i c i pa l i t i es 
have enacted numerou s  l aws i n  the  past  several  years regard i ng the transportati on  o f  rad i oact i ve 
mate r i a l s ( U . S .  Nuc l . Reg .  Comm . 1983b ) .  F o r  examp l e ,  one  of the  l atest i s  New York ' s proposed Rad i o
a c t i v e  Materi a l s Transportati on  Act .  For  the p rotec t i o n  o f  pub l i c  hea l th and s afety i n  the event o f  
an  acc i dent  dur i ng t h e  transpo rta t i o n  o f  rad i oact i ve mate ri a l s ,  t h i s A c t  requ i re s  t h e  prepara t i o n  o f  
emergency response procedures and t h e  trai n i ng o f  publ i c  safety o f f i c i a l s . . .  , the c o s t s  o f  whi ch  
shou l d  be borne  by  the car r i e rs o f  rad i oacti v e  materi a l s . " Some o f  the key p rov i s i ons i nc l ude : 

1 .  Perm i ts for the transport of rad i oact i ve wa ste must  be obta i ned f rom the state , the 
cost o f  wh i c h  wi l l  be $ 1 , 000 p l u s  $100 per truc k l oad ( 4- b ) . 

2 .  An add i t i ona l  $1 , 000 wi l l  be added to each s h i pment conta i n i ng spent  fue l  o r  rad i o
acti ve materi a l s  ( 4- c ) .  

3 .  F i nanc i a l  respon s i b i l i ty i n  case o f  an acc i dent  must  b e  met by the carr i e r  ( 4- d ) . 

4 .  Al l fees co l l ected i n  accordance w i t h  RMTA s ha l l be used for the p l ann i n g ,  trai n i ng ,  
and equ i pment needed for emergency p reparedness  for acci dents that may occur dur i ng the 
t ransport of rad i oact i ve materi a l s ( 6a- c ) . 

Thu s , for New Yor k ,  a s  we l l a s  other states hav i ng s im i l ar p rOV 1 S l on s  for s upport o f  emergency 
p reparedness  e fforts through fees  on rad i oacti v e  waste  s h i pments , there wi l l  be an econom i c  l os s  i n  
that they wi l l  have to prov i de a s e rv i ce and wi l l  not rece i ve payments for  the DOE- exempt s h i pments . 

4 . 6 . 4  Occupa t i o na l  I njur i es and Deaths ( Exc l ud i ng Transportati on )  

I mp l ementat i o n  o f  each o f  t h e  act i o n  a l ternat i ve s  wi l l  req u i re wo rkers t o  conduct acti v i t i es that 
have r i  sk  of  i nj ury and death (Argonne Nat 1 .  Lab . 1982 ) .  Acc i denta 1 i nj u r i  e s  and death usua  1 1  y ar i  se  
f rom i mp roper use o r  ma i ntenance of equ i pment or fa i l ure to take proper p recaut i o n s  part i c u l ar ly  i n  
h i gh- r i s k  s i tuati o n s . 

P re l i m i nary est i mates o f  the  manpowe r requi rements for three major worker categor i e s  are g i ve n  i n  
Tab l e  4 . 62 .  The e s t i mated i nj u r i e s  and deaths for each a l terna t i ve are l i s ted i n  Tab l e  4 . 63 ,  based on  
the manpower requi rements and i nj u ry and fata l i ty rates  for these  c l a s s e s  of workers .  

In  genera l , a l te rnat i ve s  i nvol v i ng the mos t  acti v i t i e s  re l at i ve to construct i on and mater i a l  
hand l i ng a n d  p roce s s i ng wi l l  have t h e  greatest r i s k  o f  wo rker i nj u r i e s  a n d  death s .  F o r  exampl e ,  
i mp l ementati o n  o f  Al terna t i ve 3a i s  p rojected to resu l t i n  100 worker i nj u r i e s .  T h i s  i s  more i nj u r i e s  
t h a n  a r e  projected f o r  t h e  transporta t i o n  act i v i t i es assoc i ated wi th i mp l ementa t i o n  o f  t h i s a l terna
t i ve ( 66 i nj ur i es--Tab l e  4 . 61 ) .  There i s  great uncerta i nty ,  howeve r ,  regard i ng the amount of future 
remed i a l  act i o n  that may be needed i f  conta i nment  systems fa i l  dur i ng the 200 years o f  mai ntenance and 
mo n i to r i ng . I n  rea l i ty ,  the number  o f  worker i nj u r i e s  and deaths may be h i ghest  for those a l ternati ves  
that  have a greater p robab i l i ty o f  fa i l ure , e spec i a l l y  A l ternat i ve 1 ( see  Sect i o n s  4 . 2  and 4 . 3 for 
deta i l ed d i scus s i o n s  of the i nteg r i ty o f  contai nment  systems ) .  

4 . 6 . 5 Popu l ati o n ,  Economy ,  Pub l i c  Faci l i t i e s , and Pub l i c  Serv i ce s  

4 . 6 . 5 . 1 Popu l a t i o n  

E s t i mates of the work  force req u i red under the var i ous a l ternati ve s  ( see  Sect i on 4 . 6 . 4 ) are 
extreme l y  sma l l re l at i ve to the current popu l at i ons  at the four s i te s .  The i mpact o f  the e s t i mated 
l abor  force on popu l at i o n  growth and de n s i ty i s  there fo re con s i dered to be neg l i g i b l e .  

4 . 6 . 5 . 2  Economy 

To determi ne the potenti a l  i mpacts of each a l ternat i ve on the economy , there a re two major i s sues 
that need to be cons i dere d :  ( 1 )  t he re l at i o n sh i p  between pub l i c  percept i on s  a n d  t h e  economy , and 
( 2 )  how the vari ous  a l terna t i ves  may i nf l uence the tax base  o f  the affected commun i t i e s .  

The curre n t  economi c  c l i mate a t  NFSS , Hanford , and Oak  R i dge i s  a ref l ec t i o n  o f  h i s tori ca l c hanges  
i n  the economy and the rel at i ve dependence of each commun i ty on  the vari ous  economi c sectors  ( i ndustry ,  



Tab l e  4 . 6 2 .  

Act i v i ty/S i te 1 

F I E LD SUPERV I S I ON , ENVI RONMENTAL 
MON I TO R I NG :  

N F S S  8 , 000 
Han fordt2 NA 
Oak R i dget2 NA 

Subtota I 8 , 000 

S I T E  PREPARA T I ON :  

NFSSt3 NA 
Hanfordt4 NA 
Oak R i dgetS NA 

Subtota l NA 

R E S I DUE R E T R I EVAL/PACKAGI NG/LOAD I NG ,  
O R  R E T R I EVAL/PROCE S S I NG/DI SPOSA L ,  
OR UNLOADI NG/D I SPOSA L :  

NFSS NA 
Hanfordt6 NA 
Oak R i dget6 NA 

Subtota l NA 

WASTE R E T R I EVAL/LOAD I NG ,  
O R  UNLOAD I NG/DI SPOSA L :  

N F SS NA 
Hanf ordtR NA 
Oak R i dget8 NA 

Subtota I NA 

DEMOL I T ION OF BUI LD I NG FOUNDAT IONS: 

NFSS NA 
Hanford NA 
Oak R i dge NA 

Subtota I NA 

RAD I OLOG I CAL SUPPORT: 

NFSS NA 
Hanfordt9 NA 
Oak R i dget9 NA 

Subtotal NA 

F I NAL CAP CONSTRUC T I ON/ S I TE CLOSURE : 

NFSS NA 
Hanfordt ' O NA 
O a k  R i dget ' O  NA 

SlJhtot� 1 NA 

E s t i mated Wor k  F orce Requi rements o f  the Vari ous S i tes 

2a 

1 1 , 000 
NA 
NA 

11 , 000 

8 , 000 
NA 
NA 

8 , 000 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

4 , 000 
NA 
NA 

4 , 000 

9 , 000 
NA 
NA 

'l , OOO 

Dur i ng the Action  P e r i odt 1 

Work Force Regu i rement {worker- da�s� f o r  Each A l terna t i ve 

2b 

12 , 000 
NA 
NA 

1 2 , 000 

10 , 000 
NA 
NA 

10 , 000 

15 , 000 
NA 
NA 

15 , 000 

500 
NA 
NA 

500 

NA 
NA 
NA 

NA 

6 , 000 
NA 
NA 

6 , 000 

10 , 000 
NA 
NA 

1 0 , 000 

3a 

1 3 , 000 
1 3 , 000 

NA 

26 , 000 

10 , 000 
20 , 000 

NA 

30 , 000 

10 , 000 
3 , 000 

NA 

13 , 000 

4 0 , OOOt 1 
1 5 , 000 

NA 

55 , 000 

2 , 000 
NA 
NA 

2 , 000 

1 1 , 000 
6 , 000 

NA 

1 7  , 000 

NA 
45 , 000 

NA 

45 . 000 

3b 

13 , 000 
NA 

13 , 000 
26 , 000 

10 , 000 
NA 

30 , 000 
4 0 , 000 

10 , 000 
NA 

3 , 000 
13 , 000 

30 , 000 
NA 

15 , 000 

4 5 , 000 

2 , 000 
NA 
NA 

2 , 000 

1 1 , 000 
NA 

6 , 000 

17 , 000 

NA 
NA 

4 5 , 000 

4 5 , 000 

4a 

1 1 , 000 
1 1 , 000 

NA 
2 2 , 000 

10 , 000 
10 , 000 

NA 
20 , 000 

10 , 000 
3 , 000 

NA 
1 3  , 000 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 

6 , 000 
3 , 000 

NA 

9 , 000 

9 , 000 
1 2 , 000 

NA 

2 1 , 000 

4b 

13 , 000 
13 , 000 

NA 
26 , 000 

10 , 000 
10 , 000 

NA 
20 , 000 

10 , 000 
3 , 000 

NA 
1 3  , 000 

30 , 000 
NA 
NA 

30 , 000 

2 , 000 
NA 
NA 

2 , 000 

1 1 , 000 
6 , 000 

NA 

1 7  , 000 

NA 
4 5 , 000 

NA 

4 5 , 000 

4c 4d 

1 1 , 000 1 3 , 000 
NA NA 

1 1 , 000 1 3 , 000 

22 , 000 26 , 000 

10 , 000 10 , 000 
NA NA 

20 , 000 20 , 000 
30 , 000 3 0 , 000 

10 , 000 10 , 000 
NA NA 

3 , 000 3 , 00 0  .j::o , 1.0 
13 , 000 1 3 , 00 0  CO 

NA 30 , 000 
NA NA 
NA NA 

NA 30 , 000 

NA 2 , 000 
NA NA 
NA NA 

NA 2 , 00 0  

6 , 000 1 1 , 000 
NA NA 

3 , 000 6 , 000 

9 , 000 17 , 000 

9 , 000 NA 
NA NA 

10 , 000 4 5 , 000 

19 , 000 4 5 , 000 



Tab l e  4 . 62 .  Conti nued 

Work Force Reg'u i rement (worker-days) for Each A l terna t i ve 
A c t i v i ty/S i te 2a 2b 3a 3b 4a 4b 4c 4d 

S I TE RESTORATION:  
NFSS 
Hanfordt2 
Oak R i dgeF 
Subto t a l  

NA 
NA 
NA 
NA 

1 , 000 
NA 
NA 

1 , 000 

1 , 000 
NA 
NA 

1 , 000 

3 , 000 
3 , 000 

NA 
6 , 000 

3 , 000 
NA 

3 , 000 
6 , 000 

1 , 000 
1 , 000 

NA 
2 , 000 

3 , 000 
3 , 000 

NA 
6 , 000 

1 , 000 3 , 000 
NA NA 

1 , 000 3 , 000 
2 , 000 6 , 000 

OCEAN D I SPOSAL OF WAST E S :  
Harbor 

Wa s t e  unl oad i ng/ l oa d i ngt l l 
Superv i sory & mon i tor i ngt l 2 

Ocean 
Tug & barget l 3  
Supe rvi sory & mon i tor i ng 

Subtot a l  

N A  
NA 

NA 
NA 
NA 

NA NA NA 
NA NA NA 

NA NA NA 
NA NA NA 
NA NA NA 

6 , 800 NA 6 , 800 
1 , 400 NA 1 , 400 

NA NA 
NA NA 

2 , 900 NA 2 , 900 
0 NA 0 

NA NA 
NA NA 
NA NA 1 1 , 100 NA 1 1 , 100 

TOTAL AT S I T E S  8 , 000 33 , 000 5 5 , 000 194 , 000 194 , 000 8 7 , 000 1 70 , 000 9 5 , 000 180 , 000 

t l 

F 

t 3  

t '  
t S  
t 6  

t '  

t8 

t9 
t l O 

Work force e s t i mates for a c t i v i t i e s  at the var i ou s  s i te s  are based on e s t i mated work force req u i rements 
( 1984 a )  and adjusted , a s  noted , for ac t i v i t i es a t  other s i te s .  Transporta t i on work force not i nc l uded . 
worker-day s .  NA = not app l i cabl e .  
A s s umed t o  b e  same a s  a t  NFSS.  

a t  NFSS a s  g i ven by Bechtel  National  
T o ta l s  g i ven to neare s t  thousand 

I nc l udes , a s  appropri ate to each a l terna t i ve , remova l o f  a l l or part o f  the i nter i m  cap , re l oc a t i on o f  the central d i tc h ,  cons truc t i on of 
proce s s i ng fac i l i t i es ,  and other s i te preparation work. 
A s s umes twi ce t he ef fort a s  at N F SS for wa s t e s  p l us re s i dues and same e f fort a s  a t  NFSS for res i dues only . 

. 
A s s umes three t i me s  the e f fort as at NFSS for wa s tes p l us re s i dues and twi ce the e f fort as at NFSS for re s i dues o n l y .  
A s s umes t h a t  the e f fort requi red t o  u n l oad a n d  p l ace t h e  packaged r e s i dues i nto t h e  new trenches a t  Hanford o r  t h e  conta i nment area a t  
Oak R i dge i s  appro x i ma t e l y  one- t h i rd the e f fort req u i red to retri eve/package / l oad the res i dues a t  NFSS.  
A s s umes s l i gh t l y  more e f fort to excavate and l oad the wa s tes for removal to Hanford than to Oak R i dge o r  the ocean because o f  the l onger 
dura t i on o f  th i s  ac t i v i ty for the Hanford a l terna t i ve due to transporta t i on l i m i ta t i on s  ( s ee Appe nd i x  D ) .  
Assumes that t he e f fort to u n l oad and d i spose o f  the wa s te s , not i nc l ud i ng cons truc t i on o f  caps and s i te res tora t i on ,  i s  approx i mate l y  
one-ha l f  t h e  e f fort needed to excavate a n d  l oad t h e  was t e s  a t  NFSS. 

A s s umes that the rad i o l og i c a l  support for r e i nternment a t  Hanford o r  Oak R i dge i s  appro x i ma t e l y  one - ha l f  o f  that needed to d i s i nter a t  NFSS.  
E f fort to construct f i na l  caps and c l os e  s i te s  a t  Hanford and Oak R i dge are proport i oned to the e f fort a t  NFSS by the amount o f  bac k f i l l  
requ i reme n t s .  

t I l A s s umes 14 worker-days/sh i ft x 2 s h i f t s /day x 2 0  days/month x 6 months/year x 2 year s .  

t l 2  Assumes 3 worker-days/ sh i ft x 2 s h i f t s /day x 2 0  days/month x 6 months/year x 2 yea r s .  
t l 3  A s s umes 1 1  workers x 4 t r i ps/month x 4 4  hours/tr i p  x 6 months/year x 2 years x 8 worker-days/8 hour s .  

� I U> U> 



A l te rnat i ve 

1 

2a  

2b 

3a  

3b 

4a 

4b 

4c 

4d 

4-100 

Tab l e  4 . 6 3 .  E s t i mated I nj u r i e s  and  Deaths 
( No ntransportat i o n ) t 1  

Total  
I nj u r i es 

0 . 13 

12  

24 

100 

100 

3 6  

85 

42 

91  

I nj ury Rate 

Total  
Fata l i t i e s  

0 . 0015 

0 . 0064 

0 . 012 

0 . 044 

0 . 042 

0 . 018 

0 . 038 

0 . 018 

0 . 040 

{no . /worker- hour)  

Act i v i ty Nonfata l F atal  

Constructi ont2 7 . 9 x 10- 5 1 .  5 X 10-8  

Mate r i a l  hand l i ng 
and p roces s i ngt3 8 . 3 x 10- 5 3 . 3 X 10-8 

Ma i ntenance , secur i ty ,  
and mon i to r i ngt4 2 . 1 x 10-6 2 . 3 X 10-8  

tl  Based on e s t i mated tota l wo rker- days as  g i ve n  in  Tab l e  4 . 62 ,  
8-hour days , and the i nj ury rates a s  g i ve n  i n  th i s  tab l e .  Al l 
numbe rs ro unded to two s i g n i f i cant f i gu re s .  

t 2  Ave rage i nc i dence rates for the construct i o n  i nd u stry a s  a 
who l e  ( U . S .  Dep . Labor 1977 , 1978 , 1979 ; Argonne Natl . Lab . 
1982 ) .  App l i cabl e NFSS acti v i t i e s  i nc l ude : s i te prepara t i o n  
a n d  demol i t i o n  of b u i l d i ng foundat i o n s .  

t 3  F rom U . S .  Departme nt of Labor ( 1978 , 1979 ) .  App l i c ab l e  NFSS 
act i v i t i e s  i nc l ude : res i due ret r i e v a l /packag i ng/l oad i ng ,  
waste retr i eva l / l oad i n g ,  construct i o n  of f i na l  cap , s i te 
restorat i o n ,  and ocean d i sposal . 

t4 F rom U . S .  Atomi c  E ne rgy Comm i s s i on ( 1972 ) .  App l i cabl e NFSS 
acti v i t i e s  i nc l ude : f i e l d  superv i s i on/en v i ronmental  moni tor
i ng a nd rad i o l og i ca l  s upport.  

manufacturi ng , s e rv i ces , etc . ) .  Curre n t l y ,  there i s  no documentati on that the  e x i stence o f  the NFSS  
wastes  a nd res i dues i n  N i agara County has i ndependent ly  ( i ndependent of other  i ndustri e s  in  the  area , 
e . g . , SCA ) had a negati ve i nf l uence o n  econom i c  var i ab l e s  such  a s  the d i s t r i b ut i on of i ndustry ,  
p rope n s i ty o f  i nd u s try to move i n  and out o f  the area , o r  comparati ve measures  o f  econom i c  c l i mate 
such  as  average househo l d  i ncome o r  property va l ue .  The Ni agara F a l l s area i s  much more dependent  
upon  the vol ati l e  tour i st i nd u stry , wh i ch i s  heav i l y  i nf l uenced by negat i ve publ i c i ty ,  than  e i ther the 
Hanford o r  Oak R i dge s i te s .  Th i s  cou l d  theoret i ca l ly  l ead to a d i fferen t i a l  i nf l uence on  l oca l  
econom i e s . Howe v e r ,  the potenti a l  for future i mpacts at NFSS i s  mode rate to l ow for a l l a l te rnati ves  
except Al ternati ve 1 ( no acti o n )  i n  wh i ch the  pote n t i a l  need  for future remed i a l  acti ons , wi th attendant 
negat i ve publ i c i ty ,  is h i gher .  Even i n  th i s  cas e ,  however , the e ffect of negat i ve NFSS publ i c i ty 
re l at i ve to negat i ve pub l i c i ty about other hazardous waste faci l i t i es i n  the area may be neg l i g i b l e .  
F u rthermore , i f  there i s  a n  adve rse i mpact , i t  w i l l  l i ke l y  decrease a s  negat i ve publ i c i ty decreas e s . 

The Oak  R i dge and Hanford s i tes  are even  l es s  l i ke l y  than NFSS to exper i ence negat i ve econom i c  
i mpacts assoc i ated wi th the NFSS wastes and res i dues .  These  commun i t i e s  are heav i l y dependent on 
federal do l l ars and may be l es s  l i ke l y  to be advers e l y  affected by negat i ve pub l i c i ty about the NFSS 
wastes and re s i dues  than  the touri st i ndustry at NFSS . 

The va ri ous  a l te rnat i ves  may d i fferenti a l ly  i n f l  uence the tax base o f  the t h ree commun i t i e s .  
Under A l ternat i ve s  3 a ,  3b , 4b , and 4d , a l l o f  the was te and res i dues wi l l  b e  removed from the NFSS 
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s i te ,  thus l eav i ng the  l and ava i l ab l e for other use .  I f  the  l and i s  so ld  to p r i vate l andown e rs , then  
the  NFSS p rope rty wi l l  no l o nger  be s ubject to  exemp t i o n  f rom property taxes and the county and l oc a l  
school  d i stri ct wi l l  bene f i t  from t h e  t a x  a s s e s sments o f  t h e  l and a n d  whatever  b u i l d i ngs a re b u i l t  o n  
i t . Under Al ternati ves 1 ,  2a , 2b , 4a , and 4c , a l l  o r  some o f  the contami nated mate r i a l s wi l l  rema i n  
at NFSS and the l and wou l d  cont i nue to be exempt from taxe s .  

4 . 6 . 5 . 3 Pub l i c Fac i l i t i e s  and Pub l i c  Serv i ces  

At a l l s i tes , most l oc a l  pub l i c  fac i l i t i es and  s e rv i ces  ( s uch as po l i ce  a nd f i re protecti on , 
schoo l s ,  and hosp i ta l s )  are not expected to be advers e l y  i mpacted unde r any of the a l te rnat i ves  because  
there wi l l  be no s i gn i f i cant i nc rease in  the pop u l at i ons  at a ny of the s i tes . Demands on s tate and 
l oca l gove rnment s e rv i ces  ( s uch as  pub l i c  hea l th and safety mon i tor i ng ,  l ega l , and overs i te )  wi l l  
conti n ue at NFSS . I f  the contami nated mate ri al s are taken to Oak R i dge o r  Hanford , there wi l l  be an  
i nc remental demand on such  s e r v i ces at those s i te s .  ( See  Sec t i o n  4 . 6 . 3 . 4  for d i scus s i on o f  demands 
p l aced on emergency preparedness  serv i ces for transportati on o f  rad i oact i ve materi a l s . ) 

4 . 6 . 6  H i stor i c  and Cu l tural  Res ources 

At NFSS and Oak  R i d ge ,  no i mpacts on  h i storic  and c u l tura l resources are expected ( s ee Sec
t i ons 3 . 1 . 6  and 3 . 3 . 6 ) .  At Hanfo rd- -before A l ternat i ves  3b , 4a o r  4b can be i mp l emented- -a  s urvey 
wi l l  have to be conducted to determ i ne i f  any archaeo l og i ca l  resources are p resent  at the 218W5 Area 
where the NFSS was tes  and res i dues wi l l  be  b u r i e d .  I f  any va l uab l e  re sources a r e  d i scovered , appro
pri ate meas ures wi l l  have to be taken to document and p re s e rve such resources before construct i o n  
acti v i t i e s  take p l ac e .  S u c h  mea s u res  a re read i l y  unde rtaken and t h e  presence o f  any archaeol ogi ca l  
resources wi l l  not  l i ke l y  l ead to adverse  i mpacts on  h i stor ic  and cu l t ura l resource s .  

4 . 6 . 7 M i t igat i o n  o f  Adverse I mpacts 

F o l l owi ng are some s ugges ted meas ures to m i t i gate adverse soc i oeconomi c  i mpacts . The m i t i gati ve 
measures that wi l l  actua l l y  be i mpl emented , after  con s i derati on by DOE ,  wi l l  be i nc l uded in  the Record 
o f  Dec i s i o n .  

Because many o f  the soc i oeconom i c  i mpacts p re v i o u s l y  d i scus sed a re a funct i o n  o f  pub l i c  percep
t i ons , reduci ng publ i c  sens i t i v i ty and negati ve pub l i c i ty wi l l  s i m u l taneou s l y  reduce the potent i a l  for 
tho s e  soci oeconom i c  i mpac t s .  Negat i ve pub l i c i ty and p ub l i c  sens i t i v i ty can be m i n i m i zed by deve l op i ng 
and mai nta i n i ng formal  and i nforma l commun i c at i on w i th s tate and l oc a l  governments , i nterested env i ron
menta l and c i t i zens  groups , pr i vate c i t i zens  and nearby l andowne rs , and the l oc a l  news med i a .  T h i s 
cpmmuni cati on i s  espec i a l ly  i mportant dur i ng the dec i s i on-ma k i n g  p rocess  and dur i ng the act i on per i od 
but  s hou l d  a l so cont i nue i nto the ma i ntenance and mon i tori ng peri od as we l l .  The  affected pub l i c  at 
a l l s i tes , as  we l l as a l ong trans porta t i o n  routes , s ho u l d  be i nc l uded.  Commu n i cati on s ho u l d  be t i me l y ,  
vo l u ntary , accu rate , and respons i ve to pub l i c concerns . 

Forma l commu n i cati on may be deve l oped by prov i d i ng sched u l ed pe r i od i c  updates about ongo i ng and 
p rojected acti v i t i es to key i nd i v i dua l s from the above-menti oned g ro u p s .  I nfo rma l commu n i cat ion  may 
i nc l ude i n forma t i o n  b r i e f i ngs and tours , mai l i ngs , and med i a  update s .  

Land-use  and p rope rty- v a l ue i mpacts can b e  reduced by m i n i m i z i ng d u s t ,  n o i se , a i r  po l l utants , 
traff i c  conges t i on ,  and negat i ve pub l i c i ty .  After e ng i neeri ng acti ons are comp l ete , conti nued i nter
acti on w i th l oca l  p l a n n i ng agenc i e s  cou l d  reduce the pote n t i a l  for i ncompat i b l e  l and uses to deve l op 
adjacent to the was te-management s i te .  Land- use  contro l s ( e . g . , restr i ct i ve covenants , zon i ng , etc . )  
cou l d  be exerci sed over both the s urface and subsurface o f  the waste-management s i te as  we l l a s  on  
adjacent l an d s .  For  examp l e ,  at NFSS , res t r i c t i ons on nearby we l l  dr i l l i ng a n d  contro l s on  drai nage 
d i tch  deve l opment and ma i ntenance cou l d be i mp l emented ( Se c t i o n  4 . 2 ) .  The l ev e l  of  government at 
wh i c h  pr i mary re spons i b i l i ty for these contro l s shou l d  l i e has  yet to be determ i ned , a l though the 
trend had been for federal and/or state governments to ma i ntai n contro l s over the actual  d i spo s a l  
s i tes . 

Transporta t i on i mpacts can  be m i n i m i zed by vol u ntary cooperat i on wi th l oca l  and  s tate autho r i t i e s  
a l ong transporta t i o n  routes t o  determ i ne the mos t appropr i ate hau l routes and t r i p  t i mes  t o  red uce 
t ra f f i c  conge s t i o n , acci dent potenti a l , and road deteo r i at i o n .  A t  Oak  Ri dge , accel erated dete r i orat i o n  
o f  R t .  9 5  ( Wh i te W i ng Road ) cou l d  poss i b l y  be m i t i gated by coord i nat i o n  w i th t h e  state of Tenne s see 
regard i n g  the state p l an for rebu i l d i ng that road . Contr i b u t i o n  o f  federal funds  to a l l ow an ear l i e r  
upgradi ng t o  offset  the added dete r i orat i on caused by NFSS truc ks cou l d  b e  cons i dered.  Schedu l i ng  of 
veh i c l e  movements d ur i ng o f f- peak  traf f i c  hours  and prov i s i on o f  turn i ng l anes  and other safety 
meas u res  cou l d  reduce transportati on  i mpacts . Proper ma i ntenance o f  veh i c l es can reduce a i r  po l l uti on 
i mpacts . 

At p resent , there are no p rOV 1 S l ons  ava i l ab l e  for DOE to negoti ate i n- l i e u-of  tax payments to the 
town o f  Lewi ston , the town of Porte r ,  N i agara County ,  o r  the Lewi s ton- Porter Schoo l D i s t r i c t . At the 
Oak  R i dge and Han ford s i tes , DOE has Congre s s i ona l  authori zaton to make i n- l i eu-of  tax payments  to 
l ocal  governme nts .  
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DOE mi ght a l so set a s i de a spec i f i ed amount o f  money to be used for mai nta i n i ng and mon i to r i n g  
the N F S S  wastes a n d  res i dues ( see Appen d i x  F f o r  e s t i mated ma i ntenance a n d  mon i to r i ng cost s ) .  Howeve r ,  
there i s  current ly  n o  precedent for a federal  agency t o  set up s uc h  a fund and spec i a l  enab l i ng l eg i s
l at i o n  may be requ i red . 

4 . 7 INSTITUTI ONAL I SSUES 

Several major i ns t i tut i ona l  i s s ues have been i dent i f i e d  as  hav i ng potent i a l  beari ng on  the DOE 
dec i s i o n  regard i ng se l ec t i o n  o f  the a l ternati ve for l ong- term management  o f  the NFSS was tes and res i 
dues and p rocedures for imp l ementa t i on o f  the chosen  a l terna t i ve : ( 1 )  e n v i ronmenta l  regu l at i ons , 
( 2 ) ocean- d i spos a l  regu l ati ons , ( 3 )  transportati on regu l at i ons , and ( 4 )  fund i ng .  

4 . 7 . 1  E n v i ronmenta l Regu l a t i o n  

D O E  h a s  p r i mary respons i b i l i ty f o r  manag i ng hea l th ,  s afety ,  a n d  env i ronmental  p rote c t i o n  p rograms 
at DOE-owned , contracto r- operated fac i l i t i e s .  Wi th respect to most radi o l og i ca l  matters , DO E has 
i s s ued severa l  operat i ng  " Orders , "  purs uant to the Atomi  c Energy Act ,  that conta i n  env i ronmenta 1 
g u i de l i ne s  for i ts vari ous operat i o n s . T he major orders that app l y  to the NFSS a l ternat i ves are 
l i sted in Sect i on 1 . 6 .  However ,  w i th respect to nonrad i o l og i ca l  matters , DOE i s  genera l l y  s ubject to 
both the s ubstanti ve and p rocedural  requ i reme nts of most of the major federa l e n v i ronmental  s tatutes . 

4 . 7 . 1 . 1  DO E O rders and  I nternal  Gu i de l i nes 

O rder 5480 . 1A ( E n v i ronmental  Protec t i o n ,  Safety and Hea l th Protec t i on Program for DO E Operat i o n s ) .  
DOE i s  i n  the process o f  revi s i ng i ts rad i at i on s tandards for  protec t i on o f  the pub l i c  i n  the v i c i n i ty 
o f  DOE fac i l i t i es .  I nt e r i m  s tandard s - - e ffecti ve J u l y  1 ,  1985- - l i m i t  the conti nuous dose  to any member 
of the p ub l i c  to 100 mrem/yr for  a l l rout i ne DOE operat i ons . The l i m i t  for the who l e- body dose  from 
the a i r  pathway a l one is 25 mrem/yr ( i n  accordance w i t h  40 CFR 6 1 , Subpart H ) .  Pend i ng devel opment of 
a rev i sed Orde r ,  concentrat i on g u i des presented in  the c u rrent O rder  5480 . 1A ( C hapter X I - - " Requi rements 
for Rad i at i on Protec t i on" ) w i l l  cont i nue to be used .  These rad i at i o n  protec t i on s tandards are 
s umma r i zed in Tab l e  4 . 64 .  A l l owab l e  concentrat i ons o f  vari ous radi onuc l i des i n  a i r  and wate r , both 
ons i te and offs i te ,  are a l so spec i f i ed in Order 5480 . 1A .  L i m i t s  for t h ree  rad i onuc l i de s  of parti c u l ar 
i nterest to the NFSS wastes and res i dues  are g i ven i n  Tab l e 4 . 6 5 .  

Order 5484 . 1 ( E n v i ronmenta l Protecti o n ,  Safety and Heal ty P rotect i o n I nforma t i on Reporti ng 
Requ i rements . F o r  a l l of the a l ternat i ves , an e n v i ronmental  mon i tori ng  p rogram wi l l  be i mp l emented i n  
accordance w i t h  C hapter I I I  o f  DOE Order 5484 . 1 . The p rogram wi l l  be d e s i g ned to determi ne : 

Whether conta i nment and contro l measures to l i mi t r e l eases  of rad i oact i v i ty f rom the s i te are 
funct i o n i ng as p l anned .  

Whethe r ,  and to what  extent , e n v i ronmental  l eve l s  of  rad i oact i v i ty and other  p o l l utants r e l eased 
from the s i te comp l y  w i th app l i cab l e DOE g u i de l i ne s .  

What i s  the overal l i mpact o f  the s i te operati on  on  the e n v i ronment .  

The e n v i ronmenta l and e f f l uent mon i tori ng p rograms wi l l  be des i gned to :  

Demonstrate comp l i ance w i t h  the requ i rements of DOE  O rder 5480 . 1 ,  C hapters I ,  X I , and X I I I ,  and  
w i th the  appropr i ate c r i te r i a  spec i f i ed in  DOE ' s  proposed res i dual -co ntami na t i o n  and wa ste
control c r i te r i a  for  forme r l y  uti l i zed s i tes and remote s u rp l us fac i l i t i es s i tes ( Append i x  H ) .  

Determi ne background l eve l s  and contr i but i on f rom DOE acti v i t i e s  o f  rad i oact i v i ty and other 
pol l utants in the s i te env i rons . 

Determi ne comp l i ance w i t h  app l i cab l e e n v i ronmenta l q ua l i ty and pub l i c expo s ure l i m i ts and other 
e n v i ronmenta l commi tments ( e . g . , those pub l i shed  in  env i ronmental  i mpact s tatements , Records  of 
Dec i s i o n ,  or other off i c i a l  doc uments ) .  

An e n v i ronmental  mon i to r i ng report i s  c u rrent l y  p repared annual l y  to s umma r i z e  and i nterp ret the 
l eve l s  of  rad i oacti v i ty and nonrad i oact i ve po l l utants i n  the env i rons at each of the p roposed l and
management  s i tes . Leve l s of  p o l l utants are compared to app l i cab l e  DO E g u i de l i nes  and other standards 
and re l evant parameters , such  as  bac kground rad i oac t i v i ty .  The env i ronmenta l mon i tori ng repo rts a l so 
s umma r i ze the res u l ts of mo n i to r i n g  to determi ne comp l i ance w i th app l i c ab l e  nonrad i o l og i ca l  e f f l uent  
standards and  perm i t  cond i t i ons  .

. 
The res u l ts of any perti nent env i ronmenta l s u rveys conducted by 

other federa l , s tate , or  l oc a l  e n v i ronmental  p rotect i o n  agenc i es ( a s  avai l ab l e )  are a l s o s ummari zed 
and referenced in  the repo rt s .  E f f l uent mon i tori ng data for p o l l utants may b e  i nc l uded i n  the report 
( a )  i f  needed to demonstrate whether or  not such e f f l uents are i n  comp l i ance  w i th app l i cab l e  e f f l uent , 
emi s s i o n , or e n v i ronmental  s tandards ; or ( b )  i f  used to c a l c u l ate off s i te i mpact s .  Wi th regard to 
e f f l uent mon i tori ng data for rad i oac t i v i ty ,  the  tota l n umber of c u r i e s  i n  a i rborne and l i qu i d  e f f l uents  
rel eased to the offs i te env i ronment , and  the nuc l i des  of part i c u l ar  l oc a l  i nterest , are i nc l uded i n  
the port i ons  o f  the report deal i ng w i t h  a i r  and water moni tor i ng ,  respect i ve l y .  I n  i nstances whe re 
l i q u i d  e f f l uents re l eased to d i fferent rec e i v i ng s treams may res u l t i n  separate routes of pote nt i a l  
e n v i ronmenta l expos u re , the rad i o act i v i ty d i scharged to each rece i v i ng s tream i s  i dent i f i ed .  
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Tab l e  4 . 64 .  DOE Rad i at i o n  P rotect i o n  Gu i de l i nes  
in  Order  54BO . 1A 

Type of Expo s ure Dose  ( rem ) t 1  

I nd i v i dua l s i n  Contro l l ed Areas 

Who l e  body , head and trun k ,  gonads , 
l ens  of the eyet2 , red bone marrow , 
acti ve b l ood- formi ng  o rgans  

Un l i m i ted areas  of  the s k i n  ( except 
hands and forearms ) ;  other organs , 
t i s s ues , and organ systems ( except 
bone ) 

Bone 

F orearmst4 

Handst4 and feet 

Type of Exp o s u re 

Dose  to 
I nd i v i d u a l s at 

Poi nts of  
Max i mum P robab l e  

Expos u re 

I nd i v i dua l s  and Popu l at i o n  Groups i n  Uncontro l l ed Areas 

Who l e  body , gonad s , o r  bone marrow 

Other organs 

0 . 5 

1 . 5 

Annual  Dose  ( rem ) t 5  

1 5  
5 

30 
10 

30 
10 

75 
25 

Average Dose  to a 
S u i tab l e  Samp l e  
o f  the Exposed 

Pop u l a t i o n  

0 . 17 

0 . 5  

t 1  To meet the standards , opera t i o n s  must be conducted i n  such  a manner that i t  wou l d  be u n l i ke l y  
that a n  i nd i v i dua l  wou l d  a s s i m i l ate i n  a c r i t i ca l  organ- -by i nha l at i o n , i nges t i o n , o r  
absorpt i on--a  quant i ty of a rad i onuc l i de ( s )  that wou l d  commi t the i nd i v i d u a l  to an  organ dose 
that exceeds the l i m i t s  spec i f i ed i n  t h i s  tab l e .  

t2 A beta exposure be l ow a max i mum energy of  700 keY wi l l  not penetrate the l e ns  o f  the eye ; 
therefore , the app l i cab l e  l i m i t  for these energ i e s  wou l d  be that for the s k i n  ( 15 rem/yr ) .  

t 3  I n  spec i a l  c a s e s  a n d  w i th t h e  appropri ate approva l s ,  a wor ke r  may exceed 5 rem/yr provi ded 
h i s/her average expos ure per year s i nce age 1B wi l l  not exceed 5 rem/yr.  T h i s does not app ly  
to emergency s i tuat i o ns . 

t 4  A l l reasonab l e  effort s ha l l be made to keep expos u res  of forearms and hands to the general  
l i m i t  for  the s ki n .  

t 5  I n  keep i ng w i th DOE p o l i cy ,  expos u re s  to the pub l i c  s ha l l b e  l i m i ted to a s  sma l l "  a frac t i o n  
of  t h e  respecti ve annua l d o s e  l i m i ts a s  i s  reasona b l y  ach i evab l e .  

Dur i ng 1979- 19BO , DOE requested that Nat i on a l  Lead o f  O h i o  ( N LO ) , the NFSS  operati ng contractor 
at  the t i me , prepare an env i ronmental  mon i tori ng report for that peri od . Subsequent l y ,  the NFSS  
operati ng contract was  trans ferred to  Bechtel  Nat i ona l , I nc .  ( BN I ) .  BN I cont i n ued the e n v i ronmental  
mon i tori ng program i n i t i ated by N LO and p repared e n v i ronme ntal mon i tori ng reports for 19B1 and 19B2 . 
Any mon i tori ng program mod i f i cat i o n s  that may be nece s sary as a resu l t  of a dec i s i on to imp l ement o n e  
of  t h e  NFSS  l on g- te rm managemen t  a l ternati ves  w i l l  be s ummar i zed i n  t h e  D O E  Record of DeGi s i on .  

Order 1540 . 1 ( Materi a l s T ransportat i o n  a n d  Traff i c  Manaaeme nt ) .  The prov i s i on s  o f  O rder 1540 . 1 ,  
i nc l u d i ng the referenced r u l es  and regu l ati ons , wi l l  co n tro l the transportati o n o f  the NFSS  wastes and 
res i dues  for any of the off s i te a l terna t i ves  ( see Append i x  D ) . 

Order  54BO . 2  ( Hazardous and Radi oacti ve Mi xed Waste Management ) .  The p rov i s i ons  o f  Order 54BO . 2  
app l y  to a l l DOE operati o n s  conducted u nder  the autho r i ty o f  the Atom i c  Energy Act o f  1954 ( i nc l ud i ng 
any o f  the a l ternat i ves  con s i dered i n  th i s  E I S )  that res u l t  i n  the generat i o n , transportat i o n , treat
me nt , s torage and/or d i sposal  of  hazardous waste . DOE i s  ana l yz i ng the NFSS res i dues  and wastes to 
determi ne i f  they m i ght be c l as s i f i ed as  hazardous rad i oact i ve mi xed waste s .  ( See  Sec t i on s  3 . 7  and 
3 . B  for d i s c u s s i on s  of  the rad i o l og i ca l  and chemi c a l  propert i e s  of the res i dues  and was tes . )  
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Tab l e  4 . 6 5 .  DOE l i m i ts for Concentrat i on of Rad i onu c l i des  i n  
E f f l uents R e l eased to Uncontro l l ed Area s t 1  

O ns i te L i m i t  O f fs i te l i m i t  
(EC i / l )  (EC i /l )  

Rad i on uc l i de A i r Wate r A i r  Wate r 

Uran i um- natura l t2 

So l ub l e  0 . 07 20 , 000 0 . 003 600 
I ns o l ub l e  0 . 06 500 , 000 0 . 003 2 , 000 

Rad i um-226 

So l u b l e  0 . 03 400 0 . 003 30 

I nso l ub l e  0 . 05 900 , 000 0 . 002 30 , 000 

Radon-222 

So l ub l e  100 NA 3 NA 

t 1  A l l owab l e  concentrat i on s  are based on DOE O rd e r  5480. 1A. NA = not 
app l i cab l e .  

t 2  A c u r i e  o f  natural  uran i um means the s um o f  3 . 7 x 10 1 0  d i s i ntegrat i on s  
p e r  second ( d i s / s )  f rom U-238 p l us  3 . 7 x 10 1 0  d i s/s  from U- 234 p l us 
1 . 7 x 109 d i s/s  from U-235 . O n e  c u r i e of natura l  uran i um i s  e q u i v a l ent  
to  3000 kg ( 6600 l b )  of  natural  u ran i um .  

O rd e r  5481 . 1  ( Safety Analys i s  Rev i ew System ) .  The p rov i s i on s  o f  O rd e r  5481 . 1 wi l l  app ly  o n l y  to 
the O a k  R i dge  and Hanford l ong-term management a l ternat i ve s .  

O rd e r  5482 . 1A ( En v i ronmenta l , Safety ,  and Heal th AEEra i sa l  P rogram-- ES&H ) .  O rder  4382 . 1A appl i es 
to a l l contractors performi ng wor k  for DOE where DOE has  es tab l i s h ed e n v i ronmenta l , s a fety , and hea l th 
control  under the contractual  a r rangements  for the wor k  to be pe rforme d .  The ES&H app ra i sa l  req u i re
ment wi l l  apply only to the O a k  R i dge and Hanford l ong- term management a l ternat i ve s .  

O rd e r  5820 . 2 ( Rad i oact i ve Waste Manageme nt) . O rder  5820 was i s s ued recent ly  on February 6 ,  1984 . 
I t  a s s i g n s  respo n s i b i l i t i es and mandate s the p rocedures for va r i o u s  DOE rad i oac t i ve was te-manageme nt 
ac t i v i t i e s .  Under th i s  O rde r ,  the NFSS wastes and res i dues  wi l l  be c l a s s i f i ed a s  "wastes  contami nated 
w i th natura l ly  occ u r r i n g  rad i on uc l i de s . " These wa stes may be d i sposed at ex i s t i ng DOE l ow- l ev e l  
waste- d i spos a l  s i tes , at new fac i l i t i e s  dev e l oped accord i ng t o  t h e  s ame c r i te r i a  spec i f i ed f o r  l ow
l eve l  waste , or at a d i sposa l  s i te estab l i s hed under the U ran i um M i l l  T a i l i ng s  Rad i at i on Control  Act 
of  1978 ( Pu b .  l. 95-604 ) .  O rder  5820 e stabl i sh e s  b road g u i de l  i ne s  for a l l DOE rad i oac t i ve was te
management ac t i v i t i es and fac i l i t i e s .  The i nd i v i du a l  DOE f i e l d  o f f i c e s  are a s s i gned respo n s i b i l i ty 
for deve l op i ng p roject- spec i f i c  o r  s i te- spec i f i c  management  c r i te r i a .  

FUSRAP/SFMP G u i de l i ne s .  Concurrent w i t h  the recent devel opment o f . O rder  5820 , DOE O a k  R i dge 
Operat i o n s  has deve l oped res i du a l  contam i na t i o n  g u i de l i nes  for spec i f i c  app l i ca t i o n  to DOE ' s  F o rme r l y  
U t i l i zed S i tes  Remed i a l  Ac t i on P rogram ( FUSRAP ) and for certa i n  S u rp l us Fac i l i ti e s  Management  P rogram 
( SFMP ) s i tes , s u c h  as NFSS , that a re remote f rom other DOE p roduc t i o n  or research fac i l i t i e s .  These  
g u i de l i nes  a re g i ven i n  Append i x  H .  Con t i ngent on  approva l and acceptance of  the se  g u i de l i nes  by the 
appro p r i ate DOE authori t i e s , the fo l l owi ng add i t i on a l  g u i de l i nes  may be app l i ed to management of the 
wastes and/or res i du e s  at NFSS ( A l terna t i ves  1 ,  2a , 2b , 4a , and 4c ) :  

1 .  Conti n ued I nter i m  Storage at NFSS ( A l terna t i ve 1 )  

a .  Control  and s tab i l i za t i o n  features wi l l  b e  des i g ned to e n s u re , to the extent reaso nab l y  
a c h i evab l e ,  a n  effec t i ve l i fe of  a t  l east  25  years . 

b .  Radon concentrati on i n  the atmosphere above fac i l i ty s u rfaces or  open i ng s  s ha l l not 
( 1 )  exceed 100 pC i / l  ( above background)  at any g i ven  po i nt ,  or  an  average concentrat i on 
of 30 pC i / l  ( above bac kground) for the fac i 1 i ty s i te ,  o r  ( 2 )  exceed an ave rage radon 
co ncentrat i on of  3 . 0  pC i / l  ( above bac kground)  at or  above any l oc a t i o n  outs i de the 
fac i 1 i ty s i te .  

2 .  long-Term Management  a t  NFSS  ( A l terna t i ve s  2a , 2b , 4a , and 4c ) .  

a .  Control  and  stab i l i zat i on features wi l l  be des i gned to e n s u re , to the extent reasonab l y  
ac h i evab l e ,  an  e f fect i ve l i fe of 1000 years and , i n  any cas e ,  at l east 2 0 0  years . 
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b .  Radon emanat i on to the atmo sphere f rom fac i l i ty surfaces o r  ope n i ngs s ha l l not ( 1 )  exceed 
an  average re l ease  rate of 20 p C i /m2 /s , or ( 2 )  i ncrease the annua l average radon 
concentra t i o n  at or  above a ny l ocat i on out s i de the fac i l i ty s i te by more than 0 . 5 p C i / L  
( above bac kground ) .  

4 . 7 . 1 . 2  E n v i ronmenta l Laws 

DOE fac i l i t i es a re a l so subject to both the s ub stant i v e  and procedura l  req u i rements of several  
federa l env i ro nmental s tatute s .  Executi ve O rder 12088 req u i re s  federal agenc i es to comp ly  w i t h  
app l i cab l e  admi n i strati ve and p rocedural po l l u t i o n  contro l standards estab l i s hed by , but  n o t  l i m i ted 
to , the fo l l ow i n g  federal l aw s :  

Tox i c  Substances C o n t r o l  Ac t 
Federal  Water Pol l u t i o n  Control  Act 
Publ i c  Hea l th Serv i c e  Act ,  as  amended by the Safe  D r i n k i ng Water Act 
C l ean Ai r Act 
N o i s e  Control Act 
So l i d Wa s te D i sposal  Act ,  a l so referred to as  the Resource Conservat i o n  
a n d  Recovery Act 

Where a state has been de l egated adm i n i strat i ve author i ty by the federa l government , s tate requ i re
ments are a l s o app l i cab l e . 

The reg u l atory p rograms and enforcement autho r i t i es for e n v i ronmenta l statutes are genera l l y 
s hared by the s tates , the U . S .  E n v i ronmental P rotec t i o n  Agency , the U . S .  F i s h and Wi l d l i fe Commi s s i on 
( under the Depa rtment o f  the I nteri o r ) , the U . S .  Army Corps of E n g i neers , and other agenc i e s .  The  
major e n v i ronmental l aws that  may i mpact a DOE dec i s i o n  regard i ng the NFSS wastes  a nd res i dues  are 
d i scussed be l ow. 

Nati ona l  Env i ronme ntal  Po l i cy Act of 1969 , as amended ( NE PA) . NEPA req u i res  that , for major 
fede ral act i ons  that may s i gn i f i cantly a f fect the qua l i ty of  the human env i ronment , respons i b l e  
off i c i a l s  sha l l p repare a deta i l ed s tatement o n  the f o l l ow i ng :  

( i )  the env i ronmental i mpact o f  the proposed act i on , 

( i i )  any adverse e n v i ronmenta l e f fects that cannot be avoi ded i f  the proposa l  i s  i mp l emented , 

( i i i )  a l ternati ves  to the proposed acti on , 

( i v ) the re l at i onsh i p  between l oca l  s hort- term u s e s  of man ' s  e n v i ronment and the  mai nte
nance and e n hancement of  l ong-term p roduct i v i ty ,  and 

( v )  any i rrevers i b l e  and i rretri evab l e  comm i tments of  resources that wou l d  b e  i nv o l ved i n  
the p roposed act i o n  i f  i t  were i mp l emented . 

DOE has determ i ned that the prov i s i ons of NEPA can be sat i s f i ed by f o l l ow i ng the p rocedures outl i ned 
by the Counc i l  on  E n v i ronmental Q ua l i ty for the preparat i on of th i s  Env i ronmenta l I mpact Statemen t .  

C l ean A i r  Act. The C l ean Ai r Act i mposes  ce rta i n  rest r i ct i ons and perm i t  requi rements on 
acti v i t i es that res u l t  in  the em i s s i on of  pol l utants to the a i r . Some acti v i t i e s  assoc i ated w i t h  
s evera l of  the a l ternati ves wi l l  resu l t  i n  nom i na l  re l eases  o f  radon t o  the atmos phere and , d u r i ng 
p roject action  peri ods , parti c u l ate re l eases  of rad i onuc l i des .  For a l l o f  the a l ternati ves except 
ocean d i spersa l ,  it i s  poss i b l e  that a i r  emi s s i on perm i t s  i s s ued by the E PA under Sec t i on 112 of  the 
C l ean A i r  Act cou l d  be req u i red .  O n  Apri l 6 ,  1983 , E PA p ropo sed control  standards for rad i on u c l i des  
under 40 C F R  61 ,  Nat i o nal  Emi ss i on Standards for Hazardous A i r  Pol l utants ( NESHAP ) , that- -when 
promul gated- -wi l l  app l y  to DOE operati ng faci l i t i es . It is not yet c l ear whether these reg u l at i o n s  
w i l l  app ly  to any of  t h e  a l ternat i ves  f o r  l ong-term management o f  t h e  NFSS wastes and res i dues . These  
proposed regu l at i ons wo u l d l i m i t  rad i onuc l i d e  emi s s i on to  the amount that  wo u l d  not  a l l ow a dose  
equi val ent of  mo re than  10  mrem/yr to  any organ of  an  i nd i v i du a l  l i v i ng nearby . 

C l ean Water Act.  Under Sect i o n  404 o f  the C l ean Water Act ,  and 40 CFR 122 , a d i s charge perm i t  i s  
u s ua l ly  req u i red for waste water re l eases  to pub l  i c  wate rs o f  the U n i ted State s .  Except for  the 
no-ac t i on a l ternati ve ( A l ternat i ve 1 )  and acti v i t i e s  at Hanford ( A l ternati ves 3a , 4a , and 4c ) ,  waste 
water conta i n i ng both rad i oacti ve and nonrad i oact i ve consti tuents wi l l  be d i scharged to the e n v i 
ronment.  T h e  nonrad i oact i ve parameters wi l l  b e  subject to concentrati on and/or quant i ty restr i c t i on s  
i mposed by perm i t s  i s sued under t h e  Nat i onal  Po l l utant D i sc harge E l i m i nati on Sys tem ( NPDES ) .  I n  New 
York , the State Depa rtment of  Env i ronmenta l Conserva t i on ( DEC ) i s  fu l ly authori zed to admi n i ster the 
NPDES program and , therefore , i s sues  a State Po l l utant D i scharge E l i m i nat i o n  Sys tem ( SP D E S )  perm i t .  
D O E  app l i ed for and was i s s ued a permi t f o r  the ongo i ng i nter i m  acti v i t i e s  a t  NFSS ( D EC Perm i t  
#NYOll0469 ) .  I f  one of  t h e  l ong-term management a l ternati ves i s  s e l ected f o r  i mp l eme ntati on , the 
terms o f  the ex i st i ng perm i t  wi l l  have to be mod i f i ed and extended , a s  necessary ,  to cover the new 
proj ect .  I f  the a l ternati ve for l ong- term management at Oak R i dge  is  imp l emented , an  NPDES perm i t  
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w i l l  have to be obtai ned from the EPA ,  Reg i on I V ,  in  consu l ta t i o n  w i t h  the Tennes see Department of 
Pub l i c  Hea l th and E n v i ronment .  For  the  Hanford l ong- term management a l ternat i v e s , decontami na t i o n  
waste water wi l l  be handl ed by natura l evapora t i o n .  I f  some d i scharge t o  t h e  Co l umb i a  R i ve r  i s  
necessary ,  an  NPDES perm i t  wi l l  have to be coordi nated through EPA ,  Reg i o n  X .  For  the veh i c l e  and 
equ i pment decontami nat i on  f ac i 1 it  i e s  needed to i mp 1 ement the ocean-d i sposa 1 a l ternat i ve , an  NPDES 
perm i t  wi 1 1  have to be obta i ned from EPA , Reg i on  I I ,  i n  consu  l tat i on  with the state o f  New Jersey .  

Mari ne Protec t i o n  Research a n d  Sanctu a r i e s  Act .  T h e  ocean- d i spo sa l  a l ternat i ve wi l l  req u i re the 
i s suance o f  a permi t by the EPA pursuant to regu l at i on s  under 40 CFR 220-229 ( see  Sec t i o n  4 . 7 . 2  for 
f u rther d i sc us s i on ) .  

Resource Conservati on and Recovery Act ( RCRA) o f  1976 . DOE ' s  l o ng- term management o f  the wa stes  
and re s i dues  current ly  at the N i agara F a l l s  storage s i te wi l l  not req u i re a perm i t  under RCRA . 

Comprehens i ve E n v i ronmental  Response , Compensat i o n  a n d  L i a b i l i ty Act ( C ERCLA ) .  DOE i s  conducti ng 
t h i s acti on u nder the authori ty of the Atom i c  Energy Act ,  and i t  i s  not i nc o n s i stent w i th the app l i cab l e 
req u i rements of the Nati onal  Cont i ngency P l a n .  Superfund mon i es are not ava i l ab l e  for remed i a l  act i ons  
at federal faci l i t i e s .  

Endangered Spec i es Act .  Sect i on 7 o f  the E ndangered Spec i e s  Ac t requ i re s  federa 1 agenc i es  to 
cons u l t  wi th the U . S .  F i sh and Wi l d l i fe Serv i c e  and the Nat i onal  Mar i ne F i s h e r i e s  Serv i ce i n  order to 
e n s u re that act i on s  carri ed out by that agency do not jeopard i ze the conti nued exi stence of an 
endangered or threatened spec i es or res u l t  i n  the adverse mod i f i cati on or destruc t i o n  of c r i t i ca l  
hab i tat .  Pursuant to th i s  requ i rement , i nq u i r i e s  have  been sent to the f i e l d  o f f i ces  of the F i sh and  
W i l d l i fe Serv i ce and to  i nterested state agenc i e s  re l at i ve to the l ong- te rm management a l ternati ves  at 
N i agara Fa l l s ,  Han ford , and Oak  R i dge . The f i e l d  o f f i c e  i n  Ashev il l e ,  North Caro l i na ,  has adv i sed 
that one e ndange red spec i e s ,  the g ray bat ,  may be present  at the Oak  R i dge s i te ,  as  we l l  two p l ant 
spec i es c urrent ly  u nder status rev i ew. They have determ i ned that , p r i o r  to i mp l ementati on o f  any of 
the Oak  R i dge a l te rnat i ve s , a b i o l og i ca l  a s s e s sment o f  the proposed Oak R i dge s i te a l ternat i ve wi l l  be 
req u i red to veri fy i f  these  spec i es are present on the P i ne R i dge Knol l s  s i te .  

Nat i ona l  H i s to r i c  P re s e rvat i on Act .  Sec t i o n  106b o f  t h e  Nat i ona l  H i s to r i c  Preservat i o n  Act 
req u i res careful  cons i de rat i o n  of pote n t i a l  i mpacts to c u l tural  res o u rces  for ac t i o n s  u ndertaken by or 
on  beha l f of  any federal age ncy . For  each of the l ong-term management a l ternat i ves , i nq u i r i es were 
sent to the respecti ve State H i s to r i c  Pre s e rvat i o n  O f f i cers  ( SH PO s ) .  The SHPOs i n  New York and 
Tenne s s ee have adv i sed that l i tt l e pote nt i a l  e x i sts for c u l tural  resource  i mpacts at the N i agara F a l l s  
and Oak  R i dge  s i te s .  The  State o f  Was h i ngton O f f i c e  o f  A rchaeo l ogy and H i s tori c P reservatl on recom
mended that a profe s s i onal  c u l tural  re s o u rces  s urvey of the Hanford s i te be conducted p r i o r  to the 
commencement of any p roject act i o n at that l oc a t i o n .  

4 . 7 . 2  Ocean D i sposa l  Regu l at i on 

Ocean d i sposa l  of  the NFSS wastes wi l l  be s ubject to U . S . Env i ronmenta l Prote c t i o n  Agency ( E PA) 
ocean dump i ng regu l a t i o n s  (40  C F R  227 ) , and DOE wi l l  have to obta i n  a dump i ng perm i t  from EPA.  T he 
EPA has been rev i s i ng reg u l a t i o n s  to i ncorpo rate the London D ump i ng Convent i on ru l es ( i nc l u d i ng the 
I nternat i ona l  Atom i c  Energy Agency [ I AEAJ  waste c l as s i f i ca t i o n  c r i te r i a )  i nto U . S .  l aw .  It  i s  not  yet 
c l ear how the NFSS wastes  wi l l  be c l a s s i f i ed for p u rposes  of ocean d i sposal . Based on the ana lys i s  
p re s ented i n  Sec t i on 4 . 1 ,  an  i nd i v i du a l  human bei ng i s  expected to rec e i v e  a dose of much  l es s  than 
1 mrem/yr a s  a res u l t o f  d i sposa l  o f  the NFSS  was te s  at S i te 106 in  the At l an t i c  Ocea n .  There fore , 
the NFSS wa stes may fal l i nto a "de  m i n i m i s " category .  A l though there i s  no o ff i c i a l  EPA de f i n i t i o n ,  
EPA has  i s sued  a Not i ce o f  P roposed R u l ema k i ng a s  part o f  the e n v i ronmenta l c o n s i derat i on s  for sha l l ow
l and b u r i a l  reg u l ati ons . A l though EPA d i d  not necessar i l y  i ntend that the "de  m i n i m i s "  l ev e l  for 
s ha l l ow- l and b u r i a l  reg u l a t i o n s  app ly  to ocean d i sposa l , the general concept of a "de  m i n i m i s" l ev e l  
can  b e  app l i ed .  I t  i s  ant i c i pated tha t ,  w i th i n  t h e  next yea r ,  t h e  I nterna t i ona l  Atom i c  Ene rgy Agency 
wi l l  propose a def i n i t i on that may be s ubmi tted to the London D ump i ng Convent i on .  

I f  t h e  I AEA f i na l i ze s  i ts de f i n i t i on o f  what const i tutes " d i  m i n i m i s "  wa stes  a n d  i f  t h e  EPA 
adopts the I AEA de f i n i t i on , i t  i s  expected that the NFSS wastes wi l l  be ab l e  to be d i sposed by b u l k 
d i spersa l u nde r a General  Perm i t  accord i ng to Annex I I I  o f  the London D ump i ng Convent i on .  Howe v e r ,  i f  
i t  i s  determ i ned that An nex I I  ( govern i ng dump i ng o f  rad i oact i ve wastes other than h i gh- l eve l  waste s )  
app 1 i es , t h e  NFSS was tes wou 1 d have to b e  d i sposed i n  conta i ners ( such d i sposa 1 i s  not cons  i dered i n  
t h i s  E I S ) .  I f  one of the ocean- d i sposal  a l ternat i ve s  i s  s e l ecte d ,  the EPA wi l l  determ i ne the d i sposal  
req u i rements for the NFSS wastes  when DOE app l i es for  an ocean- d i spos a l  perm i t .  I n  addi t i o n  t o  spec i 
f i cati ons  regard i ng how the NFSS wastes  cou l d  be d i s posed , the EPA wi l l  need to des i gnate a part i c u l ar 
part of an ex i st i ng ocean- d i spos a l  s i te or a new s i te for d i sposa l  o f  the NFSS  was t e s .  Both the 
perm i tti ng and s i te - de s i gnat i o n  processes  w i l l  enta i l  exte n s i ve e n v i ronmental  rev i ew and p u b l i c  
part i c i pa t i o n .  F o l l ow i ng are f urther deta i l s  on  t h e  h i story o f  the ocean- d i spo s a l  i ss u e .  

Between  1946 a n d  1962 , the U n i ted States d i sposed o f  more than 100 , 000 conta i ners  o f  rad i oact i ve 
materi a l s  at about 30 l ocati ons  o f f  the East  and Wes t  Coasts . Between  1960 and 1962 , the U . S .  Atomi c  
E ne rgy Comm i s s i on ( A E C )  began t o  phase out ocean d i sposa l ; and , i n  1970 , the AEC stopped i s s u i ng ocean 
d i sposa l  l i censes  based upon Counc i l  on  Env i ronmental  Qua l i ty ( C EQ)  recommendat i on that the dump i ng of 
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h i gh- l ev e l  rad i oact i ve was tes  i n  the ocean be proh i b i ted ( Roberts 1982 ) .  Th i s  CEQ recommendat i o n  was 
s ubseq uent ly i ncorporated i nto the Ma r i ne P rotec t i o n , Researc h ,  and Sanctua r i e s  Act o f  1972 wh i ch 
a l l ows dump i ng perm i ts to be i s s ued o n l y  when no a l te rnat i v e  means of d i sposal  exi sts , and even  then 
o n l y  i f  spec i a l  req u i rements are met (Norman 1982 ) .  Th i s  requ i rement has  e ffecti ve ly  p ro h i b i ted ocean 
d i spo s a l  of  U . S .  was tes .  The act a l so req u i res  the E PA to eva l uate permi t app l i cati ons for ocean 
d i sposa l  o f  materi a l s  not pro h i b i ted by the Act , i nc l ud i ng l ow- l eve l  rad i oac t i ve waste . 

I n  order to devel op c r i teri a and i s sue perm i t  requests for the ocean d i s po s a l  o f  rad i oact i ve 
was te not covered under the 1972 ban , the E PA conducted a s u rvey to eva l uate the consequences of past 
U . S .  ocean dumpi n g .  In  co ncurrence wi th a General  Accounti ng O f f i c e  report on the same top i c  
( U . S .  Gen .  Account.  O f f .  198 1 ) , the E PA conc l uded that past ocean dump i ng  by the Un i ted States poses 
ne i ther an  env i ronmental  o r  pub l i c  hea l th hazard . 

I n  1973 , the U n i ted States became a contrac t i ng party to the London Dump i ng Convent i o n .  An nex I 
o f  the conve nt i on proh i b i ts ocean dump i ng o f  h i gh- l ev e l  rad i oac t i v e  was tes , and Annex I I  s tates that 
the contrac t i n g  part i e s  s hou l d  take fu l l  account o f  the I AEA recommendat i ons whe n  i s s u i ng pe rm i ts for 
dump i ng of other rad i oact i ve was tes ( Hurd 1982 ) .  The E PA is  c urre n t l y  cons i der i ng the i ncorporati on 
o f  the LDC ru l es and the I AEA de f i n i t i ons and recommendati ons for ocean dump i ng i nto the U . S .  ocean 
dump i ng regu l a t i o n s .  T h e  London Dump i ng Convent i o n  r u l es  a l so perm i t was te conta i n i ng trace amounts 
to natura l ly occurri ng rad i onuc l i des ( such as  the NFSS was te s )  to be dumped wi thout be i ng pac kage d .  
Membe rs of  t h e  London Dump i ng Convent i o n  a r e  compl y i ng wi th a vo l untary ban on  at- sea dump i ng of  
l ow- l eve l  rad i oac t i ve was tes  ( pac kaged was t e s )  unt i l October , 1985 , when  a repo rt on  the s a fety o f  
at-sea d i sposa l i s  expected to be compl eted . 

The  U . S .  Senate and House o f  Representati ves have s ubsequently amended Sec t i o n  104 o f  the Ma ri ne 
Protect i on ,  Re sea rc h ,  and Sanctuar i e s  Act of 1972 ( 3 3  U . S . C . 143 1 ( b ) )  to read " . . .  d u r i n g  the two-year 
peri od beg i nni ng on  the date  of e nactment o f  th i s  s ubsec t i o n  [Janua ry 6 ,  198 3 ]  no perm i t  may be i s s ued 
under T i t l e I that authori zes  the dump i ng of any l ow- l ev e l  rad i oac t i ve waste . . .  " except under spec i a l  
c i rcums tances ( Surface Transporta t i on As s i stance Act of 1982 , Pub . L .  97-424 , January 6 ,  1983 ] ) .  Th i s  
morato r i um was based upon the concern that rad i oact i v e  waste d i s po s a l  m i ght occ u r  before comp l et i on o f  
add i ti ona l  research  i nto the pos s i b l e  i mpacts assoc i ated w i t h  such  d i s po s a l  (Ocean Dump i ng Ame ndme nts 
Act of 1982 ; 97th Con�res s ,  Rep . 97-562 , Part 1 ,  p.  9 ) .  

4 . 7 . 3  T ranspo rtati o n  Regu l ati on 

Transport of  the NFSS  res i dues and wastes  wi l l  b e  s ubject to federal  reg u l a t i o n s .  Under federa l 
l aw ,  the re s i dues  wi l l  be c l a s s i f i ed as rad i oact i ve ,  but the wastes  wi l l  be c l as s i f i ed as nonrad i o
ac t i ve ( see Append i x  0 for detai l s ) .  Sh i pment o f  the NFSS wastes  and res i dues wi l l  be accomp l i s hed by 
commerc i a l  ca rr iers  contracted e i ther d i rect ly  to DOE o r  to a DOE p r i me contractor act i ng on beha l f o f  
DOE .  Al though regu l at i ons  of t h e  NRC d o  n o t  l e ga l ly  app l y  to DOE s h i pments , DOE ' s  own i nternal  
d i re c t i v e s  ( DO E  Order 1540 . 1 )  i mpose NRC ' s  add i t i ona l  safety standards . ( The NRC admi n i strat i ve 
requ i reme nts , howeve r ,  do not apply . ) The reg u l at i on s  o f  the Department  of Transporta t i on ( DOT)  and 
I nterstate Comme rce Comm i s s i o n  ( I CC ) wi l l  a l so app ly  to s h i pments o f  the NFSS wastes and re s i dues . 
( Deta i l s  o f  transporta t i o n  regu l at i on s , espec i a l ly  as they pe rta i n  to re s i due and wa ste c l as s i f i ca
t i on ,  packag i ng ,  and routi ng are g i ve n  i n  Append i x  D . ) S h i pme nts of rad i oacti ve mate r i a l s are 
genera l ly  preempted from state and l oca l  regu l at i on s  ( Hazardous Mater i a l s Transportat i on Act ,  
Pub .  L .  93-633 ) .  

Howeve r ,  a state o r  l oca l  mun i c i pa l i ty has the opt i on of f i l i ng w i t h  DOT for a nonpreempti on 
determi nat i on ( i . e . , a wa i ver  o f  p reemp t i on--49 CFR  107. 202- 107 . 225 ) .  A state o r  l oc a l  requ i reme nt 
i nf l uenc i ng the transport of rad i oact i ve materi a l s wi l l  cease to be p reempted by federal  l aw i f  the 
Secretary of the Department of Transportat i on f i nds that the state or l oc a l  ru l i ng ( 1 )  p ro v i des  an 
equa l or greate r l eve l  of  pub l i c  safety than the Hazardous Materi a l s  Transporta t i o n  Act or regu l ati ons  
i s s ued thereunde r ,  and (2 )  does not  burden commerce .  P reempt i o n  determi nat i o n , therefo re , does offer  
the state  o r  l oc a l  a rea w i t h  a recourse in  the  case o f  d i sputes over federal p reempt i o n .  I t  cannot be  
determ i ned at th i s  t i me whether o r  not  ce rta i n  states mi ght  f i l e  for wa i ver  o f  p reemp t i o n .  Howeve r ,  
th i s  w i l l  not be an i ss ue under A l ternat i ves I ,  2a , and 2b because the wastes  and res i dues wi l l  rema i n  
a t  NFSS .  

4 . 7 . 4 F und i ng 

One of the i ss u e s  ra i sed d u r i ng scop i ng i s  the quest i on o f  fund i ng for l ong- term management o f  
t h e  NFSS  wa stes a n d  re s i du e s .  F unds f o r  D O E  operat i on s  a r e  a l l ocated by Congre s s  on a year- to-year 
bas i s .  Some o f  the funds are t i ed to spec i f i c  programs a nd s ome are not .  Current l y ,  fund i ng for the 
ongo i ng i nte r i m  acti v i t i e s  at  NFSS comes from two DOE programs : the Surp l u s  Fac i l i t i es Management 
P rogram ( SFMP ) and the Forme r l y  Ut i l i zed S i tes  Management Prog ram ( F USRAP ) .  Both of these  programs 
are under DOE ' s  N u c l ear Ene rgy P rogram. DO E a l l ocates fund i ng to spec i f i c  s i te s , i nc l ud i ng NFSS , 
w i th i n  the SFMP and F USRAP programs . 

F u nd i ng for NFSS i s  a l so prov i ded by payments that Afri met- Indus s a ,  I nc . , i s  ma k i ng to DOE as  
agreed to i n  the sett l ement s i gned by DOE and Afr imet on August 26 , 1983 ( see  Sect i o n  1 ) .  Accord i ng l y . 
Af r i met wi l l  pay DOE a total  o f  $8 mi l l i on ,  i n  severa l i ns ta l l ments , by October  14 , 1984. 
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Fund i ng to i mp l ement any of the vari ous  a l ternat i ves  d i scus sed i n  t h i s E I S ,  regard l es s  of the 
l ocat i o n  o f  the waste-management fac i l i ty ,  wi l l  probab ly  be obtai ned t h rough  the Department ' s  annua l 
budget a l l ocat i o n  to the Surp l us Fac i l i t i es Management P rogram . Th i s  i nc l udes  fund i ng for  ma i ntenance 
and mon i tori ng acti v i t i e s .  I f ,  at some t i me i n  the future , e n v i ronmental mon i to r i ng we re to show 
noncomp l i ance w i th then-ex i st i ng c r i te r i a  or standard s , add i t i on a l  f u nd i ng for correct i ve act ions  wi l l  
have to be requested . 

Al though  there i s  no p recedent for a federal  agency to set up a l ong-term mai ntenance and moni tor
i ng fund , th i s  i dea i s  be i ng i nvest i gated a s  a pos s i b l e  measure to mi t i gate aga i nst  potent i a l  l ac k  of 
m a i ntenance and mon i to r i n g  due  to cutbac ks in  yea r l y  congre s s i onal  a l l ocat i o n s .  ( See Append i x  F for 
e s t i mated ma i ntenance and mon i tori ng costs . ) 
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345 Court l and Street , N . E .  
At l anta , GA 30365 

Env i ronme ntal Protect i o n  Agency , 
R e g i o n  X 

ATT N :  Mr .  John Spence r ,  
Reg i onal  Adm i n i strator 

1200 6th Ave.  
Seatt l e ,  'WA 98101 

O f f i c e  of Management and Budget 
ATT N :  Mr .  R i chard Brozen 
Exec uti ve Off i ce B u i l d i ng 
'Wash i ngto n ,  DC 20503 

Advi sory Counc i l  on  H i s to r i c  
Preservat i o n  

1522 K Street , N . 'W . 
'Was h i ngton , DC 20005 

Counc i l  on  Env i ronme ntal Qua l i ty 
722 Jac kson P l ac e ,  N . 'W . 
'Wash i ngto n ,  DC 20006 

Department of Agr i c u l ture 
ATTN : D i recto r ,  O f f i c e  o f  

E n v i ronme ntal  Qua l i ty 
'Was h i ngton , DC 20250 

Departme nt o f  Commerce 
Deputy As s i stant Secretary , 

E n v i ronmental  Affa i rs 
'Wash i ngton , DC 20230 

Department of Hea l th and Human 
Serv i c es  

ATTN : D i rector 
O f f i c e  of Env i ronmental Affa i rs 
'Was h i ngton , DC 20201 

APPEN D I X  A .  D I STRI BUTION L I ST 

F EDERAL  AGENC I E S  
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Department of Hou s i ng and U rban Deve l opment  
ATT N :  Mr .  R i chard 'W.  L i ppo l d  
107 De l aware Avenue , Stat l er B u i l d i ng 
Buffa l o ,  NY 14202 

Department  of Hous i ng and Urban 
Deve l opment 

ATT N :  D i rector 
Of f i ce of E n v i ronmental  Q ua l i ty 
'Was h i ngto n ,  DC 20410 

Departme nt of the I nteri o r  
F i sh and 'Wi l d l i fe Serv i ce 
Eco l og i ca l  Serv i ces  
ATT N :  Mr .  T .  Ta l l ey ,  

F i e l d  Superv i so r  
P o s t  O f f i c e  B o x  845 
Cookev i l l e ,  TN 37502 

Departme nt of the I nter i o r  
ATT N :  D i rector 
E n v i ro nmental Proj ect Rev i ew 
Was h i ngton , DC 20240 

Departme nt of the I nteri o r  
F i sh a nd 'W i l d l i fe Serv i c e  
ATT N :  M r .  Lee Barcl ay 
100 Grange P l ac e ,  Room 202 
C o rt l an d ,  NY 13045 

Department of the I nter i o r 
F i sh and 'W i l d l i fe Serv i ce 
Portl and Reg i on a l  O f f i c e  
500  N . E .  Mu l tnomah S t .  
S u i te 1692 
Port l an d ,  OR  97232 

Department o f  Transportati o n 
ATT N :  D i rector 
O f f i ce o f  Env i ronmental Q u a l i ty 
'Was h i ngton , DC 20690 

Department o f  Transportat i on ,  Reg i o n  I I I  
ATT N :  George D .  Bond , I I  
434 'Wa l n ut Stree t ,  S u i te 1000 
P h i l ade l ph i a ,  PA 19106 

Department o f  Transpo rtat i o n  
ATTN : M r .  LaMar Bake r ,  Reg i onal  

Representati ve o f  the Sec retary 
1720 Peachtree Road , N . 'W . , S u i te 515 
Atl anta , GA 30309 

Federal  Emergency Manageme nt Adm i n i strat i on 
1725 I Street , N . 'W . 
'Wash i ng ton , DC 20036 

Food and Drug Admi n i s t ra t i o n  
B u reau o f  Rad i o l og i ca l  Heal th 
ATTN : Mr. John C. Vi 1 1  forth 
Roc kv i l l e ,  MD 20857 



Geo l og i ca l  Survey 
O f f i ce o f  the D i recto r 
U . S .  Geo l og i ca l  Survey Nati onal  Center 
12201 Sun r i se  Val l ey D r i ve 
Resto�, VA 22092 

Nati onal  S c i ence Foundat i on 
1800 G Street , N . W. 
Wa s h i ngton , DC 20006 

EPS--Onta r i o  Reg i o n  
E n v i ronmenta l Canada 
25 St. C l a i r  Avenue , East , 7th F l oor 
Toronto , Ontari o 
Canada M4T 1M2 

M s .  S h i e l  a Twoze 
Canad i an Embas sy 
1746 Mas sachusetts Ave . , N . W . 
Wash i ngton , DC 20036 

The Honorab l e  Al bert Gore , J r .  
U n i ted States Senate 
393 Russe l l Bu i l d i ng 
Was h i ngton , DC 20515 

The Honorab l e  Wi l l i am H .  Boner 
U . S .  House o f  Representat i ve s  
107 Cannon House O f f i ce Bu i l d i ng 
Was h i ngton , DC 20515 

The Honorab l e  Al fonse D ' Amato 
U n i ted States Senate 
Wa s h i ngton , DC 20510 

The Honorab l e  John J .  Duncan 
U . S . Ho u s e  o f  Representat i ves 
2456 Rayburn House O f f i ce Bu i l d i ng 
Was h i ngton , DC 20515 

The Honorab l e  Dan i e l  Evans  
U n i ted States  Senate 
SH702 Hart Senate O f f i ce B u i l d i ng 
Was h i ngton , DC 20510 

The  Honorab l e  Tom Fo l ey 
U . S .  House o f  Representati ves 
1201 Longworth House O f f i c e  B u i l d i ng 
Was h i ngton , DC 20510 

The Honorab l e  S l ade Gorton 
U n i ted States Senate 
SH513 Hart Senate O f f i ce B u i l d i ng 
Was h i ngton , DC 20510 

The Honorab l e  John  J .  LaFa l ce ( 15 )  
U . S .  Represe ntat i ve 
New Federal  B u i l d i ng 
Buffa l o ,  NY 14202 

The Honorab l e  Stan l ey N. Lundi ne 
U . S .  House o f  Representati ves  
Was h i ngton , DC 20515 
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Nuc l ear  Reg u l atory Comm i s s i on ( 5 )  
ATTN : M r .  John  G .  Dav i s ,  D i rector 
O f f i ce o f  Nuc l ea r  Mate r i a l s Sa fety 

and Safeguards 
Wash i ngton , DC 20555 

Tennessee  Val l ey Authori ty ( 3 )  
ATTN : M r .  Charl e s  Dean , Chai rman 
400 Comme rce B u i l d i ng 
Knoxv i l l e ,  TN 37902 

CANADIAN AGENC I ES 

Mr .  J .  V i i r l and 
N i agara R i ve r  Coord i nator 
M i n i s try o f  the Env i ronmen t  
Wes t  Centra l Reg i o n  
1 1 9  K i ng Street , Wes t  
12th F l oo r ,  Box 2112 
Hami l ton , Ontari o 
Canada L8N 3Z9 

U . S .  CONGRESS 

The Honorab l e  S i d  Mo rri son  
U . S .  House o f  Representat i ve s  
1434 Longworth House O f f i ce Bu i l d i ng 
Wa s h i ngton , DC 20515 

The Honorab l e  Dan i e l  P .  Moyn i han 
U n i ted States Senate 
Was h i ngton , DC 20510 

The Honorabl e James R .  Sas ser  
U n i ted States Senate 
Federal  Bu i l d i ng ,  716 U . S .  Courthouse  
Nashv i l l e ,  TN 37203 

The Honorab l e  Tom Bevi l l  
Chai rman , Subcomm i ttee on Ene rgy and 

Water Deve l opment  
Commi ttee on  Appropri a t i o n s  
U . S .  H o u s e  o f  Representat i ves  
Was h i ngton , DC 20515 

The Honorab l e  James T .  B royh i l l  
Ran k i ng  M i nori ty Member 
Commi ttee on  E n e rgy and Commerce 
U . S .  House of Representat i ves  
Wa s h i ngton , DC 20515  

The Honorab l e  John D .  D i nge l l 
C ha i rman ,  Comm i ttee on E ne rgy 

and Commerce 
U . S .  House of Representat i ves  
Was h i ngton , DC 20515  

The Honorab l e  Pete  V .  Dome n i c i  
Cha i rman , Subcommi ttee on  Ene rgy Research 

and Deve l opment 
Commi ttee on  Ene rgy and Natural Resources  
U n i ted States  Senate 
Was h i ngton , D . C .  20510 



The  Honorab l e  Wende l l  H .  F o rd 
Ran k i ng M i no r i ty Member 
Subcomm i ttee on  Ene rgy Research and 

Deve l opment 
Comm i ttee on E ne rgy and Natural Resources 
U n i ted States Senate 
Was h i ngton , DC  20510 

The Honorab l e  Don F uqua 
Cha i rman , Comm i ttee on S c i e nce and 

Technol ogy 
U . S .  House of Repre senta t i v e s  
Wash i ngto n ,  DC 20515 

The Honora b l e Mark O .  Hatf i e l d  
C h a i rman , Subcomm i ttee o n  Energy and 

Water Deve l opment 
Commi ttee on Approp r i at ions  
U n i ted States Senate 
Was h i ngton , DC  20510 

The  Honora b l e J .  Bennett Johnston 
Ran k i ng Mi no r i ty Membe r  
Commi ttee on Energy a n d  Natural  

Resources 
U n i ted States Senate 
Was h i ngto n ,  DC 20510 

The Honorab l e  J .  Bennett Johnston  
Ran k i ng Mi nor i ty Member 
Subcomm i ttee on Energy 

and Water Devel opment 
Comm i ttee on Approp r i at i on s  
U n i ted States Senate 
Was h i ngton , DC  20510 

The Honorab l e  Mar i l yn L l oyd 
Cha i rman , Subcomm i ttee on E ne rgy Research  

and P roduc t i on 
Comm i ttee on Sc i ence and Techno l ogy 
U . S .  House  of Representati ves  
Was h i ngto n ,  DC  20515 

The Honorab l e  Manu e l  Lujan , Jr.  
Ran k i ng Mi nor i ty Membe r  
Commi ttee on I nter i o r  a n d  I ns u l a r  Affa i rs 
U . S .  House of Representa t i ves  
Was h i ngton , DC  20515 

The Honorab l e  Manuel  Lujan , J r .  
Ran ki ng M i nori ty Membe r  
Subcomm i ttee on Energy a n d  the 

Env i ronment 
Comm i ttee on I nter i o r  and I n s u l ar  Affa i rs 
U . S .  House of Representati ves  
Was h i ngto n ,  OC 20515 
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The Honorab l e  James A .  McC l ure 
C ha i rman , Comm i ttee on  Energy and 

Natural  Resources 
U n i ted States Senate 
Was h i ngton , DC 20510 

The Honorab l e  Car l os  J .  Moorhead 
Ran k i ng M i nori ty Membe r  
Subcommi ttee on Ene rgy Cons ervati on 

and Power 
Comm i tt"ee on Energy and Comme rce 
U . S .  House of  Representati ves 
Wash i ngto n ,  DC  20515 

The  Honorab l e  John T .  Myers  
Ran k i ng M i no r i ty Member 
Subcommi ttee on Energy and Water 

Deve l opment 
Commi ttee on Approp r i a t i on s  
U . S . H o u s e  of Rep resentat i ve s  
Was h i ngton , DC  20515 

The  Hono rab l e  R i chard L .  Ott i nger  
C ha i rman , Subcomm i ttee on Energy 

Conservat i o n  and Power 
Comm i ttee on  Energy and Commerce 
U . S .  House of Representat i ves  
Wash i ngton , DC  20515 

The Honorab l e  Morr i s  K .  Uda l l 
C h a i rman , Comm i ttee on I nt e r i o r  

a n d  I n s u l ar Affa i rs 
U . S .  House of Representati ve s  
Was h i ngton , DC 20515 

The Honora b l e Morr i s  K .  Uda l l 
C h a i rman , Subcomm i ttee on E nergy 

and the Env i ronment 
Commi ttee on I nter i o r  and 

I ns u l ar Affa i rs 
U . S .  House  of Representati ve s  
Was h i ngton , DC 20515 

T h e  Honorab l e  Robert S .  Wa l ke r  
Ran k i ng M i nor i ty Membe r  
S ub commi ttee on E ne rgy Research and 

P roduct i o n  
Comm i ttee o n  Sc i ence and Technol ogy 
U . S .  House  of Representa t i ves  
Was h i ngton , DC 20515 

The Honorab l e  Larry W i n n , J r .  
Ran k i ng Mi nori ty Member 
Commi ttee on S c i e nce and Technol ogy 
U .  S. House of Representat i ves  
Was h i ngton , DC  20515 

NATI ONAL ENVI RONMENTAL GROUPS 

Mr.  Dave Beri c k  
E n v i ronmenta l P o l i cy Center 
317  Pennsy l va n i a  Avenue , S . E .  
Was h i ngton , D C  20003 

E n v i ronmental  Acti on , I n c .  
1346 Connect i c u t  Ave . , N .  W .  
Room 731 
Was h i ngton , DC 20036 

Faral l on Foundat i o n  
P . O .  Box 9 
Bol i na s , CA 94924 

F r i ends of the Earth 
530 7th Street , S . E .  
Was h i ngto n ,  DC 20003 

Ms . Mar l o  Hol l i ng sworth 
Center for Law and Soc i a l  Po l i cy 
1751  N Street , N . W . 
Was h i ngto n ,  DC 20036 



Mr .  Tad Monda l e  
Greenpeace , U . S . A . 
2007 R Street , N . W . 
Was h i ngton , DC 20009 

Nat i ona l  Audubon Soci ety 
950 T h i rd Avenue 
New Yor k ,  NY 10022 

Nat i ona l  Resources Defense  Counc i l ,  I nc .  
1725 I s t .  N .  W .  
Was h i ngton , DC 20006 

Nat i ona l  Wi l d l i fe Federati o n  
1412 16th Street , N . W . 
Was h i ngton , DC 20036 

The Ocean i c  Soc i ety 
Magee Avenue 
Stanford , CT 06902 
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Mr. W .  Pau l  Rob i nson 
Southwe st Resea rc h  and  I nforma t i o n  

Center 
P . O .  Box 4524 
A l buquerque , NM 87106 

S i erra C l ub Rad i oacti ve Waste Camp a i g n  
78 E l mwood Avenue 
Buffa l o ,  NY 14201 

Mr.  Brooks Yeager 
S i erra C l ub 
330 Pennsyl van i a  Avenue , S . E .  
Was h i ngton , DC 20006 

G. Yuan 
Natural  Resou rces Defense  Counc i l 
25 Kearny Street 
San F ranc i sco , CA 94108 

STATE AND LOCAL GOVERNMENT - NEW YORK 

The Honorab l e  Carl  H .  Acome 
V i l l age of Youngs town 
240 Lockport Street 
You n g s town , NY 14174 

Mr. Dav i d  J. Kzym i r ,  C l e r k  
N i agara County Leg i s l ature 
59 Park Avenue 
Lockport , NY 14094 

Mr. Pau l  B rucato 
V i l l age  of Lew i s ton 
145 North 4th Street 
Lewi s to n ,  NY 14092 

The Honorab l e  John  Da ly  
2201  P i ne Avenue 
N i agara F a l l s ,  NY 14301 

Mr.  Steven J.  Do l es k i 
State o f  New York  
Department o f  E n v i ronmental  Conservat i on 
600 De l aware Avenue 
Buffa l o ,  NY 14202 

E r i e  County Board of Heal th 
95  F ra n k l i n  Street 
Buffa l o ,  NY 14202 

E r i e  County Department of E n v i ronment 
and P l an n i ng 

ATTN :  E n v i ronme ntal  Management Counc i l 
975 Frank l i n  Stree t ,  Room 1678 
B u f fa l o ,  NY 14202 

E r i e  County 
ATT N :  T . M .  
2 5  De l aware 
Buffa l o ,  NY 

Legi s l ature 
Reyno l ds 
Avenue 

14202 

Ms . Joan  G i pp 
Town o f  Lewi ston 
1375 R i dge Road 
Lewi s ton , NY 14092 

Mr. Rona l d  C. Johnston , Superv i sor 
Town o f  Porter 
120 Loc kport Street 
Youngstown , NY 14174 

Mr. R i chard Ko l ke 
Town o f  Lewi s ton 
1375 R i dge Road 
Lewi sto n ,  NY 14092 

M r .  R i chard T .  Lee 
Congres sman LaFal ce ' s  O f f i ce 
Federal  B u i l d i ng 
B u f fa l o ,  NY 14202 

Mr. Robert Lee 
Town o f  Lewi ston 
1375  R i dge Road 
Lewi s ton , NY 14092 

Mr. Dan Levy 
E n v i ronmenta l 
Department of 
2 Wo r l d Trade 
New Yo rk , NY 

Protecti on 
Law 
Center 
10047 

B ureau 

Lew i s ton B u i l d i ng and Zon i ng I nspector 
923 E l l i o t  D r i ve 
Lewi ston , NY 14092 

Lewi s ton- Porter Central  H i gh Schoo l 
Youngstown , NY 14174 

Mr. James J. Lombard i , Superv i sor  
Town o f  Lewi ston 
1375 R i dge Road 
Lewi s ton , NY 14092 

The Honorab l e  Matthew J. Murphy 
131  East  Avenue 
Loc kport , NY 14094 

Mr. Jac k Nasca ( 6 )  
Department  o f  E n v i ronmenta l Conserva t i o n  
State o f  New York 
50 Wo l f  Road , Room 514 
Al bany , NY 12233 

New York  Department o f  E n v i ro nmenta l 
Conservat i o n  ( 4 )  

ATTN : M r .  Robert F .  F l ac ke , Comm i s s i oner  
o f  E n v i ronmental  Conservat i on 

50 Wo l f  Road 
A l bany , NY 12233 



New York  Department of Labor ( 3 )  
ATT N :  Mr .  P h i l i p Ross 
I ndustr i a l  Comm i s s i oner  
B u i l d i ng 12 , State  Off i ce Campus 
A l bany , NY 12240 

New York Department of Pub l i c  Hea l th ( 3 )  
ATT N :  D r .  Dav i d  Axe l rod , 

Comm i s s i oner of Hea l th 
Emp i re State P l a z a , Tower B u i l d i ng 
A l bany ,  NY 12237 

New York Department of Transporta t i on ( 2 )  
ATTN : M r .  Wi l l i am C .  Hennes sey 

Commi s s i oner o f  Transportat i on 
B u i l d i ng 5 ,  State O f f i ce Campus 
A l bany , NY 12232 

New York State Assemb l y  
ATTN : E n v i ronmental  Conservat i on Commi ttee 
State Assemb l y  Post O f f i ce 
A l bany , NY 12248 

New York State Energy Research and  
Devel opment Authori ty 

ATT N :  J .  Spath 
Emp i re State P l a z a  
Al bany ,  NY 12223 

N i agara County E n v i ronmental  
Management Counc i l  

59  Park  Avenue 
Loc kport , NY 14094 

N i agara County Hea l th Depa rtment 
5467 Upper Mounta i n  Road 
Loc kport , NY 14094 

N i agara County P l ann i ng Board 
59 Park Avenue 
Loc kport ,  NY 14084 
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Mr .  A l v i n  Ogg 
Town of Lew i s ton 
1375 R i dge Road 
Lewi ston , NY 14092 

Mr. Joseph P i l l i ttere 
New York State Assemb l y  
138th A . D .  
1700 P i ne Avenue 
N i agara F a l l s ,  NY 14301 

Mr. Thoma s Pryce , Pres i dent 
Lew i s ton- Porter Board of Educa t i on 
4061 C re e k  Road 
Youngstown , NY 14174 

Mr . John P .  Spath 
New York  ERDA 
Town Roc kefe l l er P l a z a  
A l bany , N Y  12223 

The Honorab l e  Mari l yn Toohey 
V i l l age of Lewi s ton 
145 North 4th Street 
Lewi ston , NY 14092 

Town C l e r k  
Town of Porter 
120 Loc kport Street 
Youngs town , NY 14174 

Town C l e r k  
Town of Lewi s ton 
1375 R i dge Road 
Lewi ston , NY 14092 

M r .  Larry W. Chapman , Superv i sor  
Town of Pendl eton 
6570 C ampbe l l  Boul evard 
Lockport , NY 14094 

PUB L I C  GROUPS AND I ND I V I DUALS - NEW YORK 

Act i o n  for a Non-Nuc l ear  Future 
c/o Ms . Eve lyn McLaren 
1728 Hydesv i l l e  Road 
Newa r k ,  NY 14513 

A l l eghany Energy Awa reness Group 
c/o M r .  Robert Tay l or 
122 South E i ghth Street 
O l ea n , NY 14760 

M s .  Bonn i e  Beckham 
N i agara County Env i ronmenta l 

Management Counc i l  
La ke Street 
Loc kport , NY 14094 

Mr. M i chael  J. Bob i c k 
1335 Onta r i o  Avenue 
N i agara Fa l l s ,  NY 14305 

Dr.  Wi l l i am L .  Boe c k  
3 6 5  North 7th Street 
Lewi s ton , NY 14092 

Bos ton Conserva t i on C l ub 
Z i mmerman Road 
Boston , NY 14025 

Mr. Peter Brass  
1102  P l etcher Road 
Youngs town , NY 14174 

I rwi n  D .  Bros s , P h . D .  
Roswe l l Park  Memor i a l  I ns t .  
666  E l m  Street 
Buffa l o ,  NY 14263 

Mr. Henry J. Bucha l s k i  
496 77th Street 
N i agara F a l l s ,  NY 14304 

Buffa l o  Audubon Soc i ety 
We l c h  Road 
North Java , NY 14 113 

The Buffa l o  Energy Project 
70 Harvard P l ace 
B u f fa l o ,  NY 14209 

Buffa l o  News 
ATTN :  Ms . Jo Ann Sce l s a  
9701 N i agara F a l l s  Bou l evard 
Buffa l o ,  NY 14304 



Mr.  Cary J .  Burd i c k  
1161 P l etcher Road 
Youngstown , NY 14174 

Mr .  Dona l d  Burns 
971 P l etcher Road 
Youngstown , NY 14174 

M s .  Nancy Cabe l l o  
486 Wes twood Avenue 
Youngs town , NY 14092 

Cente r  for J u s t i c e  
2270 Ma i n  Street 
Buffa l o ,  NY 14214 

Mr.  John  C h i asera 
412 Stan l ey Street 
North Tonawanda , NY 14120 

C i t i zens Concerned About 
Nuc l ear Wa ste 

Box 20 
B l u f f  Po i nt ,  NY 14417 

Al i c e  C l ark  
P . O . Box  311  
Youngstown , NY 14174 

George and I rma C l ark  
909  Lockport Road 
Youngs town , NY 14174 

M s .  Mary E l l en C l ark  
752  C urti s Court 
Lewi s ton , NY 14092 

Coa l i t i on on Wes t  Va l l ey Nuc l ea r  Wastes 
Sharp Street 
East Concord , NY 14055 

Concerned C i t i ze n s  Aga i n s t  Po l l ut i on 
c/o Ms . Trudy Ke l l y 
484 L i nden Avenue 
East Auro ra , NY 14052 

Mr.  F ra n k  N. Conde 
777 15th Street 
N i agara F a l l s ,  NY 14301 

Mr .  Arthur V .  C urc i one 
3302 Wa l nut Avenue 
N i agara F a l l s ,  NY  14301 

Robert and Phyl l i s  Donovan 
996 P l etcher Road 
Youngstown , NY 14174 

Earth Sp i r i t  Deve l opment , I nc .  
P . O .  Box 4237 
Kenmore , NY 14217 

E l ma Conserva t i o n  C l ub 
C reek  Road 
E l ma ,  NY 14059 

E n v i ronmenta l Law Soc i ety 
O ' Br i a n  Ha l l ,  Amherst Campus 
State Un i ve rs i ty o f  New York at Buffa l o  
Buffal o ,  N Y  14260 
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E r i e  County Federat i on o f  Sportmen ' s  C l ubs 
109 Woodward Avenue 
Spri ngv i l l e ,  NY 14141 

E r i e  County League of Women Voters 
875 E l i nwood Avenue 
Buffa l o ,  NY 14222 

Mr. James F .  Faery 
3461 Town l i ne Road 
Wi l son , NY 14172 

Mr. Wa l te r  Fedak 
2228 Cudabac k Avenue 
N i agara F a l l s ,  NY 14303 

Mr. H. Wi l l i am Feder 
739 E i ghth Street 
N i agara F a l l s ,  NY 14301 

Federat i on of Conserva t i o n  C l ubs 
of N i agara County 

6115 Bear Road 
Sanborn , NY 14132 

Mr. F remont C .  Ferchen  
2421 Cayuga Street 
N i agara F a l l s ,  NY 14305 

Mr .  R i chard F r i z ze l l 
1700 22nd Street 
N i agara F a l l s ,  NY 14305 

Mr. Edward F uche , J r .  
8 9  Do rthmouth Avenue 
Buffa l o ,  NY 14215  

Mr .  Les l i e G a i nes 
1148 P l etcher Road 
Youngstown , NY 14174 

Mr.  John L. Garacz kows k i  
122 E i ghth Street 
North Tonawanda , NY 14120 

Genessee  Val l ey Peopl e ' s  Power Coa l i t i o n  
60 North P l ymouth Avenue 
Rochester ,  NY 14614 

George Was h i ngton F i s h i ng and 
Camp i ng C l ub 

2805 N i agara Street 
Tonawanda , NY 14150 

G l e n  Loc Conserva t i on Soc i ety 
50 F i l l mo re Avenue 
Tonawanda , NY 14150 

Char l e s  Go l d i ng 
P . O . Box 441 
Youngstown , NY 14174 

Ms . Karen G ra f  
913  Ba l me r  Road 
Youngstown , NY 14174 

LaVerne Graf 
1800 R u i e  Road 
North Tonawanda , NY 14120 

Mr. T i mothy G ratto 
962 P l etcher Road 
Youngstown , NY 14174 



Gray Panthers of Audubon 
1700 L i ttl e Rob i n  Road 
W .  Amherst , NY 14288 

Perr i ngton Gree n l and 
57 West Avenue 
F a i rpo rt , NY 14450 

Mr. Gera l d  F .  Ha l l 
9529 Somerset D r i ve 
Barke r ,  NY 14012 

Mrs . A . J .  Hathaway 
4072 C a l k i ns Road 
Youngs town , NY 14174 

Dr. Dan i e l  J. Hea l y  
4 1 9  Dansworth D r i ve 
Youngstown , NY 14174 

Housewi ves to End Po l l uti on 
95 J o l l es Street 
Orchard Park ,  NY 14127 

I saac Wa l ton · League 
17 Taft P l ace 
Dun k i rk ,  NY 14048 

Mr .  R i chard Jackson 
1162 P l etcher Road 
Youngs town , NY 14174 

Mr. Edward W. Kantz 
5270 Hew i tt Parkway 
Lewi sto n ,  NY 14092 

Dr. George Karta l i an 
700 Park  P l ace 
M . P . O .  Box 848 
N i agara F a l l s ,  NY 14301 

Mr .  Wa l te r  K l abunde 
4923 C ree k Road 
Lewi ston , NY 14092 

KOA Campground 
clo Mr.  F red Guard 
435 Guard Street 
Lew i s to n ,  NY 14092 

Mr .  John  H .  Ko l ec k i  
1 9 6  Wa rner Ave n ue 
North Tonawanda , NY 14120 

A-7 

Lewi ston E n v i ronmental  Conserv at i on 
Commi s s i on 

435 Abe rdeen Road 
Lewi ston , NY 14092 

Mr. Frank  W .  Luscher 
4242 Lower R i ver  Road 
Youngstown , NY 14174 

Mr. John  C. Ma l i nchock 
953  James D r i ve 
Lewi ston , NY 14092 

Mr. Anthony J .  Manna 
5462 Tonawanda Creek Road 
North Tonawanda , NY 14102 

Mr .  James Mays 
1054 P l etcher Road 
Youngstown , NY 14174 

Mr. M i chae l  J .  McKernan 
397 Dav i son  Road , Apt.  10  
Loc kport , NY 14094 

Mr. George J .  Me i er 
4800 Wi l son  Road 
Loc kport , NY 14094 

Mr. LaVe rne E. M i l l e r 
P . O .  Box 84 
M i dd l eport , NY 14105 

Modern D i sposa l Serv i ces , I nc .  
Mode l  C i ty Road 
Lewi ston , NY 14092 

Mr. Robe rt J .  Moon 
930 P l e tcher  Road 
Youngstown , NY 14174 

M r .  Thomas J .  Mu l vey 
211 Cottage Street 
Loc kport , NY 14094 

Natura l Guard 
clo Russ  Car l son  
Jamestown , NY  14701 

The  Nature Conservancy 
186 Burrough D r i ve 
S nyder , NY 14226 

Nature Sanctuary Soc i e ty 
Mr .  Terry Kuehn 641 W i nspear  Road 
7 117 Mav i s  Dri ve E l ma ,  NY 14509 
North Tonawanda , NY 14120 

Lake Onta r i o  Trout and Sa l mon 
Assoc i at i on 

clo C i t i ze n s  Aga i nst  Pol l ut i on 
P . O .  Box 344 
Youngs town , NY 14174 

Mr. Darw i n  James Lang l o i s  
441 Harper Dr i ve 
Lewi ston , NY 14092 

Mr. Rona l d  Latchford 
981 P l etcher Road 
Youngstown , NY 14174 

Gary F .  Ne l s on 
292  North Street , Apt.  3 
Buffa l o ,  NY 14201 

New Yo rk Assoc i at i on of 
Conservat i on Comm i s s i on s  

12 Ma i n  Street 
Hamburg , NY 14075 

N i agara E n v i ronmental  Act i on 
P . O .  Box 344 
Youngs town , NY 14174 

N i agara F a l l s  Area Chamber of  Commerce 
401 Buffa l o  Avenue 
N i agara F a l l s ,  NY 14303 



N i ag a ra F ront i e r  Act i on for C l ean A i r  
2390 Kens i ngton Avenue 
B u f fa l o ,  NY 14126 

N i agara Gazette 
ATTN : L i sa Aug 
310 N i agara F a l l s  Bou l evard 
N i agara F a l l s ,  NY 14303 

No LOOW Comm i ttee 
c/o C i t i ze n s  Aga i ns t  Po l l ut i on 
P . O .  Box 344 
Youngstown , NY 14174 

Mr. L l oyd J .  O ' Conner 
8633 Bol l i er Aven ue 
N i agara F a l l s ,  NY 14304 

Operat i o n  C l ean 
c/o Mr .  Don a l d  Henry 
3462 C reek  Road 
Youngstown , NY 14174 

Operat i o n  C l ean Canada 
c/o C i t i zens  Aga i n st Po l l u t i on 
P . O .  Box 344 
Youngstown , NY 14174 

Mr.  R i chard Owen 
875 Ba l me r  Road 
Youngstown , NY 14174 

Peaceb u i l ders  of East  Aurora 
211 Dorchester Road 
East Aurora , NY 14052 

M r .  Domi n i c  L. Pen a l e 
636 17th Street 
N i agara F a l l s ,  NY 14301 

Peopl e ' s Power Coa l i t i on 
c/o C i t i z e n s  Aga i ns t  Po l l ut i on 
P . O .  Box 344 
Youngstown , NY 14174 

Mr. Rona l d  L. Perry 
6164 Corwi n Avenue 
Newfane , NY 14108 

Powe r l i n e  Act i o n  Commi ttee 
c/o Ms . Janet Munson 
General  De l i very 
Rose , NY 14542 

Powe r l i ne Commi ttee 
c/o Ms . Anne Kri z 
5886 A l l en-Padgham Road 
Macedon , NY 14502 

Mr. Anthony F .  Quaranto 
3929 McKoon Avenue 
N i agara F a l l s ,  NY 14305 

D r .  John J. Reedy 
914 O ne i da Street 
Lewi ston , NY 14092 

R e s i dent 
965 P l etcher Road 
Youngstown , NY 14174 
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Res i dent 
967 P l etcher Road 
Youngs town , NY 14174 

Chester  R i chardson  
3529 East  Avenue 
Youngstown , NY 14174 

Rochester Safe E ne rgy A l l i ance 
713 Mon roe Avenue 
Rochester ,  NY 14607 

D r .  R i c hard Roo ker 
556 Greenf i e l d  D r i ve 
Lew i ston , NY 14092 

Mr. Pau l  A. R umbo l d  
156 Meadow D r i v e ,  South 
North Tonawanda , NY 14120 

Mr. James A .  Sacco 
6723 R a l p h  Court 
N i agara F a l l s ,  NY 14304 

George Sa l chow 
P . O .  Box 196 
Youngstown , NY 14174 

Jason  Sa l f i  and Danny Pearson 
4657 Krooman D r i ve 
Lewi ston , NY 14092 

SCA Chem i ca l  Serv i ce s , I nc .  
1135 Ba l mer Road 
Youngstown , NY 14174 

M r .  Mark A .  Scott 
525 Goundry Street 
North Tonawanda , NY 14120 

Mr . R i chard M .  Shan l ey 
202 C hurch Street 
Loc kpo rt , NY 14094 

Mr.  Lee S i monson  
P . O .  Box 5 7  
Lewi s to n ,  N Y  14092 

Ms . Dori s S k i v i ngton 
326 75th Street 
N i agara F a l l s ,  NY 14304 

Soc i e ty to Oppose P o l l ut i on i n  
the Towns 

4800 K l i ne Road 
N i agara F a l l s ,  NY _ 14303 

Somerset G roup , I nc .  
ATTN : M r .  John  Syms 
B a l me r  Road 
Lew i s ton , NY 14092 

Mr. Stefan Sosnows k i  
9 7 0  P l etcher Road 
Youngstown , NY 14174 

Mr.  Anthony Turnzo 
1123 P l etcher Road 
Youngstown , NY 14174 

Mr .  Joseph J .  Tyree 
1501 97th Street 
N i agara F a l l s ,  NY 14304 



M r .  Raymond C .  Vaughan 
135 East Ma i n  Street 
Hamburg , NY 14075 

Mr .  V i l l an i  
991-993 P l etcher Road 
Youngstown , NY 14174 

Ms . Mary Wa l ker  
921 Mohawk Street 
Lew i ston , NY 14092 

Mr. Marv i n  W. Wendt 
2692 S aunders Settl ement Road 
Sanborn , NY 14132 

Mr .  Roy F.  Wenke 
4666 App l e  D r i ve 
Lewi s ton , NY 14092 

West F a l l s  Conservat i on Soc i ety 
B r i dge Street 
We st F a l l s ,  NY 14170 · 

Western New York Center 
440 Leroy Avenue 
Buffa l o ,  NY 142 15 
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We stern New York E n v i ronmental  
Federat i on 

1190 Parkhurst Bou l evard 
Tonawanda , NY 14150 

Western New York Peace Center 
c/o C i t i zens  Agai nst  P o l l ut i on 
P . O .  Box 344 
Youngstown , NY 14174 

Wi l d l i fe Rehab i l i tat i on Ce nter 
11100 Broadway 
A l de n , NY 14004 

Mr. F red Yost 
Ut i l i ty Data I ns t i tute I nc .  
2011 I Street N . W. , S u i te 700 
Was h i ngto n ,  DC 20006 

Mr .  Thomas Yots 
659 Orchard Parkway 
N i agara F a l l s ,  NY 14301 

Steve and S h i r l ey Zgonce 
785 Page Avenue 
Lewi ston , NY 14092 

STAT E ,  LOCA L ,  AND T R I BAL GOVE RNMENT - WASHI NGTON 

M r .  F rede r i c k  S .  Ada i r  
Sen i o r  Research Ana l yst 
House Energy and Ut i l i t i e s  Commi ttee 
O l ymp i a ,  WA 98502 

Mr. Max E .  Ben i tz 
State Se nator 
Memb e r ,  State E ne rgy Ut i l i t i es 

Comm i ttee 
Route 2 ,  Box 2521 
P ro s s e r , WA 99350 

Mr .  Warren A .  B i s hop 
C ha i rman , Nuc l ear  Waste 

Advi sory Counc i l  & Board 
Was h i ngton State Department 

of  Eco l ogy , Ma i l  Stop PV- 11 
O lymp i a ,  WA 98504 

C i ty of Pasco 
P l ann i ng Department 
412 W. C l ark  
Pasco , WA 99301 

Mr.  Gary C rutch f i e l d  
P asco C i ty Manager 
P . O .  Box 293 
Pasco , WA 99301 

Mr .  C u rt i s  E sche l s 
C ha i rman ,  EFSEC  
4224  S i xth Ave .  S E  
B l dg .  I ,  PV- ll  
Lacey , WA 98504 

M r .  Lynn Frank 
D i rector ,  Oregon DOE  
Labor & I ndustr i es B l dg .  
S a l em , OR 97310 

Ms . Sh i rl ey Hank i ns 
State Representat i ve 
2120 Duporta i l  #8 
R i c h l and , WA 99352 

The Honorab l e  Booth Gardner 
Governor 
State of  Was h i ngton 
O l ymp i a , WA 98504 

Mr .  Jay Ho l man , Manager 
Port of  Benton 
P . O .  Box 309 
R i c h l and , WA 99352 

Mr .  Ray I saacson 
State Rep resentat i ve 
2106 Lee B l v d .  
R i c h l and , WA 99352 

Mr .  Roger R.  J i m ,  S r .  
T r i ba l  C ha i rman 
Yak i ma I nd i an Nat i on 
P . O .  Box 151  
Toppe n i s h ,  WA 98948 

Mr. Gary Karno f s k i  
E n v i ronmenta l /H i sto r i c a l  Preserva t i o n  

P l anner 
Bento n - F rank l i n  Governmenta l Conference 
P . O . Box 217 
R i c h l and , WA 99352 

M r .  D i ck Ne l so n  
State Representat i ve 
C ha i rman , House E ne rgy & 

Ut i l i t i e s  Commi ttee 
4311 Dayton Ave N . , #1 
Seatt l e ,  WA 98103 



Mr .  M i ke Reed 
Sen i o r Research  Ana lyst  
Senate Eco l ogy Commi ttee 
O lymp i a ,  WA 98502 

R i c h l and P l ann i ng Department 
505 Swi ft B l vd .  
R i c h l and , WA 99352 

Ms . Nancy Rust 
State Representati ve 
C ha i rman , House E n v i ronmental  

Affa i rs Comm i ttee 
18747 R i dgef i e l d  Rd . , NW 
Seatt l e ,  WA 98177 

Mr. Neal S h u l ma n  
R i c h l and  C i ty Manager 
505 Swi ft B l v d .  
R i c h l and , WA 99352 
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State of  Was h i ngton O f f i c e  of  Archaeol ogy 
and H i s to r i c P re s e rvat i o n  

ATTN : Robe rt G .  Wh i t 1 am ,  
Archaeo l og i st 

I I I  Wes t  21st  Avenue , KL-11  
O l ymp i a ,  WA 98504 

Was h i ngton State D epartment of Ecol ogy 
ATTN : Ms . Andrea Beatty 
S t .  Mart i ns  C o l l ege PV- 11 
O l ymp i a ,  WA 98504 

Mr .  R i chard H .  Watson 
D i recto r ,  Was h i ngton Sate Energy O ff i ce 
400 E .  U n i o n , E R- 11 
O l ymp i a ,  WA 98504 

Mr. A 1 Wi 1 1  i ams 
State Senator C ha i rman ,  
Senate E n e rgy and Uti l i t i e s  Comm i ttee 
4801 F remont Avenue N 
Seatt l e ,  WA 98103 

P UB L I C  GROUPS AND IND IV I DUALS - WASH I NGTON 

Ame r i can  F r i ends Serv i ce Comm i ttee 
2249 E .  Burns i d e  
Port l and , OR  97214 

Mr .  Barry Bede 
10722 NW 114th P l . 
K i rk l and , WA 98033 

Ms . N i na Be l l  
Staff I ntervenor 
Coa l i t i o n  for Safe P�wer 
410  Governor B u i l d i ng 
408 Southwest  Second Avenue 
Port l and , OR 97204 

Mr. John L. B r i mha l l 
Pres i dent , Audubon Soc i ety 
2502  R i vers i de Dr i ve 
Wes t  R i c h l and , WA 99352 

C i ty Des k  
Seatt l e ,  Post- I nte 1 1 i gencer 
521 Wa l l Street 
Seatt l e ,  WA 98121 

Depa rtment of  E ne rgy Read i ng Room 
Federal  B u i l d i ng ,  Room 157 
P . O . Box 800 
R i c h l and , WA 99352 

F r i ends  of  the Earth 
4512 U n i vers i ty Way , N . E .  
Seatt l e ,  WA 98105 

Ke l so G i l l enwater 
Tr i - C i ty Hera l d  
107 N .  Ca scade 
Kennew i c k ,  WA 99336 

Hanford Overs i te Comm i ttee 
1449 Thayer Dr i ve 
R i c h l and , WA 99352 

Mr.  Syd Koeg l er 
Exxon Nuc l ear Corp .  
2101 Horn Rap i ds Road 
R i c h l and , WA 99352 

Mr .  Dave Lark i n  
Was h i ngton Pub l i c  Power Supp l y  System 
3040 George Was h i ngton Way 
Ma i l  Drop 520 
R i c h l and , WA 99352 

Mid Co l umb i a  L i b rary 
S h i r l ey Tucke r ,  D i rector 
405 South Dayton Street 
Kennewi c k ,  WA 99336 

Mu1 tnomah P ub l i c  L i b rary 
801 SW 10th Avenue 
Port l and , OR  97205 

M r .  Roy N i l son 
Exxon Nuc l ea r  C o rp .  
2955  George Was h i ngton Way 
R i c h l and , WA 99352 

Ms . Dor i s  Roberts 
R i c h l and Pb 1 i c L i b rary 
Swi ft and Northgate 
R i c h l and , WA 99352 

Ms . E 1 0u i se Schumach e r  
Seatt l e T i me s  
Box 7 0  
Seat t l e ,  WA 98111 

Seatt l e  P ub l i c  L i brary 
Rona l d  A .  Dubbe r l y ,  L i b ra r i a n  
1 0 0 0  Fourth Avenue 
Seatt l e ,  WA 98104 

S i e rra C l ub Northwe s t  Represe ntat i ve 
1 5 16 Me l rose  
Seatt l e ,  WA 98122 

A 1  Snow 
Jack Rabb i t  A l l i ance 
308 N.  6th Street 
Y a k i ma , WA 98901 

Spokane Pub l i c  L i b rary 
Betty W. Bende r ,  D i rec tor 
W 906 Ma i n  
Spokane , WA 99201 



State L i brary 
Roder i c k  G .  Swartz , L i b ra r i an 
AJ- 11 
O l ymp i a ,  WA 98504 

Mr.  Sam Vol pente st 
T r i - C i t i es I ndustr i a l  Deve l opment 

Counc i 1 
1201 J adwi n 
R i c h l and , WA 99352 
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Washi ngton E n v i ronme ntal  Counc i l  
Attn : John Hoh l  
8 0  S .  Jackson 
Seattl e ,  WA 98104 

D r .  Ruth We i ner  
13735  15th  NE 
Seatt l e ,  WA 98125 

STATE AND LOCAL GOVERNMENT - TENNESSEE  

The Honorab l e  Lama r Al exande r 
Governor of Tennessee 
State Cap i to l  B u i l d i ng 
Nashv i l l e ,  TN 37219 

Anderson County ( 3 )  
ATTN : Mr .  Dav i d  o .  Bol l i ng , 

County Executi ve 
Anderson County Courthouse ,  Room 208 
C l i nton ,  TN 37716 

C i ty of  Oak  R i dge ( 5 )  
ATT N :  Mr.  M .  Ly l e  Lacy , I I I , 

C i ty Manager 
Mun i c i pa l  Bui l d i ng 
Oak  R i dge , TN 37830 

East Tennessee Devel opment D i s t r i c t  
ATT N :  Mr .  Al l en W.  Nee l , 

C ha i rman 
Post Off i ce Box 19806 
Knoxv i l l e ,  TN 37919 

The Honorab l e  James E. E l k i n s  
Tennessee  Senate 
224 North Ma i n  Street 
C l i nton , TN 37716 

The Honorab l e  Rubye Luc key 
Mayor of K i ngston 
Cumber l and  Street ,  Mun i cp a l  B u i l d i ng 
K i ngston , TN 37763 

The Honorab l e  Randy McNa l ly  
Tennes see  House of  Representat i ve s  
121 Amanda Dri ve 
Oak  R i dge , TN 37830 

Roane County ( 3 )  
ATT N :  M r .  Ken Yage r ,  

County Execut i ve 
Roane County Courthouse 
200  Race Stree t ,  Post Off i ce Box 643 
K i n gston , TN 37763 

State of  Tennessee 
Depa rtment of Conserva t i o n  
ATTN : Mr .  Char l es A .  Howe l l ,  I I I , 

Comm i s s i oner 
701 B roadway 
Nas h v i l l e ,  TN 37203 

State of Tennessee 
Department of Labo r 
ATTN : Mr .  Franc i s  S .  Gues s ,  

Comm i s s i oner 
501 U n i o n  B u i l d i ng ,  Second F l oor 
Nashv i l l e ,  TN 37219 

State of  Tennes see 
Department of Agri c u l ture 
ATTN : Mr .  Wi l l i am H .  Wa l ke r ,  I I I ,  

Comm i s s i oner 
Post O f f i ce Box 40627 , Me l rose Stat i on 
Nashv i l l e ,  TN 37204 

State of Tennes see 
Department of Econom i c  and Commun i ty Deve l opment  
ATTN : Mr .  John L .  Pari s h , 

Comm i s s i oner  
Andrew Jackson State O ff i ce Bu i l d i ng ,  Room 1007 
Nashv i l l e ,  TN 37219 

State of Tennessee 
Wi l d l i fe Resources Agency 
ATTN:  Mr .  G a ry T. Myers , 

Exec u t i v e  D i rector 
Post Off i ce Box 40747 
Nashv i l l e ,  TN 37204 

State of Tennessee 
Department of  Transportat i o n  
ATTN : Mr .  Robert E .  F a r r i s ,  

Comm i s s i oner 
J ames K .  Po l k  Bu i l d i ng ,  S u i te 700 
Nashv i l l e ,  TN 37219 

State of Tennessee ( 5 )  
Department o f  Hea l th and E n v i ronment 
ATTN : Mr .  James E. Word , 

Comm i ss i oner  
150 Ni nth  Street 
Nashv i l l e ,  TN 37203 

PUB L I C  GROUPS AND I N D I V I DUALS - TENNESSEE 

Don Barger 
113 Jasper Lane 
Oak R i dge , TN 37830 

Renee P. Bender 
114 Mont i ce l l o  Road 
Oak R i dge , TN 37830 

A . K .  B i s se l l 
105 Meadow Road 
Oak R i dge , TN 37830 

B i l l  Brewer 
5501 Newberry Lane 
Knoxv i l l e ,  TN 37921 



Harry C .  F rancke 
201 Manhattan Avenue 
Oak  R i dge , TN 37830 

A l ma F u l ks 
105 K i ngs l ey Road 
Oak R i dge , TN 37830 

R. E. He l ms 
810 We s t  Outer D r i ve 
O a k  R i dge , TN 37830 

Haro l d  W. Jerni gan 
122 We s t l oo k  C i rc l e  
Oak  R i dge , T N  37830 

John E. Jone s , J r .  
128 Wendover C i rc l e  
O a k  R i dge , T N  37830 

Mr. A . J .  Kuh a i da , J r .  
1 0 7  Pemb roke Road 
Oak R i dge , TN 37830 

Legal  E n v i ronmental  Ass i stance Founda t i o n  
6 0 2  Gay Stree t ,  S u i te 507 
Knoxv i l l e ,  TN 37902 

J es i m i e  Nor i ta ke 
P . O .  Box 3472 
Oak R i dge , TN 3 7830 

P. T. P e rdue 
103 O a k  Lane 
Oak R i dge , TN 37830 

R . F .  P e rk i ns 
113 E .  Magno l i a  L n .  
O a k  R i dge , T N  37830 

Dow , Lohnes , and A l bertson  
1225 Connect i cut Avenue 
Wash i ngto n ,  DC 20036 

Ms.  Mara Lans i ng 
6461 Ma i n  
Wi l l i am s v i l l e ,  NY 14221 

Mr.  B i l l  L i bby 
144 Butte rnut 
Bol i ngb roo k ,  IL  60439 
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OTHERS 

F rances P l easonton 
I I I  P l easant Road 
O a k  R i dge , TN 37830 

V i c k i  Qua tmann 
Route 1 ,  Box 51 
Lake C i ty ,  TN 37769 

W .  R .  Rhyne 
140 Wi ndham Road 
Oak R i dge , TN 3 7830 

Rus s R i v e r  
2 2 3  V i l l  anova Road 
Oak R i dge , TN 3 7830 

M .  S .  Rol l i ng s  
604 F l or i da Aven ue 
O a k  R i dge , TN 37830 

T .  H .  Row 
231  Lou i s i ana  Avenue 
O a k  R i dge , TN 3 7830 

He l e n  Ru l ey 
344 Lou i s i ana  Avenue 
Oak R i dge , TN 37830 

Kenneth S .  Warren 
105 Evans  Lane 
O a k  R i dge , TN 37830 

John D. W i l l i ams 
813 Montvue 
K i ngston , TN 37763 

Susan W i  1 1  i ams 
P . O . Box 606 
Norr i s ,  TN 37828 

T. B rett Roberts 
Bend i x  E n v i ronmenta l Researc h 
P l az a  S u i te 902  
1390 Market Street 
San Franc i sco , CA 94102 

J. Sanchez  
2615 S .  Mi s s i on 
Tucson , AZ 85713 

STATE ENVI RONME NTAL PROTECT I O N  COORD I NATI NG AGEN C I E S  

Lee W.  Stoke s ,  Admi n i strator 
D i v . of E n v i ronment 
Dept. of Hea l th & We l fa re 
450 W. State St .  
Bo i s e ,  1 0  83720 

R i chard J. Car l son , D i r . 
Env i r . Protecti on Age ncy 
2200 C h u rch i l l  Rd .  
Spri ngf i e l d ,  IL  62706 

R a l p h  C .  P i c ka rd ,  Tec h n i c a l  
Secretary 

E n v i ronmenta l Mgt.  B l dg .  
1330 W .  M i  c h  i gan St .  , 
Room 434 
I nd i anapo l i s ,  IN 46204 

Steve Ba l l ou ,  Exec . D i r . 
Wate r ,  A i r ,  & Waste Mgt. Comm . 
Wa l l ace State O f f .  B l d g .  
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APPEND I X  B .  G LOSSARY 

ABSORBED DOSE--The amount of ene rgy absorbed i n  any mate r i a l  from i nc i dent rad i a t i o n .  Meas ured i n  
rads , where 1 rad equa l s  100 e rgs  o f  ene rgy absorbed i n  1 g ram o f  matte r .  

ACT ION  PER IOD--For  th i s  E I S , t h e  act i o n  peri od i nc l udes t h e  10-year period  dur i ng wh i ch p hy s i ca l  
ac t i o n s  s uch  as  t ransportati on ,  s tab i l i zat i o n , ocean d i spersa l , etc . , wi l l  take p l ace .  

ACT I V I TY--A mea s u re of  the rate a t  wh i c h  rad i oact i v e  mate r i a l  i s  undergo i ng rad i oactive  decay ; u s ua l ly  
g i ven  in  terms of  the number of nuc l ear  d i s i ntegra t i o n s  occurr i ng in  a g i ve n  quan t i ty of materi a l  
over a u n i t  of  t i me .  The spec i a l  u n i t  of  act i v i ty i s  the curi e ( C i ) .  

ALLUV I UM--Al l mate r i a l  depo s i ted permanent ly  o r  i n  trans i t  by s tream s .  

ALPHA PART I CLE--A part i c l e  emi tted f rom the nuc l eus  dur i ng the rad ioact ive  decay of  certa i n  nuc l i de s .  
I t  cons i s ts of two protons a n d  two neutrons  bound togeth e r ;  i t  i s  i dent i c a l  t o  t h e  n uc l eu s  of  a 
h e l i um-4 atom . 

AQU I F E R--A water-beari ng l ayer of permeab l e  roc k  o r  s o i l that wi l l  y i e l d  water i n  usab l e  quanti t i e s  to 
we l l s .  Conf i ned aqu i fers are bounded on top and bottom by l ess-permeab l e  mate ri a l s .  Unconf i ned 
aqu i fers a re bou nded on top by a water tab l e .  

ARTES IAN AQU I F E R- -An aqu i fer  that i s  confi ned s o  that i ts hydrau l i c head r i ses  above the top o f  the 
aqui fer u n i t ;  thus , an  a rtes i an water body i s  o ne that is conf i ned under hydra u l i c  pre s s u re .  

BACKGROUND RAD IATION-- I n  th i s  E I S ,  bac kground rad i at i o n  i nc l udes both the natura l and man-made ( e . g . , 
fa l l out ) radi a t i o n  i n  the human envi ronment .  I t  i nc l udes cosm i c  rays and rad i at i o n  from the 
natura l l y rad i oacti ve e l ements that occur both outs i de and i n s i de the bod i e s  of  humans and 
a n i ma l s .  For  persons l i v i ng in the U n i ted State s ,  the i nd i v i dua l dose from bac kground rad i a t i o n  
ranges from about 8 0  t o  200 m i l l i rems p e r  yea r .  

BAS IN--See SEDI MENTARY BAS I N .  

BEDRO C K--A sol i d  roc k  format i o n  u s ua l l y unde r l yi ng one o r  more other l oose  format i ons . 

BENTH I C- - Refers to the bottom of a body of wate r .  

BETA PART I C LE--A part i c l e  emi tted from the nuc l eus dur i ng rad i oact i ve decay .  Beta  parti c l e s  are 
eas i l y s topped by a th i n  s heet of  metal  or p l ast i c .  Large amounts of  beta rad i at i o n  may cause 
s k i n  burns , and beta emi tters are harmfu l  if  they enter the body. 

CONTAI NMENT- - Conf i n i ng the rad i oacti ve wastes wi th i n  prescri bed boundari e s ,  e . g . , wi th i n  a waste 
package . 

CUMU LAT IVE  RAD I AT I ON DOSE--The tota l  dose res u l t i ng from repeated rad i at i o n  expos ures of the same 
organ o r  the who l e  body over a p e r i od of  t i me .  

CURI E--A meas ure o f  the rate o f  rad i oact i ve decay .  O n e  curi e i s  equa l  t o  3 7  b i l l i on d i s i ntegrat i ons  
per second ( 3 . 7 x 1 0 1 0  d i s/s ) , wh i c h  i s  app rox i mate l y  equal  to  the decay of  one gram of rad i um .  

CUTOFF WALL--A l ow- permeab i l i ty ,  eng i neered s ub s urface structure des i gned t o  m i n i m i ze g roundwater f l ow 
i n  d i rect i o n  perpend i c u l ar  to the wal l .  

DECAY CHA I N  ( DECAY S E R I E S )--The nuc l  i des  i n  the sequence of rad i oact i ve decay from one nuc l i de to 
another unt i l a stab l e  ( nonrad i oact i v e )  nuc l i d e  i s  reached .  The urani um-238 decay cha i n  starts 
w i th natura l ly  radi oact i v e  urani um- 238 and ends w i th stab l e  l ead- 206 . The term " decay" i s  a l so 
referred to as " d i s i ntegrati o n "  or " tran sformat i o n . " 

DECOMM I S S I O N I NG--To remove a fac i l i ty from s e rv i ce and reduce o r  stab i l i ze rad i oact i ve contam i nat i o n .  

DECONTAM I NATI ON--The s e l ect i ve remova l  o f  rad i oact i ve materi a l  f rom a s urface or from w i th i n  another 
materi a l . 

DEMOGRAPHY--Study of human pop u l at ion- - s i ze ,  dens i ty ,  d i s t r i b ut i o n , and v i ta l  stat i st i c s  ( e . g . , age . 
sex , and ethn i c i ty ) .  
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D I S CHARGE-- I n  groundwater hydro l ogy , water that i s sues natura l l y o r  i s  wi thd rawn from an aqui fer.  

D I S PE RSAL--Act or res u l t  of  scatte r i ng a mate r i a l  in  the e n v i ronmen t .  

D I SPERS ION--The con t i nuous  v a r i at i on i n  t h e  concentrat i on of a po l l utant or tracer as  i t  moves through 
a porous medi um . Refers to the rate of m i x i ng and transport of the po l l utant i n  the med i um 
( e . g . , atmo sphere , groundwater , etc . ) .  

D I SPOSAL , RAD I OACTIVE WASTE-- Emp l acement o f  rad i oact i ve waste i n  a manner  con s i dered permanent and for 
wh i c h  further management i s  not prov i de d .  

D I ST R I BUTI O N  COE F F I C I ENT ( Kd) - - R at i o  of  the concentra t i o n  of  a const i tuent absorbed on so i l  part i c l e s  
t o  the concentra t i o n  o f  the d i s so l ved const i tuent i n  wate r.  

DOSE--Total  rad i at i on de l i ve red to a spec i f i c  part of  the body , or to the body as  a who l e .  

DOSE COMM I TMENT--The dose  that an  o rgan o r  t i s s ue wou l d  rec e i ve dur i ng a spec i f i ed per i od of  t i me 
( e . g . , 50 or 100 year s )  as a res u l t  of i nta ke ( a s  by i ngest i o n  o r  i nha l at i o n )  of one  or more 
rad i on uc l i des  from one-yea r ' s re l ea s e .  

DOSE EQU I VALENT--A term used  t o  exp res s t h e  amount of  e ffect i ve rad i at i o n  when mod i fy i ng factors have 
been con s i dered.  It i s  the p roduct of absorbed dose ( rads ) mu l t i p l i ed by a qual i ty factor and 
a ny other mod i fy i ng factors . It  i s  measured i n  rems (!oentgen �qu i va l ent �an ) .  

DOSE RATE--Rad i at i o n per u n i t  t i me ( i . e . , rem per m i nute , rem per hour)  as  i t  i s  be i ng de l i vered to 
the body. 

E F F LUENT-- L i qu i d ,  gaseous , or s o l i d  d i scharges i nto the e n v i ronmen t  generated by a p roce s s  or procedure .  

E P I C ENTER--The po i nt on the s urface of the earth  above the focus of  an earthquake . 

EXPOSURE , RADIATION--The amount  of i o n i z a t i on p roduced i n  a i r  by X- rays o r  gamma rays , measured i n  
roentgens ( R ) .  A person stand i ng for one hour i n  a one- roentgen-per- hour  ( 1  R/h) rad i at i o n f i e l d  
o f  X- rays o r  gamma rays w i l l  i ncur  a dose equ i va l ent  o f  about 1 rem . 

FAULT- -A fracture o r  fracture zone  a l ong wh i ch there has been d i sp l acement of the s i des re l at i ve to 
one anothe r ,  paral l e l to the fractu re.  

F LOODP LA I N--The  port i on of a r i v e r  o r  s tream va l l ey that pe ri od i ca l ly  is  i nundated.  The 100-year  
fl oodp l a i n  i s  the  a rea  that  i s  l i ke l y  to  be i nundated once i n  100  years . 

FRACTURE-- Breaks i n  roc k  forma t i o n s  due  to structural  s tres ses . F ractures may occur as fau l ts , shears , 
j o i nts , or p l anes of fract u re c l eavage.  

GAMMA RAD I AT I ON-- Penetrati ng h i gh-energy , s hort-wave l ength , e l ectromagneti c rad i at i on ( s i m i l a r to 
X- ray s )  em i tted dur i ng rad i oact i ve decay .  Gamma rays are very penetra t i ng and requ i re dense 
mater i a l s ( s uch as  l ead o r  uran i um) for s h i e l d i ng or to be stopped .  

G EOHYDRO LOGY- -The study of the  characte r ,  sourc e ,  and mode of occurrence of underground wate r .  

GENET I C  E F FECTS O F  RAD I AT I ON- - E ffects of rad i at i o n  on s ubsequent generat i ons as a res u l t  of damage to  
the genet i c  structure of  the exposed i nd i v i dua l . 

GROUNDWATER--Usua l ly  co n s i dered to be the water wi th i n  the zone of saturati o n  be l ow the so i l  s u rface.  

GROUT--A  mortar f l u i d  comb i ned wi th l i q u i d  to p ro v i de a mat r i x  for s e a l i ng an a re a .  

HALF- L I FE--The t i me i t  ta kes f o r  ha l f t h e  atoms of a quant i ty of a part i cu l a r  rad i oact i ve e l ement to 
decay i nto another form .  Ha l f- l i ves of  d i fferent i sotopes vary from m i l l i o nths of a second to 
b i l l i ons  of years . ' 

HORI ZONTAL ACC E LE RATI ON--A measure of earthquake seve r i ty ,  expressed  as s urface mo vement i n  terms of  
acce l e ra t i o n  due to  grav i ty ( g ) .  

HYDRAU L I C  CONDUC T I V I TY--The quant i ty o f  water that w i l l  f l ow through a u n i t  cros s- sect i o n a l  a rea of 
porous mate r i a l  per  u n i t  of t i me under a hydra u l i c  grad i ent of  100 at a spec i f i c  temperature . 

HYDRAU L I C  GRAD I ENT--The change i n  stat i c  head per u n i t of l atera l d i s tance i n  a g i ven d i rect i o n .  

HYDRO LOG I C- - Perta i n i ng t o  study of t h e  propert i e s , d i s t r i b ut i o n , a n d  c i rc u l at i o n  of  water on  the 
s urface of the l and , i n  the s o i l and under l y i ng roc ks , and i n  the a tmosphere.  
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I MMOB I LI ZATION--Treatment and/or emp l acement o f  the wastes so as to i mpede the i r  movement.  

IMPERMEABLE  L I NER- -Materi a l  p l aced on  the bottom and s i des  of  a waste i mpoundment to conta i n  the waste 
mate r i a l . No l i ner i s  comp l ete ly  i mpermeab l e ,  but many synthe t i c  mater i a l s a re re l at i ve ly  
i mpermeab l e  compared to  natural earth l i ners . 

I ND I V I DUAL DOSE--The rad i at i o n  dose  rece i ved by an i nd i v i dua l  i n  the v i c i n i ty o f  an acti v i ty i nvol v i ng 
the hand l i ng o f  rad i oac t i v e  materi a l . 

I NF I LTRATION RAT E , SOI L--The rate at wh i c h water enters the s urface l ayer o f  s o i l .  

I NSTITUT IONAL CONTRO L--Management by a ny governmental  o r  other o rgan i zed body .  I nsti tuti onal  contro l s  
may i nc l ude : record keep i ng ,  l i m i tat i o ns o n  l and owners h i p  and u s e ,  mai ntenance and securi ty 
acti v i t i es , mon i tori ng , o r  other enforced rest r i c t i ons . 

INTERIM  REMED IAL ACTION- - Operat i ons for  wh i ch ( a )  mon i to r i ng and human contro l  a re p rovi ded and ( b )  
s ubs equent act i o n  i nvol v i ng treatment , transportati on , o r  f i na l  d i spo s i t i on i s  expec ted . 

I NTRUSI ON- -Any act i o n  by a person that br i ngs that person i n  co ntact w ith  a l l o r  part o f  rad i oact i ve 
wastes so as to p roduce a rad i at i on dose  to that person or to others . 

ION EXCHANGE-- Rep l acement o f  i ons adsorbed on a s o l i d ,  s uch  as a c l ay parti c l e ,  or expo sed at the 
s u r face of  a s o l i d  by i o ns f rom so l ut i o n , u s ua l l y  i n  natural  water.  The phenome non is known to 
occur when natura l water  moves through c l ays , zeo l i t i c  roc ks , and other mate ri a l s o f  the earth ' s  
crust . 

I SOTOPE-- Nuc l i des  hav i ng the same atomi c  number but d i fferent mass numbers . 

LEACH--To remove o r  separate s o l ub l e  compo nents f rom a s o l i d  by contact w i t h  water or other l i q u i ds . 

L I TTORAL--Be l ong i ng to , i nhabi t i ng ,  or tak i ng p l ace  on o r  near the s hore o f  a body of water.  

LONG-TERM PERIOD- - F o r  th i s E I S ,  the peri od betwee n  the comp l e t i o n  of the ma i ntenance/mon i tori ng per iod  
( 200 year s )  and 1000 years . Loss  o f  vari ous s i te contro l s are as s umed duri ng th i s  per iod .  

MAI NTENANCE/MONITO R I NG PERIOD--For  th i s E I S , the  per i od duri ng wh i c h  the wastes and res i dues  wi l l  
conti nue to be managed and conta i nment structures wi l l  be ma i ntai ned . 

MANAGEMENT , RAD IOACT I V E  WASTE- -The act o f  manag i ng or contro l l i ng rad i oacti ve wa ste:  I� th i s E I S ,  the 
term " l ong-term management" i s  used i ns tead of  the term " d i sposa l "  for those a l ternat i ve s  where i n  
the NFSS wastes  and res i dues wi l l  rema i n  o n  l and .  Because the rad i onuc l i des i n  the NFSS  wastes 
and res i dues have l o ng ha l f- l i ves and the potenti a l  hazard wi l l  not d i m i n i sh app rec i ab l y  for 
thousands of years , there wi l l  be a conti n u i ng need for management of these  materi a l s .  

MOD I F I ED MERCA L L I  (MM) I NTENS I T I E S--Desc r i pt i ons o f  ground e ffects o f  a n  earthquake i n  the absence o f  
i n strume n t s .  T h e  M M  sca l e  descri bes a range o f  observa t i o n s  a n d  bod i ly  sensat i o n s  characte r i z i ng 
12 d i ffere nt  l eve l s  o f  grou nd shaki n g .  The  MM scal e i s  no n l i near .  

OLD- F I E LD SUCCESS ION--The progre s s i ve changes in  vegeta t i o n  and animal  spec i es s tructure and commun i ty 
p rocesses  that fol l ow the abandonment o f  c rop l and o r  pas ture . 

OVERBURDEN- -Al l mate r i a l  ( l oose  so i l ,  sand , g rave l , etc . ) that l i es above bedroc k .  

ORGAN I C  CHEM I CAL--Carbon compo unds , especi a l l y  those i n  wh i c h  hydrogen i s  attached to carbon , whether 
deri ved f rom l i v i ng orga n i sms or not .  

ORGAN DOSE--The rad i at i o n  dose to a spec i f i c  o rgan .  

PERMEAB I L I TY--The re l at i ve ease  wi th w h i c h  a porous med i um c a n  transm i t a l i qu i d  under a hydrau l i c 
grad i ent .  In  hydro l ogy , the capac i ty o f  roc k ,  so i l , o r  sed i ment  for a l l owi ng  t�e pas sage of  
wate r .  

P ERSON- REM--The sum o f  the i nd i v i du a l  rad i at i on dose  equ i va l ents rece i ved by members of a certa i n  
group o r  pop u l at i o n .  I t  may b e  ca l cu l ated by mu l t i p l yi ng the average dose per person by the 
number o f  persons exposed .  For  examp l e ,  a thousand peop l e  each expo sed to one mi l l i rem 
( 1/1000 rem ) wou l d  have a co l l ect i ve dose  of 1 person- rem . 

P I EZOMETR I C  SURFAC E--The s urface defi ned by the l eve l s  to wh i c h  g roundwater wi l l  r i se i n  t i ght ly  cased 
we l l s  that tap an arte s i an aqu i f e r .  

P LANT COMMUNITY--Any as semb l age o f  p l ant popU l at i o n s  l i v i ng i n  a prescri bed area or phys i c a l  hab i ta t .  
An o rga n i zed u n i t  hav i ng characte r i s t i c s  add i ti ona l  t o  i ts i nd i v i dua l and  popu l at i o n  compo nents . 
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PO PULAT ION  DOSE - - S umma t i o n  of the doses  rece i ved by a l l i nd i v i dua l s  i n  a spec i f i ed popu l at i on i n  the 
v i c i n i ty of an act i v i ty i nvo l v i ng the hand l i ng of rad i oact i ve materi a l . 

PORO S ITY--That p rope rty of a roc k or s o i l that enab l e s  the roc k  or so i l  to conta i n  water i n  v o i ds or 
i nters t i ces , usua l ly  expressed i n  percentage o r  as  a dec i ma l  f ract i on of void vo l ume as  compared 
to total vol ume . 

RAD I O NUC L I DE--An unstab l e  nuc l i de that undergoes rad i oact i ve decay .  

RAD- - Un i t  of absorbed dose ; acronym for Ead i at i on �bsorbed �ose  ( see ABSORBED DOSE ) .  

RAD IAT ION--A very general  term that covers many forms of part i c l e s  and energy , from sun l i ght and radi.o 
waves to the energy that i s  re l eased from i n s i de an atom. Rad i at i on can be i n  the form of 
e l ectromagne t i c  waves ( gamma rays , X- ray s )  or part i c l e s ( a l pha parti c l e s ,  beta part i c l e s ,  protons , 
neutron s ) .  

RAD I O I SOTOPE--An unstab l e  i sotope o f  an  e l eme nt  that spontaneo u s l y  l o ses  part i c l e s and energy through  
rad i oac t i ve decay .  

RAD I O LOG I CAL CONVERSION  FACTORS--

Dose 

Dose equ i va l ent 

Act i v i ty 

S I  U n i ts 

Gray ( 1  Gy = 1 J / kg = 100 

S i evert ( 1  Sv = 100 rem) 

Becquerel  
(1  Bq = 1 tis = 2 . 703 x 

Conven t i ona l  U n i ts 

rad ) rad 

rem 

10_ 1 1 C i )  C i  ( Cu r i e )  

RAD I UM-226--A rad i oacti ve so l i d  p roduced by t h e  decay of thori um-230 .  I t  i s  an  a l pha em i tter and  i s  
hazardous when i t  gets i nto the body . Radi um-226 has a ha l f- l i fe of 1600 years and can accumu l ate 
i n  certa i n  parts of the body such  as bone . 

RADON- 222--A rad i oacti ve gas p roduced by the decay of rad i um-226 . I t  i s  hazardous mai n l y  because i ts 
s o l i d  decay p roducts can be depo s i ted i n  the l ungs where they decay i n  a matter of mi nutes , 
em i tt i ng a l pha rad i at i on that i rrad i ates nearby t i s su e .  Radon-222 h a s  a ha l f- l i fe of 3 . 8  day s .  

RECHARG E- - I n  hydro l ogy , a source  or means f o r  rep l e n i s hment o f  water" w i thd rawn o r  d i scharged f rom a n  
aqui fer .  

REGU LAT I ON--A l aw prom u l gated by an adm i n i strat i ve agency o r  regu l atory comm i s s i o n .  Federal  agenc i e s 
and commi s s i ons  obta i n  the i r  power to p romu l gate l aws f rom the U . S . Congres s ;  state agenc i es and 
commi s s i ons obta i n  such power f rom the i r  respecti ve state l eg i s l at u re s .  

REM (BO ENTGEN  IQU I VALENT �AN ) --A quant i ty used i n  rad i at i on p rotec t i on t o  expre s s  the effec t i v e  dose  
equ i va l ent for a l l forms of i o n i z i ng rad i at i o n .  It  is  the product of the adsorbed dose in  rads 
and factors rel ated to re l at i ve b i o l og i ca l  ef fect i venes s .  

RES I DUES- - For th i s  E I S ,  the K-65 , L-30/F-32 , and L-50 re s i dues that resul ted from the p roces s i ng o f  
uran i um ore s .  

RETRI EVAB LE-- Rad i oact i ve mater i a l  i n  a safe s torage mode , packaged and secured i n  such  a way that 
subsequent removal  can be done eas i l y ,  w i t h  m i n i mum e n v i ro nmental  i mpact and personne l exposure .  

R I SK--As s umi ng the factors can b e  quant i f i ed ,  r i s k  equa l s t h e  consequences  p e r  event mul t i p l i ed by the 
p robab i l i ty of the event ' s  occ u rrenc e .  

ROENTGEN ( R )--Un i t  of exposure .  One roentgen i s  the amount of gamma rays or  X- rays requ i red to produce 
one e l ectro s tat i c  un i t  ( e s u )  of  charge of one s i g n  ( e i ther  po s i t i ve or negat i ve )  i n  one c ub i c  
centimeter of dry a i r  under standard cond i t i o n s .  Named after Wi l he l m  Roentgen , a German s c i e nti st , 
who d i scove red X- rays i n  1895 .  

RUNOFF--Al l ra i nfa l l and s nowme l t  that does not soak i nto the g round , does not evaporate i mmed i ate ly , 
or i s  not u sed by vegetat i on ,  and he nce f l ows over the l and s urfac e .  

SCOP I NG--The  p rocess  of determ i n i ng the range of act i on s , a l te rnat i ve s , a n d  i mpacts t o  be cons i dered 
i n  an  E I S .  

SECULAR EQU I L I B R I UM- - I n  a rad i oact i ve decay ser i es , the state that preva i l s  when the rat i o s  between 
the amounts of succe s s i ve members of the s e r i e s  rema i n  constant over t i m e .  
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S E D IMENTARY BAS I N--A  geo l og i ca l l y depressed area  that  has  th i c k  sed i ments i n  the i nte r i o r  and t h i nner 
sed i ments at the edges . 

S E E PAGE--Any water o r  l i q u i d  eff l uent that f l ows through a porous medi um ( e . g . , water l os t  through the 
bottom of a conta i nment area ) .  

S E I SM I C--Hav i ng to do w i th the geol ogy of earthqua kes  and extend i ng to pred i ct i on of earthqua ke 
frequency and sever i ty .  

S H I E LD I NG--A mater i a l  i nterposed between a source of  rad i at i on a n d  peop l e  f o r  protec t i o n  aga i nst  the 
danger of rad i at i on .  Commo n l y  used sh i e l d i ng mater i a l s a re concrete , water , and l ea d .  

SOLI D I F I CATI ON-- For th i s  E I S , conver s i o n  of the rad i oact i ve res i dues t o  a stab l e  so l i d .  

SOLUTION CAV I T I ES/CHANNE LS- -Cav i t i es o r  c hannel s formed i n  carbonate rocks- - s uch  as  l i mes tone , 
do l omi te , and marb l e--caused  by the chem i c a l  s o l u t i on i ng of the roc k  a l ong  fractures , j o i nts , 
etc . 

SOMAT I C  EFF ECTS OF RAD I ATION- - E ffects of rad i at i on that are l i m i ted to the expo sed i nd i v i dua l , as  
d i st i ngu i shed from genet i c  effects that may a l so affect s ubsequent u nexposed generat i on s .  

SOURCE TERMS--The  quant i ty o f  rad i oact i ve mater i a l  ( or other po l l utant)  rel eased t o  t h e  e n v i ronment a t  
i ts po i nt o f  re l ease  ( source ) .  

SPEC I F I C  ACT I V I TY-- The act i v i ty per u n i t  v o l ume of a p ure s ub s tance ( see ACT I V ITY ) .  

STORAGE-- For th i s  E I S , retent i on of wa ste i n  some type o f  man-made dev i ce i n  a manner perm i tt i ng 
retr i eva l . 

STORAGE COEFF I C I ENT- -The amount of water i n  storage rel eased from a co l umn of a q u i fer w i th a u n i t  
cross  sect i o n  under a u n i t  dec l i ne o f  head .  

STRATUM- -Sed i mentary bed or l ayer ,  rega rd l e s s  of th i c knes s ,  of homogeneous or gradat i ona l roc k 
mater i a l . 

TECTON I C- - O f , perta i n i ng to , or des i gnat i ng the proc e s s  caus i ng ,  and the roc k structures res u l t i ng 
f rom , deforma t i o n  of the earth ' s  c r u s t .  

THO R I UM- 230--A  rad i oact i ve s o l i d  produced by the decay of  uran i um- 238. I t  h a s  a ha l f- l i fe o f  
77  , 000 years . 

T I LL--Unstra t i f i ed g l ac i a l  depo s i ts con s i st i ng of c l ay ,  sand , grave l , and bo u l ders i ntermi ng l e d .  

TRACE E LEMENTS- -Chemi cal  e l ements t h a t  norma l ly  are p resent i n  m i n ute ( trac e )  quant i t i e s .  I nc l  udes 
meta l s  such as  c hrom i um ,  z i nc ,  cadm i um ,  and coppe r ,  and no nmeta l s such as  s e l e n i um ,  boron , and 
a r se n i c .  

TRANSM I SS I V I TY--Vol ume o f  water f l ow i ng through a u n i t  w i dth o f  a q u i fer o f  g i ven  th i c kness  under a 
un i t  grad i ent ( 1  m vert i c a l ly  for each 1 m l atera l l y )  and at the v i sco s i ty preva i l i ng i n  the 
f i e l d .  Mathemat i ca l ly ,  it i s  the p roduct of  permeab i l i ty and  aq u i fe r  th i c knes s .  

TRENC H ,  SHALLOW- LAND BURIAL--A l on g ,  narrow excavat i o n  w i th uns upported wal l s ,  i nto wh i ch so l i d rad i o
act i ve wastes are emp l aced and covered w i th excavated earth .  

URAN I UM- -A  natura l ly  occurri ng  rad i oact i ve e l ement that con s i sts of  9 9 . 2830% by we i gh t  uran i um- 238 , 
0 . 7110% uran i um- 235 , and 0 . 0054% ura n i um- 234 . 

WASTES- - For th i s  E I S ,  a l l contami nated mater i a l s  ( pr imar i ly  s o i l s ) not def i ned as re s i due s .  

WASTE I MMOBI L I ZAT ION- - Process  o f  convert i ng waste to a stabl e s o l i d  form that i s  re l at i ve l y  i nso l ub l e .  

WATERSHED- -An a rea o f  l and that dra i ns i nto a water body .  Watersheds are separated by d i v i de s .  

WATER  TAB LE--The upper s urface o f  the zone o f  water saturati on i n  t h e  subsurface at w h i c h  t h e  press ure 
i s  equal to atmosphe r i c  press ure--the upper s u rface of an  uncon f i ned a q u i fer .  

WELL  Y I E LD--The rate  at wh i c h  a we l l  y i e l ds water .  

WHO LE-BODY DOSE--The rad i at i on dose t o  the ent i re body .  
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WOR K I NG LEVEL ( W L ) - -Any comb i na t i on of radon-222 decay products i n  1 l i ter of a i r  that wi l l  res u l t  i n  
the u l t i mate em i s s i on  o f  0 . 21 erg o f  a l pha energy i s  def i ned a s  1 WL . I t  i s  based on the 0 . 21  erg 
of  a l pha energy that wou l d  b e  emi tted by the decay products of  100 pCi  of  radon-222 i n  1 l i ter  of  
a i r ,  where the decay products are  in  rad i o l og i ca l  equi l i b r i um w i th the parent . 



APPEND I X  C .  ENG I NE E R I NG OPTIONS  

The a l ternati ves a n a l yzed in  th i s  E I S  are based on several  conceptua l  des i gns that  s pan the  range 
of  a l te rnati ves ava i l ab l e  to the DOE dec i s i on-ma ker .  Wi th i n  each a l terna t i v e  are s everal  steps 
towa rds the u l t i mate l ong- term management of  the NFSS wastes and res i dues . At  each of  these s tep s , . 
there are severa l  options  ava i l ab l e ,  o n l y  a few of wh i ch are i nc l uded i n  the defi n i t i o n  of those 
a l ternati ves i n  th i s  £ I S .  F o l l ow i ng are d i scu s s i ons  of  eng i ne e r i ng options  for :  ( 1 )  retri eva l , 
pac kag i ng ,  and l oad i ng of the contam i n ated mater i a l s ( Sect ion  C . 1 ) ,  ( 2 )  mod i f i ca t i o n  of the form of 
the  res i dues , i nc l ud i ng pos s i b l e  recovery of  va l uab l e  resources  ( Sect ion  C . 2 ) , and ( 3 )  conta i nment  of  
the  wastes and res i dues ( Sect i o n  C . 3 ) .  Trans portati o n  options  a re d i scus sed in  Append i x  D .  

I n  deve l o p i ng eng i nee ri ng  opti ons , the two types of  rad i oa c t i v e  materi a l s  at NFSS  must  be 
cons i dere d :  

( 1 )  Was tes--180 , 000 m3 of  contami nated s o i l s  ( i nc l ud i ng the R - 1 0  res i dues , see  Sec t i o n  3 . 1 . 7 ) ,  
hav i ng a n  est i mated average rad i um- 226 concentrat i o n  of  36 p C i /g and a tota l of 7 . 8  C i  
o f  rad i um-226 

( 2 )  Res i dues-- 1 1 , 000 m3 of  res i dues f rom the p roces s i ng of ura n i um ores , hav i ng an average 
radi um- 226 concentra t i o n  of  67 , 000 p C i /g and a tota l of  870 Ci  of  rad i um- 226 

Upon comp l et i o n  of  i nter i m  remedi a l  act i ons i n  1985 or 1986 , the as s umed base l i ne for analys i s  i n  
th i s E I S ,  a l l the rad i oact i ve materi a l s w i l l  be i n  a d i ked contai nment a rea  a t  N F S S .  The res i dues  
wi l l  be b u r i ed f rom 7 . 7- to 10 . 7-m deep in  concrete b u i l d i ng founda t i o n s  and covered over with  waste s .  
T h e  was tes  a n d  res i dues wi l l  be covered by an i nter im  cap o f  c l ay ,  sand , a n d  s o i l .  Deta i l ed desc r i p
t i ons  of the rad i o l og i ca l , phys i c a l , and chem i c a l  nature of the NFSS  wastes and res i dues are g i ven  i n  
Secti ons 3 . 1 . 7  and 3 . 1 . 8 .  D e s c r i p t i o n  of the NFSS  s i te upon comp l e t i o n  o f  i nte r i m  remed i a l  acti ons  i s  
g i ven i n  Sect i ons 1 and 2 . 1 .  

C . 1 RETRI EVAL , PACKAG I NG ,  AND LOAD I NG OF  CONTAMI NATED MATERIALS  

Before the was tes  can  be moved (as  p roposed for  A l ternati ves 3 and 4 ) ,  port i ons  of  the i nter i m  
cap m u s t  be removed and s e t  a s i d e  as uncontami nated f i l l  materi a l .  T h e  l ower port i o n  of t h e  c l ay i n  
the cap i s  a s s umed to b e  contami nated because  o f  i ts p rox i m i ty to the was tes  and wi l l  b e  treated as 
be i ng part of  the was tes  ( s ee Secti on 3 . 1 . 7 ) .  Before the res i dues can  be retri e ved ( A l ternat i ves  2b , 
3a , 3b , 4a , 4b , 4c , and 4d ) ,  the port i o n  of the i nteri m cap over that part of the d'i ked a rea conta i n
i ng the res i dues must f i rs t  be removed and set  a s i de as f i l l  materi a l . Then the wastes over l y i ng the 
res i dues ( see F i gure 2 . 1 )  must be removed ( and e i ther s to red for l ater repl acement in  the d i ked area 
o r  transpo rted to a n  a l ternat i ve s i te , depend i ng on the  a l ternat i ve s e l ected ) .  

C . 1 . 1 Movement o f  the Was tes 

The NFSS wastes are o n l y  s l i gh t l y  contami nated , and they can be excavated and l oaded d i rect l y  
onto transport veh i c l es .  N o  pac ka g i ng  i s  req u i red . Standard earth-mo v i ng  equ i pment s uch as  bu l l 
dozers and front- end l oaders can b e  used for excavat i ng and l oad i ng .  

C . 1 . 2  Movement o f  the Res i dues 

The res i dues mi ght be retri eved for one of two reasons : ( 1 )  to remove them to a n  a l terna t i v e  
s i te f o r  d i sposa l , o r  ( 2 )  t o  treat them f o r  recove r i ng  va l uab l e  resources and/or chang i ng the i r  
phys i ca l  form . There are two bas i c  opt i ons  for remo v i ng the res i dues from the i r  l ocat ion  i n  the o l d  
foundat i ons o f  Bu i l d i ngs  413 , 414 , and 411 ( see F i g u re 1 . 2 ) :  ( 1 )  mechan i c a l  movement u s i n g  conven
t i o n a l  earth-mov i ng equ i pme n t , and ( 2 )  remova l  as  a s l u rry. These opt i o n s  are d i scus sed in  the 
f o l l owi ng  s ub s ect i ons ; chan g i ng  the phys i c a l  form of the res i dues i s  d i scussed  i n  S ec t i o n  C . 2 .  

C . 1 . 2 . 1  Conve n t i o n a l  Mecha n i c a l  Movement o f  the R e s i dues  

The res i dues cou l d  be moved by mec ha n i c a l  means  s i mi l a r to  those used  for mov i ng the wastes , 
i . e . , uran i um mi n i ng tech n i ques . Spec i a l  operati ng  techn i ques wou l d  be u s ed to m i n i m i ze expo s u re of 
workers to rad i at i o n  ( Nuexco 1982 ) .  Operator cabs o n  equ i pment wou l d  be e n v i ronmenta l l y  contro l l ed by 
u t i l i z i n g  s pec i a l  a i r  f i l t rat i on ,  regu l ati ng  temperature , and mai nta i n i ng a i r  p res sure i n  the cab at 
50% above outs i de a i r .  Al l e q u i pment wou l d  have bu i l t- i n  rad i at i o n  s h i e l d i ng .  I n  o rder t o  a l l ow 
movement of such  mac h i nery ,  parts of the b u i l d i ng founda t i o n s  wou l d  have to be demo l i s h e d .  O n l y  the 
port i o n  of the res i dues actua l ly  be i n g  excavated wou l d  be uncovered at any po i nt i n  t i m e .  

C o l 
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I f  t h e  res i dues were to b e  removed t o  a n  a l ternat i ve s i te , they cou l d  b e  l oaded d i rec t l y  i nto 
l arge contai ners such a s  the b i ns descri bed i n  Append i x  D.  If the re�idues  were to be p rocessed , a 
conveyor mi ght be s u i tab l e  for mov i ng the res i dues to a nearby p roc e s s i ng fac i l i ty .  

C . 1 . 2 . 2  Removal  of  R e s i dues  as  a S l urry 

Removal  of the res i dues a s  a s l urry cou l d  be accomp l i s hed by hyd ra u l i c  m l n l ng techn i ques  s uch  as  
those descr i bed by Bec htel  Nat i ona l  ( 1984 ) .  H i gh- p re s sure water jets  wou l d  be used to force the  
res i dues  i nto a s l u rry ( approx i mate ly  30% res i due by we i gh t ) .  At NFSS , the s l u rry wou l d  be pumped to  
a process  b u i l d i ng where it  wou l d  be d i s c harged i nto a t h i c kener for sett l i ng of  the s u s pended res i due 
part i c l e s  and then to a dryer where more wate r wou l d  be removed by evaporat i o n .  The  mate r i a l  from the 
dryer cou l d  be p l aced in conta i ne r s , such  as  55-gal  d rums , for s h i pment offs i te o r  transferred to a '  
res i due-proce s s i ng fac i l i ty .  The supe rnatant l i qu i d  from the t h i c kener  cou l d  be re- used for further 
hydrau l i c  mi n i ng .  The  ent i re s l urry-mi n i ng ,  d ry i n g , and pac kag i ng p roc e s s  wou l d  b e  remote-contro l l ed 
to m i n i m i z e  rad i at i on expos u re of worke r s .  A l s o ,  because  of the much h i gher  act i v i ty l ev e l s i n  the 
K- 65 res i dues ( ave rage of  220 , 000 pCi /g radi um- 226 ) ,  a water l ayer wou l d  be p l aced over the re s i dues  
and s l u rry i ng wou l d  take p l ace  under wate r .  

C . 1 . 2 . 3  E v a l uat i on of  Opt i o n s  for Res i due Movement 

The advantages and d i s advantages a s s o c i ated wi th the two opt i o n s  for ret r i e va l , pac kag i ng ,  and 
l oad i ng of the res i dues  a re s umma r i zed i n  Tab l e  C . l .  Movement of  the res i dues by convent i onal  
mechan i c a l  methods i s  the opt i on s e l ected for ana lys i s  of  e n v i ronmental  i mpacts for a l terna t i ves 
i nv o l v i ng removal  of  the res i dues to a l terna t i ve s i te s .  T h i s opt i on has  the advantage of be i ng l es s  
comp l ex than the s l urry-mi n i ng/dry i ng p rocess  and req u i re s  l es s  i n i t i a l  preparat i o n  ( e' . g . , n o  construc
t i on of spec .i a l  d ryi ng/pac kag i ng fac i l i t i e s ) .  Load i ng i nto l arge conta i ne r s  i s  requ i red bec ause  the 
b u l k ,  damp so i l mate r i a l  cannot be read i l y  l oaded i nto sma l l pac kages ,  such a s  55-ga l l on drums , by the 
l arge earth-mov i ng equ i pment .  A l so ,  by u s i ng l arge conta i ne rs wi th e a s i l y removab l e  l i d s , vo i d  spaces 
above the res i dues  can be read i ly  f i l l ed with other earthen mate r i a l  (or was te s )  at the a l ternat i ve 
s i te s  so a s  to m i n i m i ze l ong- term s u b s i dence i n  the bur i a l  cap s .  The  convent i on a l  mechan i c a l  method 
a l so has the  advantage of  not req u i r i ng wateri ng and res u l tant dewater i ng of  the s l u rr i ed res i d u e s , 
wh i c h  i s  energy- consum i ng and wou l d  req u i re contro l and treatment of l a rge v o l umes ( m i l l i on s  of 
g a l l on s )  of  water before eventua l d i scharge to the central d i tc h  wou l d  be a l l owed . 

Tab l e  C . 1 .  Compa ri son of  Opt i o n s  for the Ret r i e v a l  and Pac kag i ng of  NFSS Res i dues 

Parameter  

Comp l ex i ty 

I n i t i a l  preparat i o n  

Overa l l radon-222 re l ea s e  

E q u i pment needs 

Work force requi rements  

Occupa t i o n a l  doses  

Pac kag i ng ease 

T ranspo rtat i on requi rements 

D i spos a l  req u i rements 

C l eanup requi rements 

Compa r i son per Method of  Retr i ev a l  and Pac kagi ng 

Conve nt i ona l 

Le s s  

Less  

About the s ame 

Mod i f i e d  e arth-mo v i ng equ i pment 

Mo re 

About the s ame 

About the s ame ( l a rge b i ns , 
dampe r materi a l ) 

May be s l i ght ly  greater ( 30% 
mo i st u re i n  res i du e s )  

Fewer conta i ne r s , e a s i e r  to 
hand l e ,  e a s i er to f i l l  
v o i d  spaces 

M i n i ma l  ( decontam i na t i o n  of  
e q u i pment and d i spo s a l  of  
sma l l v o l ume s of  decon
tami nat i o n  wate r )  

S l  u r ry i ng 

More 

More 

About the s ame 

S l urry e q u i pment , remote l y  
contro l l ed d ryi ng a n d  packag i ng 
e q u i pment  

Less  

About the s ame 

About the same ( 55-ga l  drums , 
d r i e r  mate ri a l ) 

May be l es s  ( 15% moi sture i n  
res i d u e s )  

More conta i ners , mo re hand l i ng ,  
more d i ff i c u l t to f i l l  vo i d  
spaces 

More req u i red ( d i s a s semb l y  and 
decontami nati on  of  e q u i pment 
and  bu i l d i ng ,  c l eanup and 
d i sp o s a l  o f  l a rge v o l umes of 
s l urry wate r )  
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Some d i sadvantages of  the convent i onal  mechan i c a l  opt ion  are as  fo l l ows . T h i s opt i on m i ght 
req u i re that mod i f i ca t i o n s  be made to standard earth-mov i ng e q u i pment to reduce expos u re of  equ i pment 
operators to d i rect rad i at i on and to radon-222 gas  and part i c u l ate s .  A l s o ,  even though l a rge 
c o nt a i ners woul d be used , there mi ght be s ome d i ff i c u l ty i n  l oad i ng the damp ( 30% mo i sture)  c l ayey 
mater i a l s i nto the conta i ne rs .  F urthermore , the tota l we i gh t  of res i dues to be transported wou l d  be 
g reater than i n  the s l urry opt i o n  because  the res i dues wo ul d be essent i a l l y  s aturated w i t h  water ( a t  
30% mo i sture ) rather than d r i ed to approx i mate l y  15% mo i sture . Bec a u s e  of veh i c l e we i gh t  l i m i tat i on s , 
th i s  co ul d resu l t  i n  add i t i on a l  t r i p s  to remove pac kaged res i dues to a l terna t i v e  s i te s .  F i na l l y ,  more 
wo rkers wou l d  be i n  c l ose prox i m i ty to the res i dues  and more dust-control  meas u res  wou l d  be req u i red 
than for the s l urry opt i on .  

Ret r i eva l of  the res i dues by the s l urry method i s  a s s umed for a n a l ys i s  of  Al terna t i v e  2b , wh i c h  
i nvo l ves proces s i ng of  t h e  res i dues f o r  resource recovery fol l owed by rebu r i a l  of  t h e  rad i oac t i ve 
waste s l ag .  Because the res i dues  must b e  s l urri ed at some po i nt i n  t h e  wet c hemi c a l  extract ion  
p rocess  ( see Sec t i o n  C . 2 . 1 ) , i t  i s  a ss umed that  the res i dues wou l d  be retri eved u s i ng the s l urry 
method.  T h i s i s  the method that was s e l ected for transferr i ng the F-32 and L-30 res i dues to the east 
bay of  B u i l d i ng 411 and the K-65 res i dues f rom the towe r ( B u i l d i ng 434 ) to the wes t  bay of  Bu i l d i ng 411 
dur i ng the i nte r i m  remed i a l  act i ons ( Bechte l Natl . 1982 ) .  

. 

I t  i s  l i ke l y  that overa l l radon-222 emi s s i on s  u s i ng the s l urry method wou l d  be about the s ame as 
for  the conven t i o n a l  mechan i ca l  method . Al though water i s  genera l l y  a good radon- 222 barri e r ,  a g i ta
t i o n  of  the s l u rry m i ght res u l t i n  radon-222 rel eases  that were h i gher than  dur i ng mec h a n i c a l  excava
t i on of the damp res i dues (wh i ch have a re l at i v e l y  l ow radon-222 d i ffus i on coeff i c i ent ) .  Al so , the 
s l urri ed res i dues  wou l d  be dri ed to a greater extent p r i o r  to s h i pment ( 15% moi sture ) than for exca
v a t i o n  by mechan i ca l  means ( 30% mo i s ture ) , and the r e l ease  of  radon-222 from these d r i e r  res i dues 
wou l d  be greater .  

If  the res i dues we re to be removed to  an a l ternat i ve s i te ,  the s l u rry method has  the advantage of 
l es s  total  we i ght to s h i p  because the res i dues  wou l d  be d r i e r  ( 1 5% i nstead of  30% moi sture ) .  Howe v e r ,  
the  d r i e r  res i dues wou l d  h a v e  a m u c h  h i gh e r  radon-222 d i ffus i on coeff i c i ent ( S ect i on 4 . 1 . 2 )  and , 
a l though the conta i ners wou l d  have t i ght l i ds  i n  both opt i ons , s ome radon-222 gas  wou l d  s t i l l  escape 
and  total  rel eases  dur i ng transport m i gh t  be s i m i l ar .  A l s o ,  a l though remote l oad i ng of d r i e r  res i dues 
i nto sma l l er conta i ners m i ght be eas i er at NFSS , the u n l oad i ng and p l acement i nto a d i sposa l a rea at 
an  a l ternat i ve s i te m i ght req u i re more effort because more conta i ne r s  wou l d  be i nvol ved .  A l s o ,  i f  the 
l i d s  o f  each  drum we re not removed to a l l ow f i l l i ng of  vo i d  spaces created in the conta i ners  as  the 
res i dues  sett l ed du r i ng transpo r t ,  potent i a l  l o ng- term conta i nment prob l ems due to cap s ub s i dence 
cou l d  be exacerbated .  F i na l l y ,  the fac i l i t i e s  used to dry and pac kage the res i dues wou l d  have to be 
decontami nated and demo l i shed , and port i ons  m i ght have to be d i spo sed as  contam i nated rubb l e .  

C . 2 MOD I F I CAT ION O F  RES I DUE FORM 

The NFSS res i dues amount to 6% of  the v o l ume of contami nated mater i a l s at NFSS but account for 
99% of the rad i onuc l i de i nventory .  One a l ternat i ve for the l o ng-term manageme nt of  the res i dues  i s  to 
mod i fy t he i r  form s o  that they o r  the i r  const i tuent rad i onuc l i des  may not be as  eas i l y d i spersed i nto 
the env i ronment .  Mod i f i ca t i o n  of the l a rge  v o l ume of v e ry s l i ght ly  contam i nated wastes i s  not 
c o n s i dered because the reduc t i o n  of  potent i a l  l ong-term d i spersa l wou l d  be negl i g i b l e .  

There are several  opt i on s  for ach i ev i ng a mod i f i ed form , one o f  wh i c h  i s  recovery o f  s ome o f  the 
metal s i n  the res i dues . Other opt i ons  a re d i rect v i tri f i ca t i o n  of  the res i dues , i n- s i tu v i tr i f i ca
t i on , and s o l i d i f i ca t i o n  in  b i tumen , res i ns ( e . g . , urea- forma l dehyde ) ,  o r  concrete . The  s l ag from the 
metal recovery process  and the p roducts of  these other s o l i d i f i ca t i o n  tec h n i ques  cou l d  be returned to 
the conta i nme nt area at NFSS . The severa l advantages and d i sadvantage s ·  for  each opt i o n a re d i scus sed 
b e l ow .  

C . 2 . 1 Resource  Recovery Leadi ng to Mod i f i ed Form 

Based on current ana l yses  of the NFSS res i dues , the res i dues conta i n  a w i de a s sortment of meta l s  
( Sect i on 3 . 1 . 8 ) - - some o f  wh i ch may be p resent i n  commerc i a l l y s i gn i f i cant amounts . Recent commerc i a l  
v a l ues for meta l s  (per  u n i t we i gh t )  s uggest that recovery o f  uran i um ,  coba l t ,  n i c ke l , molybdenum , and 
l ead m i ght be advantageous ( S ee Tab l e  F . 4 ) .  The ranges of  resource v a l ues represent the ranges i n  
meta 1 contents found by d i  fferent ana 1 yse s .  I t  i s  not known at present whether these  v a  r i  a t  i ons 
represent stat i s t i c a l  errors  i n  carryi ng out the  ana lyses  o r  real i nhomogene i t i es i n  the res i due 
p i l e s .  The total  average va l ue of meta l s  in s i gn i f i cant concentra t i ons  may be about $ 5 . 5 m i l l i o n ; of 
t h i s  tota l , ura n i um represents 40% , coba l t 22% ,  n i cke l  17% , and mol ybdenum 12% .  The R-10 res i dues , 
wh i c h  a re i nc l uded i n  the NFSS  wastes , have l i ttl e resource v a l ue (Sect i o n 3 . 1 . 8 ) .  

C . 2 . 1 . 1 D e sc r i pti on 

One  proc e s s  for recove r i ng meta l s from the res i dues , cons i st i ng of  th ree bas i c  stage s , has been 
desc r i bed by Bechte l Nat i ona l ( 1984 ) .  I n  stage 1 ,  the res i dues  wou l d  b e  l eached wi th a carbonate
b i carbonate so l ut i on to s o l ub i l i z e  the u ra n i um and sepa rate it from the  bu l k  mate ri a l ; mo l ybdenum 
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wou l d a l so be l eached out of  the res i dues  and carri ed a l ong wi t h  the uran i um as  i mpuri t i e s .  I n  stage  2 ,  
the carbonate so l ut i o n  wou l d  be treated w i t h  sodi um hyd rox i de to prec i p i tate sod i um d i uranate ( Na2 U2 07 ) ' 
After separati on of the prec i p i tate and supernatant , the prec i p i tate wou l d  be d i s so l ved i n  s u l fur i c 
ac i d .  T h i s so l ut i on wou l d  then b e  treated w i t h  ammo n i a  t o  yi e l d  a prec i p i tate o f  ammo n i um d i uranate 
(yel l owca ke ) .  After fi l trat i o n , was h i ng ,  and d ry i n g ,  the ye l l owcake wou l d  be s u i tab l e  for further 
proc e s s i ng i n  the fuel  cyc l e . In  stage 3 ,  the l eac hed and d r i ed res i due from the carbonate l each  
wou l d  be fed  to a n  e l ectri c furnac e .  Suf f i c i ent act i vated carbon  wou l d be added to  red uce l ead ox i de s , 
carbonates ,  and s u l fates to meta l s  at a temperature of 1300- 1500 ° C .  Mo l ten l ead wou l d  form at the 
bottom of  the furnace cruc i b l e  and wou l d  conta i n  the nob l e  meta l s  s i l ve r ,  pa l l ad i um ,  p l at i num , and 
go l d .  About one hour a fter reduc t i on was comp l ete , the s l ag conta i n i ng the rema i n i ng mate r i a l s wou l d  
be poured i nto a second furnac e .  More act i vated cha  rcoa 1 wou l  d be added to reduce , at 1500°C , the 
rema i n i ng meta l compounds counta i n i ng n i cke l , i ron , coba l t ,  and copper .  I ron s u l f i de wou l d  be added 
to y i e l d  a meta l s u l f i de matte.  L i me o r  soda ash cou l d  be added to reduce the v i scos i ty of  the s l ag .  
T he remai n i ng s l ag ,  predi cted t o  conta i n  most o f  t h e  radi um and compri s i ng about 50% o f  the o r i g i na l  
waste vo l ume , wou l d  b e  transferred to a l ad l e and then poured i nto a mo l d  for subsequent d i spos a l . 
Bechtel  Nat i onal  ( 1984) est i mate s a 90% extract i on e ff i c i ency for th i s  recovery process . 

C . 2 . 1 . 2  E v a l uati on of Resource Recovery Opti on 

The advantages and d i sadvantages of the resou rce recovery opt i on are s ummar i zed i n  Tab l e  C . 2 .  
One  advantage of th i s  opt i o n  i s  that s a l e  of the recovered meta l s cou l d  y i e l d s u f f i c i ent revenue to 
part i a l l y  or perhaps comp l e te l y  offset the cost of the recovery operat i o n .  The amount of cost offset 
wou l d  depend on the concentrat i ons  of meta l s  in  the re s i dues , the actual  e ff i c i e ncy of the recov e ry 
proce s s , and the u n i t  va 1 ue of these  meta 1 s .  Al l of these  factors a re q u i te unce rta i n .  Another 
advantage of such  a recovery scheme i s  that the econom i c  v a l ue of  the res i due s l ag rema i n i ng after the 
v a l uabl e meta l s have been removed is  negl i g i b l e ,  thus  marked l y  reduc i ng any potent i a l  for future human 
i ntrus i on  to remove the res i dues for attempted recove ry of  the conta i ned meta 1 s (wi th re su  l tant  
potent i a l  for re l ea s e  of  radi oact i v e  conta� i nants ) .  

I n  the above-me n t i oned p roce s s , the v i treous s l ag i s  pres umed to conta i n  most of the rad i oacti v i ty .  
Such  a s l ag wou l d  be expected to have very l ow l each rates  and radon-222 emanat i on rates when  compa red 
to other mod i f i ed forms . Wi thout further test i ng of the proc e s s  and the s l ag ,  these  rates are v e ry 
uncerta i n  ( see further d i scus s i ons  i n  Sect i o n  C . 2 . 3 ) .  

The above-menti oned resource recovery process  wou l  d have to be demon strated on a 1 aboratory 
sca l e ,  and such  research and devel opment  act i v i t i e s  cou l d  turn out to be qu i te expe n s i ve .  Several  
aspects of  the re s i due p roces s i ng wou l d  have to be  exami ned , especi a l ly  the eff i c i ency of the extrac
t i o n  proces s ,  the pur i ty of the p roducts , and the p hys i ca l  and chem i c a l  character i st i cs of  the var i o u s  
waste p roducts . 

I t  must  f i  rs t the s hown that the recovery e f f i  c i ency wi 1 1  be h i  g h .  Otherwi se , the monetary 
advantages of s uch a proc e s s  are reduced o r  l os t .  The proces s  as current l y  out l i ned o n l y  separates 
the meta l s  i nto two maj or  group s :  the nob l e  meta l s  ( go l d ,  s i l ve r ,  p l at i n um ,  and p a l l ad i um )  and the 
trans i t i on meta l s ( i ron , cobal t ,  n i cke l , and coppe r ) . After the major s eparati ons  were demonstrated , 
some devel opmental  work  wou l d  be nece s s a ry to prov i d e  for separat i on s  wi th i n  each g roup . Wo rk  wou l d  
a l so be necessary to ver i fy the separat i on i nto the two g roups because some copper o r  other trans i t i on 
metal  mi ght be reduced a l ong w i th the l ead i n  the f i rst reduct i on step . 

Second , i t  must be s hown that the rad i oact i v i ty of the recovered meta l s w i l l  be s u ff i c i en t l y  l ow 
that the meta l s can be used i n  ord i nary commerc e . � I nadequate deconbam i nati on of the recovered meta l s 
wou l d  make i t  d i ff i cu l t ,  i f  not i mpos s i b l e ,  to s e l l them i n  norma l commerc e .  I f  the rad i oact i v i ty of 
the recovered meta l s cannot be reduced to acceptab l e  l ev e l s by further tre atme nt , the recovery p roce s s  
cou l d  res u l t  i n  two types  of  hazardous waste mater i a l s - - contam i nated va l uab l e  meta l s  a nd t h e  v i tr i f i ed 
s l ag .  

Th i rd ,  the cha racteri s t i c s  o f  a l l waste products from the process  must b e  determi ned , e spec i a l l y  
w i t h  regard to the i r  rad i oact i ve content.  T h i s i nc l udes gases  ve nted to the a tmosphere from dryi ng 
and sme l t i ng ope rati ons , waste wat e r ,  and  so l i d wastes  ( i nc l ud i ng the s l ag ) .  O f  part i c u l ar note i s  a 
waste l i me prec i p i tate generated i n  the u ran i um puri f i ca t i on phase  of the recov e ry scheme ( Bechte l 
Nat l . 1984 ) . I f  th i s  prec i p i tate--wh i c h wou l d  be d i scarded a l ong w i t h  the s l ag i nto the waste
contai nmen t  area at NFSS--conta i ns an apprec i ab l e  amount of  rad i oact i v i ty as radi um- 226 , then the 
advantages of the v i tr i f i ed s l ag i n  reduc i ng rad i oact i ve emi s s i on s  are much reduced . Such  a prec i p i 
tate wou l d  not b e  e ffect i ve i n  reduc i ng l each i ng o r  radon-222 emanat i o n s .  Expe r i ments wou l d be 
nec e s s a ry to determ i ne the probab l e  rad i oacti ve content of t h i s prec i p i tate . A l s o , .  the v i treous s l ag 
produced wou l d  have to be tested to determ i ne i f  both the l each rate and  radon-222 emanat i on rate are 

�Al though there are cri ter i a  for re l ease  to the general  pub l i c  of equi pment and  materi a l s hav i ng rad i o
act i v e l y  contam i n ated s urfaces ( e . g . , U . S .  Nuc l ear  Regul atory Comm i s s i on G u i de 1 . 86 and proposed ANS I 
standard N13 . 12 ) ,  there a re no general l y  accepted c r i te r i a  for unrestri cted use  of materi a l s con
tai n i ng l ow l eve l s  of  rad i oact i v i ty d i s t r i buted throughout the i r vo l ume . 
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Tab l e  C . 2 . Comp a r i s o n  o f  Opt i o ns for P repar i ng a Mod i f i ed Form 
for the NFSS  R e s i dues 

P a rameter 

Resou rce recovery 

R e s i due hand l i ng 
requi red 

Leach ratet I 
Rado n-222 emanat i o nt2 

Rad i a t i o n  res i s tance 
of mate r i a l t3 

S i mp l i c i ty 

E f f l uent treatment 

Parameter  

Resource recovery 

R e s i due hand l i ng 
requ i red 

Leach ratet l 

Rado n-222 emanat i o nt2 

Rad i at i on res i stance 
of materi a l t 3  

S i mpl i c i ty 

E f f l uent treatment 

W i t h  P r i o r  
Resource Recovery 

Yes 

Yes 

Much  l e ss  

Much  1 e s s  

Exce l l ent 

Comp l ex ( tota l  
proc e s s  needs 
demo ns trat i o n )  

O ffgases , water 

Aspha l t/Bi tumen 

No 

Yes 

Les s 

Much l es s  

Good 

Some p rocesses  
comp l ex 

Water 

V i tr i  fi cat i on  

Furnace Heat i ng 

No 

Yes 

Muc h 1 ess 

Much 1 ess 

Exce l l ent 

S i mp l e  

O ffga s e s  

Matrix I so l at i on 

Cement 

No 

Yes 

About the same 

Same 

Good 

Very s i mp l e  

Negl i g i b l e  water 

Cement K i l n  

No 

Yes 

Much l ess  

Much  1 e s s  

Exce l l ent 

S i mp l e  

Offgases  

U rea
Forma l dehyde 

No 

Yes 

Less 

Quest i onab l e  

Quest i onab l e  

S i mp l e  

Wate rt4 

I n- S i tu 

No 

No 

Muc h l es s  

Much l ess  

Exce l l ent 

S i mp l e  ( but 
d i ff i c u l t  to 
ver i fy comp l ete 
v i t r i f i cat i o n )  

O ffgases 

Compared to unmod i f i ed res i dues . 
contam i na t i on may be m i n i ma l . 

Depend i ng on s i te characteri s t i c s , reduct i o n i n  g roundwater  

Compared to  unmod i f i ed res i dues . 
rado n-222 re l eases  at the s urface 

Depend i ng on co nta i nment sys tem characteri s t i cs , reduct i on i n  
of the waste-management a rea  may be negl i g i b l e .  

t 3  Res i s ta nce o f  the  mod i f i ed materi a l  to rad i at i on- i nduced breakdown , espec i a l ly i n  the p roduct 
that i ncorporates the K-65 res i dues . 

t4 For NFSS res i dues , neutra l i za t i on of Na2 C03 i s  req u i red , y i e l d i ng sa l ts and waste water .  The 
p resence of s a l t  cou l d  comp rom i se s tab i l i ty and l each res i s tance . 
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i ndeed l ow and  characte r i s t i c  of  other v i tr i f i ed mater i a l s .  There a re stud i es that s how t h a t  d i rect 
v i tr i f i cat i o n  of  urani um mi l l  t a i l i ngs (wh i ch a re s i m i l ar to the NFSS res i dues ) at 1200°C y i e l ds a 
reduct i on i n  radon-222  ema nati o n  by a factor of from 100 to 1000 ( D reesen  et a l . 1981 ) .  The l ong- term 
( thousands of  yea r s )  p hys i c a l  and c hem i c a l  stab i l i ty of  the s l ag re l at i ve to water l eac h i ng wou l d  a l s o  
h a v e  t o  be dete rm i ned . 

Res u l ts  from l eac h i ng exper iments ( Bechte l Nat l . 1984 ) i nd i cates that mo l ybdenum (-33%) wi l l  
l each a l ong wi th urani um i n  carbonate-b i ca rbonate s o l uti ons  whereas vanad i um wi l l  not.  A procedure 
for s eparat i ng urani um f rom mol ybdenum thus becomes necessary .  T h i s separat i on has been c o n s i dered 
for the case of  h i gh mo lybdenum ores (Costa  et a l . 1971 ) .  Separa t i o n  of the mo lybdenum i s  des i rab l e  
because t h i s e l ement accounts for 12% o f  the potent i a l  market v a l ue o f  the resources  i n  the res i dues .  

Other p rocesses  have been proposed for  recovery o f  s ome o f  the meta l v a l ues  o f  urani um m i l l  
ta i l i ng s  ( L i tz 1974 ) .  O ne p rocess  i s  a i med at i so l a t i ng the rad i um ,  thus  reduc i ng the amount of  waste 
y i e l d i ng h i g h l eve l s  of  radon- 2 2 2 .  Th i s  i s  accomp l i s hed by hav i ng an  i n i t i a l  ac i d  l each step (W i l l i ams 
et a l . 1981 ) .  These  tests  s how that bari um and rad i um may be s o l ub i l i zed and  then prec i p i tated from 
the t a i l i ng s  wi th conce ntrated s u l fur i c  ac i d .  S u l fur i c  ac i d  l each i ng i s  a l so capab l e  of  remov i ng 
u ra n i um- 238 and thori um- 230 , wh i ch are radi um-226 precursors , f rom the ta i l i ng s .  Such a n  app roach  
offers  the advantage of  concentrati ng the  radi um-226 and i ts precursors i nto a sma l l pac kage for waste 
manageme nt .  

C . 2 . 2 V i tr i f i ca t i o n  

Another opt i on for  treatment of  t h e  NFSS  res i dues i s  v i tr i f i ca t i o n .  T h i s i s  a proc e s s  whereby 
the res i dues wou l d be part i a 1 1 y or comp l ete ly  mel ted to obta i n  a v i treous ( g l as s )  s l ag- l i ke mater i a l . 
V i tr i f i cat i on methods req u i re h i g h  temperatures and l arge amounts of energy to me l t  the contam i nated 
re s i dues . The res i dues  cou l d  be removed and v i tr i f i ed o r  l eft i n  p l ace and  v i t r i f i e d  ( i n- s i tu v i tr i 
f i cat i on ) .  ( The opt i on of recove r i ng v a l uab l e  resources  before v i tr i f i c a t i o n  has been d i s c u s sed 
p rev i ou s l y  i n  Sec t i on C . 2 . 1 . )  

C . 2 . 2 . 1 E l ectri c Furnace F u s i o n  

T h e  res i dues  cou l d b e  fused us i ng an  e l ect r i c - re s i stance- furnace fus i on tec h n i q u e .  T h e  mol ten 
mate r i a l  wou l d  be poured i nto conta i ners  or mo l d s .  The coo l ed product , wh i c h i s  a compos i te of a 
g l as s  phase  and c rystal l i tes , cou l d  then be bur ied  ( Bechte l Natl . 1984--Append i x  B ) .  The e l ectr i c  
energy a n d  powe r req u i rements for such  a p rocess  are cons i derab l e .  V i tr i f i ca t i o n  o f  the 11 , 000 m 3  of 
res i dues  wou l d  req u i re about 2 6 , 000 MWh of e l ect r i c  energy , a s s um i ng a req u i rement of  275 kWh/met r i c  
ton of res i dues ( Bechtel  Natl . 1984 ) .  

C . 2 . 2 . 2  Rotary K i l n  

An a l terna t i ve method of  v i tr i f i cati on  i nvo l ves  use  of  a coa l - f i red rotary cement k i l n  to s i nter 
the contam i nated materi a l s .  An ana lys i s  of  the use  o f  t h i s method at a s i te in  Cannonsb urg , 
Pen nsyl van i a ,  'y i e l ded a net cost  of $43 . 25/ton s i ntere d .  T h i s i nc l uded purchase of a used k i l n  ( no 
s a l vage v a l ue bec a u s e  of contam i nat i on ) , l abor , the cost of de l i vered coal , f l ue-gas desu l fur i zati on , 
and conti ngenc i es ( T hode and D reesen  1981 ) .  Appl i c a t i o n  of t h i s  cost to the NFSS  res i dues  ( a s s um i ng 
that the re s i dues  have a tota l we i ght of  13 , 000 MT ) y i e l ds a total  cost  of  $620 , 000 to s i nter the 
res i dues  i n  a cement k i l n . 

C . 2 . 2 . 3 I n- S i tu V i tr i f i cat i on 

I n- s i tu v i tr i f i cati on wou l d  be the convers i o n  of the res i dues i nto a durab l e  g l as s  waste form 
through  me l t i ng by jou l e  heat i ng ,  i . e . , pas s i ng of  an e l ect r i c c urrent through the mo l ten  res i du e s .  
Deve l opment and test i ng of  th i s  tec hn i que  h a s  proceeded from a n  e n g i neer i ng sca l e w ith  a 50- kg b l oc k  
p roduct t o  a p i l ot sca l e  y i e l d i ng a 10-ton b l oc k  mass  ( Oma e t  a l . 1983 ) .  C urrent l y ,  effort i s  foc u s ed 
on the conceptua l  des i gn of a l arge- sca l e  u n i t that w i l l  ' y i e l d  a so l i d i f i ed b l oc k  of 175 ton s .  

E n g i neeri ng- and  p i l ot-sca l e  tests have been carri ed o u t  i n  wh i c h  u p  t o  25 , 000 k g  have been 
s o l i d i f i ed to a depth of  1 . 5 m .  To carry out the v i tr i f i cat i o n ,  a set  of  grap h i te e l ectrodes i s  
p l aced i n  ho l es i n  the ground w i th a p redeterm i ned spac i ng between  the e l ectrod e s .  Grap h i te i s  p l aced 
on  the ground between the e l ectrode s  to form a conduct i ve path . An e l ect r i c  c u rrent i s  passed between 
the e l ectrode s , y i e l d i ng temperatures  h i gh enough to me l t  the contam i nated mate r i a l . Deeper mol ten 
masses  are ach i evab l e  at the expense  o f - l onger operati ng t i me s .  To accommodate gaseous e f f l uents , a 
l arge hood i s  p l aced over the me l t i ng zone , ma i nta i n i ng a vac uum . se a l  to c o l l ect the off-gases  and 
d i rect them to the offgas  t reatment system.  

Cost e s t i mates for i n- s i tu v i tr i f i ca t i o n  range from $116 to $179 per m3 . T hu s , for the 11 , 000 m3 
of  NFSS res i dues , v i tri f i ca t i o n  i s  est i mated to cost approx imate ly  $2 mi l l i on .  For the b u l k of  the 
res i dues  i n  B u i l d i ng 411 , wi th a total area of 3200 m2 , i n- s i tu v i tr i f i ca t i o n  mi ght  be accomp l i shed i n  
280 days  w i t h  a n  energy req u i rement o f  20 m i l l i o n  kWh . 
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The advantages and d i sadvantages of v i tr i f i ca t i o n  opt i ons  are s umma r i zed i n  Tab l e  C . 2 .  The ma i n  
advantage of v i tr i f i cati on i s  that the v i treous product i s  more stab l e  re l at i ve to l each i n g ,  s tructura l  
c hange , and radon-222 emi s s i on s .  Leach  tests  u s i ng a Sox h l et extractor w i th samp l es of  v i tr i f i e d  s o i l 
gave l each rates that were about the same a s  those for Pyrex g l as s  ( 1  x 10- 5 g/cm2 · d )  and were l es s  
than one- f i fth t h e  v a l ues  obta i ned f o r  bott l e  g l a s s  ( Oma et a l . 1983 ) . Bur i a l  ( 17 years) o f  g l a s s  
conta i n i ng rad i oact i ve stront i um ,  ces i um ,  ruthen i um ,  a n d  ce r i um be l ow the water tab l e  res u l ted i n  
l each  rate s o f  about 7 x 10- 1 0  g/ cm2 · d  ( Wa l ton  and Merr i tt 1980 ) .  

Other exper i ments  have s hown a l arge decrease i n  l each rate a s  the l each t i me i ncreased ( D u kes  
et a 1 . 1980 ) .  G l a s s , c e ram i c .  and concrete waste forms can s u s ta i n  damage p roduced by amounts of . 
rad i at i o n  great ly  i n  exc e s s  of that w h i c h  even  the most rad i oact i ve ( K- 6 5 )  res i dues w i l l  g i ve ,  even 
for per i ods of many thousands of years ( Pe rmer and McDonne l l  1980 ) .  Tests on  100- to 200- g samp l es of 
u ra n i um mi ne ta i l i ngs v i tr i f i ed at 1200°C showed good radon-222 reten t i on , w i th radon-222 reduc t i o n  
factors rang i ng f rom 22 t o  1400 . Reduc t i on facto rs we re much h i gher  for f i nes  than for sands  ( Dree sen  
e t  a 1 .  1981 ) .  I t  i s  expected that the above  exper i  menta 1 data wou l  d be app  1 i cab 1 e to e i ther the 
v i tr i f i ed re s i dues o r  to the v i treous s l ag produced i n  the resource recovery sc heme . A l s o ,  comp l ete 
me l t i ng to produce a s l ag or g l a s s  wou l d  be expected to be more effect i ve than hea t i ng j us t  enough  to 
b i nd the res i due parti c l es together .  

A part i c u l a r  advantage o f  the i n- s i tu v i tr i f i ca t i o n  tec h n i que i s  the avo i dance of hand l i ng the  
res i dues . Most of the current cap and over ly i ng wastes wou l d  have to be removed ( l ea v i ng about a 
0 . 5-m cover of was te s )  and then i n- s i tu v i tr i f i ca t i o n  co u l d  be carri ed o u t .  At the conc l us i on of 
v i t r i f i cat i on ,  the removed cover materi a l s  cou l d  be returned . Two drawbacks of v i tr i f i cati on by 
e l ectr i c  res i s tance heat i ng a re the p roduct i o n  of  offgases  that must  be treated to remove rad i oact i ve 
a nd nonrad i oact i ve pol l utants and the l arge e l ectr i c  energy and power requ i reme nts . An add i t i ona l 
d i sadvantage i s  the d i f f i c u l ty of ve r i fy i ng that a l l of res i dues have i n  fact been v i tr i f i ed .  

V i tri f i ca t i o n  o f  the res i dues  by u s e  o f  a coa l - f i red cement  k i l n  cou l d  b e  done for about one
quarter the cost and i n  one-quarter the t i me compared to v i tr i f i ca t i o n  by e l ectr i c  res i stance heat i ng 
( as s um i ng the cost/ton f i gures g i ven i n  the l i terature [ Thode and Dreesen 1981 ] a re real i st i c ) .  How
eve r ,  carry i ng out such  a proces s  at NFSS  wou l d  requ i re exte n s i ve a u x i l i ary ac t i v i ty .  Large amounts  
of coal  wou l d  have to be b rought in  and stoc kp i l ed and apprec i ab l e  amounts of  f ly a s h  and scrubbe r 
s l udges wou l d  req u i re d i sposa l . 

F i na l l y .  v i tr i f i ca t i o n  wi thout p r i o r  resource recovery has  the d i sadvantage that the pote nt i a l  
v a l uabl e resources  i n  the res i dues  wo u l d  b e  more d i ff i c u l t  to extract a t  some future date f rom the 
v i tr i f i ed res i dues  than  from the untreated re s i du e s .  A l s o ,  a l l v i t r i f i cat i on methods i nv o l v i ng 
remova l  of the re s i dues  requ i re eventual  decontam i nat i on and demo l i t i on of the v i tri f i ca t i on fac i l i t i es .  

C . 2 . 3 Matr i x  I so l at i on Methods 

Mat r i x  i so l a t i on methods con s i s t  of m l x l n g  the rad i oact i ve mate r i a l  w i th some other mate r i a l  that 
h a rdens  i nto a s o l i d .  Th i s  s o l i d  mater i a l  can then  be b u r i e d .  The s o l i d  matri x  reduces the mob i l i ty 
and l eachab i l i ty of the rad i oact i ve mate r i a l s .  Matr i x- b i nd i ng mater i a l s that have been u s ed i nc l ude : 
a spha l t  o r  b i tumen , cements (w i th o r  w i thout add i t i ves  such  as verm i c u l i te o r  sod i um s i l i cate ) ,  and 
p o l ymers ( such  a s  urea-forma l de hyde ) ( Ho l comb 1978 ) .  Such methods have been u s ed ro ut i n e l y  for 
shorter- l i ved l ow- l ev e l  rad i oact i ve was te s .  

C . 2 . 3 . 1  B i tumen o r  Aspha l t  

I n  the proc e s s e s  that use  b i tumen o r  aspha l t .  the rad i oac t i ve mate r i a l  i s  m i xed wi th comme rc i a l  
emul s i f i ed aspha l t  o r  mo l te n  base aspha l t ,  and the tempe rature i s  ra i sed to evaporate the water .  T h e  
res u l t i ng mo l te n  mate r i a l  f l ows i nto conta i ne rs ( o r  p i ts )  where i t  so l i d i f i e s .  Var i o u s  methods of 
m i x i ng the b i tumen w i th the rad i oact i ve mate ri a l s and evapora t i ng the l i q u i d  are used :  the s t i rred 
evaporator batch proc e s s  ( i n  wh i c h  m i x i ng and evaporat i o n  are done batchw i s e  i n  a heated tan k  w i th 
s t i r r i n g ) , the emul s i f i ed b i tumen p roces s  ( i n  wh i c h the waste i s  m i xed wi th b i tumen and s urface act i ve 
agents , heated , and then  d r i ed ) . the f i l m  evapo rato r process  ( i n  wh i c h water evaporati on from the 
b i tumen waste m i xture takes p l ace as  the m i xture f l ows a s  a f i l m  down t he wa l l s  o f  a heated tube ) , and 
the sc rew extrus i on  p rocess  ( i n  wh i c h the waste and p reheated b i tumen are m i xed and transported to 
waste contai ners by screw extruder- dri e rs ) ( Ho l comb 1978 ) .  A co l d-m i x  p roces s  u s i ng a cat i on i c  
aspha l t emu l s i on  and a f l occu l ant , wh i c h  req u i res  n o  heat to expel  the wate r .  h a s  a l so been con s i dered 
by Bechtel  Nat i ona l  ( 1982 ) .  T h i s proc e s s  i s  espec i a l l y  s u i ted for sma l l - s i zed part i c l e s  because a 
chem i c a l  bond i s  formed between the res i dues and aspha l t whe reas  a p hys i ca l  bond i s  formed i n  t he 
" hot-mix"  method s .  Bechtel  Nat i ona l  ( 1982 )  has e s t i mated that the cost of app l y i ng a c o l d-m i x  aspha l t  
p rocess  to the NFSS  res i dues , i nc l ud i ng hyd ra u l i c  s l urry m i n i n g ,  wou l d  be app rox i mate l y  $6 . 2  m i l l i on .  

C . 2 . 3 . 2  C ement 

Port l and  cement , w i th or w i thout add i t i ves , can be m i xed wi th rad i oact i ve was t e .  Typ i ca l  
p roces s e s  u s e  1-2 k g  of cement for every l i ter  o f  waste .  Vermi c u l i te and sod i um s i l i cate a re often 
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used  as add i t i ves  to i mprove the properti es of the f i na l  p roduc t .  Sod i um s i l i cate a l so great l y  
reduces the sett i ng t i me ( to a s  l ow a s  10 seconds ) ,  and the v o l ume of t h e  f i n a l  product i s  l es s  t h a n  
t h a t  obta i ned wi thout use  of  the add i t i v e .  O t h e r  add i t i ves  i nc l ude c l ays and p o l ymers ( H o l comb 1978 ; 
Arora et a l . 1980 ; Bechte l  Natl . 1982- -Append i x  D ) . Bechte l Nati onal  ( 1982 ) has  e s t i mated that the 
cost of  the cement p rocess  for the  NFSS  res i dues wou l d  be about $ 3 . 7 m i l l i on .  

C . 2 . 3 . 3 Res i ns 

Another p roces s cons i st s  of m l x l ng the wa ste w i t h  a u rea- forma l dehyde res i n  and a p o l yme r i z i n g  
cata lyst  i n  e i ther a m i xer  o r  i n  the f i n a l  receptac l e .  The so l i d i f i ca t i o n  p roces s can ta ke p l ace 
e i ther at amb i ent temperatures  o r  at e l evated temperatures ( 50°C ) .  The res u l tant p roduc t ,  a l though . 
s o l i d ,  does not rea l l y  so l i d i fy the waste ; rathe r  the l ong-cha i n mo l ec u l e s  of the po lymer form a 
matr i x  w i th v o i d s  that trap the waste ( H o l comb 1978 ; Bec hte l Nat l . 1982 ) .  

C . 2 . 3 . 4  E v a l uat i o n  o f  Matr i x  I s o l ati on Opt i o n s  

E a c h  of  t h e  matr i x  i so l pt i on methods h a s  advantages  a n d  d i s advantages f o r  u s e  at NFSS  ( Tab l e  C . 2 ) .  
F i rs t , waste water p roduced i n  the v a r i o u s  proces se s  wou l d  have to be t reated before d i scharge .  Waste 
water wou l d  be produced in  p roce s s e s  u s i ng b i tumen o r  cement , a l though use  of  sod i um s i l i cate as  an  
add i t i ve wou l d  great ly  reduce the amount  of  o r  e l i mi nate the wa ste water p roduced (Arora et a l . 1980 ) .  

Aspha l t  o r  b i tumen has the advantage o f  good coat i ng and adhes i o n  characte r i st i c s  and i s  e s sen
t i a l l y i nso l ub l e  i n  water.  B i tumen i s  chem i c a l ly  i nert ,  has  re l at i ve l y  h i gh res i stance to i o n i z i ng 
rad i a t i o n , and  the l each rate of i t s  product can  be 100 to 1000 t i me s  l es s  than for cement- stab i l i z ed 
mate ri a l s ( H o l comb 1978 ; Bec hte l Nat l . 1982 ) .  One d i sadvantage i s  that some of the proces se s  for 
m i x i ng a re comp l ex and req u i re s t r i c t  temperature contro l . A l s o ,  acc i dental  f i res can occ u r  when 
heati ng b i tumen ( except i n  the c o l d-m i x  p roce ss ) , and waste water i s  produced that must be t reated . 

There a re s evera l  advantages i n  u s i ng cement as a stab i l i ze r .  The  cement p rocess  i s  c heap , 
m i x i ng i s  s i mp l e ,  equ i pment costs  a re l ow ,  and no hea t i ng i s  requ i re d .  Al so , the chem i c a l  and phys i c a l  
properti es of  cement a re we l l  known . Cement h a s  good rad i a t i o n  s h i e l d i ng propert i es and i s  more 
rad i at i o n  res i stant than b i t umen .  The  d i sadvantages i n  u s i ng cement i nvo l ve the f i na l  produc t .  I t  i s  
re l at i v e l y  bu l ky and heavy , does not g reat l y  reduce radon- 222 emanat i o n ,  and i s  qu i te l eachab l e  by 
groundwater o r  perco l at i ng rai nwater ( H o l comb 1978 ; Bechtel  Natl . 1982 ) .  

P roces ses  u s i ng urea- fo rma l dehyde po lymer are s i mp l e  and  the tec hno l ogy i s  we l l  deve l oped ; a l so 
the proc e s s  reduces l eachab i l i ty .  Howeve r ,  p o l yme r i z a t i o n  requ i re s  a n  a c i d  env i ronment , the so l i d i 
f i ed p roduct h a s  quest i onab l e  l ong- term stabi l i ty properti e s , and t h e  radon- 222 emanati on reduct i o n  i s  
quest i onab l e .  A l so , use  o f  th i s  p roces s  a t  NFSS  wou l d  req u i re neutra l i za t i o n  o f  a l l the s od i um 
c a rbonate i n  the res i dues  by add i t i on of l a rge  amounts  of ac i d .  As a resu l t ,  the stab i l i z ed p roduct 
and waste water wou l d  conta i n  l a rge amounts of  s a l t s .  T h i s cou l d  cause p robl ems regardi ng the l ong
term l eachab i l i ty and stab i l i ty of  the product .  

C . 3 CONTA INMENT OPTIONS  

C . 3 . 1  I ntroduc t i o n  

There a re severa l opti ons  f o r  t h e  de s i gn of  eng i neered contai nment systems f o r  l ong-term manage
ment of the NFSS  res i dues  and was t e s .  T h ree  bas i c  conceptua l conta i nment d e s i gns  at th ree d i fferent 
s i tes  are a n a l yzed i n  th i s  E I S :  

1 .  B u r i a l  a t  NFSS  i n  the d i ked conta i nment a rea ( A l terna t i ve s  1 ,  2a , 2b , 4a , and 4c ) .  

2 .  Trench b u r i a l  a t  the 218W5 Area o n  the Hanford Reservat i o n  ( A l terna t i ves 3a , 4a , and 
4b ) . 

3 .  Mounded b u r i a l  at the P i ne R i dge Knol l s  s i te on the O a k  R i dge  Reservat i o n  ( A l terna
t i ves  3b , 4c , and 4d ) .  

F i gures i l l u strat i ng these  conceptual  des i g n s  are g i ven  i n  Sec t i o n  2 .  

There are several  e ng i nee r i n g  opt i on s  that m i gh t  be subst i tuted for  the above-mentioned  conceptua l 
des i gns . These  opt i on s  can . be d i v i ded i nto two groups : ( 1 ) mod i f i ca t i o n  to the ba s i c  conceptua l  
des i gn s , and ( 2 )  opt i ona l des i gn concepts . Because  o f  the l ong ha l f- l i ves  o f  the rad i onuc l i des  i n  the 
NFSS wastes  and res i dues  ( Sec t i o n  4 ) ,  these materi a l s  w i l l  rema i n  rad i oacti ve for thousands of  years 
( see Sec t i on 4 ) .  There fo re , the fol l owi ng d i s c u s s i o n  focuses  on  compa ri son of vari ous contai nment 
d e s i g n s  w i t h  respect to l ong- term i mpacts , parti cu l a r l y  the i mpacts that are i mportant through geo l og i c 
t i m e .  T h e s e  i mpacts i nc l ud e :  radon-222 emi s s i on s , l ea c h i n g  of rad i onuc l i de s  ( espec i a l ly  rad i um-225 ) 
to g roundwate r ,  ero s i o n ( i nc l ud i ng potenti a l  down s l ope mas s  movement ) ,  and potent i a l  det r i menta l 
effects on a res i dent- i ntruder ( see Sec t i o n  4 . 1 . 2 ) .  C o n s i derat i o n  of s ho rt-term i mpacts , cost s , and 
i ns t i t u t i o n a l  i s sues  a re beyo nd the scope of th i s  ana lys i s  of  des i gn opt i o n s .  S u c h  factors are con
s i dered for the bas i c  conceptu a l  des i gns  ana l yzed i n  the ma i n  body of  th i s  E I S .  
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The des i gn opti ons  d i scussed  i n  th i s  appen d i x  a l l focus on i ncrea s i ng the effec t i v enes s  a n d  
d u rat i o n  of contai nment system s .  O t h e r  opt i ons  t h a t  a re beyond the scope of th i s  ana lys i s  a re des i gn s  
t h a t  foc us on " p l anned d i spers i on "  t o  t h e  e n v i ronment ( Cartwri ght et a l . 1981 ; G i l bert et a l . 1983 ) .  
Because of the extreme ly  l on g  d urat i on of the  rad i o l og i ca l  hazard assoc i ated wi th wa stes contai n i ng 
natura l ly  oc curri ng  rad i on uc l i des , i t  has been s uggested that conta i me nt sys tems m i ght be de s i gned 
that take i nto account  the d i spers i o n  o f  the contami nated mate ri a l s  through geo l og i c  t i m e .  Sys tems 
cou l d  conce i vab ly  be des i gned so that the rates of eventual  d i spers i o n  a nd re l ease  to the e n v i ronment 
wou l d  be s l ow ,  p robab l e  f l ow paths wou l d  be we l l de f i ned , and d i l ut i o n  o f  rad i on uc l i des  wou l d  be 
max i ma l - - res u l t i ng i n  potent i a l l y  l ower l ong- term rad i o l og i ca l  i mpacts to humans . 

C . 3 . 2  Mod i f i cati ons to the Bas i c  Conceptua l  Des igns 

Mod i f i cat ions  to the bas i c  conceptua l des i gns  i nc l ude changes i n  d i mens i o ns , changes i n  mate ri a l s ,  
o r  add i t i onal  features to retard radon em i s s i ons , l each i ng of rad i on u c l i des  to groundwate r ,  e ros i o n ,  
o r  i mpacts to a potent i a l  res i dent- i ntruder ( Tab l e  C . 3 ) .  For  the l ong term ,  i t  i s  a s s umed that the 
near- s urface mate ri a l s at Hanford are unsaturated whereas the near- s urface mater i a l s at NFSS and  Oak 
R i dge , both l ocated i n  areas of h um i d  c l i mate , are saturated . The  s ubs u rface c l ay cutoff wal l at NFSS 
and the l owe r cap i l l a ry barr i e r  at Oak  R i dge are a s s umed to have neg l i g i b l e  e ffects through geo l og i c  
t i me .  Breac h i n g  o f  the cover mate ri a l s  i s  a s s umed for the re s i dent- i ntruder scena r i o .  

There are o ften  trade-offs  between potent i a l  l ong-te rm i mpacts ( see Tab l e  C . 3 ) .  F o r  examp l e ,  
when  s i tes are l ocated i n  a reas  of h um i d  c l i mate , some mod i f i ca t i ons such  as th i c ke r ,  h i gher  caps to 
retard radon em i s s i on s  may cause i ncreased hydrau l i c grad i ents- - re s u l t i ng i n  i ncreased s u rface r u noff , 
i ncreased eros i on rate s ,  and pos s i b l e  l eachate spri ngs at the contai nme nt  a rea per imeter ( Hughes 
e t  a l . 197 1 ;  Johnson and Cartwri ght 1980 ) .  

A major concern by commenters o n  the D raft E I S  was the potent i a l  i mpacts to a res i dent i ntrude r .  
T h e  N F S S  wastes a n d  res i dues  a re both i n  the same category of "wa s tes  contam i nated w i t h  natura l l y  
occurri ng rad i onuc l i des"  under Sect i o n  I V  of DOE O rder  5820 . 2 . F o r  manageme nt of these mate ri a l s ,  DOE 
i s  us i ng the EPA u ra n i um m i l l  ta i l i ngs  reg u l a t i o n s  (40 C F R  192 ) as g u i dance ( s ee i nt rod u c t i o n  to 
Sect i o n  4) . I t  i s  exp l i c i t l y  s tated i n  the p reamb l e  to these  regu l at i ons that " i n s t i tu t i o n a l  over
s i ght i s  a n  essent i a l  backup to pa s s i ve control s , "  that " i t  wou l d  not be safe to b u i l d  hab i tab l e  
s tructures on the d i sposa l  s i tes , "  and that " Federal  owners h i p  o f  the s i te i s  a s s umed t o  p re c l ude such  
i nappropri ate uses"  ( U . S .  E n v i ron .  P rot .  Agency 1983 ) .  DOE  has exp l i c i t l y  s tated i n  the  i ntroduc t i o n  
t o  Sec t i on 2 ( p .  2- 1 )  that i t  i ntends t o  take perpetua l  care of whatever s i te i s  u s e d  f o r  l ong- term 
management of the NFSS  was tes  and re s i dues . I f  contro l s a re e ffect i ve ,  the res i de n t- i ntruder scena r i o  
w i l l  not occ u r .  Even  i f  contro l s ceas e ,  the i ntrus i o n barri er  ( r i prap l ayer)  i ncorporated i nto the 
l ong- term cap o f  pre ferred A l ternati ve 2 wi l l  deter the i ntruder and make the res i dent- i ntruder 
scena r i o  u n l i ke l y  to occur .  

As a res u l t  of further d i s cus s i ons with  EPA a nd New York off i c i a l s ,  DOE  has  g i ve n  con s i derat i o n  
t o  an add i ti onal  i ntruder barr i e r  over the res i dues i n  B u i l d i ng 4 1 1  ( i n  add i t i o n  to the r i p rap l ayer 
i n  the cap ) .  The eng i neeri ng  aspects and costs of several  opt i ons have been i nvesti gated ( Bechtel  
Natl . 1985 ) .  I t  i s  a s s umed that such  a barr i e r  wo u l d be constructed a t  the t i me o f  i ns ta l l at i on of 
t he f i na l  cap . T h i s  wou l d  a l l ow t i me for further conso l i da t i o n  o f  the re s i dues that we re transfe rred 
to B u i l d i ng 411 d u r i n g  1984- 1985 and are c u rrently  be i ng dewatere d .  The i nter i m  p l acement of about 
10 m ( 3 0  ft ) of s l i ght ly  contami nated was tes  p l us  the i nter i m  cap over the re s i dues wi l l  p rov i de 
s u rcharge that wi l l  cause some settl i ng of the res i d ue s .  P r i o r  to s uch  settl i ng ,  major extra costs 
wo u l d  be requ i red to construct an  add i t i ona l  i ntruder barr i e r  over B u i l d i ng 411 that co u l d  carry the 
u n s u pported wei ght of the over l yi ng  was tes  and cap . 

I n  o rder to i nsta l l the add i t i on a l  barr i e r ,  the cap and  wa stes over l y i ng  Bu i l d i ng 411 wo u l d  have 
to be excavated and s tored.  A barr i e r  cou l d  be constructed of re i n forced concre te , aspha l t ,  cement
stab i l i zed sand , cement-s tab i l i zed fly a s h , or s tone .  Rei nforced concrete wo u l d  prov i de the o n l y  
p ract i c a l  mean s  t o  t i e  t h e  barr i e r  i nto t h e  bui l d i ng wa l l s  a n d  wo u l d  prov i de t h e  most po s i t i ve means  
of dete r r i n g  an  i nadvertent i ntrude r .  Construct i o n  of such  a barr i e r  i s  e s t i mated to  cost a n  
add i t i o n a l  $1 . 3 m i l l i o n  ( Bechtel  Natl . 1985 ) .  

C . 3 . 3  Opt i ona l  De s i gn Concepts 

The advantages and  d i s advantages of some opt i ona l  des i gn concepts for conta i nme nt of the NFSS 
was tes  and  res i dues are prese nted in  Tab l e  C . 4 .  I n  genera l , above- ground , near- s urface , or 
i ntermedi ate-depth contai nment de s i gns  cou l d  be deve l oped ( G i l b e rt et a l . 1983 ) .  I t  sho u l d  be noted 
that these opt i onal  des i gns  cou l d  be i mp l emented at other s i tes  in the genera l  a rea near NFSS , the 
218W5 Area at Hanford , and the P i ne R i dge Knol l s  S i te at Oak  R i dge . 

C . 3 . 3 . 1  Op t i on s  at NFSS  

At  NFSS , trench  d i spo s a l  wo u l d  res u l t  i n  the re s i dues and was tes  be i ng p l aced comp l ete l y  in  the 
zone of saturat i on ( they are c urrent ly  o n l y  parti a l l y wi t h i n the zone of satura t i o n ) .  Radon em i s s i o ns  
m i ght be s l i ght ly  reduced due to a n  i ncreased satura t i o n  of the wastes and res i dues and  the c l ay 
cover .  Leac h i n g  rate s of rad i on uc l i des  to g roundwater m i ght be i ncreased s l i ght ly  because  a l l of the 



S i te/ 
A l terna ti ve 

NFSS 

1,  2a , 2b , 

4a , 4c 

HANFORD 

3a , 4a , 4b 

Des i gn Type 

Tab l e  C . 3 .  Adv antages and D i s advantages o f  Mod i f i c a t i ons to the Bas i c  Concep tua l Des i gn s  
f o r  Long-Term Management o f  N F S S  Wa s tes and Re s i dues 

Rate o f  E ros i on Rates/ 
Radon- 222 Leac h i ng Poten t i a l  for 

Emi s s i onst 1 /  o f  Radi onuc l i de s  Down s l ope 
Modi f i cati on Un i t  Area/T i me to Groundwa tert2 Mass Movementt2 

D i ked d i spo s a l  Less  s teep s i de s l opes NC/MCt4 I nc reased Dec reased 

Steepe r s i de s l opes ( i nc rea s ed cap NC/MC Decreased I nc reased 
t h i c knes s )  

I nc reased a rea o f  re s i due/waste f i l l  NC/MCt 5 I nc rea sed Decreased 

I mproved subsurface permeab i l i ty NC/MC Decreased NC/MC 
b a r r i e r  

I mp roved i n truder ba r r i e r  NC/MC Dec reased Decreased 

Add i t i ona l i n truder barr i e r  on NC/MC NC/MC NC/MC 
top of Bui l d i ng 4 1 1  

T renc h buri a l  D i vers i on d i tches i n tersec t i ng r i p rap NC/MC NC/MCt9 NC/MCt I O 

Deeper t renches ( th i c ke r  f i l l ,  fewer Dec reased NC/MCt9 NC/MCt I O 
trenches ) 

I nc reased barr i er be tween trenches o r  NC/MCt 1 1  NC/MCt9 NC/MCt 1 O 
i nc reased a rea of re s i due/waste  f i l l  

Add i t i o n  o f  subsurface permeab i l i ty NC/MCt 1 1  NC/MCt9 NC/MCt I O  
b a r r i e r  

More i mpermeab l e  cover Decreased NC/MCt9 NC/MCt I O 

More pe rmeab l e  cover I nc rea sed NC/MCt9 NC/MCt I O 

I mp roved i n truder barr i e r  Decreased NC/MCt9 NC/MCt I O 

Detri menta l 
E f fectst3 on 

Res i dent- I n truder 

NC/MC 

NC/MC 

Dec reasedt6 

Decreasedt7 

NC/MCt8 

NC/MCt8 

NC/MC 

I nc reased 

Dec reas edt6 

NC/MC 

NC/MC 

NC/MC 

NC/MCt8 

n I ..... C) 



S i te/ 
A l terna t i v e  

OAK R I DGE 

3b , 4c , 4d 

Des i gn Type 

Mounded d i spo s a l  

Ta b l e  C . 3 .  Conti nued 

Mod i f i c a t i on 

Steeper s l opes ( i nc reased cap 
t h i c knes s )  

I nc reased a rea o f  re s i due/wa s te f i l l  

More permeab l e  cover 

More i mpermeab l e  cover 

I mproved i n truder barri er 

Radon-222 
Emi s s i onst l /  

Un i t  Area/T i me 

NC/MCt l l  

NC/MCt l l  

I nc reased 

Decreased 

NC/MC 

Rate o f  
Leachi ng 

of Rad i onuc l i de s  
to Groundwa tert2 

Dec reased 

NC/MC 

I nc rea sed 

Decreased 

Dec reased 

E ros i on Rates/ 
Potent i a l  for 

Downs l ope 
Mass Movementt2 

I nc reased 

Dec rea sed 

I ncreased 

Decreased 

Decreased 

Detr i menta l 
E f fectst3 on  

Res i dent- I ntruder 

NC/MC 

Decreasedt6 

NC/MC 

NC/MC 

NC/MCt8 

t l  Change i n  rate f rom base case  a s s umi ng a l l other factors constant-- espec i a l l y ,  a s sumes no exhuma t i on of bu r i e d  res i dues or wa stes . 

t2 Change i n  potent i a l  rate f rom base ca s e ,  a s s um i ng a l l  other factors constant.  O n l y  the rate o f  l eachi ng from the wastes and res i dues i s  
cons i dered here.  Th i s  s hou l d  not be i n terpre ted a s  be i ng synonymous w i th i nc reased o r  dec rea sed i mpac t .  I mpacts  to humans w i l l  a l s o depend 
on peak concen tra t i ons in groundwa te r ,  the t i me i n terv a l  over wh i c h  concentra t i ons  i n  groundwa ter a re e l evated , and the number of peop l e  ( i f  
any )  us i ng the contami na ted wa ter.  

t3  Assumes i ntrus i on i nto res i due s/wa s te s  ( see Sec t i o n 4 . 1 ) .  

t4  NC/MC = No C hange/M i n i ma l  Change.  

t 5  A�sumes that the re s i dues wou l d  s t i l l  be bur i ed deep l y  enough so  that radon- 222 gas f rom t he res i dues wou l d  decay be fore it reac hed the 
sur face o f  the conta i nme n t  sys tem ( Sect i on 4 . 1 ) .  

t 6  A l though i mpacts t o  a res i de n t- i nt ruder wou l d  dec rea s e  because the wa s te s /res i dues wou l d  cover a l a rge r a rea , thus l owe r i ng the ave rage 
rad i onuc l i de concentra t i ons i n  the contai nment a rea , the l a rge r area m i gh t  l ead to a h i ghe r pote n t i a l  for such i ntrus i o n  to occur.  

t7  Due to decreased peak concentra t i ons o f  radi onuc l i des in  wa ter obtai ned f rom a we l l  dri l l ed next to the contai nmen t  a rea . 

t 8  A l though i mpacts to the i ntruder wou l d  rema i n  the same , the poten t i a l  for i ntrus i on wou l d  be l owered unt i l the i mproved barr i er were broken 
down by na tura l force s .  

t9  Assumes the s em i a r i d  c l i mate at  Hanford rema i ns f o r  l ong geo l og i c  t i me spa n s .  T h e  rate o f  l eac h i ng i s  ex treme l y  l ow i n  t h e  b a s e  case 
( Sec t i on 4 . 2 ) .  

t l O  Due to the genera l l y l ow re l i e f  o f  trench covers a t  Han ford s i te .  

t I l Ass umes that the depth o f  the cove r mate r i a l  i s  the same . 

n I ..... ..... 



Tab l e  C . 4 .  Advantages and Di sadvantages o f  O p t i o n a l  Des i gn Concepts for Long-Term Manageme n t  o f  the NFSS Was te s  and Re s i dues 

Loca t i on 

NFSS 

HANFORD 

OAK R I DGE 

Opt i ona l Des i gn Concept 

T rench d i spo s a l  

D i spo s a l  i n  excavated bedroc k caverns 

Hyd ro fracture/grout i nject i on 

Conc rete bunkers  or vau l ts 

" F renc h sys tem" 

D i ked d i spos a l  area 

D i spo s a l  in  excavated bedroc k caverns 

D i spo s a l  i n  excavated bedroc k caverns 

D i spo s a l  i n  natural  bedro c k  c a verns 

Hydrofrac ture/grout i nj ec t i on 

Di spo s a l  i n  surface p i ts ,  qua r r i e s  
( as s ume unl i ne d )  

D i spo s a l  i n  eng i nee red va l l ey f i l l  

Trench d i spo s a l  

Radon-222 
Emi s s i onst l /  

Un i t  Area/Time 

NC/MCt4 , t 5  

Decreased 

Decreased 

NC/MC or 
i ncreased 

NC/MC 

I nc reased 

Decreased 

Decreased 

Decreased 

Decreased 

NC/MC 

Decreased 

NC/MC 

Rate of Leach i ng o f  
Radi onuc l i de s  to 

Groundwa tert2 

NC/MC 

Decreased 

Decreased or NC/MC 

NC/MC 

NC/MC 

NC/MCt8 

NC/MC 

E ros i on Rates/ 
Potent i a l  for 

Down s l ope 
Mass Moveme ntt2 

Decreased 

Decreased 

Decreased 

NC/MC or 
i nc reased 

NC/MC 

I ncreased 

Decreased 

Detrimental  
E f fectst3 on  

Re s i de n t- I ntruder 

Decreasedt6 

Decreasedt7 

Dec reasedt 7 

NC/MC 

NC/MC 

I ncreased 

Dec reasedt7 

- - - - - - - - - - - - - -. - - - - - - - - - - - - - - - - - - - - -
NC/MC Decreased Dec reas edt7 

I nc reased ( due to sol u t i on Decreased Dec reasedt7 
channe l s )  

Decreased Decreased Dec rea sedt7 

I ncreased Decreased NC/MC 

I ncreased I nc reased NC/MC 

I ncreased Decreased Decreas edt6 

tl Cha nge in rate f rom base case a s s um i ng a l l other factors constant-- espec i a l l y ,  a s s umes no e xhuma t i on o f  bur i ed res i dues or was tes . 

t2 Change i n  poten t i a l  rate f rom base ca s e ,  a s s umi ng a l l  other factors con s tant . On ly  t he rate o f  l eachi ng f rom the wa s te s  and res i dues i s  
cons i dered here . Th i s  shou l d  not b e  i nterpreted a s  be i ng syno nymo us w i t h  i ncreased o r  decreased i mpact . I mpacts to huma ns w i l l  a l so 
depend on peak conce ntra t i ons i n  groundwa ter , the t i me i nterv a l  over wh i c h concentra t i ons i n  groundwa ter are e l evated , and the number o f  
peop l e  ( i f  any) us i ng the contam i nated wate r .  

' 

t3 Assumes i ntrus i on i nto wa stes  and resi dues ( see Sec t i on 4 . 1 ) .  

t4 NC/MC � No Change/M i n imal  Cha nge . 

t 5  Assumes that the res i dues wou l d  s t i l l  be buri ed deep l y  enough so that radon- 222 gas f rom the re s i dues wou l d  decay before i t  reached the 
s u rface of the contai nment sys tem ( s ee Sec t i on 4 . 1 ) .  

t 6  A l though i mpacts to a res i dent- i n truder wou l d  decrease because ave rage radi onuc l i de concentra t i ons i n  the conta i nme nt area wou l d  be l ower , 
the l a rger area m i g h t  l ead to a h i ghe r pote n t i a l  for such i ntrus i on to occur.  

t 7  Pote n t i a l  for i n trus i on i s  l e s s .  A l so ,  a l though i ntrus i on m i ght occur , re s i dence i n  the wa s te s /resi dues wou l d  not be l i ke l y .  

t R  Assumes that the sem i a r i d  c l i mate at  Han ford rema i ns for l ong geo l og i c  t i me spans . The rate of l each i ng i s  extreme l y  l ow i n  the base 
c a s e .  

n I .... N 
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contami nated mater i a l s wou l d  be wi th i n  the zone of saturat i o n .  Howe v e r ,  the l ong-term i mpact wou l d  be 
m i n i ma l  because  hydrau l i c  grad i ents a re very l ow .  The potent i a l  for eros i on woul d b e  reduced because  
of  reduced s l ope a ng l es and s l ope l engths . Voorhees et a l . ( 1983) have s ugges ted that  eventual  
eros i on of the cover mate r i a l  must  be as s umed i n  cases  of s l opes greater than  3-5° . In  the trench 
d i sposal  opt i on ,  the cover cou l d  s t i l l  be breached by a res i dent- i nt rude r .  D i sposa l  i n  excavated 
bedroc k caverns wou l d  remove the res i dues and was tes  from the near- s urface env i ronment .  At NFSS , such  
d i sposal  wou l d  probably be be l ow the Queenston  Forma t i on i n  deeper , more i mpermeab l e  P a l eoz o i c  or 
o l de r  roc k s .  Howeve r ,  the def i n i t i on of l oc a l  and reg i ona l f l ow systems i n  such  env i ronments i s  
d i f f i c u l t ,  exp l orat i on and devel opment  costs  e s c a l ate rap i d l y , and construct i on of the excavated 
d i sposal  sys tem wou l d  have to be carefu l l y  contro l l ed to avo i d  c reat i ng hydrau l i c pathways from upper 
water-bear i n g  zones  down i nto the d i sposa l  cavern . 

As a res u l t of comments  on the Draft E I S ,  other opti ona l des i gn concepts for NFSS  were con s i dered , 
i nc l ud i ng :  ( 1 )  deep we l l  i nj ect i on o r  hydrofracture/grout i nj ect i on , ( 2 )  s torage i n  conc rete bunkers 
o r  vau l ts , and ( 3 )  the " F rench sys tem" . 

Deep We l l  I nj ect i on o r  Hydrofracture/Grout I nject i on .  The  U . S .  E n v i ronmenta l Protecti on Agency 
s uggested that DOE cons i der  deep-wel l i njecti o n .  Howeve r ,  deep-we l l i njecti on i s  not tec hn i c a l l y  
feas i b l e  for the s o l i d  NFSS  res i dues . F u rthermore , n o  new perm i ts for deep wel l i nj ect i on o f  any 
hazardous materi a l s  are be i ng g ra nted by the s tate of New York .  

A method c a l l ed hydro frac ture/grout i nject i on has  been s u gges ted by the New York Department of 
Hea l th .  Th i s  opt i on wou l d  enta i l  d r i l l i ng ho l es and forc i ng water under h i gh p ressure  down i nto a 
s h a l e  roc k or other l ow- permeab i l i ty format i on to c reate frac ture s .  The re s i dues wou l d  be m i xed wi th 
cement and other add i t i ves to form a g rout a nd then i njected under press ure down the dr i l l  ho l e s and 
i nto the f ractures that have been c reated i n  the s ha l e . The  g rout wou l d  then s o l i d i fy i n  the roc k 
format i o n .  

Th i s  opt i on was i dent i f i ed for t h e  D O E  Oak  R i dge Res ervat i o n  i n  the  D raft E I S  ( Tab l e  C . 4 ) because 
there has  been  such a d i spos a l  opera t i on for i ntermed i a te- l ev e l  rad i oact i ve was tes  at the Reservat i on 
( Nat 1 .  Re s .  Counc . 1985 ) .  The hydro fracture/ grout i nject i on ope rat i on s  at O a k  Ri dge ceased a fter the 
s tate of Tennes see p romu l gated i ts new underground i nj ect i o n  control  regu l at i ons that requ i re DOE to 
obta i n  a perm i t  for DOE opera t i o n s .  DOE has eva l uated whether o r  not i ts operat i ons can  meet the new 
reg u l ati ons and has dec i ded not to app ly  for a permi t to re s ume operati on s .  A Nat i on a l  Researc h 
Counc i 1 ( 1985 ) report conc 1 uded that d i sposa 1 of certa i n  types of radi  oact i ve was tes v i  a the hydro
fracture/grout i nject i on method can be acceptab l e .  However , the report a l so notes than  a n  extens i ve 
research  program wou l d  be necessary to s upport a ny future hydrofracture opera t i ons  at Oak  R i dge or 
other s i te s .  

Hydro fracture/grout i nj ect i on i s  not cons i dered t o  b e  a v i ab l e  opt i on for t h e  N i agara F a l l s  a re a .  
Th i s  a l terna t i ve was rejected f o r  di sposa l  of h i gh- l eve l  wa stes at t h e  Wes t  Va l l ey s i te ,  l ocated south 
of  Buffa l o ,  New York , because  i t  has severa l s e r i o u s  shortcom i ng s :  " there a re p rospects for future 
d r i l l i ng i n  the West Val l ey area for natural  gas , and exte ns i ve dr i l l i ng i n  the area near the s ha l e  
beds cou l d  l ead to eventual  l eakage o f  rad i oacti v i ty from the s ha l e  beds ; s ome ques t i o n  rema i ns about 
the type of fractures that wou l d  be p roduced i n  the s ha l e  at Wes t  Va l l ey ( p os s i b l y  extend i ng beyond 
the i mpermeab l e  s ha l e  i nto other types of water-bea r i n g  roc ks ) ;  and i f  the d i sposa l  tec h n i que  were 
judged to  be i nadequate for Wes t Va 1 1  ey was tes at some future date , the was tes wou 1 d be i n  a n  
i rretr i e vab l e  form t h a t  wou l d  n o t  a l l ow co rrecti ve measures t o  be ta ken "  ( U . S .  Dep .  Ene rgy 1982 ) .  An 
extens i ve dri l l i ng cha racte r i z a t i on and feas i b i l i ty s tudy wou l d  have to be undertaken to determi ne i f  
the N i agara F a l l s  area i s  s u i tab l e for hydrofracture/grout i nj ect i on of the NFSS  res i dues . 

I n  add i t i on , hydrofracture has severa l  major d i s advantages at whatever s i te such  operat i ons  mi ght  
ta ke p l ace , i nc l ud i ng :  (1 )  the re s i dues  wou l d  be  i n  an  i rretr i evab l e  form , and correc t i ve act i ons 
cou l d  not reasonab ly  be taken i f  unacceptab l e  g roundwater i mpacts were detected i n  the future , (2)  there 
i s  some que s t i o n  about the type and extent of  fractures that wou l d be p roduced--pos s i b l y  l ead i ng to 
i nject i on of  the res i due g rout beyond the i n tended forma t i on o r  p rov i d i ng pathways for rad i onuc l i de 
m i grat i on i nto water-beari ng rocks , and ( 3 )  future dri l l i ng ( fo r  hydrocarbons , water , etc . )  cou l d  l ead 
to l eakage of rad i oac t i v i ty from the s ha l e  bed .  

Sto rage i n  Conc rete Bun ke rs or Vaul t s .  Storage i n  above-g rade concrete b u n kers or vau l ts i s  not 
spec i f i c a l l y  a n a l yzed i n  th i s  E I S .  Such  s torage wou l d  offer the f o l l ow i ng advantages : ( 1 )  the vau l ts 
wo u l d  be more v i s i b l e  i n  the sense  that they wou l d  l oo k  l i ke bu i l d i ngs  rather than mounds of d i rt ,  
thus  pos s i b l y  s e rv i ng a s  a s hort- term remi nder that the contami nated mater i a l s  are " stored" or 
"managed" rather than  d i sposed , and ( 2 )  they m i ght afford a better opportun i ty to co l l ect and mon i to r  
a ny l eac hate a n d  m i ght  b e  eas i e r  t o  repa i r ,  i f  necessary .  Howeve r ,  vau l ts cou l d  offer  t h e  fol l owi ng  
d i sadvantages : ( 1 )  they wou l d  not prov i de "pas s i ve "  contai nment and wou l d  be more cost ly  to construct 
a nd ma i nta i n ,  ( 2 )  a i rborne radi oac t i ve gaseous  re l eases  ( rado n )  m i ght be h i gher ( un l e ss  a th i c k  
earthen cover was p l aced over the vau l ts o r  u n l es s  they were deep ly  buri ed- - thus  negat i ng the poss i b l e  
advantages o f  v i s i b i l i ty and l eachate co l l ec t i on and i nc reas i ng costs even more ) , ( 3 )  i n  the l ong 
term ,  greater v i s i b i l i ty cou l d  be a d i sadvantage because  the l i ke l i hood of human i ntrus i o n  m i ght be 
i ncreased i f  the vau l ts were above-grade and not covered w i th d i rt ( i f  they were be l ow- grade and/or 
covered w i th d i rt ,  i ntrus i on m i ght  be de l ayed more ) , ( 4 )  because  concrete i s  not expected to be any 
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mo re durab l e  over thousands of years than mul t i l aye red e n g i neered earthen covers , the vau l ts  wou l d  
p robab l y  offer no s i gn i f i cant ly  g reater l ong- term conta i nment re l at i ve to contam i nat i o n  o f  ground
water , and ( 5 )  i f  contro l s were l os t  and the vau l ts d i d  not have a n  earthen cover , l os s  of  conta i nment 
due to p hys i c a l  forces  ( s uch  as  weather i ng )  o r  human i ntrus i on m i ght  occur sooner .  

The prefe rred A l terna t i v e  2 is  e s s e nt i a l l y  a v a r i a t i o n  of  a conc rete vau l t/tumu l u s  system .  I f  
i mp l emented , the re s i dues (wh i c h account for 99% o f  the radi oact i v i ty )  wou l d  b e  b u r i e d  i n  the basement 
of  a re i nforced-conc rete b u i l d i ng beneath a mound of  was tes and a t h i c k  earthen cap . DOE i s  a l so 
c o n s i deri ng an add i t i on a l  i ntruder barr i er ( e . g . , a r e i nforced- co ncrete s l ab over the b u i l d i ng-- see 
d i sc u s s i on i n  Sect i o n  4 . 1 . 2 . 3 ) .  

The  " French Sys tem" . I t  was s ugges ted by E PA that DOE cons  i der  the " French system" . For  con- . 
tami nated mate r i a l s s i m i l ar to the NFSS  wastes and res i dues  ( i . e . , uran i um m i l l  ta i l i ngs ) ,  the F rench 
u s e  a management sys tem that i s  s i m i l ar to that recommended by the E PA for u r a n i um m i l l  tai l i ngs  i n  
the U n i ted State s - - spec i f i c a l l y ,  conta i n i ng the was tes  i n  a l arge p i l e  at the i r c urrent l ocat i ons 
( Pradel  1982 ) .  Th i s  i s  the a l ternat i ve that DOE prefers for the NFSS was tes and res i dues ( A l ter
nat i ve 2 ) .  For l ow- l ev e l  wastes , the F rench use a tumu l u s  system where i n  the mos t  hazardous wastes 
are p l aced i n  a s o l i d  form at the bottom of  the contai nme nt sys tem ( Va n  Kote 1982 ) .  T h i s i s  s i m i l ar 
to a l l N FSS  a l terna t i ves where i n  the more hazardous r e s i dues are l ocated at the bottom of the  mou n d .  
I n  A l ternat i ve 2b , t h e  res i dues wou l d  a l so be so l i d i f i ed and rep l aced a t  the bottom of  t h e  mound . DOE 
has not determ i ned whether o r  not the res i dues  s ho u l d  be s o l i d i f i ed .  I f  DOE dec i des t o  i mp l eme nt 
Al ternat i ve 2 ,  a l ater dec i s i o n  w i l l  be made at the t i me of  i mp l ementat i on regard i ng whether  or  not 
the re s i dues shou l d  be so l i d i f i e d .  ( See F i g u re 1 . 3 for deta i l s  of  the D O E  dec i s i on-ma k i ng proces s . ) 

C . 3 . 3 . 2  Opt i ons at Hanford 

Opt i ona l des i gn concepts for the Hanford area i nc l ude a d i ked d i sposa l  a rea  ( s uch as  i s  c urrent l y  
t h e  case  at NFSS)  and deeper s u b s u rface bur i a l  i n  excavated cavern s .  I n  an  a rea  s uch a s  Hanford--w i th 
a sem i ar i d  c l i mate ; h i gh rates of  evapotrans p i rat i o n ;  a nd e rod i b l e ,  poorly conso l i dated s u rf i c i a l  
mate r i a l s-- d i ked d i sp o s a l  wou l d  l ead t o  i nc reased radon em i s s i ons , i nc reased eros i o n , and i nc reased 
detr i mental  effects on the re s i dent- i ntruder ( the sma l l er conta i nment a rea wou l d  l ead to h i g her 
average rad i onuc l i de conce ntrat i o ns in  the contai nment are a ) . Deeper s ub s u rface bur i a l , pos s i b l y  i n  
excavated caverns i n  re l at i ve l y  i mpermeab l e  zones i n  the C o l umb i a  R i ver  basa l ts , wou l d  genera l l y  l ead 
to decreas es  i n  the var i ab l e s cons i de red i n  Tab l e  C . 4 . The C o l umb i a  basa l ts have been stud i ed 
extens i ve l y  re l at i ve to poss i b l e  l ocat i on of a deep geo l og i c  rad i oact i ve waste repos i tory i n  these 
rocks . A deta i l ed geo l og i c  s i mu l a t i o n  mod e l  has  been deve l oped to exam i ne the l ong- term i mpacts o f  
s uch d i spo s a l  ( Fo l ey e t  a l . 1982 ) .  

C . 3 . 3 . 3  Opt i ons at Oak  R i dge 

Opt i on a l  des i gn concepts for the Oak R i dge s i te i nc l ude var i ous  types of deeper subsurface bu r i a l - 
i nc l ud i ng excavated bedrock caverns , natural  caverns , s urface p i ts and  quarr i es , and an eng i neered 
va l l ey f i l l .  In genera l , the use of  s u b s urface open i ng s  made spec i f i ca l ly  for the p u rpose of  b u r i a l  
of  N F S S  re s i dues/ wastes wou l d  offer t h e  mos t  l o ng-term advantag e s .  D i sadvantages a s soc i ated w i t h  the 
other opt i ons i nc l ude extens i ve networks of s o l u t i o n  cav i t i es a round p re-ex i s t i ng caves , c reat i on of 
re l i ef fractures and b l a s t i ng c rac k i ng around quarry s i tes , and a h i g h  p roport i on of  pe rmeab l e  mate r i a l s  
a round g rave l  p i ts .  The e n g i neered va l l ey f i l l  opt i on cons i s ts o f  l i fts  of res i dues/wa stes p l aced i n  
a terraced va l l ey f i l l  wi th p rov i s i ons for s ub s u rface and s urface dra i nage . An advantage to th i s  
des i g n  type i s  that natura l proces ses  of co l l u v i a t i o n  ( depos i t i on i n  v a l l eys f rom eros i on of h i gh l and s )  
wou l d  tend t o  i ncrease s u rface cover over  the was tes/res i dues through geo l og i c  t i me .  D i s advantages 
center ma i n l y  on  the potent i a l  for b reach i ng of  the cover by per i od i c  f l ood i ng and the pote nt i a l  for 
l each i ng of  rad i onuc l i des  to s urface water.  

C . 3 . 4  D i scus s i on 

When con s i de r i ng any mod i f i ca t i ons to the  bas i c  conceptua l des i gns o r  opt i on a l  des i g n  concepts 
for l ong- term management of  the NFSS re s i dues and wastes , there a re three maj o r  geo l og i c  factors that 
a re f requent ly  i nteract i ng and must be eva l uated : ( 1 ) the hydrogeo l og i c  e n v i ronment s urround i ng the 
wa stes and res i dues  ( i nc l ud i ng l oc a l  and reg i ona l  f l ow sys tems and phys i cochem i c a l  p ropert i es of ea rth 
mater i a l s ) ,  ( 2 )  the p l acement of  the d i spo s a l  s i te i n  a geomo rp h i c  sett i ng where f l uv i a l , ma s s-wa sti ng , 
and other p roces ses  may be act i ve through geo l og i c  t i me ( s uch as on top of a kno l l ) ,  a nd ( 3 )  the 
s e i smotecto n i c  framework of the buri a l  s i te ( wh i ch i nf l uences  the l ong-term s ta b i l i ty and i nteg r i ty of 
the s i te ) .  Four  major i nteract i ng l o ng-term i mpacts rel ated p r i ma r i l y  t o  the f i rst two geo l og i c  
factors a re of  maj o r  i mportance i n  eva l uati ng the re l at i ve advantages and  d i sadvantages of  contai nme nt 
systems through geo l og i c  t i me .  These i mpacts a re :  radon- 222 emi s s i ons , l each i ng rates of  rad i o
nuc l i des  to g roundwater ,  e ro s i on rates , and i mpacts to a potent i a l  r e s i dent- i ntrud e r .  Ofte n , a des i gn 
opt i on that offers an advantage wi th respect to one i mpact a l so offers a d i sadvantage w i th respect to 
a nother i mpact.  

S e l ect i on of  any des i gn mod i f i ca t i ons or opt i ona l  des i gn concepts for f u rther c o n s i derati on 
depends on s ubsequent  ana lys i s  of  factors not con s i dered here i n  ( e . g . , near- term i mpacts and  costs ) .  
A deta i l ed subsurface i nves t i gat i on , l aboratory tes t i ng ,  and e n g i nee r i ng a na l ys e s  wou l d  a l s o  be 
neces sary .  
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APPEND I X  D .  TRANSPORTATION  OF  NFSS  WASTES  AND RES IDUES 

0 . 1  INTRODUCTION 

Al l ,  or port i ons  of , the NFSS  contami nated materi  a 1 s w i  1 1  be s h i  pped to other s i tes i f  A l terna-, 
t i ve 3a , 3 b ,  4a , 4b , 4c , or 4d i s  imp l emented ( Tab l e  0 . 1 ) .  I n  Al ternat i v e  3 ,  a l l 190 , 000 m3 of the  
re s i dues and  wastes wi l l  be  moved to e i ther Hanford , Wa s h i ngton , ( 3a )  or O a k  R i dg e ,  Tennessee ( 3b ) .  
I n  Al terna t i ve 4 , the 11 , 000 m3 of re s i dues  wi l l  be moved to e i ther H anford (4a , 4b ) o r  O a k  R i dge ( 4c ,  
4 d ) , whereas the 180 , 000 m3 of was tes wi l l  e i ther rema i n  at NFSS  ( 4a , 4c ) or be transported to the 
New York/New Je rsey harbor area for ocean d i spos a l  ( 4b ,  4d ) .  

Deta i l ed des c r i pt i ons of the NFSS  res i dues and  was tes  are g i ve n  i n  Sec t i o n  3 . 1 . 7  of  t h i s  report .  
The res i dues have a much h i gher concentra t i on of rad i um-226 than  do the wastes  ( T ab l e  0 . 1 ) .  For  
transporta t i on purpose s ,  the NFSS  res i dues wi l l  be  c l a s s i f i ed as l ow- spec i f i c-act i v i ty ( LSA)  rad i o
act i ve waste s .  The NFSS was tes , on the other hand , a re o n l y  s l i ght ly  contam i nated and  do not need to 
be c l as s i f i ed as radi oact i ve for transporta t i o n  p urposes . (Deta i l s  on transporta t i o n  reg u l a t i o n s  and  
waste c l a s s i f i ca t i o n  are prov i ded in  Sec t i o n  0 . 2 . ) 

Tab l e  0 . 1 .  S ummary of  A l ternati ves I nvol v i ng Transport of NFSS  
Res i dues and Wastes to Other S i te s t 1  

Des t i na t i o n  

Hanford 

Oak R i dge 

NY/NJ harbor a reat2 
- - - - - - -

Contami nated 
Mate r i a l  

K- 65 res i dues  

L-30/F- 32 res i dues  

L-50 res i dues 

Subtota l 

Wa stes 

Total 

NFSS Vol ume 
Materi a l  of 

D i s tance to be Mate r i a l  
( km ) Al terna t i v e  Transported ( m3 ) 

4100 3a , 4a , 4b Res i dues 11 , 000 

3a 

1300 3 b ,  4c , 

3b 

770- 1000 4b , 4d 
- - - - -

Vo l ume 
( m3 ) 

3 , 000 

6 , 500 

-12QQ 

11 , 000 

180 , 000 

190 , 000 

Average 
Radi um-226 

Concentrati ont3 
( pC i / g )  

220 , 000 

12 , 000 

3 , 300 

36 

Was tes 180 , 000 

4d Re s i dues 1 1 , 000 

Was tes 

Wastes 
- - - - - - - -

Packa g i n g  

B i ns 

B i n s 

B i ns 

None 

- - - -

180 , 000 

180 , 000 
- - - -

Type of Transport 
Ve h i c l e  

S h i e l ded vans  

S h i e l ded vans  

Low-boy , sem i 
tra i l er ,  f l at
bed trucks 

D ump trucks 

t1  A l l va l ues  rounded to two s i g n i f i cant  f i g u res . 

t2 F rom the barge dock i n  the New York/New Jersey harbor area , the was tes  
wi l l  be  transported on barges to the ocean dump s i te . See Sect i o n  2 . 7 
and Appe n d i x  E .  

t3 F rom Tab l e  3 . 5 .  

0 - 1  
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There are three potent i a l  mode s of transport for the NFSS re s i dues  and wa s te s :  truc k ,  ra i l ,  and 
barg e .  Barge tra nsport has  been s hown to be u n reasonab l e ( Bechtel  Natl . 1984 ) , p r i ma ri l y  because of  
the muc h greater d i stances i nv o l ved and because of the need  for truc k transport at both  e nd s , thus  
nece s s i tat i ng two add i t i ona l  trans fers . R a i l transport may be fea s i b l e ( see  Sec t i o n  0 . 5 ) ,  but  
transport of bu l k radi oact i v e  mate r i a l s s i m i l ar to the NFSS  res i dues and  wastes i s  curre n t l y  accom
p l i shed p r i ma ri l y  by truc k.  There may be some advantages in  s h i pp i ng the l arge vo l ume of NFSS  wastes 
and  res i dues by ra i l  rather than  truck ( e . g . , fewer numbe r of s h i pments ) but there a re a l so d i sadvan
tages ( see Secti on 0 . 5 ) .  For  purposes o f  def i n i ng the major a l ternat i ves  i n  th i s  E I S ,  truc k transport 
i s  a s s umed for a l l NFSS  wastes  and res i dues .  I f  DOE dec i des  to i mp l ement one of the transportat i o n  
a l te rnat i ves , t h e  re l at i ve mer i ts a n d  costs  of  ra i l  versus  truck transport wi l l  b e  g i ven  more deta i l ed 
co n s i derat i o n .  

There are severa l a l terna t i v e  truck routes t o  t h e  three s i te s .  T h e  p referred routes a r e  descri bed 
in Sec t i o n  3 . 5 ;  the c r i teri a for choo s i ng routes and descr i pt i ons  of  a l ternat i v e  routes a re g i ven i n  
Sec t i on 0 . 4 .  To the extent poss i b l e ,  a l l NFSS  res i dues and  wastes wi l l  b e  s h i pped o n  i nterstate 
h i ghway s .  

A deta i l ed d i scuss i on of  truc k transporta t i o n- - i nc l ud i ng t h e  bases  f o r  determi n i ng numbers of  
s h i pments , dura t i o n  of  s h i pments , and other  parameters needed for  the env i ronmental  i mpact a n a l ys i s  i n  
th i s  E I S- - i s  prov i de d  i n  Sect i o n  0 . 3 .  Barge transportat i o n  for the  ocean d i spo s a l  a l ternati ves i s  
descri bed i n  Append i x  E .  

0 . 2 TRANSPORTATION REGULAT IONS 

0 . 2 . 1 Federal  

The transportat i o n  of rad i oac t i v e  materi a l s i s  subject to the regu l at i ons  and  j u r i s d i c t i o n  of  
many federa l , state , and l oc a l  authori t i e s .  Four  federal  agenc i e s  have j u r i s d i c t i o n  over s h i pments of 
radi oact i ve materi a l s :  

The Department o f  Transportat i on ( DOT ) h a s  p r i ma ry respon s i b i l i ty for i ss u i ng regu l a
t i ons  for the s afe transportat i on of a l l  haza rdous materi a l s ,  i nc l ud i ng radi oact i ve 
mate r i a l s .  The DOT regu l a t i o n s  app ly  t o  a l l s h i ppers  and c a rr i e rs of  rad i oact i ve 
mate r i a l s except for s h i pments  made on fede ra l government  veh i c l e s .  

The Nuc l ear  Regul atory Comm i s s i on ( NR C )  i s sues add i t i ona l  regu l at i o n s  for certa i n  
h i g h l y  rad i oact i ve mate ri a l s s uch  a s  spent nuc l ear  fuel  and h i gh- l ev e l  waste s .  Those  
regu l at i o ns  app l y  to a l l NRC  l i censees . *  The  NRC reg u l a t i o n s  a l so app ly  in  ce rta i n  
cases  to commerc i a l carr i ers . 

The I nterstate Commerce Comm i s s i o n ( I C C )  regu l ates rates , charge s ,  and  cond i t i o ns  of 
truc k and ra i l  s e rv i ce s  operati ng in i nterstate commerce . The  ro l e  of  t h  I CC i n  i nter
state comme rce i s  d i m i n i sh i ng as a resu l t  of g radua l  dereg u l at i o n  of the tran sporta t i o n  
i ndustry .  

T h e  Department of Energy ( DO E )  exerts opera t i o n a l  co ntro l of t h e  s h i pment acti v i t i es of  
its  " government-owned" contractors . Except for s h i pments made on government-owned 
veh i c l es ,  a l l DOE s h i pments are subject to DOT reg u l at i on s . By the DOE ' s  own i nterna l 
d i rect i ves , the add i t i ona l  safety s tandards i mposed by NRC a l so app l y  to DOE s h i pments , 
a l though the admi n i strat i ve requ i rements  of NRC do not app l y .  

P rov i d i ng for adequate contro l  of rad i at i on i s  a requi rement that must b e  met when transporti ng 
the NFSS  res i dues .  Rad i at i o n  control  l i m i ts a re met by p ro v i d i ng the necessary s h i e l d i ng to reduce 
external  rad i at i o n  l eve l s  to w i t h i n  a l l owab l e  l i m i t s .  Because the NFSS  res i dues  wi l l  p robably b-e 
s h i pped i n  veh i c l es cons i gned for exc l u s i ve use , the fol l ow i ng dose  1 i m i t s  spec i f i ed i n  49 C F R  
P a r t  1 7 3 . 441 app l y * * :  

1000 mrem/h at any p o  i nt on the a c c e s s  i b 1 e externa 1 s urface of a package ( c  1 osed 
transpo rt veh i c l e ) .  

200 mrem/h a t  any po i nt o n  the acces s i b l e  externa l  s u rface o f  a package ( open transport 
v e h i c l e ) .  

*The Afri met res i dues  were former l y  owned by Afri met- I ndussa  and  were under a s tate o f  New York 
l i cense  ( New York i s  an  NRC agreement state ) .  As a resu l t o f  recent l y  conc l uded negot i at i ons  w ith  
Afri met- I ndussa , DO E as s umed ownersh i p  of the  res i dues  and , thus , they are  no  l onger s ubject to  a 
New York l i ce n s e .  

**These regu l at i o ns  app ly  o n l y  t o  s h i pments of res i du e s .  T h e  NFSS wastes a r e  not c o n s i dered t o  be 
rad i oact i ve for transporta t i o n  purposes . See l ater d i scu s s i o n .  
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2 0 0  mrem/h at any po i nt on t h e  external  s u rface of t h e  veh i c l e .  

10 mrem/h a t  2 m ( 6 . 6 ft)  f rom the s i des  o f  the veh i c l e .  

2 mrem/h i n  any norma l l y  occup i ed pos i t i o n  i n  the v e h i c l e .  

Recently  rev i sed regu l a t i ons  we re i s s ued by the Department o f  T ransporta t i on o n  March 10 , 1983 
( U . S .  Dep . Tran s p .  1983a ) ;  these  regu l at i on s  went  i nto effect on J u l y  1 ,  1983. I n  Sec t i o n  173 . 403 ( y )  
of  rev i sed 49 C F R  P a r t  173 , rad i oa c t i v e  materi a l , for transporta t i o n  purpos e s , i s  def i ned t o  be a ny 
mate r i a l  that has a spec i f i c  act i v i ty greater than 0 . 002 � C i /g ( 2000 p C i /g ) . 

The NFSS res i dues  conta i n  between 3 , 300 and 220 , 000  pC i /g of radi um-226 ( d ry we i ght bas i s )  as , 
wel l a s  sma l l amounts of urani um and other rad i onuc l i des . A s s um i ng secu l ar equi l i bri um between the 
radi um-226 and i ts decay products , and not i ng that the res i dues  w i l l  be s h i pped damp , the tota l 
spec i f i c  acti v i ty of the re s i dues , as transported , w i l l  range f rom 22 , 000 to 1 , 500 , 000 p C i /g . * A l l 
the res i dues  w i l l  be c l as s i f i ed as l ow- spec i f i c-act i v i ty ( LSA) mater i a l s  becau s e  they are phy s i ca l  and 
c h emi c a l  concentrates of  uran i um ores ( 49 CFR 173 . 403 ( n ) ) ;  the res i dues w i l l  therefore be s h i pped as 
rad i oact i v e  mater i a l s .  

The NFSS  wastes have a n  average rad i um- 226 concentrat i o n  o f  about 3 6  pC i /g and , us i ng the same 
a s s umpt i ons as for the res i dues , the e s t i mated tota l spec i f i c  act i v i ty of the wastes i s  about 240 p C i /g .  
Thus , these  wastes cou l d  b e  transported a s  nonrad i oact i ve mater i a l s .  Howeve r ,  due t o  heterogene i t i es 
i n  the was te s ,  some m i x i ng of the was tes may be nece s s a ry to ensure that the i nd i v i dua l  s h i pments do 
not exceed a total  spec i f i c  acti v i ty of 2000 p C i / g .  

. 

Another major federa 1 regu 1 at i on concern i n g  transport of the NFSS  wastes and res i dues  i s  the 
gross  veh i c l e  we i ght l i m i t  of 36 , 000  kg ( 80 , 000 l b )  ( Pu b .  L. 97-424 , H i ghway Improvement Act of  1982 ) , 
w h i c h  appl i es to a l l state s .  

0 . 2 . 2  State and Loc a l  

S e v e r a l  s tate and l oc a l  governments h a v e  i s s ued reg u l a t i ons  and p a s s e d  s tatutes t h a t  i mpose 
res tr i c t i ons on  s h i pments of  rad i oact i ve materi a l s .  The  U . S .  Congress  has , by s tatute , g i ven DOT 
p reempt i ve regu l atory a utho r i ty over state and l ocal  j uri s d i ct i ons  i n  the matter of  transportat i on of 
rad i oact i ve mater i a l s .  The  U . S .  S up reme Court has  recently  uphe l d  th i s  p reemp t i ve autho r i ty i n  a case 
where the c i ty of New York f i l ed s u i t  aga i ns t  DOT , cha l l eng i ng DOT ' s  reg u l atory autho r i ty ( U . S .  Supreme 
Court 1984 ) .  

A l though s tate o r  l oc a l  regu l at i ons regard i ng the transport o f  rad i oact i ve mater i a l s are p reempted 
by fede ral  l aw ( Federa l Materi a l s  Transporta t i on Act ,  Sect i o n  12 , T i t l e  I ,  of Pub l i c  Law 93-633 ) ,  a 
s tate o r  l oca l mun i c i pa l i ty has  the opt i o n  of f i l i ng w i th the Department of T ransportat i o n  for a 
nonp reempt i o n  determi nat i on ( i . e . , a wa i ve r  of p reempti on) . A s tate o r  l oc a l  req u i rement i nf l uenc i ng 
the transport of rad i oact i ve mate r i a l s wi l l  cease to be p reempted by federa l  l aw i f ,  upon app l i ca t i o n  
f o r  t h e  nonpreemp t i o n  determ i nati on , t h e  Sec retary of t h e  Department of T ra n sporta t i on f i nds that the 
s tate o r  l oca l  ru l i ng (1)  p ro v i des  an  equal  o r  greater l eve l of  pub l i c  s afety than the Hazardous 
Materi a l s  T ransportati on Act or regu l a t i ons i s s ued thereunde r ,  and ( 2 )  does not burden comme rce . 
P reempt i on determi nat i on ,  therefore , does offer  the  state o r  l oc a l  a rea w i th a reco urse  i n  the case  of  
d i sputes over federal p reempt i o n .  

T h e  NFSS  res i dues wi l l  b e  c l as s i f i ed as  rad i o act i ve ,  but t h e  NFSS  was tes  w i l l  b e  c l as s i f i ed a s  
nonrad i oact i ve materi a l s  under ex i s t i ng federal  regu l at i o n s .  A l though D O E  s h i pments of  N F S S  wastes 
w i l l  a l  so not be l eg a l l y  s ubject to s tate and  l ocal  regu l at i ons , as a matter of  comi ty ( courtesy) , 
DOE attempts to comp ly w i th s tate and l oc a l  general  transpo rtat i o n  reg u l at i o n s .  

0 . 3 PAC KAG ING  AND VEHI CULAR REQU I REMENTS F O R  NFSS  RESIDUES  AND WASTES 

0 . 3 . 1 General  

It  i s  a s s umed that the NFSS  res i dues w i l l  be packa ged pri o r  to transportat i o n to ens ure comp l i 
a n c e  w i th regu l a t i ons for transporti ng rad i oacti ve mater i a l s .  There a re a v a r i ety o f  packages that 
cou l d  be used to transport the NFSS  res i dues , i nc l ud i ng 55-ga l l on d rums and v a r i ous- s i zed  boxe s .  For  

*As sum i ng secu l a r  equ i l i br i um between the radi um-226 and i ts decay p roducts , the tota l spec i f i c  
act i v i ty i s  approx i mate l y  1 0  t i mes the radi um-226 acti v i ty .  T ak i ng i nto account t h e  i nc reased we i ght 
of  damp res i dues , another mul t i p l i er of 0 . 67 is  app l i ed ( s ee Tab l e  3 . 5 ) .  Loss  o f  radon-222 gas and 
contri butions  from other rad i oacti ve e l ements s uch as  uran i um- 238 , - 234 , and - 235 a re not expected 
to s i gn i f i cantly af fect the e s t i mated tota l spec i f i c  act i v i ty .  
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purposes of  analys i s  i n  th i s  E I S ,  i t  i s  as s umed that l arge s tee l  boxes w i l l  be used , s pec i f i ca l l y  the 
Mark- I I I  b i ns that a re used for transport and d i s po s a l  of  l ow- l eve l  radi oact i ve wastes at Argonne 
Nat i ona l  Laboratory .  These b i ns a re sturdy ( made of  12-gauge we l ded s te e l ) ,  watert i ght ( ga s keted) , 
cert i f i ed for transport of LSA mater i a l s ( meet DOT req u i rements of " strong and t i ght"  pac kag i ng) , of 
s u i tab l e  s i ze ( 1 . 2 m x 1 . 5 m x 1 . 8  m (4  ft x 5 ft x 6 ft] ) ,  cou l d  be f i l l ed w i th the NFSS  res i dues 
us i ng conve n t i o n a l  construct i o n equ i pment , *  and cou l d  be eas i l y l oaded and u n l oaded f rom transport 
veh i c l es us i ng c rane s .  Use o f  these cont a i ners a l so offers the advantage o f  enab l i ng ret r i eva l  o f  the 
res i dues  wi th i n  a few ( 10 to 20) years s houl d th i s  be de s i re d .  

T h ree types  of veh i c l es are a s s umed t o  be u s e d  t o  transport t h e  N F S S  re s i dues and wastes 
( T ab l e  D . 2 ) :  s h i e l ded vans , f l at-bed semi tra i l e r  trucks , a nd dump trucks . T he s h i e l ded vans  ( for 
transport of the K-65  and L-30/F- 32 res i due packages )  are standard vans  that can  be mod i f i ed to a l l ow 
the b i ns to be eas i l y l oaded and u n l oaded and  to a l l ow for vary i ng amounts of sh i e l d i ng to reduce the 
rad i at i o n l eve l s  outs i de of  the v a n .  T he m o s t  stri ngent rad i at i on l i m i t  of 1 0  mrem/h at 2 m ( 6 . 6 ft)  
from the s i de of the v e h i c l e  can  be met  by u s i ng vans equ i pped wi th l ead s h i e l di n g  ( Bechtel  Nat1 . 
1984 ) .  These  vans  w i l l  have canvas  tops for ease  of l oad i ng and u n l oa d i ng u s i ng crane s .  The 200 mrem/ h 
l i m i t for the top of the van  wi l l  be met by add i ng an extra 2 cm ( 0 . 75 i n . ) of s te e l  s h i e l d i ng o n  top 
of the b i ns conta i n i ng the K-65  res i dues ( T ab l e  D . 2 ) .  No spec i a l  s h i e l d i ng i s  requ i red for the L-50 
res i dues , so  they w i l l  be transported i n  the b i ns on  f l at-bed , sem i t ra i l e r  trucks . 

Tab l e  D . 2 .  S h i pp i ng Status of NFSS Wastest 1 

Average Average 
Concentra t i o n  Ra- 226 

( d ry wt . )  I nven'tory S h i e l d i ng Mate r i a l  Dens i ty of Ra- 226 per S h i pment Number of Number of 
T ransported ( kg/m3 ) ( pC i /g )  ( C i ) Top S i de B i ns T ruck  T r i p s  

Res i dues : 

K-65  1 , 800 220 , 000 1 . 6 Yes Yes 2 , 000 500t2 

L - 30 and F - 3 2  1 , 800 12 , 000 0 . 10 No Yes 3 , 900 960t2 
L - 50 1 , 800 3 , 300 0 . 043 No No 850 �t3 
S ubtotal 1 , 600 

Was te s :  1 , 800 36 0 . 00052 No No NA 15 , OOOt4 

TOTAL 16 , 000 

t l  Al l va l ues rounded to two s i gn i f i cant f i gu res . 

t2 Assumes use  of s h i e l ded vans w i t h  payl oad ( reduced by s h i e l d i n g )  of about 14 , 000 kg 
( 30 , 000 1 b )  ( Chem-N uc 1 ear  Sys tems 1983 ) ,  or 4 b i ns per v a n .  

t3  Assumes use  of l ow-boy , semi trai l er ,  f l at-bed truc k we i gh i ng 14 , 500 k g  ( 3 2 , 000 1 b )  when 
empty and ab l e  to carry 6 b i ns per t r i p .  

t 4 A s s umes u s e  of  dump trucks covered w i th canvas  a n d  hav i ng a gas keted s e a l  f o r  the rear end .  
Each  veh i c l e  has a n  empty we i ght of 15 , 000 kg ( 32 , 000 1 b ) and  can carry a payl oad of 
22 , 000 kg ( 4 8 , 000 1 b ) of NFSS waste s .  

T h e  NFSS  wastes w i l l  not be c l as s i f i ed as  rad i oact i ve mater i a l s f o r  transporta t i o n  p u rposes  and 
therefore w i l l  be  transported i n  the mo st exped i t i o u s  manner.  It i s  a s s umed that these  wastes wi l l  be 
transported i n  15-m3 ( 20-yd3 ) dump trucks hav i ng gasketed sea l s  on  the rear end and  canvas covers on 
top to m i n i m i z e  pote nt i a l  l o ss  of  the contami nated s o i l s  dur i ng transport.  G a s keted truc ks are ass umed 
i n  order to avo i d  hav i ng to use and d i spose of p l a s t i c l i ne rs .  

I t  i s  a s s umed that a l l veh i c l es wi l l  b e  obtai ned from commerc i a l  operators and ded i cated to NFSS  
operat i o ns ( i . e . , exc l u s i ve use  for transport i ng these mate r i a l s ,  return i ng empty to NFSS  for another 
l oad ) .  Whe n necess ary ,  extra s h i e l d i ng wi l l  be  added to p rotect the d r i v e r .  A l l veh i c l es wi l l  be  
deco ntam i nated i f  neces s a ry ,  accord i ng to the l i m i ts spec i f i e d  in  49 CFR  Part 173 . 443 ( U . S .  Dep . 
Transp . 1983a ) ,  p r i ma r i l y  by was h i ng wi th water.  

*Sh i e 1 d i ng on the e q u i pment wo u l d  be prov i de d ,  as  needed , to protect equ i pment operators . 
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0 . 3 . 2  Res i due P ackagi ng and T ranspo rtati on 

The l ead- s h i e l ded vans for re s i due transport are a s s umed to we i gh approx i mate l y  23 , 000 kg 
( 50 , 000 l b ) .  Because  the i nters tate veh i c l e  we i ght l i m i t  i s  36 , 000 k g  ( 80 , 000 l b )  ( Pub . L .  97-424 ) , 
each van can carry about 14 , 000 kg ( 30 , 000 l b )  of NFSS  payl oad per tr i p .  Each Mark- I I I  b i n  has a 
vol ume capac i ty of 3 . 4  m3 ( 4 . 4  yd3 ) ,  a conta i ner  we i ght of 340 kg ( 750 l b ) , and a max i mum we i ght 
capac i ty of 3600 kg ( 8000 l b )  ( i nc l ud i ng conta i ne r  we i ght ) . Add i t i ona l  s tee l s h i e l d i ng for the top of 
a b i n  conta i n i ng K-65 was tes  we i ghs 280 kg ( 630 l b ) .  Assum i ng a re s i due dens i ty of 1800 kg/m3 
( 3000 l b/yd3 ) ,  each b i n  cou l d  therefore carry a max i mum of 3000 kg ( 6000 l b )  or 1 . 7 m3 ( 2 . 2 yd3 ) *  of 
K-65 re s i dues . To meet the payl oad re str i ct i ons  for the van ( 14 , 000 kg o r  30 , 000 l b ) , howeve r ,  each 
van wi l l  carry a max i mum of 4 b i n s  l oaded wi th 2800 kg ( 6100 l b )  o r  1 . 5 m3 ( 2 . 0 yd3 ) per b i n .  There
fore , approx i mate l y  500 truc k t r i ps wi l l  be req u i red to transport the 3000 m3 ( 4000 yd3 ) o r  2000 b i ns 
of K-65 res i dues  f rom N F S S .  

N o  add i t i on a l  steel  s h i e l d i ng on top of t h e  b i ns w i l l  be req u i red f o r  t h e  L-30/F-32 res i dues , s o  
e a c h  van can carry a max i mum of  4 b i ns l oaded w ith  3000 k g  ( 6100 l b ) o r  1 . 7 m 3  ( 2 . 2 yd3 ) of L-30/F-32 
re s i dues  and meet payl oad l im i ta t i o n s .  Approxi mate l y  960 truc k tri ps  wi l l  be req u i red to remove the 
6500 m3 ( 8500 yd3 ) o r  3900 b i ns of L-30/F- 32 re s i due s .  

Because  of  the i r  l ower spec i f i c  act i v i ty ,  the L-50 re s i dues  wi l l  not req u i re l ead s h i e l di ng 
dur i ng transport and  wi l l  be transported on  f l at-bed , sem i tra i l er truc ks .  A s s um i ng an empty f l at-bed , 
sem i tra i l e r truc k we i ghs 15 , 000 kg ( 3 2 , 000 l b )  and has a payl oad of 22 , 000 kg (48 , 000 l b ) , 6 Mark- I I I  
b i n s  f i l l ed to the i r  des i gn we i ght l i m i t  can be l oaded o n  each t ruc k .  Thus , each b i n  wi l l  conta i n  
1 . 8  m3 ( 2 . 4  yd3 ) and each s h i pment wi l l  conta i n  appro x i mate l y  1 1  m3 . Assumi ng a tota l L- 50 vol ume of 
1 , 500 m3 ( 2 , 000 yd3 ) ,  140 truc k t r i ps  w i l l  there fore be req u i red to remove the 850 b i ns of L-50 
re s i dues f rom NFSS for a comb i ned tota l of  1600 truc k t r i p s  for a l l res i dues . 

0 . 3 . 3 Wa ste Transporta t i o n  

T h e  N F S S  was tes  wi l l  be tran sported i n  15-m3 ( 20-yd3 ) dump truc k s .  As s um i ng t h e  empty we i ght of  
the truc k i s  15 , 000 kg  ( 3 2 , 000 lb )  w i t h  a payl oad of 22 , 000 kg  ( 4 8 , 000 l b ) , and  a s s umi ng a waste 
dens i ty of  1 , 800 kg/m3 ( 3 , 000 l b/yd3 ) ,  one truck can carry at maxi mum we i ght 12 m3 ( 16 yd3 ) of was te 
per  t r i p  ( a l l owi ng for an ave rage 15% i ncrease i n  vo l ume w i th hand l i ng ) .  App ro x i mate l y  15 , 000 truc k 
t r i ps w i l l  therefore be requ i red to remove the wastes f rom NFSS  (Tab l e  0 . 2 ) .  

Dur i ng i mp l ementat i o n  o f  any of the act i on a l ternat i ves , a n  add i t i ona l  sma l l amo unt of rad i o
act i ve waste wi l l  be produced ( e . g . , contami nated c l oth i ng ,  f i l ters , g l oves ) .  These  wastes wi l l  be  
treated to m i n i m i ze the i r  vo l ume and w i l l  be d i sposed w i th the NFSS  res i dues . These  add i t i ona l  wastes 
a re not covered exp l i c i t ly  in  th i s  E I S  because the i r  vo l ume w i l l  be very sma l l re l at i ve to the 
res i dues  and waste s .  

0 . 3 . 4  T i me and Equ i pment Needs 

About 16 , 000 truc k tri p s  wi  1 1  be req u i  red to transport a l l wastes and res i dues from N F S S .  The 
equ i pment and t i me req u i red to transport the contami nated materi a l s from NFSS  to Hanford or Oak R i dge 
under Al ternat i ve s  3a and 3b a re l i sted i n  Tab l e  0 . 3 .  As s ump t i ons  made in perform i ng the c a l c u l at i ons 
of the v a l ues in  Tab l e  0 . 3  i nc l ude : a weather- rest ri cted work peri od of 6 months each year cons i s t i ng 
of 120 work i ng days ; a da i l y transport d i s tance of 730 km (450 m i ) ;  and round - t r i p  trave l t i mes  
( i nc l ud i ng l oa d i ng/ u n l oad i ng )  of 12 days to Hanford , Was h i ngton , and 5 days to Oak  R i dge , Tennes see . 
A conti ngency of enough truc ks to cover one add i t i ona l  work i ng day has been i nc l uded i n  the tota l s  to 
serve as rep l aceme nts for veh i c l es out-of- s erv i ce or req u i r i ng ma i ntenance .  I t  i s  a s s umed that i t  
w i l l  take 2 years to s h i p  the res i dues to e i ther Hanford o r  Oak  R i dg e .  I t  i s  a l so a s s umed that i t  
w i l l  take 5 years to comp l ete transport o f  the was tes i n  A l ternat i ve 3a ( s h i pp i ng to Hanford)  and 
2 years in Al ternati ve 3b ( s h i pp i ng to O a k  R i dge ) , l i m i ted p r i ma r i ly  because of  the number of dedi cated 
truc ks req u i red . Th u s ,  i mp l ementati on of A l terna t i v e  3a · i s  l i m i ted by the 5 years needed to transport 
the wa stes . The requi reme nts assoc i ated w i th comp l et i ng th i s  act i v i ty i n  d i fferent t i me peri ods are 
a l so s hown i n  Tab l e  0 . 3 .  

The veh i c l e  and t i me req u i rements to i mp l ement Al te rnat i ves  4a , 4b , 4c , and 4d are l i sted i n  
Tab l e  0 . 4 .  For th i s  ana l ys i s ,  i t  i s  as s umed that i t  wi l l  take 2 years to i m p l ement A l ternat i ve 4 a , 
4b , 4c , or 4d . The requi reme nts a s so c i ated w i th comp l et i ng th i s  acti v i ty i n  d i ffere nt t i me peri ods 
are a l so s hown i n  Tab l e  0 . 4 . 

*Vo l umes q uoted represent p reexcav a t i o n  vo l ume s .  W i th excavat i on and hand l i ng of re s i due materi a l s ,  
vo l umes may be expec ted to i nc rease  by as  much as  30% ( Pee l e  and C h u rch 1941 ) .  
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Tab l e  0 . 3 .  T ruck  Requi rements for S h i pment o f  NFSS  R e s i dues and Wastes 
in  A l ternati ves 3a a nd 3bt 1 ' t3 

Round t r i p s  

Rate : 

Depart i ng NFSS  

truc ks/day 

truc ks/hour 

Departi ng and 
arri v i ng at NFSS  

trucks/day 

trucks/hour 

Dedi cated trucks 
requ i redt2 

Mate r i a l  transported :  

m3/yr 

m3/mo 

m3/wk 

2 yr 

16 , 000 

68 

8 . 5 

140 

17 

880 

96 , 000 

16 , 000 

3 , 700 

Total d i s tance trave l l ed ( km ) 

Hanford , WA 

3 yr 4 yr 

16 , 000 16 , 000 

45 34 

5 . 7  4 . 3  

90 68 

11  8 . 6 

580 440 

64 , 000 48 , 000 

1 1 , 000 8 , 000 

2 , 500 1 , 800 

130 , 000 , 000 

Desti nat i on 

Oak  R i dge , TN 

5 yr 2 yr 3 yr 4 yr 

16 , 000 16 , 000 16 , 000 16 , 000 

27 68 45 34 

3 . 4  8 . 5 5 . 7 4 . 3 

54 140 90 68 

6 . 8  17 11 8 . 6 

350 3 70 240 180 

38 , 000 96 , 000 64 , 000 48 , 000 

6 , 400 16 , 000 11 , 000 8 , 000 

1 , 500 3 , 700 2 , 500 1 , 800 

42 , 000 , 000 

5 yr 

16 , 000 

27 

3 . 4  

54 

6 . 8  

150 

38 , 000 

6 , 400 

1 , 500 

t l  Assumes ( 1 )  190 , 000 m3 of total  contami nated mate r i a l  transported ( see  Tab l e  0 . 1 ) ;  ( 2 )  6-month 
( 1 20-day) transport seaso n ;  ( 3 )  8-hour wor k i ng day ; ( 4 )  round-tr ip  trave l  t i me of  12 days to 
Hanford , and 5 days Oak  R i dg e .  

t 2 I nc l udes a I-day exces s cont i ngency o f  truc ks t o  cover repai rs a n d  ma i ntenance .  

t3  A l l va l ues  rounded to two s i gn i f i cant f i gure s .  

0 . 4 ALTERNAT I V E  TRUCK ROUTES 

0 . 4 . 1 Route Se l ect i o n  C r i te r i a  

G u i de l i nes  l i s ted i n  regul a t i o n s  on t h e  rout i ng o f  rad i oact i ve materi a l s  i nd i cate that transpor
tat i o n  o f  the NFSS res i dues  wi l l  be  restri cted to certa i n  routes to m i n i m i ze the rad i at i on r i s k  to the 
general  pub l  i c  (U .  S .  Dep .  Transp . 1981 ) .  The  routes s e l ected for the vari ous  transportat i on a l terna
t i ves  i n  th i s  E I S  are based o n  the more restr i ct i ve transporta t i o n  rou t i ng g u i de l i nes  app l i cab l e  for 
" route-contro l l ed quant i t i e s "  o f  rad i oact i ve materi a l s ,  even though it may not be neces s a ry to meet 
these  res t r i ct i ve g u i de l i nes  ( U . S .  Dep . fra nsp .  1983a , 1983b ) .  These  more str i ngent req u i rements  
requ i re transporters of  rad i oact i ve materia l s  to be confi ned to  the i nterstate h i ghway system , u n l e s s  
otherw i se spec i f i ed by t h e  s tates . I nterstate b e l tways o r  state-des i gnated bypass  ro utes are to be 
u s ed around l a rge metropo l i tan areas where poss i b l e .  The res t r i c t i o n  to i nters tate h i ghways res u l ts 
from nat i o n a l  average h i ghway acc i dent  data be i ng l owe r for i nters tates than on any other c l a s s  o f  
roadway ; a n a l y s e s  a l so i nd i cate that t h e  rad i o l og i ca l  r i s k  t o  t h e  pub l i c  from transport i ng rad i oacti ve 
materi a l s  on  i nterstates i s  l owe r than that on other h i ghways ( U . S .  Dep .  Tra n sp . 1981 ) .  Veh i c l es 
transporti ng rad i oact i ve mater i a l s  can  dev i ate from the i nterstate system for emergenc i es ,  for obta i n
i ng fue l and repa i rs ,  and for trave l to and f rom off- i nterstate p i c k- up and de l i very s i te s .  

T h ree  a l ternat i ve routes t o  each des t i nat i o n  (Hanford , O a k  R i dge , Harbor)  a r e  i dent i f i ed .  Because  
on ly  county- l eve l popu l a t i o n  data are read i ly ava i l ab l e ,  the average pop u l at i on dens i ty for each route 
is determi ned by ca 1 c u l  at i ng the means o f  the mean popu l  at i on  dens ity for each county through wh i ch 
the route passes . The preferred route is the one that has  the fewest peop l e  l i v i ng near i t .  Preferred 
ro utes are descri bed in Sect i o n  3 . 5 .  

0 . 4 . 2 A l terna t i v e  Ro utes to Ar i d  S i te ( Ha n ford ) 

A l terna t i ve Route 1 to Hanford ( F i g u re 0 . 1 )  c o n s i sts o f  taki ng 1 - 94 west from Wi scons i n  rather 
than " 1 - 90 .  The ro ute then trave rses central M i nnesota , No rth Dakota , and Montana and merges w i th the 



Tab l e  0 . 4 .  T ruck Requi reme nts for S h i pme n t  o f  NFSS Re s i dues to Han ford o r  Oak R i dge and the Wa s te s  
t o  t h e  New York/New Jersey Harbor Area i n  A l terna t i ves 4 a , 4 b , 4 c , a n d  4 dt l ' t 3 

Dest i na t i on 

Hanford, WA Oak R i dge, TN New York/New Jerse� Harbor Areat3 

1 yr 2 yr 3 yr 4 yr 5 yr 1 yr 2 yr 3 yr 4yr 5yr 2 yr 3 yr 4 yr 5 yr 

Round trips 1 , 600 1 , 600 1 , 600 1 , 600 1 , 600 1 , 600 1 , 600 1 , 600 1 , 600 1 , 600 15 , 000 1 5 , 000 15 , 000 1 5 , 000 

Rate: 

Depart i ng NFSS 

trucks/day 13 6 . 7  4 . 4  3 . 3 2 . 7  1 . 3 6. 7 4 . 4  3 . 3 2 . 7 61 41 31 25 

trucks/hour 1 . 6  0 . 8 0 . 6  0 . 4  0 . 3 1 . 7  0 . 8  0 . 6  0 . 4 0 . 3 7 . 7 5 . 1 3 . 8  3 . 1 

Departi ng and 
arr i v i ng at NFSS 

trucks/day 26 13 8 . 8  6. 6 5 . 4  2 . 6  13 8 . 8  6 . 6  5 . 4  120 82 62 50 Cl I -.I 
trucks/hour 3 . 2  1 . 6 1 . 2  0 . 8  0 . 6 3 . 4  1 . 6 1 . 2  0 . 8  0 . 6  15 10 7 . 6  6 . 2 

Dedi cated trucks 
requi redt2 180 87 57 43 35 70 36 24 18 15 170 110 84 68 

Materi a l  transported: 

m3/yr ll , OOO 5 , 500 3 , 700 2 , 800 2 , 200 l l , OOO 5 , 500 3 , 700 2 , 800 2 , 200 90 , 000 60 , 000 4 5 , 000 36 , 000 

m3/mo 1 , 800 920 610 460 370 1 ,800 920 660 460 370 15 , 000 10 , 000 7 , 500 6 , 000 

m3/wk 640 320 210 160 130 640 310 210 160 130 3 , 500 2 , 300 1 , 700 1 , 400 

Tota l d i s tance 
trave 1 1  ed ( km )  13 , 000 , 000 4 , 200 , 000 30 , 000 , 000 

t l Assumes ( 1) 11 , 000 m3 of res i dues and 180 , 000 m3 of rema 1 n 1 ng res i dues , soi l s ,  and rubb l e  transported ( see Table D . l) ; ( 2 )  6-month ( 120-day) transport season ; 
( 3 )  8-hour work i ng day ; ( 4 )  round-trip travel t i me of 12 days to Hanford ; 5 days to Oak R i dge; and 2 . 5 days to the Harbor. 

t2 I nc l udes I-day excess of trucks to cover l osses due to repa i r  and mai ntenance. 

p A l l  v a l ues rounded to two s i gn i f i cant f i gures. 
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p re fe rred route aga i n  at B i l l i ngs , MT . Al ternat i v e  Route 2 ( F i gure 0 . 1 )  to Hanford departs from the 
preferred route south of C h i cago , I l l i no i s ,  and cont i nues on 1 -80 through I l l i no i s ,  I owa , Nebra s ka , 
and Wyomi ng to Sa l t  Lake C i ty ,  Utah ; northwest  on 1 - 84 through I daho to Stanf i e l d ,  O re gon ; north on 
Route 395 across  the C o l umb i a  R i ve r ;  north on Route 14 to Kennew i c k ;  and we st on Route 12 to R i ch l and 
where it aga i n  merge s wi th the preferred route . 

0 . 4 . 3 Al terna t i v e  Routes to Hum i d  S i te (Oak  R i dg e )  

A l ternat i ve Route 1 ( F i gu re 0 . 1 )  t o  Oak  R i dge cons i sts of  tak i ng 1 -90  a l ong Lake E r i e  southwest  
to C l eve l and ; south on 1 - 271 to Akron ; south  on 1 - 7 7  through  southern Oh io  to Char l eston , We st V i rg i n i a ,  
where i t  rejo i ns the preferred route .  A l ternat i v e  Route 2 ( F i gure 0 . 1 )  i nv o l ves  taki ng 1 - 271  south 
a round C l eve l and and cont i nu i ng southwest on 1 - 71 to C i nc i nnati , O h i o ;  south on 1 - 75 through centra l . 
Kentu c ky to Knoxv i l l e ,  Tennes see , where i t  rejo i ns the preferred route . 

0 . 4 . 4  A l terna t i ve Routes to New York/New Jersey Harbor Area 

A l terna t i v e  Route 1 to the Harbor ( Port of New York)  cons i sts of  tak i ng 1 -90 east  of B u f fa l o ,  
1 -81 south f rom Syrac u se , a nd Route 17 and 1-87/287 from B i nghamton i nto the Port of New York .  A l ter
nat i ve Route 2 cons i sts of  cont i n u i ng on  1-81 through B i nghamton to Scranton , Pennsyl van i a ;  1 - 380 
southeast to 1 -80 ; and  1 -80 east  through northern New Jersey to the Port of New York .  

0 . 5 RAI L  TRANSPORTATION 

There  are severa l opt i ons for transport i ng the NFSS  wa stes and res i dues  that cou l d  make use of  
use of  ra i l  transportat i on .  Determ i n i ng wh i c h  of t h e s e  ra i l opt i ons i s  " best"  req u i res ana l y s i s o f  
several  comp l ex trade-offs a n d  t h e  " best" opt i o n  i s  l i ke l y  t o  be d i f ferent f o r  eac h type of waste a n d  
res i du e  a n d  for  e a c h  offs i te d i sposal  a l terna t i v e .  Eva l uat i n g  t h e  monetary costs  of transportati on 
for each opt i on ( i nc l ud i ng construc t i o n  costs and env i ronmental i mpact m i t i ga t i o n  costs ) a l so requ i res  
ana l ys i s  of severa l  factors . In  part i cu l ar ,  the  rates  that a ra i l road wou l d  charge are uncerta i n  
because they wou 1 d b e  i n f l  uenced by the spec i a 1 requ i  rements i mposed for NFSS was tes and res i dues 
( routi ng , tran s i t  t i me ,  etc . ) ,  by the ra i l road ' s percep t i on o f  potent i a l  hazards and by concerns about 
adverse p ub l i c  react i on .  What the actual rates wou l d  be can  o n l y  be determ i ned by negot i a t i o n  wi th 
the ra i l roads . In add i t i o n  to the monetary costs , the e n v i ronmenta l i mpacts of each of the ra i l 
opt i on s  must  be con s i dered.  The  most econom i c a l  opt i o n may not necessar i l y be the best wi th regard to 
env i ronmental i mpacts . 

0 . 5 . 1 Transportat i o n  Opt i ons  U s i ng Ra i l 

There are three bas i c  groups of opt i ons  for u s i ng ra i l  to transport NFSS wa stes and  res i dues  to 
d i sposal  s i te s .  These  group s , wh i c h  a re def i ned by the type o f  e q u i pment used f o r  offs i te transport 
of  NFSS  wa stes and re s i due s ,  are :  ( 1 )  s i te to s i te on rai l ,  ( 2 )  t ruc k to offs i te l oad i ng to ra i l ,  and 
( 3 )  truc k to tra i l er-on-f l atcar ( TO F C )  to truc k .  

F o r  s i te t o  s i te transport on ra i l ,  a r a i l s p u r  wou l d  have t o  be constructed i nto N F S S .  I n  th i s  
case , the wastes and res i dues  wou l d  be truc ked ons i te to the ons i te ra i l spur  and l oaded d i rect ly  to 
ra i l cars . The wa stes wou l d  rema i n  i n  ra i l cars  u n t i l they reached the  d i sposal  s i t e ,  where they wou l d  
aga i n  be l oaded onto truc ks for  transport to the b u r i a l  trenches ( Hanford)  or mounds ( Oa k  R i dge ) .  The 
req u i red ra i l  connect i on to NFSS  wou l d  be approx i mate ly  8 km (5  m i )  i n  l engt h .  I n  t h e  c a s e  where no 
ra i l  spur  i s  constructed to NFSS , the wa stes and res i dues  wou l d  be truc ked to an offs i te l oad i ng 
fac i l i ty i n  the N i agara/Buffa l o  a re a .  Ra i l  transport from the offs i te l oad i ng fac i l i ty to the d i sposal  
s i te cou l d  be accomp l i shed in  two way s :  (1)  the was tes  and re s i dues  cou l d be trans fe rred to ra i l cars 
for s h i pment to the d i sposa l  s i te and f i na l  transport on trucks to the d i sposal  trenches  or mound s ,  or 
( 2 )  the truc k tra i l ers  cou l d  be l oaded onto f l atcars for a TOFC move and , for  f i na l  de l i very ,  the 
·tra i l ers  wou l d  be truc ked to the d i sposal  s i te .  T h i s l atter opt i on wou l d  make u s e  of  ex i st i ng TOFC 
ramps near the or i g i n  and dest i nat i on s .  Upon comp l et i on of  transport to an  a l ternat i ve s i te ,  a l l 
l oad i ng and transfer  fac i l i t i e s  wou l d  have to be decontami nated.  

The NFSS wa stes are chosen  to i l l u strate these opt i ons because the wa stes ma ke up most o f  the 
transportat i on requ i reme n t s .  F i gure 0 . 2  shows the opera t i ons req u i red to l oad NFSS  wastes to b u l k
hand l i ng ra i l cars , or gondo l a s , both w i t h  and wi thout a ra i l  spur  constructed to NFSS .  F i gure 0 . 3 
shows the opera t i o n s  at the d i sposal  s i tes  i f  the wa stes arri ve i n  gondo l as .  F i gure 0 . 4  shows the 
opera t i o n s  at NFSS and at the d i sposal  s i tes  i f  TOFC ra i l  transporta t i o n  i s  u s e d .  

Al l opti ons  u s i ng ra i l  requ i re trucks t o  some exte nt , and , except f o r  t h e  T O F C  opt i on ,  they a l so 
requ i re tran s ferri ng the was tes  f rom truc k t ra i l er to ra i l car  at or near N F S S .  I f  t h i s trans fer 
occurs offs i te ,  the e n v i ro nme ntal  cons i dera t i ons o f  constructi ng ,  operat i ng . and decontami na t i ng an 
offs i te l oad i ng fac i l i ty must be taken  i nto account .  I f  the trans fer  occu rs on s i te at NFSS , the 
env i ronmental  c o n s i d�rati ons of  constructi ng a ra i l  spur must be cons i dere d .  A l s o  for  these opt i ons . 
tra n s f e r  bac k to truck  i s  requ i red at the d i sposal  s i te to move the wastes and  res i dues f rom the 
ra i l cars to the f i na l  d i sposa l l ocat i o n  ( e . g . , i nto the trenches at Hanford or onto the knol l s  at 
Oak R i dge) , except for the ocean- d i sposal  a l ternati ve i n  whi ch  d i rect l oa d i ng �nto barges cou l d  be 
u s e d .  At Oak R i dge , there i s  a trade-off to be con s i dered between costs  and i mpacts of ra i l  spur 
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construct i o n  and  costs  and i mpacts of  a re l at i ve l y  l on g  truck move to the d i spo s a l  a re a .  Ra i l acce ss  
to the actua l  d i spo s a l  s i te i s  a l ready avai l ab l e  at Hanford.  

Wi th i n  each of  the part i c u l a r  opti ons , there are several  cons i de rat i ons for the ra i l  port i o n  of  
the move that  wi 1 1  i nfl  uence the rates and e n v i ronmental  i mpact s .  Among these are  whether or not  the 
ra i l cars move i n  dedi cated tra i ns or genera l -man i fest tra i ns and whether or not the ra i l roads own the 
ra i l cars . Use  of dedi cated trai ns  wi l l  affect turnaround t i me and routi ng wh i c h ,  i n  turn , wi l l  affect 
equ i pment costs and e n v i ronmental  i mpac t s .  Ra i l car owners h i p  a f fects rai l rates charged and cap i ta l  
i nvestment requi red ( s ee Sec t i o n  0 . 5 . 2 ) .  

The purpose o f  the p reced i ng d i scuss i o n  i s  to i l l us trate the i nterdepende ncy of a l l dec i s i ons and 
s how the e ffect that the c ho i ce of transport mode has  on other operat i on a l  costs  and e n v i ronmenta l . 
i mpacts . I n  the fol l owi ng d i scus s i on of ra i l  opt i ons a nd the trade- o ffs that must  be c o n s i dered , the 
ra i l  opti ons are categori zed i nto th ree groups by the i r  offs i te transporta t i o n  requi reme n t s .  These 
g roups are : ( 1 )  from NFSS to the d i sposal  s i te by rai l ;  ( 2 )  from NFSS  to offs i te tran s fer  by truc k ,  
then by rai l to the d i sposa l  s i te ;  and ( 3 )  from NFSS  t o  the nearest  TOFC ramp by truc k ,  then  by ra i l  
to a TOFC  ramp near the d i sposal  s i te ,  and  then  to the d i s po s a l  s i te by truc k .  

0 . 5 . 1 . 1  S i te to S i te on Ra i l  

For b u l k transport of NFSS  wastes , gondo l as de s i gned for c l amshe l l l oad i ng and  u n l oad i ng wi l l  
most l i ke l y  be u s e d .  Each gondo l a  has · a  capac i ty of 91 MT ( 100 tons ) and  wi l l  be equ i pped w i t h  
removab l e  fi berg l a s s  covers . Other pos s i b i l i t i es a r e  s i de-dump or bottom- dump hoppe r cars . Howeve r ,  
because of  the moi sture co ntent requ i red for dust contro l , the was tes wo u l d p robab ly  not b e  free
f l ow i ng enough for bottom- dump cars . In both of  these cases , more expens i ve '  u n l oadi ng fac i l i t i e s  
wou l d  b e  requ i red , b u t  u s e  o f  such  fac i l i t i es wou l d  res u l t  i n  faster u n l oadi n g  rates . 

The K-65 and L-30/F-32  res i dues wi l l  be pac kaged i n  Mark- I I I  b i ns ( s ee Sect i on 0 . 3 ) .  These b i n s  
wi l l  need add i ti onal  s h i e l d i ng dur i ng transport and co u l d  b e  pa l l et i zed o r  b l oc ked for fork-truc k 
l oad i ng to s h i e l ded boxcars . An a l ternat i ve to boxcars wou l d be use  of a s h i e l ded , covered gondo l a  so 
that the b i ns cou l d  be l oaded w i t h  a crane ; however , th i s  wo u l d  req u i re b i n s  l e ss  than 1 . 2- km ( 4 - f t )  
h i gh .  T h e  L - 5 0  res i dues wi l l  a l so be pac kaged i n  Mark- I I I  b i ns but wi l l  n o t  req u i re any add i t i ona l  
s h i e l d i ng .  These cou l d  b e  l oaded onto f l atcars u s i ng a crane o r  fork- truc k .  The cars cou l d  move i n  
e i ther  man i fest  o r  dedi cated tra i n s .  Dedi cated tra i ns wou l d  p ro v i de much faster t u rnaround t i mes  and 
therefore wou l d  reduce the numbe r of  cars req u i red .  

Both  the Hanford and Oak  R i dge Reservati ons have  ra i l  acce s s .  Access  to the P i ne R i dge d i sposa l  
s i te on the  Oak  R i dge Reservati on may req u i re cons tructi on of  a ra i l  spur  of  approx i mate l y  11 km 
( 7  mi ) i n  l ength i n  order to move the rai l cars c l ose to the d i sposa l  s i te "  and reduce the i mpacts of  
ons i te truc k i n g .  R a i l serv i c e  i s  avai l ab l e  t o  t h e  Perth Amboy Port area for d i rect l oad i ng t o  barges 
for the ocean- d i spo s a l  a l ternat i ve .  

0 . 5 . 1 . 2 Truck to Offs i te Load i n g  t o  Ra i l 

I f  a ra i l  spur i s  not b u i l t  to NFSS , an offs i te l oad i ng fac i l i ty wou l d  have to be constructed.  
The wastes wi l l  be transported to the faci l i ty us i ng trucks and safeguards as  desc r i bed i n  Sect i o n  0 . 3 ,  
and  they wi l l  be trans ferred by c l amshel l o r  other b u l k trans fer  equ i pme nt to gondo l as .  Conta i nment 
safeguards wi l l  have to be p ro v i ded at the tra n s fer  fac i l i ty .  T h e  K - 6 5  and  L-30/F-32 res i dues  wi l l  b e  
transported t o  a tra n s f e r  poi nt i n  s h i e l ded vans as  descri bed i n  Sec t i o n  0 . 3 .  " There they wi l l  b e  
trans ferred t o  s h i e l ded boxcars or s h i e l ded gondo l as us i ng approp ri ate mater i a l - hand l i ng equ i pme nt 
( fork- l i fts  or cranes ) ,  wi th s h i e l d i ng prov i ded on the equ i pment as  needed to protect the equ i pme nt  
operators . The L-50 res i dues wi l l  be transported to a tra n s f e r  p o i nt on f l at-bed truc k tra i l ers , and 
they wi l l  be trans ferred to f l atcars u s i ng a crane .  A s i m i l ar tra n s fer back to truc k wi l l  be requi red 
for the f i na l  move to the d i sposa l  s i te .  

0 . 5 . 1 . 3 Truc k to Tra i l er-on- F l atcar to Truck 

In  the truck to TOFC  to truck  rai l opti on , a l l was tes  and  re s i d ues  wi l l  be pac kaged and l oaded on  
truc k tra i l ers as  des c r i bed in  Sec t i o n  0 . 3 .  The tra i l e rs wi l l  be moved to a TOFC ramp , l oaded onto 
fl atcars , and transported by ra i 1 to a TOF C  ramp near the d i sposa 1 s i te .  There they wi 1 1  be off
l oaded from the fl atcar and truc ked to  the d i sposal  s i te .  TOF C  ramps are l ocated i n  Buffa l o ,  New Yo r k ,  
for l oad i ng f rom NFSS . Near the Oak  R i dge s i te ,  ramps are l ocated i n  Knoxv i l l e ,  Tennessee ; and near 
the Han ford s i te , there is  a ramp l ocated i n  Pasco , Was h i ngto n .  A ramp in  E l i zabeth , New Jersey ,  i s  
conve n i ent to the Port o f  New York area for the  ocean d i sposal  a l ternati ve .  

0 . 5 . 2 Compari son  o f  Ra i l  Opt i ons 

Determi n i n g wh i ch ra i l  opti on is  best depends on many trade- offs . The transporta t i o n  costs , 
equ i pme nt req u i rements , mate r i a l -hand l i ng costs , env i ronmenta l  i mpacts , and m i t i gat i o n  costs vary 
amo n g  the  opt i o n s .  The rate s that wo u l d  be charged by the ra i l roads for NFSS  was tes  and res i dues are 
uncerta i n  and wo u l d  requ i re negot i at i o n .  These rates wou l d  a l so depend on car  owners h i p  and whether 
d e d i c ated tra i ns  or genera l -ma n i fest trai n s  were used . " The vari ous factors a f fect i ng components of 
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the total  monetary cost of the rai l transportati o n  opt i o n s  are s umma r i zed i n  Tab l e  0 . 5 .  Many of  these 
factors have an  e ffect on more than  one of  the cost components and on other factors ( s ee F i g u res  0 . 2  
through  0 . 4 ) .  

I n  the fol l owi ng d i s c u s s i on ,  the major cons i de rat i ons  for  the bas i c  transportati o n  opt i ons for  
the NFSS  wastes and res i dues are s umma r i zed , i nc l ud i ng compari son  of  the advantages and d i s advantages 
that must be t raded off aga i nst  the transportat ion  rates negoti ated with the carri e r s .  The  advantages 
and d i sadvantages of opti ons  for transport i ng NFSS  wastes a re l i sted i n  Tab l e  0 . 6 .  The major trade
off between ons i te l oadi ng to rai l and offs i te l oad i ng to rai l i s  between the costs and e n v i ronmental  
i mpacts of construct i ng a rai l spur  f rom N i agara F a l l s  to NFSS  and the costs  and env i ronme ntal  i mpacts 
of  operati ng a n  offs i te trans fer faci l i ty p l u s  the cost of the add i t i on a l  truc ki ng equ i pment  req u i re d .  
T h e  major trade-off between o ns i te l oad i ng to rai l a n d  TOFC i s  between the i mpacts a n d  costs  of ra i l . 
spur  construct i on to NFSS  and the h i gher  equ i pment req u i rements  and pos s i b l y  h i gher rates of TOF C .  
T h e  majo r  t rade-off betwee n  offs i te l oad i ng t o  rai l a n d  TOFC i s  between t h e  costs  and e n v i ronme ntal  
i mpacts of  offs  i te materi  a 1 hand 1 i ng and the poss  i b ly  h i  gher  transportat i o n  rates  and equ i pment 
req u i reme nts of  TOF C .  The major advantage of  TOFC over d i rect truck i s  l ower l abor costs . 

The  advantages and d i sadvantages of the rai l opt i ons  for transportati on of the K-6 5  and L-30/F-32 
res i dues are l i sted i n  Tab l e  0 . 7 .  Aga i n ,  the trade-offs  between d i rect ra i l and  the other opti on s  
are : ( 1 )  i n  the case  of truc k/ra i l ,  r a i l spur  construc t i o n  costs , i mpact s , and hand l i ng cons i dera
t i on s , and ( 2 )  i n  the case of  TOFC , transportat i on rates a nd equi pme nt  req u i rements . The  e n v i ron
mental  probl ems associ ate� wi th offs i te transfer  of  packaged r e s i dues  wou l d  be l es s  than those asso
c i ated w ith  the  bu l k- hand l ed waste s .  

The advantages a n d  d i s advantages for t h e  L-50 res i dues  are ' l i sted i n  Tab l e  0 . 8 . I n  t h i s case , 
hand l i ng the packaged wastes  offs i te presents  no p rob l em ;  thus , e i ther  d i rect rai l ( i f  a rai l spur  
were bu i l t  to hand l e  NFSS  b u l k waste s )  o r  truc k/ra i l wou l d  most  l i ke l y  be p referab l e  to the h i gher 
equi pment needs  and pos s i b l y  h i gher rates  of  TOFC or d i rect truc k .  

0 . 5 . 3  Transportati on Equ i pment Requ i rements 

In  compari ng the equ i pment req u i rements  for the rai l opti o n s , truc ks and t ra i l ers req u i red for 
ons i te transfer of  mate r i a l s are not i nc l uded because these  req u i rements wi l l  depend on s i te- spec i f i c  
dec i s i on s .  I f  a rai l spur  t o  NFSS  i s  not b u i l t ,  then the tractors and trai l ers used t o  move the  
materi a l s  to the offs i te l oad i ng l oc a t i o n  wou l d  a l so hand l e  o ns i te movement s .  Howeve r ,  even i f  the 
rai l spur  i s  bu i l t ,  some equ i pme nt wou l d  be requ i red to move the mate ri a l s  from t he conta i nment a rea 
to the ons i te l oa d i n g  fac i l i ty .  The req u i rements for o ns i te movemen t  at Oak R i dge wi l l  depe nd on 
whether o r  not the rai l spur  i s  extended . I n  the case  of TOFC ( and truck) , the equ i pment req u i reme nts 
for offs i t e  tran s porta t i o n  are s u ff i c i ent for any o ns i te movements  because t he tractor t ra i l e r s  can  
move  f rom the conta i nment a rea  a t  NFSS  a nd to the d i spos a l  area  at e i ther Hanford or O a k  R i dg e .  

0 . 5 . 3 . 1 S i te t o  S i te o n  Ra i l 

For  the d i rect ra i l  opt i on , o n l y  r a i l cars  a re req u i red for o f f s i te transport . Gondo l as wou l d  be 
used for the NFSS wastes , boxc a rs o r  covered gondo l as for the K- 65 and L-30/F-32  res i due s ,  a nd f l at
cars for the L-50 res i du e s .  A 91-MT ( 100- to n )  gondo l a  has  a vo l ume c arryi ng c apac i ty of approx i mate l y  
52 m 3  ( 70 yd3 ) .  Transport i ng a l l the NFSS  wastes wou l d  req u i re 3200 c a r  tri p s .  Standard boxcars have 
a l oad carryi ng capac i ty of  64 MT ( 70 tons ) .  Carry i ng 14 b i n s  per car wou l d  a l l ow for 1 6 , 000 kg 
( 35 , 000 l b ) of s h i e l d i ng per car.  Transport i ng a l l the K-65 and l-30/F-32 res i dues  wou l d  requ i re 
about 420 car  t r i p s .  A standard f l atc a r  has  a nom i n a l  capac i ty of 70 MT ( 77 ton s )  a nd cou l d  carry 
18 fu l l y l oaded b i n s .  Transport i n g  the L-50  res i dues wou l d req u i .re 47 car  tr i p s .  The equ i pment 
req u i rements for s h i pments to H anford and O a k  R i dge for A l ternat i ves  3 a  and 3b are s hown in  Tab l e  0 . 9 .  

0 . 5 . 3 . 2  T ruck  t o  Off s i te Load i ng t o  Ra i l  

I n  add i t i on to the rai l equ i pment  req u i red for d i rect rai l as  descri bed above , the truck to 
offs i te l oad i ng to rai l opt i o n  a l so req u i res tractors and tra i l e rs to transport the wastes and 
re s i dues  f rom NFSS  to an offs i te l oad i ng fac i l i ty i n  o r  near the c i ty of N i agara F a l l s ,  New York .  
T h i s wou l d  requ i re ,  i n  add i t i o n  to the 3665 r a i l car tr i p s , appro x i mate ly  16 , 000 truck  tri p s . Howeve r ,  
these truc k tri ps  are short and , therefore , t h e  equ i pmen t  req u i rements  are l ow ( see Tab l e  0 . 9 ) .  

0 . 5 . 3 . 3  T ruck  to Tra i l er- o n- F l atcar to T ru c k  

The  equ i pment req u i rements  for TOF C  i nc l ude sem i tra i l ers  i n  numbers s u ff i c i ent t o  ma ke t h e  number 
of  truck t r i ps req u i red to transport the wastes and res i dues . Howeve r ,  because  the turnaround t i me 
for a ded i c ated tra i n  wou l d  most l i ke l y  be s horter than  the turnaround t i me for truc k ,  the number of 
tra i l ers  requ i red wou l d  be sma l l e r  than req u i red for u s i ng trucks only.  In  add i t i o n , one rai l f l atcar  
i s  req u i red for  every two sem i tra i l ers for the ra i l  port i on of the tr i p .  The  f l atcars have a nom i na l  
capac i ty of  7 0  MT ( 77 ton s )  a n d  are 1 6  m ( 5 2  f t )  i n  l engt h .  A s tandard 15-m3 ( 20-yd 3 )  dump trai l er i s  
5 . 5 m ( 18 f t )  i n  l ength . Longer vans  and  f l at-bed t ra i l ers  used for res i dues cou l d be matc hed w i t h  
dump tra i l e rs t o  accommodate the i r l onger  l e ngths , i f  neces sary .  T r u c k  tractors wou l d  be req u i red a t  
e a c h  e n d  to move t h e  tra i l ers  between t h e  TOFC ramps a n d  t h e  s i te s .  T h e  equ i pment  req u i rements for 
the TOFC opt i o n  are s hown i n  Tab l e 0 . 9 .  
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Tab l e  0 . 5 .  Factors Affec t i ng T ransportat i o n  Costs 

Construct ion 
Costs 

Ra i l  spurs 

Offs i te l oadi ng 
faci l i t i es 

Truc k wash i ng 
fac i l i ti es 

Rai l car was h i ng 
faci l i t i es 

Ro 1 1  i ng Stock 
Requ i rements 

Type of sh ipmen t 
B u l k 
Boxcar 
F l atcar 
TOFC 
Truck 

Turnaround times 

C l eanup schedu l e  

Ra tes Cha rged by 
Carri ers 

Type of s h i pment 
Bu l k 
Boxcar 
F l atcar 
TOFC 
Truck 

C l a s s i f ication of 
materi a 1 
D i stance 

Spec i al requi rements 
Rout i ng 
Turnaround times 
Dedi cated tra i ns 
Specia l  handl i ng 

Ownersh i p  of 
equi pment 

Percept ions of 
potenti al prob l ems 

Operat i ng and 
Handl i ng Costs 

Transfer costs 
B u l k 
TOFC 
Crane 
Fork-truck 

Ra i l car was h i ng 

Truc k was h i ng 

Truck s h i e l d i ng 

Rai l car shi e l d i ng 

Env i ronmenta 1 
Mit igation  

Construc tion  
Ra  i l  spur 

• Offs i te l oad i ng 
fac i l i t i es 

Routi ng 

Sh i e l d i ng 

Truck was h i ng 

Ra i l car was h i ng 

Offs ite transfer 

Tab l e  0 . 6 .  S ummary Compar i son  o f  Ra i l a n d  Truck Transportat i o n  Opt i ons for NFSS  Wastes 

Opt i ont 1 

Ra i l --Ons i te l oa d i ng and 
u n l oad i ng 

Ra i l - - T ruc k to o ffs i te 
l oad i ng 

TOFC-- T ruc k to nearest  
TOFC  ramp 

Truck 

t 1 TO F C  = tra i l e r- o n - f l atcar.  

Advantages 

• No offs i te mate r i a l  hand l i ng 

• No ra i l  spur  construc t i o n  

Mater i a l  hand l i ng mi n i m i zed 
No offs i te mate r i a l  handl i ng 
No ra i l  spur  construct i o n  

Mate r i a l  hand l i ng m i n i m i zed 
No off s i te mate ri a l  hand l i ng 
No ra i l  spur  construct i o n  

D i s advantages 

Requ i res ra i l  spur  construct i o n  

Mate r i a l  hand l i ng doub l ed 
Offs i te mater i a l  handl i ng 
L i ners , covers , a n d  g a s kets 

req u i red for both t ruck tra i l e rs 
and ra i l cars 

H i g he r  e qu i pment req u i reme nts 

H i g hest  equ i pment  requi rements 
H i ghest  l abor req u i rements 
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Tab l e  0 . 7 . Compari son o f  Ra i l  and T ru c k  Transportat i on Opt i ons  
for NFSS  K-65  and  L-30/F-32  Res i dues  

Opt i ont 1 

Rai l --Ons i te l oad i ng and 
u n l oadi ng 

Rai l - - Truck to offs i te 
l oa d i ng 

TO FC--Truck  to nearest 
TO F C  ramp 

Truc k 

t l TO F C  = trai l er-on- f l atcar .  

Advantages 

M i n i mum hand l i ng 
M i n i mum s h i e l d i ng ( ra i l ca r  

o n l y )  

No ra i l s p u r  construct i on 

M i n i mum hand l i ng 
M i n i mum s h i e l d i ng ( t ra i l e r 

o n l y )  
No ra i l s p u r  construct i on 

M i n i mum hand l i ng 
M i n i mum s h i e l d i ng ( t ra i l er 

o n l y )  
N o  ra i l  spur  construct i o n 

D i sadvantages 

• Requ i res  rai l spur construction  

Both truck  tra i l e rs and ra i l cars 
requ i re s h i e l d i ng 

Rad i at i o n  p rotect i on requ i red at 
offs i te transfer  fac i l i ty 

H i g her  equ i pment req u i rements 

H i ghest equi pment  req u i rements 
H i g hest  l abor requi rements 

Tab l e  0 . 8 . Compari son  o f  Ra i l  and Truck Transportati on Opti ons for NFSS  L- 50 Res i dues  

Opt i ont 1 

R a i l --Ons i te l oad i ng and 
u n l oad i ng 

Rai l --Truck to offs i te 
l oad i ng 

TOFC--Truck  to nearest 
" TOFC  ramp 

T ruc k 

tra i l er- o n - f l atcar .  

Advantages 

· M i n i ma l  l oad i ng ons i te 

• No ra i l  spur  construc t i o n  

N o  ra i l  s p u r  construc t i o n  

• N o  ra i l  s p u r  construct i o n 

D i sadvantages 

• Requ i res  ra i l  spur construct i o n  

• M i n i ma l  l oa d i ng offs i te 

H i g her  equi pment  requi rements 

H i ghest equ i pment req u i rements 
H i ghest  l abor requ i rements 
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Tab l e  0 . 9 .  Offs i te Transporta t i o n  Equ i pment Requ i reme nts for 
R a i l O p t i o n s  for Al terna t i ves 3a and 3b 

Tr ips Requ i red pe r Des t i na t i o n  

Han ford Oak R i dge 

Opt i o n  

. D i  rect Ra i 1 
Rai l carst1  

Semi tra i l e rst2  

T ractorst2 

T ruc k/Ra i 1 : 
Ra i l ca rsP 

Sem i tra i l erst3  

T ractorst3 

TOFC : 

Ra i l carst4  

Sem i tra i l e rst4 , tS 

Tractorst S 

2 yr  

150  

150  

17 

17 

272 

601  

5 7  

3 y r  4 yr  

100 75 

100 75 

11 9 

11 9 

180 136 

398 301 

38 29 

5 yr 2 yr  3 yr  4 yr 

60 105 70 53  

60 105 70 53 

7 17 11 9 

7 1 7  11  9 

108 170 90 68 

239 386 210  160 

23 46 30 24 

tl  Assumes dedi cated u n i t  t ra i n  trave l t i mes  w i th round trip of 10 days  for Han ford 

5 yr 

42 

42 

7 

7 

54 

126 

18 

( 6  trave l , 4 l oadi ng and u n l oad i ng )  and 7 days for Oak  R i dge (3 trave l , 4 l oadi ng and 
u n l oad i ng ) .  

t 2 O n s i te e q u i pment to move from conta i nment area to ra i l  spur  o r  from ra i l  spur  to 
d i spo s a l  l ocat i on i s  not i nc l ude d .  

t3 Assumes 4 round t r i p s  per day between  N F S S  and l oad i ng l ocat i o n .  No  ons i te equ i pment 
i s  i nc l uded to move from ra i l  spur to d i spo s a l  l ocat i on s .  

t 4  A s s umes dedi cated u n i t tra i n  trav e l  t i me s  w i th round t r i p  of  8 days ( 6  trave l , 
2 l oa d i n g  and u n l oad i ng )  to Pasco , Was h i ngton , and 5 days ( 3  trave l , 2 l oa d i ng and 
u n l oadi ng ) to Knoxv i l l e ,  Tenne s s e e .  

t S A s s umes 3 round tri ps  per day betwee n  N F S S  a n d  the B u ffa l o  TOF C  ramp , 2 round t r i p s  
per day between Hanford and t h e  P a s c o  TO FC  ramp a n d  3 round t r i p s  per day between 
Oak Ri dge and the Knoxv i l l e TOFC  ramp . 

0 . 5 . 4  Routi ngs for Ra i l and Tra i l e r-on- F l atcar 

0 . 5 . 4 . 1 D i rect Ra i l  Rout i ng s  

N i agara F a l l s  i s  served by Conra i l ,  a n d  both t h e  Norfo l k Southern ( N S )  a n d  C S X  systems have 
trackage r i ghts between  N i agara F a l l s  and Buffa l o ,  New York.  Al l three of  these ra i l roads have 
trac kage r i ghts on l i nes  on  the north s i de of  Lake E r i e  through Canada to Detro i t ,  M i c h i ga n .  I n  some 
case s , th i s  route i s  part of the  most d i rect route , but  i t  was e l i m i nated from c o n s i derat i on because  
of  the sens i t i ve nature of  the mate r i a l  be i ng tra nsported.  

The Oak R i dge d i sposal  s i te i s  s e rved by a ra i l  spur connected to the Lou i s v i l l e  and Na s h v i l l e 
( L&N ) l i ne about 2 km ( 1 . 2 mi ) south of Dossett , Tenne s s e e .  The L&N i s  part of the CSX  system so i t  
i s  reasonab l e  for s h i pments from NFSS  t o  O a k  R i dge t o  be made ent i re l y  o n  the CSX  system . A l i ke l y  
rout i ng on the C S X  system from N i agara F a l l s  t o  Oak  R i dge ( 1365 k m  [ 852 m i ] )  i s  s hown i n  F i g u re 0 . 5 . *  
The Hanford s i te i s  s e rved by a B u r l i ngton Northern ( BN )  ra i l  l i ne out  of  R i c h l and J u nct i on .  Because  
the BN cannot ori g i nate s h i pments out of N i agara F a l l s ,  an  i nterl i ne i s  necessary w i th another o r i g i 
nat i ng carr ier .  F i g u re 0 . 6  s hows a l i ke l y  route for s h i pme nts o r i g i nated by Conra i l w i th an i nte rl i ne 
w i th the BN at Gary ,  I nd i ana ( 4322 km [2698 m i ] ) ; F i g ure 0 . 7 s hows a l i ke l y route for s h i pments 
o r i g i nated by the NS system w i th an  i nterl i ne i n  Peor i a ,  I l l i no i s  ( 4308 km [ 2689 m i ] ) ; and F i gure 0 . 8  
s hows a route or i g i na t i ng o n  the CSX  system wi th a n  i nter l i ne at C h i cago (4619 km [ 2883 m i ] ) .  The 
Port of  New York a rea i s  s e rved by Conra i l ;  F i gure 0 . 9  s hows a C o n ra i l route from N i agara F a l l s  to 
Perth Amboy , New Jersey ( 658 km [ 411 m i ] ) .  

' *T he Oak  R i dge Reserva t i o n  i s  a l so s e rved by a ra i l  spur  connected to the Norfo l k  Southern Rai l road 
l i ne wes t  of  Dossett.  S h i pments , there fore , cou l d  be made from N i agara F a l l s  on the Norfol k Southern . 
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0 . 5 . 4 . 2  T ra i l er-on- F l atcar Rout i ng s  

The  c l osest  T O F C  ramps t o  N i agara Fa l l s  a r e  those operated by Conra i l ,  G rand Tru nk , and  NS i n  
Buffa l o ,  New York .  Ramps a re operated i n  Knoxv i l l e ,  Tennes see , by Southern ( pa rt o f  the N S  system ) 
and by Seaboard ( part of the CSX system ) .  T he re fore , for TOFC s h i pments from Buffa l o  to Knoxv i l l e ,  
the NS system i s  the l og i ca l  c ho i ce .  F i g u re 0 . 10 s hows a l i ke l y  rou t i ng for such  a move on  the 
NS  system ( 1344 km [ 839 m i ) ) .  The BN system operates a ramp near  the Hanford s i te a t  Pasco , Was h i ngto n .  
F i gure  0 . 11 s hows a rout i ng from Buffa l o  t o  Pasco f o r  T O F C  s h i pments o r i g i na t i n g  at t h e  Conra i l ramp 
i n  Buffa l o ,  w i th an  i nterl i ne i n  Gary ,  I nd i ana  (4276 km [ 2669 m i ) ) .  F i g u re 0 . 12 s hows a rout i ng from 
B u ffa l o  to Pasco for TOFC s h i pments or i g i na t i ng at the NS ramp i n  Buffa l o ,  w i th an i nterl i ne i n  Peo r i a ,  
I l l i no i s  ( 4263 km [ 2661 m i ) ) .  Conra i l  operates a ramp i n  E l i zabeth , New J e rsey ,  wh i c h  wou l d be 
conve n i e n t  for s h i pments to the Port of  New York a rea . F i gu re 0 . 13 s hows a rou t i ng on the Conrai l .  
system from Buffa l o  to E l i z abeth , New Je rsey ( 62 3  km [ 389 m i ) ) .  

0 . 5 . 5 Regu l at i o n s  

T h e  ef fect of  carri er  ta r i ffs a n d  operat i ng restri c t i ons  on s h i pments of  N F S S  wastes a n d  res i dues  
i s  uncerta i n .  The nati on ' s  r a i l roads have been  engaged i n  l i t i ga t i o n  w i th i ndustr i a l  and  governme nta l 
s h i ppers of rad i oacti ve mate ri a l s  for over 10 years . The I nterstate Commerce Comm i s s i on has  r u l ed 
aga i nst  the carr i ers i n  each case , and the federal c o u rt s  have uphe l d  the s h i ppers . Howeve r ,  the ra i l  
carr i ers are s t i l l  pers i stent i n  t he i r  demands  for spec i a l  t ra i ns and h i gher  fre i gh t  rates for transport 
of rad i oacti ve mater i a l s .  Further l i t i ga t i o n  i s  l i ke l y ,  a l though the ra i l roads have app a re n t l y  g i ve n  
up the i r  a l l eged r i ght  of  ref u s a l  t o  carry s h i pments  of  rad i oact i ve mater i a l s .  

A l t hough  the NFSS  wastes a re not c l a s s  i f  i ed a s  radi  oact i v e  fo r t ransportat i o n  p u rposes , the 
pub l i s hed rates for transport of  b u l k mater i a l s - - s u c h  a s  s and and g rave l - -p robab l y  wi l l  not app l y .  
The  NFSS  wastes wi l l  req u i re spec i a l  hand l i ng and  a l s o  may be perc e i ved by the rai l roads a s  p resent i ng 
potent i a l  hazards o r  p rob l ems to the general  p ub l i c .  Therefore , spec i a l constra i nts and tar i ffs on  
s h i pments of  NFSS  wastes a re l i ke l y  to  be  i mposed .  The  r e s i dues  a re def i ned a s  rad i oac t i v e  and , 
therefo re , the spec i a l  tari ffs for these mater i a l s w i l l  app ly .  

0 . 6 TRUCK  REQUI REMENTS FOR  F I LL MATERI ALS 

It i s  a s s umed that a l l f i l l  mate r i a l  wi l l  be transported to the s i te s  by 15-m3 ( 20-yd 3 )  dump 
truc ks . As sumi ng the empty we i gh t  of the truc k to be 15 , 000 kg ( 32 , 000  l b ) , a pay l oad of 22 , 000 kg 
( 4 8 , 000 l b ) ,  and a dens i ty of 1 , 800 kg/m3 ( 3 , 000 l b/yd3 ) for a l l f i l l  mater i a l s ,  one truc k can carry a 
max i mum we i ght of 12 m3 ( 16 yd3 ) of f i l l  p e r  tr i p .  The f i l l  requ i remen t s  for Al ternat i ves  2a , 2b , 3a , 
3b , 4a , 4b , 4c , and  4d and the number  of truck  t r i p s  req u i red to transport th i s  f i l l  are p rese nted i n  
Tabl e 0 . 10 .  The  f i l l  requ i reme nts a re g reatest for A l ternat i ve 3 b  ( l ong-te rm management  of  both 
res i dues  and wastes  at Oak R i d ge ) .  The v eh i c l e  req u i reme nts to i mp l ement a l l a l ternat i ve s  are p resented 
i n  Tabl e 0 . 1 1 .  
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F i gure 0 . 9 .  Conra i l  Route from N i agara Fa l l s  to Perth Amboy , New Jersey .  
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F i gure 0 . 13 .  Conra i l  Route f rom Buffa l o ,  New York , 
to E l i zabeth , New Jersey .  

Tab l e 0 . 1 0 .  F i  1 1  Req u i rements and Transporta t i o n  Req u i rements t 1  

F i l l  Regu i rements ( m3 )t2 Number of 
Sandi O ne-Way 

S i te/Al terna t i v e  C l ay Grave 1 Soi  1 R i p rap Total  Truck T r i p s t3 

NFSS 

2a , 2bt4 47 , 000 14 , 000 5 , 900 41 , 000 110 , 000 9 , 200 
3a , 3b , 4b , 4dt S 20 , 000 20 , 000 1 , 700 
4a , 4ct6 57 , 000 14 , 000 5 , 900 41 , 000 120 , 000 10 , 600 

Hanford 

3at6 150 , 000 150 , 000 13 , 000 
4a , 4bt7 37 , 000 37 , 000 3 , 100 

Oak R i dge 

3b 290 , 000 72 , 000 54 , 000 110 , 000 530 , 000 44 , 000 
4c , 4d 6 5 , 000 16 , 000 12 , 000 24 , 000 120 , 000 9 , 800 

tl Al l va l ues rounded to two s i gn i f i cant f i gu re s .  

t2 As s um i ng conta i nment des i gn s  and was te- conta i nment a reas as  descri bed i n  Sec t i ons 2 and 4 . 6 .  
t 3  A s s um i ng average truc k capac i ty o f  12 m3 ( 16 yd3 ) .  
t4 Add i t i ona l  mate r i a l s needed to construct the l ong- term cap , a s s u m i n g  that the c l ay and so i l 

i n  the i nterim  cap can be used i n  the l ong- term cap . 
t S F i l l  mate r i a l s needed to restore grade i n  contai nment area.  

t6 Addi ti ona l  mater i a l s needed to construct the l ong- term cap , p l us  1 1 , 000 m3 of c l ay needed to 
f i l l  vo i d  l eft by removed res i due s .  

t 7 O n l y  r i p rap i s  needed a t  Han ford because t h e  nat i ve so i l s  excavated from t h e  trenches  wi l l  
be used as  bac k f i l l .  
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Tab l e  0 . 1 1 .  Truck Requi rements f o r  Hau l i ng F i l l  Mate r i a l t 1  

Round t r i ps  

Rate o f  trucks arri v i ng 
a nd depart i ng :  

trucks/day 

trucks/hour 

Dedi cated trucks 
requi redt4 

Mate r i a l  transporte d :  

m3/yr 

m3/mo 

m3/wk 

Total d i s tance 
trave l l ed (m) 

2a , 2b 

9 , 200 

150 

19 

52 

110 , 000 

18 , 000  

4 , 500 

370 , 000  

NF SSt2 

3a , 3b 
4b , 4d 

1 , 700 

28 

3 . 5 

10 

20 , 000  

3 , 400  

800 

68 , 000  

t l Ass umes that  f i l l  mater i a l s wi l l  be obta i ned 
v a l ues  rounded to two s i g n i f i cant f i g u r e s .  

t2  Assumes that i t  wi l l  take 1 year t o  comp l ete 
4a , a nd 4c at NFSS ; 2 years for A l terna t i ves  
Al ternat i ves  3a , 4a ; and 4b at Hanford.  

Hanfordt2 

4a , 4c 3a 4a , 4b 

10 , 000 l3 , 000  3 , 100 

170 44 10 

21 6 1 . 3 

57 17 4 

120 , 000 3 1 , 000 7 , 400  

20 , 000  . 5 , 200 1 , 200 

5 , 000 1 , 200  290 

400 , 000  520 , 000 120 , 000 

w i t h i  n a 32- km ( 20-mi ) rad i us of 

f i l l  operati ons for  A l ternat i ves  
3b , 4c , a nd 4d at Oak  R i dg e ;  a n d  

Oak  R i dget2  

3b 4c , 4d 

44 , 000 9 , 800 

360 82 

45 10 

120 28 

260 , 000  59 , 000 

44 , 000 9 , 800 

10 , 000 2 , 300  

1 , 700 , 000  390 , 000  

the  s i te . Al l 

2a , 2b , 3a , 3b , 
5 years for  

t3  Ass umes a 6-month  ( 120- day) construct i o n  season , 8- hour  wor k i ng day , and  2 . 5-hour  round- t r i p 
l oa d i ng/travel  t i me for a l l s i te s .  

t 4  I nc l udes 10% excess  conti ngency of truc ks t o  cover repa i rs a nd ma i nte nance . 

REFERENCES (Appe nd i x  D )  

Bechte l Nat i o na l , I n c .  1984 . E n g i nee r i ng Eva l u a t i o n  o f  Al ternati ves for  the D i spo s i t i on o f  N i agara 
F a l l s  Storage S i te ,  I ts Res i dues and  Waste s .  DOE/OR/20722- 1 .  P repared for U . S . Department of 
Energy , Oak R i dge Opera t i o n s  O f f i c e ,  Oak R i dge , TN .  January 1984 . 

Chem- N uc l ear Sys tems I ncorporated .  1983 .  CNSI  C a s k  Spec i f i ca t i o n s . Channahon , I l l i no i s  6041 0 .  

Pee l e ,  R . , and  J . A . Churc h .  194 1 .  Mi n i ng E n g i neers ' Handbook .  3 rd e d .  John  Wi l ey & Sons , I n c . , 
New York .  

U . S .  Department  of T ransportat i on .  1981 .  Rad i oact i v e  Mater i a l s ;  Routi ng and D r i ver  Tra i n i ng Requ i re
ments (49 CFR Parts 171 , 172 , 173 , 177 ) ; F i na l  R u l e .  Materi a l s Transportat i o n  Burea u , Research 
a n d  Spe c i a l  Programs Adm i n i strat i o n .  Fed.  Reg i s t .  4 6 ( 12 ) : 5298- 5318 (January 19 , 1981 ) .  

U . S .  Department  o f  Transpo rtat i o n .  1983 a .  Requi rements for T ra n s porta t i o n  o f  Radi oacti ve Mate r i a l s 
(49 C F R  Parts 171 , 172 , 173 , 174 , 175 , 176 , 177 , and 178 ) ;  F i na l  Ru l e . Materi a l s Transporta t i o n  
B u reau , Research  and  Spec i a l  Programs Adm i n i stra t i o n .  F e d .  Reg i st .  48(48 ) : 10218- 10247 ( Ma rch 10 , 
1983 ) . 

U . S . Department o f  T ransportati o n .  1983 b .  Requ i rements for Tran sportat i o n  of Radi oact i ve Materi a l s ;  
Correc t i o n s  and  C l ar i f i cat i ons  (49 C F R  Parts 171 , 172 ,  173 , 174 , 175 , 176 , 177 , and 178 ) ; F i na l  
Ru l e .  Mater i a l s Transporta t i on B urea u , Research a n d  Spec i a l  P rograms Adm i n i s trat i o n .  Fed .  
Reg i st .  48 ( 131 ) : 31214-31220 (Ju ly  7 ,  1983 ) . 

U .  S .  Supreme Court .  1984 . C i ty of New York  v s .  U .  S .  Department o f  Transporta t i o n .  715 Sec . F2d 732 
( 2d C i rc . , 1983 ) Sert den i ed 104 S.  Ct 1403 ( 1984 ) . 



APPEND I X  E .  OCEAN D I SPOSAL 

E . 1 I NTRODUCTION  

Th is  append i x  presents tec h n i ca l  ana lyses  and data used to a s se s s  the i mpact s of A l ternat i ves  4b  
and 4d , wh i c h  propose o n l and storage o f  NFSS re s i dues and d i spersal  of  the rema i n i ng wa stes in  the  
ocea n .  The  re s i dues represent on ly  6%  of the NFSS  contami nated mate r i a l s but conta i n  99% o f  the  
radi um-226 i nventory ( 872 o f  879  C i ) .  The  rema i n i ng wa stes-- i . e . , excavated materi a l s and res i dues 
f rom the R-10 a rea  and  excavated contam i nated s o i l s  and  contai nment systems-- rep resent 94% o f  the 
vo l ume ( 179 , 000 m3 ) o f  contami nated mater i a l s at NFSS b ut only 1% (7 pC i ) of  the radi um-226 i nventory .  
The average acti v i ty o f  rad i o n uc l i des i n  these wastes i s  36 p C i /g , wh i ch i s  20-40  t imes  the radi um-226 
content o f  uncontami nated s o i l s .  F urther deta i l s  on  waste compo s i t i on a re p resented i n  Secti ons 3 . 1 . 7 
and  3 . 1 .  8 .  

The ana lyses  used in  t h i s appen d i x  are based  o n  ex i st i ng tec h n i ques  for eva l uat i ng the  fate o f  
b o t h  rad i oac ti ve and  nonradi oact i ve wastes i n  the s e a .  Both the data a nd methods a r e  ava i l ab l e  i n  
pub l i shed  reports , journa l a rt i c l e s ,  and  books . The purpose of th i s  study i s  to p ro v i de scenar i o s  o f  
waste fate t h a t  cou l d  be used  t o  compare t h e  rad i o l og i c a l  r i s k  o f  A l ternati ves  4 b  and  4d wi th the 
other a l ternat i ves  for l o ng-term management o f  NFSS wa stes and  res i du e s .  

E . 2  DUMPS ITE  CHARACTER I ST I CS 

I mp l ementat i o n  o f  A l ternati ves 4b and 4d wi l l  res u l t  i n  o n l and d i sposal  of the NFSS res i dues at 
Hanford o r  OaK R i dge and  permanent d i spo s a l  o f  the NFSS  wastes i n  the ocea n .  I n  th i s  E I S ,  t h e  s i te 
a s s umed for ocean d i sposal  i s  the 106-Mi l e  Ocean Was te D i spo s a l  S i te ( S i te 106 )  managed by the 
U . S .  E n v i ronmental  Protecti o n  Agency ( F i gure E . 1 ) .  

E . 2 . 1  Locat i o n  

S i te 1 0 6  i s  a des i gnated waste- d i sposa l  s i te l ocated between  38°40 ' N t o  39°00 ' N l at i t ude and 
72°00 ' W to 72°30 ' W l on g i tude , wh i c h  bounds 1300 km2 ( 430 nm i 2 )  o f  ocean s urface lyi ng over the l ower 
Conti nental  S l ope and Upper Conti nental  R i se where water depths range from 1440 to 2750 m ( F i g-
u re E . 1 ) .  S i te 106 i s  110 nm i southeast  o f  the entrance to New York  Harbor and  90 nmi east o f  Cape 
Henopen , Del aware ( U . S .  E nv i ro n .  Pro t .  Agency 1980 ) .  

E . 2 . 2  D i sposa l  Act i v i t i es 

S i te 106 has  been used  for waste d i spo s a l  s i nce 1961 , and  i n  1973 the s i te was g i ven i nter i m  
d e s i gnati o n  as  an  i ndustri a l  waste s i te by t h e  U . S .  E n v i ronmental  P rotecti on Agency , wh i c h  prepared an  
env i ronmenta l  i mpact statement for f i na l  s i te des i gn a t i o n  in  1980 ( U . S .  E nv i ro n .  Prot .  Agency 1980 ) .  
By 1978 , the s i te had rec e i ved  5 , 100 , 000 MT o f  chem i c a l  waste , 102 , 000 MT of s ewage s l udge , 287 , 000 MT 
o f  d i gester res i due , and an unspec i f i ed quanti ty of mun i t i ons  wastes that was d umped on the northwe s t  
corner of t h e  s i te .  S i nce 1978 , waste d i spo s a l  a t  S i te 106 has  decreased to 272 , 000 MT i n  1981 ( Pa u l  
et a l . 1983 ) .  Other waste- d i sposa l  acti v i t i e s  i n  t h e  v i c i n i ty o f  S i te 1 0 6  i nc l ude t h e  dump i ng o f  
41 , 400 C i  o f  l ow- l ev e l  rad i oacti ve wa stes co nta i ned i n  drums from 1951 t o  1956 and from 1959 t o  1961  
at a l ocat i o n  10 nmi to  the south ( U . S .  E n v i ron . P rot .  Agency 1980 ) .  

Passage o f  the Ma ri ne Protecti o n , Research and Sanctuar i e s  Act o f  1972 requ i red that perm i ts for 
ocean d i sposal  o f  was tes  be i s sued  only i f  no other a l ternat i v e  d i sposal  method were ava i l ab l e .  Thu s , 
the number of part i e s  d i spos i ng o f  wastes dec l i ned from 150 to 13 i n  1978 . Dur i ng th i s  p e r i od , 
average annua l  dump rates we re 16 3 , 000 MT/yr , w ith  peak  dump i ng act i v i ty of 779 , 100 MT i n  1978. These 
wastes i nc l uded e l evated concentrat i ons o f  the trace meta l s  cadm i um ,  c h rom i um ,  copper ,  l ead , mercury , 
n i c ke l , and  z i nc .  The c.oncentra t i o n s  of meta l s  i n  was tes  dumped at S i te 106 are presented i n  
Tab l e  E . 1 . The quanti ty o f  trace meta l s dumped vari ed great l y  from year to year , wi th maxi mum mass 
l oadi ng rates of :  cadmi um ,  19 , 503 kg/y r ;  c h rom i um ,  99 , 96 0  kg/y r ;  copper , 3 , 695 kg/yr ; l ead , 
15 , 336 kg/yr ; mercury ,  1 , 626 kg/y r ;  n i c ke l , 11 , 579 kg/y r ;  and z i nc ,  52 , 540 kg/yr ( T ab l e  E . 2 ) .  F u rther 
d i scu s s i on of d i sposal  at S i te 106 i s  found i n  the s i te des i g nat i on EIS  (U .  S .  E n v i ro n .  P rot . Agency 
1980 ) and Anderson and Dewl i ng ( 1981 ) .  The i ns t i tut iona l  i s sues  a s soc i ated w i t h  ocean d i sposa l  at the 
NFSS wastes  a re d i scussed  i n  Sect i o n  4 . 7 . 2 . 
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Tab l e  E . l . AIJerage Meta l Concentrati on s  i n  Wastes  at the 106-Mi l e  S i te 

Meta l 

Ars e n i  c 

Cadm i um 

Chrom i um 

Copper 

Lead 

Merc u ry 

N i c ke l  

Z i nc 

- - - -

Meta l 

Ars e n i c  

Cadmi um 

Ch rom i um 

Copper 

Lead 

Mercury 

N i cke l  

Z i nc 

Sourc e :  U .  S .  

Trace Metal 

Cadm i um 

Chrom i um 

Copper 

Lead 

Mercury 

N i  c ke 1 
Z i nc 

Natural  Concentra t i o n  i n  Wastes (I;!g/L )  
Seawater Ame r i can  Cyanam i d  DuPont- Edge Moor Concentra t i o n  

( lJ g/ L )  Mean Range Mean Range 

2-3 620 20- 2 , 600 140 5-525 

0 . 15 4 1- 150 320 20-900 

1 550 45-4 , 900 270 , 200 52 , 600-900 , 000 

3 . 0  350  1-4 , 100 3 , 250 4-7 , 400 

0 . 03 120 1- 1 , 000 40 , 540 2 , 700-76 , 000 

0 . 05- 0 . 19 30 1-200 30 < 1-500  

5 - 7  1 , 100 145- 6 , 400 29 , 060 200-65 , 000 

10 560 7- 5 , 150  100 , 96 0  110- 530 , 000 

- - - - - - - - - - - - - - - - - - -

Natural  Conce ntrati o n  i n  Wastes (I;!g/ L )  
Seawater DuPont-Gra s s e l l i  M i xed I ndustr ies  Conce ntrat i o n  

(lJg/L)  Mean Range Mean Range 

2-3 7 1 - 30 30 1-130 

0 . 15 170 3-700 3 , 200 20-15 , 600 

1 330 10- 3 , 500 21 , 170 4-170 , 000 

3 . 0 3 , 150 25-154 , 700 10 , 900 1-115 , 000 

0 . 03 900 10-4 , 900 8 , 840 8-6 2 , 000 

0 . 05- 0 . 19 7 < 1-20  300  21- 3 , 830 

5- 7 730 30-2 , 000 4 , 900 20-31 , 500 

10 540 30-2 , 700 163 , 800 15- 1 , 400 , 000 

E n v i ro nmental  Protecti o n  Agency ( 1980 ) .  

Tab l e  E . 2 . Total  Annual  Mass  Load i ng of 
Trace Meta l s  from Was te D i sposa l  

Mas s  Load i ng ( kg/.:ir 2 

1973 1974 1975 1976 1977 1978 

211 5 , 5 16 19 , 503 213 812 168 

677 696 705 215 73 , 845 99 , 960 

1 , 011  603  826 535 3 , 695 1 , 863 

251  933  1 , 086 928 15 , 336 13 , 010 

45 14 1 , 626 964 10 11 

420 355 785 571 8 , 009 11 , 579 

12 , 125 15 , 803 7 , 279 3 , 231  23 , 382 52 , 540 

Data from U . S .  E nv i ronme n t a l  Protecti o n  Agency ( 1980 ) .  
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E . 2 . 3  Hydrodynam i c  Characte r i s t i cs 

E . 2 . 3 . 1  Major Oceanograph i c  Features 

S i te 1 06 is l ocated i n  an  area o f  con s i derab l e hydrodynami c  comp l ex i ty ,  due to movement of majo r  
reg i on a l  oceanograph i c  features .  T h e  s i te l i es  between s he l f wate rs overl yi ng  the Conti nental  She l f 
to the wes t  and the Gul f Stream to the south and east ( F i g u re E . 2 ) .  The characte r i s t i c  water o f  the 
s i te ,  s l ope water ,  i s  a m i xture o f  waters from the Conti nental  She l f  and G u l f Stream and i s  s eparated 
f rom them by s harp g rad i ents i n  temperature and sa l i n i ty .  The s harp t rans i t i on s  between water masses , 
c a l l ed fronts , i nh i b i t  m i x i ng between adjacent wate r mas ses ; howeve r ,  at the same t i me , fronts are 
e nerget i c  areas o f  convergence and turbu l ence .  Both s h e l f/s l ope and s l ope/G u l f Stream fronts are 
h i gh l y  mobi l e  and undul ati n g ,  and may move out over the Conti nenta l S l ope beyond  the v i c i n i ty of 
S i te 106 ( F i gure E . 3 ) .  The she l f/s l ope front may a l so p i nch off tongues o f  water that form i so l ated 
l enses  in the s l ope waters . The average s h e l f/s l ope front i s  l ocated at the edge o f  the Conti nental  
She l f ( 200  m i sobath ) , varyi ng  about 50 km on e i ther  s i de of that pos i t i o n .  In  general , the front 
tends to move offs hore dur i ng w i nter and o n shore dur i ng s umme r .  

T h e  boundary between s l ope water a n d  the G u l f Stream i s  a l so h i gh l y  mob i l e  because the Gu l f 
Stream meanders w i th i ncreas i ng amp l i tude from Cape Hatteras to an a rea s o uthwest  o f  Georges  Bank  
where the l oopi ng meanders may p i nch off  and form l arge- sca l e ( 100- km) a n t i cyc l on i c  edd i e s .  Because 
these features are composed o f  i nterl eaved l ayers o f  c o l der  s he l f  and s l ope waters around a central  
core o f  water der i ved from the Sargasso  Sea , they are c a l l ed wa rm- core r i ngs . The r i ng s  are very 
e nerget i c ,  w i th . h i gh water ve l oc i t i es ( 30 - 140 cm/s ) .  Warm-core r i ngs  move s l owly to the southeast 
( 3- 1 5  km/d ) unt i l they d i s s i pate or  merge wi th the G u l f Stream i n  the v i c i n i ty o f  Cape Hatteras . 
S i te 106 i s  i n  the path of warm- core ri ng movement a l ong  the Conti nental  S l ope ( F i gure E . 4 ) .  I t  i s  
e s t i mated that r i ng s  occupy S i te 106 appro x i mate l y  20% o f  the t i me ( 7 0  days per  year )  ( B i s a g n i  1976 ; 
B i s a g n i  and Kester 1981 ) .  

E . 2 . 3 . 2  Water Masses  

F rom water temperature and s a l i n i ty data , Goul et and Haus knecht ( 1977)  d i st i ngu i sh n i ne water 
types i n  the area o f  S i te 106 ( F i gure E . 5 ) .  Four  o f  the water type s  have narrow and d i st i nct i ve 
ranges o f  temperature and sa l i n i ty represent i ng major reg i ona l  water mas s e s . These four-- the North 
Atl ant i c  deep wate r ,  western North Atl anti c wate r ,  North Atl a n t i c  central  water ,  and deep s l ope 
water--are subsurface  waters found be l ow the permanent pycnoc l i ne�  separat i ng  s u r face waters from 
deeper waters . F i  ve of the wate r  types are vari  et i es of s u r face wate r s , ca 1 1  ed  water categor i  e s .  
Three o f  t h e  catego r i es a r e  re l ated t o  p l ace of o r i g i n :  s he l f wate r , s l ope wate r , a n d  Gu l f  Stream 
water ;  the fourth category i s  re l ated to m i x i ng i n  warm-core r i n g s :  eddy water ;  and the f i fth catego ry 
i s  re l ated to p l ace o f  ori g i n  and seasonal  weather : s ummer s he l f  wate r.  F i gure E . 6  i s  a schemati c 
d i agram s howi ng  the re l at i ve pos i t i o n  of water types d u r i ng  passage o f  a warm-core r i ng .  

E . 2 . 3 . 3  Water Strat i f i cati on 

Wate r strat i f i cat i o n  i s  the resu l t o f  regi  o n s  of sharp changes i n  water dens  i ty wi  th depth 
( pycnoc l i ne s ) .  Two s uch  features are characte r i s t i c  of the dumps i te reg i o n :  a seasonal  thermoc l i ne 
that devel ops d u r i ng  s ummer heat i ng of the s urface wate r s , and a permanent pycnoc l i ne that separates 
surface waters f rom deeper waters . The seasonal thermoc l i ne i s  a re l at i v e l y  sha l l ow feature that 
dev e l ops  i n  s l ope and she l f waters dur i ng the spr i ng and s ummer .  S e l ected depth profi l es of  tempera
ture and s a  1 i n i ty a re presented i n  Fi gures E .  7 and E. 8 .  The seasona 1 thermocl  i ne  i s  evi dent from 
s harp decreases  i n  temperature i n  a depth range o f  near- s u r face to 50 m (June )  o r  30 to 50 m ( October ) .  
D u r i n g  wi nter months ( November  to Apri l ) ,  the tempe rature prof i l es o f  the upper 100 m d o  not s how s uch 
temperature dec l i ne s .  The permanent pycnoc l i ne i s  e v i dent  i n  both the temperature and s a l i n i ty d i a
grams a s  an area o f  s harp tempe rature decrease and s l i ght s a l i n i ty i ncreases  beg i nn i ng at 100 m .  

E . 2 . 3 . 4  Currents 

Ana l ys e s  of currents i n  the reg i o n  o f  S i te 106 come f rom two source s .  Woods Ho l e  Oceanograp h i c 
I ns t i t u t i o n  has operated current meters at S i te D ( F i gure E . 9 ) , 198 km northeast o f  S i te 106 , i n  an  
area  o f  the uppe r Conti nental  R i se s i mi l ar to the  l ower port i ons  o f  S i te 106 . I ngham e t  a l . ( 1977)  
have  ana l yzed these  data , ca l cu l at i ng average curre nt speed  and d i rec t i on ( Tab l e  E . 3 ) .  Ave rage 
c urrents are greate s t  i n  the upper waters  and decl i ne w i th depth . Current d i rect i o n  was genera l l y  to 
the wes t ,  wh i c h  i s  para l l e l  to the bottom contours at Site D .  Extrapo l at i ng these  data to S i te 106 
resu l ts i n  the a s s umpt i on that average currents o f  s i m i l ar mag n i tude f l ow to the s o uthwes t  i n  the 
v i c i n i ty o f  S i te 106 .  Th i s  a s s umpti o n  i s  s upported i n  a s ummary by Warsh  ( 1975)  o f  these and other 
c u rrent meas u rements i n  the v i c i n i ty of S i te 106 . 

�A pycnoc l i ne i s  a n  area o f  sharp changes i n  water dens i ty due to changes i n  sa l i n i ty ( ha l oc l i ne )  and/or 
temperature ( t hermoc l i ne ) .  
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F i gure E . 4 . E n ve l ope for Ant i cyc l on i c  Eddy T rajectori es .  Adapted 
from : I ngham et a l . ( 1977 )  and  B i s a g n i  ( 1976 ) .  

The U . S .  E n v i ronmental  Protecti on Agency has operated c u rrent meters  at a s i te used  for l ow- l eve l  
rad i oact i ve waste d i sposal  known a s  the At l ant i c  2800 m S i te .  T h i s s i te occu p i e s  a n  a rea  of 350 km2 
that i s  centered at 38°30 ' N  and 72°06 ' W- -coord i nates near the s o uthern boundary of S i te 106.  C urrent 
meters dep l oyed at 5 . 1 m and 96 m off the bottom meas u red average c urrents at the bottom that were 
southweste r l y  at 3-4 cm/s . Va r i ab i l i ty i n  c u rrents res u l ts from l ow- frequency var i ab i l i ty attri buted 
to t rapped topog rap h i c  Ros sby waves ,  i nternal  osc i l l at i ons due  to hurr i cane s , and  t i des . Maxi mum 
mot i ons  were on the order of 20 cm/s , great e nough to s u spend f i ne-gra i ned sed i me nts . However ,  speeds 
above 18 cm/s occurred l es s  than 1% of the t i me ( Hami l ton 1982 ) .  

E . 2 . 3 . 5 Sedi ments 

The bottom topog raphy of S i te 106 i s  i l l ustrated i n  F i g u re E . I 0 .  The s h a l l ower northeastern 
corner of the s i te conta i n s  the l ower port i o n  of Mey , Hend r i c ks o n , Tom ' s ,  and  Tom ' s M i d d l e canyon s- 
wh i ch transect the  Conti nental  S l ope . The  ave rage s l ope i n  th i s  area i s  4% compared to the re l at i v e l y  
f l atter s o utheastern port i o n  o f  t h e  s i te where t h e  average s l ope i s  1%. S�d i ments  a re s i l ts and 
sands , wi th s i l ts predom i na t i ng ( U . S .  E n v i ro n .  P rot .  Agency 1980 ) .  The  boundary between the l ower 
Cont i nenta l  S l ope a nd uppe r Cont i nental  R i se s hows some e v i dence of past eros i o n ,  but e ro s i o n was not 
e v i dent i n  observat i o n s  made w i t h  s ubmers i b l e s .  The  upper Conti nental  R i se  appears to have been an  
a rea  of tranqu i l  depo s i t i on for  at l ea s t  1000 years ( Heezen  197 5 ) .  B i scaye and O l sen  ( 1976 ) reported 
that the percent  of f i ne s e d i ment on  the bottom s urface of the l ower s l ope and upper r i se  was greater 
than 80% ,  wi th s evera l  patches of sed i ments  conta i n i ng 40-80% f i nes  wi th i n S i te 106 . S u spended 
sed i ments  at 10 m above the bottom were l es s  than 100 �g/L.  

E . 3 DESC R I PTION  AND TECHNI CAL ASP ECTS 

The var ious  faci l i t i es and act i ons  i nv o l ved i n  the ocean d i spo s a l  operat i o n  are s umma r i zed i n  
Tab l e  E . 4 . DOE wi l l  seek  a perm i t  from the EPA to d i spose of the NFSS  wastes at S i te 106 . The  dock 
wi l l  be l ocated i n  the Port of New York , wh i c h  encompasses  an  area from Sandy Hoo k and Rari tan Bay on 
the south to the New York/New Jersey and  New Yo rk/ Con nect i c u t  state l i nes  on the north ( F i gure  E . l ) .  
Dock faci l i t i es for l oa d i ng NFSS  wastes for mari n e  transport wi l l  b e  secured  by contract w ith  the 
owner/operator of the fac i l i ty .  
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F i gure E . 6 .  Schemat i c  D i agram o f  Water Types  from the Cont i nenta l 
She l f  Through a Warm- Core R i ng i n  the V i c i n i ty o f  
S i te 106 . Sourc e :  Adapted from Gou l et a n d  Haus knecht 
( 1977 ) .  
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Tab l e  E . 3 .  Vector Average C urrents f rom Meters Dep l oyed 
by Woods Ho l e  Oceanograp h i c  I ns t i t u t i o n  Near S i te D 

" 

27ee .. .  ' . .- .- . . . . . . . . . . 
� . , 

Cumu l at i ve Record Vector Average 
Meter Depths ( m )  Length ( days ) C urrents 

0-20 261 11 cm/s at 2980 

20-60 205 6 cm/s at 3040 

60- 150 385 8 cm/s at 2710 

150-600 326 2 cm/s at 2980 

900- 1100 249 3 cm/s at 2840 

1900-50 above bottom 574 2 cm/s at 2780 

Source :  I ngham et a l . ( 1977 ) .  
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F i g ure E . IO .  Bathymetry in  the V i c i n i ty of Deepwater 
Dump s i te 106 . Source :  B i sagn i ( 1977 ) .  



FAC I L I T I  ES  

D i spo s a l  s i te 

Berth i ng 

Barges 

Tug 

Tab l e  E . 4 . 

Waste hand l i ng 

Waste rece i v i ng 

Truck c l eanup 

Uti l i t i es s e rv i c es 

ACT IONS 

Waste de l i very 

Barge l oad i ng 

Barge tri ps  

D urat i o n  between barge t r i p s  

Round t r i p  t i me t o  s i te 

Dump i ng act i o n  t i me 

E- 12 

Summary of a Conceptua l Des i gn for Ocean D i sposa l  
of  the NFSS  Wastes 

DESC R I PT I ON 

S i te 106 , 196 kID ( 106 m i ) S E  of New York Harbor 

Dock i n  Port of New York , constructed of bu l khead w i th 
earth f i  1 1  

Three , bottom- dump type , each w i th a capac i ty of 
2600 m3 ( 3400 yd3 ) 

Ocean- go i ng for barge tow 

2 c rawl er  c ranes  w i t h  1 . 5-m3 ( 2-yd 3 )  c l amshe l l buc kets 

Waste b i n ,  350-m3 ( 450-yd 3 )  capac i ty 

Decontami nat i o n  pad , water- treatment fac i l i ty 

Wate r ,  e l ectri c i ty 

DESC R I PT I ONS 

61 trucks de l i ve r i ng 690 m3 ( 920 yd3 ) per day 

120 m3 ( 150 yd3 ) per hour by c l am s he l l  bucket 

3 - 5  per month ( 1- 2  barges per  tow) 

2 . 5 to 6 days 

44 hours at 9 kID/h ( 5  knots ) 

Less  than 30 m i nutes 

NFSS wastes wi l l  be de l i vered to the dock i n  15-m3 ( 20-yd3 ) capac i ty trucks , each truck conta i n
i ng about 12 m3 ( 16 yd3 )  of wastes due to we i ght 1 i m i ta t i o n s  ( see Appe nd i x  D ) .  Ocean- d i spos a l  
act i v i t i es w i l l  l as t  for 2 years , w i th a 6-month season  ( May-October)  i n  wh i ch 61  truc kl oads of waste 
( appro x i mately 690 m3 ) a re s h i pped each wo rki ng day . Dock operat i on s  w i l l  conti nue for 2 s h i ft s , f rom 
7 a . m . to 10 p . m . , i n  order to a l l ow f l ex i b i l i ty i n  schedu l i ng arr i v a l s a nd departure s .  On  arri v i ng 
at the doc k ,  the trucks wi l l  dump the i r  l oad i nto a l arge b i n  that wi l l  be l i ned w i th E PDM so that any 
runoff or other accumul ated water can be co l l ected for d i sposa l . After dump i ng the i r  l oad i nto the 
b i n ,  the trucks wi l l  be decontam i nated.  Act i v i t i es at the doc k wi l l  be con f i ned to an area wi th i n  
about 100 m ( 330 f t )  o f  the waste b i n .  

Al l runoff a nd other water wi l l  b e  co l l ected , sett l ed to remove part i cu l ates , treated t o  remove 
d i s s o l ved contam i nants , and then  d i scharged i nto the waters near the doc k .  F ug i t i ve dust em i s s i on s  
from t h e  b i n  a n d  barges  wi l l  be contro l l ed by keep i ng t h e  s u rface of t h e  wastes  mo i st .  Upon termi na
t i o n  o f  the contract for the doc k fac i l i ty ,  when a l l the NFSS wastes have been d i sposed at S i te 106 , 
the doc k area a nd e q u i pment wi l l  be s urveyed and  decontami nated . 

Three bottom-dump barges wi l l  be ded i c ated to th i s  a c t i o n  to a l l ow cont i n uous waste l oad i ng at 
the dock and to pro v i de conti ngency waste- storage capac i ty at the doc k .  The barges wi l l  have a 
capac i ty of 4100 MT ( 4500 tons ) ;  wh i c h  i s  equ i va l ent  to 2600 m3 ( 3400 yd3 )  of wastes . Wastes wi l l  be 
l oaded on the barge from the b i n  w i t h  c l am s he l l buckets operated by two crawl er  c ran e s .  

The barges wi l l  be towed t o  sea  b y  a n  ocean-go i ng t u g  secured on  contract .  T h e  barge route to 
the dumps i te wi 1 1  be through the c hanne  1 s of the Port of New York to Ambrose L i ght a n d  a l ong the 
Ambrose-Hudson Canyon t raff i c  l ane to the v i c i n i ty of the dumps i te ( F i gure E . 1 ) .  Dump i ng wi l l  occur 
at a sector of the dump s i te determi ned by the EPA.  The barge bottom wi l l  open up whi l e  the barge i s  
under tow , and the NFSS wastes wi l l  be rel eased  i nto the water .  After the wastes are dumped , the 
barges wi l l  be decontami nated by was h i ng down wi th hoses  at the ocean dumps i t e .  

A round-tri p t i me o f  4 4  hours i s  expected f o r  t h e  d i sposa l  act i on .  T h e  f requency o f  t r i p s  to 
S i te 106 wi l l  be determi ned by the rate of waste de l i very to the doc k .  At a de l i very rate of 690 m3 
( 900 yd3 ) per day , d i sposal  t r i p s  are expected every 4 days on the average , rang i ng from 2 . 5 to 6 days . 
Use o f  three barges wi l l  prov i de waste- s torage space to a l l ow 5- to 6- day de l ays i n  barge operati o n s  
w i thout i mped i ng was te- remova l act i v i t i e s  at N F S S .  T h e  three barges can  ho l d  a b o u t  11  days of was te 
de l i very .  Barge opera t i o n s  wi l l  be s uspe nded from November  through Ap r i l  when the p robab i l i ty of 
extreme weather is  h i gh ( Se c t i o n  3 . 4 ) .  

A tota l o f  2 6  to 28 peop l e  wi l l  be i nvol ved i n  the d i sposal  act i on-- i nc l ud i ng doc k .  tug . and 
barge workers , a n d  s upervi sory and  mon i tori ng personne l .  I n  add i t i on . regu l atory age ncy personne l  may 
occas i o na l ly  be aboard the tugs as observe rs . 
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E . 4  WASTE- FATE SCENAR IOS  

E . 4 . 1 Phys i ca l  Processes  Re l ated t o  Waste Fate 

The  NFSS wastes wi l l  be car r i ed to the dumps i te i n  a ba rge with a sp l i t- type hu l l .  Wastes  wi l l  
be dumped by open i ng the h u l l whi l e  the barge i s  be i ng towed , and i t  i s  ass umed that the wastes wi l l  
l eave the barge qu i c k l y ,  pe rhaps i n  a s i n g l e mas s .  T h e  fate of the wastes after the dump wi l l  depend 
on the i r  mecha n i c a l  p ropert i e s  a s  we l l  as  ocean m i x i ng p rocess e s . 

NFSS wastes wi l l  be composed pr imar i l y  of so i l s  that have been excavated and recompacted several  
t i mes  duri ng the s i te c l ea nup p e r i o d .  T h e s e  s o i l s  a r e  a heteroge neous m i xture of top so i l s  a n d  s ub
s o i l s  wi th vari ab l e  contents of c l ays , s i l ts ,  and sands (Anderson et a l . 1981 ) .  Some port i o n s  o f  the 
wastes may be very sandy , wherea s  other port i ons  may be very c l ayey . In add i t i o n , organ i c  matte r i n  
s u r face so i l s  may contri bute to a very d i fferent s o i l texture than i norga n i c  s u b so i l s .  N FSS s o i l s  on 
the average conta i n  37% c l ays , 26% s i l ts ,  and 37% sands . C l ays make so i l s  s t i c ky (wet) or  c l oddy 
( dry ) and decrease the rate of water moveme nt .  C l ayey c l umps or c l ods wi l l  be res i stant  to m i x i n g  
wi  t h  water because  water wi  1 1  b e  s l ow t o  penetrate them , and they wi l l  s i n k because the i r dens i ty 
( 1 . 8  g/cm3 ) i s  greater than  that of seawater ( 1 . 024 g/cm3 ) .  

Sands and humus make s o i l s  fr i ab l e ,  more eas i l y broken i nto sma l l s o i l aggregate s .  The sodi um 
content of seawater s houl d tend to destab i l i ze aggregates by d i srupt i ng the bonds between so i l 
parti c l es and orga n i c  matte r .  Very sma l l  s o i l  part i c l e s ,  p l uc ked by turb u l ence from the s o i l c l umps 
and agg regates , cou l d  become we l l  m i xed wi th s eawater and s i n k  s l ow l y  due to the i r  smal l part i c l e  s i ze 
( see Sect i o n  E . 4 . 2 ) .  The forces that wi l l  tend to m i x  the wastes  w i th water are turbu l ence due  to the 
wa ke of the barge and tug , oce a n i c  turbu l ence at the sea  s urface , and water turb u l ence at the s u rface 
of waste c l umps that are s i nk i ng th rough the wate r .  No method i s  ava i l ab l e  t o  d i rect ly  cal c u l ate the 
brea kup of so i l aggregates or c l umps i nto i nd i v i dua l  s o i l  part i c l es , even i f  the texture and aggrega
t i o n  of NFSS so i l s  we re known and the e ffect o f  seawate r on  the s o i l s  was descr i bed.  

Even if  a l l the so i l  part i c l es mix thorough ly  w ith  seawate r  at the i n stant they enter the wate r ,  
i t  i s  not c l ear whether they wou l d  rema i n  i n  the surface  waters or  s i nk to deep depths . Concentra
t i o ns  of parti c l es i n  water ra i se the den s i ty of the water s o  that i t  tends to s i n k ,  a process  ca l l ed 
convec t i ve descent .  Baumgartner ( 1970 ) has  p resented a s i mpl i f i ed ca l c u l ati on for e s t i mat i ng convec
t i ve descent of a waste c l oud o f  so l i ds dumped f rom a barge . The method a s s umes  that the barge l oad 
i s  dumped i nstantaneous l y ,  form i ng a s l urry w i th seawate r .  The i n i t i a l  s i z e  o f  the waste mas s i s  
a s s umed to be sma l l  i n  compa r i son  to the depth o f  the wate r ,  but a s  the mass  s i n ks , i ts vo l ume g rows 
as i t  entra i ns ( capture s )  seawater at a rate p roport iona l  to i ts mean ve l oc i ty .  Currents are i gnored 
in th i s  mode l ; they a re expected to i ncrease the d i l ut i o n  and decrease the descent rate o f  the c l oud . 
The formu l at i o n  o f  th i s  ana l ys i s  i s : 

whe re : 

3 . 8 

the depth of c l oud descen t ,  

i n i t i a l  rad i us of the waste mass , 

= i n i t i a l  d i fference i n  dens i ty between the 
s u rround i ng water and the waste ma s s ,  and 

� = ve r t i c a l  den s i ty grad i e nt .  �z  

App l y i ng th i s  mode l to N FSS waste  d i sposal  ach i eves  the fo l l owi ng re s u l ts .  The rad i u s o f  the 
wa ste mas s  i s  not known because a barge i s  l o ng ( 150 m) and narrow ( 1 6  m ) .  There fore , a c a l c u l a t i o n  
i s  made f o r  e a c h  d i me n s i o n , a n d  t h e  pred i cted depth o f  c l o ud descent i s  a s s umed t o  b e  somewhere 
between these two va l ue s .  The wet wastes i n  the barges have a dens i ty of 1600 kg/m3 ( 1 . 6 g/mL )  
whereas t h e  dens i ty of s eawater at t h e  s u r face o f  t h e  s i te · i s 1024 kg/m3 ( 1 . 024 g/m L )  (Tab l e  E . 5 ) .  
Thus , �p i s  equa l  to 576 kg/m3 . Because the dens i ty o f  water at 100 m i s  1028 kg/m3 and the dens i ty 
of water at the surface i s  1024 kg/m3 ( T ab l e  E . 5 ) , the dens i ty grad i e nt i s  0 . 04 kg/m4 . For  a wa ste 
cl oud wi th a rad i us of 8 m ,  Zmax i s :  

= 3 . 8  ( 8  m ) 3/4 ( 576 kg/m3 ) 1/4 
= 

( 0 . 04 kg/m4 ) 1/4 150 m 



For  a waste c l oud wi th a rad i u s  o f  80 m ,  Zmax i s : 

E - 14 

3 . 8  ( 80 m ) 3/4 ( 576  kg/m3 ) 1/4 
Z = - - = 1 , 100 m max ( 0 . 04 kg/m4 ) 1/4 

Even  i f  the wastes  were d i l uted 10- fol d dur i ng the dump to a dens i ty of 0 . 090 kg/m3 before they began 
the i r  descent , Zmax wou l d  b e :  

3 . 8  ( 6  m ) 3/4 ( 66 kg/m3 ) 1/4 
= 

( 0 . 04 kg/m4 ) 1/4 

whe re : �p 66 kg/m3 and R = 6 m ;  

o r ,  

= 3 . 8  ( 80 m ) 3/4 ( 66  kg/m3 ) 1/4 

( 0 . 04 kg/m4 ) 1/4 

where : � = 66 kg/m3 and R = 80 m .  

8 8  m 

647 m 

T h i s ana lys i s  i l l ustrates that , i f  wastes  are comp l ete l y  m i xed wi th water d u r i n g  dump i ng opera
t i o n s , sma l l port i ons  of the waste mas s  that are we l l  m i xed wi th water wi l l  l ose  the i r  momentum due to 
convecti ve descent whi l e  s t i l l  i n  the s u rface wate rs above the permanent pycnoc l i ne .  Even  i f  a smal l 
i n i t i a l  waste mas s i s  o f  h i gh dens i ty ,  convect i ve descent wou l d  bare l y  carry the wastes through the 
permanent pycnoc l i ne .  Howe v e r ,  i f  the waste mass  l eft the barge a s  a s i ng l e  l arge mas s ,  a s  descri bed 
i n  th i s  act i o n , convec t i v e  descent s hou l d  carry the mas s  to the i ntermed i ate o r  l ower waters o f  the 
dump s i te ,  even i f  the wastes are i n i t i a l ly  d i l uted by addi t i onal  s eawater .  

The  a s s e s sment used i n  t h i s  ana lys i s  i s  based o n  two waste- fate scenar i o s , as defi ned i n  Sec
t i o n  4 . 5 . 2 . The f i rst scenari o as sumes that a l l the wastes s i nk d i rect ly  to the bottom of the dump
s i te wi thout m i x i n g .  T h i s scena r i o  i s  u sed to a s s e s s  i mpacts from d i sposal  of wastes to the sea 
f l oo r .  The  second scenar i o  a s s umes that a l l wastes are i mmed i ate l y  m i xed i n  the s u rface waters ( from 
the s urface to the upper boundary of the pycnoc l i ne ) .  T h i s scenari o i s  used to a s se s s  i mpacts f rom 
d i spers i on of wastes i n  the upper l ayers of the dump s i te .  

Tab l e  E . 5 . E s t i mated Seawater V i scos i ty and Dens i ty U sed for 
Stoke s '  Equat i o n  Ca l cu l at i on of Sett l i ng Rates of 

NFSS Waste Parti c l es at S i te 106t 1 

Depth I nterval  Temperature Sal i n i ty V i sco s i ty Dens i ty 
( m )  ( 0C )  (%) ( po i se )t2  ( g/mL)t3 

0 - 10 22 3 5 . 00 0 . 0 105 1 .  024 
10-20 18 35 . 20 0 . 0115 1 .  025 
20-30 14 . 5 3 5 . 33 0 . 0122 1 .  026 
30-40 14 35 . 40 0 . 0126 1 . 026 
40-50 13 . 5  35 . 53 0 . 0126 1 .  027 
50-60 13 3 5 . 00 0 . 0129 1 . 027 
60-70 12 . 5  35 . 73 0 . 0133 1.  028 
70-100 12 3 5 . 73 0 . 0 133 1 .  028 

100-200 9 35 . 4  0 . 0 140 1. 028 
200- 300 8 3 5 . 13 0 . 0 142 1.  028 
300-400 5 . 5 35 . 0  0 . 0144 1. 028 
400- 500 4 . 5 3 5 . 0 0 . 0144 1 .  028 
500- 600 4 . 5 35 . 0  0 . 0144 1. 028 
600-700 4 . 3 3 5 . 0 0 . 0144 1. 028 
700-900 4 . 0  34 . 9  0 . 0180 1 . 028 
900- 1000 4 . 0  34 . 9  0 . 0180 1. 028 

1000-2000 3 . 75 34 . 9  0 . 0180 1. 028 
2000- 2500 3 . 00 34. 9 0 . 0171 1 .  028 

t 1  Deri ved f rom tab l es o f  Wa l to n  Sm i t h  ( 1974 ) u s i ng data for temperature 
and sa l i n i ty i n  J u l y  f rom F i g u re E . 8 . 

t2  1 po i se = 1 g/cm - s .  
t 3  1 g / m L  = 1 0 0 0  kg/m3 . 
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E . 4 . 2  Scenar i o  I .  Waste Depos i t i o n  to the Sed i ments 

Scenar i o  I ana l yzes a case  i n  wh i c h  it  i s  as s umed that a l l the wastes s i n k d i rect ly  to the bottom 
of the dump s i te w i thout m i x i n g .  T h e  waters of S i te 1 0 6  are 1750- t o  2750-m deep , wi th average current 
speeds of 2-11 cm/s ( 11 cm/s at the s urface and 2 cm/s i n  deeper wate r ) . It i s  u n l i ke l y  that s i n k i n g  
o f  N F S S  so i l s  wi l l  fa l l t o  t h e  s e d i ments d i rect ly  under t h e  l oc a t i o n  of t h e  d ump d u e  t o  t h e  e f fects o f  
cu rre nts on part i c l e movemen t .  T h e  s i n k i ng rate of t h e  so i l  wi l l  b e  determ i ned by s o i l den s i ty ,  water 
dens i ty ,  s i ze and geometry of so i l  c l umps , and t u rbul ence due to pas sage of the so i l  part i c l e s .  

S i n k i ng o f  part i c l es that a re smal l ,  such  a s  so i l parti c l es , h a s  been approxi mated by s everal  
formu l ae ,  one of wh i c h  i s  the Stokes ' equat i o n .  T h i s  equa t i o n  as sumes that part i c l es are spheres and 
sma l l enough « 0 . 2  cm) so that drag due to f r i c t i o n  and  turbul ence i s  negl i g i b l e . Other equat i o n s  
used t o  pred i ct parti c l e  sett l i ng rates f o r  shapes o t h e r  t h a n  spheres res u l t  i n  smal l e r settl i ng 
v e l oc i t i es than pred i cted by Stokes ' equat i o n  for parti c l es l arger than 0 . 01 cm (Graf 1971 ) , and the 
d i fferences i ncrease with part i c l e  s i ze .  

Al though NFSS  so i l  parti c l es are not pe rfect spheres o r  smooth- s urfaced , t h e  app l i ca t i o n  o f  
Stoke s '  equat i on to c a l c u l ate theoret i ca l  sett i ng rates o f  NFSS  wastes  i s  s t i l l  v a l i d  because the s o i l 
fract i onat i o n  method used to determi ne the s i ze range of so i l  parti c l es i s  based on measureme nts of 
the i r  sett l i ng rates ( Day 1965 ) .  Thu s , the data on the percent o f  so i l s  i n  each s i ze c l a s s  are 
actua l ly  the proport ion  of s o i l s  that act a s  though they are pe rfect spheres of u n i form den s i ty 
( p  = 2 . 6 5 )  i n  that s i ze c l as s .  The parti c l e- s i ze compo s i t i o n  of NFSS  s o i l s ,  wh i ch i nd i cates a c l ay
l oam so i l  type , are l i sted i n  Anderson et a l . ( 198 1 ) . On  the ave rage , c l ays  represent  37% by we i ght 
o f  the so i l s ,  s i l ts rep resent 26% , and sands  represent  37%. 

Stoke s '  equat i o n  def i nes  the settl i ng v e l o c i ty as  the resu l t  of a downward force due to the 
negat i ve buoyancy o f  the part i c l e s , that i s  res i sted by the v i sco s i ty of the med i um .  Stokes ' equa t i o n  
i s :  

whe re:  v = sett l i ng ve l oc i ty ,  

g acc e l erat i on due  to grav i ty ,  

P = dens i ty o f  the parti c l es ,  p 

Pm = dens i ty of the med i um ,  

r = rad i u s o f  the parti c l e ,  and 

� = v i scos i ty of the med i um .  

Settl i ng rates f o r  N F S S  waste part i c l e s  through t h e  wate r co l umn at S i te 1 0 6  a r e  c a l c u l ated based 
on a rep resentat i ve phys i ca l  descr i pti on of S i te 106 oceanography (Tab l e  E . 5 )  obta i ned from a prof i l e  
o f  average temperature and s a l i n i ty for J u l y  for a n  area adjacent to S i te 106 ( Marsden Square 116 , 
Subsquare 9 1 ,  i n  Wa rsh  [ 1975 ] ) .  These data are representat i v e  of cond i t i ons  that  wi l l  be found dur i ng 
the NFSS  dump i ng ac t i o n .  F rom these data , seawater dens i ty and v i scos i ty are determi ned from standard 
tab l e s of re l at i ve dens i ty and v i scos i ty (Wa l ton Sm i th 1974 ) .  

Sett l i ng rates for NFSS  wastes  a t  sea  s u rface dens i ty a nd v i sco s i ty are a funct i o n  o f  s o i l 
part i c l e  s i ze .  Settl i ng rates are :  ::;; 0 . 003 cm/s fo r c l ay part i c l es « 0 . 002 mm ) ;  from 0 . 003 to 
0 . 17 cm/s for s i l t  part i c l es ( 0 . 002-0 . 02 mm ) ;  from 0 . 17 to 13 cm/s for f i ne-grai ned sand  part i c l es 
( 0 . 02-0 . 2 mm) ; and from 13 to 3600 cm/s for coarse-grai ned sand parti c l es ( > 0 . 2 mm ) .  

Sett l i ng rates at d i fferent depths are p resented i n  Tab l e  E . 6  for c l ay part i c l es ( 0 . 002 mm ) ,  s i l t  
part i c l es ( 0 . 02 mm ) ,  and f i ne sand  parti c l es ( 0 . 2 mm ) .  These e s t i mates i nd i cate that sett l i ng rates 
a re h i gher i n  the s u rface waters and decrease wi t h  depth .  Th i s  ef fect i s  due to i nc reas i ng dens i ty 
and  v i scos i ty of seawater a t  g reater depth s .  Total  descent  t i mes  for part i c l e s  are c a l c u l ated by 
d i v i d i ng sett l i ng rates i nto depth i nterva l s  and then s umm i ng over the enti re water co l umn ( T ab l e  E . 7 ) .  
These res u l ts s how that f i ne sand  cou l d  s i n k to the bottom i n  38 hours , due on ly  to the  dens i ty o f  the  
parti c l es .  

I t  i s  not pos s i b l e  t o  d i rect l y  c a l cu l ate the s i nk i ng o f  s o i l c l umps and aggregates because there 
i s  no i nformat i on on t he i r  s i z e ,  shape , o r  roughne s s .  These characteri s t i c s wi l l  cause  the� r s i n k i ng  
rates  to be l es s  than pred i cted by Stokes ' equat i o n  for  part i c l e s  l a rger than 0 . 2  mm . However s i n k i ng 
of l a rge c l umps and  c l od s  of NFSS  wastes shou l d  be no l es s  rap i d  than the l a rgest  part i c l e  for w h i c h  
the Stoke ' s  equat i on can reasonab ly  be used , and  part i c l es of th i s  s i ze ( 0 . 2 mm ) wou l d  s i n k  to t h e  
s e d i ments of the dumps i te i n  3 8  hours . 
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Tab l e  E . 6 .  Sett l i ng Rates of Waste Parti c l es at S i te 106 

Depth Settl i ng Rates �cm/ s 2  �er S i ze o f  Part i c l es 
( m )  0 . 002 mm 0 . 02 mm 0 . 2  mm 

0 0 . 00034 0 . 034 3 . 4  
10 0 . 00034 0 . 034 3 . 4  
20 0 . 000�1 0 . 031 3 . 1 
30 0 . 00029 0 . 029 2 . 9  
40 0 . 00028 0 . 028 2 . 8  
50 0 . 00028 0 . 028 2 . 8  
60 0 . 00027 0 . 027 2 . 7 
70 0 . 00027 0 . 026 2 . 6 

100 0 . 00027 0 . 026 2 . 6 
200 0 . 00025 0 . 025 2 . 5 
300 0 . 00025 0 . 025 2 . 5 
400 0 . 00025 0 . 025 2 . 5  
500 0 . 00025 0 . 024 2 . 4 
60{) 0 . 00025 0 . 024 2 . 4  
700 0 . 00025 0 . 024 2 . 4 
900 0 . 00020 0 . 020 2 . 0  

1000 0 . 00020 0 . 020 2 . 0 
2000 0 . 00020 0 . 020 2 . 0 
2500 0 . 00020 0 . 020 2 . 0 

Tab l e  E . 7 .  Descent T i me to Depth for 
Waste Parti c l es at S i te 106 

Depth Descent T i mes  ( h )  �er S i ze o f  P a rt i c l es 
( m )  0 . 002 mm 0 . 02 mm 0 . 2  ,om 

10 820 8 0 . 08 
20 1 , 700 17 0 . 17 
30 2 , 700 27 0 . 27 
40 3 , 700  37 0 . 37 
50 4 , 600  46  0 . 46 
60 5 , 700 57 0 . 57 
70 6 , 700 67 0 . 6 7  

100 9 , 800 98 0 . 98 
200 2 1 , 800 210 2 . 1 
300 32 , 000 320 3 . 2  
400 43 , 000 430 4 . 3  
500 54 , 000 540 5 . 4  
600 6 6 , 000 660 6 . 6 
700 77 , 000 770 7 . 7 
900 105 , 000 1000 10 

1000 120 , 000 1200 12 
2000 260 , 000  2600 26  
2500 330 , 000 3800 38 
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Graf  ( 1971)  has p re sented c u rves o f  sett l i ng v e l oc i ty versus  part i c l e d i ameter for d i fferent 
equat i ons  and parti c l e  s hape s .  At parti c l e  s i ze s  l arger than 0 . 2  mm , sett l i ng v e l oc i t i es depart from 
the pred i ct i o n s  of Stoke s '  equati on .  Sett l i ng rates for nonsph e r i c a l  part i c l e s  10 mm i n  d i ameter , 
such  a s  smal l c l ump s o f  so i l ,  a re on the order of 40 to 100 cm/ s .  A t  th i s  ve l oc i ty ,  part i c l es wou l d  
reach the  bottom o f  the d ump s i te i n  0 . 8  to 2 hours . Dur i ng the i r  descent to the bottom o f  the d ump
s i te ,  the c l umps or c l ods  w i l l  be trans l ocated by c u rrent s .  Dur i ng  a 0 . 8- to 38- hour descent t i me , 
c l umps and c l ods  wou l d  be depo s i ted from w i th i n  0 . 3  to 1 . 6  km o f  the d ump l ocat i on under  average 
c urrents such as  g i ven  i n  Tab l e  E . 3 . 

Radionuc l i d e  concentrati ons i n  wastes depos i ted o n  the ocean f l oor wou l d  be essenti a l l y  u nd i l uted 
a s  l ong as  waste depos i t s  were th i c k  enough to p revent m i x i ng w i t h  u ncontam i nated sed i ments by the 
st i rr i ng act i o n  of burrowi ng a n i ma l s ,  a p roces s ca l l ed b i oturba t i o n .  Based on rad i on uc l i de d i stri bu� 
t i ons  i n  s e d i ment cores , Coch ra n  ( 1982 ) e s t i mates that sed i ment  m i x i ng depths are 7 to 15 cm and 
mix i ng rates range from 1 x 10-9 to 15 x 10-9 cm2/s i n  the deep sea ( 1600-5040 m) .  Waste depos i ts 
greater than 7 to 15  cm th i c k  wou l d ,  the refore , not be apprec i ab l y  d i l uted by b i oturbati on and the 
rad i um-226 concentrat i on wou l d there fore rema i n  c l ose to the ori g i nal  36 pCi / g .  Was te depo s i ts l es s  
than th i s  th i c kne s s  wou l d  b e  d i l uted w i t h  unde r l y i ng sed i ments by b i oturbati on act i v i t i es .  

I t  i s  u n  1 i ke l y  that wastes  from repeated dumps w i  1 1  1 and at the same spot o n  the bottom of 
S i te 106 because barge l ocati o n  and c urrent strength and d i rect i on wi l l  be s omewhat vari ab l e . Maxi mum 
a re a l  coverage o f  the dump s i te sed i ments wou l d  occur i f  each waste d ump were depo s i ted  i n  a d i fferent 
area and i f  the sed;  ments spread 1 atera l l y a s  they descended through the water .  I f  was tes were 
depos i ted an average of 7 cm ( the  m i n i ma l  depth of b i oturbati o n )  over an area of 2 . 6  km2 , l e ss  than 
0 . 2% of the area of S i te 106 wou l d  be covered w i th waste s .  

Trace e l ements , i nc l ud i ng rad i um- 226 , i n  the wastes wi l l  enter the water f i l l i ng the pore s o f  the 
waste depo s i t  and move i nto the water above the waste .  In order to d i rect l y  c a l c u l ate the quant i ty of 
trace e l ements enteri ng the bottom waters o f  the d umps i te ,  it  is  nece ssary to know the f l ux of each 
e l ement from the sed i ment , the rate o f  wate r movement over the s urface o f  the waste p i l e ,  and the 
d i s tance the water moves over the waste p i l e .  The amount o f  a n  e l ement such  a s  rad i um-226 ente r i ng a 
g i ve n  vo l ume of water mov i ng over the waste p i l e  i s  then equa l to the f l ux f rom the  sed i me nts mu l t i 
p l i ed by t h e  l ength of t h e  waste p i l e  and d i v i ded by t h e  rate o f  water movement over t h e  was te p i l e . 

The f l uxes of trace meta l s  from s o i l s  s uch  as N FSS was tes i n  seawater are not known . Howeve r ,  an  
app rox i mat i on can be obta i ned f rom the work o f  Cochran ( 1979 ) who deve l oped a mode l  based on the 
rad i onuc l i de d i sequ i l i b ri a  sed i ment cores from vari ous  deep- sea ocean env i ronments .  F rom th i s  mode l , 
Cochran ca l cu l ated the rad i um- 226 f l uxes ( re l ease o f  rad i um-226 thro ugh the s e d i ment s urfac e )  from 
s e d i ments to water as 0 . 04 to 0 . 1 pCi /cm2 ·yr .  The l a rgest  f l ux was from a core i n  the Pac i f i c  Ocean 
where the sed iment rad i um-226 concentrat i o n  was i n  exces s o f  25 pC i /g ( s o l i ds ) .  At th i s  l ocat i on , 
s e d i mentati on rates were very l ow « 0 . 5  cm/l000 yr) . I n  the Mi d-Atl anti c ,  f l ux rates were l ow and 
h i gher s e d i mentat i o n  rates were h i gher ( >  1 . 0 cm/l000 yr) . A l though sed i menta t i o n  rates at S i te 106 
are p robab l y  h i gh  due to the s i te ' s  prox i m i ty to the Conti nental  She l f and S l ope , the wastes wi l l  not 
be covered by new sed i ments for some t i me after  waste depos i t i o n .  Therefore , the l argest f l ux 
repo rted by Cochran ( 1979) i s  the most appropri ate val ue for e s t i mat i ng movement o f  rad i um-226 from 
the sed i ments to the ove r l y i ng  water s .  

F l uxes o f  radi um-226 s i m i l ar t o  t h e  l argest ca l cu l ated by Cochran ( 1979 ) wou l d  be requ i red to 
ra i se the concentra t i on of rad i um- 226 i n  the bottom waters of the d ump s i te a meas u rab l e  amount  above 
background , even i f  rad i um- 226 mi xed o n l y  i n  a l ayer of water I-m deep . Actua l l y ,  the depth o f  the 
near-bottom water  i s  p robab ly  20-50 m. The contami nati o n  o f  bottom water mov i ng over the waste p i l es 
from rad i um-226 f l ux from the was tes  i s  cal c u l ated based on the a s s umpt i on that a f ront  o f  water 
1 meter i n  depth moves over a waste p i l e  that has been depos i ted 0 . 3- 1 . 6 km from the dump l ocat i on . 
The l ength o f  the waste p i l e  i s  there fore 1 . 3  km . (The  other d i mens i ons of the was te p i l e  are 
i rrel evant to the ca l cu l a t i o n- - see prev i ous d i s c u s s i ons ) .  Data f rom c u rrent moori ngs at the 2800 m 
rad i oacti ve was te- d i sposa l s i te just  south o f  S i te 106 i nd i cate that average c u rrent speed w i th i n  5 m 
o f  the bottom are 3-4 cm/s ( Ham i l ton 1982 ) .  At a rate o f  travel o f  3 cm/s , the front o f  bottom water 
wou l d take 12 h to pass over the was tes .  The greatest rad i um-226 f l ux mea s u red  by Cochran was 
0 . 1 pC i /cm2 'yr , wh i c h  is equal to 0 . 1 pC i /m2 · h .  As a c ub i c  meter o f  water ( 1  m2 by 1 m h i gh )  trave l ed 
over the depo s i ted wastes for 12 hours , i t  wou l d  rec e i v e  l ess  than 2 pC i /m3 ( 0 . 002 p C i / L )  of  rad i um-
226 . The average natura 1 rad i um- 226 content o f  sea water i s  0 . 1 pC i / L  (Joseph et a 1 .  1971) ; there
fore , the p redi cted radi um- 226 content of bottom water f l ow i ng over the waste wou l d  be ra i sed on ly  2% 
above natural concentrat i o n s . 

E . 4 . 3  Scenar i o  I I :  Waste D i spers i o n  i n  Surface Waters 

Because  i t  cannot be determi ned what port i on o f  the NFSS was tes  wi l l  be we l l m i xed wi th seawater 
and whether wel l -mi xed wastes wi l l  be carr i ed to deeper waters be l ow the pycnoc l i ne by convect i ve 
c l oud  descent , Scena r i o  I I  ana lyzes a case i n  wh i c h  i t  i s  a s s umed that a l l the was tes rema i n  i n  the 
s urface waters . It i s  a l so a s s umed that the was tes are we l l m i xed w i t h  seawater from the s urface to 
the upper edge of the pyc noc l i ne ( 100 m) by convect i v e  c l oud descent short l y  after be i ng dumped .  The 
was tes wi l l  form a patch that wi l l  move wi th the currents and be d i spersed by the m i x i ng p roces ses  of 
the s e a .  
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Many phys i ca l  oceanographi c  features contai n  energy i n  turbu l ent mot i ons  that mi x water .  Some of 
these features  occurri ng  at S i te 106  are currents , waves , sma l l - s ca l e  eddy d i ffus i v i ty ,  f ront s , and 
wa rm- core r i n g s  ( Secti on E . 2 ) .  

P r i tchard et a l . ( 1971 )  have rev i ewed theore t i c a l  formu l at i ons  for two- d i me n s i o n a l  hor i zonta l 
d i spers i o n  i n  the s e a .  The so l u t i o n s  to the formu l at i ons  propose that the var i ance , 02 ( mean  square 
d i stance o f  part i c l es f rom the center o f  the waste mas s ) ,  s hou l d  be proport i ona l  to t i me to the second 
( t2 )  o r  thi rd ( t 3 )  power .  Such  so l ut i o n s  i nd i cate that the stre ngth of the d i f fus i ve p rocesses  
i nc rease  w i th the s i ze of the d i ffus i ng patc h .  P r i tchard et a l . ( 19 7 1 )  report an  a n a l ys i s  by O kubo 
( 1962 ) where regre s s i o n  o f  the vari ance (02 ) versus  t i me ( t )  for exp e r i me nta l data o f  d i spers i on i n  
the ocean g i ves  the re l at i o n s h i p  between var i ance and t i me to be : 

02 = 0 . 006 x t2 . 5  

T h i s re l at i on s h i p  suggests that waste-patch spread i ng i n  the ocean wou l d b e  somewhat l es s  than that 
pred i cted by the "4/3rds l aw o f  d i f fu s i on"  ( d i ffus i on coeff i c i e nt i s  a funct i o n  o f  width o f  the patch 
to the 4/3 powe r ) , w h i c h  i s  equ i v a l ent to 02 = f ( t3 ) .  

The vari ance (02 ) o f  the waste-patch d i stri buti o n  i s  rel ated to the d i s t r i b u t i o n  o f  wastes i n  a 
c ro s s  sect i on o f  a waste-patch center .  So l ut i on s  to d i ffus i o n  equat i ons res u l t  i n  a normal  or 
Gaus s i an d i stri buti on  o f  wastes acro s s  a waste patc h ;  there fore , the  Gaus s i an parameter 02 ( va r i an c e )  
i s  used t o  i nd i cate t he d i s t r i but i on o f  waste concentrat i ons  acro s s  t h e  width  o f  a waste patc h .  

The  Gaus s i an d i stri buti o n  ( F i gure E . 1 1 )  i s  descri bed by two parameter s :  t h e  mean ( ; ) ,  wh i c h 
i de nt i f i es the center of the d i str i but i o n ; and the standard dev i at i on ( 0  = s i gma) , w h i c h  def i nes  the 
sp read of the c urve away f rom t he center o f  the d i str i but i o n .  The  standard dev i at i o n  (0) i s  the 
square root o f  the v a r i ance ( 02 ) .  The equati on for a ny p o i nt ( x ,  y )  o n  the Gaus s i an d i s t r i b u t i o n  i s :  

where : yx = h e i ght  o f  the c u rve at a ny po i nt a l ong  the abc i ss a ,  

x = pos i t i o n  o f  the p o i nt o n  the abc i ss a  re l at i ve to the mean ( ; ) , 

o = standard dev i at i o n , and 

x = mean or center of the d i str i buti o n , l ocated s omewhere o n  the 
abci  s s a .  

T h e  Gaus s i an d i s t r i b u t i o n  represents t h e  concentrat i on o f  wastes  i n  a c r o s s  sect i o n  through a n  
a rea  conta i n i ng waste s .  Concentra t i o n s  (y  ) a ry p l otted aga i nst  d i stance ( x )  a c r o s s  t h e  waste- f i l l ed 
area . The center o f  the wastes i s  des i g nlted x = 0 ,  and  d i stance i s  m�a s u red to e i ther s i de o f  that 
p o i nt .  Waste concentrat i on s  a re h i ghest  at the center  of the wastes (x )  and decrease w i t h  d i stance 
away f rom that po i nt .  The  decrease i n  waste concentrati o n  with d i stance i s  de f i ned by o .  When 0 i s  
sma l l ,  the curve i s  narrow and h i g h ;  when 0 i s  l arge , the curve i s  w i d e  and l ow .  The l ocat i on of 0 on  
the x ax i s  i s  the po i nt where 34 . 13% o f  the a rea under the be l l - shaped curve  i s  e n c l osed between  x = 0 
and x = 0 ( o r  -0 a s  i n  F i gure E . 11 ) .  

W i th a Gaus s i an  waste d i s t r i b ut i o n , the waste concentrat i on s  w i th i n  a waste c l oud a re a t  a max i 
mum i n  the center and decl i ne toward the edge . The  observed boundari es o f  waste- f i l l ed areas are 4 to 
4 . 3  t i me s  o .  Wi th t i me ,  d i sper s i o n  p rocesses  cause  t h e  wastes t o  sp read (0 i ncreases ) ,  reduc i ng the 
concentrat i on o f  the wastes thro ughout the c l oud .  _ I f  the wastes  spread i n  o n  ly  one d i  rect i on ,  the 
p ropo rti on o f  wa stes ( y )  at the c l oud center (x  = x )  wi l l  b e :  

y = 1 

0.[2it 

because e- ( x-x ) 2/202 b 1 ecomes . 

1 
°w°R.2n 
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F i gure E . l l .  T h e  Gaus s i an ,  or Norma l , D i str i but i on a s  Appl i ed to Was te D i spers i o n .  

F o r  wastes of tota l we i ght o f  Q d i spersed i n  a water vol ume w i th a depth o f  h ,  was te concentrat i o n  p e r  
un i t  vol ume a t  the waste c l oud  center ( Vt ) at t i me ( t )  i s :  

Q 

Csanady ( 1978) has  u s ed a one- d i mens i on a l  Gaus s i an re l at i o n s h i p  to e s t i mate the s tandard dev i a
t i on (0)  across  a waste p l ume us i ng exper imental  observati ons o f  the decreases i n  max i mum was te concen
trat i o n  i n  the wake w i th t i m e .  Two sets of data were ana lyzed :  one in  wh i ch the standard dev i a t i on 
(0)  o f  the wa ke was 42 m at 480 m i n ,  the other i n  wh i ch the s tandard dev i at i on was 24 m at 180 m i n .  
Kohn and Rowe ( 1981) p resent  data from two other exp e r i mental  barge d umps where was tes  were d i sc harged 
i nto l ong  p l umes . Maxi mum concentrat i on s  w i th i n  the p l umes decreased 4 . 3  t i mes  i n  17 hours i n  one 
p l ume and  2 . 4  t i mes  i n  17 hours i n  the other p l ume . U s i ng Csanady ' s ( 1978) method , the standard 
dev i at i ons  ( Q )  o f  the p l umes wou l d  be 5 1 . 5 m and 28 . 7  m ,  respec t i ve l y .  F rom these  c a l cu l a t i ons , 
var i ous d i spers i on constants can  be ca l cu l ated for d i f ferent forms of the d i spers i o n  re l at i o n s h i p s  
p resented by P r i tchard e t  a l . ( 1971)  ( Tab l e  E . 8 ) , and  upper and  l ower bounds can  be p l aced on  waste
patch d i spers i on ( Tab l e  E . 9 ) .  

U s i ng these data o n  d i spers i on o f  waste p l umes , d i spers i on constants are der i ved for the d i fferent 
forms o f  d i spers i on equat i ons  p resented by P r i tchard et a l . ( 1971 ) .  These constants descri be the 
growth o f  a waste c l oud or p l ume through t i me and are used to e s t i mate was te d i l ut i on due  to d i sper
s i on for NFSS waste s .  Because  S i te 106 i s  a dedi cated i ndustr i a l  a n d  mun i c i pll  waste- d i sposa l  s i te ,  
i mpacts to b i ota w i th i n  the s i te a re compat i b l e  w i t h  the d e s i gnated use  of the s i te and these i mpacts 
are control l ed by s t i p u l at i ons  i n  the d i sposa l  perm i t .  Therefore , o n l y  i mpacts to areas outs i de the 
dumps i te are eva l uated here.  I mmed i ate ly  after d i sposa l , the was tes wi l l  be moved by the currents 
toward the s i te boundary .  Wa stes d umped at the center o f  the s i te wou l d  have to trave l 37 km to reach 
the nearest ( southe r n )  boundary of the s i te .  Because average c urrent speeds i n  the s urface are 
11 cm/s ( Tab l e  E . 3 ) ,  the was tes  cou l d  reach the edge o f  the dump s i te i n  93 hours  or about  4 day s .  The 
standard dev i at i ons of wastes across  waste c l ouds are p resented i n  Tab l e  E . 9 ;  after 4 days , the 
expected l i m i ts of the width of waste c l ouds a re 0 . 6  to 1 . 6  km under l ow m i x i ng cond i t i ons  and  2 to 
68 km under h i gh m i x i ng con d i t i ons  (Tab l e  E . I0 ) .  

The l i m i ts o f  the range o f  d i l u t i o n s  under these cond i t i ons  depend o n  both the wi dth o f  the waste 
c l oud a nd the depth to wh i c h  m i x i ng occ u rs . For  wastes m i xed to the pycnoc l i ne ( 100 m ) , the range of 
d i l ut i ons  and waste concentrat i ons  expected are presented i n  Tab l e  E . I 0 .  
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Tab l e  E . 8 . D i spers i on Constants for Exper i mental  Waste Dumps 

Case I : 

02 = K 1 C t2 ) 

Ke a C l1 ) 

Case  I I :  Okubo ' s  
Regre s s i o n :  

0 2  = K2 C t2 . 5 ) 

K a ( l1 . 2 ) e 

Constant 

Case I I I :  4/3rds l aw" 

02 = K3 C t 3 ) K3 = 

K a ( l1 . 3 ) e 

Tab l e  E .  9 .  

Csanad:i {l978 ) Kohn and 

P l ume 1 P l ume 2 P l ume 1 
o = 42 m o = 24 m o = 5 1 .  5 m 

t = 480 m i n  t = 180 m i n  t = 1020 m i n  

0 . 02 0 . 04 0 . 007 

0 . 001 0 . 004 0 . 00003 

: 0 . 00007 0 . 000005 0 . 0000001 

Standard Dev i at i o n  of 0 i n  the Waste Patc ht 1 

Rowe 

H i ghest M i x i ngt2 lowes t  M i x i ngt2 
Case  I Case  I I  Case I I  I Case  I Case I I  

K l = K2 = K3 = K l = K2 = 
t ( days ) 0 . 02 0 . 0001 0 . 00007 0 . 002 0 . 00001 

1 
( 86 , 400 s )  0 . 12 0 . 18 2 . 1 0 . 039 0 . 047 

2 0 . 24 0 . 35 6 . 0 0 . 077 0 . 11 

4 0 . 49 0 . 84 17 0 . 16 0 . 27 

8 0 . 98 2 . 0 48 0 . 31 0 . 63 

16 2 . 0 4 . 7 140 0 . 62 1 . 5 

32 3 . 9 11 390 1 . 2 3 . 6 

64 7 . 8  27 1100 2 . 5 8 . 5 

128 16 64 3100 5 . 0  20 

t l Patch wi dth = 4xo. 
t 2  F rom t h e  p l ume exp e r i ments de scr i bed i n  Tab l e  E .  8 .  

{l981) 

P l ume 2 
0 =  28. 7 m 

t = 1020 m i n 

0 . 002 

0 . 00001 

0 . 00000004 

Case I I  I 
K3 = 

0 . 00000004 

0 . 051  

0 . 14 

0 . 41 

1 . 2 

3 . 3 

9 . 2 

26 

74 
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Tab l e  E . 10 .  Waste Patch  Wi dth and Waste D i l ut i o n  
F o u r  Days After Waste D i sposa l 

Average 
Patch Width , 4xa Waste Concentrat i ont2 

Cond i t i on s  ( km) D i l  ut i ont 1 (mg/L)  

I .  H i gh M i x i ng 

A .  Case  I 2 . 0  120 , 000 10 

B .  Case I I  3 . 4  350 , 000 4 

C .  Case  I I I  17 8 , 900 , 000 0 . 1 

I I .  Low M i x i ng 

A .  Case 0 . 64 12 , 300 100 

B .  Case I I  1 . 1 36 , 500 40 

C .  Case I I I  1 . 6  77 , 300 20 

t l  M i x i ng depth = 100 m.  

t2 I n i t i a l  waste concentra t i on = 1 . 3  g d ry s o l i ds/cm3 . 

These  est imates o f  waste d i l ut i o n  appear to be very conservat i ve , based on the wo rk o f  Pau l  
et a l . ( 1983 ) who have  perfo rmed a r i s k  a s s e s sment rel ated to d i spo s a l  o f  mun i c i pa l  or i ndustri a l  
wastes a t  S i te 106 . Pr imary emphas i s  o f  the s tudy was t h e  i nterac t i o n  of  d i spers i ng contami nants 
( copper and PCB s )  wi th b i o l og i ca l  reso u rces . Stat i s t i ca l  ana l ys i s  o f  l ong-term current data from 
S i t e  D was used to dev e l op spat i a l probab i l i ty d i s t r i b u t i o n s  that desc r i be contami nat i on f i e l d s ,  areas 
in wh i c h  the wastes cou l d  be found . Two cases were postu l ate d :  a h i gh-m i x i ng case devel oped f rom 
wi nter data for S i te D and a l ow-m i x i ng case whe re the coeff i c i ent o f  vari a t i o n  i n  current v e l oc i ty 
was one-tenth the h i gh-mi x i ng c a s e .  A s s umed oceanograp h i c  cond i t i ons  were a u n i form l y  m i xed s urface 
l ayer ( no s easonal  thermoc l i ne )  above a permanent pyc nocl  i ne at 100 m through wh i ch there was no 
vert i ca l  f l ux o f  materi a l s ,  e i ther by sett l i ng of waste part i c l e s  o r  other oceanograph i c  p roces s e s . 
Concentrati ons were c a l c u l ated for tota l contam i nants and  the separat i o n  i nto d i s s o l ved and parti c u l ate 
forms was i gnored.  

In cases o f  both h i gh and l ow m i x i ng , the rate o f  movement o f  the center o f  the waste mass was 
the s ame because average current speed was the same f rom between 38°40 ' N  to 39°00 ' N ;  after 30 days , 
the center of mass had p rogressed southwes tward to app rox i mate l y  36°00 ' N  l at i tude . Under h i gh-mi x i ng 
cond i t i o n s , the waste d i s t r i but i o n  spread rap i d l y ,  expand i ng to i nc l ude parts o f  the Conti nental  Shel f 
after 10 days . Under l ow-m i x i ng cond i t i ons , the waste d i s t r i bu t i o n  after 30 days was s t i l l  l i mi ted to 
the Conti nental  S l ope and R i s e  ( Pau l  et a l . 1983- - F i gures 9 and 10 ) .  

Waste d i s t r i b u t i o n s  for h i gh and l ow m i x i ng cond i t i ons  were a l so c a l c u l ated for conti nuous da i l y 
waste d i sposal  at S i te 106 , equ i v a l ent to 100 d umps o f  s ewage s l udge per day .  D i l ut i ons  o f  6 , 000 , 000-
fo l d  were reached i n  the i mme d i ate v i c i n i ty of the dump s i te under h i gh m i x i ng cond i t i ons , whereas a 
narrow tongue o f  wastes extend i ng southwe s t  o f  the s i te underwent 2 , OOO , OOO- fo l d  d i l ut i o n .  These 
est i mates o f  waste d i l u t i on are w i t h i n  the range o f  est i mates deri ved from ana lys i s  o f  exper i mental  
waste dumps presented in  Tab l e s  E . 8  and E . 9 . 
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APPEND I X  F .  COST ESTI MATES 

F . 1  I NTRODUCTION  

E s t imates of the costs  of  c a rry i ng out  eac h of  the a l ternat i ves  for  the  wastes and  res i dues at· 
NFSS are g i ven  i n  th i s  Append i x .  The costs are g i ven  i n  1981- 1982 dol l ars , and , the refore , no i nf l a
t i on cost esca l at i on i s  i nc l uded even for act ions  that l as t  for  several  yea r s .  Because  of  the l arge 
uncerta i nt i e s  i nv o l ved , the total costs  for the ac t i o n  p e r i o d  for each a l ternat i ve are g i ven  to two 
s i gn i f i cant f i gures o n l y .  More s i gn i f i cant f i gures a r e  kept f o r  i ntermedi ate c o s t s  t o  avo i d  c umu l a
t i on of roundoff e rrors .  

Ma ny of the  costs  for acti v i t i e s are f i g ured us i ng u n i t  cost s .  These  i nc l ude s ubcontracto rs ' 
overhead and p rof i t .  Because u n i t  costs  obta i ned f rom the l i terature are g i ve n  i n  E n g l i s h  u n i t s , 
amou nts of mate r i a l s  presented i n  a l l tabl es  except F . 1  and F . 4  are a l so g i ven  i n  these u n i t s .  Both 
metri c and E n g l i s h u n i ts are used i n  the text.  The general contractor ' s  markup (wh i c h  i nc l udes 
management s upport)  is  i nc l uded as part of  overhead and  is  taken as  22% of  the tota l cost of  t he 
act i o n  p e r i od ( exc l us i ve of l and d i sposal  costs ) (Means C o .  1982 ) .  The other component of overhead 
cost is that assoc i ated wi th mai ntenance , mon i tor i ng ,  s urvei l l ance , and eng i neeri ng d u r i ng the act i o n  
p e r i o d .  T o  e s t i mate th i s  component , the number of  person-years ass i g ned by Bechtel  Nat i onal  ( 1984 ) to 
mai ntenance , mon i tori ng , s urve i l l ance , and e ng i neer i ng i s  mu l t i p l i ed by $61 , 000/person-year .  Th i s 
cost  per person-year i s  obta i ned by d i v i d i ng Bechtel ' s  e s t i mate of the cost  for s urve i l l ance , con
struc t i o n , and management by the e s t i mated number of person-years req u i red for  these acti v i t i es i n  
Al ternati ve 2 ( Bechte l Natl . 1984 ) .  

Ma i ntenance , mon i tori ng ,  and s urve i l l ance costs for  the 200-year per i od f o l l owi ng s i te c l o s u re 
are very uncerta i n  because  of the l ac k  of exper i ence for s u c h  l o ng peri ods of t i me for  contai nment 
sys tems hav i ng the types of  des i g n  cons i dered for the NFSS a l ternati ves . For A l ternat i ves  2a , 2 b ,  3 a ,  
and 3b , the mai ntenance and mo n i to r i ng costs are a s s umed to b e  $85 , 000/year .  T h i s  f i g u re i s  h i gher  
than Bechtel ' s  e s t i mate of  $20 , 000/year for the 195-year  per i od beg i nn i ng 5 years  after s i te c l os u re 
( Bechtel  Nat l . 1984 ) .  A range o f  $59 , 000/year to $99 , 000/year i s  obta i ned by approp r i ately  sca l i ng 
EG&G I daho ( 1983 ) cost est i mates of extended care fo l l owi ng c l o s u re of commerc i a l  l ow- l eve l  rad i o
ac t i ve waste s i tes  to the amou n t  of wastes and res i dues  stored at NFSS .  T h i s range resu l ts f rom the 
fact t hat the NFSS waste vol ume is  i ntermed i ate between  the s i ze s  o f  the  two s i tes  cons i dered by EG&G 
I da h o .  Sca l i ng up from the sma l l e r s i te ( 85 , 000 m3 ) g i ves  the h i g h  f i gure of $99 , 000/yea r  and sca l i ng 
down from the  l arger s i te ( 424 , 000 m3 ) g i ve s  the l ow f i g u re o f  $59 , 000/year .  T h e  $85 , 000/year  e s t i mate 
a s s umed here i n  i s  c l os e r  to the h i gh va l ue because  the amount  of  NFSS wastes  i s  c l oser  to the s i ze of 
the sma l l s i te .  

F o r  Al ternat i ve s  4 a  and 4c , there are two s i tes  t o  ma i nta i n  and mon i to r :  NFSS conta i n i ng the  
wastes  and Hanford or Oak R i dge contai n i ng the res i dues . Mai ntenance and mon i tori ng costs  at NFSS are 
expected to be the  s ame as  for Al ternat i ves  2a and 2b . Howeve r ,  at Hanford and Oak  Ri dge , the ma i n
tenance costs  are expected to be l ower because  of the reduced area needed to store the res i dues , 
whereas the mon i tori  ng costs  shou  1 d rema i n  the same . Because of these  factors , ma i ntenance and 
mon i tori ng costs wi l l  be set at $85 , 000/yr at NFSS and $43 , 000/yr at Hanford or  Oak R i dg e .  T h i s  g i ves  
a tota l  of  $128 , 000/yr ma i ntenance and mon i to r i ng costs  for Al ternati ves 4a and 4c . 

For  Al ternat i ves  4b and 4d , w i th res i dues o n l y  sto red at Hanford or Oak  R i dge , the  ma i ntenance 
and mon i to r i ng costs  are set at $43 , 000/yr .  

Cost  e s t i mates for a 200-year extended care peri od can be presented a s  a cost per  year , as  a 
tota l amount needed over the 200-year p e r i od , or a s  a s i n k i ng fund that van i shes  at 200 years . A cost 
of $85 , 000/year  amounts  to a payout of  $17 , 000 , 000 over 200 years . It can be provi ded by a s i nki ng 
f u nd of about $2 , 820 , 000- - a s s um i ng a real i nterest  rate of  3% ( Bechtel  Natl . 1984 ) .  For costs of  
$128 , 000/yr and $43 , 000/y r ,  the  corre spond i ng payouts are $25 , 600 , 000 and $8 , 600 , 000 and s i n k i ng funds  
a re $4 , 226 , 000 and $ 1 , 420 , 00 0 .  T h e  c o s t  of  a perpetua l  care fund i s  approximate l y  e q u a l  t o  t h e  cost 
of a 200-year s i n k i n g  fund .  

The  u n i t  d i sposa l costs  at Hanford shou l d  be l es s  than at Oak  R i dge because  Hanford has  a l arge 
waste-d i sposa 1 fac i l  i ty that wi 1 1  not requ i re much expans  i on  to accommodate the NFSS wastes and/or 
res i dues . Al s o ,  wastes  are d i sposed i n  trenches and cove red w i th excavated mater i a l s ,  and r i p rap i s  
the  o n l y  i mported materi a l . At Oak  R i dge , a new waste- d i sposal  s i te must  be opened w i t h  the res u l tant 
expe nses . Al s o , the  wastes wou l d  be covered w i th a re l ati v e l y  expe n s i v e  e n g i neered cap bu i l t  f rom 
i mported mate r i a l s .  

F - 1  
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These factors  wi l 1 be accounted for  here i n by a s s um i ng the fo l l owi ng u n i t  d i sposal  cost s :  for 
Hanford , the cost  i s  a s s umed to be that for a l arge fac i l i ty ,  $ 3 . 40/ft3 ( i n  1981 do l l ars ) , that 
d i sposes  of  1 x 106 m3 ( 3 . 6 x 107 ft3 ) of  wastes  over 30 year s .  For  Oak  R i dge , the  cost i s  a s s umed to 
be t hat for  a med i um- s i zed fac i l i ty ,  $ 5 . 50/ft3 ( i n  1981 d o l l ars ) , t hat d i sposes  of  4 . 2 x 105 m3 
( 1 . 5 x 107 ft3 ) o f  wastes i n  30 years ( for a sma l l faci l i ty that d i sposes  of 8 . 5 x 104 m3 [ 3  x 106 ft3 ] 
of wastes over 30 years , the un i t  cost i s  g i ven  as $ 1 6 . 90/ft3 ) ( EG&G I daho 1983 ) . 

T he re are many cost uncerta i nt i es , some of wh i c h are common to a l l a l ternat i ves whereas others 
apply to only a few of  the a l ternat i v e s .  Cost unc e rta i nt i e s  common to a l l a l ternati ves  i nc l ude such 
factors as  (a)  frequency of c ap repa i r ,  (b)  l ac k  of  exact knowl edge of  bas i c  u n i t  costs  of  v a r i o u s  
acti v i ti es and needed materi a l s ,  ( c )  h a u l  i ng d i stances , ( d )  wor k  force requ i rements for  s upport 
acti v i t i e s  such a s  e n g i nee r i ng and  mai ntenance , mon i tori ng , and s u rv e i l l ance acti v i t i es  dur i ng the ' 
acti on peri od , and ( e ) other costs  assoc i ated w i th overhead , and ( f ) de l ays due to prob l ems of 
coord i nati o n  wi th rad i o l og i ca l  surveys , decontami nati on , and other heal th-phys i c s  procedures .  Al so , 
unexpected p robl ems may ar i se  or some phase  of the acti v i ty may be comp l eted sooner than expecte d .  

T h e s e  uncerta i nt i e s  a r e  s uf f i c i ent ly  l a rge t h a t  many sma l l factors affecti ng t h e  c o s t s  were not 
i nc l uded , e . g . , the dependency of  u n i t  cost o n  where i n  the Un i ted States the acti v i ty i s  carri ed out .  
Geograp h i c  cost mu l t i p l yi ng  factors were i gno red because  the i r var i at i o n  i s  sma l l compa red to  the  
uncerta i n t i e s  i n  the  e s t i mated costs . 

Cost  uncerta i nt i es are accounted for here i n  by e s t i mat i ng an act i on peri od cost  and then u s i ng 
the e s t i mate to determi ne a range i n  wh i ch the true cost  shou l d  l i e ( i n  1981- 1982 d o l l ars ) .  F o r  most 
a l ternat i ves , the l owe r and upper poi nts of the range are taken to be 75 and 150% , respect i ve l y ,  o f  
the e s t i mate . F o r  some a l ternat i ves  wi th more  uncerta i n t i es-- such  a s  Al ternat i ve 2b , the  range  i s  
l arge r .  

F . 2 . SUMMARY 

A s umma ry of the e s t i mated costs  for vari ous  acti v i t i es carri ed out  i n  the act i on peri od for the  
d i f fe rent  a l ternat i ves  i s  p re s ented in  Tab l e  F . 1 . The  most cost l y  act i v i ty i s  transportat i o n , 
e spec i a l ly  where the wastes are i nvo l ved . D i sposal  on l a nd i s  a l so expe n s i ve and appears to be more 
expen s i ve than ocean d i sposal  ( compare A l ternati ves  4b and 4d wi th  e i ther 3a o r  3b ) .  Overhead costs  
vary a l ot between  the a l ternat i ves  because  they depend on the cost  of and t i me spent on other 
acti v i t i es i n  the  act i o n  peri o d .  F i gure F . l  i l l ustrates the ranges  of  costs  dur i ng  the act i o n  per i od 
and the  total payout  costs  for  the 200-year mai ntenance  and mon i tori ng ( extended-care)  p e r i o d .  

F . 3 ALTE RNAT I VE 1 

I n  Al ternat i ve 1 ,  no act i on wi l l  be taken other than  l ong-term ( 200-year)  mai ntenance , moni tor
i ng ,  and s u rve i l l ance of the i nter i m  cap . The annua l  cost i s  a s s umed here i n  to be $85 , 000 ( see 
Sect i on F . l ) p l u s  the add i t i ona l  amount needed to ma i nta i n  the  i nte r i m  cap. The  annua l  cost for 
i nterim  cap ma i ntenance i s  g i ven by Bec htel  Nati onal  ( 1984 ) as  $35 , 000 for  A l ternat i ve 1 .  The  total  
annual  cost of extended care i s  therefore a s s umed to be $120 , 000/year .  T h i s amo unts  to  a total payout 
of $24 , 000 , 000 over  200 years and can be provi ded by a s i n k i ng f und ( at 3% real i ntere s t )  of  $4 , 000 , 000 . 

F . 4  ALTE RNAT IVE  2a 

T h e  ma i n  acti v i t i es d u r i ng the act i o n  per i od wi l l  cons i st of re l ocati ng the  central  d i tc h  and 
L utts Road , remo v i ng and s tori ng the i nte r i m  cap , and constructi ng the l ong-term cap . I t  i s  ass umed 
that about 350 m ( 1150 ft) of  th� d i tch and Lutts Road wi l l  have to be moved . Us i ng an a v e rage c ross
s ecti onal  area of 35 m2  ( 41 . 7  yd2 )  for  the  d i tch ( Bechtel  Nat l . 1984 ) , a vo l ume of  about  12 ,200 m3 
( 16 , 000 yd3 ) must be excavated and bac kf i l l ed .  The  rate for  excavati ng the  new d i tc h  and bac kfi l l i ng 
and a i r  tamp i ng for compac t i o n  of the o l d  d i tc h  are taken a s  $ 1 . 88/yd3 and $4. 92/yd3 , respect i ve l y  
( Means  C o .  1982 ) .  F o r  L utts Road , i t  i s  a s s umed that about 3 , 100 m3 ( 3 , 700 yd2 ) o f  new road wi l l  be 
paved at a cost of  $ 5 . 30/yd2 ( Means  C o .  1982 ) .  

Al l 16 , 400 m3 ( 21 , 500 yd3 ) o f  topso i l  and 5 , 500 m3 ( 7 , 200 yd3 ) o f  sand wi l l  be remo ved f rom the 
i nter i m  cap and s to red for l ater use  i n  construc t i n g  the l ong-term cap . The  cost of remova l  by b u l l 
dozer i s  taken  a s  $2 .  34/yd3 ( Means  C o .  1982 ) .  

F o r  materi a l s needed to construct the l ong-term cap , the costs  o f  b uyi ng , hau l i ng 8 km ( 5  mi ) to 
the s i te ,  spread i ng by b u l l doz e r ,  and compacti ng are as  fo l l ows : c l ay .  $ 9 . 80/yd3 ; sand , $ 9 . 80/yd3 ; 
so i l . $ 1 1 .  85/yd3 ; and r i p rap . $19 . 45/yd3 ( Means  C o .  1982 ) .  Vol umes of the needed materi a l s are g i ven  
i n  Tab l e  0 . 10 .  T h e  cost of  rep l ac i ng the i nte r i m  cap  materi a l s was  taken  to be that  of remov i ng the  
cap p l us a n  add i t i onal  $2 . 13/yd3 for  compac t i o n  ( Means  C o .  1982 ) .  

Ove rhead i s  ca l c u l ated a s  descri bed i n  Sect i on F . l . Ma i ntenance , mo n i tor i n g .  and s u rv e i l l ance 
costs  are computed u s i ng a wo rk force requ i rement of 32 perso n-years . T h i s  i nc l udes e n g i neers but not 



Ac t i v i ty 

C e n t r a l  d i tch re l oc a t i o n  

I n t e r i m  cap remo v a l t 1  

N F S S  s i te r e s t o ra t i o n  

R e s i d u e  excav a t i o n  

R e s i d u e  p roces s i ng 

Re s i d u e  s to rage ( B l d g .  4 1 1 )  

T ra n s p o r t a t  i o n  

L o n g - t e rm cap c o n s t r uc t i o n 

L a n d  d i s p o s a l  

O c e a n  d i s po s a l  

O v e rhead 

C r e d i t  f o r  metal  recovery 

C o s t  f o r  ac t i o n  p e r i o d t 2  

C o s t  range 

Extended c a r e :  

A n n u a l  c o s t s  

T o t a l  payo ut ( 2 00 y e a r s ) 

S i  n k i  ng f u n d t 5  

Ac t i v i ty 

C e n t ra l d i tc h  re l o cat i on 

I n t e r i m  cap remova l t 1  

N F S S  s i te r e s t o ra t i o n 

Re s i d u e  excavat i o n  

Re s i d u e  proc e s s i n g 

Re s i d u e  s to rage ( B l d g .  4 1 1 )  

T r a n s p o r ta t i o n 

L o n g - t e rm c a p  c o n s t r uc t i o n 

L a n d  d i s p o s a l  

O c e a n  d i s p o s a l  

O v e r h e a d  

C r e d i t f o r  meta l recovery 

C o s t  f o r  act i on p e r i o d t 2  

C o s t  r a n g e  

Extended c a r e :  

A n n u a l  c o s t s  

T o t a l  pay o u t  ( 2 00 years ) 

S i n k i n g  f u ndt S 
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Tab l e  F . l .  S ummary of  Costs  for t h e  A l ternati v e s  

C o s t s  ( i n  t h o u s a n d s  o f  do l l a r s )  

A l t e r na t i v e  1 A l te rnat i v e 2 a  A l t e r nat i v e 2 b  A l t e r n a t i v e  3a 

12B 

67 

1 , 6 70 

12B 

156 

700 

4 , 72 0  

700 

1 , 860 

168 

5 5 0  

3 , 36 0  

1 1 4 , OO O t 3  

2 2 , 80 0  

A l ternat i v e 3b 

168 

550 

3 , 3 60 

34 , 800t 3 

3 7 , 00 0  

2 , 360 6 , 1 0 0  

- 5 , 540 

8 , 800t' 

4 , 4 00- 18 , 000 

3 1 , 2 0 0  1 3 , 2 00 

4 , 200 

3 , 20 0 - 6 , 300 

1 7 0 , 00 0  89 , 000 

1 3 0 , 000-260 , 00 0  6 7 , 00 0- 1 3 0 , 00 0  

1 2 0  

24 , 00 0  

4 , 00 0  

85 

1 7 , 0 00 

2 , 800 

85 

1 7 , 000 

2 , 800 

C o s t s  ( i n  t h o u s a n d s  of d o l l a r s )  

85 

1 7 , 0 00 

2 , 80 0  

A l t e r na t i v e  4a A l te rna t i v e 4b A l t e r n a t i v e 4c A l t e r n a t i v e 4d 

128 128 

1 5 3  2 3 1  1 5 3  2 3 1  

3 , 36 0  

1 1 , 10 0  

1 , 980 

1 , 3 2 0  

8 , 620 

2 7 , 0 00 

2 0 , 0 0 0- 4 0 , 000 

1 2 8  

26 , 0 0 0  

4 , 2 0 0  

550 

3 , 3 60 

3 7 , 7 00 

1 , 32 0  

6 , 7 50 

1 5 , 600 

66 , 00 0  

50 , 00 0- 9 9 , 0 00 

4 3  

8 , 600 

1 , 400 

3 , 36 0  

3 , 440 

1 , 980 

2 , 14 0  

5 , 5 7 0  

1 7 , 00 0  

1 3 , 000- 2 6 , 00 0  

1 3 0  

26 , 00 0  

4 , 20 0  

5 5 0  

3 , 36 0  

30 , 1 0 0  

2 , 14 0  

6 , 7 50 

12 , 80 0  

56 , 0 00 

42 , 0 0 0 - 84 , 0 00 

43 

8 , 6 0 0  

1 , 4 0 0  

85 

1 7 , 0 00 

2 , 800 

t l  I n c l u d e s  remo v a l  o f  res i d ue overburden where app l i c ab l e .  

t 2  Rounded to two s i g n i f i ca n t  f i g u re s .  

t 3  I n c l u d e s  excav a t i o n o f  wa s te s .  

t 4  I nc l u d e s  c r ed i t  f o r  meta l recovery .  

t S  T h e  c o s t  o f  a perpetual c a r e  f u nd i s  e q u a l  t o  the c o s t  o f  a 200-year s i n k i n g  fund ( w i t h i n  
the two s i g n i f i ca n t  f i g u r e s  reported h e re ) .  
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management as g i ve n  by Bechtel  Nat i onal  ( 1984 ) f o r  Al ternat i ve 2 .  T h e  un i t  cost  used i s  $61 , 000/person
yea r .  

T h e  costs f o r  Al terna t i ve 2 a  a r e  s umma r i zed i n  Tab l e F . 2 . The total  cost est i mate for the a c t i o n  
p e r i o d  i s  $4 , 200 , 00 0 .  T h e  cost e s t i mates s ummari zed i n  Tab l e  F . 2  a r e  s ubject t o  many uncerta i nt i e s , 
i nc l u d i ng the u n i t  costs for the var i ous  act i v i t i es --wh i c h  depend on the methods used to carry out the 
act i v i t i e s  and on hau l i ng d i stances . A l s o ,  there are uncerta i nt i es i n  the vo l umes o f  mater i a l s to be 
excavated , move d ,  and compacted as we l l as  conti ngenc i e s  that m i ght  ar i se , etc . It  i s  expected that 
the act i o n  peri od cost i n  1982 do l l ars wi l l  range from 75 to 150% of the e s t i mate , or $ 3 , 200 , 000 to 
$6 , 300 , 00 0 .  

Tab l e  F . 2 . Summary o f  Costs  for Al ternati ve 2a 

Re l ocat i o n :  
Central  D i tc h  

Excavat i ng ,  16 , 000 yd3 @ $ 1 . 88/yd3 
Bac kf i l l i n g ,  compact i n g ,  16 , 000 yd3 @ $4 . 92/yd3 

Lutts Road new pav i ng ,  3 , 700 yd2 @ $ 5 . 30/yd2 

Subtotal ( Re l ocat i o n )  

I nter im  C a p  Remova l , 28 , 700 yd3 @ $2 . 34/yd3 

Long-Term Cap Construc t i o n :  
C l ay ,  61 , 500 yd3 @ $ 9 . 80/yd3 
Sand , 18 , 300 yd3 @ $ 9 . 80/yd3 
So i l ,  6 , 500 yd3 @ $11 . 85/yd3 
R i p rap , 35 , 000 yd3 @ $19 . 45/yd3 
I nter im  cap materi a l s :  

Rep l ace  
Compac t i o n , 28 , 700 yd3  @ $ 2 . 10/yd3 

Subtotal  ( Long-Term Cap Construc t i o n )  

Subtotal 

Overhead:  
Genera l  contractor ( 22% of s ubtota l ) 
Ma i ntenanc e ,  mo n i tor i ng , and s u rve i l l ance , 

32 person-years @ $61 , OOO/person-year 

Subtotal ( Overhead ) 

TOTAL FOR ACT I O N  P E R I DOt 1 
Extended Care : 

Ann u a l  cost 
Tota l payo ut ( 200 years ) 
S i n k i ng fund ( 3% real  i nterest rate )t2  

t l  Rounded to two s i gn i f i cant  f i gures . 

$30 , 000 
$78 ,000 
$20 , 000 

$128 , 000 

$67 , 000 

$"6 0 3 , 000 
$ 180 , 000 

$ 78 , 000 
$681 , 000 

$67 , 000 
$60 ,000 

$1 , 669 , 000 

$ 1 , 864 , 000 

$410 , 000 

$1 , 952 , 000 

$2 , 362 , 000 

$4 , 200 , 000 

$85 , 000 
$17 , 000 , 000 

$2 , 800 , 000 

t2  The cost  of a perpetual care f u nd i s  equal  to the cost o f  a 200-yea r  
s i nk i ng  fund ( w i th i n  t h e  two s i gn i f i cant f i gures  reported here ) .  

F . 5 ALTERNAT I VE 2b 

For Al ternati ve 2b , the same acti v i t i e s  wi l l  be carr i ed out i n  the ac t i o n  p e r i od as  for A l terna
t i ve 2a .  I n  addi t i o n , the  was tes  and c l ay overl y i ng B u i l d i ngs  411 , 413 , and 414  wi l l  be removed ; the  
res i dues wi l l  be moved to an o ns i te proces s i ng p l ant where commerc i a l l y  va l uab l e  meta l s wi l l  be  
extracted ; and  the rema i n i ng res i dues wi l l  be converted to  s l ag .  The  s l ag wi l l  be  s tored i n  
B u i l d i ng 411 , the wastes rep l aced , and the l on g-term cap constructed . 

About one- quarte r of the c l ay i n  the i nter i m  cap , o r  8 , 400 m3 ( 1 1 , 000 yd3 ) ( Bechtel  Nat l . 1984 ) , 
w i l l  be removed to expose the was tes over the b u i l d i ng s .  Removal  costs are taken to be $ 2 .  34/yd3 
( Means C o .  1982 ) .  A l l the wa s tes , c l ay ,  and contami nated so i l s  over and i n  B u i l d i ng s  4 11 ,  4 13 , and 
414 must  be removed . The removal  cost for th i s  20 , 600 m3 ( 27 , 000 yd3 ) o f  mater i a l s  i s  taken to be 
$ 2 . 34/yd3 ( Means Co .  1982 ) .  Us i ng the e s t i mate of Bechte l Nat i onal  ( 1984 ) , it  is  a s s umed that 
14 perso n-years are needed to remove the res i dues by hydrau l i c mi n i ng .  The u n i t  cost i s  taken to be 
$50 , OOO/person-year .  Th i s  i s  an  average for s ki l l ed wo rkers over 3 5  trades and i nc l udes the s ub
cont racto rs I overhead and prof i t  ( Means Co. 1982 ) .  For proces s i ng the res i due s , the tota 1 setup cost 
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o f  the equ i pment i s  t a k e n  t o  be $2 , 000 , 000 ( Bechtel  Nat i on a l  1982- -Tab l e  G- 1 ) .  Th i s  i nc l udes the c o s t  
of the equ i pment as  we l l as  l abor , ren t ,  e l ectr i c i ty ,  p i p i ng ,  i ns trumentati o n ,  and m i s c e l l a neous 
cost s .  The setup cost for hydra u l i c  m i n i ng ( $ 190 , 000 ) i s  a l so i nc l uded i n  th i s  f i g u re .  

The ma i n  opera t i ng costs  are con s i dered here i n  to b e  l abor a nd e l ectri c i ty costs  for sme l t i ng .  
E l ectr i c i ty costs  can be c rude l y  e s t i mated from a n  energy req u i rement o f  250 kWh/ton o f  r e s i dues  
( Bechtel  Natl . 1984 ) ,  a res i due we i ght ( i nc l ud i ng 15% water )  o f  15 , 000 MT ( 16 , 500 tons ) ,  and  a n  e l ec
tr i c i ty cost o f  $ 0 . 06- 0 . 07/kWh ( S kar i m  1983--personal  commun i c at i o n ) .  Labor costs  are ca l cu l ated 
a s s um i ng that 49 person-years ( Bechtel  Natl . 1984 ) at $50 , 000/person-year ( Means  Co . 1982 ) are needed 
to process  and i mmob i l i ze the res i dues . The cost of mov i ng and s to r i n g  the r e s i dues  as  p i eces  o f  s l ag 
i s  a s s umed to be the same as the  cost  o f  hydra u l i c  m i n i ng o f  the res i du e s .  

Construct i o n  o f  the l ong-term cap for A l ternat i ve 2 b  wi l l  i nvo l ve the same act i v i t i es a s  for 
Al ternat i ve 2a as  wel l as  rep l acement o f  the removed wastes a nd c l ay over  the res i dues  and  i n  the  
i nter i m  cap . Repl acement costs  are a s s umed to be the same as remova l  costs  p l us  an extra $ 2 . 10/yd3 
( Means  C o .  1982) for compac t i o n .  T o  compensate f o r  the vol ume l os s  r e s u l t i ng from v i tr i f i ca t i o n  o f  
t h e  res i dues , 5 , 500  m 3  ( 7 , 200 yd3 ) o f  new c l ay wi l l  b e  needed at $ 9 . 80/yd3 ( Means  C o .  1982 ) .  

Overhead i s  c a l c u l ated a s  descri bed i n  Sec t i o n  F . 1 . Mai ntenance , mon i to r i ng , and survei l l ance 
costs  a re ca l cu l ated a s s um i ng a work force requ i reme nt o f  70 perso n-years ( Bechte l  Natl . 1984-
A l ternat i ve 4 )  at $6 1 , 000/person-year .  Lo ng-term mai ntenance , mon i to r i ng , a nd s u rve i l l ance costs  
fo l l owi ng  comp l e t i o n  o f  the proposed ac t i o n  s hou l d  be the same a s  for  A l ternat i ve 2a .  

A s ummary o f  the costs  for  Al ternat i ve 2b i s  p resented i n  Tab l e  F . 3 .  The c red i t  for meta l 
recovery i s  ca l c u l ated f rom the component cred i ts out l i ned i n  Tab l e  F . 4 . The tota l net cost e s t i mate 
for the ac t i o n  p e r i od i s  $8 , 800 , 000 ( Tab l e  F . 3 ) .  

The cost e s t i mates for Al ternat i v e  2b ( T ab l e  F . 3 )  are more uncerta i n  than  those for A l ternati ve 2a . 
Mos t  o f  the i nc reased u ncerta i nty o r i g i nates i n  the  cost e s t i mate for the recovery p roce s s .  F o r  
examp l e ,  the proc e s s  as  proposed b y  Bec hte l has  n o t  b e e n  t r i ed o n  a p i l ot sca l e  and  d o e s  not i nc l ude 
steps for remova l o f  molybdenum.  A l so ,  the e s t i mate o f  c red i t  for meta l recovery ( Tab l e  F . 4 ) i s  q u i te 
uncerta i n .  The comme rc i a l  va l ue of meta l s v a r i e s  w i d e l y  f rom year to year and the as sump t i o n  o f  a 90% 
recovery for  the meta l s may be q u i te opt i m i s t i c .  I n  add i t i o n , the recovered pur i f i ed l ead wi l l  be 
q u i te rad i oact i ve ( due to the p resence  o f  l ead-210 w i th a ha l f- l i fe o f  22 years ) and may have to be 
sto red for hundreds of years before it can be so l d .  As a c rude gues s ,  i t  i s  e s t i mated that the v a l ue 
o f  $8 , 800 , 000 g i ven in  Tab l e  F . 3  cou l d  be h i gh or  l ow by a factor of 2 .  T h i s g i ves a range of 
$4 , 400 , 000 to $18 , 000 , 000 .  

F . 6 ALTE RNAT I V E  3a  

The act i on s  i n  Al ternat i ve 3a  w i l l  cons i st of comp l ete remova l  o f  the i nter im  cap , excavati ng and  
packag i ng t he res i dues , and transport i ng the res i dues  and  wastes  (wi thout packag i ng)  to Hanford for  
d i sposa l . The N i agara F a l l s  s i te wi l l  be rec l a i med a nd re l eased for  pub l i c  u s e .  I nter i m  cap remo v a l  
w i l l  i nvol ve remova l  o f  55 , 000 m3 ( 72 , 000 yd3 )  of  materi a l  ( Bechtel  Natl . 1984 ) a t  a u n i t  cost o f  
$ 2 . 34/yd3 ( Means  C o .  1982 ) .  T h e  r e s i dues  w i l l  be  excavated and pac kaged i n  Mark- 3  b i n s .  F o r  packag
i ng ,  6 , 750 b i n s ( Tab l e  0 . 3 )  w i l l  be req u i red at a cost of $ 384/b i n  ( D i tch  1983--personal  commu n i cati o n ) .  
Recent i nforma t i o n  ( Cheever 1984- -persona l  commu n i c at i o n )  o n  costs  for  a few b i ns used to transport 
wastes to New Brunsw i c k  Labs g i ve a cost of $416/b i n .  However , because  a l arge number of b i n s  a re 
needed for the NFSS  res i d ue s , i t  i s  expected that the cost/b i n  cou l d  be reduced for l arge quanti t i e s .  
A l s o ,  costs  are g i ven  here i n  1981- 1982 do l l a rs .  Excavat i o n  and pac kag i ng costs  for t h e  res i dues  are 
a s s umed to be the same as  Bec hte l ' s  cost  e s t i mate for hydra u l i ca l ly  mi n i ng the res i dues , or  $770 , 000 
( Bechtel  Natl . 1984 ) .  The cost of s i mp l e  excavat i o n  and packa g i ng of 11 , 000 m3 o f  materi a l  is much 
l ess  than  $770 , 000 ( Means  Co.  1982 ) .  However ,  the fact that the mate r i a l  is rad i oac t i v e  wou l d  be 
expec ted to i nc rease the cost s ubstant i a l l y .  The 180 , 000 m3 ( 236 , 000 yd3 ) of  wastes wi l l  be l oaded 
d i rec t l y  onto dump t rucks  a t  a cost of $ 2 . 34/yd3 ( Means  Co. 1982 ) .  

For  the 8 , 000 km ( 5000-m i ) rou nd- t r i p d i stance to H a n ford , the res i dues  wi l l  be transported i n  
s h i e l ded vans  o r  f l atbed truc ks and the wastes wi l l  b e  transported i n  u n s h i e l ded d ump truc k s .  Both 
types  o f  veh i c l es  a re as sumed to return empty ( Append i x  D ) .  The cost o f  transport i s  a s s umed to be 
$ 1 . 37/m i l e  ( EG&G I daho 1983 ) ,  wh i c h  g i ve s  a round- t r i p  cost  o f  $6850 per  s h i pment . * The number of 

*Even  if  it  i s  poss i b l e  to arrange a l ower p r i c e  for transport o f  the res i dues  based on the one-way 
t r i p  d i stanc e ,  the transportat i on costs  wi l l  not be l owered muc h .  The reason i s  that t h e  dump trucks  
u sed to transpo rt the wastes  wi l l  be s l i gh t l y  contami nated and wi l l  probab l y  have  to return  empty. 
Because  of the l a rge number of truc k t r i p s  and the l ocat i on s  of the a l ternat i ve s i tes , c a rr i e rs may 
not be amenab l e  to negot i at i ng  one-way pr i ces . Even  i f  the cost o f  transporta t i on cou l d  be l owered 
by negot i at i ng  l ower p r i ces  ( o r  by u s i n g  other transport modes - - Append i x  D ) , the overa l l cost  of the 
offs i t e  a l ternati ves  wou l d  not be reduced by mo re than  a few percent .  Th i s  i s  we l l  w i th i n  the error 
of t he s e  cost e s t i mate s .  
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Tab l e  F . 3 . S ummary o f  Costs for A l ternat i ve 2b 

Re l ocat i o n  ( A l terna t i v e  2 a )  $ 128 , 000 

I nter i m  Cap Remova l :  
C l ay ,  11 , 000 yd3 @ $2 . 34/yd3 
A l ternati ve 2a 

Subtotal  ( I nter i m  Cap Remova l )  

Remova l o f  Re s i due Overburden :  
Was te s , c l ay ,  and so i l ,  27 , 000 yd3 @ $2 .  34/yd3 

Res i due Remova l :  
Hydra u l i c  m i n i ng ,  14 perso n-years @ $50 , OOO/person-yea r 

Res i due Proces s i ng :  
E q u i pment setup 
Operati ng  costs : 

E l ect r i c i ty ,  4100 MWh @ $65/MWh 
Labor , 49 perso n-yea rs @ $50 , 000/person-year 

Subtotal ( Re s i due P roce s s i ng )  

S l ag Mov i ng ,  Sto r i n g  

Long-Term Cap Cons truc t i o n :  
New c l ay ,  7 , 200 y d 3  @ $ 9 . 80/yd3 
Re s i due overburden :  

Bac k f i  1 1  
Compact i on , 27 , 000 yd3 @ $ 2 . 10/yd3 

Subtotal  ( re s i due overburde n )  

A l ternat i ve 2 a  

Subtotal ( Long-Term Cap Construc t i o n )  

S ubtota l 

O ve rhead : 
General  contractor (22% o f  s ubtota l ) 
Ma i ntenance , mon i tori ng , and s urve i l l a nce , 

70 person-years @ $61 , 000/person-year  

TOTAL FOR ACT ION  P E R I OD 

Cred i t  for Meta l Recovery 

NET COST FOR  ACTI ON P E R I ODt 1 

Extended Care ( A l ternat ive  2a ) :  
Annual  cost  
Total  payout ( 200 years ) 
S i n k i ng fund ( 3% rea l i ntere s t ) t 2  

t 1 Rounded t o  two s i g n i f i cant  f i gure s .  

$26 , 000 
$67 , 000  

$93 , 000 

$63 , 000  

$700 , 000  

$2 , 000 , 000 

$26 7 , 000 
$ 2 , 450 , 000  

$4 , 71 7 , 000  

$700 , 000 

$70 , 000 

$63 , 000 
$ 5 7 , 000 

$120 , 000 

$1 , 634 , 000 

$ 1 , 864 , 000  

$8 , 265 , 000 

$ 1 , 817 , 000 

$4 , 270 , 000 

$6 , 087 , 000  

$ 14 , 352 , 000 

$5 , 575 , 000 

$8 , 800 , 000 

$85 , 000 
$17 , 000 , 000  

$2 , 800 , 000  

t 2  The  cost o f  a perpetual  care fund i s  equa l  to  the cost o f  a 200-year  
s i n k i ng fund (wi th i n  the two s i gn i f i cant f i gures reported here ) .  
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Tab l e  F . 4 .  Components o f  Cred i t  for Meta l Recovery 

K-65 l- 30/F-32 l-50 

Avg.  Avg.  Avg . 
Meta l $ / kgt 1 ppmt2 kgt 3  103 $ ppm kgt3 103 $ ppm kgt3 103 $ 

U ra n i um 45 3 , 800 11 ,800 5 3 1  5 , 000 36 , 000 1 , 620 790 1 , 100 5 0  

lead 0 . 50 56 , 000 14 , 000 57 13 , 000 94 , 000 47 4 , 900 6 , 6 0 0  3 . 3 

Go l d  1 3  , 30 0  0 . 2  0 . 62 8 0 . 37 2 . 7  36 < 0 . 2 0 . 2 7 3 . 6  

P l a t i num 12 , 500 < 0 . 5  1 . 5  6 0 . 32 2 . 3 29 0 . 5  0 . 68 8 . 5 

P a l l a d i um 3 , 400 20 62 2 1 1  3 . 5 2 5  8 5  2 . 4  3 . 2  1 0 . 9 

Copper 1. 74 500 1 , 5 50 3 2 , 300 16 , 500 29 2 , 400 3 , 200 5 . 6  

Coba l t  2 2 . 9 2 , 000 6 , 200 142 5 , 1 00 36 , 700 840 7 , 700 1 0 , 40 0  238 

N i c ke l  5 . 8  3 , 000 9 , 300 54 1 7 , 000 122 ,400 710 24 , 000 32 , 4 0 0  188 

Mo l ybdenum 17 1 0 , 000 3 1 , 000 527 860 6 , 20 0  105 300 400 6 . 8  

Subtota l s  1 , 53 9  3 , 50 1  5 1 5  

Tota l C red i t :  $5 , 54 5 , 000 

t l  F rom Bec hte l Nat i on a l  ( 1984) . Mo l ybdenum v a l ue i s  f rom U .  S .  B u reau o f  M i ne s  ( 1980 ) .  

t2 F rom Tab l e  3 . 7  o f  t h i s repo r t .  

t3 Average d ry wei g h t s  of the K-6 5 , l - 30/F- 32 , and l-50 re s i due s were obta i ned f rom T ab l e  3 . 5 o f  th i s  report a s  
3 4 5 0  MT , 8 , 0 00 MT , and 1 , 500 MT , r e s p ec t i v e l y .  A 90% reco v e ry factor ( Bechte l Nat l . 1984) i s  a l s o  i nc l uded . 

t r i ps needed to transport the res i dues and wastes i s  g i ven  i n  Tab l e  0 . 3 .  D i sposa l  costs are a s s umed 
to be $ 3 . 40/ft3 ( s ee Sec t i o n  F . 1 ) .  

A l though s tate fees for  t ransport of the NFSS res i dues are not app l i c ab l e  to DOE s h i pments , s uch  
fees a re often  used  to  fund  s tate emergency p reparedness  e fforts ( Se c t i o n  4 . 6 . 3 . 4 ) .  For  these  cost  
a n a l yses , the  state of  New Yo rk fees o f  $ 1 , 000 for  the tra nspo rt perm i t  p l us $ 100 per truc k l oad are 
i nc l uded as  a n  examp l e .  Actua l costs  may b e  h i gher  o r  l owe r ,  depend i ng o n  whether o r  not DOE  negoti ates 
payments to offset the costs of  state eme rge ncy p reparedness  effort s .  

The cost of rec l a i m i ng a nd re l eas i ng NFSS i s  a s s umed to b e  $550 , 000  ( Bechte l Nat l . 1984 ) .  Over
head i s  ca l cu l ated as descr i bed i n  Sec t i o n  F . 1 . Ma i ntenanc e ,  mon i tori n g ,  and  s u rv e i l l ance act i v i t i es 
a re taken to requ i re 84 person-years ( Bechtel  Natl . 1 984- -A l terna t i v e  8 )  at $61 , OOO/pe rson-year .  
Long- term ma i ntenanc e ,  mo n i tori ng , a nd s u rv e i l l ance costs  that app l y  to  the Hanford s i te o n l y  are 
a s s umed to be the same as those for  NFSS under Al ternat i v e  2a .  

The costs  for A l ternat i ve 3a  are  s umma r i zed in  Tab l e  F . 5 .  The  ma i n  contri b u t i o n  to the 
$ 170 , 000 , 000  for  the cost for the act i o n  peri od is the  d i rect cost of  truck transport , $114 , 000 , 00 0 .  
Consequent l y , m o s t  of the uncertai n t i e s  i n  the tota l cost e s t i mate a r i s e  from uncerta i nt i es i n  t h e  
cost o f  th i s  act i v i ty .  Because  t ran sport by t r u c k  of a l l sorts of l oads  u nder  d i f ferent cond i t i ons  i s  
v e ry common ,  the cost e s t i mates shou l d  not be too uncerta i n .  Howe v e r ,  the d i spo s a l  and ove rhead costs  
a re more uncerta i n .  Thus , the range in  wh i c h  the true  tota l cost  s ho u l d  l i e can  p robab l y  be set at 
7 5% to 150% of $ 170 , 000 , 000 , or $130 , 000 , 000 to $260 , 000 , 000 . 

F . 7  ALTE RNAT IVE  3b 

Al ternat i ve 3b d i ffers f rom A l ternat i v e  3a  i n  that the res i d ues and  was tes wi l l  be d i s posed at 
O a k  R i dge rather than at Hanford and wi l l  be d i sposed in  p i l es covered w i th caps rather than i n  
trenc hes . The costs for a l l acti v i t i es are the same for  A l terna t i v e  3b as for  A l ternat i v e  3a , except 
transpo rtat i o n  and d i sposa l  costs . T ransporta t i o n  costs are l es s  because  of  the s horter round- t r i p  
d i s tance , 2 , 400 k m  ( 1500 mi ) .  T h e  c o s t  of  $ 1 . 37/m i l e  ( EG&G I daho 198 3 )  i s  t h e  same as  for Al terna
t i ve 3 a .  T h e  u n i t d i sposa l  c o s t  i s  taken t o  b e  $ 5 . 50/ft3 at O a k  R i dge ( see Sec t i o n  F . 1 ) .  

O v e rhead costs  are c a l c u l ated i n  the same manner a s  for A l ternat i ve 3 a .  Ma i ntenance , mon i tor i ng ,  
a nd s u rve i l l ance acti v i t i es wi l l  req u i re 76 person-years ( Bec hte l Natl . 1984--A l terna t i v e  5 )  at 
$61 , OOO/person-yea r .  Extended c a re costs a r e  a s s umed t o  be t h e  same as  f o r  A l terna t i v e  3 a .  

T h e  costs  f o r  Al terna t i v e  3 b  a r e  s umma ri zed i n  Tab l e  F . 6 . A s  f o r  Al ternat i ve 3 a ,  t h e  ma i n  cont r i 
b ut i ons  t o  the act i o n  p e r i od c o s t  e s t i mate of  $89 , 000 , 000 are trans porta t i o n  ( $34 , 260 , 000 ) a n d  d i spo s a l  
( $36 , 960 , 0 00 ) .  Uncerta i nt i e s  i n  the cost  e s t i mates s hou l d  be about the s ame a s  those for A l terna
t i ve 3 a .  Thus , t h e  range wi l l  be f rom 75% to 150% of the e s t i mate , or $67 , 000 , 000  t o  $130 , 000 , 00 0 .  
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Tab l e  F . 5 . Summa ry of Costs for A l ternat i ve 3a 

I nter i m  Cap Remova l ,  72 , 000 yd3 @ $ 2 . 34/yd3 

Excavati o n , Packag i ng :  
Res i dues : 

B i ns , 6750 @ $384/b i n  
Excavate , f i l l  b i ns 

S ubtota l ( re s i dues ) 

Was tes , 236 , 000 yd3 @ $ 2 .  34/yd3 

S ubtota l ( Excavat i o n , Pac kag i ng )  

Transportat i on : t 1  
Res i dues : 

K-65 , 500 t r i p s  @ $6 , 850/tri p  
L-30/F-32 , 960 t r i ps @ $6 , 850/tr i p  
L- 5 0 ,  140 t r i ps @ $6 , 850/t r i p  

L i ce n s e  fees : 
K-65 � L-30/F32 , 1 , 460 t r i ps  @ $100/tr i p  � $1 , 000 

Subtotal ( Re s i dues , i nc l . l i cense  fees ) 

Was tes , 1 5 , 000 t r i p s  @ $6 , 850/tr i p  

Subtotal ( Transporta t i o n )  

N F S S  S i te Restora t i o n  

Subtotal 

Overhead :  
Genera l contractor ( 22% of s ubtota l ) 
Mai ntenance , mon i to r i ng , and survei l l ance , 

84 person-years @ $62 , OOO/person-year 

S ubtotal (Overhead)  

D i sposa l  . at Hanford , 6 . 72 x 106  ft3 @ $3 . 40/ft3 

TOTAL FOR ACT ION  PER I ODt2 

Extended Care ( A l ternat i ve 2a ) :  
Annua l cost  
Total  payout ( 200 years ) 
S i nk i ng fund ( 3% real  i nterest)t3  

$2 , 592 , 000 
$770 , 000 

$ 168 , 000 

$3 , 362 , 000 

$552 , 000 

$ 3 , 9 14 , 000 

$ 3 , 425 , 000 
$6 , 576 , 000 

$959 , 000 

$147 , 000 

$11 , 10 7 , 000 

$102 , 750 , 000 

$113 , 857 , 000 

$550 , 000 

$118 , 489 , 000 

$26 , 067 , 000 

$ 5 , 124 , 000 

$31 , 19 1 , 000 

$22 , 848 , 000 

$170 , 000 , 000 

$85 , 000 
$17 , 000 , 000 

$2 , 800 , 000 

t 1  Costs  are c a l c u l ated a s s um i ng that the truc ks return empty .  

t2 Ro unded t o  two s i gn i f i cant f i gure s .  

t 3  The cost  o f  a perpetual  care fund i s  equa l  to the cost  o f  a 200-year 
s i nk i ng fund (wi th i n  the two s i gn i f i cant  f i gures repo rted here ) .  

F . 8  ALTERNAT I V E  4a 

Many of the act i v i t i e s  dur i ng the act i o n  per i od for A l ternat i ve 4a wi l l  be the  same as  those for 
A l ternat i ve 2b or  3 a .  Costs for re l oc a t i o n  o f  the central  d i tc h  and  Lutts Road and for remova l  o f  the 
i nte r i m  cap and was tes  over the  res i dues are a s s umed to be the same as  for A l terna t i ve 2b . Cos ts for 
excavat i on , pac ka g i ng , and transporta t i o n  o f  the res i dues a re a s s umed to be the same as  for A l terna
t i ve 3a . Construc t i o n  of the l o n g- term cap a t  NFSS i s  the same as for A l ternat i ve 2b except that 
5 , 500 m3 ( 7 , 200 yd3 ) o f  new c l ay at $ 9 . 80/yd3 is needed to f i  1 1  the  space l eft by remova l of  the 
res i dues ( the other 5 , 500 m3 is a l ready accounted for i n  A l ternati ve 2b ) .  The un i t  d i spo s a l  cost  i s  
a s s umed to b e  the same as for A l ternat i ve 3 a .  

Ove rhead costs a re c a l c u l ated i n  the same manner  as f o r  A l ternati ve 3 a .. M a i ntenance , mon i tori n g ,  
a n d  s u rve i l l ance act i v i t i e s  a r e  as s umed t o  req u i re 8 1  person-ye a rs ( Bechtel  Natl . 1984- - A l ternati v e  1 2 )  
at $61 , 000/pe rson-year .  Costs  for extended c a re f o r  the 200-year per i od fol l owi ng  the ac t i o n  per i od 
a re taken to be $ 128 , 000/yr ( see  Sect i o n  F . l ) .  
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Tab l e  F . 6 . S ummary o f  Costs  for  A l ternat i v e  3b 

I nter i m  Cap Remova l ( A l ternat i ve 3 a )  

Excava t i o n , Packag i ng ( A l terna t i v e  3 a )  

Transportat i o n : t J  
Res i dues , 1 , 600 t r i p s  a t  $2 , 055/t r i p  
L i cense  f e e s  ( A l ternat i ve 3 a )  
Wa ste s ,  15 , 000 t r i p s  @ $2 , 055/t r i p  

S ubtota l ( Transporta t i o n )  

N F S S  S i te Restorat i on ( A l te rnat i ve 3 a )  

Subtotal  

Ove rhead : 
General  contractor ( 2 2% o f  subtota l )  
Ma i ntenance , mon i to r i ng , and s u rve i l l ance , 

76 person-yea rs @ $61 , 000/pe rson-yea r  
Subtotal  ( Overhead)  

D i spos a l  at Oak R i dge , 6 . 72 x 106 ft3 @ $ 5 . 50/ft3 

TOTAL FOR ACTION PER IODt2  

Extended C a re ( A l ternatve 2a ) :  
Annua l cost  
Tota l  payout (200  years ) 
S i n k i ng fund ( 3% rea l i ntere s t ) t 3  

$168 , 000  

$3 , 9 14 , 000 

$3 , 288 , 000 
$ 147 , 000 

$30 ,825 , 000 

$34 , 260 , 000 

$550 , 000 

$38 ,892 , 000 

$8 , 556 , 000 

$4 , 63 6 , 000 

$13 , 182 , 000 

$36 , 960 , 000 

$89 , 000 , 000 

$85 , 000  
$ 1 7 , 000 , 000  

$2 , 800 , 000 

tJ Costs a re ca l cu l ated a s s um i ng that the trucks return empty . 

t2 Rounded to two s i g n i f i ca nt f i g ures .  

t 3  The cost o f  a perpetua l c a re fund i s  equa l  to the cost  o f  a 200-year 
s i n k i ng fund (wi th i n  the two s i g n i f i cant f i gure s  reported here ) .  

Tab l e  F . 7 .  Summary o f  Costs  for  A l ternat i ve 4a 

Re l ocate D i tch , Lutts Road ( A l terna t i ve 2b)  

Remo ve I nter i m  Cap , Wastes over R e s i dues ( A l ternat i ve 2b)  

Excavate , Pac kage Res i dues ( A l ternat i ve 3 a )  

T ranspo rt , L i cense  Re s i dues  ( A l ternat i ve 3 a ) t J  

Construct Long-Term C a p  ( N F S S )  
C l ay ,  7 , 200 yd3 @ $ 9 . 80/yd3 
A l ternat i v e  2b 

Subtotal  ( Construct Long-Term Cap)  

Subtotal  

Ove rhead :  
General  contractor ( 2 2% o f  overhead)  
Ma i ntenance , mon i to r i ng , and s u rve i l l ance , 

81 person-years @ $61 , 000/perso n-year 

Subtota l  ( Overhead)  

D i spo s a l  at Hanford , 389 , 000 ft3 @ $ 3 . 40/ft3 

TOTAL FOR ACTI ON P ER IODt2 

Extended Care ( A l ternat i ve 2a ) :  
Ann u a l  cost  
Tota l  payout ( 200 years ) 
S i n k i ng fund ( 3% real  i ntere s t ) t 3  

t J  C o s t s  a re c a l c u l ated a s s um i ng  t h e  trucks  return empty .  

t2  Rounded t o  two s i gn i f i cant f i gu res . 

$ 128 , 000 

$153 , 000 

$3 , 362 , 000 

$11 , 107 , 000 

$71 , 000 
$ 1 , 904 , 000 

$ 1 , 975 , 000 

$16 , 725 , 000 

$3 , 680 , 000 

$4 , 941 , 000 

$8 , 621 , 000 

$1 , 323 , 000 

$27 , 000 , 000 

$130 , 000 
$26 , 000 , 000 

$4 , 200 , 000 

t3  The cost of  a perpetua l care f und is e q u a l  to the cost o f  a 200-ye a r  
s i n k i ng f u nd ( w i t h i n  the two s i g n i f i cant f i g u re s  reported h e re ) .  
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The  costs  for  A l ternat i v e  4a are  summa ri zed i n  Tab l e  F . 7 .  The ma i n  contr i b ut i on s  t o  the act i o n  
per i od c o s t  of $27 , 0 00 , 000  a re transporta t i o n  of the res i dues  ($11 , 107 , 00 0 )  a n d  overhead $8 , 892 , 00 0 .  
T h e  uncerta i nt i e s  i n  t h e  cost e s t i mate for A l te rn a t i v e  4a shou l d  be rough l y  s i m i l ar t o  t h o s e  for 
A l ternati ves 3a a nd 2 a .  Consequen t l y ,  the range for the t r u e  cost can  probab l y  be set at from 75% to 
150% of the e s t i mate , or $20 , 000 , 000 to $40 , 0 00 , 00 0 .  

F . 9  ALTERNAT I V E  4b 

I n  A l te rn a t i v e  4b , the res i dues wi l l  be s h i pped to Hanford as  i n  A l ternat i ve 4a . Howe v e r ,  the 
wastes wi l l  be d i sposed i n  the ocean , and the NFSS  s i te wi l l  be restored and re l eased .  I nte r i m  cap 
removal  costs  and N F SS restorat i o n  costs  are the same a s  for A l ternati ve 3a .  The cost of removi ng the 
wastes from over the res i dues i s  the  same as  for A l ternati ve 2b.  The costs  o f  excavat i o n ,  pac kag i ng ,  
transpo rtat i o n , and d i spo s a l  o f  the res i dues  a t  Hanford a re the s ame a s  for A l te rnati ve 4 a .  

F o r  ocean d i sposa l , the was te s  wi l l  be transported 1 , 000  kIn ( 625 m i ) t o  a d o c k  i n  t h e  Port of 
N ew York , u n l oaded i nto a b i n  at docks i de ,  and l oaded by c l amshe l l buc ket c ranes  i nto ba rg�s at 120 m3 
( 150 yd3 )  per hour (Append i x  E ) .  The same type o f  truc ks wi l l  b e  used for transporti ng the wastes i n  
A l te rnati ve 4b a s  i n  the other a l ternati ve s .  An est i mated 15 , 000 tr i ps  a re requ i red at a cost o f  
$ 1 . 42/m i l e  for a ro und- t r i p  d i stance of  2 , 000  k m  ( 1 , 250 m i ) .  The 180 , 000 m 3  ( 236 ,000  yd3 ) of  wa s t e s  
are l oaded onto t h e  barge at a cost of $4 . 34/yd3 ( Means  C o .  1982 ) .  

The cost of ocean  d i spo s a l  160 km ( 100 m i ) o f f s hore by barge and tug was g i ve n  a s  about 
nO/dry ton i n  a 1977 report ( L i tt l e 1977 ) .  Use of the annual  percent i nc reases  in  c o n s umer p r i c e  
i ndex ( U .  S .  B u r .  C e n s u s  198 3 )  t o  convert t o  1982 do l l a rs g i ves a va l ue o f  about $16/dry t o n  o r  
$17 . 60/dry MT . The tota l we i ght of wa stes ca n  be determi ned f rom the data i n  Tab l e  3 . 5 .  I t  i s  a l so 
a s s umed that four mo n i to r i ng tr i ps  at a cost o f  $480 , 000 per tri p ( L i tt l e  1977)  ( corrected to 
1982 dol l ar s )  occ u r  d u r i n g  the d i s po sa l . 

The genera l cont ractor component of the overhead costs  i s  determi ned as 22% of a l l costs , except 
r e s i due d i sposa l at Hanfo rd .  Mai ntenanc e ,  mo n i tor i n g ,  a nd s urve i l l ance costs a re ca l c u l ated a s s um i ng 
t hat the  numb e r  of perso n-years req u i red i s  the same a s  for A l terna t i v e  4a . Extended care costs  are 
set  at $43 , 000/year ( Sect i o n  F . 1 ) .  The costs  for A l ternat i ve 4b are s umma r i z ed i n  Tab l e  F . 8 . Uncer
ta i nt i es i n  the tota l ac t i on peri od cost e s t i mate of $65 , 000 , 000  are a s s umed to be the same a s  those  
g i ve n  for A l ternati ve 4a , name l y  25% l ower to  50% h i gher .  Th i s  g i ves  a cost range  o f  $49 , 000 , 000 to 
$98 , 000 , 00 0 .  (The  fact that the  cost est i mates for ocean d i spo s a l  of wastes a re more uncerta i n  than  
those for reta i n i ng the wastes  at NFSS does not have much e f fect because the cost of t h i s acti v i ty i s  
o n l y  10% of the tota l . )  

F . 10 ALTERNAT I V E  4c 

A l ternati ve 4c i s  the same as A l ternati ve 4a except that the res i dues  wi l l  be s h i pped to Oak  R i dge 
for  d i sposa l . The costs o r  u n i t costs a re the s ame as  those for Al ternat i ve 4a o r  3b.  Mai ntenance , 
moni tori ng , a nd s u rve i l l ance  acti v i t i es a re a s sumed to requ i re 62 person-years ( Bechtel  Nat l . 1984-
A l ternat i ve 1 1 )  at $61 , 000/person-year .  Extended care c o s t s  a re a s s umed t o  be the same as  f o r  Al ter
nat i ve 4 a .  

T h e  costs f o r  A l ternat i ve 4 c  a re s umma r i zed i n  Tab l e  F . 9 .  T h e  tota l c o s t  f o r  t h e  act i on pe r i od 
i s  e s t i mated to be $17 , 000 , 00 0 .  The uncerta i nty ranges are a s s umed to be the same a s  for 
A l ternati ve 4a- - i . e . , from 75 to 150% of the est i mate , or $13 , 000 , 000 to $26 , 000 , 00 0 .  

F . 11 ALTERNAT I V E  4d 

A l ternat i ve 4d d u r i ng  the act i o n peri od are a compos i te of the act i v i t i es fo r 
I n  parti c u l a r ,  the res i dues wi l l  be treated as i n  A l terna t i ve 4c and the 
i n  A l ternat i ve 4b . Mai ntenanc e ,  mo n i to r i n g ,  and  s u rve i l l ance acti v i t i e s  are 
a s  for A l terna t i v e  4c , and extended care i s  a s s umed to cost  the same as  for 

The ac ti v i t i es for 
A l terna t i ves 4b and 4c . 
wastes wi l l  be t reated as  
as sumed to  cost the same 
A l ternati ve 4b . 

The  costs  for A l ternati ve 4d are summari zed i n  Tab l e  F . 1 0 .  The tota l cost  duri ng the act i on 
peri od i s  $56 , 000 , 000 .  The unce rta i nty factors s hou l d  be the  same a s  for A l ternat i ve 4b , res u l t i ng i n  
a cost  range o f  $42 , 000 , 000  to $84 , 000 , 00 0 .  
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Tab l e  F . 8 . Summary of Costs  for A l ternat i ve 4b 

Remove :  
I n te r i m  cap  ( A l ternat i v e  3 a )  
Was tes  o v e r  res i dues ( A l ternat i ve 2b ) 

Subtota l ( Remove )  

Excavate , Package Res i dues ( A l terna t i v e  4 a )  

Transportat i on : t 1 
Res i dues  ( i nc l . l i ce n s e  fees ) ( A l ternati ve 4a)  
Was tes , 15 , 000 t r i p s  @ $ 1 , 775/t r i p  

Subtota l ( Transpo rtat i o n )  

Ocean D i sposa l  of  Was te s :  
Barge l oad i n g ,  240 , 000 yd3 @ $4 . 34/yd3 
Barge towi ng , dump i ng ,  215 , 000 MT @ $17 . 60/MT 
Mo n i tori ng  t r i p s , 4 @ $480 , 000/tri p 

Subtotal ( Ocean  D i sposal  of Was te s )  

NFSS S i te Restora t i o n  ( A l ternat i ve 3 a )  

Subtotal 

Overhe a d :  
Genera l contractor ( 22% of s ubtota l )  
M a i ntenance , mo n i to r i ng , and  s urve i l l a nce  

( A l ternat i v e  4 a )  

Subtota l ( O verhead ) 

Res i du e  D i spo s a l  at Hanford ( A l ternati ve 4 a )  

TOTAL FOR  A C T I O N  P E R IODt2 

Extended C a re ( A l te rnat i ve 2a ) :  
Annual  cost  
Tota l payout (200  years ) 
S i n k i ng fund  ( 3% real  i nte re s t )t3  

$168 , 000 
$ 6 3 , 000 

$231 , 000 

$3 , 362 , 000 

$11 , 107 , 000  
$26 ,625 , 000 

$37 , 732 , 000 

$1 , 042 , 000 
$3 , 784 , 000  
$ 1 , 920 ,000  

$6 , 745 , 000 

$550 , 000 

$48 , 620 , 000  

$10 , 696 , 000 

$4 , 941 , 000  

$ 15 , 637 , 000 

$1 , 323 , 000 

$66 , 000 , 000 

$43 , 000 
$8 , 600 , 000 
$ 1 , 400 , 000 

t1 Costs a re c a l c u l ated a s s um i ng  that the trucks return empty .  

t2 Rounded t o  two s i g n i f i cant f i gu re s .  

t 3  The cost of  a p e rpetua l care fund i s  equa l  to the cost  o f  a 200-year  
s i nki ng . fund  (wi t h i n  the two s i gn i f i cant  f i gures repo rted here ) .  
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Tab l e  F . 9 . Summary o f  Costs  for A l ternati ve 4c 

Re l ocate D i tc h , Lutts Road ( A l ternati ve 4a)  

Remove I nter i m  Cap , Wastes over Res i dues ( A l ternat i ve 4a)  

Excavate , Package R e s i dues ( A l ternat i v e  4a)  

Transport , L i cense  Res i dues ( A l ternat i ve 3b ) t 1  

Construct Long-Term Cap ( A l te rnat i v e  4a)  

Subtota l 

Overhead:  
General  contractor ( 2 2% o f  sUbtota l )  
Ma i ntenance mon i to r i n g ,  and s u rve i l l ance , 

62 pers on-years  @ $61 , 000/person-year  

Subtota l ( Overhead)  

D i spos a l  o f  Res i dues , 389 , 000 ft3 @ $ 5 . 50/ft3 

TOTAL FOR  ACT ION  P E R I ODt2 

Extended Care ( A l ternati ve 2a ) :  
Annual  cost 
Total  payout (200 year s )  
S i n k i ng f u n d  ( 3% r e a l  i ntere s t ) t3 

$128 , 000 

$153 , 000  

$3 , 362 , 000  

$ 3 , 435 , 000 

$1 , 975 , 000  

$9 , 053 , 000 

$1 , 992 , 000  

$3 , 782 , 000  

$5 , 774 , 000  

$2 , 139 , 000 

$17 , 000 , 000 

$130 , 000 
$26 , 000 , 000 

$4 , 200 , 000  

t l  Costs  are ca l cu l ated a s s umi ng  that  the  trucks return empty .  

t2 Rounded t o  two s i g n i f i cant f i gure s .  

t3  The cost o f  a perpetual  care f u nd i s  equa l  to the cost o f  a 200-year 
s i n k i ng fund (wi th i n  the two s i g n i f i cant f i gures reported h e re ) .  

Tab l e  F . 10 .  Summary o f  Costs  for Al ternat i ve 4d 

Remove I nter i m  Cap , R e s i due Overb u rden ( A l ternati ve 4b ) 

Excavate , Package R e s i dues ( A l ternat i ve 4c ) 

Transport , L i cense  Res i dues ( A l te rnat i ve 4c ) t 1  

Transport Wastes ( A l ternat i ve 4b ) t 1  

Ocean D i spos a l  o f  Wastes ( A l ternat i ve 4b)  

NFSS S i te Restorat i on (A l ternat i ve 4b ) 

Subtotal 

Overhead : 
General  contractor ( 22% o f  s ubtota l )  
Ma i ntenance , mon i to r i ng , and s u rve i l l ance  

( A l ternat i ve 4c ) 

S u btota l ( Overhead)  

D i spos a l  o f  Res i dues ( A l terna t i ve 4c)  

TOTAL FOR ACTION P E R I ODt2 

Extended C a re ( A l ternat i ve 4b) :  
Annua l  cost  
Tota l payout ( 200 years ) 
S i n k i n g  f und ( 3% rea l i nte re s t ) t3 

$231 , 000 

$ 3 , 362 , 000 

$3 , 435 , 000 

$26 , 625 , 000 

$6 , 745 , 000 

$550 , 000 

$40 , 948 , 000 

$9 , 008 , 000 

$ 3 , 782 , 000  

$12 , 791 , 000 

$2 , 139 , 000 

$56 , 000 , 000  

$43 , 000 
$8 , 600 , 000 
$ 1 , 400 , 000 

t l Costs  are ca l cu l ated a s s um i ng that the truc ks return empty . 

t2 Rounded to two s i gn i f i cant f i gu re s .  

t3  T h e  cost o f  a perpetual care fund i s  equa l  t o  t h e  cost o f  a 200-year 
s i n ki ng  fund (wi th i n  the two s i gn i f i cant  f i gures reported here ) .  
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APPEND I X  G .  SCO P I NG 

G . 1 SCO P I NG PROCESS 

As part o f  its  S u rp l us Fac i l i t i es Management P rogram ( S FMP ) and Former ly  U t i l i z ed S i tes  Reme d i a l  
Ac t i o n  Prog ram ( FUSRAP ) , the Department of E n e rgy ( DO E )  i s s ued a Not i c e  o f  I ntent ( NO I )  on  February I ,  
1983 , i n  the Federal  Regi ster  ( U . S .  Dep . E n ergy 1983a )  that  an e n v i ronmenta l i mpact statement  wi l l  be  
p repared to assess  the e n v i ronmental  i mpacts of s everal  a l ternati ves  for  the l ong-term management of  
e x i s t i ng rad i oac t i ve wastes and res i dues stored at DOE ' s  N i agara F a l l s  Storage S i te ( NF S S )  as  of  
c omp l et i on of i nt e r i m  remed i a l  a c t i o n s  i n  1985 . * The  NO I wa s ma i l ed di rect l y  to  federa l , s tate 
( New Yor k ,  Tennes see , and Was h i ngton ) , and l oca l  governments and  agenc i e s ;  to Representat i ve LaFal ce ' s  
NFSS  Overs i gh t  Comm i ttee ; and to the general  publ i c .  

I n  accordance w i t h  regu l at i ons  of  the Counc i l  o n  E n v i ronmental  Qua l i ty ( CE Q )  and DOE g u i de l i nes 
for imp l emen t i n g  N E PA ,  the Department conducted a scop i ng p roce s s  to determi ne  the a l ternat i ves  to be 
anal yzed i n  th i s  E I S ,  the s i g n i f i cant i s sues  to be a n a l yzed i n  depth , and the i s sues  to be e l i m i nated 
f rom f u rther deta i l ed study .  The res u l ts of  the scop i ng p rocess  are g i ven  i n  the DOE Imp l ementati on 
P l an for th i s  E I S  ( U . S .  Dep . Energy 1984 ) .  Fo l l ow i ng i s  a b r i e f  s ummary . 

Pub l i c  i nput to the scop i ng p rocess  i nc l uded : 

Presentat i on s  made at two pub l i c  meeti ngs  h e l d  at Lewi ston-Po rter H i gh Schoo l , Lewi ston , 
New York , on February 17 and 19 , 1983 

Presentat i ons  made at a pub l i c  mee t i n g  he l d  at the Museum of  Sc i ence and E nergy ,  Oak  
R i dge , Tennes see , on  October 19 , 1983 

Letters rec e i ved by DOE regard i ng the scope of  the E I S  

A l i st o f  the persons  and organ i za t i o n s  who commented d u r i ng the p u b l i c  scopi ng proces s  i s  g i ven 
i n  Tab l e  G . 1 .  About ha l f  the pub l i c  comments  were f rom government o rgan i zat i ons  and h a l f were from 
organ i zed p ub l i c - i nterest or env i ronmental  groups . Very f ew pr i vate c i t i ze n s  o f f e red comments . 

Techn i ca l  i nput to the scop i ng proces s  i nc l ude d :  

Pre l i m i nary eng i neer i ng  eval uat i o n  of  several  a l terna t i ves for  the d i spos i t i on of  N F S S  
res i dues  a n d  wastes  by Bechte l Nat i ona l , I nc .  ( BN I ) 

Meet i ngs , co rrespondence , and te l ephone commun i cat i ons  between Argonne Nat i ona 1 
Laboratory ( AN L )  and B N I  regard i ng e s t i mates of v o l umes and l ev e l s o f  contam i na t i o n  of  
the var ious  wastes and res i dues at NFSS  

Meet i ngs  and correspondence between ANL  and the DO E operat i on s  o f f i ce s  at Oak  R i dge , 
Tennessee  ( DOE-OR ) ,  and R i ch l and , Was h i ngton ( DO E - RL ) , regard i ng l ocat i o n s  and concep
tua 1 des i gns for 1 ong- term management of the NF  SS  wa s tes and res  i dues at the DOE Oa k 
R i dge and Hanford Reservat i ons  

.- Meet;  ngs , corre spondence , and  rev ; ew  of  a 1 ternat ; ves  and i s s u e s  by FUSRAP and  SFMP 
p rog ram ma nagers at DOE-OR , DOE- R L ,  and DOE Headquarters ( DOE-HQ)  

P re l i m i nary eva l uat i on by ANL o f  tec h n i c a l '  opt i o ns  and  conceptual  des i gns  for  barge 
. transportat i o n  and ocean d i spersal  of the NFSS wastes  based on p rev i ou s  stud i es by AN L ,  

Sand i a  Nat i onal  Laboratori es ( SN L ) , and B N I  

P re 1 i m i  n a  ry e v a  1 u a t  i o n  by A N L  of  t e c h n  i ca 1 opt i ons  and deve  1 opment  of  conceptua 1 
des i gn s  for  a n  add i t i ona l  fourth a l ternati ve of offs i te storage of the res i dues ( see  
d i s c u s s i o n  be l ow)  

Meeti ngs  with New Yo rk State agenc i es ( Departments o f  E n v i ronmental  Conservat i o n , 
Labo r , and Hea l th)  

*The i mpacts a s s o c i ated wi th the  i nter i m  acti v i t i e s  w i l l  not be covered in  the  E IS  on  l ong-term manage
ment. The i nter i m  acti ons  are addressed  i n  separate documents ( U . S .  Dep. Energy 1982a , 1982b , 1983b , 
1983c ) .  There i s  a pos s i b i l i ty that some of the i nter i m  act i ons  may not be comp l eted unt i l 1986 . 

G- l 
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Tab l e  G . l .  Pub l i e  Seop i ng I nput 

PRES ENTATIONS A T  SCOPING MEETI NGS 

February 1 7 :  1 .  R i c hard T .  Lee , Repre s entat i ve f o r  Congressman J o h n  LaF a l c e  
( Lewi ston) 2.  Robert Naum , C i t i zen ' s  Overs i ght Comm i ttee 

February 1 9 :  
( Lewi ston) 

October 19 : 
(Oak R i dge) 

CORRESPONDENCE 

3. Robert E .  Lee , Town o f  Lewi ston 
4 .  James Mc E l f i s h ,  Attorney f o r  Town o f  Lewi ston 
5. Dan i e l l e  DeGol i e r ,  C i ti zens Aga i n s t  P o l l ut i o n  
6 .  Terry Kuehn , Representa t i ve f o r  Assemb lyman Murphy 
7 .  R i chard Rooke r ,  N i agara County Board o f  Hea l th 
8 .  Raymond Vaughn 
9. Wa l ter Kl abunde 

10 . Steven R. Nathan son , No LOOW Comni ttee 
1 1 .  Steven D o l e s k i , New York Department of E nv i ronmental Conservat i o n  
1 2 .  Terry Mudd , Representat i ve f o r  Assemblyman P i l l i ttere 
1 3 .  C a l v i n  C .  Schu l t z ,  Town of Lew i ston Supt. o f  H i ghways 

1. Al MacBa i n ,  Member of Parl i amen t ,  Canada 
2. Kathl een L i � a ,  G reenpeace 
3. Ca l v i n  C .  Schu l tz ,  Lewi ston Supt. o f  H i ghways 
4. C . W . Shonnard 
5 .  John D a l y ,  New York State Senator 
6. D i ane D ' Arri go , S i erra C l ub 
7 .  Al fred G u i l i nette , S i erra C l ub Rad i oa c t i ve Wa s te Camp a i g n  
8 .  Margherita Howe , Operat i o n  C l ean , Ontar i o ,  Canada 
9. Robert Franki 

10 . Da ...... i n  Langl o i s  

1 .  Frances P l easonton 
2 .  Cha r l es Coutan t ,  C i ty o f  O a k  R i dge Env i ronmental Qual i ty Adv i so ry Board 
3. Gary Dav i s ,  American Env i ronmental Assoc i at i o n  
4 .  John Wi l l i am s  
5. Barry McConne l l  
6 .  John Dabbs 
7 .  John Peel e ,  �Mber of the Roane Cou nty Leg i s l ature 
8 .  Susan Wi l l i ams 
9. J i m  Young 

1 0 .  Haro l d Jern i gan , Member o f  t h e  Oak R i dge C i ty Counc i l  
1 1 .  R u s s  Dri ver 

D u r i ng Scop i ng at NFSS 

1. I ...... in D . J .  8ros s ,  D i rector o f  B i os tati sti c s , Roswe l l Park Memo r i a l  I n s t i tute 
2. Joseph F. Drayton , D i rector, New York Department o f  Labo r ,  D i v i s i on o f  Safety and Hea l th 
3 .  G l en H. Spa i n ,  General Couns e l , F a ra l l o n  Foundat i o n  
4 .  Caro l Monge rson , Coa l i t i o n  o n  W e s t  Val l ey Nuc l ear Wastes 
5. D. Pas coe , Manage r ,  Envi ronmental Contam i nants D i v i s i on , E n v i ronment Canada 
6. Sh i r l ey J .  Quaranti l l o ,  Schoo l D i s t r i c t  C l e r k ,  Lew i s ton-Porter Central Schoo l 
7 .  Gera l d  F .  Schuur , N i agara F a l l s  Area Chamber o f  Commerce 
8. Paul P. Ham i l ton , F i e l d  Superv i s o r ,  U . S .  Depar�ent o f  I nteri o r ,  F i s h  and Wi l d l i fe Serv i ce 
9 .  D i ana D ' Arri go a n d  L i sa F i na l d i , S i erra C l ub 

10.  R i chard E.  C u n n i ngham , D i rector , D i v i s i o n  o f  Fue l Cyc l e  and Mate r i a l  Safety , U . S .  Nuc l ea r  Regul atory Comm i s s i on 
1 1 .  Anne Norton M i l l e r ,  C h i ef , Envi ronmental Impacts Branc h ,  U . S .  E n v i ronme ntal Protec t i on Agency 
12 . Chri s topher Rooseve l t ,  Pre s i de n t ,  The Ocean i c  Soci ety 
1 3 .  James M. McE l f i s h , Attorney , Town of Lewi s to n ,  NY 
14.  Dona l d  H. Henry ,  Karen G ra f ;  et al . ,  Operati o n  C l ea n ,  I nc .  
1 5 .  Karen Graf 
1 6 .  Lou i s  M .  Concra , D i recto r ,  D i v i s i on o f  Regul atory Affa i r s ,  New Y o r k  Department o f  E n v i ronmenta l Conservat i o n  
1 7 .  C l i fton E .  Curti s ,  Center f o r  Law a n d  Soc i a l  Po l i cy 
18.  G l y n  G .  Ca l dwel l ,  Center for E n v i ronmental Heal th , Department o f  Hea l th and Human Serv i c es 

Duri n g  Scopi ng at Oak R i dge and Hanford 

1 .  John W .  Pee l e ,  Member o f  the Roane County Legi s l ature 
2 .  Kenneth E. Yage r ,  Roane County Exec u t i ve 
3 .  Dona l d  W .  Moos , State o f  Was h i ngton Department o f  Ecol ogy 
4 .  Al l en W .  Nee l , E a s t  Tennessee Devel opment D i s t r i c t  
5 .  M . T .  Brune r ,  Tenne s s ee Department o f  Hea l th and Envi ronment 
6. C . H .  Dea n , C ha i rman , TVA 
7 .  Sheppard N .  Moore , USEPA Region I V  
8.  M.  Ly l e  Lacy I I I ,  C i ty Manage r ,  Oak R i dge , TN 
9.  Herbert L .  Harper , Tenne s s ee H i s to r i c a l  Commi s s i on 

10.  Dan She rry , Tennes see Wi l d l i fe Resources Agency 
11. V. Gary Henry ,  U . S . F i s h and Wi l d l i fe Serv i c e ,  Ashev i l l e ,  NC 
1 2 .  Robert G .  Wh i t l am ,  State o f  Was h i ngton O f f i c e  of Archaeol ogy a n d  H i sto r i c  Preserva t i o n  
1 3 .  P . T . Perdue 
14.  I ...... in D. Bros s ,  B iomed i c a l  Technol ogy , I n c .  
1 5 .  Kenneth S .  Warren 
16. Harry C. Francke 
17. R. F. Perk i ns 
18.  James M .  Mc El f i s h ,  Attorney for Town o f  Lewi sto n ,  NY 
19 . Susan Wi l l i ams 
20 . Renee P .  Bender 
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G . 2  ALTE RNAT IVES  

I n  add i t i o n  to  the  a l ternat i ves g i ve n  i n  the NO I , a fourth a l ternati ve i nv o l v i ng offs i te s torage 
of o n l y  the NFSS res i dues was s uggested dur i ng the scop i ng p roce s s .  F u rther techn i c a l  i nput has 
c o nf i rmed the reasonab l eness  of eval uat i ng such an  a l ternat i ve .  These res i dues account for a l most  99% 
of the tota 1 rad i um- 226 i nve ntory at NFSS  but 1 e s s  than 6% of the tota 1 vo 1 ume of contami nated 
materi a l s .  Remova l o f  the re l at i ve l y  sma l l  v o l ume o f  re s i dues f rom NFSS  wou l d  e l i m i nate most o f  the 
pote n t i a l  l o ng-term rad i o l og i c a l  hazard from NFSS.  T h i s fourth a l ternat i ve was there fore added for 
ana lys i s  i n  th i s  E I S . 

W i th i n  each o f  the four bas i c  a l ternat i ves , n ume rous s ub a l ternat i ves  cou l d  have been cons tructed 
out of the var i ous options  for  l ong-term management s i tes  and des i g n s , transportat i o n  mode s ,  etc . 
Permutat i ons  of al l opt i ons  wou l d  have c reated an unwi e l dy set of a l ternati ves  for analys i s  a nd 
compa r i s o n .  The refo re , comb i nat i ons  o f  opt i on s  cover i ng the range o f  a l ternat i v e s  to be cons i dered by 
the DOE dec i s i on-maker were s e l ected for ana lys i s .  D i scuss i o n s  o f  opt i ons  that were d i sm i s s ed f rom 
deta i l ed s tudy are s ummari zed i n  Append i ces  C and 0 of th i s  E I S .  

G . 3 I SSUES  

Based  on  the scop i ng i nput , s everal  i s s ues we re determi ned to be beyond the scope  of  th i s  E I S :  

1 .  Use  of  NFSS  for management of  other was tes- - Th i s  i s  n o  l onger be i ng con s i dered by DO E .  

2 .  NEPA compl i ance  for A f r i met l ease s ettl ement- - DOE has determ i ned that s ett l ement  of  the 
Afri met l eases  ( U . S .  Dep . Energy 1983d ) was an  act i on wh i c h ,  i n  and of  i tse l f ,  wi l l  have a 
c l ear ly  i n s i gn i f i cant  i mpact o n  the qual  i ty of the human e n v i ronme n t .  No further NEPA 
comp l i ance i s  necessary ( U . S .  Dep . Energy 1983e ) .  

3 .  Compa r i son o f  var i ous regu l a t i o n s - -As prov i ded under the Atom i c  Ene rgy Act ( as amended ) ,  DOE 
i s  exempt f rom regul a t i o n  by s tates and other federal agenc i es w i th respect to rad i o l og i ca l  
aspects o f  DOE opera t i ons . DOE deve l ops i ts own regu l at i on s  ( " O rders" ) for  genera l  app l i ca
t i on to DOE operat i o n s .  Deve l opment o f  s u c h  Orders i s  n o t  part o f  t h e  c urrent ly  proposed 
acti on  and is therefore beyond the scope o f  t h i s  E I S .  A s umma ry o f  app l i cab l e  orders i s  
g i ve n  i n  th i s  E I S . 

4 .  Psyc ho l og i c a l  i mpacts -- I n  a case  i nvo l v i ng the proposed res tart o f  one  o f  the Three M i l e  
I s l a nd reactors , the U . S .  Sup reme Court he l d  that ana lys i s  o f  p sycho l o g i c a l  i mpacts i s  
beyond the i ntent o f  N E PA ( Supreme Court o f  the U n i ted States 1983 ) .  

5 .  I mpacts of pa st ope rati o n s  at NFSS  a n d  Oak R i dge--The i mpacts of  the var i ous a l te rnat i ves  on 
the ex i s t i ng env i ronment are a s s e s sed in  th i s  E I S .  However , in  the above-ment i o ned Sup reme 
Court dec i s i o n ,  i t  was s tated that " NE PA i s  not d i rected at the effects  of past acc i dents 
and does not c reate a remed i a l scheme for past  federal  act i o n s . "  Therefore , a deta i l ed 
ana lys i s  of past opera t i ons  i s  con s i dered to be beyond the scope of th i s  E I S .  

6 .  Cumu l at i ve e ffects o f  a l l pas t ,  present , and future ope rat i ons  at the  DOE Oak Ri dge 
Reserva t i o n- - DO E  h a s  determ i ned t h a t  th i s  i s s ue i s  beyond t h e  scope o f  th i s  E I S . Cumu l at i ve 
e ffects are add res sed o n l y  i nsofar as there are p rojected i nterac t i o n s  w i th other ex i s t i ng 
DOE act i v i t i e s  o n  the Reservat i o n .  

7 .  G l obal  i mpacts o f  ocean d i spo s a l --DOE  has determi ned that  the g l obal i mpacts o f  a ny o f  the 
a l te rnat i ve s , i nc l ud i ng ocean d i sposa l , are c l early beyond the scope of the c urrent dec i s i on 
and the c urrent E I S .  The spat i a l  i mpacts o f  ocean d i sposal  are con s i dered to the po i nt that 
i mpacts become i ns i gn i f i cant .  

8 .  Other d i spo s a l  s i tes--Two s pec i f i c  and reasonab l y  ava i l ab l e  s i te s  on DOE Reservati ons  are 
i nc l uded i n  the a l ternat i ves  to be ana lyzed i n  t h i s  E I S .  O n l y  DOE-owned s i tes  are curre n t l y  
avai l ab l e  f o r  d i sposa l  o f  wastes f rom DOE operat i o n s .  Long- term management of  t h e  N F S S  
wastes a n d  res i dues on non-DOE s i tes  i s  n o t  an a l ternat i ve reasonab l y  avai l ab l e to DOE . 
Other DOE Reservat i ons  are not con s i dered because the Hanford Reservati on i s  representa t i v e  
o f  a n  a r i d s i te a n d  t h e  Oak  R i dge  Reservati on i s  rep resentati ve o f  a hum i d  s i te- -thus  a l l ow
i ng compar i so n  of two s i te s  spann i ng the range o f  s i tes  ava i l ab l e  to the DOE dec i s i on-maker.  

9 .  Process i ng res i dues at a u ran i um m i l l  to recover  val uab l e  e l eme nts- - U ra n i um mi l l s  are 
des i gned to recover uran i um. Extra equi pment  i s  needed to recover the other v a l uab l e  e l ements  
in  the NFSS  res i d ues . Thus , i t  i s  more reasonab l e  to con s i der an a l ternat i ve where i n  such  
e q u i pment i s  i ns ta l l ed at NFSS  rather  than s h i pp i ng res i dues to another  unequi pped s i te .  

10 . Lac k o f  pub l i c  pa rt i c i pat i on i n  the DOE dec i s i on-ma k i ng proce s s  a n d  d i strust o f  federa l 
o ff i c i a l s--Th i s  i s  a very broad soc i a l  i s sue that i s  beyond the scope o f  th i s  E I S .  DOE has 
rece i ved both oral and wri tten comme nts from the pub l i c  duri ng the scop i ng p roce s s  for th i s  
E I S  and i ntends to ho l d  a pub l i c  meeti ng after the Draft  E I S  has been i s s ue d .  
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1 1 .  I nequ i tab l e  d i stri buti on o f  r i s ks; pote nt i a l  precedent for a l l owi ng d i spo s a l  of  other 
Manhattan P roject wastes , and concern  that the s i te chosen  for management o f  the NFSS 
was tes  a nd res i dues may deve l op a bad i mage as a dump i ng ground for the n a t i o n ' s  n uc l ear  
was tes--These  a re a l so b road s oc i a l  i s s ues  that  are add ressed v ia  other pol i t i c a l  and l eg a l  
i ns t i tu t i o n s  a n d  are beyond the scope o f  th i s  E I S .  

Ana lys  i s o f  both the oral  and wri tten pub 1 i c scopi  n g  comments i n d i  cated that concerns  about 
potent i a l  rad i o l og i ca l  hea l th effects , espec i a l l y those a s so c i ated w i th v a r i o u s  p athways through the 
e n v i ronment , we re the i s s ues  o f  g reatest concern . A l though not ra i s ed as  a p r i ma ry i s sue  by the 
publ i c ,  i mpacts a s soc i ated w i t h  pote nt i a l  h uman i ntrus i on i nto the contami nated materi a l s  was reta i ned 
as  a pr i mary i s s ue because of past expe r i e nc e  at u ran i um m i l l  ta i l i ngs  s i tes  ( where peop l e have 
i ntruded i nto the contam i nated re s i dues ) .  

Based o n  pub l i c  scop i ng i nput , rad i o l og i c a l  contami nati o n  o f  the ocea n i c  env i ronment  was added as  
a p r i mary i s s u e .  Th i s  i s s ue wa s one  o f  the majo r  conce rns o f  the org a n i zed pub l i c - i nterest and  env i ron 
menta l group s .  A l though these  g roups bas i c a l ly  recommended that ocean d i spo s a l  be e l i m i nated as a n  
a l ternati ve , tech n i c a l  i nput i nd i cated t h a t  such  a n  a l ternat i ve i s  tec hn i ca l l y  feas i b l e a nd may b e  
ava i l ab l e  t o  the DOE dec i s i on-maker i n  t h e  n e a r  future .  A two-year mo ratori um on d i sposa l  o f  rad i o
act i ve was tes  i n  the ocean i s  sched u l ed to exp i re before the NFSS  a l ternati ves  can  be i mp l emented , and  
EPA is  cons i d e r i ng rev i s i ng i ts ocean dump i ng reg u l at i o n s .  Ocean  d i spersa l  o f  h i gh-vo l ume b u l k 
wa stes - - such  as d i rt ,  s l udges , and  i ndustr i a l  e f f l uents-- i s  common p rac t i c e  i n  the  northeastern U n i ted 
State s .  The 106-Mi l e  S i te ,  l ocated over the conti nental  s l ope southeast o f  New York h a rbo r ,  i s  a n  
E PA-approved dumps i te f o r  h i g h - vo l ume b u l k wastes s i m i l a r i n  compo s i t i on t o  t h e  t race-contami nated 
N F SS was tes . The rad i o i sotopes o f  concern i n  the N F SS was tes occ u r  natura l ly  i n  the ocean and  a re the 
same as  those carr i ed to the sea  by e ro s i on o f  the l and mas ses . Thus , ocean d i sposa l  was reta i ned as 
a reasonab l e  a l ternat i ve to the l ong-term ma i ntenance and mon i to r i ng that wi l l  be requ i red i f  the NFSS 
wastes a re managed by near- s u rface contai nment  o n  l and . 

A few pub l i c  commentors des i red ana l ys i s  o f  synerg i s t i c  e ffects as soc i ated w i th rad i o l og i ca l  
po l l utants f rom t h e  NFSS  wa stes a nd res i dues  a nd c hemi c a l  po l l utants from other  hazardous waste 
fac i l i t i es ( e . g . , the SCA fac i l i ty north o f  NFSS or other DOE fac i l i t i es o n  the Oak R i dge Reservat i on ) .  
There i s  es sent i a l l y  n o  s c i ent i f i c  ev i dence  f o r  syn e rg i s t i c  e f fects between rad i o nuc l i des and the many 
potent i a l  chem i ca l s ,  a nd there i s  no p rojected i nterac t i on w i t h  ex i s t i ng fac i l i t i es .  I n  add i t i o n ,  DOE 
cons i d e rs asses sment o f  syn e rg i s t i c  effects w i th c hemi c a l  re l eases  f rom future fac i l i t i es near each  
a l ternat i ve s i te to be beyond the scope o f  th i s  E I S .  
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U . S .  D E PARTMENT O F  ENERGY G U I D E L I NES  
FOR RESI DUAL RAD I OACT I V I TY AT 

FORMERLY UT I L I Z E D  S I TES  REME D I A L  ACT I ON PROGRAM 
AND 

REMOTE SURPLUS FAC I L I T I E S  MANAGEMENT PROGRAM S I TES  

( Re v .  1 ,  Ju ly  1985 ) 

Th i s  doc ument presents U . S .  Depa rtment of Ene rgy ( DO E )  rad i o l og i ca l  protec t i on g u i de l i nes  for 
c l eanup o f  res i du a l  rad i oact i ve mate ri a l s and management of  the  res u l t i ng wastes and res i dues . It i s  
app l i ca b l e  to s i tes  i denti f i ed by the Forme r l y  Uti l i z ed S i tes  Reme d i a l  Act i on Program ( FUSRAP) and 
remote s i tes  i denti f i e d  by the Surp l us Fac i l i t i e s  Management Program ( SFMP ) . *  The top i c s  covered are 
b a s i c  dose l i m i ts , g u i de l i ne s  and authori zed l i m i t s  for a l l owab l e l eve l s o f  re s i dua l radi oacti v i ty ,  
and  requi rements for control  o f  the rad i oact i ve wastes and res i due s .  

. 

P rotoco l s  for i dent i f i cat i o n , characte r i z at i on , and des i gnat i on of FUSRAP s i tes  for remed i al 
ac t i o n ; for i mp l ementa t i o n  o f  the remed i a l  act i o n ; a nd for cert i f i ca t i o n  o f  a FUSRAP s i te for re l ease  
for  u n restri cted use  are g i ven  in  a separate document ( U .  S .  Dept . E ne rgy 1984 ) .  More detai l ed 
i n fo rma t i o n  on app l i ca t i o n s  o f  the g u i de l i ne s  p rese nted h e re i n ,  i nc l udi ng procedures  for de r i v i ng 
s i te- spec i f i c  gu i de l i nes for a l l owab l e  l eve l s of res i dua l  rad i oac t i v i ty from bas i c  dose  l i m i ts , i s  
conta i ned i n  a s upp l ementary doc ument- - re fe rred to h e re i n  a s  the " s upp l eme nt" ( U . S .  Dept . Energy 
198 5 )  . 

" Res i d u a l  rad i oact i v i ty" i nc l udes : ( 1 )  res i dua l  concentra t i ons o f  rad i onuc l i des  i n  s o i l mater i a l , * *  
( 2 )  concentra t i o n s  o f  a i rborne radon decay product s ,  ( 3 )  exte rna l gamma rad i a t i o n  l eve l , and ( 4 )  s u rface 
contam i na t i o n .  A "bas i c  dose  l i m i t" i s  a p re s c r i bed standard f rom wh i c h  l i m i t s  for  quant i t i e s  that 
can  be moni tored and contro l l ed are deri ved ; i t  is  spec i f i ed i n  terms o f  the e f fec t i ve dose equ i va l ent 
a s  def i ned by the I nternat i on a l  Comm i s s i on on Rad i o l og i c a l  P rotec t i o n  ( I CRP  1977 , 1978 ) .  Bas i c  dose  
l i m i t s  a re used exp l i c i t l y  for deri v i ng gu i de l i nes  for res i dua l  concentrat i ons  of rad i onuc l i des  i n  
s o i l materi a l , except for thori um and rad i um.  G u i de l i ne s  for res i dua l conce ntrat i ons o f  thori um and 
rad i um and for the other three  quant i t i es ( a i rborne radon decay p rod ucts , exte rnal  gamma rad i at i o n 
l ev e l , and s urface contam i na t i o n )  are based o n  ex i st i ng rad i o l og i c a l  p rotect i o n  standards ( U . S .  E nv i ro n .  
P rot . Agency 1983 ; U .  S .  Nuc l . Reg.  Comm. 1982 ) .  These  standards are as s umed t o  be co n s i stent w i t h  
bas i c  dose l i m i ts w i th i n  the unce rtai nty o f  deri vat i ons  o f  l eve l s  o f  res i dua l  rad i oact i v i ty f rom ba s i c  
1 i m i  t s .  

A " g u i de l i ne "  for res i du a l  rad i oact i v i ty i s  a l ev e l  o f  re s i du a l  rad i oact i v i ty that i s  acceptab l e  
i f  the  use  of the s i te i s  to b e  u n restri cte d .  G u i de l i nes  for res i dua l  rad i oact i v i ty pres·ented here i n  
a re o f  two ki nds : ( 1 )  gene r i c ,  s i te- i ndependent gu i de l i nes  taken  from ex i s t i ng rad i at i on p rotect i on 
s tandards , and ( 2 )  s i te-spec i f i c  g u i de l i nes  deri ved from bas i c  dose l i m i ts us i ng s i te-spe� i f i c  mode l s  
and data.  Gene r i c  g u i de l i ne va l ues a re p resented in  th i s docume n t .  P rocedures and data for deri v i ng 
s i te- spec i f i c  g u i d e l i ne va l ues  a re g i ve n  i n  the s up p l ement . 

An " author i zed l i m i t "  i s  a l eve l of res i dua l rad i oac ti v i ty that must not be exceeded i f  the 
remed i a l  act i o n  i s  to be cons i dered comp l eted . Under norma l c i rcumstance s ,  expected to occur at most 
s i tes , authori zed l i m i ts for re s i d ua l  radi oact i v i ty are set equa l  to g u i de l i ne va l ue s .  Except i o n a l  
c o nd i t i ons f o r  wh i c h  author i zed l i m i ts m i ght d i ffer  from gu i de l i ne va l ues a re spec i f i ed i n  Sect i o n s  0 
and F .  A s i te may b e  re l eased  for unres tri cted u s e  o n l y  i f  the re s i dua l  rad i oact i v i ty does not exceed 
g u i de l i ne va l ues at the t i me remed i a l  a c t i o n  is comp l eted . Re st r i ct i ons and contro l s  on  use of the 
s i te must be estab l i s hed and en forced i f  the res i dua l  rad i oact i v i ty exceeds g u i de l i ne va l ue s .  The 
appl i cab l e  contro l s  and restri cti ons are spec i f i ed in  Sect i o n  E .  

*A remote SFMP s i te i s  one that i s  exce s s  to DOE p rogrammat i c  needs and i s  l ocated outs i de a major 
opera t i n g  DOE research and deve l opment or product i o n  a re a .  

**The term " so i l  mate r i a l " refers to a l l mate r i a l  be l ow grade l ev e l  a fter reme d i a l  acti on i s  comp l eted . 
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DOE  po l i cy req u i res that  a l l expos u res  to rad i at i on be l i m i ted to l ev e l s that  are as  l ow as  
reasonab l y  ach i evab l e ( A LARA ) .  I mp l ementati on o f  ALARA po l i cy i s  spec i f i ed a s  procedures to b e  app l i ed 
after authori zed l i m i ts have been set .  For  s i tes  to be re l eased for unrestri cted use , the i ntent i s  
to reduce res i dua l  radi oact i v i ty to l ev e l s  that are as  far be l ow author i zed l i m i ts a s  reasonab l e  
cons i de r i ng tec h n i ca l , eco nomi c ,  and s oc i a l  factors .  At s i tes  where the re s i dual  rad i oacti v i ty i s  not 
reduced to l ev e l s that perm i t  re l ease for  u n restri cted use , A LARA po l i cy i s  i mp l emented by e stab l i sh i ng 
contro l s to reduce exposure to l ev e l s that are a s  l ow as i s  reasonab l y  ac h i evab l e .  P rocedures for 
i mp l ement i ng ALARA pol i cy are descr i bed i n  the supp l eme n t .  ALARA pol i c i es , p rocedures , and act i ons  
must  be  documented and f i l ed as  a pe rma nent record upon  comp l e t i o n  o f  remed i a l  act i o n  at a s i te .  

B .  BAS I C  DOSE L I MI TS 

The bas i c  l i m i t  for the annual  rad i at i on dose rece i ved by an i nd i v i dual  membe r o f  the general  
pub l i c  i s  500 mrem/yr for a p e r i od of expos u re not to exceed 5 years and an ave rage o f  100 mrem/yr 
over a l i fe t i me . The comm i tted effec t i v e  dose  equ i va l ent , as def i ned i n  I C RP Pub l i cati on 26 ( I CRP  
1977 ) and ca l c u l ated by dos i metry mode l s  descr i bed in  I CRP Pub l i ca t i o n  30  ( I CRP  1978) , sha l l be  used 
for determ i n i ng the d o s e .  

C .  GU I DE L I NES  FOR R E S I DUAL RAD I OACT I V I TY 

C . 1 Re s i dual  Rad i onuc l i des  i n  So i l  Mate r i a l 

Res i dual  conce ntrat i ons  o f  rad i onuc l i de s  i n  s o i l  mate r i a l  sha l l be spec i f i ed as above- bac kground 
concentrat i ons  ave raged over an area o f  100 m2 . I f  the concentrati o n  i n  any area i s  found to exceed 
the average by a factor greater than 3 ,  g u i de l i ne s  for l oca l  concentrati on s  s h a l l a l so be app l i cab l e .  
These " hot spot" gu i de l i ne s  depend o n  the extent o f  the e l evated l ocal  concentrat i ons  and are g i ven  i n  
the supp l emen t .  

T h e  gene r i c  g u i de l i nes  for  res i dua l  concentra t i o n s  o f  Th- 232 , Th- 230 , Ra-228 , a n d  Ra-226 are :  

- 5 p C i /g , ave raged over the f i rst 1 5  cm o f  s o i l  be l ow t h e  s urface 

- 15 pC i /g , ave raged over 15-cm-th i c k  l ayers of so i l  more than 15 cm be l ow the s urface 

These g u i de l i ne s  take i nto account i ng rowth of Ra-226 f rom Th- 230 and o f  Ra- 228 from Th-232 , and 
a s sume sec u l a r equ i l i br i um .  I f  e i ther Th-230 a n d  Ra- 226 o r  Th- 232 and Ra-228 are both present , not i n  
secu l ar equ i l i br i um ,  t h e  g u i d e l i nes  app ly  t o  the h i gh e r  concentrat i on .  I f  other  mi xtures  of  rad i o
n u c l i des  occur , the concentra t i o n s  of i nd i v i dual  rad i onuc l i des  s h a l l be reduced s o  that the dose for 
the mi xtures wi l l  not exceed the bas i c  dose l i m i t .  Exp l i c i t  formu l as for ca l cu l ati ng re s i dual  concen
trat i o n  g u i de l i nes  for mi xtures are g i ven  in  the s upp l eme n t .  

T h e  g u i de l i nes  for  re s i dual  concentra t i o n s  i n  s o i l mate r i a l  of  a l l o t h e r  rad i onuc l i des  s h a l l be  
der i ved f rom bas i c  dose l i m i ts by means of an env i ronme ntal  pathway ana lys i s  u s i ng s i te- spec i f i c  data.  
P rocedures for deri v i ng these g u i de l i ne s  are g i ven  i n  the s upp l eme n t .  

C . 2 A i rborne Radon Decay P roducts 

Ge ner i c  g u i de l i nes  for conce ntrat i ons  o f  a i rborne radon decay products s h a l l appl y to ex i st i ng 
occup i ed or hab i tab l e  structures on p r i vate property that are i nte nded for u n re s t r i cted use ; s t ruc ture s 
that wi l l  be demo l i shed or buri ed are excl uded . The app l i cab l e  gene r i c  g u i de l i ne ( 40 C F R  192 ) i s :  I n  
any occup i ed o r  hab i tabl e bu i l d i ng ,  the objecti ve o f  remed i a l  act i on s h a l l be , and reasonab l e  e f fort 
sha l l be made to ac h i eve , an  annual  ave rage ( o r  equ i v a l ent )  radon decay product concentrat i on ( i nc l ud i ng 
bac kgroun d )  not to exceed 0 . 02 WL . * I n  any case , the radon decay product 'concentrat i on ( i nc l ud i ng 
background)  s h a l l not exceed 0 . 03 WL .  Reme d i a l  act i o n s  are not requ i red i n  order to comp ly  w i t h  th i s  
g u i de l i ne when there i s  reasonab l e  a s s u rance that re s i dual  rad i oact i ve mate r i a l s are not the caus e ,  

C . 3 External  Gamma Radi ati on  

The ave rage l ev e l  o f  gamma rad i a t i o n  i ns i de a b u i l d i ng o r  hab i tabl e structure on a s i te to  be 
re l eased for  unrestri cted use sha l l not exceed the backg round l ev e l  by more than 20 � R/h . 

*A wo rk i ng l ev e l  (WL)  i s  any comb i nat i o n  o f  s h o rt- l i ved radon decay p roducts i n  one l i ter  o f  a i r that 
wi l l  resu l t  i n  the u l t i mate em i s s i on o f  1 . 3 x lO s MeV of potent i a l  a l pha ene rgy . 
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C, 4 Su rface Contam i nat i on 

The  fo l l ow i n g  gene r i c  gu i de l i nes , adapted f rom standards o f  the U . S .  Nuc l ear  Regul atory Comm i s s i o n  
( 1982 ) ,  are app l i c ab l e  o n l y  to ex i st i ng s tructures  a n d  equ i pment that wi l l  n o t  be demo l i s hed and 
b u r i e d .  They app ly  t o  both i nter i o r  a n d  exte r i o r  s u r faces . I f  a b u i l d i ng i s  demo l i s hed a n d  b u r i ed , 
the g u i de l i nes  i n  Sec t i o n  C . 1  are app l i cab l e  to the resu l t i ng contam i na t i o n  i n  the g ro u n d .  

Rad i on uc l i dest2  

Transura n i c s ,  Ra-226 , Ra-228 , 
Th-230 , Th-228 , Pa-231 , Ac-227 , 
1 - 125 , 1 - 129 

Th-Natura l , Th-232 , S r- 90 , Ra-22 3 , 
Ra-224 , U-232 , 1 - 126 , 1 - 13 1 , 1 - 133  

U-Natura l , U-235 , U-238 , and  
assoc i ated decay products 

Beta- gamma emi tters ( rad ionuc l i de s  
w i th decay modes other than a l pha 
em i s s i on or  spontaneous f i s s i on )  
except Sr-90 and others noted above 

Ave raget3 , t4 

100 

1 , 000 

5 , 000a 

5 , 000fl-y 

A l l owab l e  Total  Res i dual  Surface 
Contam i na t i o n  �dem/100 cm2 ) t 1 

Max i mumt4 , t S Removabl et4 , t6 

300 20 

3 , 000 200 

15 , 000a 1 , 00Ou 

15 , 000fl-Y 1 , 00013 - ,  

t l  As u s e d  i n  th i s  tab l e ,  dpm ( d i s i ntegrat i ons  p e r  mi nute ) means  t h e  rate o f  em i s s i on by rad i o
acti ve mate r i a l  as determ i ned by correcti ng the counts per m i nute measured by an appropr i ate 
detecto r for background , e f f i c i e ncy , and geometri c  factors assoc i ated w i th the i n s t rumentat i o n .  

t 2 Where s urface contam i n a t i o n  by both a l pha- and beta-gamma- emi tt i ng rad i onuc l i des  ex i sts , the 
l i m i ts establ i s hed fo r a l pha- and b eta- gamma- em i tt i ng radi onuc l i des  s hou l d  app l y  i ndepende n t l y .  

t3  Measurements  o f  average contam i nati on  s hou l d  n o t  be averaged o v e r  an a rea o f  more t h a n  1 m2 . 
For  obj ects o f  l ess  s u rface area , the average shou l d  be deri ved for each s uc h  obj ect .  

t 4  The  average and max i mum dose  rates assoc i ated wi th surface contam i nati on res u l t i n g  f rom beta
gamma emi tters shou l d  not exceed 0 . 2 mrad/h and 1 . 0  mrad/h , respec t i v e l y ,  at 1 cm.  

t 5  The max i mum contam i nati on  l ev e l  appl i es to an area o f  not more than 100 cm2 . 

t6 The amount o f  removab l e  rad i oact i ve mate r i a l  per 100 cm2 o f  s u rface area s hou l d  be determi ned 
by w i p i ng that area with d ry f i l ter  o r  soft absorbent pape r ,  app l y i n g  mode rate p res s ure , and 
meas u r i ng the amount  o f  rad i oact i ve mate r i a l  on  the w ipe  w i th an approp ri ate i ns trument o f  
known e f f i c i ency. Whe n  removab l e  contami nat i on on  objects o f  surface area l es s  t h a n  1 0 0  cm2 
i s  determi ned , the acti v i ty per u n i t  area shou l d  be based on the actual  area and the e nt i re 
s u rface shou l d  be wi ped . The numbe rs i n  th i s  co l umn are max i mum amounts . 

D .  AUTHORIZED  L I M I TS FOR R E S I DUAL RAD IOAC T I V I TY 

The remed i a l  ac t i o n  sha l l not be con s i dered comp l ete u n l e s s  the res i dual  rad i oact i v i ty i s  be l ow 
autho r i zed l i m i t s .  Author i zed l i m i t s  s ha l l be set equal  to g u i de l i ne s  for res i dua l  rad i oacti v i ty 
un l es s :  ( 1 )  excepti o n s  spec i f i ed i n  Sec t i o n  F o f  t h i s document are app l i cab l e ,  i n  wh i c h  case an  
autho r i zed l i m i t  may be set above the g u i de l i ne va l ue for the spec i f i c  l ocat i o n  o r  cond i t i on to wh i ch 
the except i on i s  appl i cab l e ;  or ( 2 )  o n  the bas i s o f  s i te-spec i f i c  data not used i n  estab l i s h i ng the 
g u i d e l i nes , it can be c l ear ly  e s tab l i s hed that l i m i ts  be l ow the gu i de l i ne s  are reasonab l e  and can be 
ach i e ved wi thout apprec i ab l e  i ncrease i n  cost of  the remed i a l  act i o n .  Autho ri zed l i m i t s  that d i ffer  
from gu i de l i nes  must be j u s t i f i ed and e s tab l i s hed on a s i te-spec i f i c  bas i s ,  w i t h  doc ume n tati on that 
must be f i l ed a s  a permanent record upon comp l e t i o n  of remedi a l  act i o n  at a s i te .  Autho ri zed  l i mi ts 
d i f fer i ng  from the g u i de l i nes  must be approved by the D i rector , Oak  R i dge Techn i ca l  Serv i ces  D i v i s i on ,  
for FUSRAP and -by the D i recto r ,  R i c h l and Surp l us Fac i l i t i e s Manageme nt  Program O ff i ce , for remote 
SFMP--wi th concurrence by the D i rector of Reme d i a l  Act i o n  P rojects for both p rograms . 

E .  CONTRO L O F  R E S I DUAL RAD I OACTI V I TY AT FUSRAP AND R EMOT E  SFMP S I TES  

R e s i dual  rad i oacti v i ty above the g u i de l i nes  at F USRAP and remote SFMP  s i te s  must  be managed i n  
accordance w ith  app l i cab l e DOE Orde rs . The DOE  Order 5480 . 1A requ i res  comp l i ance w i th app l i c ab l e  
federa l , s tate , and l oca l  e n v i ronmental protec t i o n  standards . 
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The  operat i ona l  and contro l requ i rements spec i f i ed i n  the fo l l ow i ng DOE Orders sha l l app l y  to 
i nter i m  storage , i nter im  management , and l o ng-term managemen t .  

a .  5440 . 18 ,  Imp l ementat i o n  o f  t h e  Nat i onal  E n v i ronmental  Po l i cy Act 

b. 5480 . 1A ,  E n v i ro nmental  P rotecti on , Safety ,  and Hea l th P rotec t i o n  P rogram for DOE 
Operat i ons 

c .  5480 . 2 ,  Hazardous and Radi oacti ve M i xed Was te Management 

d .  5480 . 4 ,  E n v i ronmental  P rotecti o n ,  Safety , and Hea l th P rotect i on Standards 

e.  5482 . 1A ,  E n v i ronmenta l , Safety , and  Hea l th Appra i s a l  P rogram 

f .  5483 . 1 ,  Occupati ona l Sa fety a n d  Hea l th P rogram f o r  Government-Owned Contractor-Operated 
Fac i l i t  i es 

g. 5484 . 1 ,  E n v i ronmental  P rotec t i o n , Safety , and Hea l th P rotect i o n  I n fo rma t i o n  Report i ng 
Requ i rements 

h.  5484 . 2 ,  Unusua l  Occurrence  Report i ng Sys tem 

i .  5820 . 2 ,  Rad i oact i ve Was te Management  

E . 1 I nter i m  Storage 

a .  Control  and s tab i l i z a t i o n  features sha l l be des i gned to ensure , to the extent reasonab l y  
ac h i evab l e ,  an  e ffect i ve l i fe o f  5 0  years and , i n  any case , a t  l ea s t  2 5  years . 

b .  Above-background Rn-222 concentrat i ons i n  the atmosphere above fac i 1 i ty s urfaces o r  
open i ngs  s ha l l not exceed : ( 1 )  100 p C i / L  a t  any g i ven  po i nt ,  ( 2 )  an  annua l  average 
concentrati on o f  30 p C i / L  over the fac i l i ty s i te ,  and ( 3 )  a n  annua l  average concentra
t i on of 3 p C i / L  at or above any l ocati o n  outs i de the fac i l i ty s i te ( DO E  O rder 5480 . 1A ,  
Attac hment X I - I ) . 

c .  Concentrat i o n s  o f  rad i onuc l i des  i n  the groundwater o r  quant i t i e s  o f  res i dual  rad i oacti ve 
mate ri a l s  s ha l l not exceed ex i s t i ng federa l , s tate , o r  l oca l  standards .  

d .  Access  to a s i te s h a l l b e  contro l l ed and m i s u s e  o f  o n s i te mate r i a l  co ntami nated by 
res i du a l  rad i oact i v i ty sha l l be prevented through appropri ate adm i n i s trat i ve contro l s 
and  p hys i c a l  barr i ers--ac t i v e  and pas s i ve contro l s as descri bed by the  U . S . E n v i ron
mental  P rotec t i o n  Agency ( 1 983- - p .  595 ) .  T h e s e  control features s ho u l d  be des i gned to 
e n s ure , to the extent rea so nab 1 e ,  an  e f fect i ve  1 i fe of at 1 eas t 25  years . T he federa 1 
government s ha l l have t i t l e  to the p roperty .  

E . 2 I nt e r i m  Management  

a .  A s i te may be rel eased under i nt e r i m  management when the res i dual  rad i oac ti v i ty exceeds 
gu i de l i ne v a l ues i f  the res i du a l  rad i oact i v i ty is i n  i nacces s i b l e  l ocat ions  and wou l d  
be u n reaso nab l y  cost ly  to remove , p ro v i ded that adm i n i strati ve contro l s are estab l i shed  
to e n s u re that  no member o f  the pub l i c  s ha l l rec e i v e  a rad i at i on dose  exceed i ng the 
bas i c  dose  l i m i t .  

b .  T h e  adm i n i s t rati ve contro l s ,  as  approved by DO E ,  s ha l l i nc l ude b u t  not be l i m i ted to 
p e r i o d i c  mon i tori n g , appropri ate s h i e l d i ng ,  p hys i ca l  barr i e rs to p revent acce s s , and  
appropri ate rad i o l og i ca l  safety measures dur i ng mai ntenance , renovati o n ,  demo l i t i on ,  or  
other  act i v i t i e s  that  m i ght d i s turb the res i du a l  rad i oacti v i ty or  cause  it  to m i grate . 

c .  The own e r  o f  the s i te o r  approp r i ate federa l , s tate , o r  l oca l  authori t i es s ha l l be 
respons i b l e  for e n fo rc i ng the adm i n i s trati ve contro l s .  

E . 3 Long-Term Management 

U ra n i um ,  Thor i um ,  a n d  The i r  Decay P roducts 

a .  Contro l and s tab i l i zati on features sha l l be des i gned to e n s u re ,  to the extent reasonab l y  
ac h i evab l e ,  a n  e f fect i ve l i fe o f  1 , 000 years and , i n  a ny case , a t  l east  2 0 0  years . 

b .  Contro l and stab i l i zati on features s h a l l be des i gned t o  e n s ure t h a t  Rn- 222 emana t i on to 
the atmosphere f rom the wa ste s h a l l not : ( 1 )  exceed an annua l  average re l ease  rate of 
20 p C i /m2/s , and ( 2 )  i nc rease the annua l  average Rn- 222 concentrat i on at or  above any 
l ocat i on outs i de the bounda ry o f  the contami nated area by more than 0 . 5 pC i /L .  F i e l d  
ver i f i c a t i o n  o f  emanat i on rates i s  not req u i red . 

c .  P r i o r  t o  p l acement o f  any potent i a l l y  b i odegradab l e  contami nated was tes  i n  a l o ng- term 
management fac i l i ty ,  such  was tes  s ha l l be p roper l y  cond i t i oned to e n s u re that ( 1 )  the 
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generat i o n  and escape of b i ogen i c  gases  wi l l  not cause  the requ i rement in  paragraph b 
of th i s  s e c t i o n  ( E . 3 )  to be exceeded , and  ( 2 )  b i odegrada t i o n  w i th i n  the fac i l i ty wi l l  
not resu l t  i n  p remature s t ructura l fa i l ure i n  v i o l a t i o n  of the req u i rements  i n  para
graph a of th i s  sect i o n  ( E . 3 ) .  

d .  G roundwater sha l l b e  protected i n  accordance w i t h  40 C F R  192 . 20( a ) ( 2 )  a n d  192 . 20 ( a ) ( 3 ) , 
as app l i c ab l e  to FUSRAP and remote SFMP s i te s .  

e .  Access to a s i te shou l d  b e  contro l l ed a n d  m i suse  o f  ons i te mate r i a l  contam i nated by 
res i dua l rad i oact i v i ty s houl d be prevented through approp ri ate adm i n i strat i ve contro l s 
and phys i c a l  barr i e rs--act i ve and pas s i ve contro l s  a s  descr i bed by the U . S .  E nv i ron
menta 1 Protect i on  Agency ( 1983- - p o  595 ) .  These cont ro  1 s s hou 1 d be des i g ned to  be  
e ffec t i ve to  the extent  reasonab l e  for a t  l ea s t  200 years . The federa l government  
s h a l l have  t i t l e  to the property .  

Other Rad i on uc l i des  

f .  Long-term management of other  rad i onuc l i des s ha l l be i n  accordance wi th Chapters 2 ,  3 ,  
and 5 o f  D O E  Order 5820 . 2 ,  a s  app l i cab l e . 

F .  E X C E P T I ONS 

Excep t i o n s  to the requ i rement  that autho r i z ed l i m i t s  be s et equal to the g u i de l i nes  may be made 
on the bas i s  of  an  a n a l ys i s  o f  s i te- spec i f i c  aspects of a des i gnated s i te that were not taken i nto 
account i n  deri v i ng the g u i d e l i ne s .  Except i on s  req u i re approva l s  as  stated i n  Sect i o n  D. Spec i f i c  
s i tuat i o n s  that warrant except i o n s  are :  

a .  Whe re remed i a l  act i on s  wou l d  pose  a c l ea r  and present r i s k  o f  i nj ury to wo rkers or 
members of the general  pub l i c ,  notwi ths ta n d i n g  reasonab l e  measures to avo i d  or reduce 
r i  s k .  

b .  Where remed i a l  act i ons--even  a fter a l l reasonab l e  m i t i ga t i v e  measures h a v e  b e e n  ta ke n - 
wou l d  produce e n v i ronmenta l harm that i s  c l ea r l y  exces s i ve compared t o  t h e  hea l th 
benef i ts to persons  l i v i ng on or near  a ffected s i te s ,  now or i n  the future . A c l ear  
exce s s  o f  e n v i ronmenta l harm i s  h a rm that  i s  l ong-term , man i fest , and gros s ly d i spro
port i onate to hea l th bene f i t s  that may reasonab ly  be a nt i c i pated.  

c .  Where the cost o f  remed i a l  a c t i o n s  for contami nated so i l  i s  unreasonab l y  h i gh r e l a t i v e  
t o  l ong-term b e ne f i t s  a n d  where t h e  res i du a l  rad i oa c t i v e  materi a l s  d o  n o t  p o s e  a c l ear  
present or future r i s k  after  ta k i ng nece s s a ry contro l mea s u re s .  The l i ke l i hood that 
bui l d i ng s  wi l l  be e rected or that peop l e  w i l l  spend l ong pe r i od s  of t i me at such a s i te 
s hou l d  be con s i dered i n  eva l uati ng th i s  r i s k . Remed i a l  a c t i o n s  wi l l  genera l l y  not be 
neces s a ry where only m i nor  quant i t i e s  o f  res i dua l  rad i oact i ve materi a l s  a re i nvo l ved or 
where res i du a l  rad i oac t i ve materi a l s  occur i n  an  i nacces s i b l e l oc a t i o n  at wh i ch s i te 
spec i f i c  factors 1 i m i t  the i r  hazard a n d  from wh i ch they a r e  cost ly  o r  d i ff i c u l t to 
remove .  Examp l es a re res i dua l rad i oact i v e  mate ri a l s  under h a rd- s u rface pub l i c  roads 
and s i dewa l ks ,  a round pub l i c  sewer l i ne s , or i n  fence-post foundat i o n s .  In o rder to 
i nVO ke th i s  except i o n , a s i te-spec i f i c  a na lys i s  must be p ro v i ded to estab l i sh that i t  
wou l d  not cause  a n  i nd iv i dual  to rec e i ve a rad i a t i o n  dose  i n  exce s s  o f  the bas i c  dose  
l i m i t s  stated in  Sect i o n  B ,  a nd a statement  spec i fy i ng the res i dua l  rad i oact i v i ty must 
be i nc l uded i n  the appropri ate state and l oc a l  record s .  

d .  Where t h e  cost o f  c l ea nup of a contam i nated b u i l d i ng i s  c l ea r l y  unreasonab l y  h i gh 
re l at i v e  to the bene f i t s .  Factors that s ha l l be i nc l uded i n  th i s  j udgme nt are the 
ant i c i pated per i od o f  occupancy ,  the i nc rementa l  rad i a t i o n  l ev e l  that wou l d  be e ffected 
by remed i a l  a ct i on , the res i dua l  usefu l  l i fe t i me of the b u i l d i n g ,  the pote nt i a l  for 
future construc t i on at the s i te ,  a nd the app l i cabi l i ty of remed i a l  act i on s  that wou l d  
be l es s  c o s t l y  than remova l o f  the res i dua l  rad i oact i ve materi a l s .  A s tatement  spec i fy
i ng the res i dua l  rad i oact i v i ty must be i nc l uded i n  the approp ri ate state and l oc a l  
records . 

e .  Where there i s  no fea s i b l e  remed i a l  act i o n .  
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APPEND I X  I .  ENG L I SH/MET R I C  EQU I VALENTS 

Mu l t i p ly  

Acres 

Cub i c  feet ( ft3 ) 

Cub i c  yards (yd 3 )  

Degrees Fahrenhe i t  ( O F )  - 3 2  

Feet ( ft )  

Ga l l o n s  ( ga l ) 

Ga l l ons  ( ga l ) 

I nches ( i n . ) 

Mi l es ( m i ) 

Naut i ca l  m i l es ( nm i ) 

Pounds ( l b ) 

Square feet ( ft2 ) 

Square yards ( m i 2 )  

Square m i l es ( m i 2 )  

Tons , short ( t )  

Tons , s hort ( t ) 

By 

0 . 4047 

0 . 0283 

0 . 76455 

5/9 

0 . 3048 

3 . 7854 

0 . 0038 

2 . 540 

1. 6093 

1 .  8520 

0 . 45 3 6  

0 . 0929 

0 . 03613  

2 . 590 

9 . 0718 x 102 

0 . 9072 

I - I  

T o  obta i n 

Hectares ( ha )  

Cub i c  meters (m3 ) 

Cub i c  meters ( m 3 )  

Degrees Ce l s i us ( O C )  

Meters ( m )  

L i ters  ( L ) 
Cub i c  meters ( m 3 )  

Cent i meters ( cm)  

K i  1 ometers ( kIn ) 
K i l ometers ( kIn ) 
K i  1 ograms ( kg )  

Square meters (m2 ) 

Square meters ( m2 ) 

Square k i l ometers ( km2 ) 

K i l ograms ( kg )  

Tons , metri c ( MT )  
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Mr . Lowe l l  F. Campbe l l  
Deputy D i  rector 

Apr i l  2 6 , 1 9 8 3  

Tech n i c a l  Services D i v i s ion 
Department of Energy 
Oak Ridge Ope r a t ions 
P . O .  Box E 
Oak R i d ge , TN 3 7 8 3 0  

De a r  M r .  Campbel l :  
N i agara Fal l s  Storage S i te (NFSS) 
Lewi ston , Niagara County (DOE) 

Thank you for subm i t t i n g  the above re ferenced pro
ject to the S t a te H i s t o r i c  Preservation O f f i ce r (SHPO) 
The SHPO has provided comments on t h i s  project i n  a 
March 1 0 ,  1 9 8 3  letter to Bechtel Nat i ona l ,  I nc .  (copy 
a t t ached ) . 

I f  you have any quest i on s , please contact the 
project review s t a f f  at 5 1 8  4 7 4 - 3 1 7 6 .  

CAF :mr 
Enc .  

S i ncerely , 

� �/. I -'" {/J.L�.L.. V--� I '{_ . .J Stephen J .  Raiche 
DIrector 
H i st o r i c  Preserva t i on Field 

Services 

cc : Raymond Berube 
Robe r t  L. Rudolph 

{ .; .  
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M r . Robe rt L .  Rudolph 
P ro j e c t  tlanager - FUSAAP 
Bechtel N a t i on al , I n c .  
P . O .  Box 3 5 0  
Oa� Ri dge . Ten n .  3 7 8 3 0 

De a r  H r . Rud o l ph : 

t:arch 1 0 ,  1 9 B 3  

N i agara Fa l l s  Storag e ( DOE) 
Lewi s ton , N i a g a r a  County 

��E·': 7 J . :''';�� 

ThE S t a t e  H i stor i c  Pre 5ervA t i o� O f f i cer ( S HPO) has 
r e v i E we� t�e above p r o j e c t , i n . a c c o r � � nce w i t h  the 
�� v : sory Coun c i l  on � l s t o r l c  Preserva � i on ' s  regu l a t i on s , 
" P = o t ec t i on of H i s t o r i c  and Cu l t u r a l  ?rc?e r t i e s , ·· 36 eFR 6 0 C . 

B a s e� u?on t h i s  review , i t  i s  the opi n i o n  of the 
S n PO that t h i s  project wi l l  have no e f fect upon c u l t u r � l  
r e s o u r c e s  i n c l ud E �  I n  o r  e l i g i b l e  f o r  i n c l u s i on i n  the 
�a t l on � l  Re g i s t e r  of Hi stor i c  P l a c e s . 

Should you have any G u e s t i o n s , please con tact the 
p r o J e c t  reV l eW s ta f f  at 5 1 8 - 4 7 4 - 3 1 7 6 .  

isl" : J.u: 
cc : ft.'}�I:nnd 9!!ru� 

;.. �: --' ( 

S i n c e r e l y , 

Ann Webster Smi t h  
Oep u t y  CO��i 5 s i oner for 

H i s to r i c  Preserva t i on 

j- .d' Y'lLt " ... , (,l., .·rroc)' 
� {!J 

ST"Tl Of W�l()r\: 
OHIC£ Of ARCHAEOLOGY AND HISTORIC PRESERVATION 
, , ,  WI''' 7tW>nt."-I,,, A� A.l·" • � W .. .,.." Of1 Wl5().I • (1061 75J....,, ,  

Srpte.ber 29 . ]983 

ttl'. Lowe l l  r .  C •• pbrl l ,  Deputy Dir�ctor 
Techn i c. l  Service. Divi s i on 
Drp.art.rnt of [array 
Oak R i dl" Opr r a t i oDS 
P . O .  Box [ 
O.k Iti d •• , TIl 3 1 8 3 1  

Oral' tt l' .  Ca.-pbe l l :  

Lo. It.hUDC. : 450-F-OOE-02 

It. : OOE ' S  NIAGARA FALLS STORAGE 
SI11: IWli0ACTlVE WAS11: 
IlANAGEIIIJIT PROJECT 

Wr bavr r�vi e"'t'd thr .. t e ri a l l  forwarded to us for the .bo.� refer'" 
t'oced proj ect . A learcb of our records , iac J ud iDI tbt' 'b t :i oaal and 
State Rf'l i s ters o f  H i s to r i c  Places and tbe "'ashiocton StAtt' Archaro
I O l i c a )  aDd H i ' t o d c  S i t e s  IDv�Dtori e s ,  i u d i c a t e s  tbe project arel ha, not brro lurveyrd for the preaence of cul tura l relource a .  We rt'co,,
_eod profe s s i oaal cul t ural reaource lurveys of the project a rea be 
conducted . 

P ) eale feel frr� to coatact ua if we cia be- of any further .'Ii ltloce . 
S:inc�r�ly , 

wA(,.Jt� 
Robert C. Wh i t l  .. , Ph . D .  
Archaeolol i l t  

d j  

" COB 1 .... ..,"., [).·Inl'" 
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.!.��} Uni ted St:lIe" Ikpart l11l'nt  of the I n terior 
I I�I I  � ' "  " l l l l l l !  1 5 1 M \ ll I  

[p.;-u��c.uu u �rLCU.S rill)) 01 f J( L 
�:-': -!. .. ' 

'lAlt At 'U ILHI",. RUO" A � .0 SOl"ll1  rR L'CtI PHOAO AY[\l "[ ASHn"ILLL. PI,()HTfI  ["MOll'" 2880) 
S.pt ... b.r 2e . 1 983 

Plr . l owe l l  r .  C.mpb.l l ,  D.puty Di .. ctor 
T.chnicil S .... ic"' Divis ion 
V.partment of [n.rgy 
Oak Ridge (\porat ions 
P.  O. 80x [ 
Oak Ridge . T.nn.ne. 37831 

R. : 4-2-113-941 

Our Plr. C.mpbel l :  

W. hav . .. v h·w.,d the propoud a l t.rn.th. to .. loc.te SOlIII' or I I I  of the 
radio.ctlv. wnus Ind .. s i du.s curr.ntly  stor.d .t the Niagar. fal l s  
Storag. Sit. n.ar L ... i ston , N.w York . t  • n.w faci l i ty bui l t  on the 
Department of [n.rgy· s  O.�. R idg. Opt'r.tions R.servHion in And.rson County , 
T.nn.ss •• • • 5 .. auest.d by l.tt.r of S.pt.mber 1 3 ,  1983 . .. c.h.d S.ptember 
1 4 ,  19B3. 

r.d.ral ly l i st.d [nd.ng.r.d I£) .nd/or Thr •• t.n.d (T)  and/or sp.cies 
proposed for 1 i st i ng as [nd.nger.d cpr )  or Th ... t.n.d (PT ) ... y occur in the 
a r  •• of influ •• " of this I c tion. 

To fac i l i tat. cooopl i anc. wi th S.ction 7 ( c )  of the [nd.ng ... d Sp.ci.s Act of 
1973.  as .... nded . (Act)  F.der.l Ig.nci.s or d.sign.t.d non-r.dor.l 
.. pr.s.ntathes are .. qui .. d to obtain froll the F i sh and Wi ld l H. S .... ic. 
i nformat ion concorning the possible p .. unc. of .ny sp.cies . 1 i st.d or 
propos.d to be l lst.d . which ... y b. p .. unt i n  the impact arn of • propoud 
.... ior F.derll .ction signHicantly .ff.cting the qu. l l ty of the hUNn 
.nv i ronment. Th ... fore . we are furnishing you the fol l owin9 l ist of sp.ci.s 
wh i ch .. ay b. pres.nt i n  the conc.rn.d ... a :  

IlAWAl S  
Gr.y bat - Plyot is  gris.sc.ns (£)  
In addlt ion  to I i st.d .nd  propos.d [ndang ... d Ind Th ... t.n.d sp.ci.s , ther. a .. sprci.s which,  .l though not now l ist.d or of f i c i a l l y  propos.d for 
l i st ing as [ndange .. d or Thr.at.n.d, are und.r status .. vi ... ( SR)  by the s.. ... ic • •  nd 1liiy be 1 i s t.d at SOR ti ... in the futur.. Status .. vi ... sp.cles 
a re not l.g. l l y  prot.ct.d und.r tho [nd.ng.r.d Sp.c ies Act Ind the 
biologic.l ass.nllent r.qui r  ...... nts do not Ipply to th.m. Howev.r,  we would 
appr.c i a t. any .fforts you .. i ght Nk. to Ivoid Idv.rs.ly hlpacting th ... . 
Th. fol lowing spt'ci.s und.r s tatus .. vi ... ... y occur within  the proj.ct Ir •• : 

PLANTS 
Ap�a hchhn buobane - Clmi c Huga rubHol h 
Car.y · 5 5 1 '  Hr.g. - So., f raga careyana 

Section 7 ( c )  .nd r.gul a tlons b.lng pr.par.d to lmpl ...... nt Section 7 ( c )  . l so 
r.qul re the F.deral ag.ncy or the dosl gnat.d non-r.dor.l r.p .. untatlve 
propos i ng a IIIIjor r.deral act ion to conduct .nd submit to the S .... lc  • •  
biological  asSfssment to det.mine tho .ffocts of the proposal on l i st.d Ind 
pr�pos.d [ndangor.d and Thr •• t.n.d sp.c i.s . Th. biological asSfssment sha l l  
be cempl .ted within  180 d.ys .ftor the d.t. o n  which in it iat.d o r  within . 
t ime f .. me mutu. l ly .gr •• d upon b.tw •• n the .g.ncy .nd the S .... lc. Ind 
b.for. i n i tht i ng tho propos.d ac t i on .  If the biological  .ss.ssment is not 
b.gun w i th i n  gO days , this l i st must b. v.rHi.d informal ly (v ia  phone) with 
us prior to inlt  htion of your .ss.ssment. II. do not fe.l th.t we c.e 
.deoua tely a"'ss the .ffocts of tho propos.d Iction on l i sted .nd proposod 
Endangered and Thr.at.n.d speci.s or Critic. 1 Habi tat without . cempl.t. 
. ssessment . Wh.n conduc t ing . biological  assossmenl ,  tho f.dor.l ogency or 
the deSi gnated non-r.deral r.pr.sentatlv. must • •  t . ..  inimum: 

1 .  C�nduct . sci.ntH i c. l ly sound on- s i t. i nsprction of the ar.a .ff.ct.d 
by tho .ction.  wh i ch must,  unl .ss oth.rwis. d i r.ct.d by the s..rvice, 
i ncl ude a d.t . i l .d surv.y of tho er.a to d.t.rmin. I f  l ist.d or 
proposod sp.ci.s .re pres.nt or occur s.asonal ly .nd wheth.r sult.bl. 
hab i ta t  .xi sts within  the a r  •• for .l th.r expanding the existi ng 
populat ion or potent hI re introduct i on of populations;  

2.  In t.rvi ... .. cogniz.d •• p.rts on the sp.ci .s . t  I s su. , Including those 
within  the F i sh .nd Wl ld l H. S.rvlce , the N.tlonal Plarlne fi sh.rI.s 
!.�rv1c�.  state cons�r'lat1on Igfnc 1�s,  un1vers 1 t i � s .  and oth�rs who Ny 
have data not y.t found In scl.nt H l c  l i t.r.ture; 

3 .  R . .  il'>o' l l t.r.tur • •  n d  other sci.ntHic  data t o  d.t.rmin. the sp.cies· 
d i s t ribution .  h.bi tat n.eds • •  nd oth.r biological  r.qui r  .... nts ; 

4 .  R.vi.w .nd .n.lyz. tho .ffocts o f  the Iction on the sprcies , I n  t.rms 
of indi vidua l s  .nd popuhtions , incl uding considor.tion of the 
cumu l a t ive eff.cts of the act  ion on the sprci .s .nd h.blt.t;  

5 .  Analyze . I t.rnat i v  • •  ctions that ... y provide cons.rv.t i on Rasures; 

6. Conduct .ny studies n.cessary to ful fi l l  the .. qui ..... nts of ( 1 )  
through ( 5 )  .bov.; 

7 .  R.vi ... . n y  other .. l .v.nt infol"lllll t ion .  

Should you r.qui .. Idd i tion.l infol"lllllt i on o n  this  subj.c t ,  pl.as. conhct 
Mr. Ga ry H.nry . Mr. Robort Currie, or Ms. Nor. Murdod in the Ash.v l 1 1e 
[nd.ngered Sp.ci.s fi.ld Offic  •• ns 672-0321 , c"",""rcial  704/258-2850. 
ext.  321 . 

Aft.r the Isuss ... nt has be.n coonplet.d and .. viewed, 1t is the 
r.sponsibi l i ty of the f.d.r.l Ig.ncy to d.t.rmln. H the propos.d Iction 
.... y Iff.ct· Iny of the l l st.d sp.cI.s or Critical  H.bit. ts or I f  It I s  

L I � 



l i kely to j.opHdlz. the con t i nued e . i s t.nce of proposed srH i e s  or resul t 
in the des t ruc t i on or Idverse IIIOd H i c . t i on of Iny C r i t i c t l  H.bi t.t propos.d 
for such spec i e s .  If the determination is .... y Iffec t" for l i sted spec i e s  
t h e  Feder.l .gfncy ..u s t  r'Quest in  wr i t i ng forma l  cons u l t . t ion frono t h i s  
off i c e .  Requests f o r  f o rma l  consul ut ion ..ust i n c l ude : ( 1 )  I d.scription 
of the a c t ion to be cons i dered; (2) I des c ri p t ion of the s pec H i c  are. thlt 
Ny be .ffect.d by the . c t i on ;  (3) I desc r i �t i on of Iny l i st.d spec ies or 
C r i t i c i l  H.b i t . t  th.t may �. Iffected by the . c t i on ;  ( 4 )  I description of 
the ... nner in  wh i c h  the .ct  ion ",.ay .ffect Iny 1 i s ted species or Crit ; c a l  
H.� i t l t  I n d  .n Issess ... nt o f  . n y  cumul a t iv. effec t s ;  ( � )  r.ports i n c l uding 
any .nvi ron .... nt.l  impact stot .... nt . envi ronment . l  Iss.ssmen t .  or b i ol og i c . l  
Iss.ssments prepar.d; Ind ( 6 )  Iny other r. l .vant ava i l ab l e  information on 
the I c t i o n .  the affec ted l i s t .d spec i e s .  or Cri t i c i l  Hab i tl t .  

I n  Idd i t i o n .  H the proposed l e t  ion i s  l i kely t o  J.opa rdize thf con t i nued 
.. i s tence of p . oposed [ndlngered or Thr •• tened spec i es or resul t in  the 
destruction or adverso orodl f i c . t i on of proposed [ r i t  i c . l  H.b i ta t ,  thf 
Federal Ig.ncy ..ust confer with this off i c e  for I s s i s t.nce in i dent i fying 
Ind resol v i ng pot.n t h l  conf l i c t s  It In .arly stage i n  the planning process.  

If t his propos.d I c t i on I s  not I Njor Fed.rel I c t i on s i gn l f i clntly 
I f fec t i ng the qUl l i ty of tho hUlllln env i ronment . the r.quir.ments of 
Section J ( e ) .  1.  • . •  spec l .s l i s t .  biolog i c i l  Iss.ssment . do not Ippl y .  
However . t h o  r.quir.ments t o  ( 1 )  det.rmine I f  t h e  propos.d Ic tion ·may 
Iffect· l i s t.d spec ies or Cri t i c i l  H.b i t a t s .  ( 2 )  det.rmine If tho propos.d 
a c t ion Is l i kely to j.opard l z .  the conti nued .. i s t.nee of propos.d spec ies 
or res u l t  i n  destruc t i on or .dvers. orod i f i c l t ion of proposed Cri t i c i l  
Habi t . t .  ( 3 )  reQu.st formal consul t . t i on f o r  · ma y  affect· Ict ions.  a n d  (4)  
confer w i t h  th i s  off i ce I f  the proposed a c t ion i s  l i ke l y  t o  jeop.rd l ze the 
cont i nued e . ; stence of proposed [nd.ngered or Thre. tened spe c i e s  or resu l t  
in  the des t ruc t i on or .dverse orod i f i c l t ; on o f  rroposed Cri t i c i l  H.bi t.t are 
s t  i l l  appl i c . b l e .  

Atten t i on I s  I l so d i rected t o  Sec t i on J ( d )  of t h o  Ac t .  which underscores the 
requ i rement tha t tho F.der.l Igency Ind/or the pe rm i t  or l i cense .ppl ic.nt 
sha l l  not ... ke Iny i rrevers i b l e  or i rr. tri ev.ble c""",i tment of resources 
dur i ng the consul t . t i on period wh i c h .  in  effect . woul d  deny tho formu l a t ion 
or impl ell1l'nta t i on of r •• son.ble and prudent a l tem. t i ves rega rding the i r  
. c t i ons o n  any l i sted Endanger.d o r  Thre.tened spe c i es . 

If w. cln be of further Issi stance . pl ease Idv i s e .  

Sincer.ly yours . 

V�G:Zy� 
Act i ng F i e l d  Superv i sor 
Endanger.d Species F i . l d  Office 

(c : 
Hr.  Bob H.tcher. ': i l d l l fe Res .  Agency, Noshvi l l e .  TN 
Program Admi n i strato r .  TN Heri tage Pr09 r.m. Nashvi l l e .  T� 
Di  rec tor . FWS , Washi ngton. DC ( AFA/O[S )  
Re9 i or.a l  D i recto r .  r..-S. Atl anta . G A  ( ARO-FA/S£ ) 
F i e l d  Superv i sor . ( S .  FlIS , Cookev i l l e ,  TN 

c.... I lJ"I 



T E N N E S S E E  W I L D L I F E  R E S O U R C E S  

� (LLINGTON AGAICUL TURAl C[NT( R 
I p 0 80X "0,.7 NASHVILLE . TENNESSEE l1204 

Septombor 26, 198, 

Mr. L. T. Campbel l ,  Deput,. Director 
Technical SeTvice£ Division 
Oak JU dge Operations Office U .  S .  Department o f  Energy P. O. Box E 
Oak Ilidge, Tonn..,aoo ",8,0 

A G E N C Y  

E :  ScopiD8 Commonh for tboDElS for Niagara Tal� Storage Site 

Dear 1Ir. Campboll: 

The Tennessee Wildlife Reeourcee Agenc1 bas received and rnieved the 
material5 Bent to us regarding the upcom.i..ng Ni agara Falla Storage Site 
ElS. In the abort term, at le.1St, we would expect minimal wi ldlife 
impaCt5 if the d i sposal lIite v.re located at the Oak Ridge aite. Bowever, 
there are gery serious potential. human bealth problems that , if b,. remote 
chance the,. vere incurred, vould also affect vi ldlife populat ions. 

You vi 11 prob.bl,. find from ,.our enda.ngered epecies contacts that the 
endan["ered Bald Eagle i25 found in the project area. Sioce the quelStion 
of cor.tpatibility of thiJ5. project vith the human environment is paramount 
bere, the- iarnediate di.eturbanctc of vi ldlif� habitat would be minima l .  and any iDDediateo impactl5 could be mitigated without great problems, we do DOt 
fe-e-l that i t  i.e appropriate for UI5 to comment further at this timE;. We 
viII IDO n i tor the cOCllDentl5 that come from tbe Department of BeaJ.th IUId 
Environmen t .  Should the need ariBe for thi15 Agenc), to CODllDe-nt in connec
tion vith thoBe bUlDll1l health matter£. we vi II do 150. When the DElS is 
dilStributed. ve ma,. have comments regardins the bahi tat di sturbance 1lli50C
i.ted vi th proposed wtuSte buriaL 

'l'11a.nk. ,.ou for offering WJ thi s opportunit,. to COlIIDent. 

Sincerel,.. 

'I'DfflESSEE \/TID IJ:n; RF.SOORCES A(!ENeY 

�o� 
W i l d l i fe .. TiBh EDTiro.-ntalilJl: 

DS : jef 

c c :  ltike Webb 
Bob 1l1plo,. 
Bill Yamb<rt 

The State of Tennessee 
... '" (OUAL Of'''O�TVNl l ''  r ..... Loy(,. 

!"r.;. ,i ·."YI�· ����) 
T E NNESSEE HISTORICAL COMMISSION 701  BROADWAY. NASHVILLE 37203 61!)/7A., 6 1 1 6  

lowel l Ca�be l l  
O a k  Ridge Operat Ions 
P . O .  Box E 

Septenber 23 ,  1983 

Oa k Ri dge, Tennessee 37831 
Re: OOE ' s  N l agra Fal l s  Storage Si te 

Radioactive Waste Hanagerrent Project 

Dear Hr. Can.,tlel l :  

The above referenced proj ect has been revi ewed by our office wi th regard 
to Section 1 06 of the National Hi storic Preservation Act and rel ated 
h i storic preservation regu l a t i ons . 

Hi s tori c and archaeol ogical  reSources In the project area have been 
previously I denti fied under a Cul tural Resource Survey of the Exxon 
Nuclear Faci l i ty I n  1975. 
Encl osed I s  a copy o f  the State H i storIc Preservation Officer ' s  
opi n i on o n  the s i gn i ficance o f  those resources when we reviewed the 
proposed Nuclear Fuel s Recovery and Recycl i ng Center. 

No further coq>l I ance action Is needed at this time unless the project 
area Is enl a rged or project pl ans are changed. 

Thank you for your coopera tion I n  thi s  matter. 

Sincerely, 

r _ _  J U .J..� k · . J7 �'<'-� 
Herilert l. Harper, 
Executive Di rector and 
Deputy State H i s toric 

Preservation Officer 

HlH :j d 

c.... o m 



(t).� . .  i�' .j ' "  " 
TENNESSEE HISTORICAL COMMISSION 701 BROADWAY ..... $t1vl....1..l' 37203 1 1 !1r11.2-e7 11!1 

Itr. D. &. aro4nick 01' .. 1.1oD 01 EnvironlMlltal lIIpact 
Studt •• 

Ar90nne ... tional LaboAtcry 9700 South ea •• Avanu.a 
M90nne, I l l inoi. 604]9 

Octaber 6 , 1977 

Ile :  B..1atorlc and A.rc:h.a.,lo91cal ... sourc •• in the Nuclear 
Fuel. Recovery and bcycl1nq Center, JIban. County, 
Te.nn ••• _, x.p.ct .l.ru 

O-...r Plr. arod.nic:k.: 

In nlpon.e to your 1.t.ter of S.ptAaber 11 and in accordance with our 
re�n.ibi11tial uneSer the .... tiona1 B.1.toric Pre.arvation Aet lPL '9-665) 
Section 106 ,  and tha Ad.i.:lry CaUDell on 8i.toric Pral�tion ' .  pro
cedur •• tor the prot.ectial ot hi.torie.l and cul tur.1 properti •• l16 CT1\ P.rt 800) . tha Stat.. Biltoric Pr ••• rvation Ottic.r .nd hi • •  ta tt have 
"vi� th. proPOled project. plan. and the r •• ul t..a ot iapact UeA 
.rch&eolO9ica.1 and hi.torica.l/archit.ectur.l r •••• rch. 

Speocitically, tha nview 1. baaed on intocaAtion and opinion. contained 
in the tollowin9 cSoc;".ant..l 

E.nv1rol'laantal Itepor t ,  MFR4RC .. Dockat 50-564 , Emton Nuclear Co .  XN-rllOll Rev. 0 
Cultural Jte.,urc:e Sur"f'eY ot the ElDrDn Ifuclau Facility, 0aJt Ridge, 
T.nna •• _, ... y 1 9 7 5 ,  <;eorqa F. Fialdar, J r .  

Project ""P oruppl1ed b y  EDe n  .ucl .. r on Sept-'- 1 3 .  1 9 7 7  

t1la y  vere raviavw! b y  _pelt aDd C40 rv a  Fi.l eSar ,  SBP O  . ta t t  archa.,loq i.t. 
It. .hould be not� that. tha original project aurvay . . .. cSa by "r. Fiald.r 
when he wa. �ployad •• • re.aA.rCh uch&eologi.t a t.  tha Univer.ity ot 
T-.nna •• _ ,  lCnoxv1Ua . 

It u our opinion that nona ot the buUcU..ngl recorded in the .r .. _at 
the cn.teria tor inelulion in the Rational Raqilter ot B.1.toric Place • •  In addition, Ilona ot th e  bullc11n9 ait.ea or r -.1n .  varr-.nt incluion . a  
hi.toric .rchaeol09ie.l ait.e. 4ue to • lack o t  apecitic hi.torieal or 
cultur.l precondition. that. ..,.,uld be l .lJtaly to produce . body ot .ig
Iliticant. uch&.:lloqical cSa ta .  

Althouqh none ot th a  109 builc11ng. pre.a.nt are, in our opinion, el igible 
tor the National Iteqi.t.er, £locon Nuclear Ihould explore tha po •• ibiliti •• 

Kr. D. A. Brodnick 
October 6, 1 9 7 7  
Pa9- two 

of IUIt.1.nq .a •• ot th_ available to civic or public agenci •• for ue 1n 
interpretAtive exhibits . The oak JUcSq. Childran ' .  Hu.eu. or the 
Univu:slty at Tann ••••• public ubJretta in O&.k IUdq. u. two auqq •• ted 
contAct • •  
Four prahl.torie period archaeological a i t  •• were inveltigated 1n the 
p«'Iject .rea ac!jacant to the Clinch Rive r .  Thr •• ot th ••• lit •• , 40RE125, 
4 C � 1 39 , and 40RE14Q , do not contain sutficient contaxtural intorlD&t.ion to 
make theJ:I eliq1.hle tor inclulion in the Nation.al Req ::..te r .  Th • .  fourth, 40REIJ8, hal not been tested lu.ttlclantly to .11eN' • deter1lli.n.auon ot 
eliqihility to be m.ade. 

Howeve r ,  based Oil pro j ec t  intocu.tion contained 1n the Envirol"lllle.ntal bport and othar intorNtion suppli.d to thi. o t tice by �n Nuclear , nona o t  tha 
recordad .rcha.oloq ical lita. are loca.ted in .reas t.ha.t will b. directly 
atr.ctad by construcuon .ctiviti •• that ara included under the currant 
l ican.la .pplic.tion . Sita 40REll& lIr&y be attected .by tuture con.truction, 
but . dat.arm.in&tion ot aliqi.bility lhould be daterred until .uch t.iJaa a .  
a Ip.citic impact evaluation i. pr.p&r ed .  

I n  ItJZnZUt.ion , i t  i. th a  opinion ot th a  S ta � e  Ri.toric Presarvation Otticer, 
that thara ua no known hi.toric.l • •  rchitacturAI , or .rch&eolO9ical 
properti.!! locat.ed in tha projact i.Jnpact are. that poise •• the qualitia. 
required tor al igibility to tha N.tional Ragiltu ot Hi.toric Placa • •  
Thank yo u  tor your coordination with thi. ottica. 

Yours tor a batter tomorrow, 

��Glr:"L S:S'::c �'( 
Harbert L. Harpar 

HLH : GrF . l l  

c... I -...j 





APPEND I X  K. COMMENTS AND RESPONSES 

K . l I NTRODUCTION 

The Draft E n v i ronmental  I mpact Statement ( D E I S ) , " Long-Term Management of the E x i s t i ng Rad i o
act i ve Wastes and Res i dues at the N i agara F a l l s  Storage S i te"  ( DOE/E I S-OI09 D ) , was i s s ued by the 
U . S .  Department of Energy ( DO E )  for publ i c  rev i ew a nd comment on August 17 , 1984 . Cop i e s  of the 
l etters of comment rece i ved dur i ng the rev i ew period are reproduced i n  th i s  Append i x  K of the F i na l  
E n v i ronmenta l Impact Statement  ( F E I S ) .  Appe n d i x  K conta i ns  comments , response s , a n d  correcti ons  and 
add i t i on s  to the D E I S .  A tota l o f  42 l etters were rece i ved ; 22 peop l e  gave ora l  comments , of  wh i c h 
10 repeated the se  comments i n  l etters . I n  add i t i o n , DOE has  had further d i s c u s s i ons  wi th the 
U. S. E n v i  ronmenta 1 P rotect i o n  Agency and the state of New York.  The s ubstance o f  each add i t  i ona  1 
comment i s  pre s ented at the beg i n n i ng of the respon s e  to the appropri ate o r i g i na l  wri tten comme n t .  
A d d  i t i ona 1 new comments are presented fo 1 1  owi ng a l l o t h e r  responses  t o  a part ; c u  1 a r  comment 1 et ter .  

Most commenters expre ssed  pre ference f o r  or aga i nst  spec i f i c  a l te rnat i ve s .  R e s i dents  o f  New York 
were genera l l y i n  favor of remo v i ng at l east  the res i dues  to Ten n e s s e e .  R e s i d ents of T e n n e s see and 
Was h i ngton were genera l l y  opposed to hav i ng any of the wastes o r  res i due s moved to the i r state s .  

Append i x  K i nc l udes Top i ca l  Comme nts and Respo n s e s  ( Sect i on K . 2 ) , Wri tten Comments and Responses  
( Secti o n  K . 3 ) , O ra l  Comments and Responses  ( Secti o n  K . 4 ) , a l i st o f  references c i ted , and an i ndex to  
top i c s  rece i v i ng frequent  commen t .  The top i ca l  comments have been s ummari zed f rom var i ous comments 
dea l i ng with one part i cu l ar area of concern , and the oral  comments have been s ummari zed from three 
publ i c  meet i ng s  he l d  regard i ng the D E I S .  

Each top i ca l  comment/re sponse  i s  i de n t i f i ed by number- - e . g . , Top i c a l  Comment I ,  Top i ca l  Response 1 .  
Each l e tter o r  oral  presentati on has been a s s i gned a n  i denti f i cati o n  ( 1 0 ) des i gnat i o n  a s  fo l l ows . The 
f i rst  part of the 10 cons i sts o f  e i ther the f i rst three to f i ve l etters of the s urname of an i nd i v i du a l  
o r  a three- t o  f i ve- l etter acronym o f  an organ i za t i o n  that prov i ded t h e  wri tten o r  o r a l  comments . 
( For persons  wi th the same s urname , the f i rst  i n i t i a l  o f  the forename i s  i nc l uded as the l ast i n i t i a l  
o f  the 1 0 . ) The second part o f  the 1 0  c o n s i sts o f  one o f  the consecuti ve numbers a s s i gned i n  each 
l ette r o r  oral  presentat i on .  F o r  examp l e ,  the l etter rece i ved from John LaFa l ce ,  Congressman , 32nd 
D i s t r i ct , has  been i denti f i ed by the 1 0  des i g nat i on LAFA L ,  and the i nd i v i dua l comments are des i gnated 
by LAFAL - I ,  LAFAL -2 ,  etc .  Where appropri ate , a wri t  ten response  has been prov i ded for each comment , 
and  these  responses  are d e s i g nated by the same I Ds a s  the comments to whi ch they refer-- i . e . , LAFAL- l ,  
LAFAL- 2 ,  etc . 

A l i s t  o f  the 1 0  des i gnati ons  for a l l comments and responses  i s  provi ded at the beg i nn i ng o f  
Sect i ons  K. 3 and  K . 4 .  

K . 2 TOPI CAL COMMENTS AND RESPONSE S  

Two top i c s  that rece i ved f requent comment are ( 1 )  other a l ternat i ve s , a n d  ( 2 )  g roundwater i mpacts 
at  N F S S .  I n  th i s  sect i on ,  e a c h  o f  the se  top i cs has b e e n  s umma r i zed a s  a Top i ca l  Comment and th i s  
comment summary i s  fo l l owed by a Top i ca l  Respon s e .  The Top i ca l  Responses  are a l so referred to .i n 
respo n s e s  p resented i n  Secti ons K . 3 and K . 4 .  The Top i c a l  Comment s umma r i e s  are fo l l owed by a l i st of 
comme nters who addre s sed the part i c u l ar topi c .  ( See  tab l es at be�i nn i ng of Sect i on K . 3 and K . 4 for  10 
des i g nati ons for commenters . )  

TOP I CAL COMMENT 1 :  OTHER ALTERNAT IVES  

Severa l  commenters expres sed the  op i n i o n  that the  near- s urface methods for  l o ng-term management 
ana lyzed i n  deta i l  i n  the E I S  are not suf f i c i ent , not acceptab l e ,  o r  not s u i tab l e  for l ong- term manage
ment o f  the NFSS contami nated mater i a l s ,  part i c u l ar ly  for the res i due s .  Others be l i eve that some 
other a l ternat i ves shou l d  be g i ven  more con s i derat i on , s uch as  ( 1 )  deep-we l l i n ject i on or hyd rofracture 
g rout i nj ec t i on , ( 2 )  storage i n  concrete mod u l es  or vau l ts , ( 3 ) an  add i ti ona l  i ntruder barri e r ,  and 
( 4 )  the  " F rench system" . O ne reason g i  ven  for these recommendat i o n s  i s  the potent i a l i mpacts to a 
res i dent i ntruder i f  contro 1 s ceased i n  the future.  [ NYDEC-8 , - 9 ; NYDH- l ,  -2 , - 5 ,  - 9 ; RAUCH-6 ; 
US E PA-4 , - 20 ,  - 28 ;  WDE C- 5 ;  WEFS- 4 ]  

TOP I CAL RESPONSE 1 :  OTHER ALTERNAT I VES  

The NFSS  was te s  a nd res i dues are both in  the  same category o f  "wastes  contami nated wi th natura l l y  
occur r i ng  rad i onuc l i de s "  under Sect i on I V  o f  D O E  Order 5820 . 2 . F o r  management  o f  t h e s e  mater i a l s ,  D O E  

K - l  
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i s  u s i ng  the  E PA urani um mi l l  tai l i ngs  regu l at i ons  (40  C F R  192 ) as  g u i dance ( see  i ntroduc t i o n  to 
Sec t i o n  4 ) .  I t  i s  exp l i c i t l y  s tated i n  the preamb l e  to these regu l at i ons  that " i n s t i tut i o n a l  over
s i ght i s  an e s s e nt i a l  backup to pass i ve contro l s , "  that " i t  wo u l d  not be safe to b u i l d  hab i tab l e  
structures  o n  the d i sposa l s i tes , "  and that " Federa l ownersh i p  o f  the s i te i s  a s s umed to precl ude s uch 
i nappropr i ate uses"  ( U . S .  E nv i ro n .  Prot.  Agency 1983 ) .  DOE has exp l i c i t l y  stated in  the i ntroduc t i o n  
t o  Sec t i o n  2 ( p .  2 - 1 )  that i t  i ntends t o  take perpetual care o f  whatever s i te i s  u s e d  f o r  l ong- term 
management o f  the NFSS  wastes and res i d u e s .  

I f  contro l s a r e  e ffec t i ve , t h e  res i de n t- i ntruder s c e n a r i o  wi l l  n o t  occ u r .  E v e n  i f  contro l s  
ceas e ,  the i ntrus i o n  barr i e r  ( r i prap l ayer )  i ncorporated i nto the l ong-term c ap o f  p re fe rred A l ter
nati ve 2 wi l l  deter the i ntruder and make the res i de nt- i ntruder scenari o u n l i ke l y  to occ u r .  Howeve r ,  
t o  a s s e s s  potent i a l  e n v i ronme nta l i mpacts so that the DOE dec i s i o n-maker has f u l l know l edge o f  the ' 
pote n t i a l  consequences o f  the l o ng-term management dec i s i o n ,  the ana lys i s  i n  the E I S  i nc l udes the 
pote n t i a l  i mpacts that cou l d  occur i f  mai ntenance , mon i tori ng , and contro l s  were to cease after 
200 years . The res i dent- i ntruder scena r i o  for the NFSS  a l ternat i ves i s  based o n  several  conservat i ve 
a s s umpt i ons , i nc l ud i ng :  ( 1 ) both the 3-m ( 10 ft)  earthen  cap ( wh i ch i nc l udes a 0 . 9-m [ 3 - ft ]  r i prap 
i ntru s i o n  barr i e r )  and the approx i mate l y 3-m ( 10-ft)  l ayer o f  wastes ove r l y i n g  the res i dues are e i th e r  
comp l ete l y  e roded o r  have b e e n  removed , and ( 2 )  the i ntruder ' s  h o u s e  i s  constructed exac t l y  over  the 
res i dues .  I t  i s  u n l i ke l y  that a n  i ntruder wou l d  b u i l d  a house o n  the exact spot o n  the mound o f  
was tes/re s i dues where t h e  res i dues a r e  bur i ed .  T h e  res u l ts o f  t h e  a n a l ys i s  i nd i cate that a res i dent 
i ntruder wou l d  rec e i ve a very h i gh rad i a t i o n  dose because the res i dues have a n  ave rage rad i um-226 
concentra t i o n  o f  67 , 000 pC i / g  ( they wou l d  need to be pac kaged and s h i e l ded for s h i pment to another 

. s i te ) .  

Because o f  the very h i gh doses  that are pred i c ted and because  many o f  the othe r pote nt i a l  l ong
term i mpacts are assoc i ated with the p res ence o f  the res i dues , DOE a l so i de nt i f i ed pos s i b l e  mod i f i 
cat i ons  to the near- s urface contai nment des i gn s  a s  we l l  a s  opti on a l  des i gn concepts ( Secti o n  C . 3 )- 
s ome of wh i c h  wou l d  reduce t h e  l i ke l i hood o f  t h e  res i dent- i ntruder scenar io  or reduce t h e  i mpact t o  
s u c h  an i ntruder ( T ab l es C . 3 a n d  C . 4 ) .  T h e s e  other a l ternati ves  ( opt i on s )  are compared i n  te rms o f  
f o u r  key l ong- te rm factors ( radon emi s s i ons , l eac h i ng t o  g roundwate r ,  ero s i o n  rate s ,  a n d  det r i menta l  
e f fects on a res  i dent- i ntrude r )  re 1 at i ve  to the conceptua 1 des i g n s  for nea r- surface management 
ana lyzed i n  deta i l i n  the ma i n  body o f  the E I S .  As  noted in  S ec t i o n  C . 3 . 4 ,  other factors--e . g . , 
s hort- term i mpacts ; cost s ; and the need for  detai l ed subsurface i nves t i gat i ons , l aboratory tes t i ng ,  
and eng i neeri ng ana lyses--wo u l d a l so have to be cons i dered i f  opt i on a l  des i g n  concepts were to be 
cons i dered furthe r .  

F o l l ow i n g  i s  a d i scus s i o n  o f  t h e  f o u r  maj or  al ternat i ves  that commenters me nti oned as  pos s i b i l i 
t i e s  for further cons i derat i o n :  ( 1 )  deep we l l i nj ect i o n  o r  hydro fracture/grout i nject i o n ,  ( 2 )  storage 
i n  concrete bunke rs o r  vau l ts , ( 3 )  an  add i t i ona l  i ntruder barr i e r ,  and (4) the " F re nc h  system" . 

Deep We l l  I njec t i o n  or Hydro fracture/Grout I nject ion  

T he U . S .  E n v i ronmental  Prote c t i o n  Agency s uggested that  DOE cons i de r  deep-we l l i nject i o n .  Howeve r ,  
deep-we l l i nject i on i s  not tec h n i c a l l y  feas i b l e  for the s o l i d  NFSS  res i dues . F u rthermo re , n o  new 
p e rmi ts for  deep we l l  i nject i o n  o f  a ny hazardous materi a l s  are be i ng granted by the  state of New York .  

A method c a l l ed hydrof racture/grout i nj ec t i o n  has  been  s uggested by the New York  Departme nt o f  
Heal t h .  T h i s opt i o n  wou l d  enta i l  d r i l l i ng ho l e s  a n d  forc i ng water unde r h i gh p re s s ure down i nto a 
s ha l e  roc k  or other l ow-permeab i l i ty forma t i o n  to c reate f racture s .  T h e  res i dues wou l d  b e  m i xed w i th 
ceme nt and other add i t i ves to form a grout and then i njected under pressure down the dr i l l  ho l es and 
i nto the f ractures that have been c reated i n  the s h a l e .  T he g rout wou l d  then  s o l i d i fy i n  the roc k  
format i o n .  

T h i s  opt i o n  was i de nt i f i ed for the Oak R i dge Rese rvat i o n  ( T ab l e C . 4 )  because  the re has been s uch 
a d i sposal  operati on for i nte rmed i ate- l ev e l  rad i oact i ve wastes  at the DOE O a k  R i dge  Reservat i on ( Nat l . 
Res .  Counc . 1985 ) .  The  hyd rofracture/grout i nj ect i o n  ope rat i ons  at Oak  R i  dge ceased after the state 
of Tennessee  promul gated i ts new underg round i nj ec t i o n  control regu l at i o n s  that requ i re DOE to obta i n  
a perm i t  for DOE ope rat i on s .  DOE has dec i ded not t o  app l y  for a perm i t to resume operat i o n s  at th i s  
t i me .  The Nat i on a l  Researc h Counc i l  ( 1985 ) report conc l uded that d i s po s a l  o f  certa i n  types o f  rad i o
acti ve wastes  v i a  the hyd rof ract ure/grout i njecti o n  method can be acceptab l e .  However ,  the report 
a l so notes than an exte n s i ve research p rog ram wou l d  be necessary to s upport any future hydro fracture 
operati ons  at Oak R i dge or other s i te s .  

Hydrofracture/grout i nj e c t i o n  i s  n o t  c o n s i dered t o  b e  a v i ab l e  opt i o n  f o r  t h e  N i agara F a l l s  area.  
T h i s  a l te rnat i ve was rejected for d i sposa l  o f  the h i gh- l eve l  wastes  at the nearby We s t  Val l ey ,  
New Yo r k , s i te because i t  has s everal  s e r i o u s  shortcomi ng s :  " there are p rospects for future dr i l l i ng 
i n  the We s t  Val l ey area for  natura l gas , and exten s i ve d r i l l i ng i n  the area near the s ha l e beds cou l d  
l ead to eventual  l ea kage o f  rad i oac t i v i ty f rom the s ha l e  beds ; some quest i o n  rema i ns about the type of 
f ractures that wou l d  be p roduced i n  the s ha l e  at Wes t  Val l ey ( po s s i b l y  extend i ng beyond the i mpermeab l e  
s ha l e  i nto other types o f  water-beari ng rocks ) ;  and i f  the di spo s a l  tec h n i que we re j udged to be 
i nade quate for West Val l ey wastes  at some future date , the wastes  wou l d  be i n  an i rretri evab l e  form 
that wou l d  not a l l ow correc t i v e  meas ures to be taken" ( U . S .  Dep . Energy 1982 c ) .  An exte ns i ve dr i l l i ng 
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characte r i zati o n  and feas i b i l i ty s tudy wo u l d have to be undertaken  to determ i ne i f  the N i agara Fal l s  
area i s  s u i tab l e  for hydrofracture/grout i njection  o f  the NFSS res i dues .  

I n  addi t i o n , hyd rofracture has s everal  major d i sadvantages at whatever s i te such  operat i ons  mi ght 
take p l ac e ,  i nc l ud i ng :  ( 1 )  the res idues  wou l d  be i n  an  i rret r i e vab l e  form , and correc t i v e  act ions  
cou  1 d not  rea so nab  1 y be taken  i f  unacceptab 1 e groundwater i mpacts were detected i n  the future , 
( 2 )  there i s  s ome quest i o n  about the type and extent o f  f ractures that wou l d  be produced- -pos s i b l y 
l eadi ng to i nject i o n  of the res i due grout beyond the i ntended format i on o r  prov i d i ng pathways for 
rad i onuc l i de m i g ra t i on i nto water- bea r i n g  roc ks , and ( 3 )  future d ri l l i ng ( fo r  hydroca rbons , wate r ,  
e tc . ) cou l d  l ead t o  l eakage o f  rad i oact i v i ty f rom the s ha l e  bed .  

Sto rage i n  Concrete Bunke rs or Vau l ts 

Storage i n  above-grade concrete bunke rs o r  vau l ts was not spec i f i ca l l y  anal yzed i n  the E I S .  Such 
storage wou l d  offer  the fo l l owi ng  advantages :  ( 1 )  the vau l ts wou l d  be more v i s i b l e  i n  the sense that 
they wou l d  l ook  l i ke b u i l d i ngs  rather than mo unds o f  d i rt , _  thus  po s s i b l y  serv i ng as  a short- term 
rem i nder that the contami nated mate ri a l s  were " s tored" o r  "managed" rather than  d i sposed , and ( 2 )  they 
m i ght  a f ford a better opportun i ty to col l ect and mon i to r  a ny l eachate and m i ght be eas i er to repa i r ,  
i f  neces sary.  Howeve r ,  vau l ts cou l d  offer  the fo l l ow i ng d i sadvantag e s :  ( 1 ) they wou l d  not prov i de 
" p a s s i ve"  conta i nment a nd wou l d b e  mo re cost ly  to construct and ma i ntai n ,  ( 2 )  a i rborne rad i oacti ve 
gaseous re l eases  ( rado n )  m i ght  be h i gher ( un l e s s  a t h i c k  earthen cover was p l aced over the vau l ts or  
u n l e s s  they were deep l y  b u r i ed--thus  negat i n g  the pos s i b l e  advantages o f  v i s i b i l i ty and l eac hate 
co l l ec t i o n  and i ncreas i ng costs  even more ) , ( 3 )  i n  the l ong-term ,  g reater v i s i b i l i ty cou l d  be a d i s
advantage because the l i ke l i hood o f  human i ntrus i o n  m i gh t  be i ncreased i f  the vau l ts were above- grade 
and not covered wi th d i rt ( i f  they were b e l ow-grade and/or covered wi th d i rt ,  i nt rus i o n  mi ght  be 
de 1 ayed more ) , (4)  because conc rete i s  not expected to be any more durab 1 e over thousands o f  yea rs  
than mu l t i l ayered eng i neered earthen covers , the vau l ts wou l d  p robab ly  offer  no s i g n i f i cant ly  g reater 
l o ng- term conta i nment re l at i ve to contami nat i on o f  groundwate r ,  and ( 5 )  i f  contro l s we re l os t  and the 
vau l ts d i d  not have an  earthen cover ,  l os s  o f  conta i nment due to p hys i ca l  forces  ( such as  weatheri n g )  
o r  human i ntrus i on m i gh t  occur sooner .  

The prefe rred A l ternat i ve 2 i s  essent i a l ly  a var i at i on o f  a concrete vau l t/tumu l us system. The  
re s i dues ( wh i ch account  for 99% o f  the rad i oact i v i ty )  are bur i ed i n  the basement  o f  a re i nfo rced
concrete b u i l d i ng beneath a mound of wastes  and a th i c k earthen cap . DOE i s  a l so con s i de r i ng an 
add i t i ona l  i ntruder barri e r  ( e . g . , a re i nfo rced-concrete s l ab over  the  b u i l d i ng- - s ee l ater d i scus s i on ) .  

Add i t i on a l  I ntruder Barr i e r  

A s  a res u l t o f  further d i scuss i on wi th E P A  and New York o f f i c i a l s ,  D O E  h a s  g i ve n  further con
s i derati on to an add i t i onal  i ntruder barr i e r  over the res i dues ( i n  add i t i on to the r i p rap l ayer i n  the 
cap ) . The engi  neeri  n g  aspects and costs o f  s everal  opt i ons  have been i nves  t i gated ( Bechte 1 Nat l .  
1985 ) .  I t  i s  a ss umed that such  a bar r i e r  wou l d  be cons tructed at the t i me o f  i n sta l l at i o n  of the 
f i na l  cap.  T h i s  wou l d  a l l ow t i me for further conso l i da t i o n  o f  the res i dues that were transferred to 
B u i l d i ng 411  duri ng 1984- 1985 and are currently b e i n g  dewatered . The  i nter im  p l acement of abo ut 10 m 
( 30 f t )  of s l i gh t l y  contam i nated wastes p l us  the i nter i m  cap over the res i d ues wi l l  p rov i de s u rcharge 
that wi l l  cause some sett l i ng o f  the res i dues . P r i o r  to such  settl i n g ,  maj o r  extra costs wou l d  be 
requ i red to construct an addi t i ona l  i ntruder barr i e r  over B u i l d i ng 411 that cou l d carry the u n supported 
we i ght of the overl yi ng wastes  and cap . 

I n  o rder to i nsta l l the add i t i on a l  barri e r ,  the cap and  wastes  overl y i ng B u i l d i ng 411 wou l d  have 
to be excavated and stored . A barr i e r  cou l d  be constructed o f  re i nforced concrete , aspha l t ,  cement
stab i l i zed sand , cement-stab i l i zed f l y  ash , o r  stone . R e i nforced concrete wou l d prov i d e  the o n l y  
prac t i ca l  means t o  t i e  the barr i er i nto the b u i l d i ng wal l s  and wou l d provi de t h e  most pos i t i ve means  
o f  deterri ng an i nadvertent i ntruder .  Construct.i o n  of s uch a barr i e r  i s  est i mated to cost an 
add i t i ona l  $1 . 3  mi l l i o n  ( Bechte l Nat l . 1985 ) .  

Radon emi s s i on s  at the top o f  Bui l d i ng 411 are e s t i mated u s i ng the same methodol ogy and parameter 
va l ue s  g i ven  i n  Sect i o n  4 . 1 . 2 . 2 .  These  em i s s i on s  are e s t i mated to be at bac kground l eve l s ,  w i th or 
wi thout a concrete barri e r ,  p r i ma r i l y  because  o f  the i nterven i ng l ayer of app rox i mate l y  4 m ( 12 ft)  o f  
damp wastes (most ly  nat i ve c l ayey s o i l s ) a n d  c l ay on  t o p  of  t h e  res i due s .  Th i s  l ayer retards the 
radon emi tted f rom the res i dues l ong enough for the radon to decay to s o l i d  decay products . 

The " F rench Sys tem" 

I t  was sugge sted by E PA that DOE cons i der  the " F rench  system" . For contam i nated mate r i a l s s i m i l a r  
t o  the NFSS wastes and res i dues ( i . e . , uran i um mi l l  tai l i n gs ) ,  the French u s e  a management system that 
i s  s i m i l ar to that recommended by the E PA for u ran i um m i l l  ta i l i ngs  in the U n i ted States-- spec i f i cal l y ,  
conta i n i ng the wastes i n  a l arge p i l e  at the i r  current l ocat i o n s  ( Prade l 1982 ) .  Th i s  i s  the a l ternat i , e  
that DOE prefers for the NFSS wastes and res i dues ( A l ternat i v e  2 ) .  For  l ow- l ev e l  was tes , the French 
use  a tumul us  system where i n the mos t  hazardou s  wastes are p l aced in a s o l i d  form at the bottom of  the 
conta i nment  system (Van Kote 1982 ) .  T h i s  i s  s i m i l ar to NFSS A l ternat i ve 2b where i n  the more hazardo us 
res i dues wou l d  be so l i di f i ed and rep l aced at the bottom of the conta i nment system . DOE has not dec i dec 
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whether o r  not the res i dues s hou l d be so l i d i f i ed .  I f  DOE dec i de s  to i mp l ement Al ternat i ve 2 ,  a l ater 
dec i s i on w i l l  be made a t  the t i me o f  i mp l ementati o n  rega rd i ng whether o r  not the res i dues  shou l d  be 
so l i d i f i ed .  ( See  F i gure 1 . 3  for deta i l s  o f  the DOE dec i s i on-ma k i ng proces s . )  

Conc l us i o n s  Regard i ng Other A l ternat i ve s  

D O E  wi l l  cons i de r  an  add i t i on a l  i ntruder barr i e r  o v e r  the re s i due s .  D O E  h a s  conc l uded , f o r  the 
rea sons  d i scus sed above , that the  other suggested a l terna t i ves  are not reasonab l e a nd do not warrant 
f u rther deta i l ed con s i de rati o n  at th i s  t i me.  

TOP I CAL  COMMENT 2 .  GRO UNDWATE R  IMPACTS AT NFSS  

Severa l  comments were made  conce rn i ng potent i a l  groundwater  contam i nati o n  at NFSS  if  the wastes  
and r e s i dues rema i n  at N F S S .  Commenters rai sed quest i o n s  about  the  c l ay i n  the caps , the  cutoff wa l l ,  
and  the g ray c l ay 1 aye r  beneath the conta i nment area .  Other commenters wanted more i nformat i on  
regard i ng the  geo l og i c  cond i t i o n s  at NFSS , the computer mod e l  used for the ana l ys i s ,  and the p red i cted 
g roundwater contami nat i o n  at the s i te bounda ry _  [ NYDEC-15 , -17 , - 24 , -25 ; USDO I - 1 ,  - 6 ,  -10 ; US EPA-21 , 
- 22 , -23 , - 2 4 ,  -25 ,  -26 , -27]  

TOP I CAL  RESPONSE 2 .  GROUNDWATE R  IMPACTS AT  NFSS  

The  l ayer o f  c l ay i n  the ex i st i ng i nter i m  cap  ( A l ternat i ve 1 ,  no  act i o n )  and the add i t i ona l  c l ay 
i n  the p referred l o ng- term cap ( A l ternat i ves  2a and 2b ) a re expected to reduce ( but not e l i m i nate ) 
water i nf i l trat i on i nto the b u r i e d  wastes  and  res i dues ( Se c t i o n  4 . 2 . 2 )  and radon gas emi s s i ons  f rom 
the b u r i e d  mater i a l s ( Secti o n  4 . 1 . 2 ) .  The ex i st i ng c l ayey s o i l s  beneath the conta i nment area are 
expected to retard ( but not e l i m i nate ) mi g rat i o n  of rad i onuc l i de s  and  other chemi c a l s f rom the wastes  
and  res i dues ( Secti o n s  4 . 2 . 2 and 4 . 3 ) . Because the  c l ay l ayers ( i nc l ud i ng the so-ca l l ed " g ray c l ay 
l ayer" ) are known to conta i n  sand  l en s e s , the average hydra u l i c  properti e s  o f  the underl y i ng c l ayey 
mater i a l s are  a s s umed to be between the p rope rti e s  o f  c l ay and  sand  i n  th i s  E I S  ( T ab l e  4 . 39 ) . 
F u rthermore , i t  i s  cons ervat i v e l y  a s s umed that ove r the l o ng term , the average propert i e s  o f  the 
cutoff wal l are the s ame a s  for the s u rround i ng s o i l s-- i . e . , that the c utof f  wal l offers no s i gn i f i 
cant addi t i ona l  l ong-term barr i e r .  The reasons  for the se  a s s umpt i ons  are g i ven i n  Secti on 4 . 2 . 2 . 

The c l ays are  not chemi c a l l y  i nert .  They d i ffere n t i a l l y adsorb the v a r i o u s  chemi c a l s and  rad i o
nuc l i d e s .  Hence , d i fferent d i stri but i o n  coe f f i c i e nts--the rat i o  o f  the concentra t i o n  o f  a c o n s t i tuent  
adsorbed onto s o i l parti c l es  to the concentra ti o n  o f  the d i s s o l ved const i tuent i n  water (or  a meas u re 
o f  how t i ght ly  a subs tance i s  bound to the c l ay part i c l e s ) - - a re used i n  the ana l ys i s  ( T ab l e 4 . 48 ) .  
F urthermore , for radi um-226 , the rad i o n uc l i de o f  most concern w i th respect t o  g roundwater contam i 
nat i o n , the d i str i but i o n  coeff i c i ent u sed for the a n a l ys i s  i s  a t  l ea s t  ten t i me s  l es s  than  l aboratory 
tests  have i nd i cated for  the s o i l s  at NFSS  ( footnote i n  Sect i o n  4 . 2 . 2 . 3 )- - th u s  l ead i ng to pred i ct i on 
o f  faster m i grati o n  than may actua l ly  occur .  

At NFSS , the near- s urface so i l s  a re known to be seasona l l y  saturated.  Therefore , in  the  a n a l ys i s , 
i t  i s  conservat i ve l y  a s s umed that the wastes and  res i dues are s aturated and are  s i tt i ng i mmed i ate l y  o n  
t o p  o f  saturated so i l s  throughout t h e  y e a r  ( as s umed z e ro depth t o  g roundwater for t h e  hydro l o g i c a l  
mode l i ng--Tab l e  4 . 48 ) .  The a n a l ys i s  further a s s ume s that the g roundwater moves hori z onta l l y  to a 
theore t i c a l  ons i te we l l  l ocated i mmed i ate l y  next to the contam i nated mater i a l s .  

Groundwater i s  used very l i ttl e i n  the NFSS  area , and mos t  o f  the  groundwater that i s  used i s  
obta i ned from a geo l og i c  forma t i o n  l ocated south o f  the N i agara escarpment but not north o f  the 
escarpme nt where NFSS  i s  l oc ated ( Se c t i o n  3 . 1 . 1 ) .  Howe v e r ,  i nd i v i dua l s are occa s i ona l l y  ab l e  to f i nd 
s a nd l en s e s  i n  the near- s urface unconso l i dated g l ac i a l  depo s i ts ( i n  the c l ayey s o i l s ) that y i e l d 
e nough wate r to s upp l y  the needs o f  about one fami l y .  Sand l e nses  are  known to occur i n  the conta i n
ment area a t  N F S S .  Because i t  cannot be ascertai ned whether o r  not there are l arge s a nd l en s e s  next 
to the contai nme nt area wi thout d i gging up the ent i re s i te ,  i t  i s  a s s umed for the E I S  ana l ys i s  that a 
l arge sand l en s  i s  l ocated i mmed i ately  adjacent to the co nta i nme nt area a nd that l eachate f rom the 
NF  55 wastes and res i dues wi 1 1  m i  g rate i nto such  a s a nd 1 e n s .  It i s  furthermore a s s umed that a we 1 1  
wi l l  be dr i l l ed i nto th i s  l ens , that i t  w i l l  y i e l d  s u ff i c i ent water ,  and that g ro u ndwater f rom th i s  
we l l  w i l l  be used for  dr i n k i ng water i n  the f uture i f  contro l s c e a s e .  

T h e  a n a l ys i s  i nd i cates t h a t  t h e  concentra t i ons  o f  radi um- 226 ( T ab l e  4 . 42 )  and  some o t h e r  chemi c a l s 
( Tab l e s  4 . 49 and 4 . 5 0 )  a t  the theoreti c a l  ons i te wel l cou l d exceed the c urrent regul atory standards i n  
the future ( see  Tab l e  4 . 49 and  text i n  Sect i ons  4 . 2 . 2 . 3  a nd 4 . 4 . 3 . 1 ) . There fore , i f  the wastes  and 
re s i dues  are to rema i n  a t  NFSS , it  w i l l  be necessary to proh i b i t  the use  o f  water f rom s h a l l ow we l l s  
o n  the NFSS  s i te .  I f  the l arge sand  l e ns does not ex i st ,  i f  no one acc i dent ly  l ocates a we l l and uses  
the  wate r f rom such  a l ens , o r  i f  the perpetual  contro l s  that  DOE i ntends to  exert  cont i nue , then  
there wi l l  be no i mpact on huma ns  from d r i n k i ng contam i nated g roundwater .  I f  the  average p ropert i es 
o f  the s o i l s ,  wastes , and res i dues  a re better than tho se  a s s umed i n  the ana lys i s  ( e . g . , l ower hydra u l i c  
conducti v i ty and h i gher  d i f fu s i on coeff i c i en t ) , then the m i g ra t i o n  o f  contam i nants wi l l  b e  s l owe r .  

As a res u l t o f  comments o n  the D raft  E I S ,  f u rther a n a l y s e s  have b e e n  performed for  prefe rred 
Al ternat i ve 2 at NFSS ( Secti o n  4 . 2 . 2 . 3 ) .  Us i ng the s ame v a l ues for the i nput parameters as g i ven  i n  
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the D raft E I S  ( e . g . , d i s t r i b u t i o n  coeff i c i e nt for rad i um of 100 cm3/g and average so i l  permeab i l i ty of 
10- 5 cm/ s ) , it  i s  pred i c ted that no offs i te contam i nat i o n  wi l l  occur at a theoret i ca l  we l l  l ocated at 
the s i te boundary northwest o f  the conta i nment area w i th i n  the 1000-year de s i g n  l i fe o f  the contai nment 
system. 

When l es s  conservat i ve val ues are used for the mo st sens i t i ve parameters ( i . e . , d i s t r i b u t i o n  
c oe f f i c i ent f o r  rad i um o f  S O O  cm3/g a n d  average s o i l p e rmeab i l i ty o f  10- 7 cm/s ) ,  i t  i s  pred i cted that 
there wi l l  aga i n  be no offs i te contam i nat i o n  for the 1000-year de s i gn l i fe o f  the conta i nment sys tem 
and  peak concentrat i ons  i n  the theoret i ca l  o n s i te wel l w i l l  decrease by a factor of about S .  

A l l avai l ab l e  i nforma t i o n  o n  the geo l og i c  and hydro l og i c  cond i t i on s  a t  NFSS  i s  s umma ri zed i n  
Sec t i o n  3 . 1 .  A s  requ i red by CEQ regu l at i on s , o n l y  the deta i l s  nece ssary t o  s upport the ana lys i s  are, 
g i ven  and the rest o f  the i nfo rma t i o n  i s  i ncorporated by refere n c e .  Cop i e s  o f  the major references 
have been made avai l ab l e  to the EPA,  state o f  New Yor k ,  DOE pub l i c  readi ng  rooms , and l oca l  l i b ra r i e s .  
Where there i s  uncertai nty about the geo l og i c  and hydro l og i c  cond i t i o n s , con servat i ve--but  rea l i s t i c- 
a s s umpti ons  a r e  made i n  t h e  ana lyses , a s  desc r i bed abov e .  

Deta i l s  regard i ng t h e  compute r i zed groundwater model are al so g i ve n  i n  reports t h a t  a r e  i ncor
porated by refere n c e .  As noted i n  Sect i o n  4 . 2 . 2 . 1 ,  the two most sens i t i ve parameters are d i s t r i b u t i o n  
coe f f i c i ent a n d  hydra u l i c  conducti v i ty .  D i scus s i o n  o f  why t h e  u s e  o f  more sop h i s t i cated g roundwater 
mode l s i s  unwarranted and wou l d  not res u l t i n  more acc urate p red i c t i o n  o f  i mpacts i s  g i ven  i n  Sec-
t i on 4 . 2 . 2 . 1 . DOE .  wi 1 1  conduct more groundwater mode 1 i ng  i n  conj u nct i o n  w i th the deve 1 opment of 
deta i l ed e n g i nee r i ng des i g n s  for  whatever a l ternati ve i s  s e l ected.  The  res u l ts  o f  th i s  mode l i ng wi l l  
be i ncorporated or referenced i n  a n  e n g i neeri ng report o n  the deta i l ed waste conta i nment des i g n  for 
the a l ternati v e  that DOE dec i de s  to i mp l ement ( see  F i g ure" 1 . 3 ) .  

I n  th i s  E I S ,  a t h ree- d i me n s i ona l  transpo rt mode l i s  used to project contam i nant  concentrat i ons  at 
spec i f i c  l ocat i ons  i n  the a q u i fer  ( i . e . , ons i te we l l ,  nearest majo r  s u rface wate r  body , ha l fway betwee n  
t h e  two , and N F S S  s i te boundary-- Sect i on 4 . 2 . 2 ) .  T h e  res u l ts i nd i cate that for  t h e  a s s umed mode l i ng 
cond i t i ons , max i mum contam i nant concentrat i on s  wou l d  occ u r  i n  a we l l  l ocated next to the was te/re s i due 
conta i nment area.  For  Al ternat i ve 2a (mod i f i ed contai nment at NFSS ) , rad i um-226 conc ent rat i ons i n  the  
theoret i ca l  ons i te we l l  are  expected to peak i n  3 , 600 years . At the s i te boundary ,  no contami nat i on 
i s  expected wi th i n the 1000-year des i g n  1 i fe o f  the conta i nment system . At a p o i  nt ha l fway to 
Lake Ontari o ( 4 , 000 m) , no contami nat i on i s  expected for at l east  32 , 000 years ( the po i nt at wh i c h  the 
computer p rogram wa s aborted ) .  

K . 3 WRI TTEN COMMENTS AND RESPONSES 

In  th i s  s ect i on , cop i es o f  the l etters o f  comment rec e i ved duri ng  the rev i ew peri od are reproduced 
i n  f u l l .  The l etters have been arranged a l phabet i ca l ly  under each state.  The l etters and spec i f i c  
responses  are p l aced s i de by s i de a s  much a s  poss i b l e  s o  that the  reader can e as i l y l ocate the spec i f i c  
response t o  a g i ven  comment.  The IDs  for the l etters o f  comment are l i sted be l ow i n  the order that 
they appear in  the documen t :  
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Cary and Henri etta Burd i c k ,  Youngstown 

John  B. Da l y ,  Senator , 61st  D i stri ct 

Edward C .  D eVant i e r ,  Lewi ston 

John  L .  LaFa l ce , Congre s sman , 32nd D i stri ct 

Lewi ston Town Board 

New York Department of E n v i ronmenta l Conservati o n  

New York Department o f  Hea l th ,  O f f i c e  o f  Pub l i c  Heal th 

N i agara County E n v i ronmental  Managemen t  Counc i l  

N i agara County Hea l th Department 

N i agara County Leg i s l ature , P ub l i c  Hea l th Commi ttee 

Joseph T. Pi 1 1  i ttere , Assemb lyman 

Town o f  Porter ,  Youngstown 
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Jame s Rauch , Wi l l i am s v i l l e 

Lee S i monson , N i agara County Leg i s l ator 

F .  De l mar Bend e r ,  Oak  R i dge 

W . J .  Coo k ,  Sev i erv i l l e 

Ruby G .  Luc key , Mayo r ,  C i ty of K i ngsto n  

P . T .  Perdue , O a k  R i dge 

L i nda (Mrs . E .  Bruce ) Rowl and , Norri s 

He l en G .  R u l ey ,  Oak  R i dge 

Cyd Ryman , Oak R i dge 

Ne l l i e Shrop s h i re ,  Morri s town 

Jean  Spach , O a k  R i dge . 

Tennessee  Departme nt of Hea l th and E n v i ronment , Nas h v i l l e  

Tennessee  Val l ey Autho r i ty ,  Knoxv i l l e  

Tenne s s ee Wi l derness  Act i o n  Counc i l ,  O a k  R i dge 

He l en Scott Warren , Oak  R i dge 

Kenneth E.  Yage r ,  Roane County Execut i ve 

Was h i ngton Departme nt o f  Eco l ogy 

Was h i ngton Depa rtment of Emergency Serv i ce s  

Was h i ngton Depa rtment of Soc i a l  a n d  Heal th Serv i ce s  

Was h i ngton Energy Fac i l i ty S i te Eva l uat i o n  Counc i l  

Was h i ngton O f f i ce o f  Archaeol ogy and H i s tori c Preservat i on 

Wa s h i ngton State Parks and  Recreati on Comm i s s i on 

E n v i ronment Canada , E n v i ronmental  P rotect i on 

I n d i ana State Board of Hea l th 

M i n i stry o f  the E n v i ronment , Provi nce o f  Ontari o 

Pennsyl van i a  Department q f  E n v i ronme ntal  Resources  

U . S .  Department of the I nte r i o r  

U . S .  E n v i ronmental  Protect i on Age ncy 

U . S .  House of Representat i ves , Comm i ttee on Sc i e nce and Tec hno l ogy 

V i rg i n i a  Counc i l  on the E n v i ro nme nt 
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BBO�1E:DICAL �IjETAT�CMNOLOGV, INC. 
1 09  MAYNARD D R . ,  E GGE RTSVILLE,  NY 1 4226 

(71 6)-832-4200 
Au g u s t  2 5 ,  1 9 8 4  

M r . L .  F .  Campbe l l  
Deputy  D i r e c t o r , Tech n i c a l  Se r v i ce s  D i v i s i o n  
Oak R i d g e  Ope r a t i o n s  O f f i c e  
U . S .  D e pa r t me n t  o f  Ene r gy 
P . O .  B o x  E 
Oak R i d g e  TN 3 7 8 3 0  

De a r  M r . Cambe l l :  

E n c l o s e d  i s  a copy o f  my c omme n t s  o n  t h e A u g u s t  1 9 8 4  
D E I R  o n  t h e  c l ea nu p  o f  t he N i a g a r a  Fa l l s  S t o r a g e  S i t e  w h i ch 
I a m  s u b�i t t i ng t o  you a s  pe r y o u r  memo o f  A u g u s t  1 7 ,  1 9 8 4 . 

I n  a cc o r d a n c e  w i t h  t h e  a t t a c h e d  i n s t r u c t i on s  t o  you r 
memo , I a m  r eq u e s t i n g  t ime a t  t he me e t i n g  o f  September  1 9 ,  
1 9 8 4  i n  Lewi s t o n , N e w  Yo r k . I m i g h t  w i s h  t o  p r e s e n t  o r  
a �p l i fy t h e  p o i n t s  i n  t he e n c l o s e d  commen t .  

Ve r y  S i n= eld�!<_ 

_ 
1 • B r o s s , p��� 

P;.e s i de n t  
i omed i c a l  M e t a t e c h no 1 ogy I n c .  
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BIO�1 EDICAL ��' ETAT�C:iNOLOGY, INC. 
109 MAYNARD OR . •  E GGE RTSVillE. NY 1 4226 

(7 16)-832-4200 
Au g u s t  2 5 , 1 9 8 4  

M r . L .  F .  C ampbe l l  
Depu t y  Di r e c t o r , Tech n i ca l  S e r v i c e s  D i v i s i o n  
O a �  R i d g e  Ope r a t i on s  O f f i ce 
U . S .  Depa r t me n t  of Ene r g y  
P . O .  B o x  E 
Oa � R i d g e  TN 3 7 8 3 0  

D e a r  M r . Cambe l l :  

Th i s  c onrne n t  on t he DEIS  o f  DOE ' s  N i a g a r a  F a l l s  
S t o r a g e  S i t e  i s  i n  r e s pon se t o  y o u r  memo o f  A u g u s t  1 7 ,  
1 9 8 4 . I t  r e v i ews t he h e a l t h  e f f e c t s  e s t i m a t e s  i n  
DOE/E I S - O I 0 9 D  ( Au g u s t  1 9 8 4 ) . I t  demon s t r a t e s  t h a t , w h e n  
t he D O E  e s t i m a t e s  a r e  c o r r e c t e d  f o r  two s e r i ou s  e r r o r s , 
t h e r e  a r e  h u n d r e d s  of ' Po t e n t i a l  A d v e r s e  H e a l t h  E f fe c t s '  
i n  most  opt i on s . Th i s  i s  f a r  t o o  m a ny t o  be e n v i r onme n t a l l y 
a c c e pt a b l e  f r om a publ i c  he a l t h  s t a n dpo i n t . 

The b a s i c  i s s u e  h e r e  i s  · O f f i c i a l  S c i e n c e ·  v s . · n o r m a l  
s c i e n c e ·  e s t i m a t e s . · Of f i c i a l  S c i e n c e '  i s  s u ppo r t e d  b y  
DOE a n d  o t h e r  fe d e r a l  a g e n c i e s  a n d  i t s  e s t i m a t e s  mu s t  b e  
i n  l i n e  w i t h  t h e  pol i c i e s  of  t h e s e  a ge n c i e s  i r r e spe c t i v e 
o f  t h e  f a c t s . I n  cont r a s t , · n o r m a l  s c i e n c e "  e s t i ma t e s  a r e  
d e t e r m i n e d  b y  t h e  s c i en t i f i c  f a c t s , p a r t i c u l a r l y  by 
b i o s t a t i s t i c a l -e p i demi o l og i c a l  s t u d i e s of h um a n  popu l a t i o n s  
a c t u a l l y  e x p o s e d  t o  l ow - l e v e l  i on i z i n g r a d i a t i on .  

S i n c e  1 9 5 5 , t he · O f f i c i a l  S c i e n c e ·  pol i cy i s  t h a t  
· l ow- l e v e l  r a d i a t i on i s  h a r m l e s s " . Th e po l i cy w a s  
o r i g i n a l l y  s e t  by t h e  E i s enhowe r A d mi n i s t r a t i on t o  p r o t e c t  
t h e  p r o g r ams f o r  a t mosphe r i c  t e s t i n g  o f  n u c l e a r  weapon s .  
As  a d i r e c t  r e s u l t  of  t h i s  po l i c y , h u n d r e d s  o f  A t o m i c  
Ve t e r a ns a n d  U t a h  c i v i l i a n s  s u f f e r e d  d i s a b i l i t i e s  o r  d e a t h s  
f r om t h e  o f f i c i a l l y  · h a r m l e s s ·  f a l l ou t . DOE p r e s e n t e d  t he 
same e s t i m a t e s  u s e d  a t  Lewi s t o n  i n  a U t a h  f e d e r a l  c ou r t  
c a s e  t o  · p r ov e " t h a t  t h e  l eu � emi a i n  U t a h  c h i l d r e n  c ou l d  
n o t  h a v e  been  d u e  t o  t h e  f a l l o u t . J u d g e  B r u c e  J e n k i n s ,  
a f t e r  c a r e f u l l y  c on s i d e r i ng t h e  f a c t s  f o r  mo r e  t h a n  a 
ye a r , r u l e d  t h a t  t h e  l e u k emi a s  we r e  c a u s e d  by t he f a l l ou t  
a n d  t h a t  t h e  f e d e r a l  g ove r nment wa s l i a b l e  f o r  d a ma g e s . 
T h e  neg l i g e n c e  of DOE i n  f a i l i ng t o  i n f o r m  t h e  p u b l i c  o f  
t h e  r a d i a t i on r i s � s  i n  U t a h  i s  be i ng r e pe a t e d  i n  t h e  D r a f t  
Env i r onmen t a l  I mpact S t a t e me n t  ( D E I R )  u n d e r  r ev i ew .  
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In t h e  Ya l e  Jou r n a l  of B i o l og y  and Med i c i n e  ( 5 4 ,  
3 1 7- 3 2 8 , 1 9 8 1 ) ,  my p a pe r ( w i t h  Debo r a h D r i s c o l l )  c i t e s  
m o r e  t h a n  3 0  s t u d i es  o f  human popu l a t i on s  a c t u a l l y  
e x po s e d  t o  l ow l e v e l  r ad i a t i on whe r e  s e r i ou s  h e a l t h  h a z a r d s  
we r e  f o u n d  i n  t h e d a t a . A s  i t s  t i t l e  i nd i c a t e s  ( · D i r e c t  
E s t i m a t e s  o f  Low-Le v e l  Ra d i a t i o n R i s k s  o f  L u n g  C a n ce r a t  
Two N RC-Compl i a n t  N u c l e a r  I n s t a l l a t i on s : Why A r e  t h e  N e w  

BROSS- I [ R i s k E s t i m a t e s  2 0  t o  2 0 0  T i mes t h e  O l d  Of f i c i a l  E s t i m a t e s ? " )  
t h e  DOE r i s k  e s t i ma t e s  mu s t  be c o r r e c t e d  u pwa r d  by a f a c t o r  
o f  1 0 0  o r  mo r e . I t  s h ou l d  b e  n o t e d  t h a t  t h e s e  e s t i m a t e s  by 
s t a n d a r d  s t a t i s t i c a l  m e t h o d s  of norma l s c i e n ce , d o  n o t  
i nv o l v e  t he e x t r a pol a t i o n s  f r om a n i m a l s  t o  h u m a n s  o r  f r om 
h i g h  d o s e s  t o  l ow d o s e s  t h a t  i nva l i da t e  t h e  Of f i c i a l  

BROSS-2 

S c i ence e s t i m a t e s . 

Of f i c i a l  S c i e nce e s t i m a t e s  o f  e x posu r e s  a r e  a lmos t a s  
ba d .  When N R C  e s t ima t e d  t h e  e x p os u r e s f r om t h e c l e a n- u p  
a t  T h r e e  M i l e  I s l a nd U n i t  2 ( TM I - 2 ) ,  my c r i t i q u e  o f  t he 
E I S  n o t e d  t h a t  Of f i c i a l  S c i e n ce h a b i t u a l l y  u n de r e s t i ma t e s  
e x p os u r e s by f a c t o r s  o f  1 0  t o  1 0 0 0 .  I n  t h i s  i n s t a n c e , 
t h e  o r i g i n a l  e s t i m a t e  o f  t h e l ow e r  l i m i t  h a d  been  r e a ch e d  
by a c t u a l  b a d g e  d o s e s  B E fORE t h e  a c t u a l  c l e a n -up w a s  
e v e n  s t a r t e d . H e n ce N R C  was f o r c e d  t o  r e v i s e  i t s  e s t i m a t e s  
u pwa r d  by a f a c t o r  o f  1 0  i n  a r e v i s e d  E I S .  Howe v e r  t h i s  
i s  s t i l l  a g r o s s  u n d e r e s t i ma t e . Conse r va t i v e l y ,  O f f i c i a l  
S c i ence e s t i ma t e s  o f  e x pos u r e  n e e d  t o  b e  r a i s e d  b y  a f a c t o r  
o f  1 0 0  t o  b e  a t  a l l  r ea l i s t i c .  [ - To t a l  H e a l t h  E f f e c t s ·  a s  e s t i m a t e d  b y  Of f i c i a l  S c i e nce 
h a v e  to  be c o r r e c t e d  b y  a f a c t o r  of  1 0 0  for  e x pos u r e  and b y  
a n o t h e r  f a c t o r  o f  1 0 0  f o r  h e a l t h  r i sk s .  T h i s  m e a n s  t h a t  
t h e y  m u s t  b e  c o r r e c t e d  b y  a f a c t o r  o f  1 0 0 0 0  i f  a r e a l i s t i c  
a s s e s s ment o f  t he e nv i r onmen t a l  he a l t h  e f fe c t s  i s  d e s i r ed .  
Hence t he DOE e s t i m a t e s  o f  Au g u s t  1 9 8 4  c a n  be c o r r e c t e d  t o  
b e  i n  l i ne w i t h  n o r ma l s c i e nce a n d  t h e  f a c t s  ( r a t h e r  t h a n  
i n  l i n e  w i t h  Of f i c i a l  S c i e n ce a n d  a ge n cy p o l i c i es ) b y  
s i mp l y  mul t i p l y i ng b y  1 0 0 0 0 .  

P o r  e x ample con s i d e r  opt i on 3 b .  F r om Tab l e  4 . 3 1 t h e r e  
wou l d  b e  6 6 0  · To t a l  Hea l t h  E f fe c t s · i n  t h e  - Ge n e r a l  
Publ i c · . F r om T a b l e  4 . 3 2 t he r e  wou l d  b e  a lmos t no 
a d d i t i on a l  h e a l t h  e f f e c t s  t o  t h e  pu b l i c  du r i n g  t h e  
�a i n t a i n e n ce a n d  mon i t o r i n g  pe r i od .  Howe v e r  f r om Ta b l e  
4 . 3 4  t h e r e  wou l d  b e  1 5 0 0  - Tot a l  H e a l t h  E f f e ct s - t o  wor k e r s  
d u r i ng t h e  · A c t i on Pe r i od " . T h u s  b y  DOE ' s  own e s t i ma t e s  
t h e r e  wou l d  b e  2 1 6 0  - T o t a l  Hea l t h  E f fe c t s · .  S i n ce t he s e  
a r e  v e r y  s e r i ou s  e f fe c t s  s u ch a s  c a n ce r s  o r  g e n e t i c  
d e f e c t s , t h i s  i s  unacce p t a b l e  f r om a publ i c  h e a l t h  
s t andpo i n t . 
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B ROSS- 1  The r i s k  e s t i mators used i n  the E I S  are p roposed by the maj o r  rad i a t i o n  protec t i o n  orga n i 
zati ons  i nc l ud i ng t h e  U n i ted Nati ons Sc i enti f i c  Commi ttee on  t h e  E f fects of Atom i c  Radi at i o n ;  
Nati onal  Academy o f  Sc i ences , Comm i ttee o n  the B i o l o g i c a l  E ffects o f  I on i z i ng Rad i ati on ;  
Nat i ona l Counc i l  o n  Rad i at i o n  Protect i o n  and Mea s u rements ; and I nternat i ona l  Counc i l  on  
Rad i o l og i ca l  P rotec t i o n .  I n  p repa r i ng the recommended e s t i mators , these  orga n i z a t i o n s  
rev i e w  a n d  g i ve thorough cons  i derat i on  t o  n umerous re 1 ated sc  i ent  i f  i c i n v e s  t i g a t  i ons , 
i nc l ud i ng the work  of those who p ropose s i g n i f i cant ly  h i gh r i s k  e s t i mators . 

B ROSS-2  T he rad i at i o n  expos ure is  e s t i mated by computer mode l i ng .  T he nume r i ca l  s i mu l at i on i ncor
porates deta i l ed s i te- spec i f i c  i nformat i on , e . g . , meteoro l og i ca l  cond i t i ons , pop u l at i o n  
d i s t r i b ut i o n , so i l  p roperti es , work force a n d  schedu l e ,  a n d  characte r i st i c s  of t h e  rad i o
act i ve wastes .  The eva l uat i on i n  t h i s E I S  i s  con s i dered t o  b e  state- o f- the-art and adeq uate 
as  a bas i s  for eva l uat i on of i mpacts and comp a r i s o n  of a l ternat i v e s .  Some of the computer 
codes-- UDAD or  i ts s i mp l i f i ed vers i o n ,  M I LDOS ( Mome n i  et a l . 1979 ; Strenge and Bande r 198 1 ) - 
have been u sed by t h e  U .  S .  Nuc l ear  Regu l atory Comm i s s i on f o r  i ts gener i c  env i ronme nta l 
i mpact s tatement on u ran i um mi l l  operat i ons and by DOE i n  asse s s i ng env i ronme ntal  i mpacts of 
acti v i t i e s  under DOE ' s  U ran i um M i l l  Tai l i ngs  Reme d i a l  Act i on P rogram . 
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-3-( I n  a d d i t i o n t o  t h e  s t a n d a r d  u n d e r es t i ma t i o n ,  o t h e r  
v e r y  s e r i ou s  he a l t h  e f f e c t s--pa r t i c u l a r l y t o  t h e  C a n a d i a n  
popu l a t i on - - h a v e  been i g n o r e d  i n  t h i s  D E I S .  T h e s e  
i nc l u d e : 

BRaSS-4 [ ( 1 )  On l y  mut ag en i c  e f f e c t s  c a u s i ng m o r t a l i t y h a v e  been  
con s i de r e d  by Of f i c i a l  S c i e n c e . Howe v e r  n o r ma l s c i e n c e  h a s  
a l s o  f o u n d  a w i de r a nge o f  r a d i a t i on- i n d u c e d  mo r b i d i t y .  
Ta k i ng t h e s e  o t h e r  i l l n e s s e s  a n d  d i s a b i l i t i e s  i n t o  a cc o u n t  
m i g h t  r eq u i r e  mu l t i pl i c a t i o n  by a n o t h e r  f a c t o r  o f  1 0 . 

BROSS-5 

BROSS-6 

BROSS-7 

( 2 )  DOE has a l o n g  a n d  d i s g r a c e f u l  r e c o r d  of [ m i sma n a g e m e n t  of the d i f f i c u l t  job o f  n u c l e a r  c l e a n - u p s . 
A t  t h e  N i a g a r a  F a l l s  S t o r a g e  S i t e , s p i l l s  w i l l  g o  d i r e c t l y  
i nt o  t he d r i nk i ng wa t e r  f o r  much  o f  t h e  C a n a d i a n 
popu l a t i on .  T h e  h i g h l e v e l s  o f  r ad o n  ( a n d  d a u g h t e r s )  a t  [ t h i s  s i t e m e a n  t h a t  DOE m i s m a n a g e � e n t  cou l d  e a s i l y  p r o d u ce 
an  en v i r onmen t a l  c a t a s t r ophe . Ca t a s t r o ph i c  r i s k s  h a v e  
b e e n  i g n o r e d  a n d  o n l y  r o u t i ne r i s k s  c o n s i d e r e d  i n  t he DE I S .  

( 3 )  T o x i c  c h em i c a l s  f r om t h e  n e a r by H y d e  P a r k  d urnps i t e 
a r e l e a k i ng i n t o  t he N i a g a r a  g o r g e . T h e s e  t o x i c s  ( a n d  
t h o s e  of o t h e r  l ea k y  N i a g a r a  Fa l l s  d umps i t e s )  a r e  k n o w n  t o  
be m u t a g en i c .  M y  s t u d i e s h a v e  s h own s t r i k i ng s y n e r g i s t i c 
e f f e c t s  w h e n  chem i c a l  a n d  r a d i ol o g i c a l  m u t a g e n s  a r e  
comb i ne d . Th i s  d e a d l y  s yn e r g i sm h a s  be e n  i g n o r e d  b y  DOE 
i n  t h e  DE I S .  I f  it cont i n u e s  t o  b e  i g n o r e d  in t h e  
m a n a geme n t  o f  t h e c l e a n -u p ,  t h e  h e a l t h  e f f e c t s  cou l d  be 
d i s a s t e r ou s  in Cana d a . 
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BROSS- 3 S i te- spec i f i c  pop u l a t i o n  d i str i but i o ns were used i n  ca l c u l at i ng potent i a l  popu l at i on doses . 
At NFSS , the Canad i an pop u l a t i o n  was i nc l uded ( s ee Sec t i ons  3 . 1 . 6 and 4 . 1 ) .  

B ROSS-4  Because  o f  the characte r i st i c s o f  the NFSS  wastes and res i dues , the rad i at i on expos ure to . 
human be i ng s  i s  predi cted to be a v e ry sma l l f ract i on o f  natural  background rad i at i o n .  Wi th 
s uch  l ow rad i at i on expo s ures , no  e f fects have ever been observed . F o r  i nstance , the most 
sens i t i ve acute e ffect due to rad i at i o n i s  b l ood c hange s .  A l though b l ood c hanges have been 
observed i n  i nd i v i dua l s  w i th gamma- ray doses a s  l ow a s  14 rem , they u s ual ly  do not appear 
unt i l doses of 75-50 rem are expe r i enced . By c ompar i son , the max i mum i nd i v i d ua l  who l e- body 
dose e s t i mated f o r  a member  o f  the general  pub l i c  dur i ng l ong-term management o f  the NFSS  
was tes  and res i dues i s  0 . 001 rem  ( Secti o n  4 . 1 . 2 . 2 ) .  As  noted prev i o u s l y ,  the i nc rementa l 
rad i at i on doses  assoc i ated w i th any o f  the a l ternat i ves  for  management  o f  the NFSS  wastes 
a nd res i dues  i s  a very sma l l fract i o n  o f  natural  background dose s .  

BROSS-5 Spi l l s  wi l l  not " go d i. rect ly  i nto the dri n k i ng water for much  of the Canad i an popu l at i on . " 
As d i scus sed i n  Sec t i o n  4 . 1 . 3 ,  i t  i s  expected that s p i l l s  o f  the s o l i d  wastes and res i dues 
(or the s l urr i ed res i due  i n  A l ternat i ve 2b ) can be read i l y c l eaned u p .  Wo rkers i nv o l ved i n  
the c l ea n up are expected to rec e i v e  the h i ghest  do s e s . Both ons i te s p i l l s and transporta t i o n  
acc i dents  are d i scus sed i n  S ec t i ons  4 . 1 . 3 . 2 a n d  4 . 1 . 3 . 3 . I f  a s p i l l  were fo r some reas o n  
not i mmed i ate l y  c l eaned up , t h e  s p i l l ed mate r i a l  m i ght  be was hed i nto t h e  d i tches . I t  i s  
expected that the co ntam i nated materi a l s wo u l d not m i grate very far down the d i tches  for  
s evera l years  because  on ly  about  3 . 2 km  (2  m i ) of  the central  d i tc h  was co ntam i nated after  
the R-10 res i dues  were p l aced i n  an  u �contro l l ed p i l e  and expo sed to weat he r i ng for  about 
30 years p r i o r  to the 1982-1985 i nter i m  remed i a l  act i o n s .  F i na l l y ,  a s  noted i n  Sec-
t i on 4 . 1 . 2 . 1 ,  i t  i s  expected that there wo u l d  have to be ro ut i ne , contro l l ed d i scharges i n  
any o f  the a l ternati ves  i nvo l v i ng remova l  o f  the wastes  and/or res i d ues .  After the act i on s  
were comp l eted , t h e  s ed i ments down s tream o f  t h e  s i te wo u l d  have t o  be res u rveyed a n d  any 
contami nated sed i ments  c l eaned u p .  Therefore , dry re l eases  o f  wastes  o r  res i dues  o f fs i t e ,  
whether from sp i l l s  o r  from rout i ne d i s c harge s ,  wo u l d  b e  c l eaned u p  and i mpacts wou l d  be 
i n s i gn i f i cant wh i l e  the contam i nants  rema i ned i n  the d i tch  that i s  under DOE conro l . ( See  
a l so Respo nses  RAUCH- 9 ,  USDO I - 3 ) .  

BROSS-6 Both routi ne ri s ks and acc i dents have been c o n s i dered i n  the EIS  ( see  Respo n s e  BROSS- 5 ) . No  
catastrop h i c  acc i dents are expected , nor have  any spec i f i c  catastrop h i c  scena r i o s  been  
i de nt i f i ed by members o f  the pub l i c  o r  other government agenc i e s .  The e s t i mated rad o n  
re l eases  g i ven i n  t h e  E I S  a r e  b a s e d  o n  severa l  con servat i ve a s s umpt i o ns  ( Sect i o n s  4 . 1 . 2 . 1 
and 4 . 1 . 2 . 2 ) and a re expected to actua l l y  be l ower than pred i cted . As can be seen  i n  Sec
t i on 4 . 1 . 2 . 1 ,  the doses res u l t i ng f rom rel eases  d u r i ng the act i on per i od (when rel eases are 
expected to be h i g h e s t )  are i ns i g n i f i cant compared to the doses e i ther the general  popu l at i o n  
o r  i nd i v i d ual s w i l l  rece i ve from natural  bac kg ro und s o u rces  o f  rad i at i o n .  

BROSS-7 Synerg i s t i c  e f fects ( whether bene f i c i a l  o r  harmfu l )  o f  exp o s ures to rad i at i o n  and chemi c a l s 
i n  the e n v i ronme n t  have not been studi ed extenii v e l y .  However , there have been stud i es o f  
t h e  compara t i ve ef fects o f  rad i at i on a n d  chemi ca l s  ( I nt .  A t .  Energy Agency 1980 ; A l acev i c  
1980 ; DeSe rres and S he l by 1981 ) .  G i ven  the unknown k i nds and extent o f  c hemi ca l  m i xtures i n  
the e n v i ronment , now o r  i n  the f u t u re ,  and the extreme l y  l ow i ncrementa l  rad i at i o n  doses  
assoc i ated with  the p roposed act i o ns  ( c ompared to natura l background rad i at i on ) ,  it  is  not 
reasonab l e  to attempt any deta i l ed analys i s  o f  pote n t i a l  synerg i s t i c  e ffects a s s o c i ated wi th 
the va r i o u s  a l ternati ves for  l o ng- term management o f  the NFSS wa stes and res i dues  at th i s  
t i me .  ( See  a l so  Responses  USEPA- 7 ,  - 3 1 . ) 
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I n  sum , t h i s  DE I S  g i v e s  a c omp l e t e l y  u n r e a l i s t i c  
a s s e s sment o f  t h e  a c t u a l e n v i r on�en t a l  h a z a r d s  o f  t h i s  
e x t r e �e l y  d a n g e r o u s  c l e a n - u p  o pe r a t i on .  DOE m i s m a n a g e m e n t  
c a n  o f t en b e  t r a ced t o  i t s u n r e a l i s t i c  v i ew o f  t h e  h e a l t h  
h a z a r d s  o f  l ow - l e v e l  r a d i a t i o n .  F o r  i n s t an c e , i t s  f a i l u r e  
t o  a pp r e c i a t e  r a d i a t i on h a za r d s  l e a d s  i t  t o  t a k e  s h o r t c u t s  
t h a t  e n d a ng e r t h e  h e a l t h  a � d  s a f e t y o f  wo r k e r s  a n d  t h e  
publ i c .  When t h e  D O E  e s t i m a t e s  o f  h e a l t h  e f f e c t s  a r e  
c o r r e c t e d  t o  ma k e  t hem mo r e  r ea l i s t i c ,  t h i s  DE I S  s h ows 
t h a t  t he opt i ons h e r e  h a ve una ccept a b l e  p u b l i c  h e a l t h  
r i s k s . [ I n  t h i s  D E I S ,  DOE m a k e s  n o  a t t empt t o  d e a l w i t h  t h e  
spec i f i c  a nd spec i a l  h a z a r d s  a t  t h i s  s i t e o r  t o  p r o d u c e  a 
r e� l i s t i c  e n v i r on�e n t a l  a s s e s s m e n t  t h a t  wou l d  p r o t e c t  t h e  
publ i c  h e a l t h  a n d  s a f e t y . Unfo r t u na t e l y , i f  c i t i ze n s  
r e j e c t  t h i s  D E I S ,  D O E  w i l l  s i m p l y  i g n o r e  t h e m  ( a s i t  h a s  
h a s  i g nor e d  t h e  r u l i ng s  o f  J u d g e  Je n k i n s ) .  S i n c e  i n  
pr a ct i ce t h e r e  m a y  be n o  w a y  t o  a p pe a l  D O E  d e c i s i on s  i n  
u . S .  cou r t s , t h e  o n l y  l ega l r e co u r s e  m a y  be f o r  Ca n a d a  t o  
a s k  f o r  a n  i n j u n c t i on f r om a n  i n t e r n a t i on a l  c ou r t . T h e  
DOE opt i o n s  w i l l  a l mos t c e r t a i n l y  r e s u l t  i n  s e r i ou s  
c o n t a m i n a t i on o L  i n t e r n a t i on a l  w a t e r s  by r a d i o l og i ca l  
m u t a g e ns , a v i o l a t i on o f  t r e a t i e s  between t h e  U . S .  a n d  
C a n a d a . 

V)W/ i nc e re: Y YO�f s ,  (Jp 
���h · r' fJ/�) J / .  Vv- ..t.. c-- " .' I I t  l n  D .  B r os s ,  P h . D .  / 
P r e s i d e n t  
B i omed i ca l  M e t a t e c h n o l o g y  I n c .  
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BROSS-8 The spec i f i c  hazards assoc i ated with  the NFSS  res i dues  and wastes  are a n a l yzed i n  deta i l  i n  
Sec t i o n  4 of the E I S .  The major hazards are assoc i ated w i t h  d i rect human expos ure to the 
contami nated mater i a l s  concentrated wi th i n  the contai nment  system . Hazards a s s o c i ated w i th 
expected re l eas es  outs i d e  the NFSS  s i te ar� expected t6 be i ns i g n i f i cant and much l e ss  than 
the i nc remental  rad i at i o n  hazard that i nd i v i dua l s wou l d  i ncur  i f ,  for  examp l e ,  they moved to 
B u f fa l o ,  New York ( because of i nc reased cosm i c  rad i at i on at h i gher  a l t i tude s ) .  

Suggested measures to m i t i gate pote nt i a l  i mpacts are i de nt i f i e d  throughout the docume n t .  
Spec i f i c  measures  that cou l d  m i t i gate potent i a l  i mpacts t o  t h e  pub l i c  hea l th a n d  sa fety have 
been noted throughout the E I S .  Those that DOE wi l l  b e  comm i tted t o  f o r  the spec i f i c  a l terna
t i ve chosen wi l l  be i de nt i f i ed i n  the Record of Dec i s i on .  
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Mr.  Lowe l l Campbel l ,  De pu ty D i rector 
U . S .  De pa rtment of Energy, Oa k R i d ge Opera t i on s  
Tec h n i ca l  Serv i c e s  D i v i s i on 
P .  O .  Box E 
Oa k R i d ge ,  TN 37831  

Dea r  Mr.  Campbel l :  

Oc tober 2 ,  1 984 
1 1 61 Pl etcher Rd . 
Yo u n g s town , NY 1 4 1 47 

We fou n d  i t  q u i te d i ff i c ul t to d i gest a l l t h e  mate r i a l  i n  t he DOE / E I S-01 090 
a nd ful l y  u nd e r s t a n d  i t .  The o n e  t h i n g  we know for s u re i s  how it a ffec t s  
u s - -we a re c o n s ta nt l y  i n  fea r  bec a u se o u r  hea l th a n d  l i v e s  a re a t  s t a ke . 
Our p ro perty i s  a l so worthl e s s  a n d  nobody i n  t he i r  r i g h t  m i n d  wou l d buy a 
home next to a ra d i oa c t i ve s to r a g e  s i t e .  Un fortuna te l y  fo r u s ,  we were n o t  
a ware a p r o bl em e x i s t ed a t  t he t i me w e  purc h a s e d  o u r  home o r  e l s e  w e  wo u l d 
h a v e  ma de a d i fferent dec i s i o n .  

The re port s pe a k s  o f  c o s t s , but how c a n  you put a d o l l a r  va l ue o n  peo p l e ' s  
h e a l t h  a n d  peace o f  m i n d .  The gove rnment wa s t e s  mo n ey o n  many fool i s h  
t h i n g s . Here , whe re we have a ve ry cr i t i ca l  s i tu a t i on t h e  gove rnme n t  
worr i e s  a bout t h e  c l e a n  u p  a nd ma i ntena c e  c o s t s . I n  t h i s  i n s t a nc e , money 
s ho u l d  not even be a fac tor i n  t he dec i s i o n  ma k i n g proce s s . [ We s t ro n gl y feel a l l t h e  ra d i o a c t i v e  ma te r i a l  a nd t h e  re s i d u e s  s h o u l d be 
moved to Oa k R i d ge � where t h e  control a n d  ma i ntenance of t ha t  fa c i l i ty 
i s  e q u i p ped to ha nd l e  t h i s  pro b l em .  We c a n ' t  hel p b u t  feel t h a t  t he 
government h a s  a l ready m a d e  t he i r  d ec i s i on a n d  i s  j u s t  g i v i ng us t h i s  
o p po rtu n i ty t o  s pe a k  bec a u se t hey have t o  fo l l ow certa i n  steps t o  pro
tect t hemse l f l e ga l l y .  That ' s  great for t he government , but what 
recourse do peo p l e l i ke us ha ve ? We a re a t  t he mercy of the d ec i s i o n 
ma kers , who o f  c o u rse , d o  not l i ve n e x t  d o o r  t o  c o n s t a n t  t h rea t .  

S i ncere l y ,  

C a ry & H e n r i e tta B u rd i c k  
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The concern about property v a l ues i s  noted . T h i s subj ect i s  d i s c u s s ed i n  Sect i on 4 . 6 . 2 . 2 . 

Recomme nda t i o n  for A l ternat i ve 3b i s  noted and i s  be i ng cons i de red . Th i s  comment , a l o ng 
w i th those f rom other commente rs , was taken i nto cons i derat ion  i n  determ i n i ng the pre fe rred 
a l ternat i ve .  
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T H E  S E N AT E  
S T AT E O F"  N E W  Y O R K 

September 2 1 , 1 9 8 4  
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Mr . Lowe l l  F .  C ampbe l l ,  Deputy Di rector 
Technica l Servi ces Divs i i on 
Oak Ridge Ope r a t i ons O f f i ce 
Depa rtment o f  Energy 
P .  O .  Box E 
Oak Rid ge , Tenn . 3 7 8 3  

Dear Mr . Campbel l :  

I wou l d  l i k e  to o f f e r  my comments on the Dra f t  Envi ronmental 
Impa ct Sta tement ( DEI S )  regarding the Niagara Fa l l s  Storage 
S i t e  i n  N i a g a ra County . 

Our county presen t l y  h a s  the o n l y  two repo s i to r i e s  i n  N ew York 
State f o r  h a z a rdous chem i c a l  waste . In add i t ion , we mu s t  
end u r e  the e x i s t i ng ra d i oa c t i v e  w a s t e  s t o r e d  f o r  the past forty 
years a t  the N i ag a ra Fa l l s  Storage S i te . I t  s eems to me that 
the c i t i z ens o f  the a rea bear an i n to l erab l e  burden for the 
rest o f  society . 

Your d e pa rtment can a l l ev i a t e  s ome o f  that bu rden by remov i n g  
a l l  o f  the r a d i o a c t ive materi a l  f rom the Lew i s ton s i t e . Envi ron
menta l l y ,  I be l i eve that t h i s  is the most a pprop r i a te measure . 
Over the long run , i t  wi l l  prove to be the mos t  econom i c a l option . 

However , cons i d e r i n g  the h i s tory o f  the Depa rtment of Energy 
a c t iv i t i e s  at the storage s i te , I must rea l i s t i c a l l y  j o i n  t h e  
Lew i s ton Town Boa rd to s uppo rt a l t e rna te 4 c  o f  the DE I S . 

I am hope f u l  that your d e pa rtment w i l l  c a re f u l l y  cons ider the 
impact that the s torage s i te has had on our c ommuni ty . I t  se ems 
a ppropr i ate at t h i s  time to heed the i nput f rom the commu n i ty 
wh ich has borne the brunt of a r a d i oactive s i te for ove r forty 
years . 

Sincere l y , 

��?� 
cc : To�ew i s ton Superv i s o r  

Lewis ton Counc i lmen 
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P reference for A l te rnat i ve 3a or 3b and recommendat i o n  fo r A l ternati ve 4c are noted . T h i s  
comment , a l ong  w i t h  those f rom other commente rs , wa s taken i nto con s i derat i on i n  determ i n i ng 
the preferred a l ternat i ve .  



Mr . L . F .  C ampbell 
De pt . o f  Energy 
Oak R i d ge , TN 37830 

Dear � r .  C ampbe l l ,  
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S e pt ember 1 2 , 1 9 84 
360 N .  7th Stree t 
Lewi s t o n ,  N . Y .  1 4 09 2  

The attached l etter wa s sent t o  the Ni agara 

G a z e tte t o  be u s e d  in t h e i r  " Le t t e r s  t o  the Ed i t or" . I am a board 

DEVAN- l [ rne::1ber o f  

safety of 

the Lewi st on-Porter Board of Edu cati on,  and the fu ture 

our s c h o ol is my main c oncern . 

S i �Ce

�

re l Y ,  1- . 5: Ct(�7�"<'/ (.A U� 
Ed ward C ,  DeVan t i e r  
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D EVAN-1  Concern about  the  Lewi s ton- Porter Schoo 1 i s  noted .  Potent i a 1 radi  at i on  doses  to an  
i nd i v i d u a l  at the Lewi s ton- Porter schoo l are g i ve n  in  Sect i o n  4 . 1 .  
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A n  environmental i npa c t  stu dy has be e n  pu bl i sh e d  c onc erni n g  

t h e  N i a gar� Fal l s  S t orage S i t e  ( L . O . O . W . ) .  N i ne a l � e rnative s 

for the fu ture u s e  of thi s s i t e  have be e n  su gge ste d .  A l th ough 

the se opti ons can be d ebat e d  at l e ngth , one ma j or poi nt mu st be 

kept i n  m i nd : I f  any rad i oac tive wa s t e s  are al l owe d t o  rema i n ,  

the L . O . O . W .  w i l l  b e  permanently comm i t t e d  t o  rad i oa ct ive waste 

rr.anagement . 

T o  m any , the L . O . O . W .  s i t e  i s  an i s ol at e d  and remote pi e c e  

o f  pr opert y .  I n  real i t y ,  w i thin a 1 0  m i l e  rad i u s ,  there are 

[ over 1 00 , 000 r e si d ents . Al s o ,  1 1  s ch o ol s with 2 2 , 000 s tu d en t s  

l i e  within 7 m i l e s  of thi s s i te . M ore t h a n  j u s t  t h e  T o wn  o f  

L e �i s t on wi l l  b e  affe cte d .  

The report s t at e s  that there are no plans t o  bri n g  new 

wa ste s to the si t e .  A l t h ou gh thi s may be the cu rrent vi e w  o f  

t h e  De partment o f  Energy, i t  i s  a f a c t  t h a t  the O a k  R i d ge ,  

T e nne s s e e  dumps i t e  has a l i m i t e d  amou nt of room for rad i oa c t i v e  

d i s p o s al pu rpo se s .  S ooner o r  later , t h e  G ov e rnment w i l l  n e e d  

a d d i t i onal spac e .  

The pe opl e o f  N i agara C ounty have su ffered l ong e nough 

from the e ffe c t s  o f  our many dumps i t e s .  I t ' s  about t i me we 

st oppe d being the dumpi ng gr ou nd f or the N at i on .  

H ope ful l y ,  the Department o f  Energy w i l l  r e al i z e our 

pl i ght and s e e  h o w  we ' ve su ffered i n  the pa s t .  We should 

not be Bu b j e c t e d  to more c ond emna t i o n  of our l and . 

Edward C .  DeVanti er 

Lewi s t o n ,  N . Y .  
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D EVAN-2  Pote nt i a l  i mpacts to the l oca l  pop u l at i o n  and nearby i nd i v i dua l s are d i scus sed  i n  
Sect i o n  4 . 1 .  

DEVAN- 3 Concerns are noted . DOE does not i ntend to br i n g  new was tes to NFSS . 
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CONTACT : R I C HARD T .  LEE � O R R E L E AS E : 9/19/34 
COMM E N T S  ON D R A F T  E N V I R O N M E N TAL I M PACT S T A T E M E NT 

B Y  

T H E  HONORAB L E  J O H N  J .  La F A L C E  

AT S E P T E MB E R  19 , 1934 PUS L I C HEAR I � G 

I N  1973. T H E  N I AGARA F A L L S  STORAGE S I T E  B E CAME A t1A T T E R  OF MAJ O R  

C O N C E R N  TO T H E  R E S I D E N T S  O F  T H I S  AR E A  A N D  MYS E LF . I HAV E R E P E AT ED LY 

SOUGHT T H E  D ECONTAM I NAT I ON A N D  DECOMM I S S I ON I N G O F  T H E  S I T E . T HAT I S  

TO SAY THAT A L L  R AD I OACT I VE MAT E R I A L S  WOULD B E  R EMOVED A N D  T H E  S I T E  

SAF E F O R  U S E  BY T H E  P U B L I C .  DUR I N G T H E  E N S U I NG Y E AR S ,  C ON S I D E RA B L E  

E F F ORT A N D  S I G N I F I CANT F U N D S  H A V E  B E E N  E X P E N D E D  O N  S U R VE Y S , D E S I G N WOR K 

AND C O N TA I NMENT O F  T H E  R E S I DU E S  AND WAST E S . I N  C O N J U N C T I O N W I T H T H I S  

WOR K .  S T UD I E S HAVE B E E N  C O N D U C T ED A N D  O P T I ON S  F O R M U LATED F O R  T H E  LONG 

T E RI"t MAN A G E M E N T  O F  THE S I T E . 

T H E  A LT E R NAT I VE S  R A N G E  F R �M NO ACT I ON TO C OM P L E T E  R EMOVAL OF T H E  

W A S T E S  AND R E S I DU E S . WH I LE V I RTUALLY A L L  A R E A  R E S I D E NT S , I N C LUD I NG 

M Y S E L F , WOULD P R E F E R  COM P L E T E  R EMOVA L ,  U P ON R EV I EW I N G T H E S E  A L T E R N A T I V E S  

( I N  C O L LABORAT I ON W I T H M Y  O V E R S I G HT C OMM I TT E E ) , I T  A P P E A R S  T HAT 

ALTE RNAT I V E 4C , WOULD ACCOMP L I S H 99% O F  OUR O R I G I NA L  GOAL AT A C O S T  

S I GN I F I CA N T LY S MA L L E R  T H A N  T H E  C O S T  O F  T OTA L R EMOVAL O F  A LL WAS T E S  AND 

R E S I D U E S . HOWEVE R ,  T H E R E  A R E  C E R TA I N  A S P ECTS O F  A LT E R NAT I VE 4C T HAT 

t�U ST B E  ADDR E S S E D . C ON S I DE RAT I ON M U S T  B E  G I V E N  TO MOD I F I CAT I ON OF THE 

A LT E RNAT I V E F O R  I T  TO B E  C ON S I D E R ED A S  A R E A S ON A B L E  S U B S T I TUTE F O R  T H E  

P R E F E R R E D  COMPLETE R EMOVAL O F  A L L  WA S T E S  AND R E S I D U E S . 

U S  ....... ;Jk of R"UfI:!.f'I"H .. f 'W" 1. W,45h"'9torl, 0 C Ml!1. CI121 22'S 32'31 _ M.,n POI' Oft'l.e B Ulldlnq N,ttQ.r. Filll�.  � Y 1430� 1 7 1 6 \  2SJ 9976 1'4.:"", t ,',W" d1 �u,ICh"t. Rytt,.,u. N 'Y  14/02. (710t tiA6 &0'..-6 _ "1'6t-1,J1 Bu,lnmH R",Ct\e-... It°I , N '( 1461J 1 7 1 6 '  1fi3 64,4 
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Recomme ndat i o n  for  Al ternati ve 4c i s  note d .  T h i s comme n t , a l ong wi th those f rom other 
comme nte rs , was taken i nto cons i dera t i o n  i n  determi n i ng the p re fe rred a l ternat i v e .  
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-2-

I C O N C U R  W I T H THE S TAT E M E N T  O N  PAGE 4-33 OF THE D E I S  WH I C H SAYS 

THAT T H E  P R OBAB I L I T Y O F  MA I N TA I N I N G ACT I VE LAND USE CONTROLS MAY P R OVE 

TO BE M O R E  D I F F I C U LT AT T H E  N I AGARA S I T E THAN AT OAK R I DG E  O R  HANFORD . 

TH I S  LEAD S  TO MY C O N C E R N  THAT T H E  R -IO R E S I DU E S  W I LL NOT B E  P R O P E R LY 

STOR ED F OR T H E  LONG T E R M . A S  YOU KNOW , T H E S E  R E S I DU E S  HAV E B E E N  

I N C LUDED I N  T H E  WAST E S  T HAT W O U LD  R EMA I N  O N  T H I S  S I T E . T H E  R -IO R E S I D U E S  

HAVE A M U C H  H I G H E R  CONC E N TRAT I ON OF RAD I UM A N D  OTHER LON G E R  HALF - L I F E 

MAT E R I A LS THAN DO T H E  WAST E S . 

I T  I S  MY U N D E R S TAND I N G T H AT T H E  R -IO R E S I D U E S  A S  O P P O S ED TO T H E  

SO I LS CON TAM I NA T E D  B Y  T H E  R -IO R E S I D U E S  A R E  LOCATED I N  A S T R ATA O F  A 

PART I C U LAR A R E A  OF T H E  R -IO P I LE .  H E N C E ,  I T  I S  P O S S I B L E  THAT T H E S E  C O U LD 

B E  S H I P P E D  O U T  W I TH T H E  O T H E R  R E S I D U E S . T H I S  WOULD R E S U LT I N  T H E  

R EMA I N I N G MAT E R I A L S  T R ULY B E I NG I N  T H E  WAS T E  C AT E G O R Y  A N D  B E  COMPAT I B L E  

W I T H L O N G  T E RM MAN A G E M E N T  I N  T H E  D I KED C ONTA I NM E N T  A R E A . 

I F ,  HOW E V E R , I T  I S  NOT CO N S I D E R ED F E AS I B L E  TO R EMOVE T H E  R -IO 
R E S I D U E S  F R OM T H E  S I T E ,  T H E N  I B E L I EV E  T HAT CO N S I D E R AT I ON MU S T  B E  G I V E N  

TO A D E EP B U R I A L B ETWE E N  G EO LO G I CA L  BAR R I E R S  AT T H E  N I AGARA S I T E .  T H I S  

C O U LD B E  ACCOM P L I S H E D  BY D I G G I N G A D E E P  W E L L  W I T H I N  T H E  C LAY D I KE A R E A . 

WE M U S T  R EM EMB E R  T HAT W E  A R E  LOO K I N G  AT A 200 Y E AR C O N TA I N M E N T  D E S I G N 

AND A R E S I DU E  � I T H A RAD I OACT I VE HALF L I F E  OF ALMOST 80, �00 Y E AR S . WE 

M U ST F U L LY CO N S I D E R  TA K I N G S T E P S  T HAT W I LL P R O T E C T  F U T U R E  G E N ERAT I ON S . 

LAFAL- 3 � I NA LLY , T H E  P LA N S  F O R  P E R P ET U A L  MA I N T E NA N C E  OF T H E  D I S P O S A L  S I T E S  

M U S T  B E  E LABORATED I N  M U C H  G R E AT E R  D E TA I L .  T H E  R E LAT I V E LY S H O R T  H I STORY 

OF T H I S  S I T E A L R E ADY D EMON STRAT E S  T HAT T H E  P R I O R I T I E S AND ATTE N T I O N OF 

T H E  ATOM I C  E N E R G Y  C OMM I S S I O N A N D  I T S S UC C E S SO R S  S H I FT O V E R  T H E  YEARS AND 

ADEQUATE P E R P E TUAL CARE O F  S HA L LOW B U R I A L MOUNDS O N  A SMA LL I SO LA T E D  S I T E 

CAN N OT B E  GUARAN T E ED BY T H E  E X I ST I N G  GOVE R N M E N TA L  I N S T I TU T I ON S . T H I S  

F U R T H E R  R E I N F O R C E S  M Y  C O N C E R N  F OR C ON S I D E RAT I ON O F  R EMOV A L  OR D E E P  B U R I A L 

OF T H E  R -IO R E S I D U E S . 
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LAFAL-2  About  7 , 000 m3 of the or i g i na l  R-I0 res i dues  we re p l aced o n  the ground  north  of B u i l d i ng 411  
i n  1946 . Wi nd and ra i n  ero s i on i n  s ubsequent years  spread some of the R- I0 res i dues to 
s urroundi ng areas . A c l eanup effort was carr i ed out  i n  1972 that re s u l ted i n  11 , 000 m3 of 
co ntami nated s o i l s  be i ng p l aced o n  the rema i n i ng res i dues . As  o f  1980 , the R-I0 p i l e  was 
spread over an a rea of 1 . 6 ha (4 acre s )  and conta i ned about 45 , 000 m3 of contami nated 
materi a l s  ( i nc l udi ng be l ow- s urface contami nat i o n )  w i th an average rad i um- 226 concentrat i o n. 
o f  about 96 pC i !g and a tota l radi um-226 i nventory of 5 . 2 C i  (Sect i on 3 . 1 . 7 ) .  I n  the E I S ,  
the R-I0 res i dues  a re c o n s i dered to b e  part o f  the was te s .  

LAFAL-3 

T he opt i ons  proposed by Congres sman LaF a l ce are : ( 1 )  s h i pp i ng the R- I0 res i dues  to another 
s i te , or  ( 2 )  bury i ng the R - I0 re s i dues  in a deep p i t  ( "we l l " )  excavated w i th i n  the c l ay 
d i ked area at NFSS . F o l l ow i ng i s  a summary of the costs  and benef i ts o f  these opti ons . At 
t h i s  po i nt i n  t i me ,  i t  i s  d i ff i c u l t to p hys i ca l l y  de f i ne the R- I0 re s i due s .  A s s umi ng that 
the vo l ume i s  somewhere between  7 , 000 m3 ( the o r i g i n a l  v o l ume ) and 45 , 000 m3 ( the 1980 R- I0 
p i l e  v o l ume ) ,  removal  of  the R - I0 re s i dues cou l d  cost an add i t i ona l  $2 . 9 to $18 m i l l i o n  for 
excavat i o n ,  s h i pme nt , and rebur i a l  at Oak R i dge and $5 . 8  to $37 mi l l i o n for excavat i o n , 
s h i pment and rebur i a l  at Hanford.  T h i s  wou l d  re s u l t  i n  a f u rther reduc t i o n  o f  the  radi o
n uc l i de i nventory at NFSS  by l es s  than 1% ( removal  of the K-65 , L- 30!F - 3 2 ,  and L-50 res i dues 
wou l d  e l i m i nate 99% of the rad i onuc l i de i nventory from NFSS  [ see Tab l e 1 . 1 ] ) .  S h i pment of 
the R-I0  re s i dues  wou l d  i ncrease transporta t i o n - re l ated r i s ks o f  i nj u ry and death by a 
facto r of 2 to 5 over s h i pme nt o f  the other res i dues  a l one ( sh i pme nt o f  18 , 000-56 , 000 m3 v s  
11 , 000 m3 ) .  T h e s e  c o s t s  a r e  probab l y  unde rest i mate s because add i t i ona l s u rvey work wou l d  
have to be done to l ocate and def i ne the R- I0 re s i due s .  Eros i o n  and p re v i o u s  act i v i t i e s  on 
and around the p i l e  we re s uch  that it  i s  probab l e  that a d i s t i nct l ayer of R-I0 res i dues  
cou l d  not  be l ocate d .  Excavat i on and  contro l  costs  wou l d  a l so be h i gher if  the  R-I0  
r e s i dues  we re segregated f rom the rest  of the was te s .  

W ith  respect to the suggested opt i o n  o f  bury i ng the R-I0 res i dues  i n  a deep p i t ,  the costs  
a re expected to be c o n s i derab l e ,  parti c u l ar ly  if  the p i t  is  deep and must be l i ne d .  The  
benef i ts are i ns i g n i f i cant .  The major  rad i o l og i ca l  i mpact o f  concern , re l ease of radon ga s ,  
i s  expected to be i ns i gn i f i cant i f  a l l the wastes  ( i nc l ud i ng the R-I0 res i dues ) are l e ft at 
NFSS ( Se c t i o n  4 . 1 ) .  Deeper b u r i a l  wou l d  s i mp l y  reduce the a l ready i ns i g n i f i cant radon 
re l eases . T h i s  opt i o n  poses  an add i t i ona l  p rob l em i n  that the deeply b u r i e d  R-I0 res i dues  
wou l d  be be l ow the wate r tab l e .  

I n  conc l u s i on ,  the two opt i ons  proposed by Congres sma n LaF a l ce appear to offer l i tt l e  o r  no 
l ong-term e n v i ronme nta l bene f i t  but wou l d  marke d l y  i nc rease  short-term costs  and e n v i ronme nta : 
i mpacts compared to e i ther  remov a l  of the other res i dues from NFSS  or contai nment at NFSS  as  
descri bed in  the E I S .  Management of the R-I0 res i dues  at NFSS  by s tab i l i z i ng them underneath 
a l ong-te rm cap i s  DOE ' s  preferred a l ternat i ve ( 2 ) .  T h i s type of manageme nt is cons i stent  
w i th the management  o f  u ran i um mi l l  tai l i ngs  under the E PA regu l at i o n s  ( 4 0  C F R  192 ) that  DOE 
i s  u s i ng for g u i dance i n  the NFSS  case .  

The p l a n s  for perpetua l mon i to r i ng and mai ntenance wi l l  be covered in  more deta i l  for the 
spec i f i c  a l terna t i ve chosen  in  the Record o f  Dec i s i o n .  ( See a l so Responses  NYDE C- 5 ,  - 24 ; 
P E E LE- 3 ;  USEPA-28 . ) 
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I N S UMMA R Y  � WI ! I LE I W O U LD PR E F E R  C Ot1 P L E T E  R EMOVA L ,  I A L S O  B E L l  EVE 

THAT A MOD I F I ED A L T E R NAT I V E 4-c WO U LD B E  A N  A C C E PTAB L E  A L T E R NAT I V E TO 

M E ET TH E LONG T E RM N E ED S  OF O U R  C OMMUN I TY .  TH I S  MEAN S �  PR E F E RABLY� 

R EMOVAL OF A LL T H E  R E S I DU E S ,  I N C LUD I N G R -IO , OR , I F  THAT C A N N O T  B E  

DON E .  R EMOVAL O F  A L L  OTHER R E S I D U E S  AND D E E.P B U R I A L  O F  T H E  R -IO R E S I DU E S . 
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The Lew i s ton Town Board , at  a spec ial meeting h e l d  

Augus t  2 7 , 1 9 8 4 , revi ewed t h e  various a l t ernatives ava i lable 

to i t  in the handl ing o f  radioact ive res i dues s tored at the 

Lake Ontario Ordnanc e Works (LOOW) . in the Town of Lew i s ton . 

I deally , the Board woul d pre fer Alternat ive 3a , wh i ch 

c a l l s  for comp l e te removal o f  everything from the LOOW s i te . 

However ,  knowing that the c o s t  of this a l ternat ive would be 

prohib i t ive , we have agreed to s upport Alternative 4c , whi ch 

would elimina te mos t  o f  the hazardous mater i a l s  at a r e l a tively 

low c o s t whi l e  s e c uring the bulk o f  the rema ining material s a fely 

and cos t - e ffect ively . 

In i t s  cho i c e  of Alternat ive 4c , the Town ha s the 

s t aunch s upport of a number of Niagara County agenc i es , 

inc l uding : 

1 .  Niagara County Hea l th Depar tment 

2 .  Niag ara County Board of H e a l th 
We have a l s o  been a s sured of the firm ba cking of Ni agara County 

Leg i s l a ture . 

I n  s e l e c t ing Al ternat ive 4c , the Lewis ton Town Board also 

took into cons i deration the f a c t  tha t  result ing p o s s i b l e  inj uri e s  

and/or deaths a r e  e s t ima ted at a n  absolute min imum . 

The Town o f  Lewi s t on h a s  suffered s o c i a l ly , ec onomica l ly , 

and hea l th-wi se by having dangerous mat erial s tored at the 

LOOW s i te . We want this threat to our c i t i z ens removed , and 

would urge the DOE to a c t  immedia tely to c l ear up this  1 i fe

threatening s it ua t i on . I t ' s  hardly n e c e s s ary to po int out that 

de c i s ions and a c t i ons takn now could affec t Lewis ton c i t i zens 

LTB-2  a thous and years henc e . Bes i des a s k ing impl ementat ion of Al ter

nat ive 4c , the Lewis ton Town Board s eeks a s s urance from the 

DOE tha t no o ther material w i l l  be brought to the LOOW s i te 

at some future date . 

We would appr e c i a t e  your a s s i s tanc e  in comp ly ing with 

the s e  r eques t s  - - in the inter e s t o f  the health , s a fety and 

we l fare of the townspeop l e  o f  Lewi ston .  
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Preference for Al ternat i ve 3a and support for A l ternat i ve 4c  are note d .  Th i s  commen t ,  a l o ng 
w i th those from other commente rs , was taken i n to con s i d e rat i on i n  determi n i ng the preferred 
a l ternat i ve .  

DOE does not i n te n d  to b r i ng other mate r i a l  to N F S S .  
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HIGHL I GHTS OF MEETING RE DRAFT EIS FROM DOE ON LOOW S I TE 8 - 2 7 - 84 

1 .  VARI OUS COUNTY AND GOVE RNMENTAL AGENC I E S  REPRE SENTED . ALSO 
PRIVATE C I TIZENS I N  ATTENDANCE . 

2 .  COUNTY S UP PORT GUARANTEED TO TOWN . 

3 .  TO�� OFF I C I ALS STATE P REFERENCE FOR 3a �� I CH CALLS FOR RE�lOVAL 
OF ALL MATERIAL FROM LOOW S I TE . HOWEVER , DUE TO H I GH COST 
THEY FELT I T  UNLI KELY THE I R  REQUEST WOULD BE HONORED AND I T  
WAS BETTER T O  SETTLE F O R  L E S S  ( 4 c )  WH I CH THEY FELT D O E  WOULD 
AGP£E TO . 

4 . DI S C U S S I O N  ON S E R I OU S  IMPACT STORAGE OF DANGEROUS ��TER I ALS 
HAS HAD ON TOWN - - EC ONOMI CALLY , HEALTH - W I S E , SOCIALLY . 
COULD HAVE REPURCUS S I ON S  ON GENERATIONS TO COME . 
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N ew York State Department of Environmental Conservation 

50 Wolf Road, Albany, N ew York 1 2233-0001 

NYDEC- l 

U . S .  D e p a r �men � of E n e r g y  
Tec h n i c a l  S e r v i ce s  D i v i s i on 
O a k  R i d ge O pe r a � i o n 6  
P . O .  Box E 
O a k  R i d ge . TN 3 7 8 3 0  

N o v e m b e r  9 ,  1 98 4  

A � � e n � i o n :  E . L .  Ke l l e r .  D i rec�or 

S u b j e c � : D r a f �  E n v i r o n m e n � a l I mp a c �  S � a �eme n �  
L o n g - T e r m  M a n a g e m e n �  o f  � h e  E x i s � i n g 
R a d i o a c � i v e W a s �e s  a n d  R e s i d u e s  a �  � h e  
N i a g a r a  F a l l s  S � o r a g e  S i � e 
D O E / E I S - 0 1 0 9D . D i s � .  C a �e g o r y  U C - 7 0 A 

G e n � l e m e n : 

Henry G Williams Commissioner 

T h e  S � a � e of N e w  Y o r k  h a s  c o m p l e �ed i � s r e v i e w of � h e  
s u b j e c �  D r a f �  E n v i r o n m e n � a l I m p a c �  S � a �eme n �  ( DE I S )  a s  p r e 
p a r e d  b y  � h e  D e p a r �m e n �  o f  E n e r g y  a n d  i s s u e d  i n  A u g u s �  1 984 . 
T h i s  D r a f �  E n v i r o nme n � a l I m p a c �  S � a �e m e n �  w a s  d i s � r i b u �ed 
by �he D e p a r �me n �  o f  E n v i r o n m e n � a l C o n s e r v a � i o n  �o c og n i z a n �  
s � a �e a g e n c i e s f o r  r e v i e w a n d  comm e n � . T h e  e n c l osed comme n � s  
c o m p r i s e � h e  c o o r d i n a � ed r e p l y  f o r  � h e  S � a �e o f  N e w  Y o r k . 

A I � e r n a � e  N u m b e r  1 ,  � h e  no a c � i o n a l � e r n a � i v e .  
c o n � i n u e s  i n � e r i m  s � o r a g e  a �  � h e  N i a g a r a  F a l l s  S � o r a g e  S i � e 
w i � h a d i k e d a n d  c a p p ed c o n � a i n m e n �  a r e a . T h u s . r a d i o a c � i v e 
m a � e r i a l  w i � h a h a l f - l i f e  o f  g r e a �e r  � h a n  1 0 0 . 0 0 0  y e a r s  w i l l  
c o n � i n u e  �o b e  s �o r e d  i n  a f l oo d  p l a i n  � h a �  w i l l  e x p e r i e n ce 
f l o o d s  on a 2 0 0  y e a r  b a s i s .  T h i s  " A I � e r n a � i v e "  d o e s  n o �  
a p p e a r  � o  b e  a c c e p t a b l e  s i n c e  i �  i s  co n � r a r y  �o f ed e r a l 
c r i t e r i a  c o n c e r n i n g s h a l l o w l a n d  b u r i a l  w i � h i n  a f l o od p l a i n .  

O n  a re l a � ed I s s u e , � h e  D E I S  f a i l s  �o i d e n � i f y  � h e  
NYDEC-2  p r e f e r red a l � e r n a � i v e .  S i n c e  � h e  I m p a c �  S t a � e m e n t p r o c e s s  

u n d e r  N E P A  i s  i n � e n d e d  � o  o p e n  f e d e r a l d ec i s i o n s  a f f ec � i n g 
� h e  e n v i r o n m e n �  �o p u b l i c  r e v i e w a n d  s i n c e  � h e  D E I S  s h o u l d  
b e  w r i � � e n  s u c h  � h a �  i �  i s  r e a d i l y  u n d e r s � a n d a b l e  b y  � h e  
g e n e r a l pu b l i c ,  � h e  p r e f e r r ed a l � e r n a t i v e s h ou l d  b e  
i d e n � i f i e d i n  � h e  D E I S  a n d  n o �  c i r c u m v e n �ed � i l l  � h e  f i n a l 
E I S  i s  i s s u ed . 
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In s ubsequent co rrespo ndence , the New York State Department of E n v i ronmental  Conservat i o n  
i nd i cated that :  

" I n  response to comments on the l ocati on o f  the p roposed storage s i te ,  wi th i n  the 
f l oodp l a i n ,  and on the p robab i l i ty o f  e ro s i on o f  the cap s , the representati ve s  of DOE 
s tated that these  c i rc umstances have been recogn i zed and wi l l  be co rrected by a s i te 
ma i ntenance program. The E I S  for the s ubject project must  conta i n  spec i f i c  wo rd i ng 
i nd i cati ng  that the DOE i s  p l ann i ng to mai ntai n the s i te i n  perpetu i ty to correct the 
geo l o g i cal  def i c i enc i es o f  the s i te . " 

As s hown i n  Sec t i o n  3 . 1 . 1 ,  NFSS  i s  l ocated o n  the f l at and poor ly  d ra i ned Lake Ontari o  
p l a i n .  D i tches  were constructed i n  the 1940s t o  d ra i n  the NFSS area , a n d  these d i tches f i l l  
w i t h  water after prec i p i tat i o n  events  and s nowme l t .  As noted i n  Sec t i o n  4 . 2 . 1 . 2 ,  the f l ood 
l eve l  i n  the d i tch near the contai nment area wi l l  depend o n  many factors , i nc l u d i ng the 
extent o f  the offs i t e  drai nage area that i s  or may be routed i nto the d i tch  and the mai nte
nance of the c u l verts and d i tche s .  

I f  DOE deci des t o  manage the wastes  and res i dues  a t  NFSS under p re ferred Al ternati ve 2 ,  i t  
w i l l  be necessary t o  reroute the central  drai nage d i tch  and to mai nta i n  the d ra i nage system 
( d i tches ) above and be l ow NFSS s o  that the conta i nment system i s  not j eopard i zed ( Sec
t i on 2 . 1 . 2 ) .  D i scus s i on o f  the potent i a l  i mpacts that wi l l  occur i f  the drai nage system i s  
not mai nta i ned i s  g i ven  i n  Sec t i o n  4 . 2 . 1 . These  i mpacts wi l l  be taken i nto con s i derat i o n  i n  
mak i ng the dec i s i o n  regard i ng  where and how to manage the NFSS wastes and res i dues  for the 
l ong  term .  

DOE i s  u s i ng the federa l  regu l at i ons  f o r  u ra n i um m i l l  tai l i ng s  ( U . S .  E nv i ro n .  Prot.  Agency 
1 983 ) a s  g u i dance i n  dec i d i ng how to manage the NFSS wastes  and res i du e s .  I n  the p reamb l e  
to the E PA regu l at i ons , i t  i s  spec i f i ca l l y  stated that " d i k i ng o r  other f l ood protecti o n  
contro l [ s ho u l d be ] g i ven  f i rst con s i derati o n  rather than mov i ng p i l es ,  when there i s  a r i s k  
from f l oods . "  The Probab l e  Max i mum F l ood ( PMF ) event based o n  the Probab l e  Max i mum Prec i p i 
tat i o n  ( PM P )  event i s  be i ng determ i ned and wi l l  b e  i ncorporated i nto a report o n  des i gn o f  
the i nter i m  conta i nment system . The report wi l l  b e  ava i l ab l e  before the Record o f  Dec i s i o n  
( see F i g u re 1 . 3 ) .  I f  the dec i s i on i s  made to i mp l ement the l ong-term A l ternat i ve 2 ,  spec i a l  
c o n s i dera t i o n  wi l l  b e  g i ven t o  the des i gn and re l oc a t i o n  o f  the central  drai nage d i tch  as  
we l l  as  the des i gn o f  the s i de s  o f  the contai nment a re a .  ( See a l so Respon s e  USEPA- 7 ) . 

The CEQ reg u l at i o n s  state that fhe agency [ D O E ]  s h a l l " i dent i fy the agency ' s preferred 
a l ternati ve or a l ternat i ve s ,  i f  one or more ex i s ts , i n  the draft s tatement and i denti fy such  
a l ternati ve i n  the f i na l  statement u n l e s s  another  l aw p ro h i b i t s  the expres s i on of such  
p re ference" [ 40 CFR  1502 . 14 ( e ) ] .  Now that the Draft E I S  has  been rev i ewed by federa l , 
state , and l ocal  off i c i a l s  and the genera l pub l  i c ,  DOE has s e l ected A l ternati ve 2 a s  the 
prefe rred a l ternat i ve ,  and i t  i s  so  i dent i f i ed i n  t h i s F i na l  E I S .  ( See a l so Respo nse  
USEPA- l .  ) 
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NYDEC-3 A m a j o r g e n e r a l c o n c e r n  i s  w h e� h e r  o r  n o �  � h e  
D e p a r �m e n �  o f  E n e r g y  i s  e m b a r k i n g o n  a po l i cy r e q u i r i n g � h a �  
r a d i o a c � i v e  w a s � e s . r e s i d u e s . e � c . m u s �  r e m a i n  w i � h i n  � h e  
b o u n d a r i e s o f  � h e  p a r � i c u l a r s � a �e i n  w h i c h � h e y  a r e  
p re s e n � l y  s � o red . S u c h  a po l i c y  c o u l d  i m p a c �  u n f a i r l y  
a g a i n s �  � h e  s m a l l e r  s � a �e s . A n  E n v i r o n m e n � a l l m p a c �  S � a � e m e n �  
p u r s u a n �  �o � h e  N a � i on a l  E n v i r o n m e n � a l P o l i c y  A c �  i s  n e c e s s a r y  
b e f o r e  s u c h  a po l i c y  c a n  b e  i m p l e m e n �ed s i n c e  s u c h  a m a j o r  
f e d e r a l a c � i o n c o u l d  h a v e  a s i g n i f i c a n �  i m p a c �  o n  � h e  e n v i r o n m e n � .  

P r e v i o u s  comme n � s  c o n c e r n i ng � h e  s c o p i n g o f  � h e  s u b j ec� 
E n v i r o n me n � a l l m p a c �  S � a � e m e n �  were s u b m i ��ed �o � h e  D e p a r 
�me� � o f  E n e r g y  b y  l e � � e r  o n  M a r c h  1 1 .  1 98 3 . O u r  c o m m e n � s  
w e r e  o n l y  p a r � i a l l y  a d d r e s sed i n  � h e  D E I S  s i n c e  �wo o f  � h e  
f o u r  comm e n � s  s u b m i � � e d . n u m b e r s  2 a n d  4 .  d o  n o �  a p p e a r  � o  
h a v e b e e n  c o n s i d e r e d  i n  � h e  i n s � a n �  d o c u m e n � . 

T h a n k  y o u  f o r  � h e  o p p o r � u n i �y �o r e v i ew � h i s  
S � a � e m e n � .  We req u e s �  � h a �  y o u  g i v e o u r  comm e n � s  y o u r  
u �m o s �  a � � e n � i o n . 

P N : d j p  
cc : O r . R o b e r �  J .  S � e r n  

S i n c e re l y .  

C; .  � .��,\�' ��\ 
L o u i s  M .  C o n c r a . J r . 
D i r e c � o r  
D i v i s i o n  o f  Re g u l a � o r y  A f f a i r s 

2 
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NYDEC-3  DOE has no po l i cy requ l r l ng  that  rad i oact i ve wastes  for wh i ch DOE i s  respon s i b l e must  rema i n  
w i th i n  the bounda r i e s  o f  the parti c u l ar state i n  wh i ch they are current l y  stored.  Remova l 
to DOE s i te s  i n  other states ( e . g . , Oak  R i dge , Tennes see , and Hanford , Was h i ngton)  are major 
a l ternat i ves  con s i dered i n  t h i s  E I S .  The e n v i ronmental  i mpacts a s s oc i ated wi th remova l to , 
and l ong-term management i n ,  another state re l at i ve to the potent i a l  i mpacts assoc i ated wi th 
l ong- te rm management at NFSS a re be i ng c o n s i de red i n  ma k i ng the dec i s i on .  

The i nt e r i m  reme d i a l  act ions  a t  NFSS were f u nded under two DOE programs : the Forme r l y  
Ut i l i zed S i tes  Remed i a l  A c t i o n  Program ( F U S RAP)  a n d  t h e  Surp l u s  Fac i l i t i e s  Managemen t  
Program ( SFMP ) .  The DOE po l i cy for FUSRAP waste d i sposal  i s  outl i ned i n  a l etter f rom 
Energy Secretary Hod e l  ( 1983 ) to Governor Evans  ( excerpt fo l l ows ) .  

" FUS RAP waste does not typ i ca l l y  qua l i fy a s  l ow- l eve l  rad i oac t i v e  waste under the 
def i n i t i o n  conta i ned i n  the Nuc l ea r  Waste Pol i cy Act o f  1982 . Rather , FUSRAP wa ste 
genera l l y  q ua l i f i es a s  byproduct mate r i a l  as  def i ned i n  Sec t i o n  I I( e ) ( 2 )  o f  the Atomi c  
E n e rgy Act o f  1954 , a s  amended . T o  the extent that certa i n  FUSRAP waste may qua l i fy as 
l ow- l eve l waste , i t  i s  the po l i cy o f  the Department o f  Energy ( DO E )  that i ts d i spos a l  
rema i n s  t h e  respon s i b i l i ty of t h e  Departmen t .  

T h e  Department norma l l y  wi l l  d i spose o f  such  wa stes b y  stab i l i za t i on i n  p l ace , i f  
techn i ca l l y  and e n v i ronmenta l l y  feas i b l e ,  or at a DOE d i sposa l  s i te .  Howeve r ,  the  
l im i ted capac i ty o f  ex i st i ng  DOE d i spos a l  s i tes ,  the costs a s so c i ated w i th transpor
tat i o n  of b u l ky waste materi a l s ,  and the res i stance o f  i nd i v i ua l  States to rece i v i ng 
FUSRAP waste f rom another State i s  expected to l i m i t  the use  o f  s uc h  d i sposa l  s i tes  to 
o n l y  sma l l  quant i t i e s  o f  FUSRAP waste mater i a l . 

When n e i ther stab i l i zati o n  i n  p l ace  nor use  o f  an ex i st i n g  DOE d i sposal  s i te i s  
p ract i ca l , the DOE wi l l  l oo k  to the States to s e l ect a l oc a t i o n  for e s tabl i shment o f  a 
s u i tab l e  DOE FUSRAP d i sposal  s i te .  At the d i s c re t i o n  o f  the State s ,  a reg i ona l  
l ow- l ev e l  waste s i te cou l d  be con s i d e red for t h i s p urpose  to avoi d establ  i shment o f  a 
s eparate , addi t i ona l  DOE s i te .  

The Department i s  anx i ou s  to wo rk c l os e l y  wi th the States to deve l op sat i s facto ry 
s o l u t i o n s  for d i sposa l  o f  FUSRAP wa stes . "  

Comment 2 from the Marc h 1 1 , 1983 , l etter i s  as  fol l ows : 

2 .  The commun i ty i mpact o f  a l ternati ve 3 s ho u l d  con s i der  SCA Chem i ca l  Serv i ce s , I n c .  
as  part o f  t h e  commun i ty .  Removal  o f  the DOE s i te as  a buffer  between  SCA and the 
p ub l i c  may reduce the des i rab i l i ty of SCA for conti nued hazardous waste d i spo s a l  
i nc l ud i ng future i nc i nerator operat i o n .  

Comment 2 i s  addressed  i n  Sect i o n  4 . 6 . 2  ( Land U s e  and Property Val ues ) .  A s  noted , s urround
i ng l and-use  patterns  are we l l  e stab l i s hed , and remova l  o f  the NFSS wastes  and res i dues wi l l  
p robab l y  not affect s urround i ng l and use . Loca l  z o n i ng  author i t i es cou l d  restrict  uses  o f  
t h e  N F S S  s i te t o  t h o s e  c o n s i dered compat i b l e  w i th t h e  ex i st i ng use  o f  t h e  s urround i ng l and 
for other waste management acti v i t i es .  

Comment 4 from the March 1 1 ,  1983 , l etter i s  a s  fol l ows : 

4 .  T h e  fo l l owi ng a i r  i s sues  shou l d  b e  addressed  i n  the D E I S :  

concentrat i o n/contai nment/m i t i ga t i on o f  both rad i oact i ve a n d  non- rad i oacti ve 
dust from the s i te from both remed i at i o n  and storage acti v i t i es ;  

concentrati on/contai nment/m i t i ga t i on of radon em i s s i on s  f rom the s i te f rom both 
remed i at i o n  and storage acti v i t i es ; and 

d i spers i on mode l i ng o f  off-property i mpacts from a i rborne contam i nants us i ng 
appropri ate mode l ( s ) .  

Comment 4 i s  addressed  i n  Sec t i o n  4 . 1 ( Rad i o l og i ca l  I mpact s ) .  Rad i o l og i ca l  hazards from 
re l eases  of radon and contami nated parti c l es to the a i r  are ca l cu l ated us i ng approp ri ate 
mode l s for the act i on per i od , the ma i nte nance and mon i tori ng  peri od , a nd the l ong- term 
peri od .  Mi t i ga t i v e  measures are a l so d i s c u s s e d .  I t  i s  expected that the measures to 
contro l dust because o f  the potent i a l  rad i o l og i cal  hazard wi l l  reduce dust  l eve l s  to far 
be l ow those norma l l y  encountered dur i ng s i m i l a r construc t i o n  acti v i t i e s .  To the extent that 
the amount o f  dust  i s  l e s s  than that a s s umed in  th i s  E I S ,  the i mpacts wi l l  be l es s  than 
p redi cted . 
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Com m e n � s  o f  � h e  

S � a � e  o f  N e w  Y o r K  

o n  � h e  U . S .  D e p a r �m e n �  o f  E n e r g y  

D r a f �  E n v i r o n me n � a l I m p a c �  S � a �e m e n �  Re l a � e d � o  

L o n g - T e r m  M a n a g e m e n �  o f  � h e  E x i s � i n g R a d i o a c � i v e  

W a s � e s  a n d  R e s i d u e s  a �  �he N i a g a r a  F a l l s S �o r a g e  S i � e 

( D O E / E I S - 0 1 0 9 D ) D i s � .  C a � e g o r y  U C - 7 0 A ,  P u b l i s h e d  A u g u s �  1 g e 4  

N o v e m b e r  9 ,  1 g e 4  
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1 . ��n� r � l  �Q��� n �  [ T h e  DE I S  d o e s  n o �  a d d r e s s  w h a �  r e m e d i a l  w o r k  w o u l d  b e  
d o n e  a �  � h e  N F SS . S h o u l d  o � h e r  s � o r a g e  a l �e r n a � i v e s  b e  
se l e c � e d ?  T h e  i m p a c �  o f  s u c h  r e m e d i a l  w o r k  o n  a m b i e n �  a i r  
l e v e l s  s h o u l d  b e  d i s c u s s e d . 

2 . ��n�r�l �Q���n� [ E n g i n e e r i n g d e � a i l s  o f  m a n ag i n g � h e  m a � e r i a l s  o n  s i �e 
s h o u l d  be d i s c u s se d . i n c l u d i n g p r o v i s i o n s  f o r  g r o u n d w a � e r  
a n d  a i r  mon i �o r i n g .  T h e  po s s i b i l i � y o f  i n c o r p o r a � i n g a n  ( i m p e r me a b l e  p l a s � i c  l i n e r  a s  p a r �  o f  � h e  c a p  s h o u l d  b e  
e x a m i n ed . 

3 . � � n � r � l  �Q�� � n �  

[ T h e r e  s h o u l d  be c o n s i d e r a � i o n o f  w h e � h e r  u n c o n � a m i n a �ed 
c l a y s u i �a b l e  f o r  cap c o n s � r uc � i o n can be o b � a i n ed f r o m  
w i �h i n  � h e  e x i s � i n g 1 90 a c r e  s i �e .  I f  s u i � a b l e  f i l l  c a n  be 
o b t a i n ed o n  s i � e .  � r a n s p o r � a t i o n i mp a c t s  o n  l oc a l  r o a d s  
w o u l d  be l e s s e n e d . 

S h a l l ow l a n d  b u r i a l . a n d  a b o v e - g r o u n d  d i s p o s a l a r e  � h e  
o n l y  d i s p o s a l o p � i o n s  s e r i o u s l y  co n s i d e r e d  i n  � h e  E I S .  
W h i l e oce a n  d i s p os a l i s  d i s c u s s ed . i t  i s  n o �  p e r m i � � e d  a t  
t h i s  � i m e .  T h e  D E I S  � h e n  comp a r e s  c o s t s  a n d  i m p a c t s  o f  
� h e se d i spo s a l m e � h o d s  a �  � h r e e  d i f f er e n t  s i � e s . S i n c e  � h e  
w a s � e s  a n d  r e s i d u e s  a r e n o t  h o m o g e n e o u s , 9 9 �  o f  � h e  a c� i v i t y [ i s  c o n c e n t r a � ed i n  6� o f  � h e  v o l u m e . T h e  D E I S  s h o u l d  
c o n s i d e r  t h e  N FS S  w a s t e s  i n  �wo o r  t h r e e  c a t e g o r i e s a n d  
e x a m i n e v a r i o u s  d i sp o s a l m e � h o d s  f o r  e a c h  c a �e g o r y  
i n d e p e n d e n t l y .  D i s p o s a l a l ter n a t i v e s  w h i c h p r o v i d e a h i g h e r  
d e g r e e  o f  c o n � a i n m e n �  i n � e g r i t y .  s u c h  a s  d i s po s a l  v i a  s h a l e  
f r a c t u r i n g .  s h o u l d  b e  co n s i d e r e d . 

[ T h e  d o s e s  c a l cu l a � e d  f o r  � h e  r e s i d e n �  i n � r u d e r . 8 , 0 0 0  
r e m / y e a r  t o  t h e  b r o n c h i a l  e p i t h e l i u m f r om b r e a t h i n g R n - 2 2 2  
a n d  u p  �o 5 r e m / y e a r  w h o l e  b o d y  e q u i v a l e n �  f r om d r i n k i n g 
c o n t a m i n a �e d  w a �e r . i m p l y  t h a � t h e  s h a l l o w  l a n d  or s u r f a c e  
d i s p o s a l b u r i a l  o p � i o n s  a r e  n o �  a c c ep � a b l e  a n d  t h a t  
a l �e r n a t i v e d i s po s a l m e t h o d s  n e e d  � o  be e x a m i n e d . 

2 . 
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NYDEC-4 As noted i n  Sec t i o n  1 . 1 ,  the i mpacts assoc i ated w i t h  the i nte r i m  remed i a l  ac t i ons are not 
cove red in  th i s  E I S .  Potent i a l  i mpacts assoc i ated with the i nter im  acti v i t i e s ( s uc h  as 
re l ease  of  rad i oac t i ve part i c u l ates and gases to the atmo sphere )  were p rev i ou s l y  a n a l yzed 
( U . S .  Dep . E n e rgy ( l982a , 1982b , 1983a , 1983b ) .  These potent i a l  i mpac ts , i nc l ud i ng a i r 
q ua l i ty i mpacts , were c o n s i dered i n  ma k i ng dec i s i ons  regard i ng the i nter im  remedi a l  act i o n s  
and  were found t o  be " c l ea r l y  i ns i gn i f i c ant" . T h e  E I S  focuses o n  t h e  dec i s i o n t o  b e  made 
now-- spec i fi ca l l y ,  l o ng- term management o f  the NFSS  wastes and res i du e s .  The state of 
New York  has been rout i ne l y  i nformed of a l l i nter i m  remed i a l  act i ons and  has rec e i ved cop i es 
of the above-ment i o ned DOE doc uments . ( See a l s o Summary and Responses NYDH-2 , - 8 . ) 

NYDEC-5 The  deta i l s  o f  the i nter i m  g roundwater and a i r  mon i to r i ng at NFSS  ( a nd general  aspects o f  a 
p rog ram that i s  s ugges ted i f  the p referred A l ternat i ve 2 i s  i m p l emented)  are be i ng deve l oped 
and wi l l  be avai l ab l e  for the Record of Dec i s i on ( Fi g ure 1 . 3 ) .  The  state of New York wi l l  
cont i nue to be app r i sed of the ongo i ng mon i to r i ng p rogram and resu l t s ,  and wi l l  a l so be 
adv i sed of  any changes  that are contemp l ated i f  DOE dec i des  to l eave the mater i a l s  at N F S S .  
As  req u i red by the CEQ  regu l at i ons  [ 1505 . 2 ( c ) ] , t h e  Record of Dec i s i o n  w i l l  s tate "whether 
a l l prac t i cab l e  means  to avo i d  o r  m i n i m i ze e n v i ronmental  harm f rom the a l ternat i ve s e l ected 
have been adopted , a nd i f  not , why they were not.  A mon i to r i ng and e n forcement p rog ram 
s ha l l be adopted and s umma r i zed where app l i cab l e  for  any m i t i ga t i o n . "  ( See  a l s o  Respo nses  
LAFAL- 3 ,  NYDEC-24 , P E E LE-4 , USEPA-28 . ) 

NYDEC-6  In  the e n g i neer i ng eva l uat i o n  report of  a l ternat i ves  ( Bechte l Nat l . 1984 ) , a synthet i c  
memb rane ( EPDM) o n  top o f  the wa stes was c o n s i dered . Such  a memb rane was d i sm i ssed  from 
further cons i de ra t i o n  for several  reas o n s :  ( 1 )  i t  wo u l d  s e rve as a maj or  potent i a l  s l i ppage 
p l ane ( i . e . , i n f i l trat i ng water wo u l d  saturate the over l y i ng c l ay wh i ch wou l d  then tend to 
s l i p o f f  the memb rane ) ,  ( 2 )  i t  wou l d  offer no l ong- term ( lOOO-yea r )  advantage for e i ther  
reduc i ng wate r i n f i l trat i on or  radon emi s s i ons  ( s uch  fab r i c s  are guaranteed to  l as t  for o n l y  
about 2 0  years ) ,  ( 3 )  i t  wou l d  o f f e r  l i tt l e  or n o  short-term advantage re l at i ve t o  radon 
em i s s i ons  ( the majo r  s o u rce of radon-- the r e s i dues--wou l d  be bur i ed so deep l y  beneath the 
ove r l y i ng wa stes that the rado n f rom the res i d ues  wou l d  decay to s o l i d  decay products before 
i t  had a chance to escape from the conta i nment system ( Sect i o n  4 . 1 . 2 . 2 ) .  

NYDEC-7 C l ay s u i tab l e  for  the 1-m ( 3- ft )  c l ay l ayer in the i nter im  cap ( A l ternat i ve 1 ,  no acti o n )  
d i d  not ex i st a t  N F S S  and h a d  to b e  obta i ned from offs i te borrow area s .  O n e  borrow area was 
l ocated between the s i te and C re e k  Road north of P l etc her  Road , and the othe r was l ocated 
s outh of Swan Road between Haro l d  and Porter Center roads ( F i g ure 3 . 2 ) .  I f  DOE dec i des to 
i mp l ement one of the l ong- term a l ternati ves at NFSS , the add i t i on a l  c l ay for the l o ng-term 
cap wi l l  a l so  have to be obta i ned f rom offs i te borrow sources . 

NYDEC-8 The NF SS wastes and res i dues a re both i n  the s ame category of "wastes contam i nated wi th 
natura l l y  occ u rr i ng rad i o n uc l i de s "  under DOE O rder 5820 . 2 ( Sect i o n  4 . 7 . 1 . 1 ) .  Opt i o ns for 
l ong- term manageme n t , part i c u l a r l y  of the res i dues--wh i c h have h i gher  act i v i ty than the 
wa stes , are d i scus sed i n  Append ix  C ,  Sect i on C . 3 .  One  opt i onal  des i gn concept i dent i f i ed i n  
Append i x  C i s  d i s posa l  a s  a grout i nto fractu red sha l e  bedroc k ( hydro f ractu re ) (Appen d i x  C ,  
Tab l e  C . 4 ) .  ( See more deta i l ed d i scus s i on i n  Top i ca l  Response 1 . ) 

NYDEC-9 The op i n i o n  that the potent i a l  i mpacts to an i ntrude r ,  i f  contro l s  ceas e ,  warrant f u rther 
cons i derat i on of a l ternati ve d i sposa l  methods is  noted.  DOE wi l l  cons i de r  the i dent i f i ed 
i mpacts to an i ntrude r ,  the opt i ons  that cou l d  l essen  the l i ke l i hood of th i s  part i c u l a r k i nd 
of i mpact , a l l othe r potent i a l  i mpacts , costs , and other factors i n  ma k i ng i t s  dec i s i on .  As 
d i scus sed i n  Sec t i on 4 . 1 . 2 . 3 and Top i c a l  Respo n s e  1 ,  DOE i s  cons i de r i ng an add i t i ona l  i ntruder 
barr i e r  o n  top of B u i l d i ng 411.  If  a person were to i ntrude down to the top of B u i l d i ng 411 
and  no f u rther , radon emi s s i ons  at that po i nt wou l d  be at background l eve l s  because  the 
i nterven i ng l ayer of s l i gh t l y  contami nated was tes and c l ay is  expected to retard the rado n 
emanat i ng f rom the  res i dues  l ong enough for the radon to decay to s o l i d  decay products . 
Thus , the i mpacts to s uch  an i ntruder v i a  the a i r  pathway wou l d  be neg l i g i b l e .  
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T h e  E I S  uses a n  a n n u a l  i n d i v i d u a l d o s e  o f  500 m r e m / y e a r  
a s  a b a s i s  f o r  d e v e l o p i n g d e c o n t a m i n a t i o n a n d  
decomm i s s i o n i n g c r i t e r i a .  I n  v i e w o f  t h e  f a c t  t h a t  c r i t e r i a  
u n d e r  c o n s i d e r a t i o n b y  E P A . N R C  a n d  DOE p r o pose d o s e  l i m i t s 
t h a t  r a n g e  f r o m  1 to 25 m r e m  per y e a r . i t  a p p e a r s  t h a t  
t h e  p r o p o s e d  c r i t e r i a  a r e  n o t  c on s i s t e n t  w i t h c u r re n t  
t h i n k i n g o n  t h i s  i s s u e . T h e  u s e  o f  t h e  5 0 0  m r e m  p e r  y e a r  
l i m i t  w i l l  o n l y  l e a d  t o  f u t u r e  n e e d  f o r  d e c o n t a m i n a t i o n o f  
t h e  s i t e ( a s  h a p p e n e d  p r e v i o u s l y  i n  t h e  c a s e  o f  L a k e  O n t a r i o  
O r d n a n c e  W o r k s  e x c e s s  p r o p e r t i es ) . 

7 .  ��D�r�l gQ���D� [: T h e  r e s i d e n t  i n t r u d e r  s c e n a r i o  c on s i d e r s  t h e  K - 6 5  
r e s i d u e s  a s  i f  t h e y  w e r e  b l e n d e d u n i f or m l y  i n t o  t h e  e n t i r e 
v o l ume o f  c o n t a m i n a t e d  m a t e r i a l s .  I n t r u s i on i n t o  t h e  K - 6 5  
r e s i d u e s  r es u l t s i n  m u c h  h i g h e r  d o s e s  to t h e  i n t r u d e r . 

8 . ��D�r�l gQ���D� 

NYDEC- 12 ( T h e  D E I S  m a k e s  r e f e r e n ce t o  t h e  N e w  Y o r k ' s  R a d i o a c t i v e 
M a t e r i a l s  T r a n sp o r ta t i on A ct " .  W h i l e s u c h  l eg i s l a t i on w a s  
p r o p o se d . i t  h a s  n o t  b e e n  e n a ct e d . 

NYDEC- 13 T h e  K - 6 5  r e s i d u e s  s h ou l d  n o t  b e  s u b j ect t o  s e v e r a l  
h a n d l i n g s . b u t  p a c k a g e d  a n d  t r a n s p o r t e d  e l s e w h e r e  f o r 
d i s p o s a l . T h e  r e c e n t  a t t e m p t s  to t r a n s f e r t h e se r e s i d ue s  
f r om t h e  towe r b y  w a t e r  m i n i n g m e t h o d s  a n d  s l u r r y  t r a n s f e r  
i n d i ca t e  t h a t  t h i s  w i l l  b e  h a r d e r  t h a n  o r i g i n a l l y  
e n v i s i o n e d . U s e  o f  t h e  s a m e  t e c h n i q u e s  t o  l a ter r e m o v e  
t h e s e  r e s i d u e s  f r om t h e  m o u n d  s t r u c t u r e  w i l l  a l s o b e  a s  
d i f f i c u l t  a n d  f u r t h e r  c o mp l i c a t e d  b y  p r ob l ems i n  m a n a g i n g 
t h e  w a t e r  f l o w s  c r e a t e d  w i t h i n  t h e  m o u n d  i t se l f .  S i nce t h e  
t r a n s f e r  w i l l  p r o b a b l y  n o t  b e  c om p l e t e d  b e f o r e  w i n t e r . DOE 
s h o u l d  c o n s i d e r  p a c k a g i n g and s h i pp i n g the r e m a i n i n g 
r e s i d u e s  i n  t h e  tow e r  �o a DOE d i s p os a l s i te r a t h e r  t h a n  
t r a n s f e r  t o  t h e  m o u n d . 

1 0 . g � D � r � l  gQ�� � D �§ 

NYDEC- 14 [ T h e  DE I S  c o n t a i n s m a n y  i n d i c a t i o n s  t h a t  t h e  N i a g a r a  
f a l l s s i te p o s s e s s e s  c h a r a c t e r i s t i c s t h a t  w i l l  a d v e r s e l y  
e f f ec t  a n y  l o n g - t e r m  s to r a g e  o f  r a d i o a c t i v e w a s te s . 
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NYDE C - I0 The c r i te r i a  for res i dual  contam i na t i o n  and waste contro l  ( Appe n d i x  H) i s  a separate DOE 
dec i s i o n a nd app l i e s  to many DOE s i tes , of  wh i c h  NFSS i s  only one.  As noted i n  Append i x  G 
( p .  G - 3 ) ,  devel opment  of the var i ous  DOE o rd e rs i s  not part o f  the c u rrent l y  p roposed ac t i on 
and i s  therefore beyo nd the scope o f  th i s  E I S .  The gu i de l i nes  s hown i n  Appen d i x  H are 
i nc l uded , as req u i red by CEQ regu l at i o ns , because they a re app l i c ab l e  to a l l the a l terna
t i ves that are be i ng c o n s i de red for l ong-term ma nageme nt  of  the NFSS wa stes and re s i due s .  
The res i dua l  contam i nat i o n  gu i de l i nes that wou l d  be app l i ed i f  the was tes and res i dues  were 
to be removed from NFSS are i dent i ca l  to the so i l  concentrati ons i n  the EPA regu l at i ons for 
res i du a l  co ntam i nat i o n  at m i l l  ta i l i ngs  s i te s .  ( See a l so Responses  NYDEC- 26 ; USEPA- 3 5 , 
- 3 6 .  ) 

NYDEC- l l  The re s i de nt- i ntruder scena r i o  for  the NFSS a l ternat i ves ( 1 ,  2a , and 2b ) a s s umes that the 
house is cons tructed i n  the " hot spot" area where the r e s i dues  are b u r i ed .  For the 
r e s i de nt- i ntruder scena r i o  at NFSS , the average concentrati on of the re s i dues  pro v i des  a 
s u f f i c i en t l y  conserva t i ve a n a l ys i s  ( Tab l e  4 . 24 ) .  I t  i s  not a s s umed that the re s i dues are 
b l ended  w i t h  the ent i re vo l ume o f  contami nated mate r i a l s or wi th each othe r .  Mos t  of the 
res i dues , i nc l ud i ng the K- 65 res i dues , w i l l  be conta i ned wi t h i n the B u i l d i ng 411 founda t i o n - 
w h i c h  occ up i es o n l y  about 3 , 400 m 2  or  10% o f  t h e  waste/re s i due area at NFSS  ( Tab l e  4 . 16 ) .  
The ana lys i s  i s  conservati ve because i t  a s s umes that the I-m ( 3- f t )  l ayer o f  roc k r i p rap i s  
b reached.  I t  i s  a l so u n l i ke l y  that a re s i de nt- i ntruder wou l d  choose to b u i l d  a house  o n  the 
exact spot o n  the mound of wa stes/re s i dues where the res i dues  are b u r i e d .  It i s  even more 
u n l i ke ly that the i ntruder wou l d  c hoose the sma l l e r  spot where the K-65 re s i dues  are l ocate d .  
I n  the extreme l y  u n l i ke l y  event that a house were constructed  o n  o n l y  t h e  K - 6 5  res i dues , the 
doses wou l d  be about four t i mes l a rger  than the doses g i ven  i n  Tab l e  4 . 24 .  The re s i dent
i ntruder scena r i o  i ncorporates ma ny conservat i ve a s s umpt i ons  and l eads to the conc l u s i o n 
that the i mpact to a res i dent- i ntruder wo u l d  be s i gn i f i cant .  Thu s , the need to ma i nta i n  
perpetual  control  o f  the s i te i s  very i mpo rtant and wi l l  b e  cons i d e red  i n  ma ki ng the 
dec i s i on o n  l o ng- term management of  the re s i due s .  An add i t i ona l  i ntruder barri e r  over the 
re s i dues  i s  a l so be i ng cons i dere d .  ( See Top i c a l  Response 1 . ) 

NYDEC- 12 The E I S  has been co rrected by add i t i on of the wo rd " p roposed" . 

NYDEC-13  Removal  of the K-65  re s i dues from the towe r ( Bu i l d i ng 4 3 4 )  to the B u i l d i ng 411 foundati on i s  
comp l ete .  There are two bas i c  methods by wh i c h  these  res i dues  cou l d  be  retr i eved from 
B u i l d i ng 411 and packaged for transport to another s i te :  conve n t i o n a l  mec h a n i c a l  means and 
remova l as  a s l urry ( Appen d i x  C ,  Sec t i o n  C . l . 2 ) .  The advantages and d i sadvantages of these  
two methods are  compared i n  Tab l e  C . l . Moveme nt of  the re s i dues by convent i o na l mec han i ca l  
methods ( not  s l u rry ) was  the  opt i o n  s e l ected for ana lys i s  i n  the E I S  for a l ternat i ves  
i nvo l v i ng remova l o f  the re s i dues  to  other  s i t e s .  

NYDEC-14 The characte r i st i cs of  each of the s i tes  c o n s i dered f o r  l o ng- term management o f  t h e  NFSS  
wa stes and res i dues- - as we l l  as  a l l potent i a l  i mpacts ( s ho rt-term and l o ng-term) , costs , and 
other factors--wi 1 1  be taken i nto co n s i derat i o n  in  reac h i ng a dec i s i o n. 
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1 1 .  � � o � r � !  �Q��� O �  (; I �  i s  s � a �ed i n  m a n y  p l a c e s  i n  � h e  
m a �e r i a l  � h a �  w i l l  c o n � a i n  � h e  w as �es . 
c h em i ca l l y  i n e r �  w i � h r e s pec� �o c l a y s ?  

DE I S  � h a �  c l a y i s  � h e  
A r e  � h e se w a s � e s  

NYDEC - 16 [ M i � i g a � i n g m e a s u r e s  f o r  f l o od p l a i n  e l e v a � i o n s  a n d 
s u r f a ce e r os i o n s h o u l d  be d e s c r i b e d  i n  � h e  f i n a l  E I S  � o  
a d d r e s s  o u r  c o n c e r n s  f o r  � h i s  p r oposed a c � i o n i f  � h e  N F S S  i s  
a d o p � e d  a s  � h e  p r e f e r r e d  p e r m a n e n �  s � o r a g e  s i �e .  

1 2 .  ��£�iQO l � �  
NYDEC - 17 � I �  i s  s � a � e d  � h a �  � h e  c l a y l a y e r  u n d e r  � h e  8 . 5  a c r e  

c o n � a i n m e n �  a r e a i s  n o �  k n ow n  � o  b e  c o n � i n u o u s .  F o r  u s e  a s  
a l on g - �e r m  s � o r a g e  f a c i l i � y  � h a �  w o u l d  i n d i ca � e  � h a �  i �  
c a n n o �  b e  c o n s i d e r e d  � o  a c �  a s  a c o n � a i n m e n �  a r e a . 

NYDEC - 18 T h e  d e s cr i p � i o n  of � h e  N i a g a r a  F a l l s  s i � e s � a � e s  � h a �  
� h e  a v e r a g e  e l e v a � i on o f  � h e  s i � e i s  a p p r ox i m a �e l y  9 8  m e � e r s . 
I �  i s  a l s o s � a � ed i n  � h i s  r e p o r �  � h a �  � h e  1 0 0 - y e a r  f l ood 
p l a i n  i s  a� 9 7  m e � e r s . Th i s  i n d i c a � e s  a k n o w l e d g e  � h a �  � h e  
s i � e w i l l  f l oo d  d u r i n g � h e  l o n g e r  pe r i o d f l oo d  e v e n � s  ( i . e .  
� h e  5 0 0  a n d  1 0 0 0  - y e a r  f l o od s )  a s  � h e se f l o od p l a i n s a r e  
a l w a y s  a �  a g r e a �e r  e l e v a � i on . I n  a n  a r e a  w h e r e  9 0 �  of � h e  
p o p u l a � i on d e p e n d s  o n  s u r f a c e  w a �e r , a f l o od w i l l  d i s � r i b u � e 
�he w a s � e s  �o � h e  p u b l i c w a �e r  s u p p l y .  

1 4 . ��£�iQO � � ! � ! � �  
NYDEC-19 ( T h e  d o s e  a s s e s sm e n � s  a r e  p e r f o r m e d  f o r  o n l y  1 0 0 0  y e a r s  

a s  i n d i c a �ed i n  s e c � i o n 4 . 1 . 1 . 3 .  D u e  � o  � h e  l o n g  h a l f - l i v e s  
o f  � h e  r a d i o n u c l i d e s  i n v o l v e d , � h e  r i s k o f  h a r m f r o m  � h e  
re s i d u e s  w i l l  con � i n u e  e s s e n � i a l l y  u n a b a � e d  f o r m o r e  � h a n  
1 0 0 , 0 0 0  y e a r s . 

NYDEC-20 T h i s  g r a p h i l l u s � r a � e s  � h a �  i �  w i l l  be a �  l e a s �  1 50 , 0 0 0  
y e a r s  b e f ore � h e  r a d i o a c � i v i � y o f  � h e  w a s � e s  a n d  r e s i d u e s  
d e c a y  �o b a c k g r o u n d  l e v e l s .  I n  co n � r a s �  w i � h � h i s  d e c a y  
pe r i od i s  � h e  2 0 0  y e a r  p e r i od o f  p r o posed i n s � i � u � i o n a l 
c o n � r o l .  Th i s  p e r i o d i s  m u c h  �oo s h o r �  f or w a s � e  of � h i s  
� y p e , p a r � i c u l a r l y  w h e n  d i s posed o f  o n  � h e  s u r f a c e  a �  a 
1 0ca � i o n w h i ch w a s  g l a c i a � ed o n l y  1 2 , 0 0 0  y e a r s  a g o . 
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NYDEC-15  It i s  not stated that c l ay wi l l  conta i n  the waste s .  There is a l ayer of c l ay i n  the ex i st
i ng i nter i m  cap ( A l ternati ve I ,  no act i on ) , and  add i t i on a l  c l ay wi l l  be added if Al terna
t i ve 2 is i mp l emented . T h i s  l ayer i s  expected to s ub s ta nt i a l l y  reduce ( but not e l i m i nate ) 
wate r i nf i l trat i on down i nto the b u r i e d  wastes and res i dues ( Sect i on 4 . 2 . 2 )  and radon gas 
emi s s i ons  ( S ec t i o n  4 . 1 . 2 ) .  The ex i s t i ng c l ayey s o i l s  beneath the contai nment area are 
expected to retard (but not e l i m i nate ) m i grat i on o f  rad i onuc l i des and othe r chemi ca l s f rom 
the was tes  and r e s i dues ( Sect i o n s  4 . 2 . 2  and 4 . 3 ) .  C l ays are not c hemi ca l l y  i ne rt ,  and they 
d i ffere nt i a l ly  adsorb the var i o u s  chem i ca l s and rad i onuc l i des . Hence , d i fferent d i str i bu
t i o n  coe f f i c i ents are used in the analyses ( Sect i o n  4 . 2 . 2 . 3 and Tab l e  4 . 4S ) .  ( See  more 
detai l ed d i scus s i o n  i n  Top i ca l  Response 2 . ) 

NYDEC-16 See Response NYDEC-l  for d i s c us s i on o f  f l oodp l a i n  at N F S S .  M i t i gat i ve meas ures for eros i on 
are d i scussed  i n  Sect i o n  4 . 2 . 1 .  

NYDEC-17 Because the c l ay 1 ayer  cannot readi  ly  b e  proven t o  b e  cont i nuous , t h e  E I  S ana lys  i s o f  
potent i a l  g roundwater i mpacts at NFSS  i nc l uded two maj or conservat i ve a s s umpt i o n s :  ( 1 )  the 
average hyd ra u l i c  p roperti es of the unde r l y i ng c l ayey mate r i a l  are between the p ropert i e s  o f  
c l ay a n d  s a n d  ( e . g . , hyd rau l i c conduct i v i ty i s  a s s umed t o  be 0 . 000011 cm/s ) ,  a n d  ( 2 )  a l arge 
sand l ens , capab l e  of  s upp l y i ng s u ff i c i ent  f l ow to a we l l ,  i s  l oc ated i mmed i ate ly  adjacent 
to the contai nment area ( Sect i o n  4 . 2 . 2 . 3 ) .  As a re s u l t  o f  f u rther d i s c u s s i ons  with EPA , 
add i t i on a l  ana lyses  were performed for the prefe rred A l terna t i ve 2 ( Sect i o n  4 . 2 . 2 . 3 ) .  No 
off s i te contam i na t i o n  i s  expected w i th i n  1000 years . ( See  a l so Top i ca l  Response 2 . ) 

NYDEC-lS See Responses  NYDEC- l ,  USDO I - 3 , and  USEPA- 7 .  

NYDEC-19 T he E I S  notes that t h e  rad i o n uc l i de concentrat i o ns wi l l  cont i nue  e s s e nt i a l l y  u n d i m i n i s hed 
for 100 , 000 years ( F i gure 4 . 2 ) .  The  reasons for s e l ec t i ng  the 1000-year t i me f rame for  
ana lys i s  are co n s i stent with  EPA reg u l at i ons  and are g i ve n  in  the i ntroduct i o n  to Sec t i o n  4 .  
( See a l s o  Responses NYDEC- 20 , -22 ; USDO I - 2 ; USEPA- S ;  WDSHS-2 . )  

NYDEC-20 The 200-year contro l  per i od i s  used for p urpos es  of ana lys i s  o n l y .  Because of the i mpacts 
that cou l d  occ u r  i f  contro l s are l ost , the federal  government p l ans  to take perpetu a l  care 
o f  the NFSS wastes and re s i d ues ( see  footnote on p.  2 - 1 ) . ( See  a l so Responses  NYDEC- 1 9 , 
-22 ; USDO I - 2 ; USEPA-S ; WDSHS-2 . )  
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NYDEC-21 The e v a l u a t i o n o f  the l o n g  term ef f e c t  o f  e r o s i on at 
the N i a g a r a  F a l l s s i t e i s  b a s e d  o n  p r e d i c t i o n s  c a l c u l a t e d  by 
the U n i ve r s a l So i l  L o s s  E q u a t i on .  T h i s  e q u a t i o n does n o t  
acco u n t  f o r  d i s c r e te e v e n t s  b u t  o n l y  a d d r e s s e s  a ve r a g e  e r o s i o n 
r a t e s  t h a t  m a y  be e x p e c t e d  a s s u m i n g p r e d i c t a b l e  l a n d  u s e s . 
L o n g - t e r m  u n i f o r m e ro s i o n h a s n e v e r  p r o v e n  to be t h e  m a j o r 
p r o b l em u i t h c a p  i n te g r i t y .  T h e  f o r ma t i o n of c r a c k s  a n d  
g u l l e y s , u h i ch t h e  U S L E  d o e s  n o t  a d d r e s s , u o u l d  p r o b a b l y  
b r e a c h  t h e  c a p  b e f o r e  i t  i s  e r o d e d . 

NYDEC-22 A g a i n  r e f e rr i n g to t h e  c o mm e n t  o n  Sect i o n 3 . 1 c o n c e r n i n g 

NYDEC-23 

NYDEC-24 

t h e  p r ox i m i t y to t h e  l o n g - pe r i od f l o od p l a i n  e l e va t i on s , t h e  
r e p o r t  s a y s  " s e v e r e  e v e n t s  o c c u r r i n g u i t h i n  t h e  1 0 0 0 - y e a r  
p e r i od o f  a n a l y s i s  a r e  l i k e l y  t o  s t r e s s  t h e  i n teg r i t y o f  t h e  
c o n t a i n me n t  s y s te m s . "  I f  t h i s  i s  a l r e a d y  k n o u n , u h y  h a s  
t h i s  s i te b e e n  s u b m i t t e d  f o r  c o n s i de r a t i o n ?  C l e a r l y ,  t h e  
l a c k  o f  l o n g - t e r m  i n t eg r i t y o f  t h e  c o n t a i n m e n t  s y s t e m  s h ou l d  
be a d i sq u a l i f y i ng c r i te r i a  i n  s i t i n g i f  i t  c a n no t  be 
m i t i g ated . 

1 8 .  ����iQD ��?�l�� ����r� grQ�iQD g��n�e � n Q  

QrQygb�� 

� I t  i s  s t a t ed i n  p a r a g r a p h  tuo " U nc h e c k e d , g u l l y 
e rO S l o n u l i l  s e r l o u s l y  j eo p a r d i z e t h e  i n t eg r i t y of t h e  
u a s te / r e S l d u e  p i l e . · A f te r  t h e  v e r y  s h o r t , 2 0 0  y e a r  d u r a t i o n 
i n s t i t u t i o n a l con t r o l as com p a r ed to t h e  u a s te ' s  r a d i o ac t i v e 
d e c a y  p e r l o d ,  t h e  u a s t e s  u i l l  be i n t r o d u ced to t h e  e n v i r o n m e n t  
b y  t h i s  p r o ce s s . R e a n a l y s l s  i s  r e q u l r e d . 

� I t  i s  s t a te d  " D a m a g e  to t h e  s u b s u r f ace c l a y c u t o f f  u a l l 
a t  N F S S  m a y  n o t  be n o t i ced u n l e s s  m o n i to r i n g ue l l s a r e  
f o r tu i t o u s l y  l o c a ted • • .  • .  A r i g o r o u s  a n d  t h r o u g h  m o n i t o r i n g 
p r o g r a m  i s  u s u a l l y  p l a n n e d  a n d  i n c l uded as a p a r t  of t h e  
e n v i r o n me n t a l a s s e s s m e n t  to e l i m i n a t e  t h e  n e e d  f or r e l i a n ce 
on f o r t u n e . 
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NYDEC- 21  The eva l uation  of l ong-term effects of ero s i on i nc l udes ca l c u l a t i o n s  based on the U n i versal 
So i l  Los s  Equat i o n  ( USLE ) and con s i derat i on of several  nonquant i f i ab l e factors s uch as  
f l ood i n g ,  g u l l y eros i o n , other severe eros i o n  events , s l ope and cover fa i l ure , and s e i sm ic  
act i v i ty ( Sect i ons  4 . 2 . 1 . 2 through 4 . 2 . 1 . 5 ) .  The  forma t i o n  o f  c ra c ks i s  taken  i nto con
s i d e rat i on by  a s s um i ng conservati v e l y  l ow average mo i s ture contents for  the vari o u s  l ayers 
o f  the cap ( Sect i o n  4 . 1 . 2 . 2 ) . The e ffects o f  g u l l eys a re taken i nto cons i dera t i o n  by app ly
i ng the wo rst-case  res u l ts of the USLE  for ero s i ve l and use  to the rad i o l og i ca l  ana lyses  i n  
Sect i o n  4 . 1 ,  the hydro l og i ca l  ana lyses  i n  Secti o n  4 . 2 . 2 ,  and the chem i ca l  ana lyses  i n  Sec
t i o n  4 . 3 .  The e s t i mates for perpetua l - care costs ( Append i x  F )  i nc l ude costs  for per i od i c  
mai ntenance t o  repa i r  g u l l y ero s i o n .  The perpetua l - ca re costs  f o r  the no-acti on a l terna
t i ve ( 1 )  a re h i gher than for the p referred contai nmen t  a l ternati ves  ( 2 a , 2b) because of the 
expected mo re frequent need for repa i rs due to ero s i on of the i nter i m  cap . 

NYDEC-22 Severe events a re l i ke l y  to stress  the i nteg r i ty of a ny near- s urface contai nment system at 
a ny s i te . These factors wi l l  be take n i nto con s i d e ra t i o n  i n  deve l op i ng the deta i l ed l ong
term conta i nment des i gn .  The stresses o n  the contai nme nt system wi l l  have adverse i mpact 
o n l y  i f  contro l s cease and the s i te i s  not ma i ntai ned ( Sect ion  2 . 10 ) .  Thus , DOE i s  com
m i tt i ng  to perpetual care . As noted i n  the i ntroduc t i o n  to Sect i on 4 ,  DOE i s  u s i ng the EPA 
m i l l  ta i l i ngs  reg u l at i o n s  as g u i dance i n  ma k i ng  the dec i s i on on l ong-term management of the 
N F SS wastes  and res i dues . The EPA regu l at i o n s  requ i re that contro l meas u res  be carr i e d  out 
i n  a manner that prov i de s  reasonab l e  e n s urance that they wi l l  l as t ,  to the extent reasonab ly  
ach i evab l e ,  up to 1000 years  and , i n  any  cas e ,  for a m i n i mum o f  200  yea r s .  ( See a l so 
Responses  NYDEC- 1 ,  - 19 ,  -20 ; USDO I - 2 ; USEPA-8 ; WDSHS- 2 . ) 

NYDEC-23 The p robab i l i ty o f  gu l ly e ro s i on af fect i ng the i nteg r i ty of the contai nment systems at a l l 
s i tes  ( Sect ion  4 . 2 . 1 )  w i l l  be taken i nto cons i dera t i o n  i n  ma ki ng  the dec i s i o n .  As noted i n  
Sect i o n  2 . 10 ,  contai nment wi l l  eventua l l y be l os t  at a l l s i te s - - re l at i ve to the d u rat i on of 
the hazard-- i f  contro l s cease .  Th i s  i s  a l so true for a l l s i te s  where l ong- l i ved rad i oac t i ve 
wastes ( e . g . , uran i um m i l l  tai l i ng s )  and chem i ca l  wastes ( e . g ,  the adjacent SCA s i te )  a re 
managed near the earth ' s  s u rface . I f  contro l s do not ceas e ,  conta i nment systems can be 
rep a i re d .  DOE p l ans  to take perpetua l care of the contai nment system and to restr i ct s i te 
acces s .  

NYDEC-24 A mon i to r i n g  p rogram wi l l  b e  des i gned to p ro v i de reaso nab l e  e n s urance that m i grat i o n  of 
contami nants wi l l  be detected . Such  a p rog ram wi l l  be part o f  whatever a l ternat i ve i s  
imp l eme nte d .  Conservat i ve as sump t i o ns are made for the g roundwater ana lys i s  i n  the E I S .  
( See  a l so Respo n s e s  LAFAL- 3 ,  NYDEC-5  [ regard i ng mon i to r i ng ] , USEPA- 28 , and Top i ca l  
Response 2 [ regard i ng g roundwater at  NFSS ] . ) 
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NYDEC-25 u O n  p a g e  4 -60 , a s � a �e m e n �  i s  m a d e  � h a �  � h e  w a � e r  � a b l e  
a �  N F S S  a p p r o a c h e s  � h e  g r o u n d  s u r f a ce a �  c e r � a i n  s e a s o n s  o f  
�he y e a r . T h e  i m p a c �  o f  � h i s  i n � r u s i o n b y  g r o u n dw a � e r  i n �o 
�he m o u n d  a n d  s u b s e q u e n �  l e a c h i n g a n d  � r a n s p o r �  o f f  s i �e i s  
n o �  a d e q u a � e l y  a d d r e s s e d . 

NYDEC-26 

NYDEC-27 

R e s i d u a l s o i l and s u r f a c e  c o n � a m i n a � i o n l i m i � s i n  
A p pe n d i x  H a r e  n o �  a s  r e s � r i c � i ve a s  � h o s e  b e i n g u s e d  
e l s e w h e r e  i n  N e w  Y o r k  b y  DOE , s u c h  a s  a �  � h e  N L  s i � e i n  
Co l o n i e ,  w h e r e  D O E  a g r e e d  � o  a l i m i �  f o r  U-238 o f  35 p C i / g m  
a v e r a g ed o v e r  � h e  f i r s �  5 c m  o f  s o i l .  The s a me b a s i s  s h o u l d  
a p p l y  i n  � h e  � a b l e  o n  H-2 , a nd a l l e n � r i e s s h ou l d  b e  
a d j u s � e d  � o  r e f l e c �  � h e  r i s k s  e q u i v a l e n �  �o � h o s e  a g r e e d  � o  
b y  DOE f o r  U-238 . 
22 . I�Ql� Q� p� H=� [ R e s i d u a l s u r f a ce c o n � a m i n a � i o n l i m i � s 
� a b l e  on H-3  a r e  h i g h e r  � h a n  � h o s e  a l l owed 
W e  f e e l  � h e  P a r �  1 6 l e v e l s  s h o u l d  a p p l y .  

6 

p r o posed i n  � h e  
i n  1 0  N Y C R R  1 6 .  
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NYDEC-25 In the ana lys i s  i n  Sect i o n  4 . 2 . 2 ,  i t  is conservat i v e l y  a s s umed that the wastes and res i dues  
are saturated and a re s i tt i ng i mmed i ate ly  o n  top  o f  p e rmanent ly  satu rated s o i l s  ( a s s umed 
zero depth to groundwater i n  the hydro l o g i ca l  mode l i ng ) .  T h i s  res u l ts i n  a very conserva
t i ve ana l ys i s .  ( See  more deta i l ed d i scus s i on i n  Top i ca l  Response 2 . ) 

NYDEC-26 The  i nter i m  g u i de l i ne s  g i ven i n  Append i x  H o f  the E I S  are not part o f  the  c urrent dec i s i o n 
( see Response NYDEC- 10 ) .  I f  DOE dec i des  to i mp l ement one of the offs i t e  a l ternat i ves , the 
si te- s pec i f i c  app l i cati o n  o f  then-current g u i de l i nes  to determi ne acceptab l e  res i d ua l  
contam i na t i o n  l ev e l  s at  N F S S  wi l l  be d i scuss ed w i th t h e  state o f  New York .  The  g u i de l  i nes  
noted in  Append i x  H have been  app l i ed to c l eanup of the v i c i n i ty prop e rt i es near NFSS  from 
1982 to the present . The New York Department of E n v i ronmenta:l Conservat i o n  has been 
i nformed o f  a l l these c l eanup act i v i t i e s  and the g u i de l  i nes  that are be i ng u s e d .  As  noted 
i n  these g u i de l i nes , gene r i c  c l e anup c r i t e r i a--cons i s tent w i t h  EPA m i l l  tai l i ngs  
regu l  at i ons-- are b e i  ng used for the radi  um  concentra t i o n s  at N F S S .  Because  no  generi  c 
concentrat i o n  l i m i ts are avai l ab l e  for the ura n i um found at Col o n i e ,  a concentrati on had to 
be der i ved from the r i s k  l i m i ts a s  descr i bed i n  the Append i x  H g u i de l i ne s .  ( See  a l so 
Responses  NYDEC- 10 ; USEPA- 3 5 , - 3 6 . ) 

NYDEC-27 See Respons e s  NYDEC- 10 , - 26 ; U S E PA- 3 5 , - 3 6 . 

NYDEC-28 I n  s ubsequent correspondence , the New York  Department of E n v i ronmental  Conservat i o n  
i nd i cated that:  

" The K-65  res i dues  requ i re a separate treatme nt f rom t he rema i nder  o f  the waste on the 
s i te due to h i gh concentrat i o n  of rad i oacti ve mate r i a l  i n  these res i dues . The  E I S  
s hou l d  i nc l ude options  o f  u t i l i z i ng d i f fe rent d i sposa l  methods f o r  these res i d ue s . 1I 

See Append i x  C and Top i ca l  Response 2 .  
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STATE O F  N EW Y O R K  � 
D E P A R T M E N T  O F  H E A L T H  .. �,t O F F I C E  O F  P U B L I C  H E A L T H 
COR NINO TO...." R • T"E GOVERNO" NELSON ... �OCI(HEL�ER [ "'�R( STA� � • AlI",",Y. N Y  12237 
04Y10 ""'1I100. ".0 ,- �o,, " UHGOL.�, ".0 , .. ' "  � ... ., 

November 2 ,  1 98 4  

Hr .  S t.ven Woodbury 
Environmen t a l  Prot.ction Spcc j 4 l i st 
U . S .  Depar tment of Ener�y 
1 000 I ndepend �nc. Av.nue , S . W .  
Room 3 6 092 
Washi ngton , P . C .  2 0 5 8 5  

Dear Mr . Wood.bury: 

En c lo •• d a r e  comme n t s  I have prepared con� e r n i n g  the O�I S , �Long
Tel� Mar.agemen� of the Ex i 8� i n 9  ��div�c�ive Wa R t e S  and Residues a t  the 
NiagJ,ra Falla S ite . "  S ince the t."YS t>epartJne n t  of Env i r onme n t a l  Con
s.rvat ion is l.ad. agen�y for the Sta t � ' s  r e s oon s r.  t o  the PEl S  and there 

a re ��ny other i s s u e s  be i n g  r a i s e d  c on c e � i n g  !pe � i r i c  cont.nt , i t  i s  
not � le a r  what fOrTII thi s r e v i  . ..  • muy eventUol l l y t a k. e  when fo rwarded to 
DOE . 

':'he i s s ue s I ra i B a . I be l i eve -'I e  much r.'."re 5cd ou s thar. thoBe 
� i eh ad d r e a s  cont e n t  o f  the PEl S .  Bec�uGe o !  w�a t  POE h 4 5  omi t t e d  
fro:r, i t s  regu l a t i O n S  and i t s  cllo i e e  o f  a l t c r r  .. H i lle s t r ll t e g i e 5  f o r  the 
PEI S , there is doubt that DO£ ha� met i t s  NfPA obl i g � t i on s .  

NYDH- l F i r ll tly , the nm i n ion fro::\ the f i n a l  v c r A bn of OOt Order 5 8 2 0 . 2 

NYDH-2 

or a waAte c l a s s i f i e a t i on  .y8 t� ( o n e  .. ·:1 8 propoqed i n  e a � l y  �ra rt s )  
ra i 8 e �  que s t i on s  o f  00£ ' 5  prob i � y .  01d DOE !!lAKe i � �  Order S � 2 0 . 2  l e � B  
re s� r i e t 1 ve t h � n  e i ther NRC ' s  1 0CFR P A r t  G l  o r  EPh ' �  4 0CfR P a r t  1 9 3 , 
bec�\I A e  it Boug h t  to avoid a c t i on !>  o f  the type ... h i ::h wou lt1 be m a n d a t e d  
for the r e 8 i 6u e �  at �TS S . e spec i a l l y  for the K-G� r e s i du e s ?  

Seco�d ly , don ' t  the inord i n ate l y  h i g h  6oe�� ! r om the r e s i dues t o  
t h e  in46I1ert.en'; in truder (whe t h e r  a t.  �T);S ,  I'!an forc o t'  Oail Ridge)  lTIan d !\ �e 
con " i de r � t ion of othe: a l terna t ive s f o r  1 on g - t. e rrr. d i e oosa ! rog .l r d l e s s  

of DO� O r d e r  5 8 2 0 . 2 ? 

� Thi r d l y , why WJ, 1I the document . "CC'!",r,ar  at I ve A:-:a ly e i .  of Va riou!l 
Int e r im H a n d l i n g  � l t . r n a t i v. s  of K - 6 S  Re s i due - 9 t  the N i a g a ra F a l l s  
Stnrage S i t e , J u l y  1 98 ] " , "repa rlld �e?lI r ,) t. e l y  f r l"tTn  thE< PEl S ,  ever. t hough 
B e t i on A  propused i n  1 9A 3  m�rke� l y  a f f e e �  the II l t e r n a t l ve s  l a t e r  8 e l e c t e � ?  
Wa s thi s me rely a s ub t e r fl:qEl tc a v o i C!  i n cor' >O!"lI t l n :; t'nn K - 6 5  r e s iiil;ElII 
at NFSS with those at Fe rn .l l d ? Or w,, � j t a .uJ:,t e r f uq" to �void ful l 
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E PA reg u l a t i o n s  under 40 CFR  193 a re not yet ava i l ab l e  ( s ee Response NYDH- 6 ) .  DOE o rders 
a re devel oped for genera l  app l i ca t i o n  to DOE opera t i o n s  and are beyond the scope o f  th i s  E I S  
(Append i x  G ) .  DOE O rder 5820 . 2  a l l ows f o r  s i te- spec i f i c  co n s i derat i o n s  to b e  taken i nto 
account i n  dec i d i ng how to manage the rad i oa c t i v e  wastes for  wh i ch DOE i s  respon s i b l e .  For  
management of wastes  contam i nated w i th natura l l y  occurri ng rad i o nu c l i des  such  as  the NFSS  
wastes  and re s i due s , DOE i s  u s i ng the E PA urani um m i l l  ta i l i ngs  regu l at i ons (40 CFR  192 ) as  
g u i dance .  I n  the preamb l e  to  these regu l a t i o n s , it  i s  expl i c i t l y  s tated that  " i ns t i tu t i o n a l  
overs i gh t  i s  an  e s s e nt i a l  bac kup t o  pass i ve contro l s , "  t h a t  i t  "wou l d  n o t  be safe  t o  b u i l d  
hab i tab l e  structures o n  the d i sposal  s i tes , "  and  that " Federal  owne rsh i p  o f  the s i te i s  
a s sumed to p rec l ude such  i nappropri ate uses . "  I f  contro l s are e f fect i ve ,  the res i dent
i ntruder scena r i o  wi l l  not occur.  Howeve r ,  to a s s e s s  potent i a l  env i ro nmenta l i mpacts so 
that the DOE dec i s i on-maker has f u l l knowl edge of  the potent i a l  consequences  of the l ong
term management dec i s i o n ,  the res i de nt- i ntruder scena r i o  was ana lyzed .  Th i s  scenar io  i s  
based  on several  conservat i ve as s umpt i on s , i nc l u d i n g :  ( 1 )  both the 3-m ( 10 - f t )  earthen 
cover ( wh i c h i nc l udes a 0 . 9-m [ 3- ft ]  r i prap i ntrus i on barr i er)  and the approx i mate l y  3-m 
( 10 - f t )  l ayer of  wastes ove r l y i ng the res i dues at NFSS  a re e i ther comp l ete ly  eroded or have 
been removed , and ( 2 )  the i ntruder ' s  house i s  constructed exact l y  over the re s i dues  (wh i c h  
i s  o n l y  a sma l l part o f  the conta i nment area ) . Because  o f  the extreme l y  h i gh doses that are 
p red i cted , DOE further cons  i dered mod i fi cat i o n s  to the conta i nment  des i gns a s  we 1 1  as 
comp l ete l y  d i fferent des i g n  concepts-- some o f  wh i c h  m i ght  reduce the l i ke l i hood of the 
re s i dent- i ntruder scenar io  or reduce the i mpact to s uc h  an  i ntruder ( Appe n d i x  C ,  S ec t i o n  C . 3 ) .  
A n  add i t i o n a l  barr i e r  over the res i dues i s  be i ng cons i dered ( To p i c a l  Response  1 ) .  The 
potent i a l  re s i dent- i ntruder i mpact- - a s  we l l  a s  a l l other i mpacts ( sho rt- term and  l ong- term) , 
costs , and  other factors--wi l l  be ta ken i nto cons i derat i o n  i n  ma k i ng the dec i s i o n .  

T h e  re ferenced document , whose  scope was restri cted t o  t h e  i nter i m  hand l i ng of t h e  K-65 
res i dues , conc l uded that th i s  i nte r i m  act i o n  wou l d  not marked l y  a f fect or e f fect i v e l y  
p rec l ude f rom f urther cons i derat i o n  the a l ternat i ves  f o r  l o ng-term management o f  the K- 65 
re s i dues . The state o f  New York has been reg u l ar ly  i nfo rmed about the i nt e r i m  remed i a l  
acti ons , the resu l ts o f  e n v i ronme nta l ana lyses  o f  the i nte r i m  remed i a l  act i o n s , and the 
reasons  for the i nte r i m  remed i a l  ac t i o n s  ( see Response  NYDEC- 10 ) .  I n  keep i ng w i th CEQ 
reg u l a t i o n s  a nd hav i ng a l ready stud i ed and performed the maj o r i ty of the i nt e r i m  remed i a l 
acti ons  at the s i te ,  DOE i s  now foc us i ng o n  l ong- term manageme nt  of the NFSS  was tes and  
res i dues  because  th i s  i s  the i s sue  that i s  " r i pe "  for a dec i s i on  at th i s  t i m e .  

P l an n i ng a n d  ana lys i s  t o  s upport DOE o dec i s i on-ma k i n g  for  t h e  Fern a l d re s i dues has recent l y  
begu n .  Howe v e r ,  D O E  does n o t  s e e  a ny reason  for treat i ng t h e  Fern a l d a n d  N F S S  res i dues 
togethe r .  DOE be l i eves  that the mo s t  reasonab l e  a l terna t i ve for management of the Ferna l d  
re s i dues  and  a l l the other contami nated mate ri a l s a t  Ferna l d  i s  i ndependent o f  what i s  the 
most reasonab l e  a l tern a t i v e  for the NFSS  res i due s .  
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Kr. S. Woodbury -2- 11/2/94  

NYOH-2  l NEPA review for �he .ct ione now in proqre H G  . t  NFSS i 

NYOH-3  T�ur thlY , our concern t h a t  OO E  may a e R k  t o  di lute the K-6S re a i d u e l  
muat b e  men� i oned again . DoSe R t o  t h e  inadvertent i n t ruder wo u l d  be 
.v�� g re a t e r  than thoee obt a i n e d  1n the nEl S  (wh i ch even now are unac
cept �lY qrea�)  Ahou l d  h e  encounter only t h e  K·65 re s i due 8 .  B u t  through
out the OtI S ,  d i epccal a l t erna t iv 6 8  a re eva lu a ted on the b a l i s  of having 
a l l  re sidue s a 8  a . ingle un i t .  Does such on apFruach tc dOle a s s e s sment 
indicate that OCE plans eventua l ly to blend the r e e idue s ?  

En c l . 

Thank you for your conside rate at�ention to the se oue s t ions . 

S i ncere l y , 

� \�\ .� 
• \ John H .  Mat.u sz:elt , Fh . D  • 

..; Di rector 
Redi olog i c a l  S C i e n C p. 8  I�boratory 
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I t  i s  not a s s umed i n  the E I S  that the K-65 re s i dues are d i l uted , and DOE does not i ntend to 
b l end the res i dues . For  the e s t i mates of radon emi ss i o n s , transpo rta t i o n  i mpacts ( e . g . , the 
need for pac kag i ng and s h i e l d i ng ) , and doses to wo rkers , i t  i s  spec i f i ca l l y  a s s umed that the 
K-65 res i dues a re d i s t i nct and separate f rom a l l othe r res i dues and was te s .  As d i scus sed i n  
Top i ca l  Respo nse  1 and NYDEC- ll , a reasonably cons ervat i ve i ntrus i o n sce nar i o  was ana lyzed . 
Because o f  the u nacceptab l e  i mpact that wou l d  occ u r  i f  someone i ntruded i nto the re s i dues 
(or uran i um m i l l  ta i l i ng s ) , perpetual  co ntro l of  s uc h  s i tes  is  a nec ess i ty .  ( See a l so 
Responses  NYDEC- l l ,  NYDH- l . ) 
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REv r EIol or I>ROrOSEO ALTERNATIVES 1"01'1 Ol!;POSAl. or m'SS RESI DUES 

A review oC re cen t and pr opo sed r e q u l atory ac t i on 8  IhowA that the U . S .  
�partment o f  Energy (DOE) h • •  not per formed an adeqllatQ evn l uDt ion o f  a l t ern 
at ive d i .po.al op t ion. for a l l  the r e s i d u e s  at NFSS . In a�di tion to the 

de f i ci�c ie s found from a req u l a tory . t andpoi n t , DOE has f a i led to inclu�e a s  

di sposal al ternative s  for th. K-65 resi due .  a t  NFSS .ny con l iderat ion of i t .  
developing plan. t o  decommi s s ion the OOt f a c i l i t i e s  a t  Fern � l d , Ohio vhere 

the bulk of the K-65 resid�e s are .tor ed . The two i l sue s are d i s cu s eed be l ow  
in lIIore detai l .  

A l t.e�X� O i so o n l  Opt ion l for R'� 
A l t hough ne� U . S .  Nu cle ar Regulatory Comrni s s i n� (NRC) regulation • .  l�R 

P a r t  61 , for di spoul o f  low-level was t, .  g e n e r a  t e d  b�' N R C  l j  cen s e e l are n o t  

binding on DOE , t h e y  wi l l  be u se d e x teneively n at i onwi de t o  lIIe e t  t h e  req u i r e 

ment. o f  the Lo�-Level Waste Policy Act o f  195 0 .  Thul , a l l  thr ee of the 

r e c ipient Itates con sidered 1n the OEIS are likely t o  e va lu a t e OOt ' e  di lpo sa l 
planl in the con te x t o C  NRC ' . r.q � l a t 1 on l .  

The NRC req� i r e s  t hat a l l  rad i oact i ve waste o t her than hiqh- l eve � wa . t e  
(which must b e  di �posed in a deep qcolo� i c  repository) be c l ass i f i e d i n t o  one 

.o f  five cat!!gor i e l  -- " n on-radit>ac � ive" , Cl a s s e s A. B, or e ,  and " q re a t e r - thAn

Cl a n  Cft • Furthennoz: e .  the NRC considers i n app l i c able the use of d i lut.ion as 

a mechan ism for a ch i evi n g a lower c l a s s i f i c a t i on f o r  ca t ego r i zed wa I t e s . The 
NRC regulation' do not at th i s  time c�n t a 1 n  reference to 2 2 6�a , the predom i n a n t  
rad i o l og i cal haz: srd i n  the NFSS r e s idue s . hu t .uch a r e ference i s  be i ng dev e lope� 

in response t o  nUlllerOU8 z: eque s t s  from the Ii t a te S .  

Applying the c l a s s i f i ca t ion .ys tem i n  locrR P a r t  61 , the �-nS r e s i du e s  a t  

NFSS would be " g reater-than-C l a s s  C "  was t e , whi le the L- J O  and L-sn resid�e. 
wou ld be Cla s » C wll ste . As " g r e a ter-than-C l ll s s  eM va 5te . the �-6S re s i�ue s 

requ ire g r e A t e r -con fineme n t  d i spo s A l  and to not aooe a r  to be a cceP ta�1 e fur 
shal lnw-la nd bur i a l  o r  above-ground d i sposal , t h e  on ly a lt e rnat i ve s eva l u a ted 

in the OE1 S .  Even the L- J O  and L- 50 T�'itbes wou l d  he ir..pre>r"! r l y  pOIckll:rr.-:\ i f  

d i spos ed under the a ltern b ti ve l  proposed in the D� ! S .  
The refore , we be l ieve that � o f  the rermllnent d i 8� 5a l a l te r n a t iv e s  con 

aid.red i n the OtI S  .d � qu a te ly add r e . s e s  d i sousa� of the r e s i due s .  elPe c i a l l y  

the K-65 r e l i �ue . .  Furthermore . the S t a te con 5 ider� inaooropr iate any i n t e � im 

storage method. whi ch wi l l  d i lute any of the r e s id u e 3  to II lowe r class i f i c a t i on .  

OOE ' ,  U S e  in the Ot I S  o f  blended re s i due. a .  a SO\lrce term for d o s e  a 5 5e � gme:lt 

h. ightenl our con c !!rn that DOE i s  p l � nn i n9 to u s .  d i l u t i on to red uce i t s  
obl i gat ion s .  
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In s ubseque n t  corre s pondence , the New York Department  of Hea l th i nd i c ated that :  
"A l though the waste c l a s s i f i ca t i on system o f  1 0  C F R  6 1  does n o t  i nc l ude Ra- 226 , adv i c e  
o f  the USNRC f o r  comment on that rad i onuc l i de h a s  been sought . T h e  USNRC h a s  a s s u red 
that the amended 10 C F R  61 wi l l  i nc l ude reference to Ra- 226 . DOE has pre v i o u s l y  been 
prov i ded the res u l ts  o f  NRC ' s  recommended method of  c l as s i f i cati on o f  Ra-226 unti l 
amended 10 C FR61 i s  pub l i shed .  I t  appears that DOE has c hosen  to i gnore that ear l i e r 
correspondence . . . .  DOE appears to have c reated a d i chotomy when we compare th i s  commen:  
[ USEPA Response  2 9 J  to  that  [ DOE ' s  draft  respo n s e J  for NYDH-4 . . . .  I n  NYDH- 4 ,  DOE does 
not c hoose to use  10 C FR61 (wh i c h  does app l y  to byp roduct mater i a l ) but here dec i de s  to 
not u s e  RCRA , because NFSS wastes are byp roduct mater i a l . I n  a response to ear l i e r 
comments by NYDH staf f ,  DOE s tated that ' NRC does not have the autho ri ty to reg u l ate 
Rad i um-226 ' .  NYHD staff i s  under the i mpres s i on that NRC does i ndeed reg u l ate byproduct 
mate r i a l . NYDH staff does not be l i eve that DOE can have it both ways . "  

DOE i s  us i ng the EPA urani um m i l l  tai l i ngs  regu l at i o n s  ( 4 0  C F R  192 )  as  gu i dance i n  m a k i n g  a 
dec i s i o n  regard i ng l o ng-term management o f  the NFSS  wastes  and res i du e s . The  l ow- l ev e l  
waste regu l a t i o n s  ( 10 C F R  6 1 )  d o  n o t  pro v i de g u i dance for management of  t h e  N F S S  wastes and 
res i dues . Regu l at i o n  10 CFR 61 does not app l y  to byp roduct mate r i a l . 

See deta i l ed d i sc u s s i on of other a l ternat i ve s  i n  Top i ca l  Respo nse  1 .  DOE has not stated 
that i t  wi l l  d i l ute the res i dues and does not i ntend to do so . 
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The S t Ate ' .  po l i tion on this quest ion appears �o be bol ste �ed by our under

,tanding that the U . S .  Envi ronmental Prut ect ion �qency (EPA) , under i t s broad 

Conqre 8 .ion a l  mandate for settinq app l icable envi ronme n t a l  sta ndard • •  inte nd s 

within the next year to promu lgate standard. for l ow-level rad i oa c t ive waIte 

� i lposal ( 4 0CFR Part 19 3 ) . The new EPA s tanda rds a r �  likely to app l y  to 

natura�ly-occurrinq and accel e rator-produced radioact ive � t erial l  (N�RM) a8 

�ell a. to NRC- l icenled low-level wa s te in much the ssme way a s  do both the 

Ixistinq and forthcominq NRC re gul ati ons . 

Fa ilure by DOE to include a comparab l e  waAte c l a .s i f i cat ion sys tem in 

Order 582 0 . 2  invalidates the d i spo sal a l te rnative . pre sented in the PEl S .  

Origin and P i SP-e8 a l  ot X-65 �e s ! dues 
NYDH-7 The X·65 re s idue l at NFSS were n2! qenerated by Manha t t a n  Enqin.erin9 

NYDH-8 

NYDH-9 

Divi s ion programs in New York . I n ltead , they were sh ipped from Mal l i nkrodt 

Chemical Company operat ions in S t .  Loui . , Mo. and e re only a sma l l  frac t i on 

of the total &�unt 0: X-6S res idues now in storag e .  �he �u l k  o f  the K-65 
residu. s are now stored A t  OOt ' s  Fernald ,  Ohi o  site (749 Ci of 2 ' 6

Ra in 

3 . 891 tons of r e s idues at NFSS and 1 , 65 2  C !  in 9 . 690 ton. at Ferna ld ) . W. 
under.tand that OOE intend. t o  decommi s. i on the Fe rnald site i n  t h e  nea r !ut u r€ . 

OOE chose to t ran 8 fer and stab i l i ze the K-65 r l s i due. It NFSS on t he b a � i s  

of a n  in te rnal evalua t i o n  report r ather than i nc luding those opera t i o n s  i n  the 

PEl S .  The con f i guration o f  the �-65 re . i d�e� once the i n terim storage op� ra

tion .  i8 complete severely a f flct' the fut�re c on s i de r a t i ons o f  d i sposal al

ternat ive ; . F o r  e x ample , o n c e  t h e  �-6S r e s idue s a r e  i n  Bui lding 4 1 1 .  among and 

under the other resi�ue8 and WaGte l , the l ik e l ihood i s  greatly d i m i n i shed tha t 

they might be tre at ed an� d i spo sed wi th the i r  . i G t e r  wa s t e s  at Ferna l d . 

ThU G , the Sta�e beli eves that the alternatives cons i derod in the OrIS for 

d i spea al of �he X-65 r l sid�IS at NTSS have been imprope r ly _elected by DOE . 
The f i ecAl costG and rad i a t i on r i sk. of the d i sposal a l t � r n l t i ves in �he OtI S  
are cri t ically i n fluenced by �he opt i on s e le c � e d  for i n t � r im . t o�ag e . y � t  the 

.torage options were not �ad� 8 part of t he NEP� proce , a .  The f i sca l cos t l 

and rad i at ion risks of the d i .00&a1 a lterna t i ve s  f o r  NFSS r e s i dues wi l l  be 

�a rk�dly _ f l e eted by the d i sposal method s e l e c t.ed for the K-6S wastes � l  
Fernald , b�t sueh a eon s i�e r ation may b e  pro.c: ibe� by the torm i n  wh i ch the 

K-6 5  res idues . r e  st ored At NFSS -- agA i n  a proce s s  wh i c h  vio l a t e s the spi r i t . 

i t  not the lette r .  of the NEFA proce ss . 
The State reque � t .  that DOE w 1 th� ra� from i t '  o l ans for t emporary entomb

ment the �-65 re . 1 �ues at NrSS , at least unt i l  i t  ccmF l e � e s  it. p l a n s  for t he 
�-65 residues At Ferna l d . 
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DOE is  us i ng the m i l l  tai l i ngs regu l at i ons  (40  CFR  192 )  as g u i dance i n  dec i d i ng how to 
manage the NFSS  was tes  and res i d ues  for the l ong term . The E PA ' s ru l es on l ow- l ev e l  rad i o 
ac t i ve wastes ( 40 CFR  193 )  have n o t  y e t  b e e n  proposed .  Whe n  s tandards are prom u l gated , DOE 
wi l l  rev i ew the poss i b l e app l i cabi l i ty to the NFSS  wa stes and res i dues . DOE Order 5820 . 2 i s  
not the s ubject o f  th i s  E I S  o r  th i s  dec i s i o n .  ( See a l so Response NYDH- 1 . ) 

The re s i dues at both NFSS  and Ferna l d  were generated as a re s u l t of s upport for the nati o n a l  
w a r  e f fort.  As  noted in  Response NYDH- 2 .  DO E cons  i ders any future dec i s ions  about the 
Ferna l d  s i te to be i ndependent of  the dec i s i on about the NFSS  s i te .  DOE does not yet have 
a ny def i n i te p l ans  o r  p ropo sa l s for the Ferna l d  s i te . ( See a l so Response NYDH- 2 ,  - 9 . ) 

I n  subsequent corresponde nc e ,  the New York Department of Hea l th i nd i cated that :  
" he re ,  and in  other parts  o f  the DOE document . reference i s  made to how DOE  has  
' rout i n e l y  i n fo rmed ' state agenc i e s  ' about the i nte r i m  remed i a l acti on ' .  DOE fai l s  to 
note that the State has objected each t i me to DOE ' s  p l ans  for  the i nter i m  remed i a l  
acti on , and that DOE has chosen  to i g nore the state ' s  protests  t o  i nte r i m  remed i a l  
storage . "  

As d i scussed i n  Response NYDH- 2 ,  DOE conc l uded that the i nt e r i m  hand l i ng of  the K-65 re s i due�  
wou l d  not marked ly  a f fect or e ffect i ve l y  p re c l ude f rom future con s i derat i o n  opti o n s  for the  
l ong- term management of  the  K-65  re s i dues . When  DOE  makes  a dec i s i on regard i ng the l ong
term d i spo s i t i on of  the NFSS  K-65 res i dues , the Record of  Dec i s i on wi l l  note the factors , 
i nc l ud i ng c o n s i derat i o n  of the pote n t i a l  e nv i ronmental i mpacts de l i neated i n  th i s  E I S ,  that 
l ed to the dec i s i o n .  The New York Department of  Heal th has  been rout i ne l y  i n fo rmed abou t  
the i nte r i m  remed i a l  act i o n s .  

See Respon ses  NYDH- 2 a n d  - 8  a n d  NYDEC-13 .  

I n  s ub sequent corresponde nc e ,  the  New York  Department  of  Hea l th i nd i cated that :  
"A [ NYDH ] s taff  member who s e rves o n  a Nat i on a l  Academy of  S c i ence Pane l study i n g  
b u r i a l  prac t i ce s  a t  O a k  R i dge Nati ona l  Laboratory has had occ a s i o n  t o  rev i ew t h e  data 
conc e rn i ng hydrof racture expe r i ments at ORN L .  He s tates that there i s  noth i ng i n  the 
re s u l ts of  those tests wh i ch wou l d  cause  the degree of  a l arm towa rds hydro f racture that 
DOE seems to project i n  i t s  comme n t s .  The adv ice  of  three geohydro l og i sts  who were 
pane l members has been sough t ,  but further comment can o n l y  be made after the NAS 
report has been submi tted to DOE . . . .  ' "  

See Top i ca l  Response 1 .  
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Septembe r 1 4 ,  1 9 84 

Mr .  Lowe l l  Campbel l ,  Deputy Di re c t o r  
Techn i c a l  S e r v i c e s  Div i s i on 
U . S .  Department of Ene rgy 
Oak Ri dge Ope r a t ions 
P . O .  Box E 
Oak Ridge , Tenne s see 3 7 831 

Dear Mr . Campbe l l : 
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BOSSIE W. SOLE}:' c ••. ,... • •  
ROSA LD L. PERRl"  
JA.HES A .  SA CCO 

J.,vu/atll� R'JI"" .,.'lIftt ..... 
JOSEPH S. L'RSO £��,...tl1� l.JIt"rLo� 
(716) loSS,57f1 

The N i a gara County Envi ronme n t a l  Management Coun c i l  h a s  reviewed the Draft Envi ron
ment al Imp act S t a tement for the De p a r tment of Ene r gy ' s  Ni agara Fal l s  S t o rage S i t e  
and provides t h e  f o l l o�in g  comments , wh i c h  we would l ike t o  present a t  t h e  Pub l i c  
Hear i n g  - Septemb e r  1 9 th ,  1 9 84 , 7 : 30 p . m . in Lewi s t o n .  

We s upport alternat ive 4 c  f or the l on g-term managemen t  o f  t h e  e x i s t i n g  radioact ive 
wastes and r e s i d ue s at the Ni agara Fal l s  S t orage S i t e , wh i ch i s  in s u p p o r t  of the 
Toloffi o f  Le\o'is ton ' s  pos i t i on . Howeve r ,  in reviewing the re p o r t  we quest ion why a 
comb i n a t i on o f  the a l t e rnat ives cannot be u t i l i zed in a t t a i n i n g  the management 
obj e c t ives . We s u g ge s t  that the p r o c e s s i n g  t o  e x t r a c t  v a l uable con s t i t uents f rom 
the was t e s  and r e s i dues by phy s i ca l  and chemi c a l  mod i f i c at ion ( Al t e rn a t ive 2 b )  b e  
ut i l iz e d  i n  combinat i on w i t h  Alternat ive 4 c  t o  reduce t h e  amoun t o f  ma t e r i a l  t o  be 
t rans ported o f f  s i t e , thus minimi z i n g  p o t en t i a l  t rans po r t a t ion p r ob l ems . 

We have a concern that t h e  e s t imates o f  d e a t hs and inj u r i e s  resul t ing f rom t r an s 
porta t i on a n d  c on s t r uc t i on a c c i d e n t s  are mi s l ead ing . Thp.se f i gures are derived 
from gene ral a c c i dent s t a t i s t i cs f or the U n i t e d  S t a t e s ,  n o t  d a t a  on ra d i o a c t ive 
mat e r i a l s /was te t r ans p o r t a t i on and cons t ru c t ion whi ch shou l d  be re a d i l y  ava i l ab l e , 
We b e l i e ve that w i t h  the implementation of a s o un d  c o n s t r u c t i on and t r an s p o r t at ion 
p l an inclus i ve of e x t ra p re c aut i on s  and sa fety measures , that the a c c i de n t  
s t a t i s t i cs a t t ributed t o  d i r e c t l y  working w i t h  t he r a d i o a c t i ve waste w i l l  be muc h  
l ower than e s t imate d .  

S1n,. ,.', . � 
�o€f:Ch"� 
N i agara County Envi ronme n t a l  Management Council 

c c :  James Lomb a r d i , Toloffi o f  Lewis ton Supe rvisor 

DlmC 

R i chard Shanley ,  Ni agara Coun t y  Le g i s l a to r ,  Ch a i rman  
Rona l d  P e r ry , Ni agara Coun t y  Le gi sl a t o r  
Jame s Sacco , Ni agara County Le gi s l a t o r  
Le e  S imonson , Niagara Co u n t y  Le gi sl a t o r  
Phi l o  Brooks , N i a g a r a  Coun t y  Le gi s l a to r  
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NCEMC - l  S upport f o r  Al ternat i ve 4c i s  noted.  Th i s  comment , a l ong wi th t h o s e  from o t h e r  commente r s , 
was taken i nto cons i derat i o n  i n  determ i n i ng the preferred a l ternat i ve .  

N C EMC- 2  I f  management at another s i te were prefe rred , the suggested proce s s i ng o f  the res i dues p r i o r  
t o  s h i pment cou l d  reasonab ly  b e  c o n s i dered . A n  eng i neeri ng  a s s e s sment o f  th i s  opt i on c a n  be 
found i n  a repo rt o f  Bechte l Nat i ona l ( 1984 ) . The env ironmenta l i mpacts dur i ng the act ion  
period  are expected to  be s i m i l ar to those  for  Al ternat i ve 2 b .  D u r i n g  t h e  l ong- term peri od , 
i mpacts at the Hanford s i te wou l d  be reduced to the extent that s o l i d i f i cati on o f  the 
res i dues wou l d  res u l t i n  reduced radon em i s s i on s .  At the Oak R i dge s i te ,  i mpacts are 
expected to be s i m i l ar to those for Al terna t i ve 4c because the overal l radon em i ss i on from 
the conta i nme nt area wou l d  not be app rec i ab l y  a ffected , i f  at a l l .  Such  a comb i nati o n  
a l ternat i ve wou l d  b e  more cost ly  than 4 c  a n d  t h e  " va l uab l e  const i tuents "  m i ght  b e  worth l es s  
( as i n  Al ternat i ve 2b)  i f  res i d u a l  rad i oac t i v i ty pre c l uded sa l e  o f  the recovered materi a l s  
( Sec t i o n  C . 2 . 1 . 2 ) .  ( See a l so Responses  KADR- l ,  RAUCH- 7 . ) 

NCEMC-3 For  the a l ternat i ve s  i nv o l v i ng transport of both the N F SS wa�tes and res i dues  ( A l terna
t i ves  3a , 3 b ,  4b , and 4d ) ,  i t  is b e l i eved that the transport i nj u ry and death rates are 
fa i r ly  acc urate becau s e  the wastes  account for 90% o f  the transporta t i o n  and wou l d  be tran s
ported a s  nonrad i oacti ve mate r i a l  i n  b u l k form s i m i l a r to con struct i o n  materi a l s .  For those 
a l ternati ves  i nvo l v i ng t ransport o f  the res i dues on l y  ( A l ternat i ves  4a and 4c ) ,  extra 
precau t i o n s  taken because of the radi oact i ve nature of the res i dues cou l d  pos s i b ly reduce 
the death and i nj u ry rat e s .  Howeve r ,  data are l ac k i ng  to pred i ct what perce ntage reduct i on 
i n  deaths and i nj ur i e s  m i ght occ ur .  ( See a l so Responses  USDO I - 7 ;  VCE - l , - 2 ;  WOES- I ;  WEFS- 5 . ) 
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""" . L owe  U f.  Ca.mpbe.U . Ve.pu.4 V.i-\e.ctoJt 
Ti!chn .i..ca.l SeJlv(eu V.iv.u..ion 
v� Ridge OpeJtat,on� O £ 6 .ice 
VepaAtment 06 EneJIgy 
Po�t 06 6 .ice Bo� E 
Oak Ridge. , Te.nn�e.e 3 7' 3 1  

Oe.a.Jt """ . Campbell : 

SeptembeJI 4 .  1 9H 

FRANCIS J. CLIFFORD, IJ.D Comm,uiovr 

GEORGE J. "'EEDLE Pvbl .. H.oJth Adm .... 'trclto! 17161 +JHI2J 

JOHN A .  KEHOE A .. ';'tant Comm,uwmn I7J�J £fU,·Jl77 

Tf1£. lJ.wga.Jta Cou.ntlj B OCVld 06 Hea..lth ha.4 uce..ived a.nd d.u.ClJM.e.d a.-t leng th ,  the 
VJta 6 t  Env.tJtoll17lenW Impact Sta.te.ment; L ong TeJlm Ma.n.a.ge.me.nt 0 6  the. h .v...t.U1g 
RA.ch..oact.i.Ve !/Jute. a.nd Ruiduu a.-t tf1£. lJ .wgaJLa. fall.6 St.oJta.ge. S.(.te. . do.te.d 
Augu..6t 1 9H .  

I d e..a.ll y ,  a.nd pit e. 6 eJI ably , al te.Jt na. t.i. ve 3 -0.; Jt e.mo val 0 6 aU. Jt u id uU a.nd 
IUUtu will long te..vn 17IIlJW.9e.me.nt a.-t Ha.n 6 oJt d .  wuh.ingt.on. would be. c a/LJI .i.£.d out. 
The B OCVld 06  Health , Jte.l1 .u .ing tha.-t tJU,� .u. .6i.Jnply not e. conom-i..c.a.lly plta.ct.i..c.a1 , 
.6tJtongly UAgU tha.-t o.lte.Jtn.a.Uve 4 - c. :  " 0 6 6  .6.(.te. .6toJta.ge 0 6  Jtuiduu at Oak Ridge. , 
Tenn�ee , long te.Jtm ma.nage.ment 06 IUUte. o..t lJ.wga.Jta. fo.U.J.. St.oJta.ge. S.(.te." be. 
d u.i 9 na.,.t.ed by V. 0 • E o  u the. long t£..tm I7IIlJW.9 e.meA.t pit 0 gJta.m 6 0Jt the. Jt a.d .i.oa..cU. ve. 
Jt U id uU a.nd �tu a..t the. IJ .ta.ga.Jta f a.l.l.6 St.oJta. ge. S.(.te. . 

wah OUA Jt ecogn.ue.d \lut a.mounU 0 6  .bt.du..6tJt.ta1 �tu . the. not.oJt.to1U 
Love Ca.na1 , a.nd the. Lake. Onta.Jt.io OJtd .inance. wOJt� , now c.a.Ue.d the. lJ.wga.Jta. fo.1.l4 
StcJta.ge S.(.te. , I4.e .u: ,lJ.wgMa. Ccu.'1.tlj #tAlIe. M.d 6M mOJte. than OUA .!IhCVle. o� e.colog.i.c. a.nd e.nv.tJt ortrnenW .&wu1.v.. . The Boa.Jtd una..ni.Jnou..6ly 6e.e..l.6 that du�na..ti.on a.nd 
.im pi e.me.n ta.t.i.on 06  o.l te.Jt na.ti ve 4 -c. .u. .im pe.lU1ti ve • 

· VeJlY lJIu.lJj !{OUA.6 .  �&..2- , ., ,'" � ':?. 4 6 

Pa..tJt .ic.w M. Powell 
Pu.b l.i.c H e.aU.h O.i-\ e.c. t.oJt ; 
Se. c.uta..-t y .  B oa.Jtd 06 He.a1th 
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Preference  for A l terna t i ve 3a and recommenda t i o n  for A l ternat i ve 4c a re note d .  T h i s  comme nt , 
a l ong  w i th those from other commenters , was taken i nto cons i de rat i o n  i n  determ i n i ng the 
p refe rred a l ternati ve . 

Op i n i o n  i s  note d .  DOE wi l l  cons i de r  i t  i n  ma k i ng a dec i s i o n .  
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N I AG A RA C O UN T Y  LE G I SLATURE  

F RO M :  PUE :, r C  If"...ALTH cor·r!lTI'EE DAT E : SEPT .  04 , 1984 
R E S O L UT I ON ' 3 5 J - E  ------------------------------------

A P P R O V E D  A S  T O  F O RM 
N IA G A RA C O . A T T O R N E Y  

L E G I S LAT I V E  A C T I O N 
A p p r o v e d :  Ay e .  No e .  � COMMI T'I'U ACTION 

�H ' ?· �'3.· �if 
R e j e c t e d : Ay e .::: N o e .  

B y  ____________________ __ Re f e r r e d : __________________ __ 

NCPHC- l [ 

�rlE?EA S ,  the Uni t e d  States Department o f  Energy has r e l e a s e d  a 
dra�t Env i ronmental Impac t  Statement regard ing the l ong t e �  manage�ent 
of e x i s t i n£ vastes and res i dues s t ored at the Ni agara Fall s  Storage S i t e  
( oche,J i s e  knovn as t h e  Lake Ontari o Ord i nance Works ) l oc at e d  i n  the To.n 
o� Le� i s t on . a n d  

WHEREAS , several al t ernat ives vere presented i n  t h i s  state�ent , 
rang i ng froe t aking "no a c t i on" to compl ete re�oval of the vas t e s , and 

\.IHE.'<EAS , it appe e.rs that the altern at ive knovn as " 4 c "  o ffers 
a reas onable and acc eptable s olut i o n  to the vas t e  s t o rage probler. pres ently 
exi s t i ng at the N i agara Fall s Storage S i t e , s i n c e  it pro?o s e s  t o  re�ove the 
cos t toxi c resi dues from t h e  S i t e  �hi l e  s a fely c overing and mai ntai n i ng the 
re",�i n i ng vas t e s  at t h e  S i t e , nov , therefore , be i t  

R�S8�VED . t hat upon cons i dering the healt h and econoei c i �p l i c � t i o n s  
o f  e a c h  al ternative pres ent ed i n  the DOE draft Envi ronmental Impact Statecent , 
tt.e fi i a€ ara Co�'ty Leg i slat ure fo�ally s upport s t h e  adopt i o n  o f  A l ternat ive 
" � c " , and be it further 

R ESOLVED , that the Ni agara County Leg i s l at ure state i t s  pos i t i on ac 
the p�b l i c  hearing t o  be h e l d  on September 19 , 1984 , at 7 : 30 p . m . , at the 
Levi s t on-Porter Senior H i g h  School , and be it further 

RESOLVED , that the N i agara County Legi s l ature s e ek a v i de and united 
e ffort in  i � i n i n g  approval for Alt e rnative " 4 c "  and respe c t fully urges 
parti c i pat i on at the hearing in s u�port o f  A l t ernat ive " 4 c "  by U. S .  Senators 
!�oy n i han and D ' AJr.ato , Congre s st::an LaFal c e ,  Stat e  Senator Daly , A s s emblymen 
P i l l i  tterp. and Burphy . t he Tovn of Port e r ,  the Levi s t on-Porter Board o f  
Educat i on , United Stat e s  an d  Cana d i an envi ro��ental group s  and a l l  other 
i nterested part i es , and be i t  further 

RESOLVED , t hat copi e s  o f  t h i s resolution be s ent t o  a l l  o f  the abo':e 
ment i onp.d part i es , other interested part i e s  vho� the C l e rk of the Leg i s l at ur e  
feels s h o ul d  b e  advi s e d  o f  lame , t h e  Pre s i dent o f  t h e  Uni t e d  S t ates , the 
Secretary o f  Energy a�d to t h e  Tovn o f  Levi s t o n ,  llev York . 

I.o . pah 
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Support for  A l terna t i v e  4c i s  noted . Th i s  commen t ,  a l o n g  with those f rom other  commente rs , 
was taken i nto cons i derat i on i n  determ i n i ng the p referred  a l ternat i ve .  
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ASSEMBLYMAN JOSEPH T .  P I LLI TTERI 

S TATE f"nlT G I VEN BEFORE TH E DEPARTME NT OF E NE RGY REGAR8 I NG 

THE D RAFT E NVI  RONME NTAL S TATEMErn o n  TH E �l I AGARA FALLS 

S TO RAGE S I T L  

SEPTEMB E R  19 1 1984 
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THANK YOU FOR TH I S  OPPORTUN I TY TO SPEAK AT TH I S  P UBL I C  H EA P I NG  

RE GA RD I NG LONG-TE RM MANAGEMENT OF  E XI S T I NG PAD I OACT I V: WASTE S TO RED 

AT THE FORME R L . O . O . W .  S I TE O N  BALME R ROAD I N  LEW I S TON . 

I N  I TS AUGUST 19 84)  DRAFT E NVI RONME �TAL I �PACT STATE MENT) THE 

D . O . E .  P ROPOSED N UIE  ALTERNATI VES FOR LO�l G -TERM MNlAGEME NT OF Ti lE  S I TE .  

THE ALTERNATI VES RANGED F ROM NO  ACTI O N )  T0 THE TOTAL REMOVAL OF  

THE  RAD I O -ACTI VE WASTES AND  RES I DUES . 

THE LEW I S TON  Tmm BOARD AND TH E N I AGI\RA COUNTY LEG I S LATURE A ND 

COUNTY DEPA RTMENT OF HEALTH HAVE EACH RECOMME NDED TH AT ALTE RNAT I VE 4 -C 

BE H1PLEMENTED . 

I WOULD L I KE TO OFFER MY POS I T I O N REGA RD I NG TH I S  CH O I CE .  

I N  P REVI OUS TES T I MONY) ml A NUMBER OF  OCCAS I ONS BEFORE THE U� I TED 

S TATE DEPA RTME NT OF E NERGYJ THE U N I TED S TATES ENV I RO NMENTAL P ROTECT I ON 

AGENCY AND THE NEW YORK STATE DEPARTME NT OF E NVI  RO Nr.ENTAL CONSE P.VAT I O �t 

I HAVE CONS I S TE NTLY RE PEATED MY S UP PO RT FO R TH E TOTAL CLEA'!-QP  OF THE 

L . O . O . W .  S I TE AND TH E COroP LETE REMOVAL OF  ALL CON TAMI NATE D ",ATE RI ALS . 

TH I S  POS I T I ON I H AVE E f1.s ED UPON TH E P ROXI M I l'  OF THE S I TE TO THE 

LEW I S TO N  -PO RTE R CENTRAL S CHOOLJ  RES I DE NT I AL A REAS ) 4 J 6  & 12 M I LE · 

C REEKS ) TH E tH AGAPA RI VE R  AND WE GREAT LAKES HATERSH ED . 

I T  I S  CLEAR THAT TH I S  S I TE SHOULD NE VE P  H AVE BEEN CHOSEN  FOR TH E 

S TOPJIGE OF  RAD I O-ACTI VE MATE RI ALS I N  THE F I RST  PLACE . 
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PAGE 2 .  

H OWEVE R REALI Z I NG TH E D . O . E .  W I LL P I CK ON A COST B AS I S  RATYE R.  

THAN TH E MOS T ENVI RONMENTALLY SOUND BAS I S I · TH E LEW I S TON TOWN BOARDI 

AND THE N I AGARA COUNTY LEG I S LATU RE H AVE SOUGH T  MY S UPPORT FOR ALTE R

NAT I VE 4 - C . 

TH I S  ALTERNAT I VE WOULD REMOVE 99% O F  TH E MOS T RAD I OACT I VE 

RES I DUES TO OAK R I DGE AND HOPEFULLY END 40 YEARS OF FEDE RAL GOVE RNMENT 

NEGLE CT .  

P I L L I - l  I N ADD I T I ON TO  TH E ABOVE MENT I O NED REASONS THE  FEDE RAL GOVE RNME NT ' S  

4 0  YEARS O F  M I SriANAGEME NT O F  TH E S I TE LEAVES ME L I  TTLE CON F I  DE N CE I N  

ANY P P.OPOSALS PUT FO RTH BY TH E D . O . E . FOR r,ANAG EMENT O F  TH E I R 

FACI L I TY ON A LONG TE RM BAS I S . 

I T  I S  OBVI OUS BY STUDY I NG THE EXAMPLE OF TH E LOOW S I TE THAT 

EXPED I H CY AND E CONOMY WE RE A LWAYS THE P R I N C I PAL DETE RMI NANTS OF T�E 

FE DE RAL RAD I O-ACT I VE WASTE S TO RAGE AND D I S POSAL P ROGRAM . 

AS A RES U LT J  O U R  ENVI RO NME NT H AS CONT I �UED TO S UFFE R .  

I T  I S  MY EXPE CTAT I O NI  THAT TH E D . O . E .  W I LL CH OSE F ROM I TS P ROPOS ALS 

ON A COST-E FFECT I VE BAS I S I RATHER  THAN THE MOST E NVI RO N'1E NTAL S OUND 

BAS I S . 

P I L L I - 2  I N  CONCLUS I ON J  I PERS ONALLY CONT I NUE I N  MY BEL I E F  THAT COMPLETE 

REMQVAL OF ALL RAD I O-ACT I VE WASTES AND RES I DUES IS THE ONLY nES I REABLEI 

E NVI  RONr£NTALLY S OUND ALTERNAT l VE I  H OWEVER TH E LEW I S TO N  TOWN BOARD 

AND TH E N I AGARA COUNTY LE G I S LATURE H AVE G I VE N  TH E I R SUPPORT TO 

ALTE Rr\AT l VE 4 - C . 
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Lack o f  conf i dence i s  note d .  DOE wi l l  take th i s  i nto cons i de rat i on i n  reach i ng a dec i s i on .  

Support f o r  A l ternati ves 3 a  a n d  3 b  i s  noted . T h i s  comme nt , a l ong w i t h  those from other 
commenters , was taken i nto con s i derat i o n  in determ i n i ng the prefe rred a l ternat i ve .  
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PAGE 3 

I MUST ACKNOW LEDGE THE LOCAL JUR I S D I CT I O� OF THESE MUN I C I PAL I T I ES 

I N  TH I S  r�TTE R .  

THANK yOU . . . . . .  . 
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PORT- l 

Nl a g a r a  Coun t y  L � g i s l a t ur� 

CC: '.J :- � h ='.Js� 

L o,kport . N�� York 1 4 0 9 4  

� d r  Co un t y  L � gl s l a t o rs : 
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TOWN of PORTE R 
120 lOCI�T ST. 

YOUNCSTOWN . ... . Y. 14 1 74 

[ In r�f�renc� to R�s o l u t J on ' 3 5 1 - 84 . dop t � d  by t h �  NJ a ga :- a  Co u n t y  L e a J s l a t u r� 

p � r t . J n J n g  t� t h �  L a k �  On t a rJ o OrdJ n a n ce Wo r k s  . n d  s up? or � J n g  t h �  a do p t J on 

cf � l t � rn a t J ve �4c � ,  t h �  Town Bo a r d  of t h �  Town of Port � r  h a s  gone on r � , o r d  

i n  gJ v J n g  J t s f u l l  support t o  t h J S res o l u t i on a t  J t s :- � g u l . r  �ee t J r. g  h�l d on 

Sep t e�b�r 1 0 ,  1 9 84 . 

Very t r u l y yours , 

P,-;;' L .  HU'SON 

TOhN CLERK 

c c :  ';o�n o f  "'J 1 son 

Town of Le�J s t o n """"'" 

VJ 1 J a 9� of You n gs t ��n 

VJ l l . ge of Le�J s t on 
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S upport f o r  A l terna t i ve 4 c  i s  note d .  T h i s  comme nt , a l ong w i t h  those f rom other comme nters , 
was taken i nto con s i de rat i on i n  determ i n i ng the prefe rred a l ternat i ve .  
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RAUCH-2 

RAUCH-3 

RAUCH-4 

Mr . Lowe l l  C am o be l l  
T e chn i c a l  Servi ce s  Di v i s i o n 
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US De p t . o f  Ene rg y ,  Oak R i dge Opera t i on s  
PO Bo ]; E 
O a k  R i dge , Tenn . �7831 
De a r  Deputy Di re c t or C a npbe ! l : 

� 4 5  F. o pk l n s  R o a c  
Wi l l i am s v i l l e ,  N . Y .  1 4 2 21 

9/19/84 

Th e � e  eom.":len t �  c o n c e rn the N i El E;ll ra FRI I s  Sto rl1.ce S i t e  a nc 
the u s e fu l ne s s  o f  t h e  d ra f t  d o cume n t , DOE/EI S-OI 09� , i n  a rri v i nG 
a t  a s c i e n t i fi c a l l y  v a l i d  re s o l u t i o n  o f  t�e i s �ue s i nv o l v e d . I t  
wo u l d  a ppe a r  t h a t  the me re i s s u a n c e  o f  a DEl S  � n t i � fy s  the 
requ1 re�e nt s  of NEPA ( N a t i onRl Env i ro n�e n t a l  P o l i c y A c t , 1 9 f� ) :o r  
you peo p l e  s t  DOE . I do n ' t b e l i eve t h e  c o cu�ent ful fi l l s  t h e  
I n ", e nt o f  NEt'A fo r t h e  s pe c i fi c  r e ll s o n s  ou t l i ne d  b e l o ", .  Fu rth e r��:-e , 
you r  s e l f- � e rvi ng d i sml s s o 1  o f  s e v e r a l  i mp o r t a n t  i s su e s  ( A pp . G- 3 )  
s s  be i nG �ey ond t h e  s co p e  o f  th i s  EI S '  i E  n o t  v a l i d .  Fo r e 7. r. n pl e , 
your d e t e rn! nat i o n  th R t  the p o l i t i c s l l y  e x p ed i e nt s e t t l e�cnt o f  th e 
A fri�et l e 9 s e s  ( fo r  8 mi l l i o n  d o l l a rs ) i E  an a c t i o n  h s v i nG s ' c l e o rl � 
i ns i �ni f 1 c e n t  i mp R c t  o n  the q ' l s l i t y  o f  t h e  hUmR n e nv i r' o n�ent ' s r,:: 
r e q u i ri n� no fu rtr e r  ��PA c o�pl i an c e  i s  r i d i cul ou s .  I t  s h o u l d  be 
the sub j e c t  o f  a c ou r t  a c t i o n  by l,ev, Y o rk S t R t e  ( E e e  e n c l o � u re � ) .  [ � no th e r  i s �u e  impro perl y rul ed o u t  i s  t h e  i �p� c t s  o f  P A s t  
c � e �e t i o n !  e t  NFS S and O ak R i � � e . Th i s  i s su e  i s  i nt i �q t p l y r�l r t c �  t o  
t h o  p' : b l i c ' s d i s t ru s t  o f  fede :- F l  o ff i c i a l r  a n d  l A c k  o f  pub l i c  
p A �t i c i p p. t i on i n  t he �O� c e c i s j on-ma k i n �  pro c e s s  ( i r �ue 1 0 ,  S l f O  
n: l e d  ou t ) . Fro:n w� a t  w e  d o  k'1oW o f  DOE ' s  a nd i t s  p r e c e c e s r o r s  
P & s t  a c t i o ns , t�ey h a ve b e e n  chR ra c t e ri z e d  b y  re ck l e s s ne s �  bn t �  i n  
r e e: s rd t o  worker and p1l bl 1 c  p ro t e c t i o n  a s  we l l  a s  e n v i ronnE'!'lt p l  
p ro t e c t i o n  me s sure s .  I t  i s  r u i t e  c l e a r  t o  me t h R t  th� fo r� o f  th� 
i nt e r i m  re�e d i � l  a c t i on s  ", 1 1 1  t a v e  a n  e ffe c t  o n  the 1 0 n�- t E' rm 
ms na fe�ent o pt i o n s , a nd yet th i �  !ub J e c t  i p  i �no re d . Y�r e y p. M � l c ,  
a s  a re su l t  o f  t h e  1 9 7 Z ' rene � i a] a c t i o n s ' i t  h s s  no w b e e n  c e t e r�� n c �  
t o  b e  bo t pra c t i c abl e '  t o  s e pa ra te t he R - IO re s i due s f r o m  o th e r  
", s s t e s  i n  the n o r t h  d ik e d  a re s .  I c o n t end t � a t  t t i � a c t i o n i s  
a d e ! i be r a t e  a t t e � t o n  Ule p a r t  o f  DOE t o  d o wngra d e  the c l s s s l f 1 -
c R t i o n  o f  � . 4  x 1 0  k g  o f  re s i due s ( c ont p i ni nc �u bs t a n t i �  a mount s 
o f  r R c i u m ,  tho rium, a nc 605 I b s  o f  U- 238 , amonG o th e r s ) t o  a 
c l a � s l fj c a t i on o f  ' wa st e ' ,  the re by e nn b l i ng ( a c c o rd i n� t o  DOE 
gu i d e l i ne s )  a mo re e x pe d i en t , l e s s  s e c u re d i s po s a l  me t�od t o  
b e  u s ed . [ G l o b a l  I mo a c t s  o f  o c e a n  d i s po s a l  i s  ano the r area I n c o rre c t l y  
d i smi s s e d .  � e c e nt f l nd i ne� o f  p l u t o n i um b l o - a c cumu l a t i o n  i n  fi �h

' 

i n  the P D c i f i c  O c e R n  o f f  S D n  Yran c i s co a re a l a rMi ng Bnd c e l l  t o  
que s t i on t h e  v a l i d i t y  o f  t h e  t r. e o re t l c al �a chi n R t l o n a  u s e d  i n  
a p ;>enc i x  E .  

The fol l o wi ng a re e pe c 1 f l c  c o �me n t s o n  t h e  d e f 1 c 1 e nc i e �  o f  
th e DEl S .  
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RAUCH - 1  Op i n i o n  about NEPA comp l i ance on t h e  tran s f e r  of  t h e  A f r i met res i dues to fede ra l owners h i p  
i s  noted .  The determ i nat i o n  to p l ace the Afr i met res i dues i n  i nte r i m  s torage i n  B u i l d i ng 411  
was  done for the purpose of  gett i ng the  res i dues in  a more  contro l l ab l e  conf i gurat i on ( rathe � 
than storage i n  the towe r or i n  the open ) .  T h i s dete rm i na t i o n  was not i nf l uenced by " owne r
s h i p . " As noted i n  Append ix  G ,  DOE has determ i ned that settl ement  of the A f r i met l eases was 
an  acti on that , i n  and of  i ts e l f ,  wi l l  have a c l ear l y  i n s i g n i f i cant i mpact on  the q ua l i ty of 
the h uman env i ronment and that no further NEPA comp l i ance i s  nece s s ary .  

RAUCH-2 As stated i n  Sec t i o n  G . 3 ,  the U . S .  Supreme Court  has ru l ed that " NE PA is  not d i rected at the 
ef fects of  past acc i dents and doe s not c reate a remed i a l  sc heme for past federal  acti o n s "  
( U . S .  Supreme C o u r t  1983 ) .  

RAUCH-3  Op i n i o n  i s  noted .  The potent i a l  i mpacts assoc i ated w i th the i nte r i m  reme d i a l  act i ons  a re 
d i scus sed i n  reports of the U . S . Department o f  E n ergy ( 1982a , 1982b , 1983a , 1983b ) .  

RAUCH - 4  Potent i a l  b i oaccum u 1 a t i o n  of  t h e  radi onuc 1 i des  f rom the NFSS  wastes are addres sed i n  Sec
t i o n s  4 . 1 . 2 . 1 ,  4 . 5 ,  and Append i x  E .  Based on  wo rst-case a n a l yses , i t  i s  conc l uded that the 
concent rat i ons  of  natura 1 1  y occ u r r i  ng  radi onuc  1 i des  cou 1 d theoret i ca 1 1  y be ra i sed by an  
i n s i gn i f i cant amo unt  in  the  bod i es o f  o n l y  a few  f i s h .  No e v i dence  for  poten t i a l  g l oba l 
i mpacts i s  i nd i cated . 
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( 1 )  � a st e Ch R ra c te r i z a t i o n R nd C I A � � i f i c a t i o n :  
The w e s t e s  and re � i due � are i nA d e qu A t e l y  ch A rA c t e r i z e d  a s  

t o  th e i r  c o nt e nt � .  ' N o i nformA t i o n  i s  A V A i l R bl �  r e g a rd i np the 
thori um- 230 c o n t e n t  o f  the re s i due s '  ! t A te �  pa ce 3-1 1 .  Th o r l um h . �  
a h a l f - l i fe o f  77 , 000 y e a rs a nd y e t  th e re i s  n o  d e s c r i p t i on o f  
i t s qu a nt l t y o r  phy �i c a l  propert l e s ,  su ch R S  w a t e r  s o l u b i l i ty .  
P a ge 3-1 1 c o n t l nue s  ' Tr.e r e � i due � c o nt a i n  smR l l  amou n t s  o f  o t t e r  
r e d i o nu c l i c e �  re s u l t i ng fro� d e c a y  o f  t he amA l l  amount o f  U - 2 3 5 ' . 
Ju s t  �h a t  a re t he s e  s ma l l  amoun t s ?  I s  the o n e  pe r c e n t  o f  the wo r l c ' �  
k no y;n s uppl y o f  ra d i UJ:l  ( th e  amount c o n t & ! ne d  i n  Nt'SS w a s t e s ) ,  the 
amount be i nr,  c o n d ci e re a  fo r' o c e a n  d l  � po s p l , a s mfil l amount? 

Tl l i s c a l l s  LO que s t i o n  t h e  who l e  .". a � t e  c l a E s i f i c a t i on s y s t em .  
A l a w  unt o i t s e l f ,  t h e  DOE i 5 �u e ci  o rd e r  5820 o n  fetru & ry € ,  1984 . 
Th l s  o r� e r  s t a t e s  t h a t  t h e  NFSS y; y s t e s  a nd re s i d u e s w i l l be 
C 1 A s s i f i e �  A S  ' wa � t e s  c on t A m i n a t ed w i t h  na tura l l y  o c c urri n �  r ad i o 
nu c l i c e s , '  a nd furth e r ,  t h a t  t h e s e  wR � t e s  m n y  b e  d i s po s ed o f  a t  
e x i st i nr, DOE l � .'- l e vel wa s t e - d i s po s a l  :!!i t e E .  I n  a d c H l o11 , ' DOI: 
fl e l d  o f f i c e s  a re a s s i gn e d  re s po n s i bi l i t y fo r c e v e l o p i nc prc j e c t 
s pe c i fi c  o r  s i t e - s pe c i fi c m R n � rement c ri t e r i a . ' Th ! E  i s  a c fi pri c i ou s 
a t t e�p t by DOE t o  re - c l a s s i fy u rA n i um e nd tho ri um t a i l i n � s  e nd 
�8 � t e s A S  l o w - l e v e l  wa s t e s . Lo�- l e v e l  r�d i o a c t i v e  �fi s t e  ( LLR� ) 
a s  d e f i n e d  i n  NRC 1 0CFR€1 s pe c i f i c a l l y  e x c l Ud e s  b y - p ro du c t  
mR t e � i a l a s  d e f i n e d  i n  s e c t i o n  l l e ( 2 )  o f  t h e  A t o m i c  Ener�y A c t , 
1 . e .  u r fi n i u m  or t ho rium t e l l i ng !  and y;' '' s t e .  Th e N�y .. YC'rk S t A t e  
LLPW �"a n e genent S t ud y ,  A ;J rl l ,  1 9 8 4 , s ta t e s  t h R t  ' !l r s n i um ml l l  
t 8 i l i n� s , A l cng w i th Forme rl y Vt i l l z e d  S l t e  P ened i A l  A c t i on 
P rO [ r e M  ( FVS�AP ) w a s t e s  R r e  � u !f i c i e n t l y  d i ffe r e n t  i n  t a z p.rd , 
reeu l e t 1 0 n a nd v o l ume t o  be e x c l ud e d  fro n th e fo c u s  o f  t h i s  r e � o rt . '  
The s t ud y  fu rt h e r  f t 6 t e f  t h A t  the ' S t a t e Ene rgy Offi c e  d o e s  n� t 
be l i e v e  t h e  t e mi no l o eY i s  c om �l e t e l 'Y  a p :lro p r 1 F. t e  • • • •  So�e L!..P\', 
c a n  b e  mnre r Fo d i o a c t i v e  t h n n  f ome I 'L�Vi , end C A n  be l cnr:er l i v e d . 
We b e l i e \' e  the t e rm  ' l c l'; - l e v e l '  r A d i o a c t i v e WA s t e  i s  !:l l su s e ::  i n  t � i ! 
c o n t e x t  a n d  C ongre s s  a nd t h e  SPC s�ou1 6 � i v e  s e r i o u s  c o n s i d e r� t l o � 
to d c v e l � p i ng n e E  t e rm l no l oGY �h i c h  m O r e  a p p r o p ri a t e l y  r e fl e c t �  the 
h p. z a rc s  i nv o l ve d . '  ( p a �e 7 ,  Ex e c u t i ve SUMma r y )  I h e a rt i l y  c o� c u r  
w i t !" th i s  a s s e s sme n t . lTra nl um/ t ho r i um t a i l 1 np,s , t re n su r J.; n i c s ,  
r e 6 1 u n ,  C s - 1 37 ,  S r - 90 • • •  d o  not be l , n g  i n  a l ow l e vel w a s t e  
c a t E:Gc ry , i n  any amou n t .  Nor d o  they be l ong i n  a l a nd bU r i p. l  s l t e .  
Once a ga i n ,  ( s e e  l e t t e r  o f  3/25/84 ) I c 6 1 1 u p o n  t h e  st a te o f fl c ! a l �  
t o  i nt e r c e d e  i n  t h i s  cs t te r  o n  be! a l f  o f  the re � 1 d e n t s  o f  � e �  York . 

( 2 )  G ro un d w e t e r  i m p a c t s : 
P a �e 2 - 1 1  s t a t e s  t h a t  cod i f i c a t i o n  o f  t h e  re � i du e �  ( i . e .  

vi t ri fi c a t i o n )  wi l l  n o t  m a rk e d l y  re d u c e  r roun� � R t e r  i mp� c t s ,  a nd 
yet r e � u l t s  r e po rt e d  i n  C - 7  i n� i c a t e  B 1 00 0 - fo l d  d e c re a s e  i n  r A d o n  
rel e a � e  A ft e r  v i t ri fi c a t i o n .  Sho u l d  o n e  R ! �Ume a s i m i l a r d e c re a s e 
i n  ra d i um l e n ch i ne fol l ow l nc vi t ri f i c a t i o n ,  c o ul d o ne no t A l �� 
a s �ume A s i Gni fi c a n t  d e c l i ne i n  ground w a t e r  c o n t R mi na t i o n ,  e � �e c i � � l y 
I f  s u c h  ma s s e !  were s t o red 1 n  e n� i ne e re d  mn dul e s ?  P R g e  2 - 2 5  s t n t e s ' 
t h a t  ground wa t e r  wi l l  be cont ami n a t e d  e v e n t u a l l y  i n  a l l  al t e rnr t i ve s , 
b u t  'pre d i c t i o n o f  hoy, and wh e n  tr. i s wi l l  o c cu r ,  A nd t h e  re s '; l t i ng 
e nv i ronme nt a l  i mpa c t ,  1 s  beyo nd current pred i c t 1 ve c a p � b i l i t i e s . ' 
1 d o  n o t  t h 1  nk i t  unrea s o n a  !Jl e ,  w i t h  t h e  fo re go i ne i n  mi nd , t o  [ reque !t an a l t e rna t i ve t o  t h e  A l t e rn e t i v e s  pre s e n t e e  i n  t h e  D� I S , 
wh i ch wou l d  pro v i d e  8 8u b � t a n t 1 a l l y  g re 'l t e r  d e llree o f  i ! n l a t i o n  
o f  the r e r i due s .  I fi nd t h e  d e e c ri p t i o n ,  o n  p R re 4 - 1 5 ,  n f  R l l ow-( a b l e  r a d i um re l e a � e s  dur i n g  o pe rA t i o n s  p o rt i c ul a rl y  c a V A l i e r  A ne 
repugna n t .  
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RAUCH-5 For purposes o f  ana lys i s  ( Sect i on 4 ,  p.  4 - 1 ) , it i s  conservat i ve ly  a s s umed that a l l rad i o
nuc l i des  f rom thori um- 230  through po l on i um-2l0 are p resent  and i n  sec u l a r  equi l i br i um 
( l ead-206 i s  stab l e ) .  Th i s  as sumpt i on accounts for the conti nued presence o f  rad i um-226 at 
und i m i n i s hed concentrati ons  for  hundreds o f  thousands o f  years ( F i gure 4 . 2 ) .  Duri n g  
trans fer o f  t h e  K - 6 5  re s i dues ( the pr i mary s o u rce o f  radi oact i v i ty at N F S S )  f rom t h e  towe r 
to B u i l d i ng 411 , samp l es  were take n .  These  samp l es were anal yzed for  rad i on uc l i des  i n  the 
urani um-238 decay ser i e s .  The res u l ts are not yet avai l ab l e .  To  the extent that the K-65 
res i dues are depl eted i n  thor i um ,  the ana lys i s  of i mpacts i n  the E I S  is  conservat i ve l y  h i g h .  

Thor i um i s  much l es s  s o l ub l e  than rad i um ;  there fore , the groundwater ana lys i s  focuses  o n  the 
movement of rad i um .  

T h e  sma 1 1  amounts o f  urani  um-235 and i ts decay products resu l t  from the typ i  c a  1 1  y sma 1 1  
amount o f  urani um- 235  found i n  the o re .  Anderson et a l . ( 1981 ) i nd i cate that the 
ura n i um-235 decay cha i n  accounts for l ess  than 1% of the total rad i oacti v i ty .  

RAUCH- 6 As noted i n  Append i x  G ,  devel opment o f  DOE O rders i s  not  part o f  the current ly  proposed 
act i o n  and is  therefore beyond the scope of th i s  E I S .  The  NFSS  was tes and res i dues are not 
p l aced i n  the  l ow- l evel  waste category ;  rat her  they are p l aced i n  the category of wastes 
contami nated w i t h  natura l l y  occurri ng rad i o n uc l i des ( Sect i on 4 . 7 . 1 ) .  The comme nte r ' s 
op i n i on about the u n s u i tabi l i ty o f  l and d i sposa l  for  these  types o f  wastes i s  noted . There 
are many s i tes that have the same k i nds o f  wastes ( m i l l  tai l i ngs  s i tes ) ,  a nd DOE i s  mana g i n g  
N F S S  i n  the same manner that E PA h a s  recommended fo r m i l l  tai l i ngs  s i te s .  ( See a l s o  Topi ca l  
Response  1 . ) 

RAUCH- 7 As d i s cu s s ed i n  Sect i on C . 2 ,  there are several  uncertai nt i e s  about the res ource recovery/ 
res i due s o l i d i f i cati o n  proces s ,  i nc l ud i ng rad i oact i ve content of the re s i due s l ag a nd l i me 
prec i p i tate and l eachab i l i ty o f  the s l ag and prec i p i tate s .  As noted i n  the ana lyses  ( Sec
t i o n  4 . 1 . 2 ) ,  reducti o n  of radon emanat i on from the res i dues  g a i n s  noth i ng i n  terms o f  radon 
emi s s i on s  f rom the contai nment area . Reduc t i o n  o f  l eachab i l i ty of the res i dues reduces the 
concentra t i o n  i n  g roundwater .  A tenfo l d reduct i o n  was a s s umed for  the a n a l ys i s .  The actual 
reducti o n  cou l d  be h i gher  i f  most of t�e rad i oacti v i ty i s  i n  the s l ag a nd i f  the l ong-term 
behav i or o f  the s l ag ( over hundreds o f  thousands  o f  year s )  i s  s i m i l ar to other v i tri f i ed 
produc t s .  The actua l reduct i o n  cou l d  be l e ss  i f  a s i gn i f i cant porti o n  o f  the rad i oact i v i ty 
was i n  the prec i p i tates and/or i f  the v i tr i f i ed s l ag broke down s i gn i f i cant ly  over the l on g  
term.  ( See a l s o  Responses  KADR- 1 ,  NCEMC-2 . )  

RAUCH-8 Several  opti ons  i nv o l v i ng s ubstant i a l l y  greater degrees of i s o l at i on o f  the res i dues a re 
d i scussed  i n  Sect i o n  C . 3 .  

RAUCH-9  The d i scus s i on i n  Sec t i o n  4 . 1 . 2 . 1  notes  that a water treatment  system , s i m i l ar to the 
f i l trati on/i o n- exchange sys tem current l y  used duri ng  the i nteri m reme d i a l  acti ons , wi l l  be 
used at a l l s i tes dur i ng the act i on peri od  to keep re l eases as l ow as  reasonably  ach i evab l e 
and w i th i n  app l i cab l e  regu l at i ons  and standards . ( See a l so  Response  B ROSS-5 . )  
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Di l ut i o n and rel e a s e  ra t e s  1 n  pC i /L a re el i ol y  ou t l 1 ne d , bu t no 
1 nd i c a t i o n  of t o t a l  a c t i vi t 1 e s  rel e a s e d  to surfa c e  w a t e rs 1 �  gi ven . 
No t o t a l  v o l ume f i gure s a r e  g i v e n .  

( 3 ) Ra c i o ] or,l c a l  A s se s s men t : 
Th roughout the DEI S ,  r a d I 0 1 0 e i c Al e ffe c t s  A t t ri bu t a bl e  t o  

r a d 1um a nd r s c on e x po su r e  a re c i s c u s � e d . Bu t no d i E cu s � 1 0 n  i �  
gi v e n  o f  tre publ I c  t e e l th An d  e nv i ronme n t s l  e ffe c t s a t t rl bu t F b! e  
t o  the t h o r i u� and o t h e r  r a d i onu c l i d e  c o n t e nt o f  the WP' 5 t e �  a nc 
re s i due s .  Or ha s  DOE d e t e rm i ne d  the e ff e c t s  of s a y  t t o r i uM - 2 �O 
( tt ,  77 , 000 y e a r s ) to be n e g l i gi b l e ?  

( 3 ) V i t r i fi c a t i o n :  
I t  ",ou l d  a ppe a r  fr e·m the ana l ; p i !  r i v e n  o n  C - 6  th A t  

v i t ri fi c a t i o n  e�p l oyl nb t h e  e l e c t r 1 c  fu rn A c e  re tul t !  1 n  the 
mo s t  u n i form, s t e bl e  p ro d u c t  a t  a c o s t  o f  a p � r o 7. 1 ma t e l y  3. 6 
M1 l 1 i o n  K�·.:1 . Th i s  sho u l d  be the method o f  cho i c e .  I n - � i tu 
p ro c e s �  woul d c o n s ume 20 m1 l l 1 o n  KWH wi t h  l 1 t t l e  fU a r & n t e e  o f  
p ro d u c i n g  a s t a ble produ c t .  

I n  c o n c lu s I on ,  a s  a h e a l t h  profe s s I o na l  who s e  sol e 1 nt e re s t  
i n  th I s  ma t t e r  1 s  the M a 1 n t e na n c e  o f  puo l i c  h e a l th an� p re v � nt i on 
of env i ron::lent R l  d e gra d a t 1 0n ,  I mak e  t h e  fo l l ov: i n:: re com:nend �, t i on � . 
The re s i d ue s ,  I nclud i ng the �- lO p i l e , shoul d be fu s e d  1 n  a n  e l e : t r � c  
furna c e  a nd s t o re d  1 n  e nr i n e e red s t o r q ge fac 1 1 i t y  d ed l c H t e �  t o  
l 0n G- t e r::l i n s t i tu t i onal c o nt rol . The c on t A � i n a t ed s 0 1 1 s ,  wa � t c s ,  
s � o u l d  be p a c k R ge d  and st o re d  1 n  a s I mi l a r  f a c i 1 1 t y o r  a t  R s I t e 
s u e r.  a s  P a nfo rc 1 n  a ��nne r e n su r i ng l o ns- t e r::l e n v l ron::lc n t e l  
i s o l e t i on .  no f u rth e r  c o n s i d e ra t i o n  shou l d  b e  R i ven t o  o c e A n 
dUMp i ng of the w q � t e �  o r  l an d  buri a l  o f  the re s i c ue s .  

S i nc e re l y ,  �� Ko. .. cC� 
Ja�e s J'lauch 

Enc l o !u r e s  
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RAUCH- IO I t  is  expected that most o f  the water rel eased wi l l  res u l t  from contro l l ed co l l ecti o n  
o f  p re c i p i tati o n  runoff water from t h e  areas o f  exposed was tes a n d  res i dues . T h e  v o l ume 
re l eased dur i ng the i n ter i m  reme d i a l  act i ons  has been about 16 m i l l i on L/yr ( 4 . 5 m i l l i o n  
ga l /yr) . Rad i o n uc l i de concentrati ons  have been we l l  be l ow DOE operat i ng l i m i t s .  

RAUC H - I I  See RAUCH - 5 .  Thori um- 230  i s  i nc l uded i n  a l l ca l cu l at i on s .  

RAUCH-12 Op i n i on. o n  e l ectr i c  furnace v i tr i f i cati o n  i s  noted.  Th i s commen t ,  a l ong  wi th those  from 
other commenters , was taken i nto c o n s i derat i on i n  determ i n i ng the preferred a l terna t i v e .  

RAUCH-13  Recommendat i ons  o n  v i t r i f i ca t i o n  o f  the R- IO r e s i dues , packag i ng o f  the rema i n i ng wa ste s ,  
and no further con s i derati o n  o f  ocean d i spo s a l  o f  the wastes o r  l and b u r i a l  o f  the res i dues 
are noted.  No  response  neces s a ry .  
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SEPT . 1 9 , 1 9 84 

STATEMENT BY LEE S IMONS ON 
NI AGARA COUNTY LEGI SLATOR AND DES I GNATED S POKESMAN FOR 

THE NIAG ARA CO UNTY L EG I SLATURE 

GOOD EVENING : 

MY NAHE IS LEE S IMONS ON AND I ' M THE COUNTY L EG I S LATOR FOR 

TH IS AREA - - I HAVE ALSO BEEN D E S I GNATED BY THE NIAGARA COUNTY 

LEGI SLATURE TO BE I TS S POKES MAN HERE TONI GHT . 

THE NIAGARA COUNTY LEG I SLATURE WHOLEHEARTEDLY S UP PORTS 

ALTERNAT IVE 4c AS D ESCR I B ED IN THE DRAFT ENV IR ONMENTAL I MPACT 

STAT EMENT . 

TO V ERY BRI EFLY SUMMAR I Z E  OUR OP INION . ALTERNAT IVE 4c 

O FF ERS A REAS Ol\ABLE AND AC C E PTABLE S OLUT ION TO THE PRO BL D1S WE 

HAVE FACED AS A COMMUNI T Y  IN REGARD TO THE RADIOACT IVE STORAGE 

SITE . WH I L E  4c DOES NOT OFFER US THE IDEAL S ITUAT ION OF HAV ING 

THE COl\TA�INATED MATER IALS COMPLETELY AND PERMANENTLY REMOVED 

FROM THE SITE , IT DOES PR OV IDE FOR THE E L I M INAT ION OF THE MO ST 

HAZARDOUS WASTES AT THE MOST REAS Ol\ABL E  COST TO THE FEDERAL 

GOVERNMENT . 

REALIS T I CALLY . THERE MAY BE SOME IN THE FEDERAL GOVERNME�7 

THAT FEEL THAT ALT ERNAT I VE  4c IS THE MOST THAT L EW I S TON AND 

NI AGARA COUNTY CAN HOPE FOR - - HOWEVER . FOR THE RECORD . WE DO 

NOT V I EW ALTERNATIVE 4c AS THE MOST WE CAN HOPE FOR - - WE V I EW 

IT AS THE LEAST WE EXPECT . ANY ALTERNAT IVE THAT PROVIDES 

NIAGARA COUNTY IJITH LESS IS TOTALLY UNAC CEPTABL E .  

S I MPLY . WE AR E  NOT H ER E  THIS EVENING ASK ING THE FEDERAL 

GOVERNMENT FOR THE MOO N ,  THE SUN AND THE STARS . WE HAVE TRI ED 

TO PUT OUR SELVES IN SHOES OF THE FEDERAL GOVERNMENT AND HAVE 

T R I E D  TO B E  REAL I ST I C  IN OUR ENDORSEMENT OF 4c . 
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Support of Al ternat i ve 4c i s  noted .  T h i s commen t ,  a l ong w i t h  those  f rom other commenters , 
was taken i nto c o n s i derat i on i n  determi n i ng the prefe rred a l ternat i ve .  
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THIS CXlM MU NITY WOULD L IK E  'l'0 SEE ALL THE RAD I OACT I VE  

MATER I ALS REMOVED - - POS SI B LY THERE AR E  THOSE I N  THE FEDERAL 

GOVERt.'MENT THAT WANT ALL THE RAD I OACT I VE  MATERIALS TO STAY . IN 

EFFECT , WE S E E  4c AS AN AC CEPTABL E  COMPROMI S E .  

WE HAVE CXl M PR O M I SED OUR PO S I T IONS IN AN EF FORT TO EX PEDITE 

THE D I S POS I T ION OF THESE HAZARDOUS WASTES . FRANKLY , WE ARE NOT 

IN THE MOOD TO DRAG TH I S  ISSUE OUT - - WE HAVE NO DES IRE TO 

HAGGLE IN THE COURTS - - WE HAVE NO INTEREST IN MOUNT ING A 

PUBL I C  CA�PA I GN TO PUT PRES SURE ON THE FEDERAL GOVERNMENT TO 

AC CEPT AN ALTERNAT IVE THAT I T  S IMPLY DOES NOT WANT TO AC CEPT . 

RATH ER , THE COUNTY L EG I SLATURE WOULD L IK E  TO SEE TH I S  IS SUE 

BEHIND ALL OF US AND WE B EL I EVE ALTERNATIVE 4c IS THE FASTEST ,  

SAFEST , MOST ECONO M I CAL  AND BEST WAY TO D O  JUST THAT . WE LOOK 

UPON ALTERNAT IVE 4c AS SOMETH ING WE CAN LIVE W ITH AND S OMETHING 

THE FEDERAL GOVERNMENT CAN L I VE  WITH . 

WE URG E THE FEDERAL GOVERNMENT TO IMPUJ1ENT 4c AT THE 

EARL I EST POS S I BLE DATE AN D  PL E DG E  OUR CXlOPERAT ION . 

THE NI AGARA COUNTY ENVIRONMENTAL MANAGEMENT COUNC I L ,  OUR 

E NV LROtw.ENTAL ADVISORS FOR THE COUNTY LEG I SLATURE , HAS SOME 

ADDI T IONAL COMMENTS THAT W I LL BE ADDRES SED TH IS EVENING . 

MEANTIM E ,  PLEASE AC C EPT OUR AP PR EC IAT ION FOR YOUR ATTENT ION 

TO TH IS MATTER , AND AGAIN ,  WE LOOK FORWARD TO A QU I CK AND 

S UC C ES SFUL CXlMPLET ION OF THE PR OJ ECT AS DESCRI BED I N  4c . 
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ATTACHED TO TH I S  STATEMENT , PLEA S E  FIND A COpy OF THE 

RES OLUTION PA S SED BY TH E  NIAGARA COUNTY LEG I S LATURE WH I CH IS 

UNAN IMOUS IN I TS PO S I T ION . 

THANK YOU .  

Le e S imon s on 

Niagara Cou n t y  Leg i s l a t o r  

Box 5 7  
Lew i s t o n , New York 14092 



K-82 

N I A GARA C O U N TY L ! G I S L A T U R E  

F ROM : PUE L I C  HEALTH COl-!::I'rn:r DA T! : SEPT . 01. , 1981. ------------�---------------------- R E S O L U T I O N ' 3 5 1 - E 

A P P R O V E D  A S  T O  F O R M  
N IA G A RA C O .  A T T O R N E Y  

L E G I S LAT I V E  A C T I ON 
A p p r o v e d :  Ay e l  ___ Wo e l  � 
R e j e c t e d : A y e l ___ N o e l  

COMMI'I"I'EE ACTION 

�H · t"- 19 - ? 'f 
B y  ____________________ _ Re ! e r r  a d : _________ __ 

..... HEREA S ,  t h e  Uni t e d  Stat e s  Department o f  Energy has r e l e a s e d  a 
dra�t Env i ro��enta1 Impact Statement regard i ng the long te� ma� age�e�t 
of e x i s t i ng vastes and re s i dues stored at the Ni agara Fal l s  Storage S i t e  
( othe,. i s e  knovn as t h e  Lake Ontario Ordinance Works ) located i n  the To.n 
o� Lewi s t on , a n d  

,,-HEREAS , s everal a.1t ernat ives 'Were presented i n  t h i s  s t at e�.e:1t , 
rang i ng fro� tak i ng "no a. c t i o n "  to complete re�ova1 of the wast e s , a.no 

IolH E..I:1EAS ,  it appe ars t hat the alternat i ve known a.s " I. c "  o ffers 
a reasonab l e  and a.cceptab1e s o l u t i on t o  the waste s t orage prob1e� presently 
exi s t ing at t he N i agara Fal l s Storage S it e , s i n c e  it propo s e s  to re�cve tAe 
�os t  toxi c r e s i due s  from the S i t e  'W h i l e  s afely covering and mai ntai n i ng t h e  
re�� i n i ng was t e s  a t  the S i t e , nov , therefore , be i t  

F.�SOL� , t hat upon cons i de r i ng the h e a l t h  a n d  ec ono�i c i�F1 i c � t i ons 
o �  each a l t e rnative pres ent ed in the DOE d raft Envi ronment al I�pact S t a t e�e�t , 
the N i agara County Leg i s l at ure fo�a11y supports the a.doption o f  A l t ernat i ve 
" � c " , and be i t  further 

RES·OLVED , 'that t he Ni agara County Leg i s l ature s t a t e  i t s  p o s i t i on at 
the p�b 1 i c  hearing to be held on September 1 9 , 1981. , a.t 7 : 30 p . m . , at the 
Lewi s t on-Perter Senior High Sc hool , a.nd be i t  further 

RE�OLVED , that the N i agara County Leg i s l ature seek a vi de and u n i t e d  
e ffort i n  e: a i n i ng approval for Al ternative " 4 c "  a. n d  respect fully urges 
part i c i pa t i on at the h ear i ng i n  s upport o f  Alternat i ve " I. e "  by U. S.  Senators 
Hoy r. i h an and D ' Amat o ,  Congres scan LaFal c e ,  State Senator Daly , A s s emblymen 
P i 1 1 i tterp. and Hurphy , the TOIlTl of Port e r ,  the Levi s ton-Port er Board o f  
Educat i o n ,  Un i t e d  Stat e s  an d  Canadi an environnenta1 groups and 1. 1 1  other 
interes ted part i es , a.nd be i t  further 

RESOLVED , t hat copi e s  o f  thi s res o l u t i on be s ent t o  1. 1 1  o f  the abo·.-e 
�enti onp.d part i e s , other i nterested part i e s  who� the Cl erk o f  the Leg i s l ature 
fee l s  sho ul d  be a.dv1 s ed o f  same , the Pre s i dent o f  the Uni t e d  S t at e s , the 
Sec retary o f  Energy a.�d to the TOIlTl o f  Lewi s t on , fl ew York . 

t.& l pah 
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Mr. L. F. Campb el l  
Deput y  D i r ec t o r ,  Tec hn i ca l  Services Divis ion 
O.k Ridge Op e rat ions O f f i c e  
U . S .  Dep a r t ment of En e rgy 
P . O .  Box E 
Oak Ridge,  Tennes s ee 3 7 8 3 0  

Dear M r .  Campbe l l :  

1 1 4  Mon t icel lo Road 
Oak Ridge , Tenn e s s e e  3 7 8 3 0  

Oc t ob e r  3, 1 9 8 4  

( Th e  O a k  R i d g e  a rea i s  n o t  s u i t a b l e  or d es i rab l e  for the s t o rage of any 
rad ioac t ive wa s t e .  Oak Ridge is su rrounded by wa t e r .  Pop l a r  Creek i s  o n  t h e  
north, t h e  C l in c h  River i s  o n  t h e  o ther t h r e e  s i d e s .  Sma l l er s t reams drain 
from w i t h in t h e  a r ea .' Th i s  water e v en t ua l l y  f l ows into t h e  potab l e  w a t e r  
supply for c i t i es d own s t ream·. The Envi ronmen t a l  S t a t emen t  ag rees that Oa k 
Ridge has a humid c l ima t e  w i t h  a 5 3-in c h  annual ra infa l l . To quote t he Envi
ronmen t a l  S t a telDent : "ground wa t e r  will even t ua lly be unavoidably con t ami n a t ed 
. . .  in a l l  a l t e rn a t ives . "  [ Le t u s  r ea l iz e  that nuc l ea r  was t e s  a re genera t e d  in s p e c i f i c  l o c a t ions 
in the p roduc t ion of goods and ma t erials for the en t i re n a t ion , not for t h e  
b en ef i t  of one loca t ion . Th e r e f o r e ,  i t  b en e f i t s  us a ll t o  s tore , i f  we mu s t  
s to r e ,  the wastes in loca t ions w h i c h  w i l l  b e  b es t  f o r  us a l l .  

I subm i t  t ha t  DOE ' s  Nevada Operat ions O ff i ce i s  in t e re s t ed in s t o r ing 
wa s t es and is currently s to r in g  wa s t e s  at i t s  8 00 , OOO-a cre Nevada Test S i t e .  
From t h e i r  pamphl e t  we l e a rn  t h a t  "large isol a t ed areas make NTS s u i t abl e f o r  
t he d i s posal o f  l o w  l evel rad ioa c t ive was t e s  f rom the n a t ion ' s  d e f e n s e  p r o
g rams . Low Nevada r a infa l l  p r ev en t s  p e r c o l a t ion of t he ra d ioac t iv i ty t o  the 
wa ter tabl e seveu,l hundl t:d feet below. " A l s o ,  "The NTS h a s  p o t en t ia l ly s u i t
a b l e  geologic format ions ava i la b l e  w i th deep wa t er t a b l e s ,  l ow wa t e r  f l ow and 
l ong f l ow  pa ths t o  even t ua l  d i s cha rg e  a rea s .  Th e  NT S  land i s  con t rol l ed by 
DOE, and a l ready requires l ong-term radiological mo n i t o r in g b ec aus e of p a s t  
n u c l e a r  weapons t e s t in g . T h e  NTS has a s ub s t a n t i a l  w o r k  f o r c e  experienced in 
d ri l l ing and mining . "  

Wh en w e  compa r e  the 35 , 000 ac res a t  Oak R i d g e ,  only pa r t  o f  wh ich i s  
"res ervat ion , "  w i t h  t he 800 , 000 a c r e s  a t  NTS , we rea l i z e  how l im i t e d  our 
cho ic e s  of s t orage s i t e s  here a re .  NTS has a l a rg e  a rea w i t h  low popu l a t ion 
d en s i t y  a round it . DOE has a commitment to maint ain con t ro l  of t he a rea con
t amin a t ed by weapons t e s t ing . 5 0  s t o ra ge of more was t e  would not impose an 
a d d i t ional burden .  

- ,.... r. - ,  . .  . ') 



BEND-l  
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BEND-3  
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Op i n i on aga i n s t  A l ternati ves 3b , 4c ,  and 4d is  noted . T h i s comme nt ,  a l ong  wi th those f rom 
other commente rs , wa s taken i nto con s i derat i o n  i n  determ i n i ng the prefe rred a l terna t i v e .  

Op i n i on about nat i ona l  respons i b i l i ty f o r  t h e  rad i oact i ve wa stes generated i s  noted . D O E  
w i l l  take t h i s  i nto co n s i de ra t i o n  i n  reac h i ng a dec i s i o n .  

Op i n i o n  about the s u i tabi l i ty of  DOE ' s  Nevada Te s t  S i te f o r  l ong- te rm management of  the NFSS  
wa stes and re s i d ues is  note d .  I t  i s  expected that  the potenti a l  i mpacts and costs  for 
imp l eme n t i n g  l o ng-term management  at the Nevada Test  S i te wou l d  be s i m i l a r  to those for the 
Hanford a l ternat i ves  ana lyzed i n  detai l i n  the E I S .  A Nevada Test S i te a l ternat i ve wo u l d 
have the same s hortcomi ngs as those assoc i ated wi th the Hanford a l ternat i ve ,  i nc l ud i ng h i gh 
transpo rtat i o n  r i sks  and h i gher  rad i at i o n  r i s ks assoc i ated wi th h i gher radon emi s s i ons  i n  an  
ar id  e n v i ro nme n t .  DOE determ i ned that , because o f  these  s i m i l ar i t i e s , it  wa s u n rea sonab l e  
to a s s e s s  d i sposa l  at the Nevada s i te as  a separate a l ternati v e .  ( See  a l s o Response KLAB- l . ) 
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M r .  L .  F .  Campb e l l  2 O c t ob e r  3 ,  19 84 

We , as r e s i d e n t s  of Tenn essee , do not wan t ou r b ea u t i ful , heal thy , s ur
round ings fu r t h e r  d eg r a d e d .  We see no n e c e s s ity t o  s t or e  any was t e s , chemi
c a l , radioa c t ive , wha t ev e r ,  in our a rea w it h  the knowl edge tha t such s t o rage 
wo uld d et r imen t a l ly affect us a l l .  

c,;; i�relY your� 
r · ��'\.-. 

F. De l ma r  B e n d e  
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THI S  IS A RETYPED VERSION OF THE ORI G I NAL HANDWR I TTEN  LETTER OF COMMENT F ROM 
W . J .  COOK .  IT HAS B E E N  RETYPED TO PROVI D E  B ETTE R  C LARITY FOR PR INT I N G .  T H I S  
I S  A VE RBAT IM  COPY .  

[Your record on the d i sposa l  o f  hazardo u s  waste ( i . e . the merc ury contam i nati on 

of  i mportant watersheds i n  east Tennes s e e )  has not been sat i sfactory .  You 

s hou l d  not cons i de r  the use  of  the  fac i l i ty for rad i oact i ve hazardou s  wa ste .  

Do not  dump hazardous nuc l ea r  waste in  our ecosystems . I wi l l  conti nue to  

hal t any attempts to i ncrease waste d i sposa l  i n  our  area .  

WJ Cook  
Rt 8 Box 202  
Sev i erv i l l e .  TN 37862 
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Op i n i on aga i nst Al terna ti ves  3b , 4c , and 4d i s  noted.  T h i s  comme n t ,  a l ong w i th those from 
other  commenters , wa s taken i n to c o n s i dera t i o n  i n  dete rm i n i ng the prefe rred a l ternat i ve .  



Vice Mayor 
Roy Gul lett 

Se ptember 20, 19�� 
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CITY OF KINGSTON 
lIuby luc key, Ma yor 

Cumbe rland Stre e t .  Kin g,ton. TN 37763 
(6 1 5) 376·6584 or 376·69 8 1  

Councilmembers 
Wolter Ford 
Curti, Leffew 
Mart in Skinner  
Don Woody 
Mort�o Wyatt 

Co=>e n:E oppo s i n .:  additional s toraGe of radi oactive \laste at Le Oak Ri d ge Re servation 

RAD I �CTIVE \JASTES , A NECESSARY EVIL! NO ONE WANTS IT - IN THE IR  STATE 00 IN 

THEIR NEIG�o."'_:,:OCIl .  nu: Jo'.AYOR M'D CITY COUNCIL OF T:� CITY OF KINGSTON, ON 

LUCKE - l  SEP7DEER 1 1 ,  19::>4 ,  PASSED A RESOll.J'I'ION AS FOI.!.(1WS IN PART : " BE  IT RESOLVED 

T..J.AT THE CITY COUNCIL GO ON RECORD AS " OPPOSING AXY JJ.'D ALL urOOTS TO BRING 

RAD IOI.CTIVE W.5TE Jo'.ATERlAlS FReJ.( OUTSIDE T:� STATE OF TEt.1iESSEE TO STORE IN 

ROfJ\E CD'..,1:TY, TEtiNESSEE . " end ql;ote . IT IS RECCGNlZED BY EVERYO�\E T:-'.AT TriE 

DEFJ.R':}St:T OF Et:ERGY IS Cor;FRONTI:D WI7i; A MOST DIFFICULT D:rI.E¥.r\A, 'THAT OF PRO-

VIDn;G STOFJ.GE SITES FOR MD IOACTIV::: WASTES . RADIOI.C'I'IVE WASTE STar.;.:;E IS A 

FRIG::TE:;ING PROSPECT. IT PF.ESEfI"TS POI'i:N1'IAL DA1;GER TO THE HEAL� AND LIFE OF 

F.1JJo'JJiS A1;rl or:�R n.::.ABITAli1'S OF TrlE AIR, WATERS, JJ.'D EART.� . IT IS MY FEAR TnAT 

"'.ANY OF lS, n;Cu.'DlliG MY FAY.ll.Y, WHO HAVE LIVED AJ.'D WORKED IN AND AROt,�'D OAK 

RlOCE FOR OVER F ORTY YEAF.5 , nt.VE BECw.:: C()I.PL6.CEN1' ABOl"l' THE DANGERS OF RADIOACTIVE 

Jo'.A':"I'EP.5 . t-�:y OF 1nE. DANGERS AP.E YET '!'O BE DISCOVERLi) - O'I'nERS ARE ALREAD Y  

Kt:a,'r: . II,Y CONCER1\S ?.AVE n�CP.EI>.SED IN T.� US, TEN DAYS AE, I HAVE STUDIED THE 

D OE ' S  REPO.1iT Ot: 'mE ENVIBOl:M<:r:':AL D:FACT FOR T::E PR')POSED CONSTRUCTION OF A 

FACILITY FOO DISPOSAL OF LaoI -LEVEL RADIOACTIVE WASTE III THE OAK R IIY'...E RESERVATION . 

IF BUILT, IT CCJ-IPOU1>'DS T.O{!: PROBllXS TO BE REALIZED FR� THE ADDITIONAL DANGERS OF 

TRANSPORTING RAD l OA�IVE WASTES FRet-: TrlE STATE OF NE'W YORK, THE NIAGARA FALLS 

STORAGE SITE . 
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Reso l ut i o n  aga i n s t  A l ternati ves 3b , 4c , a nd 4d is  noted . Th i s  comment , a l on g  wi th  those  
from other  commente rs , was  taken i nto con s i dera t i o n  i n  determi n i ng the p refe rred a l te rnat i v e .  
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IN ALDITION TO THE PRESENT HOlDING PONDS AND OTI!ER STOOAGE SITES IN THE OAK 
RIDGE RESERVATION, FIVE STATES PRESENTLY HAVE RADIOACTIVE WASTE FACIUTIES (DClE ) , 

AND T:-ffiEE STATES SUPPORT Ca-tw.ERCIAL FACIUTIES . MY Ql'ESTION IS, "IS IT 

FEASIBU: THAT THE EXISTING FACIUTIES BE U'I'IUZED IN T'rlE STORAGE OF T.-U: La.'

U:VEL RADIOACTIVE WASTES AND FOR T'r-:E FU'I'URE BUIlD 'l':-1E NECESSAR Y STORAGE SITES 

IN AFJ:AS WHIC? ARE NCYr LOCATED NEAR CITIES AND OCR WATERWAYS? 

IN CLOSING, I worlD LIKE TO QUOTE TWO STATE.\�NTS TAKEN FFlet-! � CWDF ENVIROr.-

¥.Et."7AL DI.PACT STA7EJ.�N'I'. 

T'r:E TEt.-;:ESSEE DEPA.�DEri·T OF HEALT'rl AND ENYIROl't'MSNT II\ 1983, STATES, "T.-1E PRESENT 

HOlDING pmos IN OAK RIDGE ARE LEAKING INTO BEAR CREEK, THEREB Y RESULTING IN 

DISCEAI!GES TO THE WATERS OF THE STATE OF TENNESSEE . "  

SEcor;o QUOTE :  " 

4 . ;  C1.JMUlA'l'IVE lY.PAC'I'S "ALT!lOUGP. NCYr PLANNED, T'rlERE IS A PCYI'EN7IAL FOI! OVERLAP 

WITH ANOTrD PROJECT, Tr:E DISPOSAL OF NIAGARA FAllS STORAGE SITE WASTES AT T.-!E 

PINE RIDGE KNOLLS SITE ( U . S .  DEPARlMENT OF ENERGY 1984 ) .  IF THE NFS� PROJECT IS 

DI.PI1Y.ENTED WI'I'R DISPOSAL OF THE WASTES AT THE OAK RIDGE RESERVATION, ONE TRUCK 

RAULING RADIOACTIVE WASTES WILL BE BROUGHT INTO ORR EVERY �MINUTE DURING TWO 

SlJloM:RS (THE CWDF PROJECT WCXJU> INVOLVE ABOUT 2 TRUCICS PER HOUR PER 8-HOUR SHIr'r 

FOR T.o{[ FIRST 4 nARE .  nrus, THE CUMUlATIVE 'TRANSPORTATION DI.PACT WOUlD RESULT 

IN INCREASED TRAFFIC CONGESTION, INCREASTED ACCIDENTS, AND ACCEU:RATED DETERIORA

TION OF T'rlE ROADS, FRIMARILY DUE TO THE NFSS ( NIAGARA FALlS STORAGE WASTE ) PROJECT� 

AS STATED IN T'rlE BEG INNING, NO OOE WANTS IT, BUT PlEASE DON ' T  MAKE us THE GARBAGE 

HEAP FOR THE WHOlE C�Y. 
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;';:-:Ei\.EAS i t  �,l S  been repc r t ed tl".a t a propo sa l h a s  be e n  

�ace to br i ng r 3 � i ; l c t ive wa s t e  ma t e r i a l  from N i a g r a  f a l l s ,  
:: .. w "i:> r i<.  and s t :> r e  s;Jc h  rna ter ia l s i n  the G r a  s s y  Creek. area o f  

Rc �r.�  C )unty , Te .... e s s e e ; and , 

,,-;':::RE:A S Gra ;' 5J Creek. er.lpt i e s bto the C l inch R i v e r  above 
K � �i s�:>n and t he c:>u .. : i l  is conc e r n e �  that such s t c : � i e  w i l l  
c r e � -: e  � :1  env i=o�_":',e:: ,; a l  t.a z a r d  w�i c h  w i l l  a �v er s e l�' ol ! !ect t hi s  

c C =''; :l � t y  

�s� T HEREFORE be it r e so l v ed t h a t  t h e  C i ty C o u  .. c i l  go o n  
r e c o r d  a s  oppo s i ng ar.'1 , a l l  e f f o r t s  to br i ng r a d i c,act i 'J e  wa s t e  
:":.l : e : i l l s  f r olll o'.J t s l d e  t he S ta t e  o f  Ten:'le s s e e  to s t o r e  in Roa:le 

Cou � ,; y ,  Tenn e s see 

Cop i e s  o f  t �� 5  r e solut ion are to be forwa rded to prope r 
go�·err.p i! :-.ta l t:c� ie s a:-.d e l e c ted o f f i c i a l s .  

..... , � ,  � I . ,  _' __ ' '. r ';,/ 
C i t y l:lerk 

Thi s�da y  o f  S ep t � be r  1 98 4  

., 
/�:---:1 1 .. '/ / '_' 

J 
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1 0 3  0 . .. L a n .  
O a l  E i d �e , T� .  37£30 

3 S e � t . m be r ,  1 � B �  

" c . L . E .  C a��be l l ,  D e � u t y  D i r . : t � r  
T e c hn i c a l  S e r . i ce .  D i . i s i o n 
O a k  R i d g e O� e r a t i o n i  O f f i ce 
U . S . De F a r tm e n t  O f  Ener g y ,  P . O . B o x  E 
O a k  R i d g e , T n .  3 7 £ 3 0  

I h a v .  r . ad t h e  D r a f t E n v i r o n�ent a l  I m p a ct S t a t eme n t  
( DO E : E I 5 - 0 1 09 D ) a n d  w i . h  t o  c o m m e n t  on s o m e  o f  t h .  p r o v i . i o n • •  

T h e  t e m p o r a r y  . t o r a ge p r o v i d e d  a t  L e w i s t o n ,  N . Y .  i .  s u f f i c i e nt 
f o r  the i m m e d i a te fu t u r . ,  but a p p e a r s  to h a v e  o b j e c t i o n s  f o r a 
p e r m a n e n t  . t o r a g e .  T h e  v a r i o u s  a n t i - nu c l . a r  g r o u p s  i n . i s t on 
a s s u r a n c . s  of z. r o  mi g r a t i on under a l l  f o r e s e e a b l .  c o nd i t i o n s .  I n  
t h e  c a s e o f  u r a n i um a n d  r a d i um ,  i n  p a r t i c u l a r , t h i s  a s . u r a n ce 
c o u l d  n o t  be g i v. n .  F u r t h . r , th i s  s i t . ,  i n  c om m o n  w i th a l l  l and 
d i s p o s a l s ,  w o u l d  , . q u i r .  p e r p e t u a l  c a r .  and s e r v . i l a n c e  t o  
p r e ve n t  d i v e r s i o n  a t  s o m .  lu t u r .  t i m . .  T h e  p r i n c i p a l  r . a l  h a z a r d  
t o  s to r a ge o f  t h e s .  m a t e r i a l s  i .  t he i r  e m p l o y m . n t  i n  t h e  
c o n s t r u c t i o n  o f  h uman h a b i t a t i o n s ,  e i th . r  a s  c o n s t r u c t i o n  
.at e r i a l s  o r  a s  f i l l  u n d . r  b u i l d i n g s .  

The s . c o nd a l t. r n at i ve ,  t h .  r .m o v a l  o f  t h .  ma t e r i a l s  t o  th. 
d e e p  o ce a n ,  o f f  the c o n t i n . n t a l  . h e l f ,  i s  by far t h .  s a fe s t  
a p p r o a ch t o  p . r m a n e n t  . t o r ag • •  T h .

·
, a d i oc h . m i s t r y  o f  t h  • •  e a  has 

b e e n  c a r . f u l l y  d o c um e n t . d  by O a k  R i d ge ' s  f a m o u s  H u n g a r i a n 
D r . E l i z a be t h  R ona , a m o n g  o t h . r s .  F o r  t h e  i s o t o p  •• o f  u r a n i u m  and 
t h o r i um a l on e ,  t he .ea is t h. s a f  •• t r .p o s i t o r y .  The . ma l l  a m o u nt 
o f  u r an i um s t i l l  p r . s . n t  i n  t h e  r • •  i d u e s  i .  q u i t  • •  o l u b l .  i n  sea 
w a t . r  a n d  w i l l  mak. an i n s i g n i f i c a n t  c o n t r i b u t i o n  t o  the a m o u n t  
a l r . a d y  t h. r . .  T h .  t h o r i um fam i l y ( i n c l u d i n g  t h .  th o r i um s  i n  the 
u r an i um f a m i l y )  a r .  i n s o l u b l .  in .ea w a t e r  and w i l l ,  l i k e  t h e  

t h o r i um s  c r . at.d i n  t h .  d . c a y  o f  u r an i u m ,  p r . c i p i t a t .  t o  th. 
b o t t o m  o f  t h  • • • a, w h . r e  i t  w i l l  d . c a y ,  by t h .  r o ut. o f  r ad i u m ,  
t o  l e a d .  R a d i um i .  V i r t u a l l y  i ns o l ub l .  i n  s e a  w a t. r ,  a n d  any 
a m o u n t  a d d e d  f r om th. l a n d  w o u l d  be i n s i g n i f i c a n t  to the a m o un t ,  
a t  n . a r  s a t u r a t i o n ,  p r  • • •  n t  i n  s . a  wat.r . 

The f o r . g o i n g  •• t h o d  i s  t h  • •  o s t  l o g i c a l  o f  t h .  m e t h o d i  
d e . c r i b  •. d ,  b u t  p o l i t i c s .l. s  n o t  l o g i ca l . Th. r .  a r .  a l o t lIIo r .  
p e o p l e  

. 
i n  N e w  Y o r k  S t a t .  t h an t h . r .  a r e  i n  t h .  S t a t. o f  

T . n n e . s  • •  , a n d  i n  t h .  w o r l d  o f  p o l .l. t i c s ,  t h i s  i s  r . l . v a n t .  Th. 
s . c o n d  r . m o v a l  o p t i o n ,  t o  a p r . s e l . c t . d  s i t. i n  O a k  R i d g e ,  m u s t  
b. c o n s i de r ed a v i a b l .  o p t .l. o n .  W i t h p r o v i s i on s  s i m i  l i a r  t o  t h o  • •  
• a d e  f o r  t.mp o r a r y  . t o r a g e  a t  NFS S ,  t h e . e  c l ay h i l l s i d e .  c a n  be 
m a d e  t o  .tor. th.s. u r a n i um r • •  i d u e s  a t  l . a . t  a s  l on g  a s  t h . i r 

1 
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T h i s potent i a l  hazard i s  ana l yzed in  Sec t i o n  4 . 1 ( re s i dent- i ntruder scenari o ) .  
i n  the E I S ,  th i s  scena r i o  l eads to the greates t  pote n t i a l  rad i o l o g i c a l  i mpac t .  
Top i c al  Response 1 . ) 

As d i scus sed 
( See a l so 

Recommendat i o n  for ocean d i s posa l  ( A l ternati ves  4b and 4 d )  i s  noted . T h i s comment , a l ong 
with those from other commenters , wa s taken i nto cons i derat i on in determ i n i ng the preferred 
a l ternat i ve .  

Op i n i o n  about Oak  R i dge be i ng as  s u i tab l e  a s  NFSS f o r  l ong- te rm management of t h e  NFSS 
wastes and res i dues  i s  noted . .  T h i s  commen t ,  a l ong  wi th those f rom other  commenters , was 
taken i nto con s i dera t i o n  in determ i n i ng the prefe rred a l terna t i v e .  
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l p r e s e n t  r e p o s i t o r y .  A s  I t r i e d  t o  p o i nt out a t  a � e . t i n g  of Oak 
i i d g e  C i ty C o unc i l  ea r l i e r  in t he y e a r , t h e s e  � a te r i a l s  w o u l d  
r e q u i r e  p e r M a ne n t  i s o l a t i on .  T h e  h a l f - l i fe o f  r a d i um - 2 2 6  i s  1 6 0 0  
y e a r s a n d  s i nce t h e  t h o r i u� - 2 3 0  p a r e n t  i s  n ea r l y i n  e q u i l i b r i um ,  
t h e r e  w i l l  b e  a b o u t  2 k i l o g r a m s  o f  r a d i u m  e q u i va l e n t  i n  the ( r e p o s i t o r y  f o r  a b o u t  h a l f a m i l l i o n  y ea r s .  S h o u l d  the O a k  i i d ge 
s i te be c h 0 5 e n ,  the C i ty s h o u l d  be c o m p e n s a t e d  f o r  a b o u t  1 6  a c r e s  
t ak e n  o u t  o f  t h e  t a x  b a s e  p e r m a ne n t l y .  F u r th e r , s i n c e  p e r ma n e n t  
s e c u r i ty i s  r e q u i r ed ,  p r o v i s i o n s h o u l d  be m a d e  f o r  a n  a d j a cent ( c o m me r c i a l  l o w - l e v e l  r e p o s i t o r y  owned by the c i t y ,  a nd c o � t r o l l e d  
b y  t h e  U . S . G o v e r nm e n t .  The r e  a r e  p r e se n t l y  a b o u t  1 0  r a d i o a c t i v e  
w a s t e  r e p o s i t o r i e s  i n  t h e  c i t y ,  c o n t a i n i ng a l l  membe r s  o f  t he 
u r a n i um f a m i l y  a n d  a l l  k n o w n  f i s s i on p r o d u c t s .  T h e r e  s h o u l d  be 
o n e  t h a t  i s  l e g a l  a n d  u n d e r  c o n t r o l  o f  the C i ty .  U n l e 5 s  s o me t h i ng 
i s  d o ne i n  t h i s  c o u n t r y  s o o n ,  t h e  c i ty f a t h e r s  o f  a g o o d  m any 
U. S .  c i t i es w i l l  come to r e . l i z e  w i th a s h o c k  that the c i ty d u mp 
i s  -r a d i o a c t i v e  ! ( The H a n f o r d  o p t i o n  i s  t h e  l e a s t  a t t r a c t i v e ,  b e c a u se o f  t he 
s h e e r  v o l um e  o f  w a s t e  t h a t  w o u l d  need t o  be t r a n s p o r t e d  a c r oss 
the U . S .  In t h i s r es p e c t ,  Oak R i d g e  has r e l a t i ve l y d i r e c t  r a i l  
c o n n e c t i o n s  a n d  w o u l d  t h u s  b e  m o r e  a t t r a c t i v e .  O f  t h e  l and 
r e p 0 5 i t o r i e s ,  the h i g h  e l e v a t i o n  a b o v e  t he water t a b l e  and d e 5 e r t  
c o nd i t i o n s  . a k e  t h e  s t o r a g e  a t  H a n f o r d  a tt r a c t i v e .  

T h e  r ad i o c hem i s t r y  h a s  been w o r ke d  o u t  f o r  . a ny 
t h e  p r op e r  s t o r age o f  t h e s e  r a d i o a c t i ve . a te r i a l s ,  
f i s 5 i o n  p r o d u ct s .  I t  i s  p o l i t i c s  t h a t  i s  p r e v e n t i n g  
s t o r a g e  o f  t h e s e  p r o d u c t s  a n d  r e s i d u e s .  

C o p y l  O a k  i i d g e  C i ty C o un c i l  

2 

y e a r s f o r  
i n c l u d i n g  
t h e  s a fe 
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Opi n i on i s  noted regard i ng the need to compensate the c i ty of Oak R i dge i f  A l ternati ve 3b ; 
4c , or 4d i s  s e l ected.  DOE wi l l  take th i s  i nto con s i derat i o n  i n  reac h i n g  a dec i s i on .  

Op i n i o n  about pro v i d i ng for a n  adjacent commerc i a l  l ow- l eve l  repo s i tory i s  note d .  D O E  wi l l  
take th i s  i nto cons i de rat i o n  i n  reac h i ng  a dec i s i o n .  

Op i n i o n  i s  noted that the Hanford a l ternat i ves ( 3a ,  4a , a n d  4b ) are t h e  l east  attrac t i v e .  
T h i s  comme n t ,  a l ong w i t h  those f rom other commenters , was taken i nto cons i de rati on i n  
determi n i ng the p refe rred a l ternat i ve .  
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THIS I S  A RETYPED VERS I ON OF  THE O R I G I NAL HANDWRITTEN LETT E R  OF  COMMENT FROM 
L I NDA ROWLAND .  IT HAS BEEN  RETYPED TO P ROVIDE  BETTER  C LARITY FOR PRINTING .  
THIS  I S  A VERBAT I M  COPY.  

Dept.  o f  E ne rgy ,  

Mrs . E .  Bruce Rowl and 
142 W. Norr i s  Road , Box 639 

Norr i s ,  Tenne ssee  3 7828 

Sept.  2 3  

[ As a re s i dent  o f  Anderson County and mother of 2 c h i l dren I wou l d  

l i ke to v o i ce my s i ncere and strong objec t i on to b r i ng i ng anymore n uc l ear  

waste i nto the  Oak  R i dge area . B r i ng i n g  nuc l ear waste that i s  a l ready stored 

in  the N i agera F a l l s  a rea to Anderson County i s  much too costly and dangerous . 

One o f  my obj ect i ons to the use  o f  nuc l ear power p l ants i s  that no foo l -

p roof method o f  waste storage has been dev i se d .  

P l ease d o  not cons i der t h e  O a k  R i dge area f o r  any more nuc l ear  s torage . 

S i ncere l y ,  

L i nda Rowl and 
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Object i on to A l ternat i ves 3 b ,  4c , and 4d is noted.  Th i s  comment , a l ong w i th those from 
other comme nters , wa s taken  i nto cons i derat i o n i n  determ i �i ng the pre fe rred a l terna t i v e .  
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RU LEY-2 

RULEY-3 

[ 
Mr . Lowe l l  F .  C a m pb e l l  
U .  S .  D e p t . o f  En e r g y  
O a k  R i d g e , T n  3 7 8 30 

D e a r  Mr . Ca mpbe l l :  

K-IOO 

S e p t embe r 2 0 , 1 9 8 4  

A f t e r  r e v i e w i n g  t h e  A u gu s t 1 9 8 4  DE I S  r e  N F S S  I w i s h  t o  g o  
o n  r e c o r d  a s  o p p o s i n g  t h e  s t o r a g e  o f  t h e  N F  wa s t e  i n  O a k  R i d g e , 
Tn . f r om t h e  f i n a n c i a l , h e a l t h  a n d · t r a f f i c  s t a n d p o i n t .  S uch a 
c o n s i d e r a t i o n  t o  m a k e  t h e  d e p o s i t  h e r e  i s  i n c o m p r e h e n s i b l e .  

[ M y t h o u gh t i s  t h a t e a c h  s t a t e  s h o u l d  a s s ume t h e  r e s p on s i b i l i t y  
o f  i t s  own n u c l e a r  wa s t e  a n d  u s i n g  t h e  o c e a n  a s  a d u mp s i t e 
s h o u l d  be a n  a b s o l u t e  n o .  I t  s h o u l d  o c c u r  t o  o u r  s c i e n t i s t s  [ t h a t t h e  i nh a b i t a n t s  o f  t h i s  g l o be h a v e  b e e n  h e r e  f o r  a l o n g  
t i me a n d  s h o u l d  e x p e c t t o  c o n t i n u e  l i v i n g  o n  t h i s  e a r t h f o r  g e n 
e r a t i o n s  t o  c o me . The y  s h o u l d  t a k e  t h a t  i n t o  c o n s i d e r a t i o n  
b e f o r e  c r e a t i n g  t h e  h a z a r d s t h a t  t h e y  p e r s i s t  i n  d o i n g .  

/� �, � 
k � l e n  G .  R u l e y  . r 
3 4 4  Lou i s i a n a  Ave . 
O a k  R i d g e , Tn . 3 7 8 3 0 
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RU LEY- l Oppos i t i on to A l ternat i ves 3b , 4c , and 4d i s  noted.  T h i s commen t ,  a l ong  w i t h  those f rom 
othe r commenters , was taken i nto con s i dera t i o n  i n  determ i n i ng the pre ferred a l ternat i ve .  

RULEY-2 Op i n i o n  about each state be i ng respo ns i b l e  for  i ts own waste and oppos i t i on to ocean d i sposao  
are noted . DOE wi l l  take th i s  i nto c o n s i derat i on i n  reach i ng a dec i s i on .  

RULEY- 3 Op i n i on about con s i de r i ng  the hazards that are be i ng c reated i s  note d .  DOE wi l l  take th i s 
i nto cons i derat i on i n  reac h i n g  a dec i s i o n .  
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THIS  IS A RETYPED VERSION  O F  THE O R I G I NAL HANDWRITTEN LETTE R OF COMMENT F ROM 
CYD RYMAN . I T  HAS BEEN  RETYPED TO PROV I D E  BETTER CLARITY FOR P R I NT I NG .  TH I S  
I S  A V E RBATIM  COPY.  

I make t h i s  s tatment a s  a n  i nd i v i dua l , not as  a membe r  o r  rep re s entat i ve 
o f  EQAB ( En v i ronmental  Qua l i ty Adv i sory Board to the c i ty o f  O a k  R i dge ) .  

Over a l l the D E I S  regardi ng the NFSS i s  very goo d .  I thank  y o u  ( DOE ) f o r  
the t i me a n d  e ffort made to comp i l e  even  t h e  D r a f t  E I S .  

I make o n l y  m i no r  po i nts . 

Several  opti ons were c o n s i dere d .  Among  these were depos i t i ng the m i ne 
tai l i ngs  & other l ow l ev e l  wastes i n  the ocean , s i te 106 , wi th negl i g i b l e  
e ffect .  The opt i on o f  resourse recovery and  mod i f i ca t i o n  of form were a l s o 
con s i dered.  Howe ver n e i ther  of these  were con s i dered for Oa k R i dge- - i n  
comb i na t i o n .  

RYMAN- 1 C I s uggest  you con s i de r  depo s i t i ng the l ow l ev e l  rad wastes i n  the  ocean , 
thus , taki ng  care o f  96% o r  mo st of the vo l ume . 

RYMAN-2  

RYMAN- 3  

RYMAN-4 

RYMAN- 5  

Then  I s uggest  t h a t  w e  try some resourse  recovery before form mod i f i cat i o n  
by v i tr i f i cat i o n  f o r  t h e  rema i ni ng h i gher  l evel  rad-wa s te s .  

Unfortunate l y ,  I have n o  facts t o  s upport my be l i e f  that resourse  recovery 
can be don e .  How much , i f  a nyth i n g ,  was recove red b e fore v i tr i f i ca t i o n  of 
some rad wastes & storage i n  the o l d  s a l t m i nes near Kansas  C i ty? If  it  were 
to happen , where wou l d  form mod i f i ca t i o n  take p l ace? [ I was a s to unded by the costs o f  perm- care at  N i agara F a l l s .  Are costs 
so h i gh because someone wo u l d  need to c he c k  on the s i te per i o d i ca l l y  and the 
government has no one  there? ( Concern i ng the s e l ected Oak  R i dge s i te--Who chose  i t? Why? Was i t  
mere l y  because there was s u f f i c i en t  data o n  that l and s i te?  

[ The argument that was tes  wou l d  b e  depos i ted o n  only 40% o f  the l and o f  
t h e  s i te a n d  that the  r e s t  o f  t h e  s i te woul d be useab l e  i s  fau l ty ,  because o f  
i rregu l ar conf i g u rat i o n  of t h e  depo s i ts and  t h e  n e e d  for buffers  ( F i gure 3 . 14 ) .  
Thus  mos t ,  o r  a l l ,  o f  the P i ne R i dge Knol l s  s i te wou l d  not b e  s u i tab l e  for 
other commer i ca l  i ntere s t s .  

T ha n k  you .  
S i ncere l y ,  

Cyd Ryman 
443 East D r i ve 
O a k  R i dge 
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RYMAN - l  Op i n i o n  for ocean d i sposal  ( A l terna t i ves 4b and 4d)  i s  noted.  T h i s  commen t ,  a l ong w i th 
those f rom other commenters , was taken i nto cons i dera t i o n  i n  determ i n i ng the preferred 
a l ternat i ve .  

RYMAN- 2  Op i n i o n  for  resource recovery fo l l owed b y  v i tr i f i cati on o f  the res i dues i s  noted.  The 
tec h n i ca l  aspects and env i ro nmenta l i mp l i cati ons o f  th i s  a l terna t i ve are d i scus sed in more 
deta i l i n  Append i x  C ,  Sec t i o n  C . 2 .  The Ka nsas C i ty operat i o n  dea l t  w i th h i gh- l eve l wa stes 
conta i n i ng radi onuc l i des  that are d i fferent than  the natura l ly  occ u rr i ng rad i on uc l i des  i n  
the NFSS  res i d ue s .  

RYMAN-3  The  est i mated costs  o f  permanent care at NFSS  ( for  the prefe rred A l ternat i v e  2 )  wou l d  be the  
same as  at Oak  R i dge o r  Hanford ( Tab l e  F . l ) - -amount i ng to about  $85 , OOO/yr .  Th i s amounts to 
about 9 person-months of e f fort and i s  p r i mar i l y  for  mon i to r i ng , pe r i od i c  s u rve i l l ance , and 
occa s i onal  mai nte nance . 

RYMAN-4 As noted i n  Sec t i o n  2 . 5 . 1 ,  the P i ne R i dge Kno l l s  s i te was i dent i f i ed by the OOE Oak R i dge 
Opera t i o n s  O f f i c e  as  be i ng a s i te that is reasonab l e to a s s ume for  p u rposes  o f  ana lys i s  and 
compa ri son  o f  a l ternati ves in th i s  E I S .  It is potenti a l l y  ava i l ab l e  for d i sposal  o f  the 
NFSS  wastes and re s i dues and s i te- spec i f i c  i n forma t i o n  i s  avai l ab l e  on t h i s  s i te so it can 
be ana l yzed . 

RYMAN - 5  There i s  n o  statement i n  the E I S  that o n l y  40% o f  the l and wou l d  be used  at the P i ne R i dge 
Kno l l s  s i te and that the rest o f  the area cou l d  be used for othe r p u rposes . As s hown i n  
Tab l e  4 . 58 ,  about ha l f  o f  the acreage needed wo u l d  b e  for a b u f fe r  zone and serv i ce are a .  
( See a l so Responses  TOHE- 5 ;  U S E PA- 32 ; WALK- I ,  - 3 ;  YAG E R- 2 . ) 
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TH I S  I S  A RETYPED VERSION  OF THE O R I G I NAL HANDWR I TTEN LETTER O F  COMMENT F ROM 
N E LL I E  SHROPSH I RE .  I T  HAS BEEN  RETYPED TO PROV I D E  BETTER  C LARITY FOR  P R I NT I N G .  
TH I S  I S  A VERBAT I M  COPY .  

feel  we  have more than  o u r  s hare of po l u t i on and do not  need a ny trans-

f rom other l ocat i ons . We have the r i ght to p re s e rve our  e n v i roment here 

i n  Tennes see the same as any other state . 

Nel l i e Shrop s h i re 
834 L i nc o l n Ave 
Morr i stown TN 37814 
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SHROP-l Oppo s i t i on to A l ternat i ves  3b ,  4c , and 4d i s  note d .  T h i s  comme nt , a l ong with  those from 
other comme nters , was take n  i nto cons i derat i o n  i n  determ i n i ng the p re ferred  a l te rnati v e .  
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T H I S  I S  A RETYPED VERSION O F  THE O R I G I NAL HANDWR ITTEN LETTER OF COMMENT F ROM 
J EAN SPAC H .  IT  HAS B E E N  RETYPED T O  PROV I D E  BETTER C LARITY F O R  PRINTING .  THIS  
I S  A VERBAT I M  COPY.  

September 23 

Dear S i rs ,  [ I want to be counted among those opposed to stori ng any extra n u c l ear 

waste i n  Oak  R i dge . We a re a l ready doi ng a poor j ob w i th our  l oc a l  by p roducts . 

We don ' t  need anyone e l se ' s  was t e .  

J e a n  Spach 

ADDRESS ON  ENVELOPE :  

Spach 
226 H e nd r i x  Dr. 
Oak  R i dge , TN 37830 
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SPACH- l Oppos i t i on to Al ternat i ves  3b , 4c , and 4d i s  noted.  T h i s comment , a l ong  wi th those f rom 
other commenters , was take n i nto co n s i de rati on i n  determi n i ng the prefe rred a l ternat i ve .  
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TEN NESSEE OEPARTMENT OF H EALTH AND ENVIRONMENT 

October 5, 1 98 4  

M r. L. F. Campbell 

11.1'."1.1 of EnwhD"�' 

T.E.R. R.A. BUILDING 150 NINTH AVENUE. NORTH 

NASHVIllE, T E N N ESSEE J7203 

Deputy Di rector, Technical S ervices Divi sion 
Oak R idge Opera tions Office 
U. S: Depa rtment of E nergy 
P.O. Box E 
Oak Ridge, Tennessee 37 830 

R e: L ong-T erm Management of the E x isting R adioactive \\'astes and R esi dues at  
the Niagara Fal ls  S torage S i t e  - Draft Environ mental  Impact  S tatement 
(DE IS) 

Dear M r. Campbell: 

Detailed co mments on the above referenced document by our Divisions of 
R adiologi cal H ealth and A ir Pol lut ion Con trol  are attached. As of this wri ting, two 
other Di visions have not  co m pleted their  review. H owever, because previous 
obligations wil l  keep t he person coordi nating our review and comments out of town 
unti l Oc tober 9 ,  we wish to document the current position of the Tennessee 
Department of Health and E nvironment with this le tter. A ny a dditional detailed 
comments wil l  be f orwarded at the very first opport uni ty. 

We have noted the posi tions of local resi dents and officials as deli vered at the 
September 20, 1 98 4 ,  public hearing in Oak Ridge. Vo'i th  empathy and due respect [ for the apparent concerns of resi dents in the N iagara F al ls S torage S ite area, we 
must agree with Oak Ri dge area resi dents. E vents of t he past few m onths have 
revealed that the Depart ment of E nergy (DOE ) a t  its Oak Ridge site already has a 
sufficient number of waste disposal problems to deal wi th for the forseeable f uture. 

The problems that we, the U. S. Environmental P rotection A gency, and DOE's Oak 
R idge staff curren t ly  face are of consi derable com plexity and magnitude. "" e  are 
convinced that DOE is com m itted to cleaning up "sins of the past" and to 
compliance with e xisting environm ental statu tes now and in the future in Oak 
R i dge. H owever, this effort wil l  involve continuing dedica tion t o  the task,  hard 
work, and time f rom DOE , governm ent officials at all levels, local resi den ts ,  and 
the news medi a. F urtherm ore, this effort wil l  take mi l li ons of dollars. T he DEIS 
est i mates that the costs of al ternatives involving Oak Ridge or H anford are at least 
an order of magnitude higher than for those involving N i agara Fal ls. \\'e would ( prefer that the m onies in the diffe rential be used to research and address known 



TDHE- l 

TDHE - 2  

K-I09 

Oppo s i t i o n  to A l ternat i ves 3b , 4c , and 4d i s  noted . T h i s c omme nt , a l ong  w i t h  those  from 
othe r comme nters , was taken i nto cons i de rat i o n  in  dete rmi n i ng the p referred a l ternat i v e .  

P reference f o r  spend i ng money t o  s o l ve the probl ems a t  O a k  R i dge rather than mov i ng the NFSS  
wastes a nd res i dues is  noted .  DOE wi l l  take  th i s  i nto cons i derat i o n  in  reac h i n g  a dec i s i on .  
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Mr. L. F. Campbell 
October .5 ,  1 98 4  
Page T wo 
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and potential problems in Oak Ridge. Vo'e also must acknowl edge and point out the 
increased risk to public health and safety po�.ed merely by t he transport of this 
m aterial away from its present location to another distant l ocation. 

Vo'e feel strongly that DOE's pref erred option should not involve any of the 
a l ternatives proposed at Oak Ridge. In fact, in t he best in terests of T ennesseans, 
we feel that legal action would have to be one of our consi dera tions in the event 
that DOE shou ld deci de in favor of one of the Oak Ridge alternatives. 

T he opportunity to offer co mment in this important m atter is m ost certainly 
apprec iated. Should further discussion be neede� please feel free to contact this 
o f fice. 

S incerely, 

Michael T. Bruner, Dr. P.  H. 
A ssistant Comm issi oner 
B u reau of E nv i ronment 

MTB/T K C/ca/ I /3 

A t tachments 
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Oppo s i t i on t o  A l ternati ves 3b , 4c , and 4d i s  note d .  Th i s  comment , a l ong w i t h  those from 
other commenters , was taken i nto con s i derat i on i n  determ i n i ng the prefe rred a l ternat i ve .  
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DRH Com ments on review of DRAFT ElS 
(DOE /ElS-o I 09D)  L ong-term Management of 
the E xisting Radioactive \l' aste and Resi dues 

at the N iagara Fa l l s  S torage si te 

TDHE-4 [ S , m m"y, Po.n' - P ine R idge Knolls are proposed as si te for above ground 
storage in mo unds. W hy not the Central Waste Disposal 
Faci l ity on West Chestnut R idge or, if the Knolls are better, 
use tha t site for C V.'DF. 

TDHE-5 

TDHE - 6  

TDHE- 7  

TDHE-8  

[ ( 
( 
( 

TDHE-9 [ 
TDHE-IO 

Page I - I , ltem 1 . 2 - Radium -226 appears to be the primary source of the 
radioactiv i ty. Oak Ridge was not establ ished and to our 
k nowledge has not been used, for naturally occuring 
radioactive material  waste handling. W hy start now?? 

Page 2- 1 5 ,  I tem 2.5.2 - Impact of erosion of Knoll  when trees are removed is not 
discussed. 

2. 

3. 

V.'hy are there to be no R adium-222 releases at Oak 
R i dge if caps are si milar to those proposed for 
a l ternative I ,  at NFSS? 

M igration of contam inants is  controlled by a great 
num ber of factors apparently not considered here. 
A conclusion of slow m igration is not supported at 
this point  and should not be made. 

I did not recognize anything in this document that presented a compel l ing reason to 
do" anything with this m aterial, i.e, al ternative I ,  or at m ost a l ternative 2a is the 
option to take. A ll of them presented some degree of hazard. T hese seemed to 
have the least. 

On page 3-30 of the N iagra Falls  DElS it says, "The Pine R idge Knoll  si te is 
underlain by the Rome formation and the C onasauga Group (Fi gure 3. 1 5). A bout 
230 m (7 4 0  ft) of contin uous Rome F orm ation • • •  has been observed at the site." 

H owever, on pa ge 2-8 of the Chestnut R idge DEIS (DOE /EIS -o I I O-D) it sa ys, "Of 
the four major strata-Conasauga G roup, K no x  G roup, Chicamauga G roup, and 
Rome formation--only the Knox G roup and the C onasauga G ro up have 
characteristics that are considered suitable for placement of a waste-disposal 
faci l i ty (L ee et al. 1 983; L ominect et a!. 1 98 3)." 

T he N iagra F alls DEIS does not have ei ther reference in any chapter. 

The full references are: 

L ee,  D. W. ,  R. H. K etelle, and L. H. S ti nton. 1983. U se of DOE S ite 
S elec tion C ri teria for screening L ow-L e'lel Waste Disposal S i tes on 
the Oak R idge R eserva tion. ORNL /T M-87 1 7. P repared by Oak R idge 
N ational L aboratory, Oak R i dge, TN, for the L ow-L evel Waste 
M anagement P rogram, U. S .  Department of E nergy. S eptember 1 98 3  

Lom inick, T. F. ,  D. W. Byerly ,  a n d  S.  Gonzales. 1 98 3. E valuation of the 
ORNL A rea for F uture Waste Burial Facil it ies. ORNL/T M-869.5. Oak 
R idge National L aboratory. 

This m ust be addressed if  al ternative 3b, lie,  or 4d i s  developed further. 
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TDHE-4 Because of the l a rge v o l ume of wastes to be generated at Oak R i dge and  the l a rge v o l ume o f 
the NFSS wastes and re s i dues , DOE be l i eves that two s i tes  wo u l d  be neede d .  

TDHE-5  Oak R i dge is  be i ng con s i dered as  an a l ternat i ve because  it  is  a DOE s i te and the N F SS wa stes 
and res i dues are a DOE respons i b i l i ty .  I t  is  not the preferred a l terna t i v e .  ( See a l so 
Respon ses  RYMAN-4 ; USEPA-32 ; WALK- I ,  - 3 ;  YAGE R- 2 . ) 

TDHE-6  The i mpact of e ros i o n  when  trees  a re removed is  d i sc us sed " i n  Sec t i o n s  4 . 2 and  4 . 3 .  

TDHE-7  The cap at Oak  R i dge is  s i m i l ar to  the l o ng-term cap at NFSS ( A l ternat i ves  2a and  2b ) ,  not 
the A l ternati ve 1 ( no-act i o n )  cap . Radon-222 rel eases  a re d i scus sed i n  deta i l  i n  Sec
t i o n  4 . 1 . 2 . 2 ) .  

TDHE-8 Many factors affec t i ng the l ong-term m i gra t i o n  of rad i o n uc l i des  i nto groundwater at Oak R i dge 
are d i scus sed i n  deta i l in Sec t i o n  4 . 2 . 2 .  As noted in Sect i o n  4 . 2 . 2 . 1 ,  the most sens i t i ve 
parameters a re hydrau l i c conduct i v i ty and d i s t r i b ut i on coeff i c i ent .  ( See a l s o  Responses  
USEPA- 3 8 ,  -40 . ) Us i ng a conse rvat i ve l y  h i g h  number for the ave rage hydra u l i c  conducti v i ty 
and conservati ve l y  l ow numbers for d i str i but i o n  coeff i c i ents , s l ow m i grat i o n  i s  pred i cted 
( Sect i on 4 . 2 . 2 ) .  Based o n  a l l ava i l ab l e i nformat i o n , the conc l u s i on o f  s l ow m i g ra t i o n  i s  
s upported . 

TDHE-9  Op i n i on for Al ternat i ves 1 and 2a is  note d .  T h i s comment , a l ong w i th those  from other  
comme nters , was taken  i nto con s i de rat i o n  in  determ i n i ng the prefe rred a l ternat i ve .  

TDHE-I0  The i nformati on  g i ve n  in  the two add i t i ona l  references , which  are s i te- scree n i n g  stud i e s  for 
the Oak R i dge Reservat i on ,  was cons i dered by DOE Oak  R i dge Operat i ons  i n  s e l ect i ng the 
a l ternat i ve s i te for  c o n s i derat i o n  i n  th i s  E I S .  
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A P C  Com m ents on review of DRAFT ElS 
(DOE/EIS-{) 1 090) L ong-term Management of 

the E xisting R adioactive \l.' aste and Residues 
at the N i agara F al ls  S torage site 

I t  appears the only real possibility of air i mpact f rom the option of storage of DOE 
N iagara F a ll s  waste at Oak Ri dge could be fugitive emissions f rom handling cover 
materials (rock and dirt). This handling i ncludes excava tion loading, t ransport 
unloading and placem ent. A l though t he draft sta tem ent does not specify what 
precautions wil l  be taken to assure a negligible i mpact, t he statement m en tions 
that truck traffic will increase during the project; DOE recognizes t here will be 
some i m pact. 

I expect that if  reasonable precautions are taken in the rock and dirt handling t here ( will  be negligible air impact. I believe it  is appropriate for the Div ision to 
comment that we do not anticipate a problem developing but want to assure that 
the m a tter of reasonable fugitive dust control be consi dered even if  not 
comprehensiv ely addressed. 

T K C/ca/ l i2 
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Rad i o l og i ca l  i mpacts are e s t i mated a s s umi ng  typ i ca l  con struct i o n  act i v i t i e s  and assoc i ated 
part i c u l ate rel eases  ( Se c t i o n  4 . 1 . 2 ) .  As noted , dust control  measures wou l d be emp l oyed , 
s uch  as per i od i c  wate ri ng  and m i n i m i zati on o f  expo sed s urfaces , and actual  p a rt i c u l ate 
re l eases  m i ght be l ower than those a s s umed i n  the E I S  ana lys i s .  ( See a l so Response USEPA- 13 ) .  
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TENN ESSEE VALLEY AUTHORITY 
K N OXVILLE. TEN N ES S E E  371102 

S E P  2 0 i984 

M r . Lo�e l l  F. Campbel l ,  Deputy D i re ct o r  
Techn i c a l  S e rv i c e s  D iv i s i on 
U . S .  Depa rtment o f  Energy 
Oak R i dge Ope r a t i ons 
Post Office Box E 
Oak R i dge , Tenn e s s ee 37831  
Dear M r .  Campbe l l :  

Tha nk you f o r  the opp o r t un i ty t o  rev i el.' a n d  c orrunent o n  the do cument . 
I f  you have que s t i on s  or comment s ,  p l e a s e  contact John R .  Thu rman a t  
( 6 1 5 )  632 -6656 ( FT S  856-665 6 ) . 

Mart i n  E .  R i ve r s , Di r e c t o r  
Env i ronmen t a l  Qua l i ty 

An EQuI '  OpportunIty Emp'oy�r 
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Opi n i on for Al ternati ve 2a is  noted .  Thi s comme n t ,  a l ong with  those f rom other commenters , 
was taken i nto cons i derat i on i n  determ i n i ng the prefe rred a l ternat i ve .  
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Mr . L. F. Campbe l l  
Depu t y  D i rect o r , Tech Serv o D i v . 
Oak R i d ge Ope rat ions O f f i ce , U .  S .  DOE 
P . O .  Box E ,  Oak R i d ge , TN 3 7 8 3 0  

D e a r  M r .  Campbe l l :  

KENNETH S.  WARREN, Chairman 
1 05 Evans Lane 

Oak Rid,t, TrMesse-e 37830 
Phonr (6 1 5) 483�nl 

4 8 3 -1027 

October 4 ,  1 9 8 4  

We wi sh t o  make a few comme n t s  o n  t he d r a f t  E n v i ronment a l  
Impact St at ement , Lon g- t e rm Management o f  Ex i s t i n g  Radi oact ive 
Was t e s  a n d  Res i dues at the N i agara Fa l l s  S t orage S i t e , Lewi ston , 
New York . Ou r remarks wi l l  be con f i ned genera l l y  t o  t h e  p l an 
wh i c h  wou l d  i n v o l v e  u s i n g  a s i t e  n e ar Oak Ri dge , Tennessee 
a s  t he f i n a l  dump i n g  ground for t he NFSS r a d i o act ive wast es . 

A numbe r o f  he a l t h  prob l ems present l y  e x i s t  i n  t h e  env i rons 
o f  Oak R i dge , Tennessee . These are : 

( 1 )  2 . 4  mi l l ion pou n d s  o f  mercury are been l ost t o  the 
e n v i ronment and i s  now cont ami n a t i n g  l oc a l  grou n d  wat e r s . 

( 2 )  R a d i o nu c l i d e s  in t h e  a i r  n e ar Oak R i d ge are curren t l y  
above EPA s t an d a rds . 

( 3 )  The Oak R i dge p l a n t s  current l y  serve as a dump i n g  grou n d  
f o r  o v e r  7 , 5 70 , 000 cub i c  f e e t  o f  l ow- l eve l m i l it ary wast es . 

( 4 )  A l t hou gh t he S a f e  D r i nk i n g  Water Law proh i b i t s  i n j e c t i on o f  
cont am i n a n t s  i n t o  a n  u n der ground s ource o f  d r i n k i n g  water , now 
EPA h a s  rel eased perm i t s  to t h ree chem i c a l  i n du s t r i e s  for 
i n j e c t i n g  chem i c a l  wastes i n t o  t h e  en t i re Knox aqu i f er , 
comp r i s i n g  about 1 2 4  cub i c  m i l e s  in v o l ume . 

( 5 )  I n vent ory personnel have d i s c l osed t h at 100 pou nds o f  
u ran ium are miss i n g ,  accor d i n g  t o  t h e i r  records . Unt i l  
t h i s  u r a n ium i s  l oc at e d , we mu st as sume t h a t  i t  may event u a l l y  
show up i n  t h e  e n v i ronme n t , a l so . The tendency t o  suppress 
pert i nent i n f ormat ion mus t  be acknowl edged . 

The h i s t ory o f  radio act i ve waste prac t i ces reveal� i versal 
o f f - s i t e  mi grat i o n  o f  radioac t i v i t y  and shoddy bur i a l  t ec h n i ques . 
Borin gs cannot adequat e l y  c h aract e r i ze a proposed b u r i a l  s i t e . 
� grat i on o f  wastes i s  poor l y  u n derst ood� a n d  t h ere i s  no way 
to permanen t l y  control s l ump i n g  and s h i f t i n g  in a bu r i a l  groun d .  
I n  v i ew o f  t h e  prob l ems t h a t  a l ready e x i st , wastes shou l d  be 
preserved at t h e  NFSS rather t h a n  bro�ght to Oak R i d ge . 

� �, � " n 
Y;i-.a:t A .  If� -fo.,.. -- 'T W A c. 
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Op i n i ons  regard i ng exi s t i ng hea l th prob l ems at Oak  R i dge and preference for A l ternat i ve 1 ,  
2a , o r  2b are noted.  These comments , a l ong wi th those from other commenters , were taken 
i nto cons i de rati on i n  determi n i ng the preferred a l ternat i v e .  
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WARR-l 

Mr . L . r . Campbe l l  
Deputy Dir . , Tech Services Di v .  
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105 Evans Lane 
Oak Rid ge , TN 37830 

Oc t ober 5 ,  1 984 

Oak Ri d ge Ope r a t i ons Offi c e ,  D . O . E .  
P . O .  Box E ,  Oak Ridge , TN 37830 
De a r  Si r :  

After perus a l  o f  the DEIS OD a D i s p o s a l  ra c i l i t y for Low-Level 
Ra d i oa c t ive Wa s t e  (DOE/EIS-0 1 10-D) and a t t end ance a t  the September 
pub l i c hearin g ,  I would l i k e  t o  expre s s  my pro t e s t  t o  the concept o f  
moving wa s te s  and resi dues from the ��S S  f o r  t h e  fol lowing reasons : 

1 .  Hazard to the workers and to the pub l ic wh ich wou l d  deve lop 
during the movin g .  

2.  Expen s e , wh ich wi l l  eventually be b i l le d  t o  t h e  taxpaye r .  

3 .  Con t aminat ion o f  ocean wa ters , a valuable resource , wh ich 1 s  

a l ready being con t ami n a t e d  much too rapid l y .  

P l e a s e  inc lude this l e t t e r  with other t e s t imony wh ich ma y  be 
pub l i shed in the f u t ure on this subj ect . Thank you for the opportunity 
to s ubmi t  a wr i t t en comment . 

Very t ruly your s , 

Helen S c o t t  Warren 
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Oppo s i t i on to Al ternat i ve s  3a , 3b , 4a , 4b , 4c , and 4d i s  noted.  T h i s comment , a l ong  w i t h  
those from other comme nters , was taken i nto cons i derat i o n  i n  determi  n i ng  t he preferred 
a l ternat i ve .  
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Eunrti� Om_ 
:an·1 I 7 .  

At:counlina A. PIudluina De pI. 
' 71 · 1 . 1 '  

YAGER-I  

YAGER-2 

YAG E R- 3 

Office of the  County Execut ive 
'0"'[ COUNTY COU.T MOuSl • 

IINGSTOH. T l N N l S S [ [  )nn 
September 2 0 ,  1 9 8 4  

CO��NTS O F  KENNETH E .  YAGER , ROANE COUNTY EXECUT I VE , RELAT I VE 

[waste or 

( NFSS ) • 

TO THE DRAFT ENVI RONMENTAL IMPACT S TATEMENT ( DE I S ) /LONG 
TERM MANAGEMENT . OF E X I STING RA D I OACTIVE WASTE AND RE S I DUE 
AT THE N I AGARA FALLS STORAGE S I TE ( DOE : 1 9 8 4 ) . 

I oppo s e  storing i n  Oak R i d g e  ( Roane County ) any o f  the 

r e s i du e  presently found a t  the N i a g a r a  F a l l s  S to r a g e  S i t e  

The proposed s � te f o r  the storage o f  any N F S S  w a s t e  and / o r  

r e s i due , i s  d r a i n e d  b y  tribu t a r i e s  of the C l i n ch R i ve r , p r i n c i p a l l y  

G r a s sy Creek , B e a r  Creek , a n d  the E a s t  Fork o f  Poplar C r e e k . The 

C l i n ch River f l ows through Roane County to K i ng s ton , whe r e  it merg e s  

i nto the Tenne s s e e  R iver . The Tenne ssee River prov i d e s  wa ter f o r  

K i ng s ton , a n d  recreat ional opportu n i t i e s  for thou s a n d s  o f  swi��e r s  

a n d  f i shermen . 

It is e a sy to see why many peop l e  throughout Roane County 

who depend on the T enne s see River for water , or for r e c r e a t i o n a l  

purpo ses would b e  a f f e cted b y  t h e  r a d i oact ive contami n a t i o n . 

Moreove r ,  t h i s  par t i c u l a r  s i t e  i s  s u i table f or i n d u s tr i a l  

devel opmen t ,  and the locat i o n  o f  the propo s e d  s i te i n  Ro a n e  County 

wou l d  completely take the property out of c o n s i d e r a t i o n  by 

i n d u s tr i a l  pro spe c t s . 

It is t he D epar tment o f  Energy ' s  s tated g o a l  t h a t  Roane 

County be come s e l f - s u f f i cient to a point that i t  no l on g e r  wou l d  

d epend o n  DOE ' S  f e d e ral a s s i s tance payment s .  A pol i cy o f  t a k i n g  

t h e  N F S S  w a s t e  and dumping i t  in Roane County i s  contrary t o  tha t 

goal and wou l d  make i t  more d i f f i cu l t  to be come truly s e l f - su f f i c i e n t . 

I do not s upport any e f fort that wou l d  make Roane County 

t he - dumping ground " for waste a l ready l o c a t e d  at the N i a g a r a  F a l l s  

s i te .  Leave t h e  waste where i t  i s  rather than contami n a t e  o ther 

a r e a s  of the coun try , and i n c r e a s e  the r i s k  of contami nat i o n  in f iv e  

o ther states , b y  t r a n sporting i t  a lmost a thou sand m i l e s , f r om N ew 

York to Tenne s s e e . 

Thank yo u .  
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YAG E R - l  Oppo s i t i on to A l ternati ves 3b , 4c , and 4d i s  noted . Th i s  comment , a l ong  w i th tho se  from 
other commenters , wa s taken i nto cons i derat i on i n  determ i n i ng the preferred a l ternat i ve .  

YAG E R - 2  T h e s e  s ubjects a r e  d i s cussed  i n  Secti ons  4 . 1 ,  4 . 2 . 2 ,  4 . 3 (wate r contam i nat i o n ) , a n d  4 . 6  
( i ndus tr i a l  l and use ) .  ( See a l s o  Responses  RYMAN- 5 ;  TDHE- 5 ;  USE PA- 3 2 ; WALK- I ,  - 3 . ) 

YAG E R - 3  O p i n i on t h a t  management of t h e  NFSS  was tes  and res i dues  at Oak R i dge wou l d  be contrary to 
the goa l of ma k i ng  Roane County s e l f- suff i c i ent  i s  noted . DOE wi l l  take t h i s i nto c o n s i dera
t i o n  i n  reach i ng a dec i s i o n .  
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IOH' SPEll�I'" 
Go\ �rnor 

WDEC-l  ( 

ST .. n Of WASHI'ICTON 
DEPARTMENT OF ECOLOGY 

Mr . L owel l  Campbel l  
Deputy D i rector 
Techn i c a l  S e r v i ces D i v i s i on 
U . S .  Department o f  Energy 
Oak R i dge Opera t i ons 
P .  O. Box E 
Oak Ri dge , T e nnessee 37831  

D e a r  Mr . Campbe l l :  

Oc tober 4 ,  1 984 

T hank you for the opportun i t y  to review the d r a ft E n v i ronment a l  I mpact 
S t a t ement ( E I s )  for " L on g - T e rm Management o f  the E x i s t ing Radi oac t i ve 
Wastes and Res i dues at the N i a g a r a  f a l l s  Storage S i t e " .  

I n  accordance w i t h  the s t at e ' s  respons i b i l i t i e s  under NE P A ,  t h i s  
agency has c o o r d i n a t e d  the r e v i ew o f  your document w i t h  o ther s t a t e  
agenc i es . T h i s  l et t e r , a l ong w i t h  the enc l osed agency comment 
l et t er s , cons t i t u tes the S t a t e  o f  Wash i ngton response to y o u r  E I s .  

T o  b r i e f l y  summa r i ze t he s t a t e ' s  pos i t i on ,  there a r e  a number o f  
i ssues i dent i fi e d  i n  t he encl osed l et te r s  wh i c h  h a v e  not been ade
quat e l y  addressed i n  the d r a ft E I S .  T hese i s sues need t o  b e  d i s 
cussed i n  t he f i n a l  E I S .  The s t at e ' s  r e v i ew o f  pot ent i a l  i mpacts and 
a l terna t i ves leads us t o  conc l ude that none of the a l t e rnat i ves in
vo l v ing d i s posal at Hanford shou l d  be s e l ecte d .  

W e  l ook forward t o  recei v i ng t h e  final E I s  when i t  i s  i ss ue d .  I f  you 
have any ques t i ons , pl ease contact Ms . Carol Jol l y  ( 2 06/459-6224 ) .  

Dwr� : pk 

Encl osures 

cc : Gove rnor John Spel l man 
S t a t e  Agenc i e s  

D i r e c t o r  

Carol Jo l l y , WDOE , L ow L e vel Nuc l ea r  Waste 
Greg Sorl i e ,  WDOE , E n v i ronment a l  R e v i ew 

... ,- ,.... 
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Op i n i on aga i ns t  A l ternat i ve s  3a , 4a , and 4� i s  noted .  T h i s comme n t , a l ong  w i t h  those f rom 
other commente r s , was taken i nto cons i de rat i o n  i n  determ i n i ng the p refe rred a l ternat i v e .  
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1OHr-> SPELlM"'N 
GoY£'rnor 

DONAlD W MOOS 
DorKlor 

WDEC-2  

STATE Of WASHINGTON 
DEPARTMENT OF ECOLOGY 

Mdil SlOp PV- l l  • O/yrrpw, W"shirwton 98504 • (2aJ) 459-6aXJ 

Mr . Lowe l l  Camp b e l l  
Depu t y  D i r e c tor 
Te c h n i c a l  S e rv i c e s  D i v i s ion 
U . S .  Department o f  Ene rgy 
Oak R i d g e  Ope r a t i o n s  
P . O . B o x  E 
Oa k R i dg e . TN 3 7 8 3 0  

Dear Mr . Campb e l l :  

Oc tober 3 .  1 9 8 4  

The Wash ington Department o f  Ec o l ogy (��OE ) appre c i a t e s  t h e  opp o r t u n i t y  t o  
cor.anent on t h e  Dra f t  Env i r onme n t a l  Imp a c t  S t a t ement (DEl S )  on Long-Term 
Management of the Rad ioac t i v e  Wa s t e s  and Re s i due s a t  the Niagara Fa l l s  
Storage S i t e  (�FS S ) . 

In l i ght o f  t h e  i n c l u s ion o f  t h r e e  a l t e rna t iv e s  t h a t  wou l d  e n t a i l  b u r i a l  o f  
p a r t  o r  a l l  o f  t h e  wa s t e s  a n d  r e s id u e s  on t h e  U . S .  Department o f  Ene rgy ' s  
Hanford Reservat i on near R i c h land . WDOE has a s t rong i n t e r e s t  i n  the 
evalu a t i on o f  t h e  imp a c t s  d e s c r i b e d  i n  t h e  DEI S .  Ou r  rev i ew o f  t h e  irnpa c t sl 
as d e s c r i b e d  in t h e  document . l e a d s  us to c o n c l u d e  tha t none o f  the a l t e r
na t i v e s  r e f l ec t ing Hanford d i sposal shou l d  be s e l e c t ed by U . S . DOE as i t s  
p r e f e rr e d  a l t ernat ive . 

In v i r t u a l l y  every c a t egory o f  e f f ec t . Han ford i s  t h e  l ea s t  suppo r t a b l e  
a l ternat ive d i s c u s s e d : 

«Dur ing the a c t ion p e r iod . t h e  r i sk is h i ghe s t  for wor k e r s  
i f  a l l  wa s t e s  a n d  r e s i d u e s  a r e  mov e d  t o  Hanford : (Page 1 ) . 

«Long- t e rm rad i o l o g i c a l  r i s k s  t o  the g e n e r a l  pub l i c  a r e  
expe c t e d  t o  be h i g h e s t  f o r  A l t e r na t iv e s  3a . 4a . and 4 b  
[ t h o s e  involving Han f o r d  d i sposa l )  p r ima r 1 l y  b e c au se o f  the 

much h i gher releases o f  radon gas f rom t h e  res idue s in the 
arid c l ima t e  a t  Hanford« (Page v i i ) . 

" I n i t i a l  commi tments for the a c t ion a l t e rn a t ives range f rom 
a b ou t $ 3 . 2  to $6 . 3  m i l l ion for Al t e rnat ive 2a (mod i f i e d  
conta inme n t  a t  NFS S )  t o  about $ 1 3 0  t o  $ 2 6 0  mi l l ion f o r  
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Op i n i o n aga i nst  A l ternat i ves  3a , 4a , and 4b is noted. T h i s comme nt , a l o ng w i t h  those from 
other commenters , wa s taken  i nto cons i de rat i on i n  determ i n i ng the p re fe r red a l ternati ve .  
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WDEC-3  

WDEC-4 

WDEC-5  r 

Mr . Lowe l l  Campbe l l  
Oc tober 3 .  1 98 4  
Pag e 2 
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Al t e rnat ive 3a (move a l l  wa s t e s  and r e s i d u e s  t o  Ha n f or d ) "  
(Page 2-2 5 ) . 

To t a l  one-way d i s t a n c e  to t ransport was t e s  and r e si d u e s  
range f r om z e ro i f  t h e y  rema i n  a t  �FSS t o  4 1 00 k m  (t hrough 
1 2  s t a t e s )  if t h e y  are mov ed to Hanford (Page 3 - 4 2 ) . 

"The l a r g e s t  b ronc h i a l  e p i th e l i um and bone d o se s . howeve r .  
w i l l  b e  a s soc i a t e d  w i t h  transport o f  the r e s i du e s  and wa s t e s  
to Hanf ord . prima r i l y  b e cause o f  t h e  radon- 2 2 2  a n d  p a r t i c u 
l a t e  r e l e a s e s  a n d  t h e  longer d i s t an c e  i nvol v e d "  (Page 4- 2 1 ) . 

" Im p l e me n t a t i on of any o f  t h e  Hanford a l t erna t i v e s  w i l l .  
howeve r .  r e s u l t  in a g r e a t e r  n e t  c o n t r i bu t i on to g e n e r a l  a i r  
q u a l i t y  d e grad a t ion i n  t h e  Un i t ed S t a t e s  b e c au s e  t o t a l  
e m i s s i ons w 1 1 l  b e  g r e a t e r  a s  a r e s u l t  o f  t h e  g r e a t e r  
d i s t a n c e  invo l v e d "  ( Page 4-94 ) . 

The Depar tment of Ec o logy i s  awa r e  o f  t h e  sub s t an t i a l  quant i t y  o f  l ow- l ev e l  
rad i o a c t ive wa s t e  f r om U . S . DOE ' s  Surp l u s  Fac i l i t i e s  Manag ement Prog ram that 
is a l ready p roj e c t e d  for Hanford d i sposa l .  Ac c o r d i ng t o  DOE /�E-00 1 7  / 2 .  
" S p e n t  Fue l  and Rad ioact i v e  Wa s t e  Inv e n t o r i e s . Proj e c t ions . and 
Ch arac t e r i s t i c s . "  3 . 1 7 1  m :! o f  low- l e v e l  wa s t e  f rom Ca l i f o r n i a  and over 
58 . 2 8 0  m3 o f  was t e  f rom Wa sh i n g t o n  a r e  to b e  added t o  t he 1 5 . 4 00 m :! o f  
was t e  f rom Pennsylva n i a ' s  Shipp i ngport r e a c t o r  b u r i e d  a t  Hanford . I t  s e ems 
to us not only e nv i ronment a l l y  unsound . but a l so i n e q u i t ab l e . to add the 
1 90 . 000 m:! of Ni agara Fa l l s  wa s t e s  and r e s i d u e s  t o  this t ot a l .  

��OE a l s o  w i s h e s  t o  emphas i z e  a d e f ic i e n c y  i n  the DE I S  that we b e l i ev e  w i l l  
r e q u i r e  a t tent ion i n  t h e  Final Imp a c t  S t a t emen t . On P a g e s  4- 1 03 a n d  4 - 1 04 .  
t h e  DEI S  a d d r e s s e s  the i s sue o f  f ed e r a l  f ac i l i t i e s  b e ing subj e c t  t o  t h e  
R e s o u r c e  Cons e rva t ion a n d  Re covery Act (ReRA ) . I t  s t a  t e s  tha t "U . S .  DOE 
w i l l  i m p l ement a l l  a p p l i c ab l e  r e q u i remen t s  of ReRA f o r  wh i c h e v e r  NFSS 
a l t erna t i v e  is i m p l eme n t e d . "  

I t  i s  our v i ew t h a t --ba s e d  on the in forma t i on i n  Tab l e s  3 . 7 . 3 . 8 .  and 
3 . 9--the r e s i du e s  c o u l d  b e  c l a s s e d  � fi  Ex t r e m e l y  Hazardous Was t e s  and t h e  
was t e s  as Da ngerous Wa s t e s  u n d e r  Wa shing t on ' s  h a z a rdous wa s t e  r e g u l a t ions . 
Howeve r .  the in f o rna t i on in the DJ:: I S  is insu f f i c i e nt to make such a d e t e r 
minat ion . Ve r i f i c a t ion of wa s t e  haz a rd w i l l  r e q u i r e  t e s t ing f o r  E P  Tox
i c i t y  and co rros i v i t y  and ana l y s i s  of organic and c a r c i nogen c o n t e n t . Such 
data should b e  jnc luded i n  the Final EI S .  

We are aware t h a t  U . S . DOE and the U . S .  Envi ronme n t a l  Pro t e c t ion Agency 
( U . S . EPA) are c u r r en t l y  a t t em p t i ng t o  d e f in e  the types of mixed hazardous 

and rad i o a c t i v e .  was t e  that wi l l  b e  sub j e c t  t o  ReRA r e gu l a t i o n .  Shou ld the 
Niaga r a  Fa l l s  r e s i du e s  and /or was t e s  b e  c la s s e d  as "byprod u c t "  wast e s  and 
e x c luded f r om s t a t e  dangerou s wa s t e  r e g u l a t ion . it is our v i ew that t h e  
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Op i n i o n  about the add i t i on of  the NFSS wastes and re s i dues  to the Hanford Reservat i on be i ng 
i nequ i tab l e  i s  note d .  DOE wi l l  take th i s  i nto con s i derat i o n  i n  reach i ng a dec i s i o n .  

A s  noted i n  Sect i o n  4 . 7 . 1 . 2 ,  DOE i s  ana l y z i ng the NFSS mate ri a l s .  Re s u l ts o f  the EPA tox i c i ty 
test ( EAL Corp .  1984 ) i nd i cate that the re s i dues  fai l th i s  tes t ,  part i c u l ar ly  w i t h  respect 
to l ead ( see l ead concentrat i ons i n  Tab l e  3 . 7 ) .  Howe ve r ,  because the NFSS mate r i a l s  are 
c l as s i f i ed a " byproduct" mate r i a l  under the Atomi c  Energy Ac t of 1954 , as  amended , they are 
exempt from RCRA under 40 C F R  261 . 4 ( 4 ) . The chem i c a l  const i tuents of the NFSS wa stes and 
res i dues are def i ned and analyzed in Sect i o n  3 . 1 . 8 . Based on  th i s  ana lys i s ,  it is not 
nec e s s a ry to conduct corros i v i ty tests or to ana lyze  the organ i c  and carc i noge n i c  content of 
the wa stes and res i due s .  Pote n t i a  1 i mpacts assoc i ated w i th the chemi  c a  1 s i n the res i dues  
a re addres sed in  Sect i o n  4 . 4 and wi l l  be cons i dered in  ma ki ng the dec i s i on regard i ng l ong
term management of  the NFSS mate ri a l s .  ( See  a l so USEPA- 2 ,  WDSHS- 3 . ) 

Op i n i o n  about the l ev e l  of management of the re s i due s /was tes not be i ng commens u rate w i t h  the 
hazard i s  noted . I f  a dec i s i o n  i s  made to manage the NFSS wa stes and res i dues at Hanfo rd , 
DOE wi l l  have d i scus s i ons  w i t h  the state of Wa s h i ngton to c l ar i fy the state ' s  v i ews on 
acceptab l e  l eve l s of protect i o n  for the res i dues and wa stes and the conceptu a l  des i gn .  ( See 
al so  Top i c a l  Re�ponse 1 . ) 
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WDEC-5  I l e v e l  o f p r o t e c t ion a f forded by the int ended d i s p o s a l  t e chnique v i I I  not be \ commensu r a t e  w i t h  the was t e ' s  inh e r e nt hazard . 

We t ru s t  tha t o t h e r  s t a t e  a g en c i e s ' c omme n t s  w i l l  comp l ement the p r e ce d ing 
s t a t em e n t s  and h e l p  U . S . DOE p re p a re a Fina l EIS that lays a firm found a t i o n  
for making a sound d e c i s i o n .  

LLB : bh 

Lynda L .  Bro thers 
A s s i s t a n t  Dir e c tor 
Of f i c e  of Hazardous Sub s t anc e s  

a n d  Air Qua l i t y  Con t r o l  
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K)H, '>I'[ l l �H' CO\t"rnor 
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1 ,, · , · , 1 ' 1  

WDES-l  

DEPARTME NT or E M[ RC[ NCY S[ RVICE� 

Ms . B a r b a r a  R i c h i e  
NEPA Coord i n a t o r  
Env i r onme n t a l  Rev i ew Se c t i o n  
De p a r t ment o f  E c o l ogy 
Ma i l  S t o p  PV- 1 1 

De ar Ms . R i c h i e : 

S p p t pmbpr 7 ,  1 9 84 RECEIVED 
S f-_ P  1 1  1984 

ou��;"'( NT Of ECOLOGY r.NI.'IRON�lS;�l P.[¥IEW 

Th e De p a r t me n t  o f  Emerge n c y  Manageme n t  has r e v i ewed t h e  d r a f t  Env i r on
me nt a l  Imp a c t  S t a t ement ( DOE / E 1 5 -0 1 0 9 D )  f o r  l ong t e rm managemen t  o f  
r a d i o ac t i ve wa s t e s  and r e s i d u e c ur re n t l y  s t or e d  a t  t h e  U . S .  De p a r t me n t  
o f  E n e r g y ' s  N i a g r a  F a l l s  s t o r ag e  s i t e .  Th i s  agenc y ' s  c omme n t s  o n  t h e  
d r a f t  s t a t ement a r e  l im i t e d  t o  t h e  H a n f o r d  d i s po s a l  o p t i on s . 

Th e De p a r t me n t  o f  Eme r g e n c y  Manageme nt acknow l ed g e s t h a t  t h e  U . S .  De p a r t 
me n t  o f  E n e r g y  h a s  o u t l i n e d  t h e t r a n s po r t a t i on r i s k s  c onne c t ed w i t h 
mov i n g  wa s t e s  and r e s i d u e s  f r om N i a g r a  F a l l s  to R i c h l and , Wash i ng t o n . 
Howeve r , we b e l i e ve t h a t  i f  any o f  t h e  Han f o r d  o p t i o n s  a r e  c h o s e n  a s  
t h e  l o ng t e rm management s t r a t eg y , t h e Depar tment o f  Energy s h o u l d  c ar e 
f u l l y  s pe l l  o u t  i n  d e t a i l  in t h e  f i n a l  imp a c t  s t a t ement wh a t  m e a n s  i t  
w i l l  u t i l i z e : 

1 )  to m i t i g a t e  t r an s po r t at i o n  a c c i d e n t s i nvo l v i ng any veh i c l e s  
c ar r y i ng wa s t e  o r  re s i d u e s , and 

2 )  t o  i n t p r fa c e w i th s t a t P  and l o c a l  governme n t s  o n  e me r g e n c y  
r e s po n s e  t o  a n y  t r an s po r t a t i o n ac c i d e n t  i n v o l v i ng s u c h  w a s t e  
o r  r e s i d ue s . 

Th e s e  c on c e r n s  a r e  no t a d e qua t e l y  ad d r e s s e d  i n  t h e d r a f t s t a t ement and 
need t o  be d i s c u s s ed i n  d e t a i l  i n  t h e  f i n a l  im p a c t s t a t eme n t . 

JMT : c b 

ame . M .  Th o m a s  
As s i s t an t  D i r e c t o r  

I l� 

P l ans and P r e p a r e d ne s s  D i v i s i o n  
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DOE has now determi ned that the p refe rred a l terna t i v e  i s  to l eave both the wa stes and 
res i dues  at NFSS ( A l ternat i ve 2 ) .  If  DOE dec i des to i mp l ement one of  the a l ternat i ves  
i nvo l v i ng transport of  the contami nated materi a l s to Hanford o r  Oak  R i dge , measures  to 
m i t  i gate transportat i o n  acc i dents and  to i nterface w i th 1 oca 1 gov ernments regard i ng 
emergency respon s e  wi l l  be s ummar i zed i n  the Record of Dec i s i o n .  ( See a l so Responses  NCEMC - 3 ; 
USDO I - 7 ; V C E- I ,  - 2 ;  WEFS- 5 . ) 
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DE PARTM[NT or SOCIAl A"'D Hf All H  SE RVICES 

September 24 . 1984 

T O :  Nancy P .  K i rner . Supervi 50r 
R ad i oact i ve Mater i a 1 5  U n i t  

FRO�� : Joe Stoh r .  Manager -:rs 
U r an i um M i l 1 5 Program 

SUBJECT : COM'-IENTS ON DE I S F OR N I AGARA FALLS STORAGE S I TE 

The DE I S  i s sued by the U . S . D . O . E .  a t t empts to e v a l uate n i ne a l t e r n at i ve s  
for d i spos a l  of  r a d i oact i ve waste a n d  res i dues  r e s u l t i n g f rom t h e  
proce s s i n g of

3
u r an i um ore s .  There are appro x i mate l y  1 1 . 00 0  m3 of res i dues  

and 1 80 . 000 m of contam i nated w a s tes . T h e  res i dues  con t a i n  u r an i um 
d a u ghters i n  eq u i l i br i um w i t h average R a-226 concentrat i on s  of 6 7 . 0aO 
p C i / g .  The wastes i n c l u de s o i l s  con t a� i n ated by p i t c h b l ende ores and  
s e d i me n t s  f rom d i k e s  s u rroun d i n g  the s t ored r e s i dues . T h e  average  
R a -226 con c e n t r at i on is  36 pC i / g i n  these w a s tes . 

A br i ef descr i pt i on of the n i ne a l tern at i v e s  e v a l uated i n  the DE I S  
i n c l udes : 

1 )  No a c t i on .  

2 a )  Long -Term Management a t  NFSS : �od i f i ed Cont a i nment . 

2b ) Lon g-Term Mana geme nt at NFSS : Mod i f i ed Cont a i nment p l u s Mod i f i e d F orm . 

3 a )  L o n g -Term Management at Hanford . 

3b ) L o n g -T e rm M a n a gement at Oak R i dge . 

4 a  ) L o n g -Term �'ana gement of Res  i d u e s  at H an f or d . Was te at NF S S .  

4 b ) L o n g -Term Management o f  Res i dues a t  H a n f ord . Oce an D i s pe r s a l  of  �aste s .  

4c ) L o n g  Term Management of Res i dues a t  Oak R i d g e .  Waste at NFSS . 

4d') L o n g -Term Mana gement of Res i dues at Oa\... R i d ge . Oc e an D i s pers a l  of .. a s t e s . 
Af ter rev i e w i n g  t h e  e s t i mated potent i a l e n v i ron�e n t a l  and e c onom i c  i m� a c t s  
e a c h  o f  t h e s e  a l te rn a t i ves  represent . I wou l d  r e c omnend A l t e r n at i ve 2 a  o r  20 . 
W i t h the e x cept i on of the no ac t i on a l te r n a t i ve .  these two p l ans are th e l e a s t  
e � pen s i ve and pres ent t h e  l owe s t  p r o b ab i l i ty of h a z ard t o  wor\... ers a n d  t h e  
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Recommendat i on for  Al terna t i v e  2a o r  2b  i s  noted . T h i s comment , a l ong w i th those  f rom other 
commente r s , was taken i nto cons i de rati on i n  determ i n i ng the p re ferred  a l ternat i v e .  
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Nancy P.  K i rner 
September 24 , 1 984 
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gener a l  pub l i c .  I n  both o f  t h e s e  a l t e rn a t i v e s  there w i l l  be a t  l e as t  
3 mete r s  of cover i nc l u d i n g  1 . 5  me t e r s  of c l ay u s e d  as an imperme ab l e  
cap over the wastes stored a t  N F SS . Th i s  s h ou l d  prov i de ade q u a t e  
s t ab i l i z at i on wh i l e  retar d i ng contam i nant m i g r a t i on t h r o u g h  groundwater 
and radon eman a t i on from the t a i l i ng s . I n  add i t i o n , A l t e rn at i ve 2a cou l d  
be accomp l i shed w i t h i n  the next Sever a l  ye a r s  because o f  the av a i l ab i l i ty 
of fund i n g .  The other a l tern at i ve s  wou l d  requ i re obt a i n i n g add i t i o n a l  
f u n d s  a n d  cou l d  t a k e  f i ve t o  t e n  years . 

The 180 , 000 m3 . Of c o n t am i n at e d  wastes s how conce n t r a t i ons  of nonrad i o l o g i c a l  
e l emen t s  a t  l e ve l s  s i mi l i ar t o  n a t u r a l  s o i l s .  The l ow concent r a t i ons  of 
u r an i um d a u ghters are the pr i mary con t am i n ant s .  The res i dues however ,  
con t a i n  h i g h concentrat i on s  o f  tox i c  met a l s s u c h  a s  copper , n i ck e l  and l e ad 
as we l l  as the h i gh concen t r a t i ons  of r ad i o i sotope s . An a l ys i s  of both 
types  of wastes for org an i c  chem i c a l s re s u l te d  i n  e s t imated a v e r a g e  conce n 
trat i ons  l e s s  t h an 26 parts p e r  b i l l ion  or be l ow dete c t i on l i mi t s . There f o re , [ because these wastes  and re s i d u e s  were the d i rect re s u l t  of the proces s i n g  
of u r an i UM ore s , they sho u l d  b e  d i s posed o f  i n  a manner a s  cons i s tent w i th  
the s t andards  of 40 CFR  1 9 2  a s  s i te - spec i f i c  con d i t i on s  a l l ow .  [ I n  reference to my l a st comme n t ,  t h e  OE 1 S  does not a d d r e s s  s p ec i f i c a l l y  the 
re q u i rements  of RCRA for gro un dwa t e r  mon i tor i n g ,  l i ned  i mpoundments or the 
me a s u r ement of 3 7 5  h a z ardous con s t i tuents wh i c h are a l l part  o f  the 40 CFR 
1 9 2 . They do howe v e r ,  e s t imate imp a c t s  over 1 000 years and d e s i gn the cover 
for ma i nten ance of i n tegr i ty over 1 000 years , both of wh i C h  are p arts  of 
40 CFR 192 . 

The OE I S  e s t imates that  i n  c a r ry i n g  out any of the a l ternat i ve s  presente d , 
the short -term r i s k s  of occup a t i o n a l  and t r ans port at i on re l a ted l nJ u r l es 
and death are l a rger than t h e  l on g - t e rm ra d i o l og i c a l  h e a l t h  i mp ac t s , 
( c ancer r i s k s ) .  T h i s  i s  an important ar gument for l e av i n g the w a s t e s  
where t h ey a r e  a n d  e x pen d i n g  e f fo r t s  towards s t a b i l i z a t i on o n  s i te a t  the 
NFSS F ac i l i ty .  ( A l s o ,  under "Major l aws • • •  App l i c ab l e  t o  the v a r i ous  a l tern a t i v e s  on 
pages  1 -6 arod 1 -7 there i s  no  ment i o n  of RCW 70 . 9 8 .  

JS : pm 
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loIoSHS-2 As s tated i n  the E I S ,  DOE i s  u s i ng the 40 CFR 192 standards as  g u i dance i n  ma k i ng the 
dec i s i o n  about the NFSS wastes and res i d ues . ( See a l so Responses  NYoEC - 19 , -20 , - 22 ; 
USoO I - 2 ; USEPA-8 . )  

loIoSHS- 3  New i nformat i o n  i nd i cates t h a t  the res i dues fai l the E PA E P  tox i c i ty t e s t  ( EAL  Corp . 1984 ) .  
Potenti a l i mpacts assoc i ated wi th the chem i ca l s i n  the NFSS materi a l s are addressed  i n  
Sec t i on 4 . 4  o f  the E I S  and w i l l  be cons i dered i n  ma k i ng the dec i s i on o n  l ong- term management 
o f  the NFSS mate r i a l s .  ( See a l so Responses  USEPA-2 ; loIoEC -4 , - 5 . ) 

loIoSHS-4 T he reference to the resu l ts of  the i mpact ana lys i s  i n  the E I S  and the op i n i o n  about the 
prefe rab i l i ty of A l ternati ve  1 ,  2a , or 2b are note d .  No response  neces s ary .  

loIoSHS-5 RCIoI 70 . 98 ( Re v i sed  Code of  loIas h i ngton , T i t l e  70 , Sec t i o n  98)  is  not app l i cab l e  to DOE , per 
the Atom i c  Energy Ac t .  
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STAn or WASHNCTON 

ENERGY FACILITY SITE EVALUATION COUNCIL 

October I ,  19 84 

Ms .  Barb ara Ri t chie , NEPA 
Coordinator 

Dep artment of Ecology 
Ma i l  S top PV- l l  
Olymp ia , WA 9 8504 
De ar Ms . Ri t chie : 

The fol lowing con s t itutes  my comments con cerning the Draft 
Environmental Imp a c t  S t atement prepared by the U . S .  Dep artmen t 
o f  Energy (Augus t ,  1 9 34)  on the Long-Term Management o f  the 
Exi s t ing Radioac t ive Wa s t e s  and Re s idue s at the Niagara Fal l s  
S torage Site . 

IoIE FS- l 

( 1 )  The sweeping a s s ump t ions throughout the DEI S that the 
H anford Re s erva t i on is a was te dispos al fac i l i ty are 
open to s erious que s t ion . At s e c t i on F . l the DEI S  
s ta t e s  that b e c ause Hanford h a s  a " l arge w a s t e  d i s 
pos a l  faci l i ty" i t  wi l l  not require much exp ans ion 
and thus b e  l e s s  c o s t l y . My que s t ion i s , What l arge 
was te d i s p o s a l  fac i l i ty ?  S imp ly b e c aus e there is a 
l arge land are a a t  Hanford does no t automa t i c a l l y  
make i t  a was t e  d i s p o s a l  fac i l i ty . 

The Han ford Re s e rvat ion was e s tab l i shed a s  a re 
se arch and produc t ion fac i l i ty . There are w a s t e s  
whi ch the s e  proce s s e s  c r e a t e  a n d  wh i ch mus t be d i s 
posed o f  i n  some a c ceptab l e  manner .  That i s  �uite 
another mat ter than des i �n a t ing Hanford as a I large 
was te d i sposal  fac i l i ty . At the minimum , such a 
s i gn i fi cant change woul d require an exten s i ve evalu
ation and consul tat ion pro ce s s  b e fore it c ould be 
imp lemente d ;  c ertainly i t  canno t be ac comp l ished by 
a un i l a t e ral dec larat ion in a DEI S . 

At repeated points in the DEIS re ference i s  made to 
Hanford as an a r i d  s i te whi ch c ons t i tutes a pos i t i ve 
condi t ion for was te dispos a l . Ari d s i t e s  have many 
fragi le characteri s t i c s ; the fac t  that you have only 
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The ex i st i ng l arge waste d i sposa l  fac i l i t i e s at Han ford are shown i n  F i gure 3 . 12 ,  and the 
amounts of ex i st i ng  was tes  are s ummari zed i n  Sec t i o n  3 . 2 . 7 .  The add i t i on of the NFSS wa s te s  
a n d  re s i dues , wh i c h res u l ted f rom federal ac t i v i t i e s  s i m i l a r  t o  those at Hanford , wo u l d  not 
add s i gn i f i cant ly  to the exi s t i ng waste i n ventory on the Han ford Reservat i o n .  

A s  noted i n  the E I S , the ari d cond i t i ons  a t  Hanford offer  a potent i a l  advantage i n  terms of 
groundwater contam i nat i on ( Sect i o n 4 . 2 . 2 ) but a d i sadvantage i n  terms of a i rborne rad i o
acti ve rel eases ( Sect i on 4 . 1 . 2 ) .  
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WEFS-2 l a l i t t l e  water mak e s  i t  a l l  the more va luab l e . 

WEFS-3 

WEFS-4 

WEFS- 5 

WEF S-6  

(3)  Ongoing intens ive inves t igat ions o f  ground water 
movement , surface water , s e i smi c and other s imi l a r  
i s sues in conne ct ion w i th t h e  h i gh- l eve l radioact i ve 
was te repos i tory program lead me to b e l ieve that 
there is much more to learn about these i s s ues . 
The a s s ump t ions on the s e  poin t s  whi ch a re expre s s e d  
in the DE I S  and wh ich appear to be p a s s e d  o n  from 
one federal environmental analys i s  to ano ther , re
quire c a r e ful reexaminat ion in the l i ght o f  the s e  
more re cent s tudies . 

(4) I am d i s a ppointed t o  note the f a i l ure o f  the DE I S  
t o  care ful l y  cons ide r  al ternate s t o rage methods for 
w a s t e s  at  Hanford . The use o f  vau l t s  or other 
devi c e s  shoul d be given a great deal of s erious 
at tent ion . The use of trenches for was te dispos al , 
a l l owing pol lutants t o  reach the acce s s ib l e  envi ron
ment even in any quant i t y  s imp l y  b ec ause i t ' s  a 
l e s s  co s t l y  s olut ion, i s  open to s e rious ques t ion . 

( 5 )  The s e c t ion o f  the DEI S  on t ransport a t ion i s  s er i 
ous l y  de f i c i ent . Transporta tion o f  l arge vol ume s 
o f  was te from one s i de o f  the country to another i s  
a s e r ious ma t t e r  and requires a gre a t  deal  o f  c are
ful a t ten t i on . Trans portat ion appears to be de a l t  
with a s  a s i de i s s ue when , in fac t , i f  Hanford i s  
to be cons i dere d  i t  cons t i tutes a maj or i s sue . 

(6)  The DE IS s e c t ions on e conomi c s , community imp a c t s  
and s imi l a r  mat ters a re very d e f i c ient w i th regard 
to the Hanford s i t e . Sweeping a s s ump t ions in the 
documen t that b ecause nuc l e a r  ma t e ri a l s  and radio
a c t ive was t e s  are pre s en t l y  a t  Hanford , a l a rge in
crease in waste dispos a l  would not create a negat ive 
imp a c t  a re s imp l y  not acceptab l e . As noted above , 
a sub s tan t i a l  s h i f t  in the program mi s s ion o f  Hanford 
from re s e arch and p roduc t ion t o  w a s t e  d i s pos a l  may 
have pro found impa c t s  on the commun i ty and s ta t e  
whi ch require care ful analys i s . 

The f a i l ure t o  con s ider o ther s i te s  (G . 3 ) b e c ause 
Hanford and Oak Ri dge are cons i dered t yp i c a l  i s  
unacceptab l e . Given the prominence with whi ch the s e  
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Recent s t ud i e s  at Hanford do not contrad i ct the bas i c  a s sumpt i o n s  i n  the E I S ,  s u c h  as the 
re l at i ve l y  g reat depth to g rou ndwater and the sma l l  amount of p rec i p i tati on , wh i c h  l ead to 
the conc l u s i on that g roundwater co ntami nat i o n at Hanford wi l l  occ u r  much  l ater than at the 
h u m i d  N i agara F a l l s  and Oak R i dge s i te s .  

Des i gn opt i ons  a t  Hanford are d i scus sed i n  Appendi x C ,  Sec t i o n  C . 3 . A l though v au l ts are not 
speci f i c a l l y  ment i o ned , they wou l d  offer the fo l l ow i ng d i sadvantag e s :  ( a )  a i rborne gaseous  
rad i oac t i ve rel eases  mi ght be h i gher  u n l e s s  a deep earthen cover was p l aced over  the v a u l ts , 
( 2 )  l o ng- te rm contam i nat i o n  of groundwater wou l d  not be s i gn i f i cant ly  affected because the 
v a u l ts  wou l d  not excl ude i nf i l tra t i ng water for thousands of years , ( 3 )  the l i ke l i hood of 
human i nt ru s i o n  m i ght  be i ncreased if the v au l ts were above - g round structures  or  decreased 
i f  they we re be l ow- g round structure s ,  and ( 4 )  costs wo u l d  be h i gh e r .  G i ve n  that the Hanford 
a l ternat i ve i s  the mo st cost l y ,  has  the l arges t  pote nt i a l  for e n v i ronmental  i mpact , and i s  
not p referred , more deta i l ed a n a l ys i s  o f  management of the res i dues i n  vau l ts at Hanford i s  
not reasonab l e  a t  t h i s  t i me .  ( See  a l s o Top i c a l  Response 1 . ) 

No spec i f i c  def i c i e nc i es i n  the transporta t i o n  ana lys i s  are noted.  The rad i o l og i ca l  i mpacts 
are a n a l yzed i n  deta i l in Sec t i on 4 . 1 ,  the nonrad i o l og i ca l  i mpacts a re d i s c u s sed in Sec
t i on 4 . 6 ,  and other tra n sportat i o n  con s i de rat i ons are deta i l ed i n  Appen d i x  D.  In the s ummar) 
compari son  of a l ternati ves  i n  Sec t i on 2 ,  i t  i s  noted that i mp l ementati on of Al ternati ve 3a 
( a l l wa stes and res i dues removed to Hanford)  i s  expected to resu l t  i n  s i g n i f i cant r i s k  of  
i nj u ry and death (p .  2-12 ) . ( See a l s o  Responses  NCEMC - 3 ; USDO I - 7 ;  VC E- l ,  - 2 ; WD ES- I . ) 

There i s  no s tateme nt i n  the E I S  that becau s e  nuc l ear  mate ri a l s  are c urrently  at Hanford , a 
l arge i nc rease  i n  was te di spo s a l  wou l d  not c reate a nega t i v e  i mpac t .  The  commente r ' s state
ment about p rofound i mpacts on the commun i ty and state are not s upporte d .  

D O E  has n o t  s e l ected e i ther  O a k  R i dge or  Hanford .  The  preferred a l ternat i ve i s  t o  l eave 
both the wastes  and re s i dues  at NFSS ( A l ternat i ve 2 ) .  
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two s i te s  are t re a t e d  in the DEI S ,  one can only 
a s s ume that they in fact c ons t i tute the s i te s  under 
a c t ive c ons i derat ion . I t  i s  di fficult t o  s e e  how 
the fe deral government could s e l e c t  an al ternate 
s i te wi thout an extens ive envi ronment a l  analys i s . 

Thank you for the opportuni\Jt o  provide thes e  c omments . 

NDL : 1m 

S incerely , ,,, � �l� � � 
Nicholas D .  Lewis 
Cha i rman 
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IOHN SPHLM"N 
GCWPf'nor 

IoIOAHP- l  

STAT( Of WASHNCTON 
OFFICE OF ARCHAEOLOGY AND HISTORIC PRESERVATION 

1 7 1  W�I TW�lr.frsl A�, /({' 7 1  • 0Iyrrp<J W"shtrw1on 98504 • (XJ6) 75J�71 

Ms . Barbara R i t chie 
NEPA Coordinator 
Dep t .  o f  E c o l ogy 
Ma i l  S top PV- l l 
O l ymp i a , WA 98504 

Dea r  Ms . Ri tchi e :  

Septembe r  4 ,  1 984 

Log Reference : 5 5 6 -F-DOE- O l  

Re : Long-Term Mana gement o f  the 
EX i s t i n g  R a d i o a ct ive Wa s t e s  
a n d  Res id u e s  a t  the N i a ga ra 
Fa l l s  Sto rage S i te DEI S  [A s t a f f  review ha s been compl eted o f  the above referenced d ra ft env i 

ronmen ta l imp a c t  s t a tement . We wi l l  r e s e rve spe c i f i c  comme n t s  unt i l  
w e  have rece i ved and revi ewed the r e su l t s  o f  the on-the - g round s u rvey 
o f  the p roj e c t  imp a c t  a re a . 

Thank you for t h i s oppo r t u n i ty to comment . 

dw 

Si n c e re l y ,  

Robert G .  Wh i t l a m ,  Ph . D .  
S t a t e  Archa e o l o g i s t  
(206 ) 7 5 3 -4405 

- . .  ) 

,,,co6 THO"'�) o.rf'f I ()I' 
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DOE does not prefer the Hanford a l ternati v e s . As noted , if DOE dec i des to i mp l ement  one of 
the Hanford a l ternat i ves , an  archaeo l o g i c a l  s u rvey wou l d  be performed and rev i ewed by the 
State of Was h i ngton Off i ce of Archaeo l ogy and H i sto r i c  P res ervati o n .  
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5T An Of WASHINGTON 
WASHINGTON ST ATE PARKS AND RECREATION COtvVvUSSION 

September 1 0 ,  1 984 

TO : Ba rbara Ri t c h i e ,  NEPA Coo r di na to r  
Depa rtment o f  Eco l ogy - PV- l l 

/ 
FROn : Dav i d  I{. He i se r ,  LJv.A1t2<..l. 

Ch i e f ,  Env i ron�nta �o�rd i na t i on 

SUB J E CT : 35-2650- 1 820 
Depa rtment o f  Ene rgy Dra ft E I S  

RI::C E I V E D  
� [ P  1 1  198·1 

:n •• � ·loIl �T 0' [co.o:' [N'·,irjN"'! N'�� P.l Vir", 

" lo n g- Te rn r la n a gement o f  the E x i s t i n g Ra d i oa c t i ve Wastes a n d  
Re s i dues a t  t h e  N i a g a ra Fa l l s  Stora ge S i t e "  ( E-2 707 ) 

W5PRC- l (The s t a ff o f  t h e  Wa � h i ngton Sta te P a r k s  a n d  Rec rea t i on Co�i s s i o n  h a s  re
v i ewed the a b o ve- n o te d  document a n d  does not w i sh to ma ke any co�n t .  

Th a n k  y o u  for t h e  opportun i ty to rev i ew a n d  commen t .  

a t  

..... -:- » 
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WSPRC-l No response  necessary .  
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Enylronment Enylronnement 
Canada Canada 
Enylronmental Protection de 
Protection /'enyironnement 

M r .  Rob e rt I .  St e rn 
D i rector 
O f f i c e of En v i ronmen t a l  Comp l i a nc e  
De p a r tment o f  E n e rgy 
W a s h i n gton , D . C .  20585 
U. S . A .  

Dea r M r .  St e r n : 

25 SI. Clair Avenue East 
7th Floor 
Toronto, Ontar io M4T 1 M2 

Telephone: (4 1 6) 966-5840 

4 3 59 - 1 

Septembe r 1 3 , 1 984 

Re : L ong -Term Ma n a g ement of t h e  E x i st i n g  Rad i oa c t i ve 
Wastes a n d  Re s i d u e s  at the Ni aga r a  F a l l s  St orage Si te 

Th a n k  yo u for p r o v i d i n g t h i s off i ce w i t h  a c o py of the a b o ve 
r e f e r e n c e d  d r a  ft En vi r onmenta 1 Impact Statement . Th e i n  fo rmat i on 
p r o v i ded h a s  been re v i ewed w i t h  pa rt i c u l a r  attent i on to potent i a l  for 
t ra n s bo u n d a ry i mp ac t s . 

F rom th i s  perspect i ve ,  we wo u l d  hae no obj ec t i on to the remo val  
of a 1 1  o r  pa rt o f  the contami  nanted mat e r  i a 1 f o r  tra ns f e r  to ei ther 
t h e  Han ford or O a k  R i  d g e  s i tes ( a l t e r n a t i ves 3 a  and 3 b ) .  As  bo t h  
Ca n a d a  a n d  t h e  U . S . A .  a r e  s i g n a to r i e s  of t h e  London Du mp i ng 
Con vent i on ,  we wo u l d  an t i c i p a te rece i v i n g a dd i t i on a l  i n f o rmat i on 
s h ou l d  a d ec i s i on be ma d e  to fu rt h e r  p u r s u e  opt i o n s  i n vo l  vi ng oc e a n  
d i s p o sa l  ( a l t e rn at i ves 4 b  and 4d ) .  

We a r e  con f i dent that l ong te rm man a g ement at the N i a g a r a  Fa l l s  
St o r a g e  S i te ,  o f  180 , 000 m3 wa stes a s  d e f i ned i n  the re port , i s  
u n l i k e l y  t o  pose any s i g n i f i c a nt threat to t h e  Ca n a d i a n  en v i ronment 
( a l te rn a t i ves 4a , 4b , 4c and 4d ) .  Howe ver , s ho u l d any a l t e rnat i ve 
i n vo l  vi ng t h e  l ong t e r m  on s i t e  management o f  t h e  1 1 , 000 m3 o f  
re s i d u e s  at t h e  N F SS b e  s e l ected by U S-DOE f o r  f u rt h e r  con s i d e r a t i on 
( a l t e rn at i ves 1 , 2 and 2b ) ,  we wo u l d req u e s t  that th i s  of f i ce be g i ven . 
an o p p o rt u n i ty to c o n d u ct a more det a i l i n g r e v i ew of t h e  pat hways 
a n a l y s i S wo r k . 

Yo u rs t r u l y  

� 
Sh i k a ze 

" """ " � -rr 
.... ,.._re:-e. M .. ..... 

. - ,  ... . �, ..... . /� .' .... _---
� .  eg i on a l  D i rector 

E P S-Onta r i o Reg i n  ecMlei'fO' '5 .' _, ,.-.,cw 
,..,� ,.,.. 

1 6 9 3 ( MG )  

. ..... C'OfI, ..... , • ..- .... , ---
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No objec t i o n  to Al ternat i v e·s 3a , 3 b ,  4a , 4b , 4c , and 4d i s  note d .  T h i s  comment , a l ong w i th 
those f rom other commenters ,  wa s taken i nto c o n s i dera t i o n  i n  determ i n i ng the prefe rred 
a l terna t i v e .  

Ocean d i sposa l  i s  not DOE ' s  prefe rred a l ternat i ve at th i s  t i me .  I f  ocean d i spo s a l  i s  
s e l ected , Canada wi l l  be kept i nfo rmed.  

Long- term management at NFSS ( A l ternat i ve 2)  i s  now DOE ' s  prefe rred a l terna t i v e .  The  
pathways a n a l ys i s  i s  p resented i n  Sect i on 4 . 1 .  If  any further ana lys i s  i s  co nduc ted , 
Env i ronment Canada wi l l  be p ro v i ded wi th cop i es of any reports . ( See a l so Responses  ONT-l  
to  - 6 . ) 
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STATE BOA RD OF H EALTH 
AN EQt:4l. OPPORTUNITY EMPLOYER 

S e p t em b er I I ,  1 984 

INDIAN APOLIS 
Add, ... R.ply 10: 

Indun. SUit Boa,d or Health 
1 330 "" •• 1 Michipn Stretl 

P. O. Box 196-4 
IndunapoU., IN 46206·196-4 

Mr . Lowe l l  F. Campb e l l , D e p u t y  D i r e c �or 
Technical S e rv i c e s  Division 
U . S .  Depar tment of Ene rgy 
Oak Ridge Ope r a t ions 
P . O . Box E 
Oak Ridg e ,  TN 3783 1 

Dear Mr . Campb e l l :  

Re : Commen t s  o n  Dra f t  Environmen t a l  
Imp a c t  S t a t ement 

A d e t a i le d  r eview by mys e l f  and my s t a f f  reve a l s  t h a t  t h e  
p r ob l em invo lv e d  w i t h  "Long-Term Mana g ement o f  t h e  Ex i s t ing Rad ioact ive 
�a s t e s  and R e s idue s  a t  the N iagara Fa l l s  S t orage S i t e "  is s o c i a l  or [ pol i t i c a l  and not t e ch n i ca l . The re is overwh e lming evidence t h a t  the 
was t e  c o u l d  b e  s t o r e d  where it is for 200 y e a r s  with a near % e r o  chance 
for any individual t o  incur any me a su r ab l e  r a d i a t ion d o s e . The solut ion 
t o  this p ro b l em is not by moving the wa s t e  e l s ewh e r e , t h e r e b y  incurring 
f a r  grea t e r  r i s k s  t han those involved in l e av ing i t  in p l a c e , b u t  in 
imp l emen t i n g  an e f f e c t ive p u b l i c  e d u c a t ion p rogram t h a t  wou ld r e du c e  t h e  
emot ional i sm involv e d  in t h i s  a n d  a l l  o th e r  radioac t iv e  a n d  t o x i c  w a s t e  
s i t e s .  

S in c e r e ly , 

A�" b.J ____ _ 
a lp h  C .  P i ckard 

A s s i s t an t  Commi s s ioner f o r  
Environme n t a l  H e a l t h  

1 8 8 1  - A CENTURY OF SERVlCE - 1 9 8 1  
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Prefe rence for A l ternat i ve I ,  2a , or 2b and  op l n l o n about the need for pub l i c educat i o n  
p rograms a r e  note d .  T h i s  comme n t , a l o n g  w i t h  those from other commente rs , was taken i nto 
con s i derat i on i n  determ i n i ng the preferred a l ternati ve .  
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M i nistry 
of t h e  
Environment 

M i nistere de 
" Environ nement 

Fe b r u a ry 5 ,  1 9 8 5  

Mr . Lowe l l  F .  C a mpb e l l  
D e p u t y  D i r e c t o r  
Te c h n i c a l  S e r v i c e s  D i v i s i o n 
US De p a r t m e n t o f  E n e r g y  
Oa k R i d g e  Op e r a t i o n s  
P . O .  B o x  E 
Oa k R i d g e , T e n n e s s e e  
3 7 8 3 0  

De a r ,..Ir . C a mp b e  1 1  
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West 
Ce ntral 
Region 

1 1 9  K,ng 51 W 
12th Floor - 80. 2 1 1 2  
Hamilton OntariO 

LBN 3Z9 
4 16/52 1-7640 

Region du 
Centre-Ouest 

119 ouest. rue King 
12e elage - C8!11er 2" 2 
Hamilton (OntarIO) 
LBN 3Z9 

416/52 1 - 7640 

Re : L o n g - T e r m  Ma n a g e m e n t o f  Ex i s t i n g  Ra d i o a c t i v e  Wa s t e s  a n d  
Re s i d u e s  a t  t h e  N i a ga r a  Fa l l s  S t o ra g e  S i t e .  

F r o m  d i s c u s s i o n s  w i t h  Mr . J .  A l e x a n d e r 
J a n u a"ry 3 1 , 1 9 8 5 , 1 u n d e r s  t a nd t ha t t h e  
I mp a c t  S t a t eme n t  i s  n o t y e t  c omp l e t e d . 
l i k e  t o  r a i s e a f ew p o i n t s  wh i ch c o u l d  b e  

o f  y o u r  s t a f f  o n  
f i n a l E n v i r o nmen t a l  
Th e r e  f o r  e , I wo u 1 d 

a d d r e s s e d . 

A t  t h e  p ub l i c  m e e t i n g  o f  S ep t emb e r  1 9 , 1 9 8 4 , I ob t a i n e d a 
c opy o f  t h e  d r a f t ,  " E n V i r o nmen t a l I mp a c t  S t a t em e n t f o r  t h e  
N i a g a r a  S t o r a g e  S i t e " . T h e  c o n c e r n  I h a v e  r e l a t e s  t o  t h e  
p o s s i b i l i t y o f  c on t a m i n a n t s  m i g r a t i n g  t r a n s b o un d a r y  t h r o u g h  
a i r ,  d i r e c t  r u n - o f f  a n d  i n d i r e c t m i g ra t i o n t h r o ug h  t he 
s h a l l ow g r o undwa t e r  t o  l o c a l s t r e a m s  a n d  e v e n t u a l l y t o  La k e  
On t a r i o  a n d / o r  t h e  N i a g a r a R i ve r .  �l n  t h e  s umma r y  o f  t h e  D r a f t  E I S  o n  p a g e  V i i ,  i t  i s  s t a t ed 
t h a t " g r o undwa t e r  w i l l  e v e n t u a l l y be u n a v o i d a b l y  c o n t a m i n a t ed 
t o  some e x t en t  i n  a l l a l t e r n a t i v e s " .  Th i s  a ck n ow l e d g e s  t h e  
p o t e n t i a l  f o r  c o n t a m i n a t i o n  bu t d o e s  n o t d e s c r i b e t he e x t e n t .  
T h e  e x t e n t  o f  t h e  c o n t a m i n a t i o n a n d d e g r e e  s h o u l d  b e  
e va l u a t e d . 

Fu r t h e r ,  a t  t h e  bo t t om o f  p a g e  4 - 6 0  i n  t h e  DE I S ,  i t  i s  
s p e c u l a t e d t h a t " " t h e r e  i s  p r ob a b l y  l i t t l e  p o t e n t i a l  f o r  
u n d e t e c t e d und e r g r o un d  p i p i ng t o  f a c i l i t a t e t h e  m i g ra t i on o f  
c o n t a m i n a t e d g r o u ndwa t e r  f r om t h e  wa s t e s / r e s i d u e s  a t  NFS S " .  
Th i s  e mp h a s i s e s  t h e  m i n i ma l  l i k e l i h o o d  bu t s t i l l  l e a v e s  t h e  
po s s i b i l i t y o p e n  f o r  c on t a m i n a t i on t o  m i g r a t e  f r om t he s i t e .  
Ag a i n , t h e  e x t e n t  a n d  d e g r e e  o f  c o n t a m i n a t i on s h o u l d  b e  
a s s e s s e d . 

'. - .. 

� .... � -
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The concerns about pote n t i a l  m i g ra t i on o f  contam i nants i nto Canada a re noted . T h i s s ub j ect 
is  d i s c u s s ed more extens i ve l y  i n  Secti o n  4 . 1 ,  in  Top i ca l  Respon s e  2 ( g roundwate r ) , and i n  
Response USDO I - 3  ( s u rface wate r ) . As noted i n  Sec t i o n  4 . 1 ,  the maj or  pathway for pote nt i a l  
expos u re o f  the Canad i an pop u l a t i o n  i s  the a i r  pathway . The expected rad i at i o n  doses a re 
i ns i gn i f i cant compared to the doses f rom natural  background sources  o f  rad i at i on .  The 
v a r i o u s  pathways a re addressed i n  deta i l  i n  Sec t i o n  4 and a re s ummar i zed i n  Sec t i o n  2 .  DOE 
i ntends to take pe rpetual  care of the s i te and  no offs i te rel eases  o f  contami nants to s urface 
wate rs or  groundwate rs are expected . Re l eases  of rad ioac t i ve s ub s ta nces  to the a i r  a re 
expected to be i ns i gn i f i cant , whether f rom the co nta i nment a rea under  i nte r i m  c o nd i t i o n s  ( no 
a c t i on--Al ternat i ve 1 )  o r  the preferred a l te rnat i ve ( i mp roved conta i nment--A l terna t i ve 2 )  as 
d i scus sed  i n  Sec t i o n  4 . 1 .  

The extent and degree of p re d i cted g ro undwater  contami nat i o n  at NFSS i s  d i scus sed i n  deta i l  
i n  Sec t i ons  4 . 2 . 2 and  4 . 4 . 3 . 1 . Th i s  a n a l ys i s  i s  based o n  several  conservat i ve a s s umpt i ons  
( see Top i ca l  Respo nse  2 ) .  E v e n  wi th these  co n s e rvat i ve a s s ump t i ons , no contami nat i o n  beyond 
the s i te boundary i s  expected wi th i n  1 , 000 years for p re fe rred Al terna t i ve 2 .  F u rthermore , 
the upper so i l  a q u i fer has 1 i m i ted  pote nt i a l  u s e .  

D i sc u s s i on of t h e  u nderground p i pes  re l at i ve t o  poten t i a l  f o r  groundwater contami nat i on i s  
g i ve n  i n  Sec t i o n  4 . 2 .  D u r i n g  the i nter i m  remed i a l  act i ons  w i th i n  the past few years , a l l  
known p i pes  we re removed o r  grouted so that there i s  n o  known penetra t i o n  through the waste 
contai nme nt system. Any undetected p i pe wou l d  have to d i sc harge i nto a sand  l ens  that wo u l d  
have to be tapped by a we l l i n  o rder for these to b e  a potent i a l  r i s k  to humans . DOE i ntends 
to cont i n ue control l i n g  the s i te to prec l ude a ny d r i l l i ng o f  d r i n k i ng  wate r we l l s  i nto the 
near s urface a q u i fer near  the conta i nment  a re a .  
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Th e r e  i s  a f i n i t e  s t a t eme n t  ma d e  on p a g e  4 - 7 3 , " L e a c h a t e  f r om 
t h e NFSS wa s t e s  and r e s i d u e s  w i l l  e v e n t u a l l y c o n t a m i n a t e  t h e  
g r o u ndwa t e r . " ,  t h i s s e n t e n c e  i s  f o l l ow e d  b y  a qu a l i f i e r  wh i ch 
s t a t e s  " t h i s  c o n t a m i n a t i o n w i l l  o c c u r  s o o n e r  a nd r e a ch h i g h e r  
l e v e l s  i f  t h e  c a p s  a r e  n o t ma i n t a i n e d  a n d  i n f i l t r a t i on 
- - - - i nc r e a s e s " .  The q u e s t i on a r i s e s  a s  t o  w h a t s t e p s  a r e  
p r o p o s e d t o  p r e v e n t  t h i s i n f i l t r a t i o n f r om o c c u r r i ng a n d  
p r e v e n t i ng o r  r e d u c i ng t h e  c o n t a m i n a t i on p o t en t i a l . 

C o n s i d e r i n g a l l  o f  t h e  p o t e n t i a l  w a t e r  c o n t a m i n a t i o n  
i n f e r e n c e s ,  w e  w o u l d  a pp r e c i a t e b e i n g k e p t i n f o rmed o f  t h e  
DOE ' s  c h o i c e o f  a l t e r n a t i v e s  a nd mo n i t o r i n g ,  f o r  t h e  l o n g  
t e r m  ma n a g eme n t  o f  t h e  e x i s t i n g r a d i o a c t i v e wa s t e s  a n d  
r e s i d u e s  a t  t h e  m a ga r a  Fa l l s S t o r a g e S i t e .  W e  wou l d  l i k e t o  
k n ow t h e  mo n i t o r i ng i n s t a l l a t i o n d e t a i l s ,  s a mp l i ng f r e qu e nc y  
a nd o t h e r  c o n t r o l  m e a s u r e s  p r op o s ed t o  ma k e  t h i s  a s a f e  s i t e  
a nd t h u s  p r e v e n t  c o n t am i n a n t s  f r om m i g r a t i n g f r om t h e  s i t e  t o  
L a k e  On t a r i o  o r  t h e  N i a g a r a R i v e r .  

I n  r e v i e w i n g ma t e r i a l  f o r  t he NFSS , h a v e  b e e n  l e d t o  
b e l i e v e  t h a t a s  pa r t  o f  t h e  Ma n h a t t a n  p r o j e c t  a n d  s u b s e q u e n t 
a c t i v i t i e s ,  t h e r e  wa s s ome r e f i n i n g d o n e  a t  f a c i l i t i e s  
i n  t h e  T o n a w a n d a  a r e a . A t  t h a t l o c a t i on ,  s ome r a d i o a c t i v e 

w a s t e s  we r e  a p p a r e n t l y  d i s p o s ed . I wo u l d  l i k e  t o  k n o w  t h e  
i mp a c t  t h a t r a d i o a c t i v e wa s t e  d i s p o s a l h a s h a d  o n  t h e  
s u b - s u r f a c e  e n v i r o nm e n t .  a s  w e l l  a s  t h e  p o t e n t i a l  f o r  
r a d i o a c t i v e wa s t e  a nd o t h e r  wa s t e t o  m i g r a t e  t h r o ug h  t h e  
s u r f a c e  o r  t h e  g r o un d -wa t e r s y s t em t o  t h e  n e a r by N i a g a r a  
R i ve r .  

t r u s t t h a t y o u r  o f f i c e w i l l  a d d r e s s  t h e  c o n c e r n s  o u t l i n e d  
a b o v e  a n d  d e c r i b e  t h e  c on t r o l  m e a s u r e s  p r op o s ed a t  t h e  NFSS 
s i t e a s  we l l  a s  t h e  i mp a c t  o f  t h e  T o n a wa n d a  o p e r a t i o n on t h e  
N i a g a r a R i v e r .  I wo u l d a l s o a p p r e c i a t e c o mm e n t s  o n  a n y  o t he r  
s i t e c on t a i n i ng r a d i o a c t i v e ma t e r i a l s  wh i c h ma y b e  l o c a t ed on 
t h e N i a g a r a F r on t i e r and wh i c h ma y h a v e  the p o t e n t i a l  f o r  
t r a n s - bo u n d a r y  m i g r a t i o n o f  c on t a m i n a n t s .  

Co - o r d i n a t o r  

c c : E n v i r o nme n t  Ca n a d a  

JV/ k t  

J o h n  S p a g n o l i .  Re g i o n a l D i r e c t o r . New Yo r k  DEC 
N o r ma n  No s e n c h u c k , D i r e c t o r . S o l i d a n d  Ha z a r d o u s  Wa s t e .  
tJew Yo r k  DEC 
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Al though i nf i l trat i o n  cannot be prevente d ,  it is expected 
for preferred Al ternati ve 2 w i l l  m i n i m i z e  i n f i l tra t i o n .  
care and ma i nta i n  t h e  cap . Even  i f  i t  i s  conservati ve l y  
t a i ned , n o  offs i te contami nat i o n  i s  expected for a t  l ea s t  

that a mu l t i l ayered c a p  as d e s i gned 
DOE i ntends to p ro v i de perpetual  
a s s umed that the cap is  not ma i n-
1000 years ( Sect i on 4 . 2 ) .  

Deta i l s  o f  the mon i to r i ng p rogram are not yet ava i l ab l e .  They wi l l  be s umma r i zed  i n  the 
Record o f  Dec i s i o n .  The Onta r i o  M i n i s try o f  the E n v i ronment has been p l aced o n  the mai l i ng 
l i st  for the F i na l  E I S ,  the Record of Dec i s i o n , and the annua l  mo n i to r i ng  report s .  

T h e  s i te at Tonowanda ,  New Y o r k  ( now occ u p i e d  by t h e  L i nde Ai r Products D i v i s i o n  o f  U n i o n  
Ca rb i de Corporat i on ) , i s  be i ng dea l t  w i th as a separate proj ect u n d e r  DOE ' s  Forme r l y  Uti l i zed  
S i tes  Remed i a l  Act i on Program. The Onta r i o M i n i stry o f  the  E n v i ronme nt wi l l  be i n fo rmed of 
any DOE p l ans  to take remed i a l  act i ons  at that s i t e .  F rom 1943 to 1946 , a u ran i um extrac
t i on process  was operated by the L i nde Ai r P rod ucts Company ( now L i nde Ai r P roducts D i v i s i o n  
o f  U n i o n  Carb i de Corporat i on ) , Tonawanda , N e w  Y o r k .  O n s i te we l l s  a n d  sewers we re u s e d  for 
d i spos i ng o f  e f f l uents conta i n i ng above- bac kground  concentrat i ons of rad i on uc l i de s .  There 
i s  no i nd i cat ion  that the d i scharge res u l ted i n  any rad i at i on-assoc i ated hazards dur i ng or  
f o l l ow i ng the  ·ope rat i o n  of the  fac i l i ty .  Rad i o l og i ca l  s u rveys o f  the  d i sposa l  pathways at  
the  fac i l i ty and v i c i n i ty p ropert i e s  d i d  i denti fy s ome above-background  concentrat i ons o f  
uran i um ,  rad i um ,  and thori um and the i r  decay p roducts . Howeve r ,  t h e  concentrat i ons  a r e  so 
l ow that any i nc remental  rad i at i on expos ure to workers o r  the general  pub l i c ,  as we l l  as any 
added hea l th r i s k ,  i s  neg l i g i b l e . 
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CO:\1 I\WNWEALTH OF P E N N S Y LVA N I A  

D E P A R TI\ 1 E N T  OF E N V I R O N M EN T A L  R ESOUR CES 

P.o. Bos 2063 
Harrlsbur&. P A  1 7 1 20 

Lowel l F . Campbel l  
Depar tment o f  Energy 
Oak Ridge Operat ions 
P.O.  Box E 
Oak Ridge , Tennessee 37831 

Dear Mr .  Campbe 11 : 

September 28 , 1984 

[ We have reviewed the Draft Env i ronmental Impact Statement for the Long
Te r m  Management of the Ex i s t i ng Rad i oac t i ve Wastes and Res idues at the 
Niagara Fal l s  Storage Site.  

We have no comments on the Draft  EIS a t  th i s  t i me. Thank you for 
al lowing us to review th i s  project . 

Sincerely, 

@/'Gl2: 
Wi l l i am  A. Cook 
Act i ng Di rector 
Secretary ' s  Office of Policy 
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PDER-l  No  response neces sary .  
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Uni ted States Department of the Interior 
OFFICE OF THE SECRETARY 

WASHINGTON, D.C. 20240 

Lowell F. Ca mpbell , Deputy Director 
Technical Serv ices Div ision 
U.S. Department of Energy 
Oak Ri�e Operations 
P . O. Box E 
Oak Ridge, Tennessee 37 831 

Dear Mr.  Ca mpbell: 

NOV 2 '984 

Thank you for your letter of August 17 , 198 4 ,  transm i t t ing copies of th e d ra ft 
environ m m ta l  i mpac t  sta te m mt fa Long-Term Manage m mt of the Exist i ng  Radioactive 
Wastes and Residues at th e Niagara Falls Storage Site, Niagara County, New Yor k ,  for 
rev iew . Our co m m mts a re p res m ted according to the f a mat of the sta te m mt a by 
subjec t. 

S u m mary Description [The extent of the "gray clay layer" under th e Niagara Falls Storage Site ( N F SS ), and- into 
wh i ch  the s ubsurface cu to ff wall is k ey ed ,  should be de ter m ined in evaluating i mpacts 
from the use of the site . The e ff ec ts  from poss ible gaps in the impermeable lay er should 
be evaluated, and a�ropriate m it igation should be presm ted elsewhere in the d ocum mt. 

F is h  and Wi ldli fe 

The fish and w ildli fe re so u rc es at the NFSS, the Hanford Reservation, the Oak Ridge 
Reservation, and the Ocean D isp osal S i te are described briefly i n  th e  sta tem mt. As 
ack oo w ledged in the draft sta te men t,  the ra di06.c tive mate rials to be d is posed are also 
toxic and w ill remain dangerously radioactive fa thousands of years. The d isposal 
methods d iscussed in the doc umen t will oot isolate these hazard ou s  wastes from the 
env iron m mt ,  and conta m i na ted ma terials w i ll lik ely be d ispersed from the s i tes via both 
physical (e.g., leach ing , grou nd wa te r  conta mination, erosion) and biological (e.g ., plant 
roots, burrow i ng  an i m a ls ,  � tak e  by microorgan isms) transp a t  pa th ways. Once tak en  up 
by li v ing aganis ms, these wa stes are li k ely to become inc or paa ted in a variety of food 
webs, where bioaccumulation m ay occur. Num erous fish and wild li fe sp ec ies , as well a s  
man,  c ou ld be a dv ersely a ff ec ted th r ou g h  these pathways. Burrow ing a n i m a ls  a n d  plant 
roots a re briefly m mtioned as possible ag mts p metrating the storage s i tes. Although 
sec tion 4 contains a genera l d is cussion of the p roble m ,  it is no t  clear tha t  this issue has 
bem considered i n  th e r isk calculations. Further considerat ion � needed in th is a rea, 
including better infor ma tion on spec ies lik ely to p m etra te each sit e ,  and an assessment 
of the like ly d ispersal of the rad ioactive m a terials from these sp ec ies. fThe Niagara River and Lake Ontario are in close proximi ty to the Niagara Falls site and 
c ould rece ive con ta m i na ted surface and grou nd wa ter flows from the s ite. The Niagara 
River and Lake Onta rio conta in significant in ternational fish and w ildli fe re sources tha t  
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As noted i n  Sec t i o n  4 . 2 . 2 ,  the cutoff wa l l  i s  con servat i ve l y  a s s umed to have no bene f i c i a l  
e ffect re l at i ve to l ong-term m i grat i on o f  contam i na n t s .  I t  i s  a l s o conservat i ve l y  a s s umed 
that the ave rage hyd ra u l i c  p rope rt i es of the ex i st i ng c l ayey so i l s  beneath the contai nment 
a rea a re between the prope rt i e s  o f  c l ay and  sand ( T ab l e  4 . 39 ) .  The e f fect o f  a poss i b l e  
" gap" i n  the c l ay 1 aye r i s  ana lyzed by a s s u m i  n g  that there i s  a 1 arge sand  1 e n s  i mmedi  ate ly  
adjacent  to  the  conta i nme nt area  and that a we l l  i s  d r i l l ed i nto that  l ens . I mpacts w i l l  be 
l e ss  than pred i c ted i f  the prope r t i e s  of the wastes and  u n de r l y i ng  geo l o g i c a l  forma t i ons  are 
bette r than those a s s umed for the a n a l ys i s  ( e . g . , l owe r hyd raul i c  conducti v i ty or  h i gher  
d i s t r i b u t i o n  coeff i c i e n t ) , the  sand  l enses  are sma l l  or  do not e x i st , or  no one d r i l l s s uch 
a we l l .  ( See a l s o Top i ca l  Response  2 . ) 

As noted i n  the i ntroduc t i o n  to Sect i on 4 ,  u nce rta i nt i es i nc rease  s i gn i f i cant ly  beyond 
1000 yea r s .  A t  t h i s  t i me , i t  i s  n o t  pos s i b l e  t o  pred i ct t h e  i mpacts of eventua l d i spers i o n  
i nto the e n v  i ronmen t .  The future meteoro 1 o g i  c a  1 cond i t  i on s , rate of d i spers i on , nea rby 
pop u l a t i o n  s i ze and  d i s t r i b ut i o n , and  other c r i t i ca l  factors cannot be e s t i mated wi th any 
accuracy for thousands  of years i nto the future . The wo rst-case res i de nt- i ntruder scena r i o  
i s  a n a l yzed i n  Sect i on 4 . 1 . 2 . 3 . ( See a l s o Responses  NYDEC- 19 , - 20 , -22 ; USEPA- 8 ;  WDSHS- 2 . ) 

Even  i f  the NFSS wastes '  and  res i dues were exposed , no i mpact on the f i  s h  and  w i  1 d l  i fe 
resources o f  the N i agara R i ver  and  Lake Onta r i o  are expected .  I f  the rate of e ros i on of the 
NFSS wastes  and res i dues i s  s i m i l ar to the rate of eros i o n  o f  the natura l s o i l s  i n  the Lake 
Onta r i o  wate rshe d ,  the i ncreme ntal  cont r i b ut i on of the natura l l y  occur r i ng rad i o nuc l i des  
f rom the  NFSS wastes  and  res i d ues wou l d be equal  to that norma l ly  contri buted by the so i l  
e roded f rom 65 km2 ( 25 m i 2 )- - or  that natura l ly  contri buted by e ros i on f rom the Town of 
Lewi ston . The cont r i but i on f rom the same a rea of the gra n i t i c-der i ved s o i l s  i n  Ca nada 
( wh i cr have a h i gher  concentrat i on of the natura l l y occu rr i ng rad i on uc l i des  than the s o i l s  
i n  the N i agara F a l l s  area)  wou l d  be h i gher than the con tr i but i on from the e roded NFSS wa stes 
and res i dues . The tota l  l oad of natura l l y occ u r r i ng rad i onuc l i des  on  Lake Ontario wou l d  not 
be s i g n i f i cant ly  i nc reased i f  the NFSS wastes and  res i dues  were exposed  and e roded i nto the 
l a ke .  ( See al so Response BROSS- 5 . ) 
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Lowell F. Ca mpbell , Deputy Direc tor 

U S D O I - 3 l are protected by th e  Migra tory Bird Tre aty Act,  the Great Lakes Fisheries Act, the 
Endange red Sp ecies Act , and by other in terna tional acts. 

U S DO I -4 

U S DO I - 5  

U S D O I - 6  

U S D O I - 7 

U S DO I - 8  

[At Oak Ridge, the Cli nch River is th e  major wa te r  bcxly dra in ing th e  Rese rva tion, and 
the a rea of th is r iver just below Mel ton Hill Da m near Oak Ridge is a signi ficant 
spawning a re a  for str iped b ass . Migra tory bird s frequen ting the Oak Ridge Reservation 
include Cana da geese, wood ducks, mallards, and c anva sb acks. 

Simi lar problems exist at the Hanfor d  site.  We ro te that ev en less attention is given to 
w ildli fe re sou rces at this site t han at the other two. The d ra ft statem ent suggests t ha t  
th is m i g h t  be the sa fer site f or  storage b ec au se  o f  its lower ra in fall , but t h a t  t h e  cost 
arxl sa fety problems o f  transferring ma terial to the site m igh t m ak e  it a less lik ely 
choice. A brief discussion of previous d ispersal of stored ra dioac tive wast e s  at this site 
by burrowing an imals , is found on page 3-24. Should further consi de rat ion be giv en to the 
Hanford sit e ,  it is essential that coord ina tion be carried out with th e FWS Field 
S �erv isor at Oly mpia, Washi�ton. 

Mi t igating Measure s  [ The discuss ion of mit igating measures on page 4-64 should include engineering a o ther 
re m edial m e thcxls t ha t  could be u sed i n  the ev en t  that move m ent o f  con ta m i nants i n  th e  
shallow aquifers exceeds predictions. [The possibili ty o f  a tra nspa ta tion acc ident leading to exposure o f  the ra dioactive 
wastes/resi dues m ay be low as ro ted on Table 3 .5 arxl the d ispersal o f  such rna terials to 
surfac e wa te r from burial even lower, but the mechanisms to deal w it h  the poss ib i li t ies 
should be d iscussed. 

Alternatives [All alternatives c ou ld involve d ispersion o f  wa ste s/re sidues to su rfac e wa te r through 
erosion, ru ro ff, and sed i m en tation by natural processes occu rri� while the in teri m  cap is 
off or as the result of a transpa ta t ion acciden t .  It is stated on page 4-15 that "Effec tive 
i mple m en tation of erosion, ru ro ff, arxl sed im en tation controls c an  m it igate" th e  a dverse 
im pacts of exposure particularly fa a thu oo e rstor m du ring interim cap re moval. These 
con trols should be i d enti fi ed .  

U S DO I - 9  (we also rec om mend that serious a ttention b e  g i v en  t o  transpa ta tion b y  ra il ,  wh ich w ould 
m ini m iz e  tr uck transp a tation o f  th e radioactive m a terials. 

Ground wa te r  

U S D O I - IO r 1t is assu med on p ag e  4-62 that ro shallow wells w ill ev er b e  allowed near th e NFSS. 
H owever , u nder a l te rnatives 2a,  2 b ,  4 a ,  and 4c th e  NFSS site,  i ncludi ng a bu ffer a rea ,  
w ill b e  re ruced to 39 ac re s  a s  ro te d  on Table 4 . 58 .  The other pa tions of t h e  property 
w ou ld th en b e  relea sed (pages 4-86 and 4-87). The fi nal s ta te m ent should include a 
worst -ease analysis to irxl icate the t ime re quired fa ha zard ou s  a maximum 

2 
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USDO I - 4  T h e  i nforma t i o n  i s  noted.  I f  o n e  o f  t h e  O a k  R i dge a l ternati ves i s  s e l ected ( not preferred 
at th i s  t i me ) ,  DOE wi l l  f urther coord i nate wi th the Ashev i l l e  FWS F i e l d  O f f i c e .  

USDO I - 5  I f  one o f  the Han ford a l ternat i ves  i s  s e l ected ( not preferred a t  t h i s t i me) , DOE wi l l  
f u rther coord i nate w i th the O l ymp i a  FWS F i e l d  O f f i c e .  

USDO I - 6  The o n l y  m i t i ga t i ve mea s u re contemp l ated a t  t h i s t i me i s  t o  p roh i b i t  the u s e  o f  g roundwate r 
f rom sha l l ow we l l s  l ocated ons i te . near the conta i nme nt area.  A mo n i tori ng  p rogram i s  
i ntended to detect movement o f  contami nants i n  groundwater .  I f  u nexpected movement i s  
found , appropr i ate m i t i gati ve measures wi l l  b e  take n .  ( See  a l so Top i ca l  Respon s e  2 . ) 

USDO I - 7  Transport o f  t h e  contami nated mate ri a l s  to another s i te i s  not preferred a t  th i s  t i m e .  I f  
DOE dec i des  to i mp l ement s u c h  an a l ternat i ve ,  deta i l ed p l a n s  f o r  deal i ng wi th transportat i o n  
acc i dents wi l l  b e  deve l oped.  L i kewi se , p l ans  f o r  s u rvey i ng ,  c l eanup , and d i spersal  to 
s u rface water sed i ments wi l l  be devel oped.  ( See a l so Responses  NCEMC - 3 ; VCE- l ,  - 2 ;  WOES- I ;  
WEFS- 5 . ) 

USDO I - 8  Ident i f i ca t i on o f  spec i f i c  ero s i on-control  measures wo u l d b e  part of the detai l ed e n g i neer
i ng e f fo rt p r i o r  to actual  i mp l ementati o n  o f  one o f  the remo v a l  a l ternati ves . It i s  
expected that the contro l s  wou l d  b e  s i m i l ar to those that have been effec t i v e  dur i ng the 
i nt e r i m  remed i a l  act i ons  at NFSS ( U . S .  Dep . E n ergy 1982a , 1982b , 1983a , 1983b ) .  Remova l of  
the wastes and res i dues to another s i te i s  not the pre ferred a l ternat i ve at th i s  t i me .  ( See 
a l so Response PEELE-4 . ) 

USDO I - 9  Deta i l ed cons i de rat i o n  of ra i l  transportat i o n  i s  g i ven  i n  Append i x  0 ,  Sec t i o n  0 . 5 .  

USDO I - I0 A conservat i ve a n a l ys i s ,  a s s um i ng a we l l  i s  l ocated i mmed i ate l y  next to the contai nment 
area , i s  p resented i n  Sec t i o n  4 . 2 . 2  ( see Tab l es 4 . 40 and 4 . 42 ) .  Concentrat i ons  of 
radi um-226 ( the rad i o nuc l i de o f  most concern w i th respect to g roundwater contami nat i o n )  at 
var i ous  l oc a t i o n s  downstream o f  NFSS are s hown for each a l ternati ve i n  Tab l e  4 . 4 1 .  F o r  
p referred A l ternat i ve 2 ,  rad i um-226 concentrat i o n s  i n  t h e  ons i te we l l  a r e  expected t o  peak 
in  3 , 600  year s .  At a p o i n t  hal fway to Lake Onta r i o  ( 4 , 000 m ) ,  no co ntami nat i o n  i s  expec ted 
for at  l east  32 , 000  years ( the po i nt at  wh i c h the computer p rogram was aborted ) .  At 
1 , 000 years , the t i me for wh i c h  E PA has determi ned i t  i s  reasonab l e  to des i gn the conta i n
ment system , i t  i s  p re d i c ted that contam i nants wi l l  not have mi grated to the s i te bounda ry .  
( See a l so Top i c a l  Response 2 . ) 



K-162 

Lowell F. Ca mpben , Deputy Dire c tor 

USDO I - IO l concentra tiOns of ra dionucli de s  and other conta minants to re ach th e  revised bouooa ry .  
We suggest t ha t  at least rep re s en ta t ive analyses from the ex isting mon iterill; wells 
should be included in the fi na l  i mpac t state ment to aid in evaluation of impac ts from the 
proposal. 

Endangered Spec ies Act 

USDO I - l l  Except f or  occasional tra nsient spec ies, no federally listed or proposed enda ng ered or 
th rea tened sp ecies u nder our jurisdiction a re k nown to ex ist i n  the Niagara Falls Storage 
Site a re a .  There fore , no Biological Assessmen t  er further Sec tion 7 consuita tion under 
the E ndangered Sp ecies Ac t (87 S tat.  884, a s  a m ended; 16 U.S.C. 1531 e t  seq.) is required 
w ith the U.S. Fish and Wildli fe Service (FWS) for work at that sit e .  Should projec t plans 
change, or if a cXl itional infermation on listed or proposed sp ecies b ecomes available, th is 
dete rmina tion may be reconside red. 

USDO I - 12 As no ted on page 3-36 of the dra ft state men t ,  endangere d spec ies observed on er near 
the Oak Ri�e Reservation i nclu de the looiana bat , g ray bat , bald e agle, peregrine 
falcon, and re d�ock aded woodpeck er. Two status review plant spec ies potentially 
occu rriT'€ on the site are the A ppalachian bugbane (Ci mici fuga rubifolia) aoo Ca rey's 
saxifrage (Saxifraga careyana). In for mation conta ined in the d ra ft st a te men t is 
insu ffici ent to m eet the requ irem ent for a Biological Assessm ent for the Oak Ri�e s ite, 
as described in the le'tter of Septe mber 28, 198 3 (pages J-4 and J-5) from our Endangered 
Species Field O f fice in Ash eville, N er th Carolina. F er  further consideration of th is s ite, 
it is essen tial that you prepare a Biological Assessmen t  and consult further with the 
S l..Pe rv iser, E ndangered Sp ecies Field Office, P la teau Build i ng, Room A-5, 50 S ou th 
French Broa d Avenue, Asheville,  North Caroli na 2 8 8 01 (phone 7 04  258-28 50 , ext.  32 1; FTS 
6 7 2- 0 32 1) .  

USDO I - 13 O n  p ag e  4 - 6 7  is th e st a te men t  t h a t  "There are no endangere d or thre aten ed spec ies a t  
the NFSS er Han ford sites." Th is conflicts w ith t h e  observation on page 3-26 that "some 
endangered or thre aten ed raptors u se  the [Hanford] site." In a dd it ion, c ertain plant 
species that a re be i ng  reviewed for po tential list i ng  m ay occu r on er near the H an f ord 
site.  Append ix  J conta ins letters from F WS conc erning endangere d spec ies at the other 
t wo s ites , but none fer the Han ford site. Should the H anford s i te conti nu e  to be 
considered seriou sly for this projec t, you w ill also need to meet the Biological 
Assess m en t  requ i re m ent for t ha t  s ite. Fer a list of sp ec ies t ha t  m ay be p resent in the 
ac tion a re a ,  and for gu idanc e  on the Biological Assessmen t  require men t and other 
pOSSible requirem ents, it is essential t ha t  you consult d irectly w ith the S l..Perv iser, 
Eooangered Spec ies Field Offi ce, Build ing A, 2 6 9 5 Parkmont Lane, Oly mpia, Washing to n  
98 50 2 (phone 2 0 6  7 5 3-9444;  FTS 43 4-9 4 44). 

Fish and Wildlife Coord ina tion Act 

USDO I -14 During th e  construc t io n  phase of th is  projec t, aOl erse impac ts  on fish and wildli fe 
re sou rces should be m in i m ized as m uch as possible, aoo appropr i a te  m it igation should be 
provided for unav oidable adv erse impacts. Str ict erosion, sed imenta tion and air quality 
con trol measu res should be utilized dJring constr lr tion. A c a re fully designed mon itering 
progra m shou ld be foll owed throughou t the p rojec t,  i ncluding th e  monitor ing of fish and 
wild li fe re sou rces prior to, dJring, aoo a f ter constr lr t ion. The F W S  should be i nvolv ed  in 
the developmen t and i mplemen ta tion of this progra m .  

3 
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USDO I - 11 I n format i o n  is  noted .  No response neces s ary .  

USDO I - 12 D O E  agrees that the i nforma t i o n  conta i ned i n  t h e  E I S  i s  i ns u f f i c i ent  to meet t h e  requ i reme nt 
for a B i o l og i ca l  Asses sment at Oak R i dge . As noted i n  Secti on 4 . 3 . 1 ,  before DOE cou l d  
imp l ement a ny o f  the O a k  R i dge a l ternati ves , s u rveys wou l d  have to be conducted t o  determ i ne 
the p resence of threatened or endangered spec i e s .  The O a k  R i  dge a 1 ternat i ves  a re not 
prefe rred at th i s  t i me .  

USDO I - 1 3  T h e  O lymp i a  FWS F i e l d  O f f i ce wa s contacted dur i ng  the scop i ng proces s ,  both by l etter a n d  by 
p hone , and had no comments to offer  regard i ng endange red spec i e s at the Hanford s i te .  The  
part i c u l a r s i te con s i dered i n  the E I S  i s  an  exte n s i o n  of  an  ex i st i ng wa ste- b u r i a l  a rea on  a 
l a rge p l ate a u .  No ex i s t i ng i mpacts on endangered spec i es , i nc l ud i ng the ba l d  eag l e ,  have 
been i de nt i f i ed by e i ther FWS or DOE .  The  Hanford a l ternat i ves are not p refe r red at th i s  
t i m e .  I f  DOE dec i des  t o  i mp l ement o n e  of t h e  Hanford a l ternati ves , the  O l ymp i a  FWS F i e l d  
O f f i ce wi l l  be contacted aga i n .  

USDO I - 14 I f  DOE dec i des  t o  i mp l ement any o f  the removal  a l ternat i ves where there wou l d  b e  potent i a l 
for i mpacts on f i s h  and wi l d l i fe at other s i te s ,  the Departme nt  of the I nter i o r  wi l l  be 
contacted re l at i ve to deta i l ed p l a n n i ng and m i t i gat i on .  These  a l te rnat i ves  are not 
prefe rred at t h i s t i me .  
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Lowell F. Ca mpben , Deputy Direc tor 

USDO I - 15 W h ile the dra ft sta te men t  does ind ica te the poss ible need Cor o th er inte rre la ted Federa l  
actions, s um as u.s. Army C(J"ps o f  Engineers Section 4 04  perm its, insu ffic i m t  
i n for ma t io n, i nc luding site-spec i fi c  location, design, and measures to minimize harm, i s  
provided f a  a Cull u nderstanding a nd  an evaluation o f  h ow  the proposed action a nd  
interre la ted Fede ra l  ac tions may a ff ec t  fish and w ildli fe resourc es. The FWS will 
evaluate and rep at on e a ch o f  th e  per m it applications pursu an t  to the Fish a nd  Wild li fe 
Coord ina tion Act. During th e  re v i e w  of these appli cations, th e FWS w ould most lik ely 
reco m m eoo that a dverse environm m tal i mpacts b e  avoided as m um as possible. S trict 
erosion and sedimen ta tion control measures a nd  ti me-() f-y ear construc tion re strictions 
m ay be reco m m ended. B ec au se  o f  these conce rns ,  y ou a re  u rged to fur ther coordina te 
projec t planning with the Field S Lp erv isor , U.S. Fish and Wi Idli fe Service, 100 Gra ng e  
Place, Room 20 2 ,  Catland, N e w  Y ork 1 3 045 (phone 6 07 75 3-9 3 3 4 ;  F T S  882-4 246).  
Further planning at the Oak RiOJe site should b e  coord inated w ith th e  Field S Lp ervisor , 
U.S. F ish aoo Wildli fe Service, P.O. Box 8 4 5 ,  Cook ev ille, T ennessee 38 502 (phone 615 5 28-
6 48 1; FTS 85 2-50 57),  and at the Hanford site with the Field S Lp ervisor , U.S. Fish and 
Wild li fe Service, Building B-3 ,  26 25 Park mont Lane, O ly mpia, Wash i ng ton 98 50 2  (phone 
20 6 7 5 3-944 0; FTS 43 4-9 44 0). 

We hope these com m en ts will b e  helpful to you in th e prepara tion of a final sta te men t .  

Si ncerely ,  

�:,�t//d(;J 
Bruc e Blanchard, Director 
E nv iron m m tal Projec t  R ev ie w  
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USDO I - 15 See Responses  USDO I - 5 , - 8 ,  - 12 ,  - 13 ,  and - 14 .  
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;' ft \  ��/ U N I T E D  S T A T E S  E N V I R O N M E N T A L  P R O T E C T I O N  A G E N C Y  

" .. ..,-.e' R E.  G I O N  1/ 

2 3 OCT S84 

2 6  F" E D E R A L  PL A Z A  
N E W  Y O R K  N E W  Y O R K  10278 

Mr. Lowe 1 1  F. Carrpbell, Deputy Di rector 
Technical Services Division 
Department of Energy 
Oak Ridge �rations 
P.O.  Box E 
Oak Ridge, Tennessee 3783 1 

Dear Me. earrp:.el l :  

We have reviewed the draft envirorrnental iJrpact statement ( EIS ) f o r  the Long
Term Managere.nt of Existing Radioactive W3.stes and Residues at the Niagara 
Falls Storage Site (NFSS ) ,  located near Iewiston, New York. In the interest 
of providing a comprehensive review of the draft EIS, the Environmental Protec
tion Agency ' s  ( EPAs )  Office of Federal Acti vi ties in Headquarters has requested 
that we coordinate our resp::mse with EPA ' s  Region IV and Region X offices since 
the draft EIS proIX'ses different disIX'sal options at the Department of Energy 
( OOE )  Oak Ridge Peservation near Oak Ridge, Tennessee, and the OOE Ha.'1ford 

Re servation near Ri chnond, W3.sh.ington . Corrrnents fran EPA Pegion ' s  I I ,  N, and 
X are provided on the draft EIS and included as attachments for your considera
tion. 

U5EPA- l The draft EIS defines and analyzes n ine IX'tential alternatives for the long-term 
managere.nt of radioactive residues ( produced f ran the processing of urani \l11 ores ) 
and wastes ( primarily existing in the form of contaminated soils ) . I:Iowever, the 
draft EIS does not present a selected or preferred alternative ( s ) . According to 
the Council on Envi ronmental ()J.ality ( em) regulations inplere.nting the National 
Envi ronmental Policy Act (NEPA ) , a preferred alternative ( s )  should be identified 
by the lead agency in the d raft EIS [40 CFR Part 1 502. 1 4 ( e ) } .  

However ,  when an agency fails to identify a preferred alternative in the draft 
EIS, EPA rates each alternative according to the analyses provided. '!he rating 
for each of the nine alternatives are di scussed below. Specific technical ccm
ments regarding each of the alternatives are provided in separate attachnents. 

U5EPA-2 In general , we would reccmrerrl that a cost-effectiveness screening procedure 
be used to eliminate certain alternatives as described in section 3 00 . 6 8 of 
the Cooprehensive Envirorrnental PesIX'nse, Carpensation, and Liability Act 
(CffiCIA )  National Oil and Hazardous Substances Contingency Plan. '!he procedure 
eliminates alternatives that are an order to magnitude more costly through a 
least-cost analysis where significant environmental or public health protection 
can not be d istingui shed. EPA i s  currently developing guidance for iIrplerrenting 
this procedure. Although unpublished, Pegion I I  has had experience in util izing 
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In  subs�quent corre spondence E PA i nd i cated that:  
" I n  genera l , we are encouraged by DOE ' s  dec i s i o n  to i de nt i fy i ts p re fe rred a l ternati ve 
i n  the f i na l  E I S  for N F S S .  We be l i eve that ma k i ng i ts recommendati on s  known p r i o r  to 
the Record of Dec i s i o n  wi l l  e nhance the Nat i o n a l  E n v i ronme nta l Po l i cy Act ( N E PA)  rev i ew 
p roce s s  for t h i s project . " 

The CEQ reg u l a t i o n s  s tate that the agency [ D O E ]  sha l l " i denti fy the agency ' s  prefe rred 
a l te rnat i ve or a l ternat i ves , if one or  mo re ex i sts , i n  the draft s tateme nt and i de nt i fy s uc h  
a l ternat i ve i n  t h e  f i na l  statement un l es s  another l aw proh i b i ts t h e  expre s s i on of  such  
p reference" [40 C F R  1502 . 14 ( e ) ] .  DOE d i d  not have a prefe rred a l terna t i ve at the  t i me of  
pub l i ca t i o n  of the Draft E I S .  Now that the Draft E I S  has been revi ewed by federal , state 
a nd l oc a l  o f f i c i a l s and the genera l  pub l i c ,  DOE has s e l ected Al ternat i v e  2 as the pre fe rred 
a l te rnat i ve ,  and i t  i s  so  ident i f i e d  i n  t h i s  F i na l  E I S .  ( See a l so Response NYD EC- 2 . ) 

U S E PA-2 DOE apprec i ates E PA ' s  o f fe r  to i nforma l ly  app ly  its CERCLA 300 . 68 scree n i ng procedure to the 
range of  pos s i b l e  project a l te rnat i ves  at N F S S .  I f  t h i s project were i n  t h e  ear ly  phases of 
deve l opment , E PA ' s  a s s i stance in  app l y i ng the s c reen i ng procedure wou l d  be con s i de re d .  
Howeve r ,  i t  i s  be l i e ved t h a t  t h e  i n formati o n and ana lyses  curre n t l y  conta i ned i n  t h e  E I S ,  
a l ong w i th other i n forma t i o n  avai l ab l e  to the Departme n t ,  are s u f f i c i en t  to s upport .i den t i f i 
c a t i o n  o f  the preferred a l ternat i ve i n  th i s  F i na l  E I S .  ( See a l so Responses  WDEC-4 , WDSHS- 3 . ) 



USEPA- 2 

K- 168 

ldraft guidance to carry out similar analyses at other catplex, hazardous waste 
si tes. �r E}rergency Response and Rarediation Division has offered to assist 
the OOE in awlying this screening procedure for this aspect of the project. 

Rating of eadl Alternative 

USEPA-3 Alternative 1 :  � 1Iction - Class EC-2. 

- Alternative 1 involves the continued storage of all residlJes and wastes 
wi thin the diked containrrent area in the southwest corner of NFSS . '!he 
contaim-ent areas is surrounded bj a dike and subsurface clay cutoff wall 
and is cawed with 1 . 5  m (5 ft) of clay , sand, and soil.  '!he entire NFSS 
site will remain under OOE ownership and control. 

Al ternati ve 2a :  Long-Te rm Management at NFSS , Modi fied Containrrent - Class EC-2. 

- Under Alternative 2a, further actions will be taken to inprove the long-term 
containrrent of the wastes and residues at NFSS . Slch actions include removal 
and terrporary storage of the urper layers of the interim cap and construction 
of a long-term cap. '!he long-term cap is 1 .  7""11'l ( 5 .  5-ft) thicker than the 
interim cap and will have extra clay and a layer of riprap (graded layers of 
g ravel and rock ) . Q11y the containment area and a snall ooffer zone wi ll be 
retained under OOE ownership and control . 

Al ternati ve 2b: LongJl'e rm Managerent at NFSS , Modified Containrrent Plus 
Mo:Hfied Form - Class EC-2 . 

- Under Al ternati ve 2b, in addition to the irrproved containrrent system described 
for Alternative 2a, the residlJes will be mcrlified P'lysically and chemically 
to reduce the rate of long-term migration of contaminated materials fran 
NFSS . The residues will be renewed fran the contai m-ent area and processed 
to extract valuable constitlJents ( e . g . , uraniun, cobalt, nickel, molybdenun, 
and lead) . Once processed, the vitri fied (glass) residue slag and same pre
cipitates will be reburied in the diked containrrent area, the processing 
facili ties will be decontaminated and demolished, and the entire waste-con
tain .. rent area will be covered with the long-term cap. Only the containrrent 
area and a STall buf fer zone will be retained under OOE ownership and control . 

Alternative 3a : Long-Te rm Management at an Ar id Site ( Banford) - Class FXr2 

- Under Alternative Ja, both the residlJes and the wastes wi ll be excavated from 
the containrrent area at NFSS and transported bj truck to a radioactive waste
managerrent site ( 21&015 Area) on the OOE Hanford Reservation near Richland, 
Washington. '!he residues will be packaged in large metal containers and 
transported on either flat-bed trailers or in shielded vans. '!he wastes 
are classified as non-radioactive under current transportation regulations 
and will be shipped in large dl.lTp trucks. About 16, 000 truckloads will be 
needed to transport the wastes and residues over 4 00 0  )an ( 2 50 0  mi l  to Hanford. 
Following transport of the wastes and residues to the Hanford site ,  the exca
vated areas will be filled and regraded and NFSS will be released for other 
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USEPA- 3 The E PA has i dent i f  i ed env i ronmen ta 1 concerns for A l ternat i ves  1 ,  2a , and 2b and e n v  i ron
menta l object ions  for A l ternat i ves  3a , 3b , 4a , 4b , 4c , and  4d . The p r i mary reason for the 
rati ngs is the potent i a l ly  s i g n i f i cant env i ronmental  i mpacts if the was tes  and re s i dues  are 
transported offs i te .  These i mpacts are d i scussed i n  the E I S  and DOE wi l l  t a ke them i nto  
con s i derati on i n  ma k i ng the  dec i s i o n  on l ong- term management o f  the NFSS  wastes and  res i dues .  
O n l y  the r e s i dues wou l d  be c l as s i f i ed as rad i oact i ve for transportat i o n  p u rposes  ( Sec-
t i ons  4 . 7 . 3  and 0 . 2 ) .  DOE agrees wi th E PA ' s concern about the r i  s k o f  transporti ng 
16 , 000 truc k l oads o f  was tes and res i dues . The EPA ' s  e n v i ronme nta l rat i ngs  were taken i nto 
c o n s i derati on i n  dec i d i ng to i dent i fy A l ternati ve 2 ( l eave contami nated materi a l s at NFSS ) 
as the preferred a l ternat i ve .  

I n  s ubsequent d i scu s s i ons  w ith  EPA ,  i t  became c l ea r  that EPA b e l i eves  that more i n format i o n  
than  i s  avai l ab l e  i n  the  E I S  i s  necessary to e n s u re that a l l reas onab l e  s teps  wi l l  b e  taken 
to e n s u re the cont i nued  i nteg ri ty of the conta i nment system at NFSS and to m i n i m i ze the 
potent i a 1 for re 1 ease o f  contami nated mater i  a 1 s to the env  i ronmen t .  DOE wi  1 1  s e nd E PA the 
add i t i on a l  doc uments noted i n  F i g ure 1 . 3 ( N i agara F a l l s  Storage S i te :  DOE Dec i s i on-Ma k i ng  
P roce s s )  when  s uch documents are avai l ab l e .  
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use . At Hanford, the contaminated mterials will be buried in 42 burial 
trenches in a rranner similar to current practices for burial of other types 
of solid radioactive wastes at the Hanford Reservation. '!he residl.les and 
wastes will be covered with 3 m ( 10 ft) of local earthen materials,  inclooing 
a layer of r iprap. 

Al ternati ve 3b: Lonrrerm Management at a Humid Site (Oak Ridge) - Class Elr2 

- Under Alternative 3b, all the NFSS wastes and residl.les will be excavated and 
transported bj truck to the Pine Ridge Knolls site on the DOE C8k Ridge Reser
vation near cak Ridge, Tennessee. About 16, 000 truckloads will be required, 
with a transportation distance of about 1200 kw ( 7 50 mi ) . Follcwing transport 
of the wastes and residl.les to the cak Ridge site, the excavated areas at NFSS 
will be filled and regraded and NFSS will be released for other use . At Oak 
Ridge, the wastes and residl.les will be stabilized in several mounds. '!he 
mounds will be covered with a long-term cap similar to the cap at NFSS for 
Alternatives 2a and 2b. 

Alternative 4a: Storage of Residl.les at Hanford/Long-Term Management of Wastes at 
NFSS - Class EO-2 

- Under Alternative 4a, the residl.les will be excavated , packaged, and trans
ported to Hanford as in Alternative Ja .  About 1 , 600  truckloads will be 
needed. '!he residl.le packages will be buried in 10 trenches at Hanford. '!he 
wastes will rerrain at NFSS and will be covered with a long-term cap identical 
to that described for Al ternati ve 2a. '!he containment areas and 9'l'Ia.ll buffer 
zones at NFSS and Hanford will be ma intained and monitored. 

Alternative 4b: Offsite Storage of Residues at Hanford/Ocean Disposal of 
R.emaining Wastes - Class EO-2 

- Under Al ternati ve 4b, the residues will be excavated, packaged, and trans
ported to Hanford as described for Alternative 4a. All remaining wastes 
will be excavated, transported in bulk in durp trucks to a dock in the New 
YorkjNew Jersey harbor area, loaded onto barges , and transported to the 
106�·lile Ocean Waste Di sposal Site (Site 106)  for dispersal .  After removal 
of all wastes and residues from the site, NFSS will be released for other 
use. CKlly the residl.le containment area and a 9'l'Ia.ll buffer zone at Hanford 
will be rraintained and monitored. 

Al ternati ve 4c: Offsi te Storage of Residl.les at Oak Ridge/Lonrrerm Management 
of Waste at NFSS - Class EO-2 

- Under Alternative 4c, the residl.les will be excavated, packaged, and trans
ported to cak Ridge as in Alternative 3b. About 1, 600 truckloads will be 
needed .  '!he residl.le packages will be stabilized in mounds and covered with 
a long-term cap similar to that described for Alternative 3b. '!he wastes 
will remain at NFSS and will be covered with a long-term cap identical to 
that described for Alternative 2a. '!he contaiment areas and srall buffer 
zones at NFSS and Oak Ridge will be maintained and monitored. 



K- l71 



K- l72 

USEPA-3 Alternative 4d: Offsite Storage of Pesidlles at Oak Ri dge/Ocean Di sposal of 
Ianaining Wastes - Class EO-2 

USEPA-4 

- Alternative 4d is identical to Alternative 4 c  except that the NFSS wastes 
wi ll be disposed in the ocean instead of renaining at NFSS. Ocean disposal 
will be the same as for Alternative 4b. After removal of all wastes and 
residues from the site, NFSS will be released for other use. Only the 
residue containment area and a snall buffer zone at Oak Ri dge wi l l  be main
tained and monitored . 

Explanation of Ratings 

In accordance with EPA pol icy, we have rated alternatives as either Ee-2 or 
EO-2, iooicating that we have either envi ronnental concerns ( Ee )  or envi rorr 
mental objections ( EO )  to the proposed actions and that in all cases that we 
require more information ( 2 )  to better evaluate potential environmental impacts . 
The primary reason that EPA has d ifferentiated between the EC and EO ratings is 
that signi ficant envi ronmental impacts my result i f  any of this material is 
transported off-site. &1fficient information has not been provided which justi
fies the potential risk of transporting 1 6 , 000  truckloads of radioactive mate
rial to the Hanford or Oak Ri dge facilities or an ocean dl.r11ping site. Please 
be advised that we also maintain concern for the proposed NFSS alternative s ( 2a  
& 2b) . Additional variations of the se  alternatives should al so  be examined in (depth, inclooing deep-well injection and above-g round storage using concrete 

l...modules. 

At this time I would like to thank you for thi s oWQrtunity to ccmnent and if you 
have any questions please feel free to contact Ire or Mr. Chri stopher Mi litscher 
of � staff at ( 2 1 2 )  264-1 892 or 264-0522, respectively . 

W= have also inclooed a list of EPA contacts should you have questions concern
ing the speci fic comments that have been provided in the attachments . 

Sincerely yours, 

�a:a1!il!.� 
Environmental Inpacts Braoch 

Attachnents 

cc: Mr .  &]ward G. De laney , roE 
Mr. Jake Alexande r, OOE 
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I n  s ubsequent correspondence , EPA i nd i cated that:  
" E PA remai ns concerned that DOE has not yet adequate l y  demonstrated that any of the 
c onta i nment a l ternati ves  eval uated to-date present the mos t  e n v i ronmenta l l y  acceptab l e  
management opt i on .  A l l o f  the on- s i te a l terna t i ves  i denti f i ed i n  the draft E l S  wou l d  
resu l t  i n  adverse i mpacts to groundwater from mi grat i on o f  rad i oact i ve contami nants 
i nto the unde r l y i ng  aqu i fer( s ) .  For  th i s  reaso n ,  we stron g l y  recommend that DOE 
e v a l uate add i t i on a l  e n g i neeri ng e n hanced d i spo s a l  opt i ons  ( e . g . , the ' F rench ' system ) 
wh i c h  have the potent i a l  to reduce groundwater and rad i o l og i ca l  i mpacts . Add i t i ona l  
e n g i neeri ng-enhanced barr i e rs such  a s  a conc rete bunker  s hou l d  a l so be eva l uated . " 

EPA p rov i ded the fo l l owi ng  comments i n  th i s  correspondence . 
" Hydrofracture for the purpose o f  i nject i ng hazardous mate r i a l  i s  a re l at i v e l y  new 
tec h n i  q u e .  Hyd rofracture , when used for  i nject i o n  p u rposes , must  be carefu l l y  
eva l uated a n d  e n g i nee red i n  order t o  avo i d  fract u r i n g  con f i n i ng z o n e s .  I f  th i s  a l terna
t i ve we re s e l ected , f u ture dr i l l i ng acti v i t i e s  for hydroca rbons , we l l water , etc . , wou l d  
have to be banned i n  the i mmed i ate area o f  the i nj ect i o n  s i te a t  NFSS . Ex i s t i ng we l l s  
i n  the area o f  the i njecti on s i te wou l d  a l so have to be i nventori ed , moni tored , and  
tested pe r i od i ca l l y  for  mechan i ca l  i ntegr i ty .  Any we l l s  wh i ch were found to be  
potent i a l  condu i ts for the m i grat i o n  o f  contami nants wou l d  have  to proper ly  p l ugged and 
abandoned . . . .  Upon rev i ew ,  we concur wi th DOE that hyd rofractu r i ng  and grout d i spo s a l  
has  s everal  d i sadvantages ( e . g . , res i dues  wou l d  be i n  a n  i rret r i e v ab l e  form ) .  S i te
spec i f i c  geo l og i c  and s e i sm i c  act i v i ty c o n s i derat i o n s  i nc rease the i napp ropri atenes s  of 
us i ng th i s  method at NFSS .  The  prox i m i ty o f  the  NFSS to a pub l i c  d r i n k i n g  water  supp l y  
( i . e . , the N i agara R i ve r )  a l so makes t h i s d i sposa l  method l es s  acceptab l e  because of 
the pote nt i a l  for contam i nati on res u l t i ng from l eakage of a s ha l e  bed . . . .  In the 
context of the above d i scus s i o n ,  E PA recommends that hydrofracture be addres sed i n  the 
f i na l  EIS  a s  an a l ternat i ve that was cons i dered dur i ng the EIS  p roces s .  Howe ve r ,  we 
wou l d  concur w i th DOE ' s  determ i nat i o n  that th i s  a l ternat i ve does not appear to be 
feas i b l e  because  o f  the reasons  d i s c u ss ed above and i n  Top i ca l  Response 2 .  

A l though deep-we l l i nject ion  does not appe ar to be a fea s i b l e a l ternati ve for s emi 
s o l i d  and s o l i d  rad i oacti ve wastes at NFSS , i nject i o n  o f  the wastes i n  a f l u i d  fo rm 
i nto a formati o n  unde r l y i ng  a competent conf i n i ng zone may be a potent i a l l y  v i ab l e  
a l ternat i v e .  The E I S  shou l d  d i s c u s s  whether a n  unde r l y i ng competent conf i n i ng zone i s  
p resent  a t  NFSS and s ho u l d i dent i fy wheth e r ,  f rom a s t r i c t  hydrogeo l og i c  standpo i n t ,  
t h i s  opt i on i s  feas i b l e .  T h i s  i s sue  s hou l d  b e  d i scuss ed i n  the f i na l  E l S  . . . .  I n  
genera l , we recogn i ze that permanent d i sposal  o f  these a l ternat i ve wastes and res i dues  
may make retri eva l  i nfeas i b l e  o r  i mpract i ca l  i f  l eakage i s  detected at some poi nt i n  
the  future . . . .  Howeve r ,  deep-wel l i nj ec t i o n  o f  the rad i oac t i v e  wastes may be a more 
v i ab l e d i sposa l  opt i o n  i n  the future as the techno l og i ca l  aspects of ret r i e vabi 1 i ty 
become better know n .  The f i na l  E I S  s hou l d  d i s c u s s  the deep-we l l  i nject i on a l ternati ve 
i n  l i ght of i t s  present and future v i ab i l i ty ,  and prov i de a cost- r i s k  a s s e s sment i f  i t  
i s  s e l ected a s  the preferred a l ternat i v e .  

S to rage i n  concrete bunke r s  o r  vau l ts i s  a method of  l ong- term manageme nt that offers 
s everal  i mpo rtant advantages ,  a s  out l i ned i n  Top i ca l  Response 2 .  The abi l i ty to co l l ect 
and moni tor l eachate from the vau l ts o r  bunke r s  makes it  attract i ve from the standpo i nt 
o f  l i m i t i ng  m i grat i on o f  rad i onuc l i de s  o f f- s i te .  One  i mportant d i sadvantage , a l s o  
d i s c u s s ed , i s  the i ncreased potent i a l  for a i rbo rne rel ease o f  rad i oact i ve gases  ( radon ) .  
Howe ve r ,  i f  the vau l ts were covered w i t h  a t h i c k  c l ay/s oi l l aye r ,  a s  shown o n  page 6 - 1 5  
o f  t h e  Eng i neeri ng Eva l uat i o n  Report [ Bechtel  Natl . 1984 ] , th i s  potent i a l  re l ease  cou l d  
b e  m i n i m i zed . . . .  The s u ggested d i sadvantage o f  h i gh e r  costs  to construct and ma i nta i n  
th i s  d i sposa l  method has not been documented i n  detai l .  The d i s advantage o f  i nc reased 
l i ke l i hood of human i ntru s i on i s  reasonab l e ,  p rov i ded that the vau l ts are above 
g round . . . .  One poss i b l e  vari ati on o n  th i s  opti o n ,  w h i c h  was not d i s c u ssed i n  the 
e n g i nee r i n g  report or i n  DOE ' s  draft response to E PA ' s  comme nts , i s  the a l ternati ve of 
a mod i f i ed conc rete contai nment structure w i th an earthen cap . Th i s  s tructure cou l d  be 
cons  tructed be l ow ground 1 eve 1 ,  such  that the top i s  at ground 1 eve 1 and capped w i t h  
t h e  c l ay/so i l  l aye r ,  as  de scr i bed f o r  t h e  other o n- s i te conta i nment opt i ons  i n  the 
d raft  E I S .  We be l i eve that th i s  a l ternati ve cou l d  reduce , and po s s i b l y  e l i m i nate , 
verti c a l  m i g rat i o n  o f  contam i nants from the waste conta i nme nt area ; i t  wou l d  a l s o  
p rov i d e  for a more permanen t ,  res i stent structure . O ther  advantages i nc l ude the 
ab i l i ty to co l l ect and mon i to r  l eachate , . a nd the fact that conta i nme nt of  the wastes 
and  res i dues i n  the concrete wou l d  prevent i nc reased v o l umes o f  so i l /mate r i a l  from 
becom i ng contam i nated.  The f i na l  E I S  shou l d  p rov i de a cost- r i s k  asses sme nt for th i s  
v a r i a t i o n  o f  o n- s i te contai nme n t .  

E PA be l  i eves  t h a t  of al l t h e  materi a l  stored at NFSS , K - 6 5  res i dues  present t h e  most 
s i gn i f i cant e n v i ronmental  threat to human hea l th .  Furthermore , we ma i ntai n our  concern 
that DOE has not yet adequate ly  demonstrated that any o f  the on- s i te contai nment a l ter
nat i ves  are e n v i ronme nta l l y  acceptab l e .  As s uggested at the E PA/DOE meeti ng  on March 2� . 
1985 , a more acceptab l e  o n- s i te contai nme nt system may be p rov i ded at NFSS by emp l oy i ng 



K- 174 

Attachnent No. 1 

EPA Region I I  Ccrrments 

EPA Reg ion II has reviewed the Ni agara Falls Storage Si te Draft Envi ronrrental 
lrrpact Staterrent ( [E1S ) and we offer the following carrrents . 

U 5 E PA- 5 1 .  Th e  DElS gives n o  historical backg round of the site at NFSS . As of late 
spring 1 98 4 ,  much of the residue was sti ll contained in a concrete silo on 
the site. Part of the ongoing interim remedial action involves relocating 
these residues to the bottom of building 4 1 1 .  The silo wi ll then be demol
i shed and the rubble moved inside the containrrent area. The wastes will then 
be used to cover building 4 11 and the ground in the diked area. The interim 
cap of clay, sand, soi l ,  and grass will then be put in place. Information 
concerning these ongoing interim actions should be provided in the f inal ElS.  

U 5 E PA- 6 2.  Several of the long-term management alternatives include disturbing the cap 
for moverrent of material or vitrification of residue. Even long-term man
agement at NFSS with modified containrrent ( alt. 2a ) includes removing the 
upper layers of the interim cap. The cap material is stored temporari ly 
while additional barrier layers are added and the site work completed . A 
rationale should be inclooed which would indicate 'ft'hy thi s extra movement 
of materials is warranted in v iew of the potential for dust and worker 
exposure with each movement. 

U 5 E PA- 7 3 .  Th e  properties bordering the NFSS i nclude two landfi lls and a hazardous 
waste disposal facility .  Th e  EIS contains n o  determination of what ef fect 
these facilities and their operation might have on the integrity of NFSS 
site or vice versa. The possible synergistic ef fects of chemicals involved 
in these areas should be covered in the final EIS. That doc\.Il\ent should 
also address the ef fect that an emergency at one of these sites would have 
on the other .  The EIS should detail any possible restriction on plans for 
expanding or up:;rading the hazardous waste facility due to its prox imity 
to the NFSS site. 

4 .  While there are no standards or guidance fo rmally adopted o r  i n  place from 
which to assess the adequacy of the possible alternatives (EPA ' s  standard 
setting program for residual radioacti vity currently has a 19 87-8 target 
date for standard/guidance issuance ) the Urani � Mi ll Tailings Rad iation 
Control Act standards do address similar issues for similar materials. 
Therefore, 40 CFR 192 Sub-part A - "Standards for the Control of Residual 
Radioacti ve Materials frcxn Inactive uranilJ't1 Processing Si tes" was used for 
guidance in reviewing the proposed alternatives. 

U 5 E PA-8 a .  Alternative 1 

The cap utilized in this alternative could experience a failure as early 
as 650 years. This falls short of the reasonably achievable 1000 year 
time span for control l isted in the regulations. All of the other cars 
proposed would be expected to last for at least 1300 years . 
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a s tab i l i zed matr i x  for  the K-65 res i dues . T h i s eng i neeri ng-enhanced tec h n i que wou l d  
req u i re add i t i ona l  a n a l ys i s  by DOE .  I n  parti c u l a r ,  the " F re nch- sys tem" , wh i c h uti l i z es 
a concrete matri x  to s tabi l i ze  rad i oacti ve mate r i a l s , cou l d  prov i de i mproved contai nment  
of the  rad i oacti ve re s i dues i n  a more permanent form .  We  strong ly  recomme nd  that the  
DOE eval uate th i s  opti on , both  from a tec h n i c a l  feas i b i l i ty standpo i nt and wi th respect 
to cost- r i s k  assessme n t ,  p r i o r  to s e l ect i on of the p refe rred a l terna t i ve and i s s uance 
o f  the f i na l  E I S .  

A s  a n  ongo i ng e f fort d u r i ng the l ong-term management o f  rad i oacti ve was tes  and re s i dues 
at NFSS , the DOE s hou l d  reeval uate off- s i te d i s posa l  opt i ons  at per i od i c  i nterva l s 
( e . g . , every 5 to 10 years ) .  Because DOE i s  s tres s i ng the management of- th i s  mate r i a l  
f o r  a per i od of 200 years , t h e  reeva l uati on of v i ab l e off- s i te d i sposal  opt i ons  may . 
present  more cost-effecti ve and env  i ronmenta l l y sound methods of deal  i ng w i t h  th i  s 
mate r i a l  i n  the future .  T h i s approach i mp l i es that the technol ogy for transporti ng  and 
d i spos i ng o f  radi oact i v e  wastes and re s i dues may be s i g n i f i cant ly  i mproved at some 
p o i nt  i n  the future . " 

Severa l v a r i a t i ons  o f  the bas i c  a l ternat i ve s  are d i scus sed i n  Appen d i x C .  DOE ' s  s e l ect i on 
of bas i c  a l terna t i ves for deta i l ed analys i s  i n  th i s  E I S  was based on pub l i c  and techn i ca l  
scop i ng i nput .  T h e  range of a l ternat i ve s  chosen  i s  con s i s te n t  w i t h  t h e  tentati ve l i st i ng 
i nc l uded i n  the Not i ce of I ntent ( U . S .  Dep . E nergy 1983 c ) , except that A l ternati ve 4 i nvol v
i ng sepa rate hand l i ng of the res i dues has been added .  The a l terna t i ves are con s i s tent  w i th 
EPA reg u l at i o n s  for urani um mi 1 1  tai 1 i ngs  ( 40 CFR  192 ) that DOE i s  u s i ng for g u i dance . 

Management  concepts i nvol v i ng greater i so l a t i on , parti c u l ar ly  for the re s i dues , were a l so 
con s i dered i n  l e s s  deta i l i n  Append i x  C .  As a re s u l t  of further d i s c u s s i o n s  w i th E PA ,  DOE 
has  g i ven further con s i derat i o n  to two opt i on s  that EPA s uggested for  greater i so l ati on of 
the res i dues : ( 1 ) an  add i t i on a l  i ntruder barr i er  ( ad d i t i ona l  to the 1-m l ayer of rock 
r i p rap i n  the cap ) , and ( 2 )  the " F rench system" . These are d i scussed  in  Top i ca l  Response l .  

The deta i l ed i nforma t i o n  i n  the ma i n  body o f  the E I S  regard i ng potent i a l  env i ronme ntal  
i mpacts assoc i ated wi th the vari o u s  a l ternati ves i nvo l v i ng near- s u rface management  of the  
NFSS was tes  and res i dues , a s  we l l a s  the l es s  deta i l ed i nforma t i o n  on other des i gn s , wi l l  be  
cons i dered in  reac h i ng the  maj o r  deci s i o n .  F urther deta i l ed e n g i nee r i ng and s upport i n g  
ana lyses  wi l l  b e  cons i dered a t  the t i me o f  imp l ementat i o n  o f  the s e l ected a l ternati v e .  I f  a 
dec i s i on i s  made to i mp l ement the pre ferred A l ternat i ve 2 ,  l ater  imp l ementati on  dec i s i o ns  
wi l l  i nc l ude deta i l s  of  the  f i na l  cap , the add i t i ona l  i ntruder barri e r ,  and the res i due form 
( see F i gure 1 . 3 ) .  

USEPA-5 H i s to r i ca l  bac kground of NFSS i s  g i ven  i n  Sec t i on s  l . 1 and l . 2 .  As  requ i red by the CEQ  
regu l a t i ons  (40  C F R  1502 . 2 1 ) , several  documents g i v i ng more deta i l ed h i s tori ca l  i nformat i on 
are i ncorporated by refere n c e .  These doc ume nts are avai l ab l e  i n  the pub l i c  read i ng rooms 
and l i brari es  that have the E I S .  The projected res u l t s  of the i nte r i m  act i o ns  ( e . g . , a l l 
wastes  and res i dues  conso l i dated w i th i n  the contai nment  area)  a re i mportant as the base l i ne 
for ana lys i s  of the l ong-term manageme nt a l ternat i ve s  i n  the E I S  and are , therefore , 
s umma r i zed i n  Sect i on 1 .  The no-act i o n  a l ternat i ve ( 1 )  i s  based on the a s s ump t i o n  that a l l 
i nt e r i m  reme d i a l  acti o n s  are comp l eted . 

US EPA-6 The i nter i m  cap i s  be i ng constructed a s  part o f  ma i ntenance operat i o n s  to protect the wastes 
f rom e ro s i on .  DOE be l i eves that i t  wo u l d  not b e  respon s i b l e  to de l ay the i nte r i m  cap con
struct i o n  unt i l a dec i s i on regard i ng l ong- term management o f  the wa s tes  and re s i d ues co u l d  
be reached and i mp l emented .  There fore , part i a l  o r  total remov a l  o f  the i nte r i m  cap wi l l  be 
neces sa ry for the preferred Al ternat i v e  2 ( about 0 . 9  m [3 ft] o f  c l ay wou l d be l e ft i ntac t )  
and total remova l wou l d  b e  nece s s a ry for  any o f  t h e  a l ternat i v es  i nvo l v i ng comp l ete removal  
of  the wastes and re s i dues  from NFSS . 

USEPA- 7 One effect that opera t i o n s  at SCA or other nearby deve l opments may have on the i ntegri ty of 
the NFSS s i te i s  the poss i b l e  change o f  drai nage patte rns upstream or  downs t ream o f  NFSS , 
res u l t i ng i n  f l oodi ng of the NFSS contai nment  are a .  T h i s  pote n t i a l  i mpact i s  d i scus sed i n  
Sect i o n  4 . 2 . 1 . 2 .  I t  i s  noted i n  th i s  sect ion  and i n  the s ummary o f  i mpacts i n  Sec ti on  2 . 1 . 2 
that the drai nage system ( d i tc h e s )  above and be l ow NFSS  wi l l  need to be contro l l e d  so that 
the contai nment  system i s  not jeopard i z e d .  I mp l emen tati on of the v a r i o u s  a l ternat i ves  
re l at i ve to surround i ng  l and uses  at NFSS are d i scus sed i n  Sec t i o n  4 . 6 . 2 . 1 . An eme rge ncy at 
one of the s u rround i ng s i te s  cou l d  adver s e l y  a f fect one of the act i on a l te rnat i ve s  at NFSS 
by caus i ng NFSS operati ons  to be s uspended because o f  potent i a l  danger to NFSS workers from 
the other s i te s .  Howeve r ,  i t  i s  anti c i pated that a n  eme rgency at  NFSS ( e . g . , a s p i l l  o f  
res i d ues--Sect i o n  4 . 1 . 2 ) wou l d  n o t  affect acti v i t i e s  a t  s u rround i ng s i te s .  DOE h a s  n o  p l ans  
that  wou l d  restr i ct expans i on of the SCA  hazardous waste s i te . ( See a l s o  Responses  BROSS- 7 , 
and USEPA- 3l . ) 

US EPA-8 I n  the ana l ys i s  i n  Sect i on 4 . 2 . 1 ,  two extreme l an d  uses  were a s s umed i n  order to bound the 
p robab l e  eros i o n  rate s .  The cap i n  A l ternati ve 1 wou l d  fa i l  i n  650 years o n l y  i n  the 
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b. Alternatives 3a, 4a, 4b 

Due to the drier condition and sandy soil at Hanford, these alternatives 
fail to rreet the Radon-222 release rate criteria of les's than 20 pice
curies per square rreter per second specified in 192 . 02 ( b) . 

c. '!he other alternatives appear to conform to the standards. 'n"le least 
expensive alternative which meets the guidelines is alternative 2a which 
is storage at NfSS with a long-term cap. 'n1e natter of going di rectly to 
a long-term cap should be reviewed, especially in l ight of the cost-effec
tiveness of alternat ive 2a. 

In Table 4 . 2  of the DEIS, a statement is made that "Cumulative doses to the 
general public below 0. 001 person - or organ - ren are not given because 
doses this smal l are irrrreasurable and rreaning less with regard to predicting 
detri.Irental health effects" . While it is a snall dose to an individual, i t  
may not be rreaningless when a large population may be exposed. Add ition
ally, the rreasurability of the dose also has no bearing on the rreaningful
ness of a ccmni tted population dose. '!he information should be presented 
for comparison without thi s value judgment. 

It is our understanding that the popu1ation dose was based on the inter
gration of individual doses for an 80 km radius around the site. This 
rrethodology should be discussed further and be subject to review. It i s  
EPA ' s  experience that a substantial portion o f  the ccmni tted dose fram a 
uranium tailings pile can occur to a population at same distance fram the 
pile. 

'!he potential for air quality impacts were not addressed in the DEIS. 
fication as to why this analysi s is not provided should be clarified .  

Justi-

Regarding the disposal of radioactive materials ( high or low level ) ,  the EIS 
( Section 4 . 7 . 2  - Ocean Disposal Regulation) should speci fical ly reference 
the Mar ine Protection, Research and Sanctuar ies Act of 1972 ( MPRSA )  and the 
Ocean DlmPing Regulations ( 4 0  CFR Part 227 ) . 

'n"le MPRSA was revised in 1974 to incorporate provisions of the London Dump
ing Convention (LOC ) of 1972. However, the MPRSA does not reflect all parts 
of the LOC . Additionally, the EIS references definitions of the Interna
tional Atanic Energy �enCj ( e . g .  "demininus" l evels on page 4-10 5 )  which 
have not been adopted � the LOC or incorporated into the MPRSA . 

Currently , ocean disposal of radioactive waste, both high-level and l ow
level, is prohibited . '!he MPRSA and EPA ' s  Regulations speci fically prohibit 
disposal of high-level radioactive material ( Section 102 ( a )  and 40 CFR 
227. 5 ) . Di sposal of low-level wastes is prohibited � Congressional mora
toril.JTl, which is in effect until January 1985.  If this moratori um is not 
reissued, any ocean disposal of low-level radioactive material nust beln 
accordance with the MPRSA. 'n1e following inaccuracies are noted in the EIS : 

'!he MPRSA requi res a speCial permit be issued for disposal of such mate
rial. 'n"le DEIS references a General Penni t which allows bulk dispersa l  
of wastes o f  less than "deminimis" levels of radioactivity ( cur rently an 
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u n l i ke l y  event that a l l contro l s were l os t  and the conta i nment area was used for row- crop 
agr i c u l ture . As  noted i n  Sec t i o n  4 . 3 . 2 ,  c rop p rodu c t i o n  on the cap wou l d  be poor.  I f  
l and- use  contro l s  are not l os t ,  the e ro s i on rate s are expected to b e  very smal l .  ( See a l so 
Responses  NYDEC- 19 , - 20 , -22 ; USDO I - 2 ; WDSHS- 2 . ) 

The fa i l ure o f  the Hanford a l terna t i ves  to meet the 20 pC i /m2/s radon-222 re l ease rate and 
measures to m i t i gate th i s  i mpact are d i scus sed i n  Sec t i o n  4 . 1 . 2 . 2  o f  the E I S .  To meet the 
c r i te r i a ,  the trenches wou l d  have to be deepe r ( about 7 . 5-m [ 25 - f t ]  deep ) .  T h i s  i s  tec h
n i ca l l y  fea s i b l e ,  and  i f  one o f  the Hanford a l ternati ves were s e l ected , the  radon re l ease  
rate o f  20 pC i /m2 /s  wou l d  be met .  The Hanford a l ternat i ves  a re not  p re f e rred.  

The text i n  Sec t i o n  4 . 1 . 2 . 2  has  been changed to i nd i cate that i f  DOE dec i des  to i mp l ement ' 

any o f  the Hanford a l te rnati ves , the contai nmen t  system wou l d  be d e s i gned to meet the 
20 pC i /m2/s  radon em i s s i on c r i te r i o n .  For A l ternati ve 3a  (wastes and res i dues removed to 
Hanford ) ,  a re l ease  rate of 20 pC i /m2/s  wou l d  resu l t  i n  approx i mate ly  the same dose  as i s  
ca l cu l ated for the 29 pC i /m2/s re l ease  e s t i mated for the conceptual  des i gn g i ve n  i n  th i s  
E I S .  For  Al ternat i ves  4a and 4b ( re s i dues o n l y  to Hanford ) ,  the dose wou l d  be approxi mate l y  
10 t i me s  l es s  than that c a l c u l ated f o r  the 300 pC i /m2/s re l ease ; howe v e r ,  the total dose 
wou l d  s t i l l  be s everal  orders o f  magni tude h i gher  than any of  the  a l ternat i ves  i nvol v i ng 
l ong-term management at e i ther of the  hum i d  eastern s i tes  ( N F SS o r  O a k  R i dge ) .  

USEPA- 10 See Respon s e  USEPA- 6 .  

USEPA-11 The doses  g i ven  i n  Tab l e  4 . 2 are cumu l at i ve popu l at i o n  dose s .  A cumu l at i ve popu l at i o n  dose  
of  0 . 001 rem i s  mean i ng l e s s  cons i de r i ng the approx i mate l y  100 , 000 rem/yr the same popu l at i o n  
o f  o n e  m i l l i o n  peop l e  wi l l  rece i ve f rom natural  backg round sources of  rad i a t i o n .  

USEPA-12 A l though i t  i s  true that the theoret i ca 1 wo rl  d-wi d e  commi tted dose wi 1 1  be h i gher  i f  the 
pop u l a t i o n  beyond 80 km i s  con s i dered , it i s  a l so true that the i nc rementa l  comm i tment as  a 
f ract i o n  o f  natura 1 bac kground wi 1 1  decreas e .  Based on the very sma 1 1  commi tment  to the  
popu l a t i o n  at BO  km ,  f u rther ana lys i s  i s  unwarranted . The re l at i v e  compari son  between the  
a l ternati ves  wou l d  rema i n  the same and the doses  wo u l d  become even  more  i ns i g n i f i cant .  

USE PA-13 Rad i o l o g i c a l  i mpacts assoc i ated w i th a i rborne re l eases  are ana lyzed in  Sec t i o n  4 . 1 .  The  
potent i a l  for nonrad i o l og i ca l  a i r  q u a l i ty i mpacts assoc i ated w i th transportat i on is  g i ve n  i n  
Sect i o n  4 . 6 . 3 . 3 . I t  i s  noted that NFSS tra f f i c  cou l d  be a s i g n i f i cant cont r i b ut i o n  to a i r  
q ua l i ty degrada t i o n  d u r i n g  peak tra f f i c  pe r i ods i n  the v a l l eys a t  Oak  R i dge o n  days when 
there were severe weather i nvers i on s .  ( See  a l so Response TDHE- 1 1 ) . 

USEPA-14 The Mar i n e  Protec t i o n  Research a nd Sanctuar i e s  Act o f  1972 and the ocean dump i ng regu l at i on s  
a r e  spec i f i ca l l y referenced i n  Sec t i o n  4 . 7 . 2 .  Reference t o  4 0  C F R  2 2 7  h a s  been added to 
th i s  sect i o n .  ( See a l so Responses  USEPA- 1 5 ,  - 16 ,  - 17 ,  - lB . ) 

USEPA-15 I t  i s  noted i n  Sect i o n  4 . 7 . 2  that i f  the I nternat i ona l  Atom i c  E ne rgy Agency ( I AEA) def i nes  
de m i n i m i s l eve l s  and i f  the E PA adopts the IAEA de f i n i t i o n , it  i s  expected that the NFSS 
wastes wi l l  be ab l e  to be d i sposed by bu l k  d i sposa l  unde r a general  p e rm i t  accordi ng to 
Annex I I I  of  the London Dump i ng Convent i on .  I t  i s  a l so noted that i t  i s  ant i c i pated that 
the IAEA wi l l  s u bm i t  a p roposed de m i n i m i s  def i n i t i on to the London Dump i ng Convent i o n  
w i th i n t h e  next yea r .  ( See a l so Responses  USEPA- 14 , - 16 ,  - 1 7 ,  - 18 . ) 

USE PA- 16 A d i scus s i o n  of h i gh- l ev e l  rad i oacti ve waste d i sposa l and  the Congre s s i onal  morato r i um i s  
g i ven  i n  Sect i o n  4 . 7 . 2 . I t  i s  a l so noted that i f  Annex I I  o f  the London Dump i ng Conve n t i o n  
( govern i ng dump i ng o f  rad ioact i ve wastes other t h a n  h i gh- l eve l  was te s )  appl i es ,  t h e  N F S S  
wastes wo u l d  have t o  be d i spo sed i n  conta i ne rs .  T h i s opt i o n  i s  n o t  add ressed i n  t h e  E I S  
because DOE wou l d  not , a t  th i s  t i me ,  con s i de r  app l y i ng for  a perm i t  for conta i neri zed 
d i spo s a l  o f  the NFSS was te s .  B u l k d i spersa l i s  current ly  authori zed by the London Dump i ng 
Conve n t i o n  under a general  perm i t ,  as noted i n  Sect i o n  4 . 7 . 2 .  The  EPA i ssues  general  and  
spec i a l perm i ts for  ocean  d i sposal  o f  wastes under the prov i s i ons  o f  i ts ocean dump i ng 
reg u l at i ons  (40  CFR  Part 227 ) .  Known o r  s uspected carci noge n s , mutagens , o r  teratogens  are 
p roh i b i ted from ocean dump i n g ,  u n l e s s  they are p resent  o n l y  a s  trace contam i na nts , Rad i o
acti ve mater i a l s  must  be conta i ner i zed before d i sposa l , and the l i fe expectancy requ i red for 
the conta i ne r  i s  the t i me it  takes  the wastes  to become e n v i ronmenta l l y  i nnocuous . The  
morato r i um on ocean  d i sposa l o f  l ow- l ev e l  rad i oact i ve wastes doe s not i nc l ude an  operat i o na l 
d e f i n i t i o n  of l ow- l ev e l  rad i oact i ve was te s .  The NFSS wastes are c l as s i f i ed as nonrad i oacti ve 
for  p u rposes  o f  transportati o n .  The N F S S  wastes a r e  natural  geo l og i c  mater i a l s ,  contami nated 
w i th e l evated l eve l s o f  natura l ly  occurri ng  rad i o nuc l i des  that are norma l l y  present i n  s o i l s  
and  ocean sed i me nts . A request for a perm i t  to di spose of NFSS  wastes  i n  the ocean wou l d 
requ i re E PA to determ i ne i f  th i s  mate r i a l  i s  l ow- l eve l  rad i oacti ve waste . Unt i l the EPA has 
made a speci f i c  determ i na t i o n  w i t h  regard to c l ass i f i ca t i on of  the NFSS was tes , i t  i s  not 
pos s i b l e  to dete rm i ne the regu l atory status o f  the NFSS wastes  wi th respect to ocean d i sposa l . 
( See a l so Responses  USEPA- 14 , - 15 ,  - 17 ,  -lB . ) 
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International Atonic Energy Agency rule ) . Hawever, neither thi s concept 
nor definition is currently in the LDC or MPRSA. Presently , disposal 
of lOol-level radioactive material,  if not prohibited � Congressional 
rooratori \.Jll, rust rreet Special permit requirerrents ( Subparts B-E) , rust 
be containerized ( 4 0  eFR 227. ( 6 ) ,  and rust be d\.Jllped at a site desig
nated specifically for this type of Ioaste. '!he DEIS does not address 
di sposal of containerized wastes , which is the only option currently 
authori zed by the Ocean Dl.lTping Regulations . 

Appendix E provides an in depth technical analysis of permanent disposal of 
radioactive IoaSteS ( non-containeri zed )  at the 106 -Mile Site. n-.e major prcr 
blem with this approach is that, at this time, the 106-Mi le Site is speci
fical ly designated only for di sposal of aqueous i ndustrial IoaSteS. Also, 
the analysis is based on the historically used 10 6-Mi le Site, which has 
actually been re-designated to a much S'Tlaller area ( May 1984 ) .  Use of 
this site for another type of IoaSteS requi res site designation in accor
dance with section 228 of the Ocean DllITping Regulations. n-.e DOE should 
address site designation procedures prior to stating they wi ll ·seek a per
mi t fran the EPA to di spose of NFSS IoaSteS at the 106-Mile Site· ( p .  E-6 ) .  
The DEIS should also address possible alternate sites to the 106-Mi le Site .  

Another major concern left unresolved i s  tha t  g roundwater will inevitably 
become contaminated , regardless of the alternative disposal process imple
mented at the NF'SS . '!his contamination wi ll occur sooner and reach higher 
levels if the caps are not maintained and infi ltration of Ioater through 
the cap and into the IoaSteS and residues increases. 

One alternative that rust be explored in detail i s  the disposal of the radi
oactive Ioastes/residues via deep-well i njection. It is quite possible that 
the di sposal of these Ioastes by means of injection wells may prove to be 
roore envi ronmentally sound and effective. 

Groundwater flOoi directions and hyd raulic head relationships between the 
aquifers in the overburden zone are not completely addressed in the DE I S  

Speci fic locations o f  aquifer recharge zones ( both  areally and vertically ) 
have not been clearly delineated . Addi tional Ioater qual ity data, espe
cially pertaining to total di ssolved solids (TDS) levels in the aquifers, 
is needed to evaluate potenti al irrpacts and rooverent of radioactive mate
r ial. 

Radhm-226 is the radionuclide of roost concern at the NFSS. A worst case 
assl.lTption that IoaS made in the report using a centrally located well 
may not be a true representation of the possible contamination scenarios. 
Addi tional analyses should be performed using several other well sites . 

For all alternatives in which the residues wi l l  remain at NFSS, the con
centrations of radium-226 in the onsite wells are predicted to be g reater 
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U S E PA-17 Sect i o n  4 . 7 . 2  h a s  been mod i f i ed to  i nd i cate that E PA wi l l  ( rather than may ) need to de s i g
nate a part i c u l a r part o f  an ex i s t i ng ocean d i sposa l  s i te o r  a new s i te for  d i sposa l  o f  the 
NFSS wa stes and that the s i te des i gnat i on proce s s  wi l l  enta l l  extens i ve env i ronmental  rev i ew 
and part i c i pati o n .  The 106-mi l e  s i te ( S i te 106)  i s  used as an examp l e  o f  a nearby deepwate r 
ocean d i sposa l  s i te because  s i te des i gnat i o n  and mon i to r i ng s t ud i es for  aqueous i ndustr i a l  
wa ste d i sposal  have p ro v i ded base l i ne env i ronme ntal data o n  wh i c h  a n  asses sment o f  d i sposa l  
o f  the  NFSS wastes can be based .  ( See a l so Responses  USE PA- 14 , - 15 , - 16 , - 18 . ) 

USE PA- 18 A d i scus s i o n  o f  pos s i b l e  a l ternat i ve ocean d i sposa l  s i tes  wou l d  be i nc l uded i n  a d i spo s a l  
perm i t app l i cat i on .  G i ven  t h e  p re d i c ted l ac k  o f  any s i gn i f i cant i mpact a s s o c i ated w i th 
d i spersal  o f  the NFSS· wa stes at S i te 106 , a na l ys i s  o f  othe r poss i b l e  a l ternat i ve s i tes  i s  
not wa rranted a t  t h i s  t i me . ( See  a l so Responses  USEPA- 14 , - 15 , - 16 , - 17 . ) 

U S E PA- 19 I n  subsequent corre s po ndence , E PA i ndi cated that:  
" I n  addi t i o n , DOE shou l d  pro v i de more i n fo rma t i o n  o n  the g roundwater mon i tori ng/ 
m i t i gat i on p l ans  that wou l d  be requ i red i f  an  o n - s i te conta i nment opti o n  were 
s e l ected . . . .  We conti nue  to be l i eve that the proposed o n- s i te co ntai nment a l ternati ves 
( i . e . , a l ternati ve I-no  act i on , and al ternati ves  2a and 2b)  a re e n v i ronmenta l ly  unaccept
ab l e  from the standpo i nt o f  potenti a l  g roundwater i mpacts . The d i sc u s s i o n  regard i ng 
exi s t i ng and future cond i t i o n s  i f  an o n- s i te a l terna t i ve i s  s e l ected , l eads E PA to 
conc l ude that s i gn i f i cant adverse e n v i ro nmena l i mpacts to g roundwater resources and 
h uman hea l th i n  and around NFSS may res u l t .  I f  wa stes and re s i dues rema i n  a t  NFSS , the 
DOE s uggests the l i ke l i hood of s i g n i f i cant future i mpacts i f  dri n k i ng water we l l s  are 
d r i l l ed and uti l i zed i n  the NFSS v i c i n i ty .  The s uggested proh i b i t i on of water usage 
adjacent to NFSS may be i mp ract i c a l  to i mp l ement o r  enfo rce . . . .  DOE : has stated that 
add i t i onal  g rou ndwater model i ng ,  in  conjunct i o n  wi th the deve l opment o f  deta i l ed 
e n g i neeri ng des i gns , wi l l  be i ncorporated i n  the Wa ste Contai nment Des i gn Repo rt. Thi s 
i nfo rmat i o n  i s  essenti a l  for E PA to comp l ete i ts rev i ew o f  potent i a l  groundwater 
i mpacts . I n fo rmati on  on aqui fer  recharge zones  s h ou l d  a l s o be p res ented i n  th i s  des i gn 
report , and i t  shou l d  be demonstrated that the s e l ected a l terna t i ve wou l d  not res u l t i n  
the contam i na t i o n  o f  recharge water i n  and around NFSS . We are c oncerned that the 
on-s i te a l ternat i ves , as proposed , wi l l  re s u l t  i n  contami nati o n  to the l ower aqu i fe r  
wh i ch f l ows no rth toward Lake Ontari o .  W e  be l i eve that m i t i ga t i o n  mea s u res s h o u l d  be 
prov i ded in  the f i na l  E I S  that wou l d  effec t i v e l y  e l i m i nate a l l potent i a l  i mpacts to 
a q u i fer  recharge zones , i nc l ud i ng the Queenston aqu i fer . . . .  A l eachate co l l ecti on  
sys tem s ho u l d  be req u i red for  on- s i te co nta i nment a l ternati ves because  o f  the  potent i a l  
f o r  m i g rati on  o f  rad i oa ct i ve co ntam i nants . . . .  We a re aware that the "Waste Contai nment 
Des i gn Rep o rt" be i ng p repa red by DOE may reso l ve s ome o f  E PA ' s i nformat i onal  req u i re
ments about groundwater i mpacts and offs i te m i g rati on/contam i nat i o n .  Accord i ng l y ,  we 
request that a c opy of th i s  repo rt be p resented to EPA f o r  rev i ew p ri o r  to i s s uance o f  
t h e  f i na l  E I S .  As i nd i cated i n  the attached c omments , E PA i s  unab l e  to comp l ete i ts 
rev i ew of the  DOE ' s  d i sposa l opti ons  wi thout the l eve l  o f  techn i ca l  deta i l ant i c i pated 
to be avai l ab l e  i n  th i s  report .  ( P l ease  note that the " E ng i neeri ng Eva l uat i o n  o f  
A l ternati ve s "  report d i d  not p ro v i de s u ff i c i ent techn i'c a l  deta i l  f o r  EPA) . "  

The rates o f  groundwater m i grati o n  and contam i nat i o n  l eve l s ,  a s s um i ng l os s  o f  mai ntenance , 
a re d i scussed  i n  Sect i ons 4 . 2 . 2 and 4 . 4 .  O f fs i te c ontami na t i o n  i s  not expected at any o f  
t h e  a l ternati ve s i tes wi th i n  the 1000-year des i g n  goa l  s e t  i n  t h e  E PA mi l l  tai l i ngs regu l a
t i ons . O n l y  at a theoret i ca l  ons i te wel l i n  the near-s urface unconso l i dated aqu i fer (wi th 
l imi ted pote nt i a l  y i e l d  or u s e )  wou l d  the groundwater become contami nated . Th i s  p red i c t i o n  
i s  based o n  some very conservat i ve a s s ump t i o n s  about the nature o f  the wastes a n d  res i dues , 
the g roundwater cond i t i on ( see Top i ca l  Response 2 ) , and cap e ros i o n .  As noted i n  
Sect i o n  2 . 1 . 2 ,  th i s  potenti a l  i mpact can be e l i m i nated by i ns t i tut i ng c ontro l s agai nst  the 
use o f  water from the near- s u rface a q u i fer  on  the NFSS s i te .  Land records wi l l  note the 
presence o f  the rad i oacti ve was te contai nment area and the need to contro l  use  o f  the s i te .  
A grou ndwater  mon i to r i ng program wi l l  b e  impl emented and further acti ons  wi l l  be  taken , i f  
necessary ,  t o  ensure  that offs i te concentrati o ns o f  rad i onuc l i des and other chem i c a l s are 
not e l evated above app l i cab l e  s tandards . As noted o n  F i gure 1 . 3 ,  DOE wi l l  have deta i l ed 
mon i to r i ng p l ans by the t i me a Record o f  Dec i s i on i s  pub l i s hed .  EPA wi l l  be prov i ded wi th 
cop i e s  o f  a l l the maj o r  documents , i nc l udi ng the Wa ste Contai nment Des i gn Rep o rt , that wi l l  
be used i n  reac h i ng a dec i s i on .  Our  ca l c u l at i o n s  i nd i cate that there wi l l  be no offs i te 
co ntami nat i on o f  groundwater wi th i n the 1000-year t i me frame that i s  recomme nded by E PA and 
i s  be i ng used by DOE as  a reasonab l e  bas i s  fo r th i s  dec i s i o n .  Thus , a l eachate co l l ec t i o n  
sys tem i s  n o t  needed . 

USEPA-20 See Response USEPA- 4 .  Convent i o n a l  deep-we l l  i nj ect i o n  ( as oppo sed to hyd rofracture/grout 
i nj ecti o n ) , is  not feas i b l e  for d i sposa l o f  the so l i d  NFSS wa stes and res i dues . ( See 
deta i l ed d i scus s i on in Top i c a l  Response 1 . ) 

USEPA-21 E x i s t i ng i nf o rmat i on on groundwater f l ow di recti ons  and hydrau l i c head re l at i o ns h i ps i s  
s umma r i zed and refe renced i n  Sec t i o n  3 . 1 .  The ana lys i s  i n  Secti o n  4 . 2 . 2  o f  grou ndwate r 
i mpacts at a l l s i tes  i s  adequate to a l l ow reasonab l e  compa ri son  between a l ternati ves . ( See 
deta i l ed d i scus s i o n  i n  Top i ca l  Response 2 . ) 
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than the current federal drinking water standard of 5pCi/L (picocuries 
per li te r l . If  only the wastes and not the residues remain, then the 
concentrations of radium-226 are predicted to meet the federal standard, 
bI.it exceed the New York State standard of 3pCi/L. Shallow wells should 
not be permi tted in the NFSS area, especially in the near-surface aqu i fers . 

With regard to the NFSS ' s  hydrologic characteri stics ( e . g .  small hydraulic 
conductivities and gradients, depth to the deeper aqu i fers, di rection of 
flow, and slow g roundwater velocities ) ,  it is unlikely that radiological 
contamination of the deeper aquifers wi ll occur in the long-term pe r iod 
( up to 32, 0 0 0  year s ) . 'nle infornation presented in the DEIS appears to 
substantiate thi s fact i however, there is not enollgh data provided to 
fully support this conclusion. 

There are at least three studies dealing with geology and g roundwater at 
the site , yet no detailed geologic sections or site plan is shown ; there 
are no water table maps nor any other information relating to moisture in 
the g round . While reference i s  made to the reports, infornation of thi s 
level of irrportance should be included. 

There is no infornation provided relating to the chemical character of the 
wastes, especially wi th respect to water content, solubility, reactions, 
etc. nus infornation should be included to permit a carprehensive review 
of options. The val idity of the transport model presented cannot be evalu
ated without thi s data. The DEIS should include the entire flow f ield 
around the site and its residence time. Residence time may be relatively 
brief or i t  may be on the order of 1000 years. nu s  variation can make a 
signi ficant difference in considering and evaluating alternatives . 

Consideration should be g iven to the use of a cement cap, rather than a 
soil cap, on the residues . Use of the soil cap has been shown, in areas 
within fifty miles of the site ( which have similar climate ) , to be inef
fective even for relatively short periods ( e . g . ,  10 years or less) . Even 
without climatological factors ,  the presence of small burrowing an imal s 
at the site may affect the interg rity of the soi l cap over a relatively 
brief period, without an appropr iate operations and maintenance plan. In 
addi tion, the awlicabili ty of CERCIA to all Federal facil ities would also 
requi re that appropriate coordination with the procedures of the Resource 
Conservation and Recovery Act ( ReM ) , which calls for Use of a synthetic 
l i ner and a soil/clay cap designed to last a min imLl11 of 35 years .  

Figure 2. 1 of the DEIS depicts a true scale for the conceptual design of 
the nc:raction alternative at NFSS. The 40% side slopes would be unaccept
able for establ ishing and maintaining adequate vegetative cover ( i . e .  
g rass) . Similarly, Figure 2 . 3  presents the conceptual design for al terna
tives 2a and 2b. The end slopes of the soil cap are shown to be at a 20% 
slope. Agai n,  thi s grade may be too severe to properly maintain vegeta
tive cover for a long duration. Therefore, it is recommended that other 
feasible alternatives be considered for thi s design of the cap. nus ana
lysis of more permanent cover should include evaluating rip rap, gabions, 
or, as mentioned above, concrete . 
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USEPA-22 The enti re area on and around NFSS i s  a recharge zone . E x i s t i ng i n format i on on a l l aqu i fers 
i s  s ummar i zed and referenced i n  Sect i on 3 . 1 . It i s  expected that i nf i l trat i o n  of water 
through the f i na l  cap ( p referred A l ternati ve 2) wi l l  be l es s  than through surround i ng s o i l s ;  
therefore , recharge t h rough the NFSS conta i nment area wi l l  be l es s  than through s u rroundi ng 
area s .  ( See deta i l ed d i scu s s i on i n  Top i c a l  Response 2 . ) 

USEPA-23 The three-d i men s  i ona 1 so 1 ute transport model was used for  p roj ect i ng contami nant concen
trati ons  at spec i f i c  l ocat ions  i n  the aqu i fer  ( i . e . , ons i te we l l ,  nearest maj o r  s u rface 
water body , and ha l f  way between the two- - Secti on 4 . 2 . 2 ) .  The res u l ts i nd i cate that for the 
a s s umed mode 1 i ng cond it i ons , max i mum contam i nant concentrat i ons  wou 1 d occ ur  i n a we 1 1  
l ocated next to the waste/res i due conta i nment area.  

After further d i scus s i ons  wi th EPA , another theoret i ca l  we l l  p o i nt was l ocated at the edge 
o f  the NFSS p roperty . Wi thi n the t i me per i od speci f i ed in  the m i l l  tai l i ngs regu l ati ons  as 
be i ng the d e s i red m i n i mum d u rat i on of contai nment  ( at l east  200 years and , to the extent 
p racti abl e ,  for 1000 years ) ,  i t  is pred i c ted that there wou l d  be no o f fs i te groundwater 
contami nat i o n  at NFSS ( s ee further d i scus s i on i n  Top i ca l  Response 2 and Sect i on 4 . 2 . 2 . 3 ) . 

USEPA-24 DOE agrees that use  of water from sha l l ow we l l s  on the NFSS s i te shou l d  not be permi tted.  
The hypothe t i c a l  i mpact ana lyzed i n  the EIS w i l l  not occ ur i f  no such sand  l en s  exi sts , no 
one dr i l l s  such a we l l ,  or  no one  uses the g rou ndwater .  Land records for the s i te wi l l  note 
the presence o f  the waste conta i nment area and the need to control  use of the s i te .  (See  
more  deta i l ed d i sc u s s i on fn  Top i ca l  Response  2 . ) 

US EPA-25 No other data are ava i l ab l e .  The  co ntami nant concentrati ons  at theore t i ca l  ons i te we l l s  are 
p resented for compa r i son of the conceptual  des i g ns  for the vari ous  was te-manageme n t  a l terna
t i ve s .  Deta i l ed ana lyses  o f  potenti a l  contami nant mi grat i o n  patterns  for speci f i c  contai n
ment des i gn s  for wh i c hever a l ternat i ve is  s e l ected wi l l  be conduc ted and wi l l  be avai l ab l e  
t o  s upport dec i s i ons o n  f i na l  des i gn .  ( See  more deta i l ed d i scus s i on i n  Top i ca l  Response 2 . ) 

USEPA-26 F i gure 3 . 1  i s the o n l y  f i gure ava i l ab l e  showi ng the geo l og i c  formati ons  at NFSS .  Because of 
the noted h i gh degree of var i ab i l i ty ,  no cross  sect i on wou l d  be represe ntat i ve of the s i te .  
As  noted i n  Secti on 3 . 1 . 1 ,  n o  yearly  seasonal  data on t h e  near- s urface aqu i fer i n  t h e  uncon
s o l i dated g l ac i a l  depos i t s  are avai l ab l e .  Ex i s t i ng hydrogeo l og i c  stud i e s a t  NFSS i nd i cate 
that the groundwater i n  the upper  " aq u i fer" has a sma l l hydraul i c  g rad i e nt and conduct i v i ty .  
Based o n  i nformati on ga i ned dur i ng excava t i o n s  for the d i ke around the conta i nment  area 
dur i ng 1982- 1984 , it is known that the grou ndwater e l eva t i o n s  i n  the upper aqu i fer  at a 
g i ven  poi nt i n  t i me can vary grea t l y  from one spot to the next- - i n d i c at i ng that the vari ous  
sand l enses  may not be i nterconnected.  F o r  the contami nant mi grat i on s tudy , it  i s  con
s e rvat i ve l y  as s umed that the soi l s  are  comp l ete l y  satu rated year- round ( see Tab l e  4 . 3 9 )  and 
that the over l y i ng NFSS wastes and res i dues  are a l so satu rated. ( See  more detai l ed d i scus
s i on i n  Top i cal  Response  2 . ) 

USEPA-27 I n  sub sequent correspondence , EPA i nd i cated that :  
"The  resu l ts of the three- d i me n s i on a l  transport mode l  used by  DOE for p red i c t i ng contam i 
nati on concentra t i ons  a t  spec i f i c  l oc a t i o n s  i n  the nearest aqu i fer  are prov i ded i n  the 
[ p re v i o u s ]  respons e [ s ] . Contami na t i o n  to an  off- s i te wel l ,  a maj o r  surface water body , 
or at a ha l f-way p o i nt between the two are not expected to peak  for rad i um-226 concen
t rat i on s  for at l east  3 , 600 years . Wh i l e  rad i um-226 concentrat ions  are of the most 
concern to the DOE w ith  respect to groundwater contam i nati on , pred i cted val ues for  the 
other rad i oact i ve contami nants shou l d  be addre s s ed in  the f i na l  E I S . " 

The  chemi cal  content of the wastes  i s  g i ven  i n  Sec t i o n  3 . 1 . 8 .  I n  the E I S  ana l ys i s ,  the 
i n i t i a l  water content o f  the wastes and res i dues is  ass umed to be approxi mate l y  30% because  
they wi l l  be damp . Depend i ng on the  success  of re s i due dewateri ng duri ng i nterim  remed i a l  
acti ons , the water  conte n t  may b e  a s  l ow a s  20%. However , over t i me , i nf i l trat i ng wate r i s  
expected to ra i se the mo i st u re content to near saturat i o n  of about 30%. The amount o f  water 
cont r i buted by b i o l og i c a l  degradati on o f  the t race amounts of orga n i c  const i tuents i s  
expected to be i ns i gn i f i cant .  

The  hydro l og i ca l  mode l i s  d i scus sed i n  Sect i on 4 . 2 . 2 . 1 . As  noted , the two most  sens i t i ve 
parameters are d i str i buti on coeff i c i ent  and hyd rau l i c conduct i v i ty .  Many vari ab l e parameters 
that may affect the mob i l i ty o f  a g i ven contam i nant ( s uch  as  s o l ub i l i ty )  are s ub s umed i nto 
one var i ab l e parameter , the d i s tr i b ut i on coe f f i c i en t .  For the ana lyses , conservat i ve l y  l ow 
d i s t r i b ut i o n  coeff i c i ents and conservat i ve l y  h i gh hydra u l i c  conduct i v i t i es were i nput to the 
mode l ( Sect i ons 4 . 2 . 2  and 4 . 4 ) -- res u l t i ng i n  con servat i ve l y  h i gh pred i ct i on s  of groundwater 
i mpacts . Al l ava i l ab l e data for each a l ternat i ve s i te were used to determ i ne reasonab l e  
va l ues  for the var i ous i nput parameters for the hydro l og i ca l  mode l i ng .  D i s c u s s i on o f  why 
the use  of more sop h i st i cated groundwater mode l s  i s  u nwarranted and wou l d  not res u l t  i n  more 
accurate pred i c t i on of i mpacts for the purpose of compari ng the conceptual  a l ternati ves i s  
g i ven i n  Sec t i o n  4 . 2 . 2 . 1 . 
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The NFSS is in a location lrihere other envirormental irrpacts fran chemical 
and other types of adverse envi rormental coooi tions exist. 'lllere is a 
hazardous materials storage site immed iately adjacent to the NFSS property. 
This situation should be given more consideration when evaluating the 
overall goals of the project. The presence of a disposal site adj acent 
to the NFSS would bring into question the justification for expending 
relatively large sums of money to reduce the effect of one type of material 
while leaving in place on the adjacent property another, possibly g reate r ,  
hazard. 

In connection with other projects, EPA has investigated the possibil ity of 
long-tenn storage of radioactive materials of s imilar character at the Oak 
Ri dge Reservation. D.lr inquiries have received the response that no fur
ther long-term storage of any radioactive mater ials was planned for that 
site due to a number of containment problems . Is there some mechanism or 
approach envisioned which would penni t the use of the Oak Ridge site for 
storage of this type? What further modifications of the site or of its 
institutional requirements would be necessary? Are these all factored 
into the cost of the presentation? 

EPA is in the process of ranking all Federal facility sites for inclusion 
on the National Pr iorities Li st. EPA will be contacting you to assemble 
data and other pertinent information which wi ll be required in the eval
uation process for the NFSS. 



USEPA- 27 
( cont .  ) 
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Chem i ca l  contam i nat i on of groundwater wi th i n  the 1000-year des i gn goal spec i f i ed i n  the EPA 
m i l l  .ta i 1 i ngs  regu l  at i ons  i s  expected o n  l y  at a theoret i ca  1 ons i te we 1 1  at NFSS . As  noted 
i n  Sec t i o n  4 . 4 . 3 . 1 ,  bac kground wel l water concentrat i ons  for the var i ous  chemi ca l s are 
expected to be l arge r  than those contri buted by l eachate f rom the NFSS contami nated 
mate r i a l s .  (See more deta i l ed d i scus s i on i n  Top i c a l  Response 2 . ) 

As noted i n  Sec t i o n  4 . 3 . 2 . 2 ,  the r i prap l ayer at NFSS for the l ong- term mana gement  a l terna
t i ves  at NFSS ( 2 a  and 2b) i s  expected to i n i t i a l l y  deter burrowi ng a n i ma l s f rom i ntrud i ng 
i nto the b u r i ed wastes and  res i du e s .  As l ong as the cap i s  mon i tored and mai ntai ned , i t  i s  
expected that a n i ma l s  wi l l  not be ab l e  to b u r row through the tota l o f  about 6 m ( 2 0  ft)  of  
cap a nd underly i ng wastes down to the res i du e s .  If  it  i s  as s umed that contro l s  cease , an  
add i t i on a l  barr i e r  of a conc rete cap on top  of the  r e s i dues cou l d  s e rve to further  de l ay ' 
human or an i ma l  i ntruders . DOE i s  cons i de r i ng t h i s  add i t i o n a l  opt i o n  ( see Top i c a l  
Response 1 ) .  E PA does n o t  cons i de r  s u c h  an  add i ti o n a l  barri e r  t o  be neces s a ry f o r  t h e  m i l l  
ta i l i ngs that a re s i m i l ar to the NFSS wastes a nd res i dues . 

The fa i l ure of noneng i neered s o i l - o n l y  caps over b u r i e d  was tes  at other nearby s i tes  was 
taken i nto con s i de ra t i o n  i n  deve l op i ng the conceptu a l  des i gn for the l ong- te rm contai nment 
system at NFSS .  The wastes and res i dues a re compac ted to m i n i m i ze future s l ump i ng .  I t  i s  
expec ted that most s ettl ement wi l l  take p l ace  w i th i n  a few years o f  construct i on o f  the 
i nteri m cap . Repa i rs wi 1 1  be made , as nec e s s a ry ,  before cons truct i on of the f i  na 1 cap 
( p referred Al ternati ve 2 ) .  The vari ous l ayers , s l opes , and th i c kn e s s e s  o f  the f i n a l  cap are 
des i gned to ba l ance cons i de rat i ons  o f  ( 1 )  m i n i m i zat i on of e ros i o n ,  f rost  heave , i nf i l trat i on 
o f  water ,  and exha l at i on o f  radon , and  ( 2 )  max i m i zati on o f  runoff and  cap dra i nage . As 
noted throughout the E I S ,  ma i ntenance and mon i tori ng p l a n s  spec i f i c  to the s e l ected a l terna
t i ve wi l l  be deve l oped and wi l l  be s ummari zed i n  the Record of Dec i s i on , as  req u i red by the 
CEQ regu l ati ons . ( See more deta i l ed di scuss i on i n  Top i c a l  Response 1 . ) 

USEPA- 29 Based on s i te-spec i f i c  c o n s i dera t i o n s  g u i ded by the req u i rements o f  40 C F R  192 , a nd cons i s 
tent wi th the g u i  dance i n  DOE O rder 5480 . 2  ( Hazardous a nd Rad i oact i v e  M i  xed Waste 
Management ) , DOE wi l l  e n s u re a degree o f  protect i o n  of the e n v i ronme nt  and the s a fety o f  the 
p ub l i c  e q u i v a l ent  to that a fforded under 40 CFR 260-265 , even  though NFSS is not s ubject to 
the perm i t t i n g  req u i rements of RCRA . The cap i n  p referred Al ternat i ve 2 i s  p redi cted to 
l ast at l east  200 years . A syntheti c  l i ner w i th a l i fe o f  20 years wou l d  offer no s i g n i f i 
cant l ong-term barri e r  t o  the m i g rat i o n  o f  contam i nants .  I n  E PA g u i dance documents , i t  i s  
noted that synthe t i c  l i ners are i ntended to prov i de p rotec t i o n  o n l y  d u r i n g  buri a l  opera t i o n s  
and  a 3D-year post- c l o s u re per i od , not t h e  1 0 0 0  years for wh i ch contai nment systems f o r  m i l l  
ta i l i ngs and  the NFSS was tes  and res i dues a re to be des i gned .  

USEPA-30 The 40% s i de s l ope is  for  the i nt e r i m  (A l ternati ve I-- no- acti o n ) . Potenti a l  gu l l y ero s i on 
o f  the s l opes and potenti a l  s l ope a nd cover f a i l ure are  d i scussed  i n  Sect i on s  4 . 2 . 1 . 3 and 
4 . 2 . 1 . 4 .  F urther reduc t i o n  o f  the s i de s l opes ( to l ess  than 20%) i n  prefe rred A l ternat i ve 2 
wou l d  res u l t  i n  decreased e ros i on a nd , therefore , decreased mai ntenance costs . Based on the 
a n a l ys i s  i n  th i s  E I S ,  i t  appears that a 20% s l ope wou l d  prov i de reasonab l e  e n s u rance that 
the i ntegr i ty o f  the conf i nement  sys tem cou l d  be ma i ntai ned for 1000 years . R i p rap i s  
i nc l uded i n  the l ong-term conceptual  des i gn s  at the s e  s i tes  ( Secti on  2 ) .  The exact p e r
centage of s i de s l ope , as we l l as any add i t i on a l  l and req u i rement assoc i ated wi th s l opes 
l es s  than 20% , w i l l  be con s i de red as  part o f  deta i l ed e ng i neeri ng that wi l l  be avai l ab l e  
a fter the Record o f  Dec i s i o n .  (See  a l s o Response USEPA-28 regard i ng a cement cap o n  the 
res i dues . )  

USE PA-31 DOE i s  cons i de r i ng  the presence of the adjacent hazardous mate r i a l s s torage s i te i n  ma k i ng 
i ts dec i s i o n  on l on g-term management  of the NFSS wastes a n d  res i d ues . Comment i s  noted . 
( See a l so Responses BROSS-7 , USEPA- 7 . ) 

U S E PA- 32 DOE has i nfo rmed E PA that there are no " open "  'l ow- l ev e l  was te d i sposa l  fac i l i t i es i n  opera
t i on at DOE ' s  Oak R i dge Reservat i on- - i . e . , there are no faci l i t i es i ntended to rece i ve 
wastes other than those from c u rrent DOE produc t i o n  and  res earch acti v i t i e s  at O a k  R i dg e .  
F o r  t h e  DOE-owned N F S S  was tes  a n d  res i dues , a D O E  programmat i c  dec i s i o n  was made t o  cons i de r  
t h e  O a k  Ri dge and Hanford reservati ons  as  a l tern at i ve l ong-term management s i tes . Subsequent 
to th i s  dec i s i o n ,  the P i ne R i dge Knol l s  s i te was des i gnated by DOE Oak R i dge Operat i on s  as  
the spec i f i c  l ocati on to be con s i dered for the  NFSS a l ternat i v e .  Conceptual  des i gn features 
for l ong-term management of the NFSS wastes and  re s i dues a t  O a k  R i dge were then deve l oped 
and comparati ve e n v i ronmental  ana lyses  were performed . Use o f  the P i ne R i dge Kno l l s  s i te 
has been c o n s i dered o n l y  for  the NFSS wastes and res i dues . No wastes are c urrent l y  stored 
at th i s  l ocat i on , and no future DOE waste management act i v i t i e s  are c urrently env i s i oned for 
this parti c u l ar s i te .  ( See a l s o Respon ses  RYMAN-4 ;  TDHE- 5 ,  WAL K- I ,  - 3 ;  YAG E R- 2 . ) 

USEPA-33 I n  response to E PA ' s reque s t ,  DOE has prov i ded E PA wi th the re l evant i nformati on on NFSS .  
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At tactInent No. 2 

EPA Region IV Ccmrents 

EPA Pegion IV Associate Peview of the Niagara Falls Storage Sites Draft 
Envi ronrrental Inpact Staterrent (OCIS ) 

umA- 34 [' 0 
U S E PA-35 2 .  

USEPA-36 3 .  

USEPA-37 4 .  

USEPA-3. [SO 
USEPA-39 [ 
USEPA-40 ( 

The waste source and characteristics should be described adequately in order 
that pathway analysis and radiation dose estimates can be made for the basic 
alte rnatives and the additional action alternatives of a partial decontamina
tion approach. The most commonly occurring long-lived radionuclides of the 
NFSS wastes and residues should be specified ( e . g .  uranilZl'l 2 38 and 234,  
thori um 230,  radi um 226,  etc. ) .  

Soil concentration limi ts should be der ived that are appl icable to the actll..31 
sites li sted for the alternatives. Site speci fic appl ication of the pathway 
analysis and radiation estimates should provide the required concentration 
limits at the i ndividual option sites , and hopef ully , the basis for public 
acceptance of the alternative chosen. The relative importance of the differ
ent pathways based on meXlels and ass lllTlpt.ions should be developed for each 
of the alte rnatives, including hydrological and dr inking water aspects of the 
proposed si tes . 

The derived soil concentration limits for the NFSS waste and residues at the 
various alternative sites should provide that individual rad iation dose 
limi ts do not exceed the accepted radiation protection standards. Other 
important areas of consideration for each site alternative are state and 
local goverrrrent issues , transportation, actual errplacerrent rrethodology 
( particulary in regard to assurance of no water table involvement) , drainage 
of the excavation, and monitoring of the sllTlp and the areas water supply 
wells for compliance. 

Long-term rreasures for the NFSS radioactive wastes and residues should provide 
information on the design, monitoring, and interpretation ass umptions under
lying the models ; such as those which relate to the derived soi l  nuclide 
concentrations or ai r ganma readings to hl.JTlaI1 dose carmi. t:rrent. The inform
ation should be realistic relative to the individual site conta inrrent options, 
so that cost effectiveness ,  potential hazard to the public,  monitoring and 
i nspection requirerrents , real versus perceived riSK ,  and application of the 
ALARA technology ( as low as reasonably achieveabl e )  i s  demonstrated with a 
reasonable margin of safety. 

The discussion of the hyd rology, wate r use, and water qual ity for the 
alternatives regarding the Oak Ridge site should inclu3e : ( 1 ) The inter
relationship between g roundwater and surface water in the vicinity of the 
proposed disposal site with respect to the rate and volure of di scharge to 
the sur face stream. ( 2 )  downstream wate r suppl ies of the Cl inch Ri ver , 
i ncluding location , distance downstream, population served, and potential 
inpact fran the radioactive residue d isposal site. ( 3 ) An evaluation of 
soil penreability and the rate of g rouncr..ater movanent. nus evaluation 
should take into account the fracture flow system including the l imited 
effect of dispersion and d i lution in thi s type of flow system. 
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USEPA-34 Th i s  i nformati on i s  provi ded i n  Sect i ons  3 . 1 . 7  and 4 . 1 . 

USEPA- 35 Res i d ua 1 soi 1 concentrat i on  1 i m i  ts  at NFSS for those a l ternat i ves i nvo 1 vi ng remova 1 of  the 
NFSS wastes and res i dues  to other s i tes wou l d  have to be dete rmi ned at the t i me s uc h  an 
acti on was take n .  The  g u i de l i nes g i ven i n  Append i x  H are i de nt i c a l  to those g i ven in the 
EPA m i l l  tai l i ngs  reg u l ati ons . The so i l  concentrat i o n  g u i de l i nes  are app l i ca b l e  to areas 
that are  c l eaned up , not to areas where wa stes are conta i ned.  The  re l at i ve i mportance of 
pathways , mode l s ,  and a s s umpt i ons for these g u i de l i nes  are g i ve n  i n  the documents referenced 
in Append i x  H.  As noted in Appen d i x  G ,  deve l opment of  DOE  orders i s  not part of the 
c u rrently proposed s i te- spec i f i c  act i o n  and i s  therefore beyond the scope of  th i s  E I S .  ( See  
a l so Responses  NYDEC- I0 , - 26 ; USEPA-36 . ) 

U S E PA-36 See Responses NYDEC- I0 , NYDEC-26 , and USEPA- 35 concern i ng res i du a l  s o i l contami nat i o n  g u i de
l i ne s .  The other i mportant areas of  con s i de rat i o n  are thoro u g h l y  d i s c u ss ed i n  Sect i o n s  3 
and 4 ,  and are s umma r i zed i n  Sec t i on 2 .  

US EPA-37 These i s s u e s  are d i s c u s sed throughout the E I S ,  part i c u l a r l y  i n  Sec t i o n  4 .  DOE  i s  cons i de r i ng 
a l l of  them in ma k i ng i ts dec i s i on .  

USEPA- 38 At t h e  O a k  R i dge a l ternat i ve s i te ,  d i scharge of  s i te groundwater occurs  commo n l y  i n  t h e  form 
of spr i ng s  and seeps ( Sect i on 3 . 3 . 2 . 2 ) .  Most of  the spr i ngs are i n  sma l l v a l l eys a l ong the  
southeast f l an k  of  P i ne Ri dge . At one t i me ,  we i rs were  i ns ta l l ed at s e l ected l ocat ions  
w i th i n  the s i te to  mea s ure the  f l ow rate of  groundwater d i s c harge ( Exxon N u c l . C o .  1977 ) ; 
except for one meas urement , res u l t s  are not ava i 1 ab 1 e .  ( See  a 1 so Responses TDHE - 8 ,  
USEPA-4 0 .  ) 

U S E PA-39 Two p ump i ng sta t i o n s  for the Oak  R i dge Gaseous  D i ffus i o n  P l ant are l ocated on the C l i nc h  
R i ve r  downstream of t h e  P i ne R i dge Kno l l s  s i te .  One  of  t h e s e  sta t i o n s  w i t hdraws makeup 
water for the rec i rc u l at i ng coo l i ng system ; the othe r ,  l ocated i mmed i ate ly  downst ream of  the 
c o n f l uence of  Grassy Creek  and the C l i nc h  R i ve r ,  wi thdraws water for potab l e  and process  
p urposes . Of  the n i ne p u b l i c  water systems ( se rv i ng about  9 1 , 500  peop l e )  that  wi thdraw 
s u rface water wi th i n  a 32- km ( 20-mi ) rad i us of the s i te (Boy l e et a l . 1982 ) , o n l y  one--at 
Ki ngston- - i s  l ocated downstream of  the Grassy Creek d i scharge . Howeve r ,  the Ki ngston i ntake 
is actua l ly  on the Tenne s s ee R i ve r  upstream from the co n f l uence w i t h  the C l i nch  R i ve r .  The 
average wi thdrawa l rate at Ki ngston is  abo ut  0 . 014 m3/s ( 0 . 31 Mgd ) . W i th i n  the 1000-year 
t i me frame cons i dered i n  the E I S  ana l ys i s ,  no s i g n i f i cant adverse i mpact on s u rface water 
s upp l i es is  predi cted . 

U S E PA-40 The d i s c u s s i on of so i l permeab i l i ty and grou ndwater movement i s  p re s ented i n  Sect i o n  3 . 3 . 2 . 2 . 
The effect of the fractured f l ow system on co ntami nant transport at the Oak  R i dge s i te was 
cons i dered i n  the s e l ect i o n  of  hydrogeo l og i c  parameters for the contam i nant mi grat i o n  
ana lys i s  ( Sect i o n  4 . 2 . 2 ) .  For  examp l e ,  the average hydra u l i c  conducti v i ty at Oak R i dge wa s 
set at 0 . 03 cml s , whereas at NFSS i t  was set at 0 . 000011 cmls ( see p .  4-58 ) .  ( See a l so 
Responses  TDHE-8 , USEPA-38 . ) 
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USE PA-41 6 .  '!he discussion of the enviromental consequences should include an evaluation 
of the cumulative effect of radioactive di sposal actions at the Hanford and 
Oak Ridge sites fran all other contributing waste sites should monitoring, 
m3intenance , and corrective actions be terminated. '!'he bdditional effect 
fran the residue and/or soil disposal area could represent an unacceptable 
impact on the environment in combination with envi ronmental releases from 
the other disposal areas orrsi teo 

USEPA-42 7.  '!he DEIS indicates that the radiological health impacts wi ll be snaller than 
the risKs of OCC\Jpational and transportatiorrrelated injuries and deaths . 
Noting that the long-term rad iolog ical risks to the general publ ic are also 
expected to be small for all alternatives, it appears that further consider
ation of storage or stabil ization in place at NFSS should be considered the 
primary technique for managing the resid\les and wastes. 
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USEPA-41 The cumu l a t i ve rad i o l og i ca l  e ffects (w i th ex i s t i ng opera t i o n s )  at Hanford and Oak R i dg e ,  as 
we l l  as ex i s t i ng bac kground rad i at i on sources , are d i s c u s s ed i n  Sect i on 4 . 1 . 2 . 1 . The  i ncre
menta l i mpact a s so c i ated wi th management of the NFSS wa stes and res i dues i s  i ns i gn i f i cant  at 
a l l s i tes  for a l l a l ternat i ve s .  Long-term i mpacts as soc i ated with the NFSS  was tes and 
res i dues , i nc l ud i ng i mpacts i f  contro l s  cease a re g i ven  i n  Sect i on 4 . 1 . 2 . 3 .  No ex i s t i ng 
p re d i ct i o ns  of future i mpacts i f  contro l s cease  at other s i tes  a re ava i l ab l e .  

USEPA-42 E PA ' s  comment rega rd i ng the p referab i l i ty o f  stab i l i za t i o n  i n  p l ace  a t  NFSS i s  noted.  DOE 
wi l l  ta ke th i s  i nto con s i derat i on i n  reach i ng a dec i s i o n .  ( See a l s o Response  USEPA- 3 . ) 
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Attadment No. 3 

EPA Region X Caments 

EPA Region X As sociate Review of the Niagara Falls Storage Site Draft 
Envirol'llrental Inpact Staterrent ( DEIS ) 

USEPA-43 (, . 'Ihe DElS should discllSs the relative capacity for radioactive wastes for 
each of the sites considered . 

" 
USEPA-44 l 2 .  

U S E PA-45 [ 3.  

USEPA-46 ( ••  

1 .  

2 .  

3.  

4 . 

5 .  

6 .  

7. 

8 . 

Truck movement rates along transportation routes proposed for each of the 
alternatives should be ccrrpared to the truck movement rates of rad ioactive 
materials that would occur with no-action taken along the same routes. 

'Ihe DElS ccrrrronly uses pCi/g RMi ll!Tl 226 as the rreasurerrent of rad ion uc1 ide 
concentration. Bow does this relate to dosages ( mrem) used in Table 4 . 1 27 

How i s  this project related to the effort each state is required to initiate 
for low-level radioactive wastes under the Low-Level Radioactive Waste Pol i cy  
Act ( PL 96-573 ) 7  Thi s act is not rrentioned i n  Table 1 . 2 .  

Li st  o f  Contacts 

Mr .  Frank Giaccone, 2AWM-AC 

Mr .  Robert Vaughn, 2WM-wPC 

Mr . Paul A. Giardina, 2AWM-AAD 

Mr .  Robert Ogg , 2OERR-HW 

Mr . Pete r Acke r, 2WM-o:;p 

Mr .  Wi lliam S .  Baker, 2AWM-AP 

Mr .  Edward T. Heinen, 4FM--EAB 

Mr. Ronald A. Lee , ' CWM-EEB 

FTS 264-9627 

FTS 264-1 302 

FTS 264-4 4 1 8 

FTS 264-2647 

FTS 2 64-1 347 

FTS 264-2 5 1 7 

FTS 257-3776 

FTS 3 99-1 728 
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USEPA-43 At NFSS and Hanford , the NFSS wa stes and re s i dues can be managed wi th i n the exi s t i ng s i te s .  
A t  O a k  R i dge , there i s  adequate space a t  the P i ne R i dge Knol l s  s i te t o  h a nd l e  the NFSS  
re s i due s .  Howeve r ,  as  noted i n  Sec t i o n  2 . 5 . 1 ,  a majo r  tec h n i c a l  u nc e rta i nty i n  imp l eme n t i n g  
A l ternat i ve  3 b  ( both r e s  i d u e s  a nd wastes a t  O a k  R i  dge ) i s  whether o r  n o t  there wi 1 1  be 
e nough  space on top of the kno l l s .  T h i s  u nc e rtai nty wi l l  be taken i nto cons i de rat i on i n  
maki ng the dec i s i o n  o n  where a nd how to manage the NFSS wastes and  re s i dues for the l ong 
term.  

USE PA-44 No comp i l at i on s  o f  exi s t i ng o r  p rojected t ruc k movements o f  rad i oact i ve mate ri a l s a l ong the 
transpo rta t i o n  routes ( i n  add i t i o n  to the NFSS s h i pment s )  a re ava i l ab l e .  

USEPA-45 The re l ati ons h i p  between  rad i o nuc l i de concentrat i ons , re l ease  rates , exposures , a n d  res u l t i ng 
doses to the pub l i c  and workers a re g i ve n  i n  Sec t i o n  4 . 1 . 

USEPA-46 The  Low- Level  Rad i oact i ve Waste Po l i cy Act ( P L  96- 5 7 3 )  i s  not app l i cab l e  to the NFSS project 
because i t  does not app l y  to DOE wastes . ( See a l so Response NYDEC- 3 . ) 

USEPA-47 I n  s ub sequent co rre spondence , E PA i nd i cated tha t :  
" I n  add i t i o n , t h e  central  dra i nage d i tch l ocated n e a r  t h e  was te contai nment  area at 
NFSS i s  wi th i n  the 100-year f l oodp l a i n .  Meas ures shou l d  be proposed wh i c h  e n s u re that 
i ncreased o f f- s i te m i g rat i o n  does not occ u r  i n  the event the waste contai nment area i s  
i nundated dur i ng 100-year  f l ood cond i t i on s .  Adequate ly  des i g ned f l ood preventi on  
s tructures shou l d  be descri bed in  the was te conta i nment  report and f i na l  E I S .  Al so , 
because the l ong- te rm manageme nt p l an p rov i de s  for a 200 year p l ann i ng peri o d ,  the 
f l ood preven t i o n  structures  shou l d  be des i gned to the  cond i t i o n s  of , at l east , a 
200-year l eve l . "  

See Response  NYDEC- I .  
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U.S. HOUSE OF REPRESENTATIVES 
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J ;,mes Vllughlln 
Act i ng Ass l stllnt Secretllry 

for Nuc l ellr Energy 
U . S .  Depa rtment o f  E nergy 
W ll sh l ngton , D . C .  20585 

Dellr Mr . Vllugh ll n :  

October 5 ,  1 984 

"""" W\IftII A. 1.U1 
.... fIIIU(L LUJ.AJIII A .. MU. 
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The Department recen t l y req uested our comments on the d r ll f t  env l ronmen
t il l  I mp act statement ent i t l e d ,  "L ong-Term Ma n agement of the Ex i st i ng 
Rad i oact i ve W ll stes li n d  Res i dues li t  the N i ll g a rll F ll i i s  Storllge S i te . "  W e  
cont i n ue t o  b e l i ev e  thllt the Depll rtment shou l d c ll r r y  out I t s mlln dllte t o  
c l e a n  up th i s  s i te I n  the most cost-e f f ect i ve mllnner . 

U5HR- l [We h llve rev i ewed the e i g h t  c l e ll n u p  II l ter n ll t l ves s uggested I n  the report 
ana n ave conc l u ded th at lI ! ter nll t l ve 2 ( 11 )  ( stab l l l z llt i on I n-p i llce ) wou l d 
IIccomp l I sh the c l ellnup e f f or t  lit the l east cost to the government. We,  
there f ore, recommen d  I t  to the Dep artment . 

We IIpp rec l llt e  III I of your e f forts I n  keep i ng t h e  Subcomm i ttee f u l l y  e n d  
current l y I n f ormed on the IIct l v l t l es o f  the Dep artment.  Our sta f f  con
tacts on the Subcomm i ttee lire Mr . Lou i s  Ventre, J r .  ( 225-298 1 )  for Mr s .  
L l oy d  e n d  Mr . Dllv l d  C l ement ( 225-81 52) f or Mr . W ll i ker .  

� 
MAR I LYN L L OYD, Ch ll i rman 
Subcomm i t tee on Energy 

Resellrch & Product i on 

LW : Vdm 

'/fi/.u-
ROBERT S. WALKER 
Rank i ng Rep u b l  I Cll n  �mbe r  
S ubcomm i t tee on Energy 

Resellrch & Produc t i on 
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Recomme ndati o n  for Al ternati ve 2a i s  note d .  T h i s  comme nt , a l ong  w i th those f rom other 
comme nte rs , was taken i nto co n s i de ra t i o n  i n  determi n i ng the p refe rred a l terna t i v e .  
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C01vfMON\VEALTH of VIRGINIA 
Council on the En vironment 

Mr . L . F .  C a mpbel l 
Dep u t y  D i r ec t o r , Tech n i c a l  

S e r v i c e s  D i v i s i o n  
O a k  R i d g e  Oper a t i o n s  O f f i c e  
U . S .  Depar t m e n t  o f  E n e r g y  
P . O .  Bo x E 
O a k  R i d g e ,  Te n n e s s e e  3 7 8 3 0  

Dear Mr . Campbel l :  

Oct ober 1 2 ,  1 9 8 4  

.., "" NTM ITlllf(T O"JIC( IUH .. OIHQ a'O""ONO 23111 ""7_� 

Th e Commonwe a l t h  of V i r g i n i a  h a s  r e v i ewed the D r a f t  
E nv i r onme n t a l  I mp a c t  S t a t em e n t  f o r  Long -Te r m  M a na g em e n t  o f  t h e  
E x i s t i ng R a d i oa c t i ve Was t e s  a n d  Res i d u e s  a t  t h e  N i ag ar a  Fal l s  
Stor a g e  S i t e .  The Cou n c i l  o n  the Env i r onment i s  r e spon s i b l e  f or 
c o or d i n a t i ng V i r g i n i a ' s r e v i e w  o f  fed e r a l  e n v i r onmen t a l  documen t s  
a nd r e spond i ng t o  appr opr i a t e  f ed e r a l  o f f i c i a l s  o n  b eh a l f o f  t he 
C ommonwea l t h . Th e f o l l ow i ng a g e n c i e s took par t i n  t h i s  r e v i e w :  

Depa r t m e n t  o f  H e a l t h  
Depar tmen t o f  H i g hways a n d  Tr a n s por t a t i o n  
S t a t e  A i r  P o l l u t i o n  C o n t r o l  Board 
S t a t e  W a t er C o n t r o l  Board 
O f f i ce o f  Emerg ency a n d  E n e r g y  Ser v i ce s  
S o l i d  W a s t e  Comm i s s i o n  
Mo u n t  Rog e r s  P l a n n i n g  D i s t r i c t  Comm i s s i on .  

O ur i n t e r e s t i n  t h e  s ubj e c t  o f  t h i s  d o c um e n t  s t ems from t h e  
po s s i b i l i t y  t h a t  r a d i o ac t i ve w a s t e  w i l l  be t r a n spor t e d  by t r u c k  
t h r o u g h  V i rg i n i a  on i t s  w a y  t o  O a k  R i d g e , Te n n e s s e e  ( A l t e r n a t i ves 
3 b ,  4 c ,  4 d ) .  If  s u ch t r a n spor t a t i on is c o n t empl a t ed , it  wou ld be 
a d v i s ab l e  for you t o  coord i n a t e  t r u c k  movemen t s  w i t h the 
Depar tme n t  of H i g hways a n d  Tr a n spor t a t i on ,  par t i c u l a r l y  in r e g a r d  
t o  h i g h way t u nnel s ,  o f  wh i ch t h e r e  i s  at l e a s t  o n e  on t h e  pr opo s ed 
r o u t e  ( I n t e r s t a t e  Rou t e s  7 7  a n d  8 1 ) .  

VCE-I r W e  r e commend t h a t  t h e  D epa r tment o f  E n e r g y  co n s i d er ca r e f u l l y  
t h e  i mplemen t a t i on o f  t r a nspor t a t i on a l t er n a t i ves t o  O a k  R i d g e ,  
s i n ce t h e  pa s s a g e  o f  many h e a vy t r u ck s  t h r o u g h  t h e  mo u n t a i n o u s  
t e r r a i n  i n  s o u t hw e s t e r n  V i r g i n i a  wou ld c r e a t e  p o t e n t i a l h a z a r d s  t o  
t h e  e n v i r onmen t o f  t h e  ar e a  a n d  t h e  h e a l t h  a n d  s a fe t y  o f  i t s  
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The Oak  R i dge a l terna t i ves  are not preferred at th i s  t i me .  If DOE dec i des  to i mp l ement one 
of the Oak  R i dge a l te rnati ves , tran spo rtat i o n  through the mounta i nous  terra i n  of  southwestern  
V i rg i n i a  wou l d  be care fu l l y con s i de re d .  As noted  in  the  E I S ,  it  i s  a s s umed that tra n s port 
wou l d  take p l ace o n l y  d ur i ng the 6-month s ummer construc t i o n  season , not dur i ng the w i nter 
when road cond i t i ons are more hazardo u s .  DOE wou l d  c l ean up any s p i l l ed mater i a l . ( See  
a l so Responses  NCEMC- 3 ,  USOO I - 7 , VCE-2 ,  WOE S- I ,  WEFS- 5 . ) 



Mr . L .  F .  Campb e l l 
P a g e  Two 
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VCE-l c i t i z ens . Spe c i f i c a l l y ,  we wo u l d  l i k e  the F i n a l  E I S  to i n d i c ate 
an a f f i rm a t i ve comm i t ment on the part of DOE to a s s ume f i n anc i a l  
a n d  techn i c a l r e spon s i b i l i t y  f o r  the r e cover y a f t er a n y  ac c i d e n t s  
or c l e a n- up o f  s p i l l ed mater i a l . I n  the absence o f  such a 
comm i tme nt , we urg e that the wastes and re s i d u e s  be sh i pped so as 
not to t r a v e r s e  V i r g i n i a .  

Th ank you for the oppor t u n i t y  to r e v i e w  th i s  doc ume nt . W e  
l ook forward to r e v i ew i ng the F i n al E I S . 

5 1 n2') bL 
______ K e i t h  J .  But t l em a n  

E n c l o s u r e s 

c c :  The H o no r ab l e  Betty J .  D i e ner 
Mr . K . E .  W i l k i n s o n , DHT 
M r .  Thomas T a y l or , Mo unt Rog e r s  PDC 
M s . Barbara M .  Wre n n ,  SWC 
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CO�{l\10N\VEAr:rH of VIRGINIA 
k[lTM J OUr. l..t • ... .a.H A.O�."'!:;TRAT4,)A Council on the En vironment to3 HUH" IT� E f T  O " " C£ I;JIlO'NO 

II"C"o,,�,o 1,3:U 

t.,)oI.. 7 .... 6:,(.Q 

�lHlORANDU�1 

TO : K e i t h  J .  B u t t l eman 

F ROM : Char l e s H .  E l l i s  I I I  /?;V��...£zzz=. 
S U BJ  ECT : U . S .  Depar t m e n t  o f  E n e r g y  Dr a f t  E I S  on Long-Term 

M a n ag e m e n t  o f  t h e  E x i s t i n g Rad i o a c t i ve W a s t es · a nd 
Res i d ue s  a t  t h e  N i ag ar a  F a l l s  S t o r a g e  S i t e  

I h a v e  r ev i ewed por t i o n s  o f  t h i s  d oc u m e n t  a nd d i s c u s s ed i t  
� i t h  peopl e f r om o t h e r  V i r g i n i a  a g e n c i e s ,  a n d  my commen t s  fo l l o w .  

The doc um e n t  p r e s e n t s  a r a n g e  o f  n i n e a l t er n a t i v e s  i n  four 
g r o u p s . Th e g r oups ar e :  

' 1 - n o  a c t i on ( c on t i n u ed s t o r a g e  a t  N i ag ar a  Fal l s ,  
New Yor k ) ;  

' 2 - mod i f i ed co n t a i n me n t  a l t e r n a t i ve s  a t  N i ag a r a  Fa l l s ; 

' 3 - l on g - t e r m  m a n a g em e n t  of w a s t e s  a nd r e s i d u e s  a t  
H a n for d ,  wash i ng to n  o r  O a k  R i d g e ,  Te n n e s s e e ;  

' 4 - l o n g - t erm m a n ag e me n t  o f  r e s i d u e s  a t  H a n fo r d  o r  
O a k  Ri dg e ,  w i t h w a s t e s  s t ay i ng a t  N i ag a r a  F a l l s  or 
g o i ng to an o c e a n  d i sposal s i t e abou t 1 2 0 m i l es 
e a s t  o f  Cape M ay ,  N e w  J er se y .  

A l t er n a t i ve s  3 b  ( l on g - t erm m a n a g ement o f  w a s t e s  a n d  r es i d u e s  at a 
h um i d  s i t e )  a n d  4 c  ( o f f- s i t e  s t o r a g e  o f  r e s i d u e s  at O a k  R i d g e  a n d  
l o n g - t er m  m a n a g em e n t  o f  w a s t e s  a t  N i a g a r a  F a l l s ) i mp l i c a te 
V i r g i n i a  s i n c e  b o t h  a s s u m e  s h i pm e n t  o f  t h e  w a s t e s  a n d  r e s i d u e s  by 
t r u c k  ( p a g e  0- 2 )  t hr o u g h  V i r g i n i a  by w ay o f I n t e r s t a t e  Ro u t e s  7 7  
a n d  8 1  ( p ag e  3 - 4 2 ) . ( Append i x  D r e v i ews�an d  r a i l  t r a n s por t a t i o n  
pos s i b i l i t i e s a n d  al t e r n a t i ve t r u c k  r o u t es , some o f  w h i ch wou l d  
s k i r t  t h e St a t e ,  pp . D- 8 ,  D- 1 8 ,  D- 2 1 . )  W i t h  t h i s  i mp l i c a t i o n  i n  
m i n d ,  w e  t ook t h e  d ocume n t  u nd e r  r e v i ew .  
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M E �:OAAtWUH 
P a g e  Two 
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T h e  D e par t m e n t  o f  E n e rgy i nd i c a t e d  that it h a s  no t chosen a 
p r e f e r r ed a l t e r n a t i v e y e t  i n  t h i s  proc e s s . The p r e f e r r ed 
a l te r n a t i v e i s  t o  be a n no u n c ed i n  t h e  F i n a l  £1 5 ( p a g e  i ) .  T h u s  we 
may h a v e  some oppor t u n i ty t o  i n f l u e n c e  t h e  c ou r s e of a c t i on t h a t  
D O E  w i l l  t ak e  i n  t h i s  mat t e r . 

I h a v e  t a l k e d  w i t h  Mr . Thomas T a y l o r  of t h e  Mou n t  Rog e r s  
P l a n n i n g D i s t r i c t Comm i s s i o n .  Mr . Tayl or , w h o s e  P l a n n i n g  D i s t r i c t 
c o v e r s  t h e  por t i o n  o f  t h e  pr e f e r r ed t r u ck r o ut e  t h a t  i s  w i t h i n  the 
Commonw e a l t h , i n d i c a t ed t h a t  t h e r e  is no comm i t m e n t  by t he 
D e p a r t m e n t  o f  E n e r g y  to t a k e  r e spon s i b i l i ty for any ac c i d � n t s  or 
l e a � � g e  o f  r a d i o a c t i ve m a t e r i a l  t h a t  m i g ht o c c u r  i n  t r a n s i t . Some 
m e n t i o n  of t h e  1 1 k e l i hoaj of d e a t h s  or i n j u � i e G  is m�d� on p=g e s  
4 - 9 3  and 4 - 9 5 ,  tog e t h er w i t h a n  i nd i c a t i on t h a t  s t a t e  emerg ency 
pr epar e d n e s s  capabi l i t i e s wo u l d  bear t h e  br u n t  o f  any cl e a n- up 
act i on s i nc e  DOE i s  e x e mpt f r om s t a t e  l a ws i n c l u d i ng t h ose w i t h [f i n a n c i a l  re s pon s i b i l i t y  r equ i r emen t s . Mr . T a y l o r ' s  co n c e r n  t h a t  
l oca l i t i e s wo u l d  be b u r d e n e d  w i t h c l e a n - u p  cos t s  appe a r s  
w e l l - f o u n d e d  s i n c e  t h e  d i s c u s s i on o f  m i t i g a t i on meas u r e s  ( p ages 
4 - 9 9 a n d  4 - 1 0 0 )  is  l i m i t ed a n d  non-comm i t t a l .  

W i t h a l l t h i s  i s  m i nd , I r e commend t h a t  we i n d i c a t e  co n c e r n  
o v e r  t h e  foc u s  o f  r e spon s i b i l i ty for m i sh aps a nd s u g g e s t  t h a t  a 
mor e a f f i r m a t i v e s t a nce toward t h a t  r e spons i b i l i t y be t ak e n . 
U n d e r  t h e  c i r c um s t a n ces , we a r e  u nd er no mor a l  obl i g a t i on to 
a c c e p t  the t r a nspor t a t i o n  o f  wastes t h r o u g h  V i r g i n i a  un l e s s  t h e  
r e spo n s i b i l i ty i s s u e  i s  r e sol ved i n  a m a n n e r  mor e t o  o u r  l i k i ng ,  
e . g . , u n l e s s  DOE accepts r e spon s i b i l i ty for cl e a n - up o f  any spi l l s  
or r e cove r y  for a n y  o t her m i shaps . Th u s  w e  shou l d  r ecommend 
i mp l ement a t i on of any al t e r n a t i ve o t h e r  t h a n  t h o s e  i nv o l �i ng t r u c k  
t r a n s i t  t o  Oak R i d g e .  
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Transport to other s i tes  i s  not preferred at th i s  t i me . As noted i n  Sec t i o n  4 . 6 . 7 ,  i f  DOE 
dec i de s  to transport the NFSS  mate ri a l s to another s i te ,  the m i t i ga t i v e  mea s u re s  d i s c u s s ed 
wi l l  be coordi nated w i th the affected s tate s .  ( See a l so Responses  NCEMC- 3 ,  USOO I - 7 , veE- l ,  
WOES- l ,  WEFS-5 . )  
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Mr . C h a rl es H .  E l l i s I I I  
E n v i ronffienta l Im��ct Coord i na to r  
Counc i l  o n  t he E n v i ronme nt 
9 t h  Street Off i c e  Bu i l d i ng 
R i c hmond , V i rg i n i a  23 2 1 9  

Dea r Mr . E l l i s :  
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l o n g -T e rm Ma na gement of E x i st i n g  
Ra d i oact i ve Wa s te s  a t  N i a ga ra F a l l s  
Stora g e  S i te 
U . S .  Depa rtment o f  E nergy 

We have r e v i ewed t h e  a bo v e  noted document a nd wou l d  l i ke t he 
Depa rtment o f  E n e rgy to coord i na te wi th t he Depa rtme nt o f  Hi g h�lays 
a nd Tra nsport a t i on i f  a ny ha z a rdous wa stes a re to be tra nsported 
t hrou g h  h i g hway tunnel s .  

T h a n k  you for the o pportu n i ty to rev i ew t h i s  ma t e r i a l . 

KEW : smm 

S i nc erel y ,  

/!'J; 1/ � . ,  �.(( -i � .. R .  l .  Hund l ey 
E n v i ronmental  E n g i neer 

TRANSPORTATION - AM E R ICA'S L I F E lINES 
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K . 4 ORAL COMMENTS AND R ESPONSES 

P ub l i c  meet i ngs  regard i ng the D E I S  were he l d  in the fo l l ow i ng l ocat i ons : ( 1 )  Lew i s ton , New York , 
September 19 , 1984 ; ( 2 )  Oak R i dge , Tennes see , September 20 , 1984 ; and ( 3 )  R i c h l and , Wa s h i ngton , 
September 24 , 1984 .  Tran scr i pts of the publ i c  meet i ngs ( U . S .  D e p .  Energy 1984c , 1984d , 1984 e )  can be 
found i n  pub l i c  l i bra r i e s  near Lewi s ton , New York ; R i c h l and , Was h i ngton ; a nd Oak R i dge , Tennes see ; as 
we l l  as  i n  the Depa rtment ' s  pub l i c  read i ngs  rooms i n  R i c h l and , Oak R i dge , and Wa s h i ngton , DC. F o l l ow
i ng a re s umma r i e s  of the oral  comments and responses  to those commen t s .  Some o ra l  comments were read 
from wri tten copy ; i n  these cases , the wri tten copy i s  rep roduced i n  Sec t i on K . 3 (Wri tten Comments and 
Responses ) and responses  a l so appear i n  that sect i on .  The IDs for the o ra l  comments are l i s ted be l ow 
i n  the order that they appear i n  the document .  

Letter 
I D  

Lewi s to n ,  New York,  September  19 , 1984 

BROSS 

KADR 

KLAB 

LAFAL 

LOMB 

N C EMC 

OGG 

P I LL!  

RAUCH 

S I MON 

WI LLD 

I rw i n  D .  Bros s ,  B i ometatechno l ogy , I nc . , Eggerts v i l l e  

Kathy Kad r i d  

Wa l te r  Kl abunde , Lewi s ton 

John LaF a l ce ,  Congressman , 32nd D i s t r i c t  

James Lombard i , Superv i s o r ,  Town o f  Lewi s ton 

N i agara County E n v i ronmental Management Counc i l 

Al v i n  Ogg , Town of Lew i s ton 

Joseph P i l l i ttere , New York Assemblyman 

James Rauch , Wi l l i am s v i l l e 

Lee S i monso n ,  N i agara County Leg i s l ator 

Duke Wi l l i ams , Town of Lewi s ton 

Oak  R i dge , Tennee s s e e ,  Septembe r  20 , 1984 

B END F .  De l ma r  Bende r ,  O a k  R i dge 

FORD 

LUCKE 

MCNAL 

P E E L E  

WALK 

WI LLS 

YAG E R  

YOUNG 

Wa l ter  Ford , Ki n g s ton C i ty Counc i l  

Rubey G .  Luckey , Mayo r ,  K i ngtston 

Rand McNa l l ey ,  Tennessee  State Representa t i ve 

Robert Peel e ,  Roane County Leg i s l ator 

Mi ke Wa l ke r ,  Research and  Budget D i recto r ,  C i ty of Oak R i dge 

Suzanne  Wi l l i ams , Anderson County Res i dent  

Ken Yag e r ,  Roane  County Executi ve 

James Youn g ,  Roane County Res i dent 

R i ch l an d ,  Was h i ngton ,  September 24 , 1984 

CALD 

F E RG 

Larry C a l dwe l l ,  Hanford Overs i te Comm i ttee 

Robert Ferguson , Tri - C i t i e s  N u c l ear I ndustri a l  Counc i l  
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D r .  I rwi n D. Bros s , B i ometatechnol ogy , I nc . , Eggerts v i l l e ,  New York  

BROSS See Sec t i o n  K . 3 .  

Ms . Kathy Kadri d 

KADR - l  Suggests  i nv e s t i gati ng a proces s ,  pos s i b l y  be i ng deve l oped by a Canad i an f i rm ,  t o  treat 
wastes by e l ectri c a l  methods , wh i c h  i n  some way or  other c hanges  the mo l ec u l ar s tructure ( no 
spec i f i c s  g i ve n ) .  

M r .  Wa l te r  K l abunde , Re s i dent ,  Town o f  Lewi s ton , New York  

K LAB- l Suggests addi ng another a l ternati ve--d i spos a l  of the NFSS wa stes and re s i dues i n  the caves 
that were c reated by atom i c  bomb tests  at the Nevada Test  S i t e .  

M r .  John  LaFa l ce ,  Congressma n ,  32nd D i s tr i ct ( by Mr. R i chard Lee ) ,  New York 

LAFA L See Sec t i o n  K . 3 .  

M r .  James Lombard i ,  Superv i so r ,  Town of  Lewi ston , New York  

LOMB See Sec t i o n  K . 3 .  

N i aga ra County E n v i ronmenta l Management Counc i l  ( by Ms . Bo n n i e W .  So l ey )  

NCEMC See Sec t i o n  K . 3 .  

M r .  A l v i n Ogg , Town of Lewi ston , New York 

OGG - l  Persona l preference i s  for  Al terna t i ves  3a o r  3 b .  B e l i eves  t h a t  A l terna t i v e  4 c  i s  the 
co rrect so l ut i on for the p rob l em .  

M r .  Joseph P i l l i ttere , New York  Assemblyman ( by Mr .  Dav i d  Mcquade ) 

P I  L L l  S e e  Sect i on K . 3 .  

M r .  James Rauch , Wi l l i amsv i l l e ,  New York  

RAUCH See Sec t i on K . 3 .  

M r .  Lee S i monson , N i agara County Leg i s l ator 

S IMON See Sect i o n  K . 3 .  

M r .  D u ke Wi l l i ams , Res i dent , Town of  Lewi s ton , New York 

WI LLD-l  Has been  i nv o l ved w i th two bomb tests  and  i s  concerned about  h i s  hea l th .  

WI LLD-2  Notes  that NFSS has  not been ma i nta i ned i n  the past  and t h i n k s  that it  wi l l  not be proper ly  
ma i nta i ned in  the future . Wou l d  therefore l i ke to see  the wastes and res i dues , o r  at l east  
the  most hazardous s t u f f  ( re s i dues ) ,  removed from  the s i te .  

M r .  F .  De l mar Bende r ,  Re s i dent ; O a k  R i dge , Tennessee  

BEND  See Secti on K . 3 .  

M r .  Wa l te r  Ford , Membe r ,  K i ngston C i ty Counc i l , Tennessee  

FO RD- l T here i s  e nough nuc l ear  waste a l ready stored i n  Oak  R i dge . The mercury po l l u t i o n  i s  wi th 
u s .  Opposed to the  i dea o f  br i ng i ng any nuc l ea r  waste f rom the  N i agara a rea o r  a ny other 

- a rea of the  U n i ted States  and stor i ng it  i n  Roane County. 

Ms . Ruby G .  Luc key , Mayor ,  K i ngston , Tennessee  

LUCKE See Sec t i o n  K . 3 .  

M r .  Randy McNa l l ey ,  State Representati ve , State o f  Tennessee  

MCNAL-l  Opposes  the transfer  of the rad i oact i ve wastes f rom t he i r present sto rage s i te i n  N i agara 
F a l l s ,  New Yo r k ,  to a s i te on O a k  R i dge ' s  DOE Reservat i o n .  Astronom i c a l  cos t ,  no rea l 
be ne f i t ,  runs  contrary to the i ntent of Pub l i c  Law 96-573  wh i ch recog n i z e s  that the manage
ment of  l ow- l ev e l  rad i oact i ve wastes  i s  hand l ed mo s t  e f f i c i ent l y  o n  a reg i on a l  bas i s .  
Sho u l d not be forced to take the rad i oacti ve wastes o f  other states o r  other reg i on s .  
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See Sect i o n  K . 3 .  

T h e  o n l y  p roce s s e s  for trea t i ng the wastes by e l ectr ic  methods o f  wh i c h  the s ta f f  i s  aware 
are : p roces s i ng of the res i dues to recover va l uab l e  meta l s ,  e l ectr i c  f u rnace fus i o n  of the 
res i dues , and i n- s i tu v i tr i f i ca t i o n  of  the res i dues and waste s .  These  methods change the 
s tructure of the rad i oac t i ve mate r i a l s  i n  that they are c hanged f rom a l oose sand/s o i l /c l ay 
mate r i a l  i nto a v i treous ( g l as s )  s l ag .  These  methods are d i scussed  f u rther i n  Append i x  C .  
( See a l s o  Responses  NCMEC- 2 ,  RAUCH- 7 . ) 

At the Nevada Test S i t e ,  wa stes are b u r i e d  i n  trenches i n  a manner  s i m i l ar to that ana lyzed 
for the Han ford s i te .  ( See a l so Respo n s e  BEND- 3 . ) 

See Sec t i o n  K . 3 .  

See Sect i o n  K . 3 .  

See Se:ct i o n  K .  3 .  

Recommendat i o n  for  A l ternati ve 4c i s  noted .  Th i s  comment , a l ong  w i t h  tho s e  f rom other 
commenters , was taken  i nto con s i derat i o n  i n  determi n i ng the p re ferred a l ternati ve . 

See Sect i o n  K . 3 .  

S e e  Sect i o n  K . 3 .  

See Sect i o n  K . 3 .  

WI L LD- l Concern i s  noted.  DOE wi l l  take t h i s  i nto cons i dera t i o n  i n  reac h i ng a dec i s i o n .  

WI LLD-2 Recommendat i o n  for A l ternati ve 3a , 3b--or at l east 4a , 4b , 4c , o r  4d-- i s  noted.  Th i s  
comment , a l ong  w i th those f rom other commente rs , was taken i nto con s i derat ion i n  determ i n i ng 
the prefe rred a l terna t i v e .  

B E ND See Sec t i o n  K . 3 .  

FORD- l Oppos i t i on to Al ternat i ves  3b , 4c , and  4d i s  noted .  Th i s  comment , a l ong w i th those f rom 
other commenters , was taken i nto cons i dera t i o n  i n  determ i n i ng the p refe rred a l terna t i v e .  

LUCKE See Sect i o n  K . 3 .  

MCNAL-l Oppos i t i o n  to Al ternati ves 3b , 4c , and 4d is  note d .  Th i s  commen t ,  a l ong  w i th those from 
other commenters , wa s taken i nto cons i dera t i o n  i n  determ i n i ng the preferred a l ternat i v e .  
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M r .  Robert Pee l e ,  Roane County Leg i s l ator 

P E E LE - l  T h i n k s  t h e  D E I S  i s  a good report a nd w i l l  he l p  the dec i s i on-ma kers  come t o  a reasonab l e  
conc l u s i on .  Ques t i ons  f u rther cons i derati on o f  l ong- d i stance transport o f  the wastes and 
res i dues  when i t  wou l d  cost severa l  m i l l i on dol l ars , cause death for some transport worke r s , 
and the o n l y  ga i n  wou l d  be to remove ore treatment  t a i l i ng s  from a n  area adjacent to a 
hazardous mate ri a l s s i te i n  N i agara F a l l s  and  put them o n  a c l ean , rural  h i l l s i de dra i ned by 
o ne o f  the few rema i n i ng p r i s t i ne streams o n  the Oak R i dge Reservat i o n .  

P E E LE-2  The report s ho u l d  add  the cost of the transportati on death s .  U s u a l l y  i t  i s  some  mi l l i o n s  of  
do l l ars per l i f e .  I t  s hou l d  a l so e s t i mate the va l ue of  reta i n i ng u npo l l uted l and  on the 
Reservat i o n .  

P E E L E - 3  The  conceptual  des i gn s  f o r  waste storage areas at Oak  R i dge  s how l o n g ,  u nbroken s l opes ; th i s  
i s  u s u a l ly  not done to he l p  control  e ros i on .  P e rhaps that ' s a deta i l that s hou l d  b e  rev i sed 
i n  the f i na l  des i gn .  

P EE LE-4  No deta i l s  are g i ven  of what mon i to r i ng wou l d  be req u i red other  than v i s ua l  i nspect i o n  of  
e ros i o n  o f  the waste s i te dur ing  the  200  years . T h i s s ho u l d be e l aborated a l i ttl e i n  o rder 
to see what i ns t i tu t i o n s  wi l l  be requ i red .  

P E E L E - 5  I t  i s  necessary t o  i dent i fy the c o s t  f o r  perpetual  c a r e  for the a s s umed 200-year mai ntenance 
and mon i to r i n g  per i od .  

P E E LE-6  The s tatement  i s  made  twi ce that heal th a nd emergency serv i ces  i n  the  s u rro u nd i ng county 
areas are mo re than  adequate . Roane County does not have pol i ce and f i re protec t i o n  that i s  
adequate by a ny wri tten standards ever  seen  by t h i s  commenter .  

M r .  M i ke Wa l ke r ,  Research a nd Budget  D i recto r ,  C i ty o f  Oak  R i dge , and Sta f f  Representati ve to the 
C i ty ' s  E nv i ronmental  Qua l i ty Rev i ew Adv i sory Board ( EQAB ) 

WALK- l 

WALK-2 

WALK-3 

WALK-4 

EQAB found the statement  to be a usefu l  eva l uat i on o f  the  re l at i ve meri ts o f  the a l ternat i ve 
s i te s .  The  sca l e o f  the i nqu  i ry seems adequat e .  However , concerned about the appropri  ate
n e s s  of s e l ecti ng  spec i f i c  s i tes  w i t h i n  the Oak R i dge Re servat i o n ,  parti c u l ar ly  i n  re l at i o n  
t o  s o i l s ,  drai nage , other D O E  fac i l i t i es , a n d  p r i vate s ector i ndustr i a l  devel opmen t .  I f  
O a k  R i dge were s e l ected as  the p refe rred a l ternati ve , the c i ty wou l d  expect a more thorough  
t reatment o f  these  top i c s .  

T h e  D E I S  does not i nc l ude the c umu l at i ve i mpacts o f  the p roposed fac i l i ty and exi s t i ng 
Oak  R i dge waste storage faci l i t i e s .  

Beyond a mere statement  of  p reemp t i o n ,  the e n v i ronmental  statement does  not exp l ore the 
consequences  to the Oak  R i dge area of remov i ng the P i ne R i dge  Kno l l s  s i te f rom other 
pote nt i a l u ses . Subdi v i d i ng the o r i g i n a l  Exxon t ract may reduce i ts attrac t i veness  for 
other job- produc i ng fac i l i t i e s .  The  s tatement  does not exp l ore the compati b i l i ty of  s to r i n g  
offs i te waste w i t h  l ong- range p l a n s  f o r  Oak  R i dge s e l f- suff i c i e ncy . 

The Oak  R i dge Nat i on a l  E n v i ro nmental  Research Park i s  a d e s i gnated use  for 13 , 000 acres  of  
the Oak  R i dge Reservat i on .  T h i s  fact  i s  not acknowl edged i n  the report.  
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P E E LE - 1  Oppos i t i o n  t o  Al ternati ves 3b , 4c , a nd 4 d  i s  note d .  T h i s  comment , a l ong wi th those from 
other comme n ters , was take n  i nto c o n s i derat i o n  i n  determ i n i ng the p referred a l ternat i ve .  

P E E LE-2  There i s  no acceptab l e  method for a s s i gn i n g  a dol l ar v a l ue to  human l i fe or for reta i n i ng 
l and i n  a g i ve n  cond i t i o n .  

P E E LE -3 I t  i s  noted i n  Sect i o n  4 . 2 . 1 . 3 that drai nage co ntro l measures such  a s  drai nage swa l es to 
c o l l ec t  runoff f rom the p i l e  and r i prapped channe l s  down the s i de s l opes can  be used to 
m i n i m i z e  g u l ly  deve l opment ( severe eros i o n ) .  Howe ve r ,  it i s  a l so noted that wi thout ma i n
tenance , the effec t i venes s of drai nage control  measures wi l l  decrease duri ng the l ong-term 
pe r i o d .  A mod i f i cati on  s u c h  as  hav i ng l es s  s teep s i de s l opes , t h u s  decrea s i ng t h e  average 
s l ope , cou l d  decrease e ros i o n  rates ( see Appen d i x  C ) .  T h i s w i l l  be con s i de red i n  deve l op i ng 
the deta i l ed des i g n  for whi chever a l ternat i ve i s  c hos e n .  

P E E LE-4 Mi t i gati ve mea s u res  and mon i tori ng for other parameters are d i scussed  i n  general  terms u nder 
each · type o f  pote nt i a l i mpact .  D i sc u s s i on of the e n v i ronmental  regu l ati ons  concern i ng 
mon i to r i n g  requ i remen ts i s  prov i ded i n  Sec t i o n  4 . 7 . 1 . Mo re deta i l ed d i scu s s i on of m i t i ga
t i ve mea s u res  a nd mon i tori ng to wh i ch DOE wi l l  be commi tted for the spec i f i c  a l te rnat i ve 
chosen  for i mp 1 ementat i on wi 1 1  be g i ve n  i n  the Record of Dec i s  i on , as requi red by the C EQ 
regu l at i on s  for imp l ementat i o n  of the Nat i onal  E n v i ronmenta l  P o l i cy Act·. ( See a l so 
Responses  LAFAL- 3 ;  NYDEC - 5 , -24 ; USDO I -8 ; USE PA-28 . ) 

P E E LE - 5  T h e s e  c o s t s  a re deta i l ed i n  Appen d i x  F and a r e  presented i n  te rms of annua l  c o st , total  
payout ( for 200 years ) ,  and a s i n k i n g  fund ( see  Tab l e  F . 1 ) . 

P E E L E - 6  A s tateme nt  about t h e  concern regard i ng t h e  adequacy of heal th and emergency serv i ces has 
been  added to Sect i o n  3 . 6 . 6 . 3 ,  p .  3-38 ( see  Sect i on K . 5 ) .  

WALK- 1 Oak  R i dge was not s e l ected as the p referred a l ternati ve .  The concern  about s i te s e l ec t i o n  
w i th i n  the  Oak  R i dge Rese rvat i o n  i s  noted . ( See a l so RYMAN-4 , TDHE- 5 ,  USEPA- 32 , WALK- 3 ,  
YAGER-2 . )  

WALK-2 C umu l a t i ve rad i o l og i ca l  i mpacts are d i scussed  i n  Sect i o n  4 . 1 . 2 . 1 ( p .  4 - 18 ) .  D u r i ng the 
act i o n  peri od whe n  the greatest rad i oact i ve re l eases  are expected to occ u r ,  the p red i cted 
16- rem whol e-body dose  to the gene ral  pub l i c  near Oak R i dge compares to the 200- rem dose 
that i s  p redi cted to occur over the same 10-year p e r i od becaus e  of other ex i s t i ng nuc l ear 
act i v i t i es on  the Rese rvat i o n .  Compari s o n  is  a l so made to the severa l  mi l l i on rem to the 
s ame popu l  at i on  from natura 1 background rad i  at i on  over the same peri  od of t i me .  Other 
c umu l at i ve i mpacts are a l s o cove red , part i c u l ar ly  trans po rtat i o n  i mpacts ( Secti on  4 . 6 . 3 ) .  

WALK-3 More d i scus s i on of the potent i a l ly  s i g n i f i cant  i mpact of p reemp t i o n  of l and at Oak  R i dge i s  
g i ve n  i n  Secti o n  4 . 6 . 1 whe re i n  i t  i s  noted that the P i ne R i dge Kno l l s  s i te i s  cons i dered to 
be a p r i me potent i a l  i ndustri a l  s i te i n  a h i l ly reg i on where s uc h  s i tes  are scarce . I t  i s  
a l s o  noted that there i s  a scarc i ty of waste-management a nd l an d f i l l  s i tes i n  the area and 
that ded i cat i on  of  the Pi ne R i dge Kno 1 1  s s i te to management of the NFSS contami nated 
mate r i a l s w i l l  l es se n  the amount of l and avai l ab l e  for d i s posa l  of other was tes .  The 
P l an n i ng D i rector for the C i ty of Oak R i dge ( Luc i e n  Faust )  has i nd i cated that a l though l and 
is ava i l ab l e  wi th i n  the c i ty for i ndustri a l  deve l opment for the next few years , l and  that 
cou l d  be deve l oped for i ndustri a l  purposes  wi l l  become scarce ; more l and outs i d e  the c i ty 
boundari es ( e . g . , a l ong the P e l l i s i pp i  Parkway ) mi ght be deve l opab l e  ( pe rsona l comm u n i cat i o n  
t o  G .  Wi l l i ams , Argo n ne Nat i onal  Laboratory ,  J u n e  5 ,  1984 ) .  

WALK- 4 

Use  of the P i ne R i dge Kno l l s  s i te wou l d  remove about 24 ha ( 60 acre s )  f rom potent i a l  devel op
me nt i f  al l the NFSS wastes and res i dues we re brought to Oak Ri dge ( Tab l e  4 . 58 ) . The l and 
i n  the val l ey a l ong Bear C re e k  Road wou l d  s t i l l  be  ava i l ab l e  for pote nt i a l  i ndustri a l  deve l op
ment .  One meas ure of the pote n t i a l  i mpact of the preemp t i o n  of the kno l l s  for management  of 
the DOE-owned NF SS was tes and  res i dues is  the potent i a l i ncome that mi  ght accrue to 1 oca 1 
governments i f  the s i te were someday devel oped for commerc i a l  waste ma nageme nt . Based on a 
recent p roposa l  to the c i ty of Oak  R i dge by Wes t i nghouse/H i ttman (January 5 ,  1984 ) , the c i ty 
wou l d  co l l ect $27 m i l l i o n  i f  the same amount of commerc i a l  waste were d i sposed at the P i ne 
R i dge Knol l s  s i te ( $4/ft3 ) .  ( See  a l so Responses  RYMAN-4 , TDHE- 5 ,  USEPA- 32 , WALK- I ,  YAGER-2 . )  

The i n format i o n i n  Sect i on 3 . 3 . 5 has been  co rrected to i nc l ude th i s  fact ( see  Sec t i o n  K . 5 ) .  
De s i gnat i o n  of other port i o ns o f  the Res ervat i o n  as a Nat i o na l  E n v i ro nmental  Resea rch Park 
is  compat i b l e  wi th use  of the P i ne R i dge Kno l l s  s i te for waste d i sposa l . 
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Mr. M i ke Wa l ke r ( Conti nued ) 

WALK-5 The text promi ses  a d i scus s i on i n  Append i x  0 o f  offs i te sources  for f i l l  to cover the waste s ,  
yet the append i x  does not i nc l ude i t .  

WA LK-6 C h em i ca l  mod i f i ca t i o n  o f  the wastes and res i dues was cons i dered for  the N i agara F a l l s  s i te ,  
but not the O a k  R i dge s i te .  

WALK- 7 Geo l og i ca l  fau l t i ng on the O a k  Ri dge Reservat i o n  i s  ment i oned , but fau l ts a re not l ocated 
nor i s  the i r capac i ty i nd i cated.  

WALK-8 The popu l at i o n  a rea  o f  Oak R i dge i s  undere s t i mated i n  f i gures such as F i g u re 3 . 1 3 .  The 
southwe s t  quadrant conta i n s  r e s i dences  a nd the se  may be c l osest  to the proposed d i sposa l 
s i te .  

WALK-9 Oak R i dge i s  l ocated in  both Anderson and Roane count i es , not j us t  Anderso n .  

WALK- I0 Be l i eves  that the  Norfo l k- Southern Ra i l way has acces s to the Oak R i dge Gaseous D i ffu s i on 
P l ant as we l l a s  to the c i ty of Knoxv i l l e .  

M s .  Suzanne  Wi l l i ams , Res i dent , Anderson County 

WI LLS- l Opposed to the opt i o n  o f  b r i n g i ng the N i agara F a l l s  Storage S i te l ow- l ev e l  rad i oact i ve wa s te 
to O a k  R i dge . Peop l e  do not want mo re waste b rought here.  

WI LLS-2 S uggests  that the taxpaye r ' s money wo u l d  be much better spent  i n  c l ean i ng up the s i te s  on 
the Oak R i dge Reservat i o n , that it wi l l  be d i f f i c u l t  to attract other i ndustri e s  i f  the area 
becomes known as  a n uc l ea r  wa ste dump , a nd that the O a k  R i dge a rea i s  a very poor area for 
waste d i spo s a l  because of i ts geo l ogy and hydro l ogy . 

Mr .  Ken Yage r ,  Roane Cou nty Exec u t i ve 

YAG E R  S e e  Sec t i o n  K . 3 .  

M r .  James Young ,  Res i dent , Roane County 

YOUNG- l Opposes th i s  proposa l  [ to po s s i b l y  b r i ng NFSS was tes  a nd/o r res i dues to O a k  R i dge]  veheme n t l y  
becau s e  there are enough  prob l ems i n  th i s  a rea wi thout i mport i ng any more . T h e  p a s t  h i s tory 
of DOE [ O a k  R i dg e ]  opera t i o n s  shou l d  be ta ken i nto con s i dera t i o n .  T h i s state i s  i n  troub l e .  

Mr .  Larry C a l dwe l l ,  Hanford O vers i ght Commi ttee , Wa s h i ngton 

CALD - l  The Manhattan E ng i neer  D i stri ct w a s  n o t  fo rmed t o  wi n the war for Was h i ngton State a l one . 
The fru i ts of v i ctory over the Ax i s  powers were enjoyed by a l l  o f  the states and regi ons . 
Therefore , s i ncere l y  b e l i eves that the burden s  shou l d  be s ha red i n  a n  equ i tab l e  manner .  The  
peop l e  of the Northwest  a re t i red of acti ng a s  the  nati o n ' s  g a rbage dump . They do not wan t  
t h e  N i agara F a l l s  wa s tes  or res i dues . They want  Hanford c l eaned u p .  

M r .  Robert Ferguson , T r i - C i t i es Nuc l ear  I ndustr i a l  Counc i l ,  Was h i ngton 

F E RG - l  

F E RG-2 

F ERG-3 

Suggests p re se nt i ng the radon i nfo rma t i o n  so that it can be re l ated to commo n doses  that 
peop l e  experi ence i n  the i r  everyday l i v i ng .  

Be l i e ves that the state o f  Wa s h i ngton shou l d  not b e  the d i sposa l  s i te for a l l rad i oact i ve 
wastes and strong ly  opposes  tne tra n s fer  of the wastes  from NFSS .  Be l i eves  that other 
regi ons , too , s hou l d  bear a s i m i l ar ob l i ga t i o n  to a s s ume the i r  fa i r  s ha re o f  respons i b i l i ty .  

Hanford c l ear ly  s tands out as  the mos t  expens i ve a nd i mprac t i c a l  a l ternat i ve .  Expend i ture 
of over a quarter o f  a b i l l i o n  dol l ars  when compared to the much sma l l er costs  of other 
wo r kab l e  a l ternati ves  wou l d  be a g ro s s  i n s u l t  to the Ame r i can  taxpayer s .  
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It i s  noted i n  Sect i o n  4 . 2 . 3 that l im i ted supp l i e s  o f  sand and grave l may be ava i l ab l e  i n  
Roane and Anderson count i e s  and that the req u i rements  for the cover system at the Oak  R i dge 
s i te may stra i n  ex i s t i ng s upp l i e s  o r  may compete w i t h  ex i st i ng o r  future demands for these 
mate r i a l s .  F i l l  req u i rements are g i ven  in  Tab l e  0 . 10 .  Spec i f i c  s i tes  for sources  o f  f i l l  
mate ri a l s wou l d  be i de nti f i ed at a much l ater stage i n  the dec i s ion-maki ng proces s as  part 
o f  p roc u rement e fforts a fter a Record of Dec i s i o n  i s  reached and a fter deta i l ed de s i gn 
e ng i neer i n g  is  comp l eted . 

O n l y  mod i f i cati o n  o f  the re s i dues  at NFSS was c o n s i dered . Analys i s  s howed that mod i f i cat ion  
o f  the  res i due form prov i ded l i ttl e bene f i t  wi th respect to  e i ther  radon emanat ion  o r  con�  
tam i nant m i g rati o n  i n  groundwater ( Sec t i o n  4 . 1 . 2 . 2  and  4 . 2 . 2 . 3 ) , so  it  was not c o n s i dered 
f u rther.  

T h i s i nfo rma t i o n  is  s umma r i zed i n  Sec t i o n  3 . 3 .  Mo re deta i l ed i n fo rma t i o n  can  be found i n  
the referenced reports . 

WALK-B F i g u re 3 . 13 is not meant to s how popu l at i o n  d i s t r i b u t i o n ; rather it is meant to s how re l at i ve 
l ocat i o n s  o f  v a r i o u s  deve l opme nt s .  The l oc a t i o n s  of nearby i nd i v i dua l s  for wh i c h  spec i f i c  
rad i o l og i ca l  doses were c a l c u l ated are s hown i n  Tab l e  4 . B  and i nc l ude a re s i dence  l ocated 
south- s outhwest  o f  the P i ne R i dge Knol l s  s i te .  

WALK-9 The f i rs t  paragraph of Sect i o n  3 . 3 . 5 has been co rrected to i nc l ude Roane County .  

WALK-10 Sec t i on 0 . 5 . 4 . 1 has  been corrected to i nc l ude the Norfo l k  Southern connec t i o n .  

WI LLS- 1 Oppo s i t i on to A l ternat i ves 3b , 4c , and 4d i s  noted.  T h i s  comment , a l ong w i th those from 
other commenters , was taken i nto con s i de rat i o n  i n  determi n i ng the prefe rred a l ternati ve . 

WI LLS-2  Op i n i o n  i s  noted .  DOE prefers  to manage the NFSS  was tes  and res i dues at NFSS  and  not remove 
them to Oak R i dg e .  D O E  i s  a l so conduct i ng exte n s i ve stud i e s' t o  def i ne t h e  extent o f  contam i 
nat i o n  a t  O a k  R i dge , and p l a n s  a re be i ng prepared t o  ta ke approp ri ate remed i a l  act ions  a t  
O a k  R i dge . 

YAGER  See  Sec t i o n  K . 3 .  

YOUNG- 1 Oppo s i t i o n  to A l ternati ves 3b , 4c , and 4d i s  noted.  T h i s  commen t ,  a l ong wi th those from 
other comme nters , was taken i nto cons i derat i on i n  determ i n i ng the prefe rred a l ternati ve . 

CALD-l Recommendation  aga i n s t  Al ternat i ve s  3a , 4a , and 4b is note d .  Th i s  comment , a l ong  w i t h  those 
f rom other comme nters , was  ta ken i nto cons i de ra t i o n  in  determ i n i ng the preferred a l te rna t i v e .  

F E RG - 1  Compari sons  t o  everyday l i v i ng are g i ve n  i n  s e v e r a l  parts o f  the E I S .  I n  Sec t i o n  4 . 1 . 2 . 1 ,  
doses  duri ng the acti o n  peri od are compared to doses  f rom natural  bac kgro u nd rad i at i o n .  The 
doses  at N i agara Fa l l s  are compared to hav i ng each member o f  the expo s ed popu l at i o n  spend 
the 10-year act i o n  p e r i od at a 3 . 5-cm ( 1 . 4 - i n . ) h i gher e l evati o n .  Compari sons  are a l so 
g i ven  i n  Sec t i o n  4 . 1 . 2 . 2 a nd 4 . 1 . 2 . 3 .  

FERG-2 Recommenda t i o n  aga i n s t  Al tern a t i v e s  3a , 4a , and 4b is  note d .  Th i s  comme n t , a l ong wi th those 
from other comme n ters , was taken i nto con s i dera t i o n  in  determ i n i ng the prefe rred a l ternat i ve .  

F E RG-3  Recommenda t i o n  aga i ns t  Al ternat i ve s  3a , 4a , and 4b is  noted . Th i s  comment , a l ong  wi th those  
f rom other  commenters , was taken  i nto cons i derat i o n  in  determ i n i ng the preferred a l terna t i v e .  
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