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FOREWORD 

Thi s draft envi ronmental  i mpact  statement ( D E I S )  analyzes the envi ronment a l  eff ects  of 
the Department of Energy ' s  ( DOE ) propos al  to resume operat i on of the P l uton i um and Uran i um 
Extrac t i on ( PURE X )  and Uran i um Ox i de ( U03 ) chem i c a l  p rocess i ng fac i l i t i es whi c h  are 
l oc ated on the Hanf ord S i t e  near R i c h l and, Wash i ngton . The PURE X and U03 fac i l i t i es are 
used to p rocess  i rradi ated fue l s  and sep arate p l uton i um ,  uran i um and neptun i um for use  i n  
DOE's defense and researc h  and deve l opment program .  The PURE X and U03 p l ants were u sed 
from 1956 to 1972 to p roc ess the i rr adi ated fuel s p roduced by up to n i ne p roduct i o n  reactors 
l oc ated on the Hanford S i te.  

After t he PUREX and U03 fac i l i t i es had p rocessed the i nventory of i rrad i ated fue l s  
avai l ab l e i n  1972 , the i r operat ion  on  a cont i nu i ng bas i s  t o  p roc ess the f u e l  p roduced i n  
N-Reactor ( the on ly  reactor cont i nu i ng i n  operat i on at Hanford ) was n o  l onger econom i c a l  and 
p l ans  were made to operate the fac i l i t i es on a batc h bas i s  when suff i c i ent quant i t i es of 
i rrad i ated fue l  were avai l ab l e  for proces s i ng and p l uton i um was requ i red for defense program 
and researc h and devel opment purposes . Therefore , the PUREX and U03 fac i l i t i es have been 
mai ntai ned i n  standby condi t i on s i nce 1972 . Duri ng thi s standby p eri od ,  mod if i c at i ons  have 
been made to the f ac i l i t i es to m i t i g ate  the  envi ronmental  imp ac t  of t he i r  operat i on and 
mai ntai n the i r  operat i ona l  vi abi l i ty.  I t  has  now been determi ned that  process i ng of  the  
i rrad i ated f ue l s is  requ i red to meet the n at i o n's defense needs and researc h and  devel opment 
need s .  Thi s  DE I S  ana lyzes the envi ronmenta l  impacts  as soc i ated w ith  resumi ng op erat i on s  of 
the PUREX/U03 f ac i l i t i es ,  and a l ternat i ves thereto . 

The waste proces s i ng and management aspec ts of op erat i ng the PUREX and U03 fac i l i t i es 
were descri bed and ev al u ated i n  det ai l i n  ERDA-1538, F i na l  Env i ronmenta l  Statement, Waste 
Management Operat i ons  Hanf ord Reservat i on, R i c h l and, Washi ngton, (December 1975), as 
supp l emented by DOE/Efs-0063, F i na l  Env i ronmental  I mpact Statement. S uppl ement to ERDA-1538. 
Doubl e-She l l Tanks for Def ense H i gh Level Radi oact i ve Waste Storage.  (Apri l 1980a) . Thi s 
DEIS s ummarizes those impac t s  and updates the i nformat i o n  contai ned i n  the  ear l i er doc uments 
where appropri ate. 

Thi s DE I S  was prepared in accord anc e w ith  t he reg u l at i ons  of the Counc i l  on 
Envi ronmenta l  Qu a l i ty ( 40 CFR P arts 1500-1508) and the Department of Ener�y G u i de l i nes for 
I mp l ementat i on of the CEQ Reg u l at i ons  ( 4 5  FR 20694 ) . A Not i c e  of I ntent (NO I ) to prep are an 
E I S analyzi ng the resumpt i on of operati on of the PUREX and U03 fac i l i t i es was pub l i shed i n  
the Federal Reg i ster o n  January 22 ,  1981 ( 46 F R  7049 ) ,  and was provi ded d i rectl y  t o  the 
state governments of Wash i ngton,  Oregon , and I daho , l oc a l  governments in the Hanford reg i on ,  
and the l oc a l  news med i a. A tot a l  of twenty-one comment l etters were rec e i ved i n  response 
to the NO I .  Wh i l e  most of the l etters only requested cop i es of the DE I S  when i ssued , four 
l etters contai ned comments regard i ng the  preparat i on of the D E I S  and those comments were 
consi dered i n  preparati on of th i s  document . 

Thi s DE I S  i s  bei ng made avai l ab l e  to appropri ate Federa l , State and l oc a l  ent i t i es and 
members of the g eneral p ub l i c in order to prov i de those part i es w ith  an opportun i ty to 
rev i ew and c omment on the  document .  The c omments recei ved on th i s DE I S  wi l l  be assessed and 
cons i dered by DOE i n  i t s  preparat i on of the f i na l  E I S  and the c ontent of the doc ument wi l l  
b e  revi sed a s  appropri ate .  The f i na l  E I S  w i l l  b e  transm i tted t o  c ommenti ng agenc i es ,  made 
avai l ab l e  to members of the p u bl i c  and f i l ed wi th  the Envi ronmental  Protect ion  Agency ( EPA) . 
EPA w i l l  p ubli sh  a not i c e  i n  the Federal Reg i ster i nd ic at i ng that DOE has f i led the f i na l  
E I S .  DOE wi l l  make a dec i s i on o n  the p roposed act i o n  not earl i er than t h i rty days after EPA 
has pub l i shed the Federa l  Reg i ster not i ce.  DOE wi l l  record its dec i s i on in a pub l i c ly 
avai l ab l e Record of Dec i s i o n .  

i i i  
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EXECUT I V E  SUMMARY 





1 . 0  EXECU T I V E  SUMMARY 

Th i s  i s  an envi ronment�l i mp act  st atement ( E I S )  on the resump t i on of i rr ad i ated fuel  
process i ng at  the  PURE X / UO t a )  faci l i t i es l oc ated at the H anford S i te,  near the Tri -C i t i es 
( R i ch l and , Kennew i c k  and P asco ) i n  southeastern Wash i ngto n .  Th i s  E I S  descr i bes : 1 )  the 
proposed act i on ( resumpt i on of chemi c a l  proces s i ng i n  the PUREX / U0 3 faci l i t i es i n  FY 1984 ) 
and the reason ab l e  al ternat i ves , and 2 )  the poten t i a l  env i ronmenta l consequences of the 
proposed act i on"and the a l ter n at i ves . I n  Tab l e  1 . 1 ,  the  proposed act i on and i ts 
a l ternat i ves are summar i zed . 

The PURE X / U03 faci l i t i es were operated for 1 7  years , from 195 6  to 1972 , and h ave  been 
mai ntai ned i n  operat i on a l  standby s i nce 1972 S i nce  about  1975 , i n  accordance w i th 
i mprovem�nt needs i dent i f i e d  i n  ERDA-1538 , ( bl these f ac i l i t i es h ave  been s ubstant i a l l y  
mod i f i edtC) to m i t i g ate potent i a l  env i ronmenta l  con sequences pr i mar i l y  by reduc i ng the 
emi ss i ons to the env i ronment and i mprov i ng the safety and sec u r i ty of operat i o n s .  

1 . 1  PURPOSE AND NEED  

The  purpose of th i s  E IS  i s  to exam i n e  and  comp are the  env i ronmen ta l  i mpacts of 
react i v at i ng the PUREX / U03 fuel  process i ng f ac i l i t i e s  at DOE's H anford S i te near R i ch l an d ,  
Washi ngton ( the proposed act i on ) and the env i ronmenta l  impacts  o f  al ternat i ve s  t o  the 
proposed act i o n . P ursuant  to i ts programmat i c  respons i b i l i t i es ,  one of wh i ch i s  to deve l op 
and m�i ntai n a capab i l i ty to produce nuc l ear materi a l s for the U . S .  defense programs , 
DOE ( d ) h as determ i ned that add i t i on a l  near-term chemi cal  process i ng of i rr ad i ated fue l s i s  
necess ary to meet p l uton i um req u i rements i nc l ud i ng research and deve l opment programs . 
Further d i scuss i on of purpose and need i s  presented i n  C h apter 2 . 0 .  

1 . 2  PROPOSED ACTION  AND ALTERNAT I V ES 

C h apter 3 . 0  descri bes  the proposed act i on and i ts a l tern at i ves in deta i l ;  a summary 
compar i son i s  presented i n  Tab l e 1 . 1 .  

1 . 2 . 1  Proposed Act i on 

The proposed acti on i s  def i n ed as  the res ump t i oQ Qf operat i o n  of the  H anford 
PUREX / U03 f ac i l i t i es to proces s i rr ad i ated N-R e actor te} equ i v a l en t  f u e l  i n c l ud i ng the  
N-R eactor fuel  wh i ch h as accumu l ated s i nce 1972 , p l u s  that wh i ch wi l l  be produced d u r i n g  the 

( a )  PUREX i s  an acronym for P l uton i um URan i um EXtract i o n ,  and U03 i s  the chem i cal  formu l a  
for uran i um tr iox i d e .  Bo th fac i l i t i es are chem i c a l  proces s i ng fac i l i t i es; no nuc l ear 
f i s s i on or energy generat i on i s  i nv o l ved i n  these f ac i l i t i es .  

( b )  The F i n a l Env i ronmental  Statement o n  Waste Managemen t  Operat i o n s , Hanford Reservat i on 
( ER DA-1538 , December 1975 ) and Supp l ement to ER DA-1 538 on  Storage of H i 9h-Level Waste i n  
Doubl e-Shel l  Tan k s  ( DOE / E IS-0063 , Apr i l 1980 ) d i scuss  i n  detai l the  waste man agement 
aspects of the proposed act i on and the env i ronmental  conseq uences . 

( c )  The cost of the  mod i f i cat i on s  has  b een about  $40 mi l l i on d ur i ng 1975-1979.  The 
est imated cost of the  react i v at i ng effort for the  PUREX / U03 fac i l i t i es duri ng 
1980-1984 i s  appro x i mate l y  $ 1 1 0  m i l l i o n .  Th i s  i nc l udes costs f o r  p l ant mod i f i cat i ons  
and  staff trai n i ng ;  i t  does not i nc l ude costs  for p l ant ma i nten ance i n  operat i on a l  
standby. 

( d )  The Department of  Energy has the statutory respons i b i l i ty to produce the p l uton i um 
needed for n at i on a l  defense per  the Atomi c  Energy Act of 1954 as amended . The 
determ i n at i o n  of the  n eed for p l uton i um i s  an act i on by the  P re s i dent and the  Congress 
wh i ch i s  beyond DOE ' s  scope of  author i ty .  

( e )  Th i s  i s  a n u c l ear reactor wh i ch h as operated s i nce 1 963 a t  H anford; i t  has  produced and 
is  produc i ng i rr ad i ated fuel  contai n i ng p l uton i um for defens e  and research and 
deve l opment purposes and by-product ste am for generati ng e l ectri c i ty .  
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I-' 
N 

A l ternat ive 

Proposed Action 
(Resumption of 
PUREX/U03 P l ant 
Operat i ons). 

No Act i on 
(cont i nue the 
present act i on). 

Construct New 
Fuel Proces
s ing P I  ant at 
Hanford. 

Process Fuel 
Offsite 

TABLE 1.1. Comparison of Proposed Action and Al ternatives 

Potentia l  
Advantages 

No change from 
h istoric site use. 
Meets nat iona 1 
defense needs. 

Could reduce amounts 
to be re l eased 
depending on future 
dec is ions. 

Reduced near-term 
rel ease of radionu
clides to env ironment. 

At SRP c l adding 
hu l l s  become sol i d  
waste instead of 
1 iquid waste. 

Potential 
Disadvantages 

Release of some 9ase
ous fission products, 
oxi des of nitrogen, 
and tritiated water 
to environment. 

Cons truc t i on of 
additional fuel 
storage fac i l ity. 
Does not meet 
programmat i c  needs. 

Major construct i on 
effort. New facility 
decomissioning effort. 
Additional fuel 
storage needed. 
Does not meet program
matic needs prior 
to 1 990 .  

Personnel exposure 
from extra fuel hand
l i ng . Risk of 
transportation 
acc i dents . No 
significant reduction 
in rel eases to 
environment. 
Additional fuel 
storage needed . 
Does not meet 
programmatic 
needs prior to 1986 . 

Potent ia l  Effects on 
Program Needs 

Earliest possib l e  
availabil ity of 
p l utonium. 

Indef i n i te del ay of 
p l utonium avai l abi l
i ty.  

Del ay i n  p l utonium 
avail abi l i ty .  

Delay in pl uton i um 
ava i l ab i lity. 

Potential 
Radioac t i ve 

Emi ss ions 
85Kr 14C and 
Dart

'
of 1�91 �nd 3H as gases; H ,  

8-emitters, and Z39pu as both 
gases and l i qu i ds. 

Deferred until l ater 
dec i sions are made. 
Some potential for 
rel ease during fuel 
storage. 

Reduced rel ease of 
85Kr and 14

C .  
Possib le  reduct i on 
i n  other routine re
leases. Additional 
re l eases from decom
missioning. 

Simi l ar to proposed 
act ion. I ncreased 
risk of re leases 
during fuel 
transport and 
hand l ing . 

Potential 
Construction 
Requi rements 

Minor addi tional  
mod i f icat i ons. 

C onstruct ion of 
fuel storage 
fac i l i t ies. 

Major construct i on 
of processing 
p l ant .  Construc
t i on for new fue l 
storage fac i l ities. 

Shipping fac i l i t i es 
and casks. New 
shear- leach 
fac i l  it ies. New 
fuel storage 
fac i 1 i t  ies. 

Potential Envi ronmental / 
Socioeconomic Effects 

No perceptib l e  adverse 
impac t .  (No increased 
demands for housing , 
schoo l s ,  mun i c i pal  
serv ices . )  

Unchanged from present 
status. 

Need to decomm i s-
sion another fac i lity. 
I ncreased l and use. 

Exposure to public 
during transportation 
of i rradiated fue l .  



proposed campa i gn .  Tentati vely, th i s  c amp a i gn wou l d  commenc e  i n  FY 1 984 and extend to about 
the year 2000 . 

For the proposed act i o n ,  the b as i s  used  to an a l yze the eff l uent quant i t i es and 
env i ronmental  c onsequences is an assumed 1 6  years of PUREX / U03 operat i 9n commenc i ng i n  
1 984 , proces s i ng u p  to 3000 MT of N-Reactor equ i va l ent i rradi ated fuel \ a )  per year . The 
3000 MT /yr proces s i ng rate for 1 6  years represents the max imum pos s i b l e  proces s i ng rate i n  
the Hanford PUREX fac i l i ty and i s  i ntended tp prov i de the "worst case"  impacts o r  the upper 
bound of the potent i al env i ronmenta l  c onsequence s .  However , the act u a l  l eve l  of operat ion  
may not  reach  that rate and i n  the  i n i t i a l years of operat i on of the PUREX  fac i l i ty the  more 
l i k e l y  process i ng rate i s  projected to be i n  the 1050 to 2 100 MT/yr r ange .  Impacts at  these 
l ower proces s i ng  r ates are descr i bed i n  Appen d i x  D .  

The an a l ys i s  i s  bas ed o n  process i ng 1 2  percent 240pu  N-Reactor f u e l  a s  the reference 
f u e l ;  however , other fue l s  that are s im i l ar to the N-Reactor fue l and compat i b l e  w i th the 
ex i s t i ng process  may be  processed at PUREX .  For  examp l e ,  about 16  MT of PWR  Core-I I b l anket 
as semb l i es from DOE ' s  Sh i pp i ngport Reactor are presentl y stored at H anford and wou l d  be 
processed at PUREX .  Th i s wou l d  b e  comparab l e  t o  process i ng a max i mum o f  69  M T  o f  N-Reactor 
reference fue l . Add i t i ona l  fue l from the Sh iPR i ngport Reactor , as we l l  as s i mi l ar f u e l  may 
be processed i n  the future . The env ironmenta l  i mpacts from PURE X / U03 when process i ng 
other s im i l ar fue l s  wou l d  not be expec ted to exceed those descri bed for process i ng 
3000 MT/yr of the reference N-Reactor fue l . 

The PUREX / U03 fac i l i t i es cons i st of chem i c a l  proces s i ng f ac i l i t i es used  dur i ng the 
1956-1972 per i o d .  Mod i f i cat i on s  i dent i f i e d  i n  ERDA-1538 have been i ncorporated i n to the 
fac i l i t i es s i nc e  1975 .  Those of  major s i gn i f i cance wi th respect to mi t i gat i on of  rou ti ne or 
potent i a l env i ronment a l  and safety impacts i nc l ude  the fo l l ow i ng :  

• add i t i on a l  g aseous and l i q u i d  eff l uent contro l improvements for reduc i ng emi s s i ons 
to the env i ronment 

• upgraded ven t i l at i o n  systems at PUREX p l ant ,  i nc l ud i ng a th i rd vent i l at i on f i l ter 
before the mai n stack  wh i ch w i l l  remai n in  standby ( backup ) mode d ur i ng operat i on 

• i ncorporat i o n  of a p l uton i um o x i d e  prepar at i on system i n  the PUREX bu i l d i ng to 
produce a so l i d  product for offs i te sh i pment and e l i m i n ate the need to transport 
p l uton i um n i tr ate s o l ut i ons to the previ o u s l y  used o x i de convers i on un i t  l oc ated 
8 km (5 m i l  away 

• i nstal l at i on of add i t i ona l  securi ty and  s afeguards procedures and systems for 
spec i a l  n u c l ear mater i al s  

• a new cr i ttca l i ty a l arm sys tem to i mprove cr i t i ca l i ty detec t i on and perm i t more 
effec t i ve m i t i gat i ve steps 

• upgraded vent i l at i on systems at the U03 p l ant product l oadout stati on 

• upgraded fire protec t i on systems at both PUREX and U03 p l ants 

• new waste transfer l i nes 

• sei sm i c  upgrades . 

These i mprovements w i l l  m i t i g ate ( reduce to l ower l eve l s th an descr i bed i n  
ERDA-1538)  the env i ronmenta l  impac t s  and i mprove safety aspec ts as fo l l ows : 

( a ) N-Reactor equi v a l ent  fuel  i s  def i ned as fue l  1 )  whose i sotop i c  compo s i t i on i s  s im i l ar to 
that of N-Reactor irradi ated f ue l  an a l yzed i n  th i s  E I S  and 2 )  whose env i ronmental  
c onsequences for process i ng at the H anford PURE X / U03 fac i l i t i es wou l d  not  exceed the 
consequences descr i bed  i n  th i s  E I S .  
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• The r ad i onu c l i des (major f i ss i on p roducts  except tri t i um ) ( a ) i n  the process 
c ondensates d i scharged to the ground v i a  cr i bs ( see Tab l e  0 . 8 )  w i l l  be reduced to l es s  
than 5 0  percent o f  the 1 972 v a l ues . S i m i l ar ly ,  p l uton i um conta i ned i n  l i q u i d  eff l uents 
d i scharged to c r i b s  wi l l  be reduced from about 4 C i / yr ( detec t i on l i m i t )  to an 
estimated 0 . 4  C i / yr .  The r ad i onuc l i des contai ned i n  the ammon i a  scrubber wastes 
( p rev i ous l y  sent d i rect l y  to c r i bs ) w i l l  be concentrated by d i s t i l l at i on and stored i n  
underground doub l e-s he l l t an k s .  

• The r i sk  of tneft or  sabotage w i l l  be  reduced b y  enhanced s afegu ards f o r  spec i a l  
nuc l ear mater i a l s and i mproved p l ant protec t i o n  measures . 

An add i t i ona l  mod i f i c at i on cons i dered but  not i nc l uded i n  the proposed act i on i s  as fo l l ows 
( see deta i l s  i n  Chapter 3 . 0 ) : 

• Recoveri ng 85Kr  gas from f u e l  d i s so l ver off gases p r i or to d i scharge to the 
env i ronment v i a  the 61-m ( 200-ft ) stac k .  The est i mated c ap i ta l  cost wou l d  be  
$20  m i l l i on for c o l l ec t i on equ i pment ,  p l us about  $150 m i l l i on for storage 
fac i l i t i es .  

PUREX operat i on s  w i thout th i s  mQd1f i c ati on w i l l res u l t i n  d i scharges and doses be l ow 
ap p l i c ab l e  g u i de l i nes  ( DOE 5480 . 1A ) . \ D ) Therefore , the Department of Energy does not 
con s i der th i s  mod i f i c at i on to be necess ary .  

Waste Treatment and Man agement 

The proposed act i on w i l l  generate  c u r rent ac i d  waste ( h i gh- l eve l  l i q u i d  r ad i oact i ve 
waste cont ai n i ng most of the f i ss i on products such as 13/C s ,  90S r ,  etc . )  wh i ch w i l l  
i nc rease the amount  of waste at  the Hanford S i te that mus t  be  managed . Two opt i ons for 
treat i ng th i s  waste are : 1 )  d i rect l y  nI�7r al i ze 96e waste for i nter i m  storage and 
2 )  process  waste in B-P l ant  to recover Cs  and Sr.  Current p l ans c al l for d i rect 
neutral i z at i on of the waste ; however , both these opt i on s  have  been emp l oyed at H anford 
p re v i o u s l y ,  a s  d i s cu s sed i n  ERDA-1 538 ( USERDA 1 9 7 5 ,  pp  1 1 . 1-31-36 ) .  T h e  vo l ume of 
h i g h- l evel waste aen�rated by process i ng approx imate l y  48 , 000 MT of f u e l  over 16 years wou l d  
be about 3 . 4  x 10 m ( 8  x 106 g a l ) for e i ther opt i o n .  Adg i t1ona l l y , h i �h- l evel  waste 
gener ated from the c l ad d i ng removal  step wou l d  be 2 . 9  x 10  m ( 6 . 8  x 10 ga l ) and i s  
common to both opt i on s .  B-P l ant operat i on wou l d  generate four l ow- l ev e l  rad i oact i ve l i qu i d  
eff l uents : 1 )  p rocess conden sates , 2 )  steam conden sate s ,  3 )  chem i c a l  s ewe r ,  and 4 )  c oo l i n g  
water . T h e  f i rst  two a r e  d i s ch arged to cr i b s  a n d  t h e  l ast  two t o  a trench a n d  pond , 
respec t i v e l y .  The ann u a l  averag e  r ad i oact i v i ty l eve l  i n  a l l streams w i l l  be w i t h i n  the 
rad i at i on protec t i ons  stand ard s out l i ned i n  DOE 5480 . 1A .  The bo i l i ng waste res u l t i ng from 
e i ther opt i on wou l d  be  stored i n  t an k s  des i gned  for that purpos e .  Storage o f  wastes in 
doub l e-she l l  t anks  was d i scussed i n  det ai l i n  ERDA-1 538 ( USERDA 1975 ) and DOE / E I S-0063 
( USDOE 1 980b ) .  V apors generated from the bo i l i ng waste are decontam i n ated and s ent to a 
c r i b .  I f  48 , 000 M T  o f  f u e l  i s  proces sed over 1 6  yrs ( 3000 MT/yr case ) ,  25  new doub l e-she l l  
t an k s  wou l d  be requ i red to man age the neutral i zed h i gh- l eve l  l i qu i d  waste that wou l d  be 
g enerated from the proposed act i o n ;  i f  on l y  10 , 000 MT of f u e l  were processed , about 6 new 
doub l e-she l l tan k s  wou l d  be requ i red . Appropri ate env i ronmental  rev i ew wou l d  be performed 
p r i or to construct i on of the waste t an k s . 

( a )  The est i mated tr i t i um d i scharge i n  the reference operat i ng year ( 3000 MT / yr ) i s  
50 , 000 C i / yr .  Th i s  i s  appro x i mate l y  7 t i mes  that o f  1 972 when 1013 MT of fue l  were 
proces sed . Th i s d i fference i s  due to the ass umed h i gher burnup  of the fuel and the 
h i g her p rocess i ng rate assumed for the "worst  case"  an a l ys i s .  Based on data from p r i or 
H anford operat i on s ,  the i mp act  of the 3H wou l d  be w i th i n  acceptab l e  gu i de l i n e s .  See 
Sect i on 5 . 1 . 1 . 2 . 

( b )  DOE Order 5480 . 1A ,  Ch apter X I , estab l i shes g u i de l i nes for acceptab l e  l eve l s  of 
r ad i oac t i ve mater i a l i n  eff l uents  from DOE and DOE-c on tractor f ac i l i t i es .  Tab l e  I 
g u i de l i nes are for areas to w h i c h  access  i s  contro l l ed for p u rposes of protect i on from 
rad i at i on expos ure , and Tab l e I I  gu i de l i n e s  are for uncontro l l ed areas . See Chapter 6 
for further d i scu s s i on of these standards and g u i de l i nes . 
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1 . 2 . 2 .  Construct New F u e l  P rocess i ng P l ant at Hanford 

An a l t ernat i ve to the proposed act i on wou l d  be to construct a new PUREX p l ant at 
Hanford to proc ess i rradi ated f ue l s  based on c urrent ly  demonstrated tec hno l ogy . 
Benef i t s of th i s  a l ternat i ve as compared to the proposed act i on wou l d  be control l ed by 
the desi gn c r i ter i a whi c h  c ou l d  i nc l ude severa l f eatures for reduced envi ronmental 
impac t s :  1 )  85Kr  recovery,  2)  recovery of 129 1 and 3 )  further reduct i on i n  
occ upat i ona l  exposure.  Sec t i on 3 .2  desc r i bes  the features of a new p l ant , the 
construction  costs ,  imp acts ,  schedu l es and resourc es,  projec ted eff l uents from the new 
p l ant,  effects  of l ead t ime for the new p l ant on p l utoni um avai l ab i l i ty,  and the 
decommi s s i on i ng of the new p l ant . 

For the new p l ant , operational  requ i rements and eff l uents wou l d  be s imi l ar to the 
p roposed act i on exc ept : 1 )  85Kr  re l eases to  the  atmosp here cou l d  be reduced by 
90 p ercent over the re l eases from the p roposed act ion , and 2 )  a s i m i l ar reduc t i on i n  
129 1 re l eases cou l d  be rea l i zed . However , 8�Kr  recovery p l ant operators wou l d  
rece i ve some occ upat i on a l  exposure and acc i denta l  rel ease of the stored krypton wou l d  
b e  a poss i b i l i ty .  Me l l i ng er ( 1980 ) has eva l uated 8�Kr  management t radeoffs w ith  the 
conc l u s i on that it makes l i tt l e  d i fferenc e to the mag n i t ude  of wor l d  pop u l at i on dose 
whether 85Kr  i s  co l l ected and stored , or rout i nely re l eased to the atmosp here . 

The overal l  cost of con struc t i on and operat i on of a new p l ant wou l d  exc eed 
$1 . 5  b i l l i on ( 1981 dol l ar s )  and i nvo l ve a major s i te preparat i on and construc t i on 
act i v i ty .  Such act i v i ty wou l d  have l oc a l  soc i oeconomic  impacts  i n  the areas of 
hou s i ng ,  hea l t h  and pub l i c  serv ices ,  and traff i c  hand l i ng c ap abi l i t i es .  S i g n i f i c ant 
resourc e  requ i rements for the new p l ant wou l d  i nc l ude : 

L and 

For p l ant f ac i l i t i es 
For park i ng ,  storage, 

temporary f ac i l i t i es ,  etc . 

Construc t i on Materi a l s  

Concrete 
Steel 
Copper 
Water 

40 ha ( 100 acres ) 
60 ha ( 150 ac res ) 

1 . 4  x 105 m3 ( 1 . 8  x 105 yd3 ) 
3 . 1  x 104 MT ( 3 . 3  x 104 tons ) 
180 MT ( 200 ton s )  
2 . 2  x 105 m3 ( 5 . 8  x 107 g a l ) 

About 2 . 3  x 104 m3 ( 6 . 1  x 106 g a l ) of petro l eum p roduc ts  wou l d  a l so be needed i n  
add i t i on to a peak e l ec t ri c ity demand of 3 . 7  MWe .  A rai l road spur  and a 2-l ane p aved road 
wou l d  be needed on the j ob s i te .  

The new p l ant construct ion wou l d  requ i re about 8 years from p re l im i nary eng i neeri ng to 
i t s  operat i o n .  I nc l ud i ng t h e  t ime requ i red for app rop r i at i on o f  fund s ,  t h e  new p l ant 
startup cou l d  not occ u r  before 1990 , a de l ay of 6 years from the sc hed u l e  for the p roposed 
act i o n .  Thu s ,  avai l ab i l i ty of p l uton i um wou l d  be de l ayed by about 6 years beyond 1984 when 
p l uton i um wou l d  be avai l ab l e  if the p roposed act i on i s  imp l emented . A l so ,  if the process i ng 
of f u e l  were not to beg i n  by mi d-1985 , add i t iona l  fue l  storag e for N-Reactor wou l d  be needed . 

The new p l ant ,  i f  bu i l t ,  wou l d  requi re event u a l  decomm i s s i on i ng w ith  i ts assoc i ated 
so l i d  waste generat i on and other impac t s .  The cost of d i smant l i ng the new PUREX p l ant wou l d  
be about $1 10 mi l l i on ( 1 981 dol l ars ) ;  t h i s wou l d  b e  i n  add i t i on to the cost of d i smant l i ng 
the ex i st i ng PUREX p l ant . 

1 . 2 . 3  P roc ess F u e l  Offs i te 

Another a l ternat i ve to the p roposed act i on wou l d  be to p roc ess the N-Reac tor referenc e 
fue l  at the S avannah R i ver P l ant ( SRP ) process i ng f ac i l i ty l oc ated near A i ken ,  South 
C aro l i na ,  a d i stanc e of 4800 km ( 3000 mi l es )  from H anford . Thi s a l ternat i ve wou l d  i nvo l ve 
s h i pp i ng about 10 , 000 MT of N-Reactor generated i rrad i ated f u e l  by truc k ,  rai l or barg e over 
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a 10-yr per i od .  I f  p l uton i um needs were t o  c ont i nue beyond 1994, then sh ipp i ng of the 
N-Reactor i rrad i ated fue l  from Hanford to SRP wou l d  a l so cont i nue  beyond the 10-yr peri od .  
Major steps i nvol ved in  p rocess i ng the  N-Reactor fue l  off s i te wou l d  be : 1 )  acqu i s i t i on of 
su i tab l e  s h i pp i ng c as k s ,  2 )  rece i v i ng and l o ad i ng the casks  at Hanford , 3 )  transportat i o n  of 
l o aded c asks ,  4) rece i v i ng and u n l oad i ng the i rrad i ated fue l  c asks  at SRP 5 )  return of empty 
c asks  to Hanford , 6) fue l  storage at SRP ,  and 7 )  construc t i o n  of a new shear- l eac h fac i l i ty 
at SRP . 

The c urrent ly  avai l ab l e  spac e  i n  the fue l  storage bas i ns at Hanford wou l d  be exhausted 
by m i d-1985 .  Thu s ,  sh i pment of fue l  wou l d  have to beg i n  ear ly  i n  1985 ,  otherw i se the amount 
of N-Reactor fuel generated wou l d  exceed c urrent ly  approved storage c apac i ty and further 
storage wou l d  be requ i red . 

I tems d i sc u s sed i n  th i s E I S  ( Secti o n  3 . 3 )  u nder the off s i t e  processi ng a l ternat i ve 
i nc l ud e :  1 )  p rev i o u s  experi ence w i t h  s h i pp i ng a n d  p rocess i ng N-Reactor fue l  offs i te,  
2 )  se lec ti on and  avai l ab i l i ty of  c asks for shi pp i ng by rai l and  truc k ,  3 )  feasi b i l i ty and 
rates of offs i t e  transportat i o n ,  4 )  rad i at i o n  doses from rout i ne off s i t e  transportat ion ,  
5 )  transportat i on acc i dents ,  acc i dent probab i l i t i es ,  and  doses from acc i dent s 6 )  fue l  
hand l i ng fac i l i t i es needed duri ng l oad i ng and recei v i ng of  i rradi ated fue l ,  7 )  desc ri pt i on 
of offs i te process i ng at SRP and i t s  impacts ,  and 8 )  est imat i on of overa l l c osts of 
p rocess i ng i rrad i ated f u e l  at e i ther Hanford PUREX or SRP fac i l i t i e s .  

Adopt i on o f  th i s  a l ternat i ve wou l d  have the fo l l owi ng resu l t s :  1 )  p l uton i um 
avai l abi l i ty wou l d  be de l ayed by at l east 2 years beyond 1984 bec ause  of the l ead t i mes  
nec essary for  c ask  p roc urement and  at  l east 4 years to i nsta l l shear-l each equi pment to 
p rocess  N-Reactor fuel  at SRP ,  2)  off s i t e  transport at i o n  of fuel  wou l d  c ause  about a 
3 mrem/yr dose to the maxi mum i nd i v i dua l  by truck transQortat i on w ithout acc i dent s and about 
800 mrem w ith  an acc i dent , whose probab i l i ty i s  5 x 10-5 , 3 )  sUbstant i a l amounts of fuel  
for transportat i o n  and  construct ion  materi a l s  for casks  wou l d  be consumed , 4 )  su bstant i a l 
mod i f i c at i ons wou l d  be needed at the SRP fac i l i ty i nc l ud i ng construct i on of a fue l storage 
fac i l i ty for up to 4 years storage ,  5) the SRP wou l d  have i nc rement a l  envi ronmental  
consequenc es of p rocess i ng s im i l ar to those for the proposed act i on; these wou l d  be w ith i n 
acceptab l e  l im i t s ,  and 6 )  the SRP wou l d  have overal l  p rocess i ng cost s  whi c h  wou l d  be about 
the same as at Hanford PUREX.  S h i pp i ng wou l d  have to beg i n  in  1985 and  step s  to procure 
s u i t ab l e  c asks  shou l d  beg i n  immed i ate ly  or  add i t i ona l  fuel storag e basi ns  wou l d  have to be 
constructed at Hanford to accommodate N-Reactor fuel generated beyond 1985 . 

1 . 2 . 4  No Act i on ( Cont i nue  P resent Act i on) A l ternat i ve 

The no-act ion  a l ternat i ve i s  def i ned as the c ont i nued mai ntenance of PURE X / U03 
fac i l i t i es i n  the c u rrent operat i ona l  standby mode ,  conti nued operat i on of the N-Reactor for 
p l utoni um p roduc t i on at its p l anned operat i ng l eve l ( the N-Reactor a l so provi des about 
4 b i l l i on kWh/yr of by-p roduct e l ectr ic a l  energy to the Pac if i c  Northwest reg i o n )  and not 
p roces s i ng the N-Reactor i rrad i ated fuel . The adop t i on of thi s a l ternat i ve wou l d  l ead to : 
1 )  nonf u lf i l l ment of the need for p l uton i um ,  2 )  cont i nued storage of ex i st i ng and 
to-be-generated i rradi ated fue l  i n  the Hanford S i te bas i ns,  and 3) construc t i on of 
add i t i ona l  storage bas i n s  to accommodate i rrad i ated fue l  to be generated beyond mi d-1985 by 
the N-Reactor. E ach  of these i t ems i s  d i sc ussed i n  det ai l i n  Sec t i on 3 . 4  of the E IS .  

Adopt i on of  the no-ac t i o n  a l ternat i ve wou l d  have the  fo l l owi ng resu l t s : 

1 .  P l utoni um from N-Reactor wou l d  not b e  avai l ab l e  for defense or  research p urposes. 

2 .  Resumpt i on of the PUREX p l ant operat i on wou l d  become more expen s i ve and d i ffic u l t ;  
s i gn i f i c ant expenses wou l d  b e  requi red t o  mai nt ai n PUREX i n  operat i ona l  standby.  

3 .  Uran i um contai ned in  about 10, 000 MT of N-Reactor i rrad i ated fue l  wou l d  not  be  
av ai l ab l e  for reuse as fue l  in  produc t i on reactors.  Thi s wou l d  resu l t  i n  
i nc reased expenses for uran i um .  

4 .  New fac i l i t i es for  N-Reactor i rrad i ated fue l  storage wou l d  be  needed . 

An estimated c ost for construct i ng add i t i ona l  fue l  storag e  fac i l i t i es i s  
$270 mi l l i on ( 1981 do l l ars ) .  
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1 . 2 . 5  Overal l Eva l uat i on of Al ternat i ves 

The proposed act i on and the three a l ternat i ves are summarized i n  T ab l e  1 . 1 .  Any 
one of these four choices  c an be imp l emented suc h that i t s  envi ronmental  con sequences 
are w ith i n  app l i c a b l e  standard s .  The envi ronment a l  c onsequenc es of eac h a l ternat i ve 
are c ompared i n  Tab l e  1 . 2 .  Rad i o l og ic a l  consequences from rout i ne operat i ons of 
fac i l i t i es are expected to be l ess than about 4 . 0  perc ent of the natura l bac kground 
rad i at i on dose ( 100 mrem/yr)  reg ard l ess of wh i c h  a l t ernat i ve is s e l ected . Construct i on 
act i v i t i es are l east for the p roposed act i on .  Rout i ne offs ite  transportat i on of 
i rrad i ated fuel  by truc k for the offsite  processi ng a l ternat i ve wou l d  del i ver 3 mrem/yr 
to the max imum i nd i v i dua l . 

The proposed act i on to op erate the ex i st i ng PUREX / U03 fac i l i t i es at the Hanford 
S i t e  i s  the on ly  a l ternat i ve that wou l d  prov ide  p l uton i um for nat i ona l  defense needs i n  
a t imely manner . 

1 . 3  DESCR I PTION  OF THE AFFECTED ENV IRONMENT 

1 . 3 . 1 The Hanford S ite  

The Hanford S i te occup i es app rox i mat ely  1500 km2 ( 570 m i 2 ) i n  the  semi ari d 
reg i on of southeastern Washi ngton .  The  PUREX  fac i l i t i es are  l oc ated in  the  Hanford 
S i te ' s  200 E ast Area ;  the U03 f ac i l i t i es are i n  the 200 West Area .  These areas 
comp ri s i ng a port i on of the Hanford S ite  have been ded i c ated by the Federa l government 
s i nc e  1944 to fue l s  p roces s i ng ,  waste frac t i onat i on,  and waste storage.  I n  c ommon w i th 
the other devel oped areas of the S i t e ,  the fac i l i t i es '  l oc at i ons have l i mi ted natural  
p roduc t i v i ty .  The  S i te has a number of  favorab l e  attri butes w ith  resp ect to the  actua l  
and  potent i a l  envi ronmental  c onsequences  of  resum i ng operat i on of the PURE X / U03 
fac i l i t i e s :  1 )  t h e  200 Areas are c omposed of u p  to severa l hundred meters ( 1000 ft ) of 
sand s ,  s i l t s ,  and c l ays underl a i n  by a basa l t i c  l ava accumu l at i on est i mated to be more 
than 3000 m ( 10 , 000 ft )  t h i c k ,  2 )  annua l  prec i p i tat i o n  ( rai n and snow ) averages 16 cm 
( 6 . 3  i n ) ;  the upper sed i ment ary depos i t s  are moi sture-defic i ent , and have a h i g h  
c ap ac i ty t o  absorb l i q u i d s ,  3 )  the wat er tab l e  i s  deep , rang i ng from 4 6  to 100 m 
( 1 50 to 325 ft)  beneath the ground surface ,  4) the S i te i s  l oc ated i n  an area of 
h i stori c a l ly  l ow sei sm i c ity,  5 )  tornadoes rare ly  occ u r  i n  the Hanford reg i o n ,  tend to 
be smal l ,  and produce l i tt l e  damage ,  and 6 )  the nearest pop u l at i on center from the 
f ac i l i t i es '  l ocati ons is  35 km ( 22 m i l . 

The Hanford S i te eco l ogy i s  c h i ef ly  i nf l uenc ed by the semi -ari d envi ronment of the 
reg i on and by the Col umb i a  R i ver. Major fac i l i t i es occ upy about 6 percent of the S i te 
l and area and have l i tt l e  effect on the animal , p l ant , and aquat i c  l i fe of the S i te .  
The Hanford S i t e  hydro l ogy i s  a l so domi nated by the Co l umb i a  R i ver. T h e  200-Area 
p l at eau where the PURE X / U03 fac i l i t i es are l oc ated i s  75-90 m ( 2 50-300 ft )  above the 
ri ver and 60-7 5 m ( 200-2 50 ft) above the f l oodp l a i n  of the max imum probab l e  f l ood . The 
water tab l e  ranges  from 46-100 m ( 1 50-325 ft)  be low the ground surface at the 
PURE X / U03 fac i l i t i es and s l opes to the ri ver . 

The reg i ona l  c onstruc t i on l abor forc e i s  approximate l y  10 ,000 workers.  About h a l f  
o f  the l abor forc e i s  emp l oyed by c ontractors bu i l d i ng three commerc i a l nuc l ear power 
p l ants on the Hanford S i t e  for the Washi ngton Pub l i c Power Supp l y  System . Tota l  S i te 
emp l oyment for the U . S .  Dep artment of Energy activ i t i es i s  approx imately  
12 , 000 workers, of  whi c h  the  proposed act i o n  wou l d  emp l oy about 375 workers . The  1980 
pop u l at i on w ith i n  an 80-km ( 50-mi ) rad i u s of the fac i l i t i es i s  about 341 , 000 . The 
g rowth rate of the area has been f i ve t imes the nat i onal  average .  Reg i on a l  community 
p l anni ng and devel opment i ncorporat es the proj ected l ong-term growt h of the area .  
Further deta i l s  of  the  affected env i ronment and soc i oec onom i c s  are presented i n  
Chapter 4 . 0  of the E I S .  

1 . 3 . 2  The Savannah R i ver P l ant S ite  

The Savannah R i ver P l ant , Ai ken,  South Caro l i na ,  i s  l oc ated i n  the  South Eastern 
Coasta l  P l a i n  Reg i on of the Un i ted States .  The s i t e  c an be c haracteri zed by the  
fol l ow i ng :  1 )  the geo l ogy cons i sts  of  f l at ,  most ly unconso l i dated sed iment , 2 )  surface 
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TABLE 1 . 2 .  Comp ari son of the Envi ronment a l  Consequences from the P roposed 
Act i on and Al ternati ves ( 3000 MT/yr Processi ng Rate )  

Environmental 
Consequences Item 

NORMAL OPERATION 

Occupational 
Exposure 

Genera 1 Public 
Dose( a) 

Dose to Maximum 
Individual 

Impact on Air 
Quality 

Impact on Water 
Quality 

Transportat ion
Related Exposure 

Maximum skin dose 
of 2.4 to 4.5 rem/ 
yr/worker and 1.5 to 
2.4 rem/yr/worker 
total body dose. 

1800 man-rem dose(b) 
(thyroid) from a 
16-yr release and 
70-yr accumulation. 

20 mrem dose 
(thyroid) from 
16-yr release 
and 70-yr 
accumulation. 

Annual ambient air 
quality standards 
for all pollvt�nts 
will be met. \C} 
No direct discharges 
to public water
ways. (d) Water use 
is less than 0.03 
percent of total 
average Columbia 
River flow. 

Alternative 1 Alternative 2 
Construct New PUREX 
Plant at Hanford Site Process Fuel Offsite 

Equal to or less than 
proposed action. 

110 man-rem dose 
(thyroid) from a 
16-yr release and 
70-yr accumulation. 

1.3 mrem dose 
(thyroid) from 
16-yr release 
and 70-yr 
accumulation. 

Annual ambient air 
quality standards 
for all pollutants 
will be met. 

Essentially same as 
PA. 

Essentially equal to 
proposed action, 
except increased 
transportation re
quirements involves 
exposure of a 
greater number of 
people. 

4600 man-rem dose 
(thyroid) from a 
16-yr release and 
70-yr accumulation. 

46 mrem dose 
(thyroid) from 
16-yr release and 
70-yr accumulation. 

Same as 
Alternative 1 

Greater than PA 
since there is 
direct discharge to 
waterway but within 
guidelines. 

No Action Alternative 
Continue the 

Present Action 

Essentially zero dose 
s1nce PUREX will not 
operate. 

0.23 man-rem dose (bone) 
from a 16-yr release 
and 70-yr accumulation 
(dose from irradiated 
fuel storage only). 

3.4 x 10-3 mrem dose 
(bone) from 16-yr releas 
and 70-yr accumulation 
(dose from irradiated 
fuel storage only). 

Essentially zero 
emission since 
PUREX/U03 will not 
operate. 

No impact since PUREX/ 
U03 will not operate. 

Onsite transporta- Essentially same as Same as PA for on- No transport impacts. 
tion will result in PA. 
essent i ally zero 
public dose. Occu
pation exposure from 
Pu02 shipments lim-
ited to less than 
5 mrem/hr by opera
tional procedures. 

site transportation. 
Offsite transporta-
tion would result in 
an annual 3300 man-rem 
dose for truck ship-
ment and 4100 man-rem 
for rail shipment. 
Annual dose to the maximum 
individuals is 3 mrem 
for truck shipment 
and 0.3 mrem for 
train shipment. 

(a) 

( b) 

(c) 

(d) 

Dose is given for the critical organ; doses to other organs can be found in the tables in Sections 5.1.1.2, 
5.2.1.1, 5.2.2.1, and 5.2.3. 

For comparison, these persons 
70 years. 
regulated under a 

This is the population dose to an estimated (1990) populat10n of 417,000 persons. 
would receive about 2.9 x 106 man-rem dose from natural background radiation over 
Although ambient air quality standards will be met for NOx, NOx emissions will be 
Prevention of Significant Deterioration (PSD) permit. See Section 5.1.2.1. 
Tritium, 3H, has reached Columbia River from past operations, but concentrations in groundwater are about 
10 percent of allowable limits and undetectable above background in the river. There is no demonstrated 
technology for tritium capture. 
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Environmental 
Consequences Item 

ABNORMAL OPERATION 

Operational Acci
dents (short
cooled, 25 days, 
fuel dissolu
tion) 

Proposed Action (PA) 
Resumption of PURE X/ 
U03 Plant Operations 

TABLE  1 . 2  (contd) 

A 1 ternat i ve 1 
Construct New PUREX 
Plant at Hanford Site 

A worst-case cred- Same as PA. 
'ible accident (as-
suming administra-
tive controls) would 
deliver an estimated 
acute dose (thyroid) 
of 1500 man-rem 
to the general pop
ulation and 190 mrem 
to the maximum indi
vidua 1 .  

Onsite Transporta- Postulated worst- Same as PA. 
tion Accident case accident 

(i rrad i ated fuel 
shipment accident) 
would result in a 
2000 mrem (lung) dose 
to the mar. imum 
individual (offsite). 
Serious consequence 
onsite but accident is 
not considered 
credible with 
administrative controls. 

Offsite Transpor
tation Accident 

OTHER IMPACTS 

Construct i on 
Impacts 

Construction Costs 
($, million) 

Soc i oeconomic 
Impacts 

Resource 
Commitments 

Decoorni ss i oni ng 
Costs ($, million) 

Not appl icable. 

Almost none since 
there is no major 
activity. 

About $40 for fac il-
ity modifications 
plus SIlO for 
react i vat ion. 

Negligible. 

A negligible frac-
tion of national 
resource use. 

Base case 
(about $110) . 

Not app 1 ic ab leo 

Major activity but 
acceptable impacts. 

>$1500 for new PUREX 
facil ity. 

Substantially more 
than PA duri ng 
construction. 

Substantially more 
than the PA, but a 
negligible amount 
of national resource 
use. 

Base case + $110. 
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A lternat i ve 2 

Process Fuel Offsite 

Postulated worst
case acc i dent 
would have less 
consequences than 
the PA bec ause the 
fuel would have 
aged -25 more days 
during transport. 

Offsite impacts 
greater due to more 
direct pathway and 
larger population. 

No Action Alternative 
Continue the 

Present Act ion 

Not appl icable. 

Not app 1 icable. 

If postulated acci- Not applicable. 
dent occurred in an 
urban area, the dose 
to the general popu-
lation is estimated 
to be 1150 man-rem 
for truck shipment 
and 2300 man-rem for 
rail shipment. The 
dose to the maximum 
individual is esti-
mated to be 0.76 rem 
for truck shipment 
and O.g rem for rail 
shipment. 

Same as PA, plus Same as PA plus 
shear-leach facility. additional storage 

basins as needed. 

About $400 for About $270 for expanded 
shear-leach facility. fuel storage. 

Same as PA, except Negligible. 
for transportation 
impacts which are 
acceptab 1 e. 

More than PA due to Negligible fraction of 
fuel transport, but national resource use for 
still a negligible new fuel storage basins. 
fraction of national 
resource use. 

Same as PA. Same as PA. 



waters provi de a mechan i sm for transport i ng unavo i dab l e  re l eases of c hemi c al s  and heat , 
3 }  some severe weather c ond i t i ons  may be expected , 4 }  the s i te i s  l oc ated i n  an area of 
h i stor ica l l y  l ow sei smi c i ty,  and 5 }  product i on and support fac i l i t i es occupy on ly  a 
smal l port i on of the s i t e  and do not affect the wi l d l ife .  F urther detai l s  of  the 
affected envi ronment are presented i n  Sec t i on 4 . 5 .  

1 . 4  ENVIRONMENTAL CONSEQUE NCES 

The envi ronment a l  c onsequenc es of the proposed act i on and the three a l ternat i ves 
are desc ri bed i n  deta i l i n  Chapter 5 . 0  of the E I S .  The envi ronment a l  effects  d i sc ussed 
i nc l ude :  1 }  normal operat i onal  i mpacts  on workers, the general pub l i c ,  a i r  qual i ty ,  
and water qual i ty,  2 }  abnormal operat i ona l  impac t s ,  3 }  ons i t e  and offs ite  
transport at i on aspects  of  rad i at i on exposure from normal cond i t i ons and  acc i dent s ,  
4 }  construct i on impac t s ,  and 5 }  soc i oeconom i c  impac t s  from operat i on a l  and construc t i on 
act i v i t i es . 

As desc ri bed i n  Chapters 5 . 0  and 6 . 0  and summari zed bel ow for any of the 
p roc ess i ng rates w h i c h  c ou l d  occ u r  under the proposed act i o n ,  the envi ronmental 
c onsequences  to the operat i ng personnel or t he g eneral pub l i c  wou l d  c omp ly w ith  
app l icab l e g u i de l i nes ( DOE order 5480 . 1A )  and  standards ( 40 CFR 50 ) .  

1 .  Based on h i stor i c a l  data, potent i al rad i at i on doses from normal operat i on of the 
PURE X / U03 fac i l i t i es wou l d  be as fo l l ows : 

a }  The  h i g hest occ upat i ona l  who l e  body dose to rad i at i on zone workers wou l d  be  
about 2 .4  rem/yr/worker and  0 . 3  rem/yr/worker for  nonrad i at i on zone workers . 
The max imum a l l owab l e  occ upat i onal  who l e  body dose i s  5 rem/yr per rad i at i on 
zone worker ( DOE 5480 . 1A) . 

b }  The max i mum i nd i v i dual  ( a  member of the general pub l i c  l oc ated at poi nts of 
max imum

(
probab l e  exposure to rad i at i o n )  dose wou l d  be about 20 mrem to the 

thyro i d  a } from a 16-year re l ease and 70-year acc umu l at i on .  The natural 
background rad i at i on i n  the Tri -C i t i es area i s  about 100 mrem/yr,  7000 mrem 
acc umu l ated i n  70 years . The rad i at i on protect i on standard (for org ans suc h  
a s  the thyro i d )  i s  1 500 mrem/yr t o  the maximum i nd i v i dua l  ( DOE 5480 . 1A ) . 

2 .  The overal l dose t o  the thyroi d  for the max i mum i nd i v i dual  was c a lc u l ated t o  be 
0 . 16 mrem/yr from a l l Hanford S i t e  operat i ons i n  1980 ( Su l a  and B l umer 1981 ) . 
Th i s  compares to 0 . 28 mrem/yr to the thyroi d  for the max imum i nd i v i dual  c Qmputed 
for on ly  PUREX / U03 operat i on s .  The acc umu l ated 50-year dose commi tment ( b } to 
the t hyro i d  for the popu l at i on was c a l c u l ated to be approx imate l y  2 man-rem for 
a l l Hanford S i te operat i ons  i n  1980

(
( Su l a  and B l umer 1981 } . Thi s compares t o  an 

acc umu l ated 70-year dose c omm i tment oj from 1 year of PUREX / U03 operat i on 
c al c u l ated to be 31  man-rem . The i nc remental  d i fferenc e res u l t i ng from 
PUREX / U03 operat i on res u l t s  i n  approx imate ly  twi c e  the dose to the max imum 
i nd i v i d u a l  and about f i fteen t i mes the popu l at i on dose.  These va l ues are smal l 
c ompared to the natural background rad i at i on l evel  of 100 mrem/yr for an 
i nd i v i dua l  or about 41 , 700 man-rem to the popu l at i on per year and are not expec ted 
to c ause any s i g n i f i c ant i mpac t .  

3 .  The h i g hest potent i a l ( 70-year accumu l ated ) t hyroi d  dose t o  a member of the 
general pub l i c from abnormal  ( potent i a l  c red i b l e  acc i dent s )  operat i ona l  event s 
wou l d  be 190 mrem. Th i s  assumes imp l ementat i on of adm i n i strat i ve contro l s  ( e . g . ,  
prevent l oc a l  m i l k  consumpt i o n  for about 90 days ) to m i t i g ate  the effect of the 
acc i dent . 

( a ) Dose i s  g i ven for the cri t ic a l  organ ;  doses to other organs c an be found i n  the tabl es 
i n  Secti ons 5 . 1 . 1 . 2 ,  5 . 2 . 1 . 1 ,  5 . 2 . 2 . 1 ,  and 5 . 2 . 3 .  

( b )  Va l ues u s i ng a 70-year acc umu l at i on base are not s i g n i f ic ant ly  d i fferent from t hose 
us i ng a 50-year base . 
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4 .  A postu l ated wor st-case o n s i te tran sportat ion  acc i dent ( i rradi ated fuel s h i pment 
acc i dent ) cou l d  de l i ver a 70-year accumu l ated l ung dose of 2000 mrem to the 
max i mum i nd i v i dua l . Th i s  wou l d  be approx imately  3000 t i mes greater than the 
70-year accumu l ated l ung dose of 0 . 63 mrem from norma l operat i on ,  and 0 . 65 t i mes 
the max imum annual  a l l owab l e  occupat i ona l  dose ( DOE  Order 5480 . 1A )  of 1 5 , 000 mrem 
for rout i ne operat i o n s .  

5 .  The pri nc i pal  nonrad i o l og i ca l  emi s s i on from t he  PUREX/U03 fac i l i ty wou l d  be 
N Ox , pr imari l y  resul t i ng from fuel  d i s sol ut i on ( P UREX p l ant ) and from UNh 
c al c i n at i on ( U03 p l ant) . After app l i cat ion  of best avai l ab l e  control 
tech nol ogy , the NOx emi s s i on s  from both p l ants amount to an est imated 435 MT /yr 
from process i ng 3000 MT /yr of fuel  and 151  MT/yr from proces s i n g  1050 MT /yr. The 
max imum a l l owab l e  NOx emi s s i on i s  474 MT/yr under a USEPA prevent ion  of 
s i gn i f i c ant deteri orat i on ( PSD ) perm i t .  Nei ther fac i l i ty produces s u l fur ox i des 
or photochemi ca l  ox i dants .  

These f i n d i ng s  and those for the a l ternat i ves , s ummar i zed bri ef ly  i n  Tab l e  1 . 2 ,  
i n d i cate that for al l four al ternat i ve s :  I }  for norma l  operat i on s  the rad i at i on doses 
to workers and the p ub l i c  wou l d  be w i th i n  a l l owab l e  g u i del i nes per DOE 5480 . 1A ,  2 }  the 
abnorma l  events ( cred i b l e  potent i a l  acc i dents ) dur i ng operat i on of the P UREX/U03 
proces s and duri ng  transportat i on wou l d  resu l t  i n  no adverse heal th  effect s  to the 
p ub l i c ,  3} nonrad i o l ogi ca l  and rad i o l og i c a l  emi s s i o n s  to air and water wou l d  be such 
that the i r  on s i te and offs ite  consequences wou l d  be wi th i n a l l owab l e  g u i de l i nes 
( DOE 5480 . 1A )  and standard s ,  4}  the con struct i on impacts  and resource commi tments wou l d  
be l owest for the proposed act i o n ,  and 5 }  the soc i oeconomi c impacts of a l l the  four 
cho i ces shou l d  be  mi nor. 

These f i nd i ng s  wou l d  be va l i d  whether the PUREX/U03 fac i l i t i es process �-Reactor 
fuel at the rate of approx imately 1050 MT/yr or at i t s  max imum operationa l  rate of 
3000 MT/yr for 16 years . The overal l envi ronmental con sequences of operat i ng 
PUREX / U03 at up to 3000 MT /yr throughput rate wou l d  be w i th i n  prescri bed g u i de l i nes 
( DOE 5480 . 1A and other app l i c ab l e  standards l i sted i n  Chapter 6 . 0 )  even though the 
actua l  doses and eff l uents from rout i ne  operat i on s  may i ncrease up to three t i mes the 
amount projected for the throu ghput rate of 1 050 MT /yr .  

From t h e  envi ronmental ana lys i s  performed for the proposed act i o n  three pol l utants  
( 8 5Kr , NOx and 3H )  were i dent i f i ed that wou l d  be rel eased in  sub stant i a l l y 
greater quant i t i es than other pol l utants : 

• projected 85Kr emi s s i ons  from the proposed act i on wou l d  be 3 . 3 x 106 C i /yr; 
contro l of 85Kr is not cons i dered necess ary ( see Sec t i on 3 . 1 . 7 ) ,  

• after app l i cat i on of the best avai l ab l e  contro l technol ogy, NOx emi s s i o n s  wou l d 
amount to about 435 MT /yr ;  the Nat i o na l  Amb i en t  A i r  Qua l i ty Standards ( 40 CFR  50 ) 
for NOx wou l d  not be exceeded and 

• approx imate ly  5 x 104C i /yr of tr i t i um wou l d  be rel eased to cr i b s and pond s ;  control 
of tri t i um i s  not cons i dered necess ary because :  

a }  

b }  

t h e  tri t i um-rel ated rad i at i on d o se  from 1 6  years o f  operat ion  t o  max imum i nd i v i dual  
wou l d  be neg l i g i b l e  at 5 x 10-2 mrem , 

based on data of prior H anford operat i o n s ,  the tr i t i um concentrat i on i n  groundwater 
wou l d  not exceed 10  percent of the a l l owed l im i t ,  3 x 1U-3 �C i /m£ ( DOE  5480 . 1A ) ; 
the concentrat i o n  i n  the ri ver i tsel f wou l d  be undetectab l e  above background due to  
d i l ut i o n  by the Co l umb i a  R i ver average annual  f l ow rate of 3 . 4 x 103 mJ/ sec . 

Consequences of Waste Treatment and Man agement 

Current p l ans  ca l l for the current ac i d  waste ( l i qu i d  h i gh-l evel rad i oact i ve waste )  to 
be neutral i zed and stored i n  doub l e-shel l bo i l i ng waste tank s .  The vapors from the tanks  
wou l d  be conden sed and  recyc l ed to the t ank  to ma i ntai n a con stant waste concentrat i o n .  Any 
unrecyc l ed condensate wou l d  be treated ( evaporat i on and i on exchange ) to meet concentrat ion  
g u i de l i nes ( DOE 5480 . 1A )  and pumped to cri b s .  The  g aseous rel eases wou l d  be  mai nta i ned 
wi th i n  rel ease concentrat i on g u i del i nes ( DOE 5480 . 1A )  and bel ow pre-1972  l eve l s ( ERDA-1538 ) . 
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Al ternat i ve l y ,  the c urrent ac i d  waste cou l d  be proces sed through the B-P l ant where the 
ces i um and stron t i um wou l d  be recovered , encapsu l ated and stored in water bas i n s .  The 
l i qu i d  wastes wou l d  be stored i n  underground doub l e-shel l tanks in the 200 East Area . The 
env i ronmenta l  consequences of these operat i on s  have been w ith i n  acceptab l e  gu i del i nes as 
descri bed i n  ERDA-1 538 and DOE/ E I S-006 3 ,  and wou l d  remai n so for future operat i ons . 
Rad i onuc l i d e  concentrat ions  i n  al l B-P l ant l i qu i d  eff l uents d i sch arged to cr ibs  and ponds 
wou l d  be at or be l ow 1 972 l evel s i dent i f i ed in ERDA-1 538.  

The  env i ronment al  consequences of both  man agement opt i on s ,  i n c l ud i ng the  hypothet i c a l  
3 . 0  x 103 m3 ( 8 x 105 g al ) and 3 . 8  x 103 m3 ( 1 . 0 x 106 ga l ) tank l eak s , ( a ) are 
d i scusssed i n  more deta i l  i n  Chapter 5 . 0  of th i s  E I S .  The h i ghest dose to the max i mum 
i nd i v i dual  from a tank l eak wou l d  be 1 . 1  mrem ( see p age 5 . 12 ) . Wh i l e  the use of 
d ou b l e-shel l t anks  makes any l eak h i gh l y  u n l i ke l y ,  ana lys i s  of a prev ious  3 . 8  x 102 m3 
( 105 g al ) l eak from a s i ng l e-shel l tank of the 200 West Area i nd i cated that bec ause of the 
i on sorpt ion character i st i c s  of the so i l  co l umn , ces ium and stron t i um have not reached the 
groundwater tab l e  and w i l l  not reach the r i ver. 

( a ) These are hypotheti ca l  s i nce  they are not cred i b l e  as exp l a i ned in Chapter 5 .  They are 
i n c l uded to prov ide  the reader w i th a perspect i ve of the rel at i ve safety assoc i ated w i th 
the use of doub l e-s hel l tan k s  for i nter im  storage of current ac i d  waste . The eng i neered 
des i g n  barriers ,  l eak detec t i on and pump i ng system v i rtual l y  e l i mi nate the poss i b i l i ty 
for the acci dent to occ ur.  
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CHAPTER 2 

PURPOSE AND NEED 





2 . 0  PURPOSE AND NEED  

The purpose of th i s  document i s  to eva l uate the env i ronment a l  i mpac t s  of react i v at i ng 
the  PURE X / U03 fue l  proces s i ng fac i l i t i es ( t h e  proposed acti on ) at DOE ' s  Hanford s i te near 
R i ch l and ,  Wash i ngton and the env i ronmenta l  i mp acts  of al tern at i ves to the proposed act i o n .  

The PUREX / U 03 faci l i t i es are l arge capaci ty chem i c a l  proces s i ng fac i l i t i es wh i ch are 
used to recover p l uto n i um and other spec i a l nuc l ear materi a l s  ( SNM )  from fue l  that has been 
i r rad i ated i n  nuc l ear reactors .  These fac i l i t i es operated from 1956 to 1 972 to chem i c a l l y  
process i rrad i ated fue l s prod uced b y  the p l uton i um produc t i o n  reactors then i n  operat i on at 
Hanford , as we l l as irrad i ated fue l  produced by other reactors .  By 1972 , a l l of the  
product i on reactor s at  Hanford , except the N-Reactor , had been  shut  down  and the amount  of 
i rrad i ated fuel then avai l ab l e  for process i ng was not suff i c i ent to a l l ow for cont i nuous  
operat i on of the PUREX / U03 fac i l i t i e s .  The fue l  proces s i ng fac i l i t i es were p l aced i n  a 
standby mode at that t i me ,  awa i t i ng suff i c i en t  avai l ab i l i ty of i rradi ated fue l and the need 
for spec i a l n uc l ear mater i a l s in the n at i on ' s  defen se  and research and devel opment 
act i v i t i es .  

DOE i s  now cons i deri ng the  res umpt i on o f  the PUREX / U03 operat i ons  i n  order to meet 
projected needs for p l uton i um in the nat i on ' s  n u c l ear defense and rese arch and deve l opment 
programs . 

The Department of Energy ' s  ( DO E )  respons i b i l i t i es i n  the defense programs area stem 
from the Atom i c  Energy Act of 1954 , as amende d .  I n c l uded i n  t h e  l eg i s l at i on i s  the 
Department ' s  respons i b i l i ty to deve l op and ma i ntai n a c apab i l i ty to des i gn ,  test and 
manufacture a l l U . S .  n u c l ear weapons  and , more spec i f i c a l l y , to devel op and mai nta i n  a 
capab i l i ty to produce a l l n u c l ear mater i a l s requi red for the  U . S .  weapon s  program .  

I n  undertak i ng these m i s s i o n s ,  t h e  DOE works  c l os e l y  w i th t h e  Department o f  Defense 
( DOD )  i n  p l ann i ng and i mp l ement i ng the steps necess ary to ach i eve the defen se prog r ams 
object i ve s .  Annua l l y ,  the DOD and the DOE j o i n t l y  propose n u c l ear mater i a l s  and weapon s  
product i on schedu l es ,  l ong l ead procurement s ,  and p l ann i ng act i v i t i es .  These proposa l s are 
forwarded to the Pres i dent  through  the N at i on a l  Sec u r i ty Counc i l .  I n  accordance w i th the 
Atom i c  Energy Act ,  approval  of these proposa l s by the  P res i dent  const i tutes  the l ega l  
authori ty and  mandate to the  DOE  for  U . S .  nuc l ear mater i a l s and weapons produc t i on . 

I n  add i t i on to prov i d i ng p l uton i um for other programmat i c  need s ,  DOE i s  respon s i b l e  for 
prov i d i ng spec i a l n uc l ear mater i a l s for research and devel opment programs . S i gn i f i cant 
quant i t i es of p l uton i um may be  needed i n  the n at i ona l  breeder reactor program dur i n g  the  
l ate 1980 ' s  and  1 990 ' s . The p l uton i um wou l d  be u sed  pr imar i l y  to fue l  DOE ' s  F ast  F l ux Test 
Fac i l i ty ( FFTF ) and C l i nch  R i ver Breeder Reactor ( CRBR ) .  Adopt i on of the  proposed act i on or 
t he al tern at i ves thereto w i l l  pro v i d e  proc es s i ng c ap ac i ty to h e l p sat i sfy these research and 
deve l opment needs , as wel l as other program req u i rements for p l uton i um .  

Three a l ternat i ves to process i rradi ated fue l  are exam i ned i n  th i s  documen t :  
( 1 )  process irrad i ated f u e l  at DOE ' s  H anford S i te PUREX /U03 fac i l i t i es ,  near R i ch l and , 
Was h i ngton ( the proposed act i on ) ; ( 2 )  construct a new PUREX proces s i ng fac i l i ty at H anford ; 
and ( 3 )  process th e fue l s  at DOE ' s  Savannah R i ver P l an t ,  A i ken , South C arol i na .  The fourth 
a l ternat i ve is a " No Act i on "  a l ternat i ve wh i ch w i l l  not prov i de the needed p l uton i um .  The 
f i r st a l ternat i v e ,  i nvol v i ng res ump t i on of  operati on of the  H anford PUREX p l ant i s  DOE ' s  
preferred a l ternat i ve s i nce , as descr i bed i n  deta i l  i n  th i s  documen t ,  i t  wou l d  prov i de 
add i t i ona l  p l uton i um i n  the  ear l i est  poss i b l e  t i me frame con s i stent w i th projected 
requ i rement s ,  at a cost equal to or l es s  than any other al ternat i v e  and wou l d  i nvo l ve the 
l owest over a l l l evel  of env i ronmenta l  i mp act s .  

I n  order t o  prov i de dec i s i on makers and the p u b l i c  w i th a comprehen s i ve understand i ng 
of the envi ronmental  i mpacts  that may res u l t  from the proposed acti on and other 
a l ternat i ve s ,  th i s document an al yze s  the  env i ronmental  impacts of  operat i n g  the PUREX p l ant 
at i ts maxi mum operat i ng c apac i ty of  3000 metr i c  ton s / ye ar of N-Reactor reference fuel . 
C a l c u l at i o n  of i mpacts i s  based upon an assumed operat i ng per i o d  of 16 years at the 3000 
metri c  ton / year rate for a total  process i ng c amp a i g n  of 48 , 000 metr i c  tons . The actu a l  
annual  l evel  o f  process i ng operat i ons and t h e  n umber o f  years that t h e  PUREX / U03 
fac i l i t i es or an al ternat i ve operates w i l l  depend upon future needs for p l uton i um and other 
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spec i a l n uc l e ar mater i a l s ( SNM ) .  Ann u a l  p roces s i ng operat i o n s  s i g n i f i cant l y  be l ow the 3000 
metr ic  ton s / year proces s i n g  rate are probab l e  d u r i ng the i n i t i a l years of operat i on .  By 
ev al uat i ng the env i ronmental  i mp acts  on a 3000 metr i c  ton /year proces s i ng rate , a 
con servati ve an a l ys i s  i s  presented wh i ch shou l d  descri be the h i ghest  l eve l s  of env i ronmenta l  
i mpacts th at may res u l t  from proces s i ng act i v i t i es .  Env i ronmenta l  i mpacts associ ated w i th 
l ower proces s i ng rates are prov i ded  i n  Append i x  0 of the document .  

The reference fuel  u sed i n  the ca l cu l at i on of envi ronmental  impacts  was lBO-d ay coo l ed 
12 percent 240p u  N-Reactor i rrad i ated fue l . For purposes of a n a l ys i s ,  th i s  reference fuel  
w i l l  p rov i de the most conservat i ve an a l ys i s  of  env i ronmental  i mpacts .  However , most  of the  
N-Reactor fue l  th at w i l l  be processed in  the f uture w i l l  h ave l ower concentrat i ons of  
240p u  s uch  as 6 percent 240pu  or w i l l  be  coo l ed l onger t h an 1BO  d ays and w i l l  conta i n  
re l at i ve l y  l ower amounts  o f  f i s s i on products w h i c h  contri bute t o  env i ronmental  i mpact . 
Other fue l s  that are comp at i b l e  w i th the H anford PUREX p l ant proces s ,  and h ave i sotop i c  
compos i t i ons  s i m i l ar t o  N-Reactor fue l  may a l so b e  processed . The vol ume o f  other mater i al 
processed wou l d  be l i mi ted such t h at the i mpacts res u l t i ng from proce s s i ng wou l d  not be 
s i g n i f i cant l y  d i fferent from those set forth in th i s  document for proces s i ng N-Reactor 
reference fue l . Appropri ate env i ronmental  rev i ew wou l d  be undertaken before fuel s other 
than N-Reactor fuel or  S h i p p i ngport Reactor b l anket fuel  as semb l i es were p rocessed . 

The PUR E X / U03 f ac i l i t i es are on l y  two of a n umber of nuc l ear mater i al s  product i on and 
anc i l l ary fac i l i t l es l oc ated at the H anford S i te ( see  F i gure  3 . 1 ,  Sec t i on 3 . 0 ) .  The other 
oper at i ng fac i l i t i es i nc l ude  fuel fabr i c at i on fac i l i t i es ,  the  new product i on reactor 
( N-Reactor ) ,  and waste manag ement fac i l i t i e s .  The f u e l  f abr i c at i on fac i l i t i e s  prepare 
z i rcon i um c l ad u r an i um metal  fue l s  for subsequent i rr ad i at i o n  i n  N-Reactor . N-Reactor i s  
the o n l y  p roduc t i o n  reactor wh i ch remai n s  i n  operat i on at H anford . I t  i rrad i ates uran i um 
fuel s to var i ou s  l eve l s of 240pu  concentrati on i n  order to s upp ly  n at i ona l  defen se and R a D  
needs for p l uton i um and produces by-prod uct steam used f o r  the genzrBt i on of  e l ectri c i ty .  
I n  t h e  past� N-Re actor h as produced i rr ad i ated f�e l s  of 6 percent 4 P u ,  
9 percent 2 �Opu , and more rec ent l y  12  percent 24Up u  l eve l s  and i s  expected t o  retu rn  to 
product i on of 6 percent 240p u  fue l s .  The w aste man agement  f ac i l i t i es proces s ,  store,  
and / or d i spose of the r ad i oact i ve wastes res u l t i ng from DOE ' s  spec i a l nuc l ear mater i a l s  
product i on and research and deve l opment act i v i t i es .  

The scope o f  th i s  document i nc l udes the d i scus s i on o f  the env i ronmental  consequences 
t h at cou l d  res u l t  from the  operat i on of the  PUREX /U03 fac i l i t i es for recovery of p l uton i um 
( the proposed act i o n ,  Sec t i o n  3 . 0 )  and reason ab l e  a l ternat i ves  to the  proposed act i on as 
prev i ou s l y  state d .  The other fac i l i t i es l oc ated a t  H anford are n o t  w i th i n  t h e  scope o f  th i s  
document ,  but th i s documen t does update the waste man agement aspects o f  operat i ng the 
PUREX / U03 fac i l i t i es ,  i nc l ud i ng the  need for constructi on of add i t i o n a l  doub l e-shel l 
h i g h- l eve l  waste storage tan k s .  Desc r i pt i on s  of oth er act i v i t i es performed at H anford and 
an eval u at i on of the i r  w aste manag ement i mpacts , i nc l ud i ng those res u l t i ng from opera t i o n  of 
the  PURE X / U03 fac i l i t i es ,  c an be found i n  prev i ous  env i ronmental  i mpact statements i s s ued 
concern i ng H anford operat i o n s .  For examp l e ,  the F i n a l  Env i ronmenta l  Statement ( F E I S )  on 
Waste Man agement Operat i ons for the H anford Reservat i on ( ERDA-153B ) , ' i s sued in 1975 , 
d i sc us sed the  PUREX / U03 operat i on s ,  as wel l as env i ronmental  re l eases from N Reactor ,  fue l  
f abr i c at i on ac t i v i t i e s ,  and  waste  stor age f ac i l i t i e s  and metho d s .  A supp l ement ary F E I S  o n  
doub l e-she l l tanks waste storage a t  H anford ( DO E / E I S-0063 , Apr i l 1 9BO ) ,  exp anded on  the  
construc t i o n  and  safety features of  dou b l e-she l l t anks u sed for storage of h i gh- l evel  
r ad i oact i ve wastes . 
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3 . 0  ALTERNATIVE S  I NCLUDING  PROPOSED ACTION 

Thi s chapter descri bes reasonab l e  a l ternat i ves  for  process i ng i rrad i ated fuel  
{ N-Reactor or equ i val ent i rrad i ated fuel ) ( a } to rec over p l uton i um .  The  need for  p l uton i um 
to meet nat i onal  defense  and research purposes was descri bed i n  Chapter 2 .  The reasonab l e  
a l ternat i ves d i sc u ssed here are : 

• resumpt ion of operat i on of PUREX/U03 fac i l i t i es at Hanf ord ( p roposed ac t i o n )  
• construct i on of a new PUREX processi ng fac i l i ty a t  Hanford 
• proc ess i rrad i ated fuel  offs ite  
• no  act i o n  { i . e . , cont i nue present act i on } . 

Other a l ternat i ves cons i d ered but d i sm i ssed as nonrespon s i ve to the need for p l uton i um 
are l i sted e l sewhere i n  th i s chapt er. Of the reasonab l e  al ternat i ve s ,  on l y  the no-acti on 
a l ternat i ve wi l l  not i nvo l ve the use of the PUREX process .  PUREX ( P l utoni um URani um 
EXtract i o n )  i s  a so l vent extracti on process  that i nd i v i du a l l y  separates the uran i um and 
Pfuton i um from the accomp any i ng f i s s i on products contai ned in i rrad i ated fuel . The so l vent 
genera l ly used i s  tri buty l phosphate {TBP } ,  wh i c h  has a h i g h  se l ect i v ity for uran i um and 
p l uton i um .  TBP i s  d i l uted w ith  a ref i ned hydroc arbon to favorably a l ter some of i t s  
p hys i c a l  prop ert i e s ,  e . g .  i t s  v i sc os ity and den s i ty are red uced . 

The proc ess i s  bas i c a l ly  a stra ightforward c hemi c a l  operat i on .  The i rrad i ated fuel  i s  
d i ssol ved i n  n i tr i c  ac i d .  The resu l t i ng n i trate so l ut ion i s  contacted w ith  TBP to extract 
the uran i um and p l utoni um from the f i s s i on products (wh ich  are separately stored and 
managed ) , the urani um and p l uton i um are separat ed from eac h other by further extrac t i o n  
step s ,  and then converted t o  t h e  desi red product  form. However , s i nce  the puri ty of the 
uran i um and p l uton i um products  i s  important , the process a l so emp l oys  many purifyi ng steps  
that i nvo l ve scrubbi ng and  i nternal recyc l es of i ncomp l etely separated streams .  Var i at i ons 
in the app roach to feed preparat i o n ,  f i na l  product form, and to anc i l l ary operat i ons  such as 
ac i d  recovery and waste d i sposal are poss i b l e . Bec ause the materi a l s  bei ng processed are 
rad i oact i ve ,  a l l of these operat i ons  must be perf ormed by remote control i n  heavi ly  s h i e l ded 
ce l l s .  A bri ef descri pti on of the steps i n  the gener i c  PUREX process fo l l ows . 

The i rrad i ated fuel  may be e i ther met al  or ox i d e  and typ i c a l l y ,  wi l l  be c l ad w i t h  
e i ther z i rcon i um a l l oy,  stai n l ess steel , o r  al umi num . I n  each  c ase, the f uel  wi l l  be 
d i ssol ved i n  n i t ric  ac i d  to obtai n a n i trate sol ut i on for use  i n  the sol vent extract i on 
step . Before d i ssol v i ng the fuel , the c l add i ng may f i rst be d i ssol ved c hemica l l y ,  or 
a l ternat i ve ly  the fue l  e l ement s w ith  the i r  c l add i ng may be mechan i c a l ly  sawed or sheared 
i nto short p i eces to perm i t  d i rect d i ssol ut i on of on ly  the fuel  ( the " shear-l eac h" 
proc ess ) .  The shear- l each process produces a so l i d  c l addi ng wast e ;  chemi c a l  d i ssol ut i on 
produces c l addi ng waste i n  the form of a sol ut i on .  The n i trate so l ut i on ( feed ) i s  contacted 
w ith  TBP , general ly  i n  a vert i c a l  sol vent extracti on c o l umn .  Here, the uran i um and 
p l utoni um are part i t i oned from the bu l k  of the f i ss i on product s .  The feed i s  i ntroduced to 
the co l umn at about i t s  m i dpoi nt ,  the TBP so l vent i s  i ntroduced at the bottom . The so l vent 
extracts the uran i um and p l uton i um as it ri ses to the top . A n i t ric  ac i d  scrub so l ut i on i s  
i ntroduced at the top of the co l umn to sc rub out the traces  of f i s s i on products ext racted or 
entrai ned w ith  the so l vent stream contai n i ng the uran i um and p l utoni um ( ext ract ) .  Out of 
the bottom of the co l umn f l ows the aqueous  waste stream ( raff i n ate ) , carryi ng w ith  it over 
99 percent of the f i s s i on products  fed to the c o l umn.  

The  uran i um and p l uton i um in  the extract are  i nd i v i du a l l y  separated from eac h other by 
a seri es of further extrac t i o n  steps i nvo l v i ng vari at i on of the val enc e state of the 
p l uton i um .  The puri f i ed p l uton i um n i trate i s  cu stomari ly  converted to  the ox i d e  form before 
s h i pment . The pure uran i um n i trate so l ut i on may be converted to e i ther uran i um ox i de or 
uran i um f l uori de  product .  

{ a }  About 2440 metri c  tons ( MT) of i rrad i ated fue l  e l ement s generated at the  N-Reactor at 
Hanford are now avai l ab l e  ( as of Dec ember 1981 ) for proces si ng and rec overy of p l uton i um 
for defense and other purposes . By 1983,  th i s amount w i l l  be approx imate ly  3800 MT , and 
thereaft er i rrad i ated fue l  w i l l  be produced by N-Reactor at an annu a l  rat e of 
app rox imately 700 MT . The des i gn features of the PURE X fac i l i ty permit  process i ng of 
other types of i rradi ated fuel s .  Fue l s that are s im i l ar to N-Reactor f u e l  and 
comp at i bl e wi th the PUREX process cou l d  be proc es sed at Hanford ; for examp l e ,  about 
16 MT of PWR Core-I I b l anket assemb l i es from the Department of Energy ' s  Sh ipp i ngport 
Reactor are present ly  stored at Hanford and cou l d  be processed i n  PUREX .  
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One of the pr i nc i pa l  anci l l ary oper at i on s  assoc i ated with  the P UREX process i s  the 
management of the l i qu i d  rad i oact i ve waste conta i n i ng the f i ss i on products ( h i g h- l evel  
rad i oact i ve waste) . Pen d i ng the i r  u l t imate d i sposal , these wastes may be neutra l i zed and 
p l aced i n  i nterim storage in underground tanks  as per current pract i ce .  

3 . 1  RESUMPT ION OF PUREX/U03 OP ERAT ION AT HANFORD ( P ROPOSED ACT ION ) 

The PUREX fac i l i ty i s  a key e l ement i n  the Hanford defense mater i a l proces s i ng comp l ex 
of the Department of Energy . Its  re l at i on sh i p  to the other proces s i ng operat i on s  d i scussed 
in th i s  document i s  shown schemat i ca l l y  i n  F i gure 3 . 1 .  The scope of t h i s  E I S  i s  to d i sc u s s  
pr imar i l y  t h e  resumpt i on o f  PUREX/U03 oper at i on s  ( see box i n  F i gure 3 . 1 ) .  The PUREX 
proc ess prov i des the mean s to i nd i v i d ua l l y  separate the p l uto n i um from i rradi ated fuel and 
to recyc l e uncon verted ( unf i s s i oned )  uran i um to the fuel cyc l e .  The Hanford P UREX fac i l i ty 
was cons tructed between Apr i l 1 953 and October 195 5 ,  and operated from 1956  to 1 9 7 2 ;  i t  was 
p l aced i n  operat i on a l  standby status i n  1 972 , awai t i ng the ava i l ab i l i ty of suff i c i ent 
quant i t i es of i rrad i ated fue l  and a need for add i t i ona l  p l uton i um .  An aer i a l  v i ew of the 
fac i l i ty i s  shown i n  F i gure 3 . 2 .  Th e Uran i um Ox i de ( U03 ) fac i l i t i es are used to convert 
the ur anyl n i trate hexahydrate ( UNH )  produced i n  the PUREX P l ant to U03 . The U03 
fac i l i t i es are l es s  comp l ex than the PUREX fac i l i t i e s .  

T h e  proposed act i o n  i s  t o  resume operat i on s  o f  the P UREX/U03 fac i l i t i e s  after 
comp l et i on of mod i f i c at i on s ,  wh i ch i nc l ude :  

• upgrad i ng capab i l i ty for  safeguard i ng spec i a l nuc l ear mater i a l s  ( SNM)  
• improv i ng gaseous  and l i qu i d  effl uent reduct i o n  and control  
• upgrad i ng vent i l at i on systems 
• i ncorp orat i ng a p l uton i um ox i de product ion  system w ith i n  the PUREX 202-A B u i l d i ng 
• upgrad i ng U03 l oadout systems 
• i nstal l i ng a f i re protect ion  system i n  the U03 p l ant 
• se i sm ic  upgrades .  

The proces s and deta i l s  o f  the p l ant mod i f i cat i on s  are descri bed i n  th i s sect ion  for both 
the PURE X and U03 p l ant s .  A more deta i l ed descr i pt i on i s  g i ven i n  Append i x  A .  

T h e  ass umed process i ng rate for the  Hanford PUREX /U03 fac i l i ty i s  3000 MT/yr of 
N-Reactor fue l , and th i s  was used as the base c ase for the ana l ys i s  and eval uat i on of 
env i ronmental  i mpacts .  Th i s  i s  the maxi mum rate at wh i ch the PUREX fac i l i ty cou l d  operate 
if some rel at i ve l y  m i nor equ i pment al terat i o n s  were made .  The c a l cu l at i on of envi ronmenta l  
i mpacts further assumed the  proces s i ng of 180-day coo l ed fue l  wh i ch cont a i n s  the  greatest 
amount of short-l i ved rad i onuc l i des that wou l d  be processed in PURE X .  Therefore , the 
3000 MT /yr proces s i ng rate i n  comb i nat i on w i th the 1 80-day cool ed fue l estab l i shes an upper 
bou ndary of poten t i a l  envi ronmental  effects from the operat i on of the PUREX / U03 
fac i l i t i es .  

The envi ronmental  i mpacts of two l ower processi ng rates ,  1050 and 2100 MT of i rrad i ated 
f ue l  per year , have a l so been eval uated for the Hanford PUREX/U03 fac i l i t i e s .  The range 
of 1050 to 2 100 MT /yr wou l d  be the most prob ab l e proces s i ng rate , at l east dur i ng i n i t i a l  
operat i on s ,  and 2100 MT /yr i s  the nomi nal  upper l im it  proces s i ng rate of the PUREX fac i l i ty 
wi thout any mod i f i cat i o n s .  The impacts of these two proces s i ng rates are presented i n  
Appen d i x  D .  

The contro l l i ng parameter i n  determ i n i ng p l uton i um output rate i s  the rate at wh i ch a 
PUREX p l ant can process i rrad i ated fue l . Uran i um consti tutes the overwhe lm i ng  bu l k  of the 
mater i a l  to be processed ;  the p l uton i um represents o n l y  a very sma l l fract ion  of the uran i um 
i n  i rrad i ated fue l . The capac i ty of a PUREX p l ant cannot be exp l i c i t l y  def i ned i n  terms of 
p l uton i um product i o n .  The quant i ty of p l uto n i um and i t s  i sotop i c  content are dependent 
primar l y  upon the i rrad i at i on ( exposure)  of the uran i um .  The PUREX fac i l i ty cou l d  a l so 
process other types of fuel i n  add i t i o n  to N-Reactor fue l if the fo l l ow i ng two cri ter i a  were 
comp l i ed w i th :  1 )  the fuel  must be comp at i b l e  w ith  the PUREX process at H anford , e . g . ,  
Z i rc a l oy or  al umi num c l add i ng ,  and 2 )  the fue l must have an equ i val ent ( or l ower ) 
rad i onuc l i de content when comp ared w ith  N-Reactor fuel  on  an annual  throughput bas i s . Thi s  
l atter cri ter i a  cou l d  i nc l ude fue l  with  a h i gher b urnup than N-Reactor fue l ,  but wh ich  h ad 
been coo l ed a l o nger amount of t ime.  E nv i ronmental  impacts of process i ng fue l s  meet i ng 
these c r i ter i a  w i l l  be with i n  the enve l ope of i mpacts descri bed here i n  for the reference 
case  of 3000 MT/yr of N-Reactor fue l .  For examp l e , the 16 MT of Sh i pp i ngport ( PWR Core-I I )  
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bl anket assemb l i es c urrent l y  stored at Hanford wou l d  be processed i f  the p roposed act i on i s  
s e l ected . These b l anket assemb l i es have an average burnup of 15 , 2 36 MWd /MT ;  they have 
aged seven years ( 1981 ) . Process i ng these 1 6  MT of PWR Core- I I  wou l d  be equ i val ent to 
process i ng a max i mum of 69 MT of N-Reactor reference fue l . 

3 . 1 . 1  PURE X / U03 Process Descript i on 

The PUREX / U03 process operat i o n  i s  s im i l ar to many c hemi c a l  process i ng p l ants ;  the 
major d i ff erence i s  that many materi a l s i n  the PUREX proc ess are rad i oacti ve and req u i re 
sp ec i al hand l i ng proc ed ures .  F i g ure 3 . 3  i s  a f l ow sc heme of the PUREX /U03 process at 
Hanford ; a descr i p t i on i s  a l so g i ven bel ow a l ong w ith a d i sc u s s i o n  of the U03 p l ant 
process . The proc ess detai l s  for both PUREX and U03 p l ant s are more f u l ly  descr i bed i n  
Append i c es A and D .  

3 . 1 . 1 . 1 .  Dec l addi ng and D i sso l ut i on of Fuel  E l ement s ( Feed Preparat i on )  

The z i rc a l oy c l add i ng o f  the fue l  e l ements i s  removed by d i sso l ut i on i n  a n  ammo n i um 
f l uor i de so l ut i on .  Hydrogen g as rel eased by thi s d i sso l ut i on c ou l d  present an exp l os i on 
hazard ; therefore, ammo n i um n i trate i s  added to the ammoni um f l uor ide  so l ut i o n  to suppress 
hydrogen format i o n .  Chemi c a l  react i on s  i nvo l ved i n  the d i sso l ut i on process are descr i bed i n  
Append ix  A .  

The offgases from the dec l addi ng step are scrubbed w ith  water to  remove the  ammon i a  
produced duri ng dec l add i ng ,  f i l tered to remove a l l f i ne part i c l es ,  and d i sc harged t o  the 
atmosp here through  t he 61 m ( 200 ft) mai n vent i l at i on stac k .  

After the fue l  e l ement s are dec l ad ,  they are treated w ith  potas s i um hydrox i de to 
c onvert the remai n i ng sma l l quant ity of f l uori des to ox i des and then d i sso l ved i n  n i tr i c  
ac i d  to  produce a feed so l ut i on o f  urany l a n d  p l uton i um n i trates f o r  the so l vent extract i on 
step . Nept u n i um and the f i ss i on products a l so form so l ub l e  n i trates and are c ontai ned i n  
the feed so l ut i o n .  The feed so l ut i on i s  then samp l ed for product accountabi l i ty .  

The  offgases from the d i sso l v i ng step are heated and  p assed t hrough a s i l ver reactor ( a 
c o l umn packed w ith  an i nert support med i a  coated w ith  s i l v er n i trate) , wh i c h  removes most of 
the rad i o i od i nes ,  and f i l t ered before they are p as sed t hrough  two ac i d  absorbers,  wh ich  
recover n i tr ic  ac i d .  The g ases are then d i scharged to  the atmosp here through  the mai n 
vent i l at i on stac k .  A l l of the 85Kr ,  3H ,  and 14C contai ned i n  the offg ases wi l l  be 
re l eased to the2 atmosphere ( en v i ronment a l  consequenc es are d i sc ussed i n  Chapter 5 . 0 ) . On ly 
trac es of the 1 � I  ori g i na l l y  c ont ai ned i n  the offgases wi l l  b e  re l eased t o  the 
atmosphere. Most of the i od i ne  i s  removed by the s i l ver reactors and the ac i d  absorbers.  

3 . 1 . 1 . 2  So l vent Extract i on and Product Rec overy 

The feed so l ut i on  enters the so l vent extrac t i o n  c o l umn where , i n  add i t i on to the 
p l uton i um and uran i um norma l ly  extracted from i rrad i ated fue l , neptun i um may a l so be 
extracted at Hanford . I n  the part i t i on i ng c o l umn ( F i g ure 3 . 3 ) , p l utoni um i s  separated from 
the neptuni um and uran i um i n  the f i rst extracti on cyc l e . The neptun i um c an be separated 
from the urani um i n  the second extrac t i o n  cyc l e . The neptun i um-c ontai n i ng aqueous  stream i s  
c onc entrated i n  the backcyc l e  waste system ( see Other Waste Treatment , p .  3 . 10 ) ,  after wh i c h  
the stream undergoes s o l vent extrac t i o n ,  c oncentrat i o n ,  and i on exc hange to  recover 2 37Np 
i n  a n i t rat e so l ut i o n .  

The aqueous  so l ut i on o f  uranyl n i trate hexahydrate ( UNH ) produced i n  the f i na l  uran i um 
extract ion  cyc l e  i s  concentrated through evaporat i on to about 60 percent UNH by wei g ht ,  and 
shi pped by tanker-trai l er to  the 200 West Area of the Hanford S i te as feed for the U03 
p l ant . After reduc t i o n  to the +3 val enc e state  and stri pp i ng i nto  the aqueous p hase, the 
P u ( N03 ) 3 i s  ox i d i zed back to  the +4 v a l ence state [ P U ( N03 ) 4] and evaporated to 
prov ide  a conc entrated so l ut i on for oxal ate prec i p i tat i on and c a l c i nat i on to  P u02 · 

U03 Proces s .  I n  the U03 p l ant the 60 percent UNH i s  further conc entrated to about 
100 percent UNH , ( F i gure 3 . 4 )  and then c a lc i ned to c onvert the UNH to U03 powder by a 
thermal  decompos i t i on process .  The U03 p owder i s  l oaded i nto  steel c ontai ners for 
s h i pment to off s i t e  c ustomers for reuse  as reactor fue l . 
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The gases from the U03 c a l c i ners,  most l y  ox i des of n i trogen ,  are treated i n  an ac i d  
absorber after they are scrubbed and coo l ed .  The recovered n i tr ic  ac i d  i s  recyc l ed to the 
PUREX proces s .  

3 . 1 . 1 . 3  �aste Treatment and Ac i d  Recovery Proc esses 

The aqueous waste stream from the f i rst sol vent extrac t i o n  c o l umn is the maj or sourc e 
of the h i gh- l eve l l i qu i d  radi oac t i ve waste generated at Hanford . Th i s  waste stream ,  c a l l ed 
the current ac i d  waste ( CA� ) contai n s  greater than 99 percent of the f i s s i o n  p roducts  (wh ich  
i nc l ude ces i um and  stront i um ) , about 10  perc ent of  the tota l  nept uni um ,  and  trace quant i t i es 
of uran i um and p l uton i um .  The CA� stream al so cont a i n s  most of the n i t r i c  ac i d  used i n  the 
so l vent extract i on system . N i t r i c  ac i d  i s  recovered from thi s waste stream for reu se i n  the 
PUREX p roc ess by a ser i e s  of operat i on s  ( evaporat i o n ,  ac i d  absorpt i o n , sugar deni trat i o n ,  
etc . )  • 

Th i s  sect i o n  d i sc usses p ast CA� 
man agemen prac l c es an c urren was e managemen p ans and opt i o n s .  A l so d i sc ussed i n  th i s 
sect i on are the p resent p l ans for management of the c l add i ng waste and so l vent wash 
( so l ut i ons  used to regenerate the TBP so l vent) waste so l ut i o n s .  Env i ronmental  consequenc es 
of CA� management are d i sc ussed i n  Chapter 5 . 0 .  

Current p l an s  c a l l for d i rect neutra l i zat i o n  of the CA� and i nteri m storage i n  the 
event of resumpti on  of PUREX /U03 operat i on s .  Operat i on of B-P l ant which  recovers 90Sr  
and  137Cs from the CA� i s  an opt i onal  waste management p l an .  

Past PUREX op erat i on s  have i nc l uded both immed i ate and deferred separat i o n  a n d  rec overy 
of stro nt i um ( 90Sr )  and c es i um ( 1 3 7C s )  from the CA� . The 90Sr and 13 /Cs  are 
re l at i ve l y  l ong ha lf- l i ved ( 30 yr ) f i s s i o n  p roducts  and are the major heat producers i n  t he 
CA� . Thei r removal  e l im i nated l ong-term boi l i ng of the waste  i n  storage tanks and perm i tted 
the evaporat i o n  of the l i qu i d  waste to sa l t  c ake ( a ) and s l urry after approx imately 5 years 
of l i qu i d  waste storag e .  

( a )  T h e  waste from future PUREX operat i on s  wi l l  be convert ed t o  doubl e-s he l l s l urry , a 
m i xture of f i ne so l i ds  suspended i n  a v i scous  l i qu i d  med i um .  
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The 90Sr and 137Cs were separated and recovered i n  B-P l ant . The separat i o n  
p rocedure i s  desc ri bed i n  ERDA-1538 ( USERDA 1 9 7 5 ,  p .  1 1 . 1-31 ) .  From 1968 to  1972 , B-P l ant 
and PUREX operated i n  paral l e l . When PUREX was p l aced i n  operat i ona l  standby,  B-P l ant 
cont i nued to  p rocess stored wastes ,  from 1972 to  1978.  In  its  10 years of o�erat i on ,  
B-P l ant removed approx imately 5 7  mi l l i o n  C i  o f  90Sr  and 106 m i l l i o n  C i  of 137Cs from the 
CAW . These were stored as concentrated so l ut i on s  i n  B-P l ant pend i ng further proc essi n g .  To 
date,  approx imate ly  one-t h i rd of the YOSr and 1 3/Cs has been enc apsu l ated and stored i n  
water bas i n s  i n  the Waste Enc apsu l at i on and Storage Fac i l i ty ( WESF ) . These proc edures are 
a l so descri bed i n  ERDA-1538 ( USERDA 1975 ,  p .  1 1 . 1-31 ) .  

D i rect Neutral i zat i on and I nterim Storag e  of CAW . D i rec t neutra l i zat i on and i nterim 
storage of the CAW generated by pOREx wou ld g l ve greater f l ex i b i l i ty to the waste management 
p rog ram . Thi s opt i on wou l d  a l s o  a l l ow deferred recovery of stront i um and cesi um .  D i rect 
neutra l i zat i o n  l eaves the waste i n  a form that i s  read i ly adapt abl e to many waste 
so l i d i f ic at i o n  method s .  

The max imum post u l ated p rocessi ng rate of 48, 000 MT of N-Reactor fue l  over a 16-year 
peri od wou l d  p roduce 4 . 4  x 104 mj ( 1 . 1  x 107 ga l ) of CAW . I n  th i s opt i o n ,  the CAW 
wou l d ( b� neutral i zed without cesi um and stront i um removal  and stored i n  the AY-AZ tan k  
farm .  a ) Bec ause th i s waste wou l d  st i l l  c ontai n the stront i um and ces i um ,  the heat 
generat i o n  of the l i qu i d  wou l d  be suff i c i ent to c ause  se lf-boi l i ng .  The c ondensate c reated 
by the self-bo i l i ng wou l d  be removed from the waste unt i l the sod i um c oncentrat i on i n  the 
waste so l ut i o n  reac hed app rox imate ly  5 mo l ar after wh ich  t ime the condensate wou l d  be 
returned to the tank to mai nt ai n the waste so l ut i on sod i um conc e ntrat i on at that l eve l . The 
condensate removed f rom the boi l i ng waste wou l d  be d i sc harged to a c ri b  after 
decontami nat i o n  by evaporat i on and i on exc hange .  The total vo l ume of rad i oact i ve l i qu i d s  
wou l d  b e  approx imate ly  4 . 5  x 103 m3 /yr ( 1 . 2  x 106 g a l /yr ) ,  d i v i ded about equa l ly  
between condensate and  ag i ng waste ( Tab l e  3 . 1 ) . 

B-P l ant Operat i o n s .  B-P l ant c an b e  operated i n  e i ther a sequent i a l or  p ara l l e l mode 
w ith  POREX. A p rocessl ng rate of e i ther 3000 or 2100 MT of fue l  per year wou l d  resu l t  i n  

TABLE 3 . 1 .  Rad i oacti ve L i qu i d s  From PUREX Waste Management , m3 /yr ( a ) 

To D i sposal  To Doubl e-She l l 
Source  of Waste Cri b Trenc h Pond(b} Tank Storage 

CAW Treatment ( c )  
103 103 Opt ion  1 :  D i rect 2 . 4  x -0- -0- 2 . 1  x 

Neutral i zat i o n  

Opt ion  2 :  B-P l ant 7 . 0-8 . 8  x 104 1 . 4  x 106 1 . 2  x 107 2 . 1  x 103 
Operat i o n  

C l add i ng RemOVt l
) 

1 . 2  x 104 -0- -0- 1 . 8  x 103 
So l vent Wash d 

( a ) 
( b )  
( c )  

Based o n  a process i ng rate of 3000 MT of fuel  per year i n  the PUREX p l ant . 
Non-contact coo l i ng water.  
These are the vo l umes  assoc i ated w i th the stored form of the HLW ( e i ther ag i ng 
waste o r  doub l e-she l l s l urry) . There wou l d  be a t ime de l ay between when the fue l  
was  proces sed and  when these waste vo l umes were reac hed . 

( d )  Th i s  waste wou l d  b e  generated i n  PUREX and does not depend o n  the wast e management 
opt i on c hosen . 

SOURCE : Hawk i ns 1981c . 

( a )  These t anks were bu i l t  spec i f ic al ly  to store sel f-bo i l i ng waste .  These tanks do not 
req u i re coo l i ng c o i l s  such as those used at the Savannah R i ver P l ant bec ause  the heat 
generat i on rate wi l l  be w i th i n  the desi gn cri teri a of the t anks  ( USERDA 1975 ,  
p .  1 1 . 1-3 7 ) . An overhead condenser c oo l s  the  vapors from these  tanks  and  the  condensate  
i s  e i ther returned to t anks  or  sent to  cri b s .  
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the paral l e l operat i o n  of B-P l ant and PURE X .  However , a 1050 MT/yr p roc essi ng rate wou l d  
a l l ow a sequent i a l mode of operat i o n  for  the two fac i l i t i e s .  Thi s i s  d u e  to  the fact that 
the PURE X p l ant has a suff i c i ent ly  h i g h  throughput rate that c ont i nuous operat i on wou l d  not 
be necessary to proc ess 1050 MT /yr and the PURE X p l ant cou l d  temporari l y  revert to 
operat i onal  standby wh i l e  B-P l ant is in operat i on .  The advantage of u s i ng t h i s mode of 
operat i on i s  that i t  enab l es some of the same operat i ng personnel  to be u sed i n  bot h PUREX 
and B-P l ant . The proced ures  for operat i ng B-P l ant i t self wou l d  remai n the same for both 
sequent i a l and paral l e l mode s .  B-P l ant and WESF operat i ng proc edures are bri ef l y  summari zed 
here from the d i sc uss i on c ont ai ned i n  ERDA-1 538 ( USERDA 197 5 ) . The CAW from PUREX i s  routed 
to B-P l ant vi a the 244-AR Vau l t .  The so l i ds are removed by centrif ug i ng and are treated for 
stront i um rec overy,  wh i l e  the l i q u i d  i s  treated w ith  phosphotung st ic ac i d  to p rec i p i tate 
ces i um .  The l i qu i d  remai n i ng after the ces i um p rec i p i tat i o n  is routed through  four sol vent 
extrac t i on co l umns for rec overy and p u ri f icat i on of any stront i um present . The ces i um i s  
red i ssol ved i n  sodi um hydrox i de and f u rther puri f i ed by i on exc hange .  I n  the  WESF , the 137Cs is enc aps u l ated in the form of ces i um c h l ori de salt and the 9USr i s  enc apsu l ated 
as stront i um f l uori de sa l t .  The c aps u l es ( a ) are p l aced i n  water bas i ns for storage .  
After ces i um-stront i um removal , the  CAW i s  neutral i zed w ith  sod i um hydrox i d e  ( NaOH ) , and 
sent to the AY-AZ underg round tank farms . 

The 4 . 4  x 104 m3 ( 1 . 1  x 10 7 g a l ) of CAW �roduced by PUREX wou l d  contai n 
approx imate ly  4 . 5  x 108 C i  of 90Sr and 5 x 108 C i  of 1 37Cs .  B-P l ant p rocess i ng and 
the WESF wou l d  produce approx imate ly 2 550 c aps u l es of 90Sr and approx imate ly  3990 c apsu l es 
of 137Cs . 

L i qu i d  waste streams from B-P l ant i nc l ude steam and process condensates,  c hemica l  
sewer, coo l i ng wat er, l ow- l evel l i q u i d  waste,  and d i l ute neutra l i zed CAW . The  l ow- l evel 
l i q u i d  waste is concentrated throug h  evaporat i o n  to yi e l d  decontami nated c ondensate and 
dou b l e-shel l s l u rry. The neutral i zed CAW is stored in underg round doub l e-shel l tanks for 
5 years pri or to i t s  convers i on to doub l e-shel l s l urry .  Duri ng thi s storage peri od ,  the CAW 
i s  conc entrated i n-tank by se lf-boi l i ng or heat i ng of the CAW so l ut i o n ,  fo l l owed by removal  
of the condensate. The degree of concentrat i on is  such t hat the sodi um conc entrat i on of the 
CAW is  mai ntai ned at approx imate ly  5 mo l ar by return i ng the condensate to  the so l ut i on if  
nec es sary .  The  removed c ondensate i s  decontami nated through i on exc hange and  sent to a 
c ri b .  After 5 years,  the aged and concentrated CAW i s  eventua l ly  removed from the tank and 
evaporated to generate decontami nated condensate and doub l e-she l l  s l urry .  Annua l  vol umes of 
rad i o acti ve l i q u i d  eff l uents that wou l d  be generated from B-P l ant operat i ons  are summari zed 
i n  Tab l e  3 . 1 .  

Tanks for Stora e of H i  h-Leve l Wastes .  The generat i on ,  t reatment , and 
storage of l i qU l  h i g h- eve waste LW from past PUREX operat i ons  at Hanford were 
d i sc ussed i n  det ai l i n  ERDA-1 538 ( USERDA 197 5 ,  pp .  I I . 1-29-44 ) and i n  the E I S  on 
dou b l e-shel l steel tanks for HLW storage ( USDOE 1980b ) . These doc uments a l so d i sc ussed i n  
detai l the env i ronmenta l  consequenc es of HLW storag e  i n  doub l e-shel l stee l tanks .  As 
i nd i c ated i n  Tabl e 3 . 2 ,  25 add i t i onal  tanks wou l d  be needed to acc ommodate the neutra l i zed 
CAW wh ich  wou l d  resu l t  from process i ng 48, 000 M

) T of fue l . If l ess fue l  i s  processed, 
proport i onately fewer tanks wou l d  be needed . ( c The tanks,  each  ho l d i ng about 3 . 8  x 
103 m3 ( one mi l l i on g a l l on s )  of approx imate spec i f i c  g ravi ty 2 . 0 ,  wou l d  be constructed 
i n  the 200 East Area and wou l d  req u i re about 18 ha ( 4 5  ac res ) of l and . F i fteen of these 
tanks wou l d  contai n ag i ng waste and ten wou l d  contai n c l add i ng waste s l udge.  For the 
B-P l ant process i ng opt i on ,  2 7  new tanks  wou l d  be needed and wou l d  be used for c l add i ng 
waste, doub l e-shel l s l urry , and ag i ng waste.  The tanks wou l d  be constructed i n  acc ordanc e 
w ith  or better than the tank  des i g n  and construct ion  sp ec i f i c at i ons  desc ri bed i n  
DOE / E I S-0063 ( USDOE 1980b ) ;  app rop ri ate envi ronmental  revi ew wou l d  be perf ormed before 
constructi o n .  The AY-AZ tank farms ( a l ready i n  ex i stenc e)  wou l d  be used to store the 

( a ) 

( b ) 

( c )  

These c aps u l es are approx imate ly  5 3  cm ( 2 1  i n . ) l ong and 8 cm ( 3  i n . ) i n  d i ameter.  The 
90Sr c apsu l es have an i nner c aps u l e  of Hastel oy C-276  and an outer c apsu l e  of 
316  stai n l ess steel . Both i nner and outer c aps u l es for the 137Cs are of 3 16  stai n l ess 
stee l . 
Approximat ely 200 , 000 m3 of so l i d and l i qu i d i n-tank wastes from past Hanford 
operat i on are current l y  bei ng stored ( NAS 1978 ) . 
For a tot al  of 10 , 000 MT of f ue l  proc essed , 6 add i t i onal  t anks wou l d  be needed . 
S im i l ar l y ,  for 30 , 000 MT of fuel  processed , approx imate l y  1 7  add i t i ona l  tanks wou l d  be 
needed . 
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TABLE 3 . 2 .  Approx imate Need Sched u l e  for  Add i t i onal  
Waste Storag e Tanks for Hanford Waste 
Management , 48000 MT Fuel P roc essed 

Year 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

· 1995 
1996 
1997 
1998 
1999 
TOTAL 

New Tanks Needed ( a } 
2 
3 
1 
o 
1 
1 
3 
1 
1 
2 
2 
2 
2 
2 
2 

2 5  

( a ) Eac h  has a nomi nal  c apac ity 
of 3, 800 m3 ( 106 g a l ) .  

bo i l i ng wast e f rom ei ther management opt i o n .  Waste storage tank  acc i dents have been 
d i scu ssed i n  ERDA-1 538 ( USERDA 1975 ,  p .  1 1 1 . 2-2 )  and DOE / E I S-0063 ( lY80b ) .  

C l addi ng Remova l  and So l vent Wash Wast e .  The waste manag ement prog ram current l y  
p l an ned f o r  t h e  c l addi ng removal and so l vent wash wast e stream i s  c ompat i b l e  w ith  e i ther CAW 
management opt i o n .  Th i s  l i qu i d  waste stream c ontai ns  exten si ve amounts of suspended so l i d s ,  
wh ich  sett l e  dur i ng storag e i n  doub l e-shel l tanks .  The l i qu i d  i s  then removed and 
conc entrated through evaporat i on .  The evaporator c ondensate i s  further dec ontam i n ated by 
i o n  exc hange and d i sc harged to a cri b and the evaporator bottoms are stored w ith  ex i st i ng 
waste s l urry i n  dou b l e-shel l tanks ( see Tab l e  3 . 1 ) . 

Other Waste Treatment . A bac kcyc l e  waste system ( p art of the PUREX process )  co l l ects  
and  concentrates aqueo u s  waste streams cont ai n i ng n i tric  ac i d ,  uran i um ,  p l uton i um ,  
neptu n i um, and f i s s i on  products from vari ous co l umns i n  the p l ant and  condensates from some 
p l ant c ondensers .  Streams enteri ng the backcyc l e  wast e system are from the p l uto n i um 
recovery cyc l e ,  the urani um recovery cyc l e , and the nept un i um rec overy system .  The 
bac kcyc l e  waste system cons i sts  of a c onc entrator and condenser ; the conc entrated aqueous 
wastes are recyc l ed to the f i rst extract i on c o l umn and to  the f i nal  neptuni um cyc l e  for 
neptu n i um recovery .  The offgases from t h e  condenser are p roc essed throug h t h e  c ondenser 
vent system .  

N i tr ic  ac i d  i s  rec overed from d i sso l ver offgas  w i t h  a downdraft c ondenser and two ac i d  
absorbers i n  ser i e s .  Rec overed n i tr ic  ac i d  and the n i tric  ac i d  rec overed at the U03 p l ant 
are c oncentrated ( i n a vac uum fract i onator)  and reused i n  the P UREX p l ant . The d i st i l l ate 
f rom the vac uum frac t i onator i s  recyc l ed to  the fract i onator, u sed as absorber water i n  the 
ac i d  absorber s ,  and routed to the bac kcyc l e  waste system ,  as requ i red . 

Ammon i a  sc rubber waste c o l l ected duri ng c l addi ng d i sso l ut i on and c l add i ng waste 
treatment i s  evaporated , dri v i ng off the ammo n i a ,  whi c h  i s  then absorbed and co l l ected w ith  
the  condensate from the evaporator.  Bec ause the radi onuc l i des i n  t he  sc rubber waste are not 
vol at i l e ,  they remai n i n  the evaporator i n  the concentrated bottoms l i quor,  wh i c h  i s  
peri od i c a l ly  empt i ed from the evaporator and routed t o  underground storage tank s .  The 
evaporator condensate i s  routed to a c r i b for d i sposa l . 

I od i ne ( 129 1 and 131 1 )  re l eased i n  the d i sso l ver and i n  the  proc ess vesse l s ,  i s  
removed from the g aseo u s  eff l uent by s i l ver reactors . The reac t i on of s i l ver n i t rate 
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( A9N03 ) w ith  i od i ne forms s i l ver i od i de ( Ag I ) ,  a so l i d  whi c h  remai n s  i n  the  reactor . When 
a reactor no  l onger eff ic i en t l y  removes i od i ne and c annot be effec t i ve l y  regenerated , i t  i s  
rep l aced and sent to  so l i d  waste buri a l .  

Duri ng conti n uous p l ant operat i on ,  process c ondensates from c urrent ac i d  waste 
c oncentrat i o n ,  bac kcyc l e  waste concentrat i o n ,  ac i d  fracti onat i o n ,  and Pu-U part i t i on cyc l e  
concentrat i on are used as scrub streams t o  vari ous c o l umns i nstead of bei ng d i scharged to  
cr i b s .  However,

. 
c ondensate from the f i na l  urani um cyc l e  i s  rout i ne l�  d i sc harged to  a cri b 

because of i t s  very l ow f i ss i on product c oncentrat i on ( see Tab l e  0 . 8 ) . 

S o l vent wash waste and wastes c o l l ec ted i n  the ce l l sump s are made a l ka l i ne ,  sent to 
ho l d i ng tanks ,  concentrated i n  the waste evaporator, and stored i n  underground  waste tan k s .  

3 . 1 . 1 . 4 .  Process Eff l uents 

Eff l uents from the operat i on of the Hanford PUREX/U03 f ac i l i t i es cons i st pri nc i pal ly  
of  g ases and l i q u i d s ; so l i d  wastes are quite  m i nor . The eff l uent s may contai n rad i o act i ve 
and / or nonrad i o ac t i ve po l l utant s .  The i r  envi ronment a l  effects ,  descri bed i n  detai l i n  
C h apter 5 ,  are summari zed i n  th i s chapter i n  Sect i on 3 . 1 . 8 .  Deta i l ed eff l uent data are 
c ontai ned i n  Appen d i x  D .  

A l l gaseous eff l uents that mi gbt cont ai n rad i onuc l i des  are treated and f i l tered t hrough 
h i g h  eff i c i ency p art i c u l ate f i l terst a )  or deep f i berg l ass f i l t ers before d i sc harge to  the  
atmosphere . 

L i q u i d  radi oact i ve wastes are c oncentrated by evaporat i on .  Streams c ontai n i ng l i tt l e  
o r  n o  rad i o act i v i ty ,  such as non-contac t  cool i ng water and some condensate streams from t he 
ev aporator , are sent to man-made ponds and cri bs ( s hown i n  F i g ure 3 . 1 ) . 

The projected val ues of the proc ess eff l uents and 4he i r  envi ronmental  effects are based 
on processi ng 3000 MT/yr of ISO-day coo l ed 12  perc ent 2 0Pu  fue l . Th i s  assumed process i ng  
rate and  fuel  type is  desi gnated the "worst c ase"  bec ause it  wou l d  resu l t  i n  the greatest 
dose to  the pub l i c .  Process i ng of l ower-exposure N-Reactor fue l , wi th l ess  t han 12  perc ent 
240pu wou l d  resu l t  i n  l ess-radi oac t i ve eff l uents and l ower doses . 

As noted ear l i er ( Sect i on 3 . 1 ) , the PUREX process i ng rate may be muc h l ower than 
3000 MT i rradi ated fuel per year. At t he rate of e i ther 1050 or 2100 MT /yr , vo l umes of 
p roc ess eff l uents and rad i oact i v i ty rel eased wou l d  decrease, as wou l d  envi ronmental  effect s  
i n  g eneral ( see Append i x  D ) . 

Gaseous Eff l uents . Duri ng 1972 ( b ) the  l ast year of PUREX p l ant operat i on ,  the 
approx imate l y  3 . 4  x 109 m3 ( 1 . 2  x lol l ft3 ) of g aseous eff l uents d i sc harged from t he 
PUREX p l ant  c ontai ned 0 . 6  C i  of p art i c u l ate  f i ss i o n  products  and transuran i c  nuc l i des ,  
0 . 3  C i  of rad i o i o d i ne i sotopes, 0 . 7  C i  of  14C ,  4 . 1  x 105 Ci of 85Kr, p l us 
approx imately 1000 C i  of 3H .  Esti mated max imum annual  d i sc h arges duri ng PUREX p l ant 
operat i on at 3000 MT/yr wou l d  be approxi mately  three t imes greater than those in 1972 
(Tab l e  0 . 1 ) . A l l eff l uent streams normal l y  c ontai n i ng rad i onuc l i des wou l d  be ana lyzed for 
rad i oacti v i ty .  Eff l uent samp l es from the mai n stac k  wou l d  be analyzed for spec if ic  
rad i on uc l i de s .  

Rad i o nuc l i des re l eased i n  g aseous  eff l uent streams from t h e  PUREX p l ant duri ng 
operat i ons  wou l d  resu l t  i n  concentrat i on s  at the Hanford S i te bou ndary that wou l d  be w i th i n  
the l evel s perm i tted i n  u nrestricted pop u l ated areas . Conc entrat i ons  i n  occ up i ed areas 
w ith i n  the S i te bou ndary wi l l  be w i th i n the l evel s permi tted i n  restricted areas ( DOE  
Order 5480 . 1A Gu i de l i nes ) . 

Gaseous eff l uents from the U03 p l ant for 1972 were est imated to c ompri se 3 . 4  x 
107 m3 ( 1 . 2  x 109 ft3 ) .  Eff l uents were est imated to conta i n l ess  t han 10-4 a lpha  
C i  and  l ess  than  10-2 beta C i  ( see Append i x  D ) .  Projected g aseous  eff l uents fol l owi ng 

( a ) These f i l ters are c ap ab l e  of remov i ng from an ai r stream at l east 99 . 97 percent of the 
rad i oac t i ve p art i c u l ate materi a l  that i s  greater than 0 . 3  m i c rons ( 0 .01  m i l s )  i n  
d i ameter . 

( b ) Duri ng 1972 , 1013 MT of i rrad i ated fuel  were processed at PURE X ;  th i s i s  equ i va l ent to 
approx imate ly one-th i rd the des i g n  year tonnage for the assumed max imum operat i o n .  
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resumpti on  of U03 operat i ons  wi l l  be further reduc ed through the add i t i on of HEPA 
fi l trat i o n ;  concentrat i ons  are est imated to be wel l bel ow permi ss i b l e  l eve l s  i n  u n restri cted 
areas ( Tab le  0 . 3 ) . 

The p ri nc i pa l  nonrad i o l og i c a l  g aseous  emi ss i o n  from the PUREX /U03 fac i l i ty wou l d  be 
NOx , resu l t i ng pri mari l y  from fuel d i sso l ut i on ( PUREX P l ant) and from UNH c a l c i nat i on 
( U03 P l ant ) , amounti ng to an est i mated 435 MT/yr after app l i cat i on of the best avai l ab l e  
contro l  tec hnol ogy ( see Tab l e  0 . 5 ) . Nei ther fac i l i ty wou l d  p roduce su lfur  ox i des or 
photochemic a l  ox i d ants . The envi ronmental consequences are d i sc ussed in Sect i o n  5 . 1 . 2 . 1 .  

L i gu i d  Eff l uent s .  A s  i nd i c ated i n  F i g ure 3 . 5 , l i q u i d  eff l uents from t h e  PURE X / U03 
fac i l ltles  l nc l ude p rocess and sc rubber waste ,  steam c ondensates , process coo l i ng water from 
heat exch ang ers, chem ica l  sewer waste and san i t ary waste.  Current ac i d  waste,  the other 
l i q u i d  stream l eavi ng the PUREX fac i l i ty ,  may be neutral i zed and sent to  underg round tank 
storage or sent to B-P l ant for f u rther p rocess i ng ;  it i s  not cons i dered a l i qu i d  eff l uent i n  
t h i s  sect i o n .  

P rocess and steam c ondensates generated duri ng PUREX operat i on wou l d  b e  d i sc harged t o  
underg round c ri bs a s  descr i bed i n  ERDA-1538 ( U SERDA 1975 ,  p .  1 1 . 1-44) . Mod i f icat i on s  i n  
p l ant des i g n  and operat i o n  p rocedures wi l l  reduce t he l i qu i d  vo l ume d i scharged to c ri bs o n  a 
m3 /MT fuel  processed bas i s ;  total l i qu i d  vo l ume may i nc rease d ue  to the i nc reased 
p rocess i ng rate.  After resumpti on of operat i ons ,  6 . 3  x 105 m3 ( 1 . 6 x 108 g a l ) l i q u i d  
waste wou l d  be  d i scharged to  cr i bs ,  w ith  steam condensates account i ng for  more than 
85 percent of the l i q u i d s  d i scharged . 

More s i g n i f i c ant ly ,  the comb i nat i o n  of recyc l e  and re-evaporat i o n  of condensates from 
the ac i d  absorber ,  the backcyc l e  waste c oncentrator,  the f i rst uran i um cY§6e cO�55ntrator,  
and the evaporat i on of ammoni a  scrubber waste wi l l  measurably reduce the Sr, R u ,  
and 137Cs content s of the c ondensates d i scharged to  cr i bs . These are expected to dec rease 
f rom hundreds of c u ri es/yr to l es s  than 15 C i /yr ( see Append i x  0 . 1 . 2 ) . 

Heat exchanger c oo l i ng water ( 2 . 6  x 107 m3/yr ) and the chem i c a l  sewer ( 2 . 7  x 106 m3 /yr) 
are al so consi dered l i qu i d  eff l uents f rom the PUREX operat i o n .  Bec ause the rad i oac t i ve 
c ontent of these l i q u i d s  i s  very l ow, t hey wou l d  be d i scharged to man-made pond s .  Except 
for t ri t i um ,  the annual  tota l s d i scharged wou l d  amou nt to  o n l y  a few cur ies .  The 
rad i onuc l i de content of these d i scharges to the ponds i s  shown i n  Tab l e 0 . 8 .  
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F I GURE 3 . 5 .  L i q u i d  Streams Leavi ng the PUREX F ac i l i ty 
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The ons i te d i sc harge of rad i oac t i ve l i qu i ds to c r i bs and ponds  wou l d  be contro l l ed suc h 
t h at the  resu l t i ng rad i at i on dose to  o n s i t e  perso n n e l  and off s i te popu l at i on s  wou l d  be we l l 
be l ow the  amount a l l owab l e  u nder DOE Order 5480 . 1A r ad i at i on p rotect i on st andards . I n  fac t ,  
wh i l e  these l i qu i d s wou l d  b e  d i scharged to a n  ons i t e  rad i oac t i ve  waste d i spo sa l  s i te ,  the  
conc entrat i o n  of a l l rad i onuc l i des  wou l d  be  suff ic i ent ly  l ow that the  l i qu i ds cou l d  meet 
c r i teri a  for d i rec t d i sc harge to a pub l i c  san i t ary sewer system ( see Sec t i on 6 . 1 and DOE 
O rd er 5480 . 1A Tab l e  I ,  Co l umn 2 ) .  

San i t ary waste i s  a non-rad i o l og i c a l  l i q u i d  waste d i sc harged  at a rate of app rox i mat e l y  
1 . 5  x 106 m3 /yr .  Ten perc ent of th i s  waste i s  d i sc h arged t o  a sept ic  tank-t i l e  f i e l d  
d i sposal  are a ,  and the rest i s  routed t o  c r i b s  v i a the  process  and ammon i a  sc rubber 
condensates and to  a pond v i a  the chem i c a l  sewer .  

P rocess condensate  f rom the  U03 p l ant amount i ng to app rox imate ly  1 . 8  x 103 m3 /yr 
wo u l d  be sent to a cr i b .  Heat exc h anger cool i ng water ( 1 . 7  x 105 m3 /yr)  and chem i c a l  
sewer waste ( 1 . 1  x 104 m3 /yr)  wou l d  b e  sent to a pond . Tota l  rad i oact i v i ty content of 
a l l U03 p l ant streams ( see Tab l e  0 . 10 )  was est i mated at l ess  than  5 C i /yr f rom 1972  
operat i on s ,  and future op erat i o n s  are  p rojected to be comp arab l e .  As  stated  prev i o u s l y ,  
these d i sc h arges wou l d  b e  contro l l ed such t hat t h e  res u l t i ng doses wou l d  b e  w i th i n  the  
rad i at i o n  protec t i o n  standards of DOE  Order 5480 . 1A .  

The tota l  l i q u i d  eff l uents from the  U03 p l ant wo u l d  contai n l ess  than  1 0  perc ent of 
t he act i n i de s  and l ess  than 50 perc ent  of the  tot a l  s cur i es rout i ne l y  d i sc h arged to the 
pond s /c r i bs i n  the  200 West Area. ( Other l i q u i d  d i sc h arges  are f rom waste management 
f ac i l i t i e s . ) 

So l i d W astes . Cont am i n ated so l i d  wastes from the  PUREX  p l ant are l i sted i n  Tab l e  3 . 3  
'as transuran l c  (TRU ) and non-TRU wastes and  con s i st primar i l y  of fa i l ed and unusab l e  
p roduc t i on equ i pment , too l s , l aboratory equ i pment , and other contami n at ed so l i d s .  These 
wastes wou l d  be d i sposed of accord i ng to t he i r  rad i onuc l i de content ( see Appen d i x  A . 1 . 12 ) .  

So l i d waste gener ated by U03 p l ant operat i on was app rox i mat e l y  2 1  m3 ( 740 ft3 ) i n  
1972 . Th i s  was bu r i ed i n  the 200 West Area i nd u st ri a l  bur i a l  g round  as non-TRU waste as i t  
cont a i oed o n l y  0 . 9 5 kg of uran i um ,  0 . 5 C i  of tot a l  S emi tters,  and <0 . 0 3  C i  of combi n ed 
90S r ,  1 3 7Cs ,  and 106Ru  n uc l i des . F uture U03 p l ant operat i on wou l d  a l so p roduc e 
about 63 m3 of so l i d wastes annua l l y ( a ) w i t h  s i m i l ar compos i t i o n  and henc e wou l d  a l so be  
bu r i ed i n  the  i ndustri a l  bur i a l  g round s .  

P ast chem i c a l  p roces s i ng operat i o n s  h ave g enerated 1 . 56 x 105 m3 of  contam i n ated 
so l i d waste wh i c h  i s  buri ed i n  19 s i tes i n  the 200-Area p l ateau u s i ng 63  h a  of l an d  ( USERDA 
1975 ,  p .  1 1 . 1-19 ) . F ut ure 200 Area so l i d  waste re l eases ( of wh i c h  the  PUREX / U03 p l ants 
are o n l y  a part) were p roj ec ted i n  ERDA-1538 ( USERDA 1975 ,  p.  V-4 1 )  to  requ i re app rox imat e l y  
1 h a  l and  u s e /year . 

So l i d  waste from the  p l utoni um ox i de p roduc t i o n  system i n  the  PUREX 202-A B u i l d i ng 
wou l d  i nc l ud e  HEPA f i l ters ,  g l oves , c l oth i ng , swi p e  samp l e s ,  too l s ,  and l aboratory c l eanup 
mater i al s . These wou l d  be stored as TRU wastes and h ave a 20-year retr i eva l  c apab i l i ty .  

So l i d  nonrad i oact i ve wastes ,  con s i st i ng o f  o rd i nary tras h o r i g i n at i ng out s i de of 
contami nated areas,  are c o l l ected i n  trash  c a n s ,  p l ast ic  bag s ,  c a rd board box e s ,  etc . wh i c h  
are empt i ed i nto a d umpster . The waste i s  compac ted to  one-t h i rd vo l ume and bu r i ed i n  the 
Hanford S i te c entra l  s an i t ary l andf i l l .  The projected so l i d  waste from PUR E X / U03 f ac i l i t i es ,  approx imate ly  396 m3 /yr ( 14 , 000 ft3 /yr ) , wou l d  be about four perc ent of the  
10 , 200 m3 /yr ( 3 60 , 000 ft/yr ) , predi c ted for  the  ent i re Hanford S i t e  ( USERDA 1975 ) . 

3 . 1 . 2  Descr ipt i on of PURE X / U03 Fac i l i t i e s  

T h e  PUREX p l ant i s  l oc ated i n  the 200 E ast Area o f  t h e  Hanford S i t e ,  t h e  U03 p l ant i s  
i n  the 200 West Are a.  The process  comp l ex i ty and equ i pment detai l s  of the  PUREX  p l ant  are 

( a ) The so l i d  waste vo l umes g i ven  above are based on  process i ng about 3000 MT/yr of 
i rradi ated N-Reactor f ue l . These vo l umes wou l d  d ec rease i f  the  PUREX p l ant were to 
p rocess  1050 or  2 100 MT of fue l  per year.  
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TABLE 3 . 3 .  Annu a l  Rad ioact i ve So l i d  Waste Di scharged From the  PUREX P l ant  

1972  ( actual ) 
C u r l e s  

Waste Type Vo l . ( m3 ) Tota l  (
90

S r ,  
137

c s ,  1OoR U )  P U ( 9 )  
TR U ( a )  1 . 9  x 102 180 __ ( b )  43 
Non-TRU 4 . 5  x 102 31 , 000 2 , 500 <O . l ( c )  

Future ( est i mat e ) ( d )  

C u r i es 
Waste Type/ So urce Vo l .  ( m3 ) ( d )  Tota l  (

90S r ,  137c s ,  1OoR u )  P U �9 )  
TRU 

PUREX ( e )  1 . 0  x 103 540 135 
P u 02 L i ne 5 . 7  x 101 2760 

No n-TRU 1 . 2  x 103 81 , 000 6 , 600 0 . 3  

( a )  TRU waste i s  any waste meas ured  o r  as s umed to contai n greater than 1 0  nanocur i es 
of transuran i c  al pha act i v i ty per  gram of waste . 

( b )  Data not avai l ab l e .  
( c )  Le s s  than « )  va l ues are deri ved from the  l ower l im i ts o f  detec t i o n .  
( d )  Based on proces s i ng 3000 M T  o f  i rr ad i ated f u e l  p e r  ye ar . 
( e )  Th i s  i nc l u des the PUREX  c anyon bur i a l  boxes wh i ch contr i bute 4 . 8  x 102 m3 and 

6 g P u . 
SOURCES :  H awk i n s  1 980a,  1 981b . 

more exten s i ve th an that of the  U03 p l ant . The PURE X p l ant operati on as proposed w i l l  
i nc l ude  fac i l i t i es to conv ert p l uton i um n i trate to p l uton i um ox i d e ;  thu s  al l 
p l uton i um-re l ated proces s i ng wou l d  be conducted i n  the PUREX p l an t .  

3 . 1 . 2 . 1 .  PUREX  Fac i l i t i es 

The PUREX p l an t con s i sts of a l arge proces s i ng b u i l d i ng and assoc i ated s upport 
fac i l i t i es ( F i gure 3 . 2 ) .  The proces s i ng b u i l d i ng i s  about 300 m ( 1000 ft ) l ong , 35 m 
( 120 ft ) w i de ,  and 30 m ( 100 f t )  h i gh . I n  the  proces s i ng bu i l d i n g  are c e l l s  contai n i ng 
vesse l s ,  t an k s ,  p i pes , co l umn s ,  and other proces s i ng equ i pment necess ary for fuel  
proces s i ng .  H eavy s h i e l d i ng prov i des r ad i at i on protec t i o n  for p l ant operati ng personnel .  
I n strument at i on for mon i tori ng and contro l of the proce s s ,  as we l l  as equ i pment  for samp l i ng 
of process streams i s  prov i ded . Faci l i t i es for decontam i n at i on an d rep a i r  of equi pment  are 
a l so prov i ded . A l l l i qu i d  and g aseous eff l uents from the PUREX fac i l i ty are mon i tored to 
assure comp l i ance w i th app l i c ab l e  r e l ease stan dard s .  Further detai l s  of  the p rocess are 
g i ven i n  Appen d i x  A .  

3 . 1 . 2 . 2  gQJ P l ant  F ac i l i t i es 

The U03 p l an t i nc l udes fac i l i t i es for rece l v l ng and concentr ati ng the uranyl n i trate 
hex ahydrate f rom the PUREX p l an t ,  s i x  e l ectr i c a l l y-heated cont i nuous  c a l c i n ers  that convert 
UNH to U03 , ac i d  recovery equi pmen t ,  and fac i l i t i es for packag i ng and s h i pp i ng of U03 ' 
Append i x  A conta i n s  further det ai l s  of the  U03 p l an t .  

D i scuss i on of t h e  U03 fac i l i ty i s  bri ef because  these fac i l i t i es are much l es s  
comp l ex i n  compari son w i th t h e  PUREX fac i l i t i e s .  F urther , they process mater i a l s  o f  v ery 
l ow radi oact i v i ty ,  not exceed i ng that of n atura l  uran i um, and do not req u i r e  s h i e l d i ng or 
remote oper at i on s .  Bec ause o f  t h e  re l at i ve l y  l arger c apac i ty o f  t h e  U03 p l ant, i t  wou l d  
operate for on l y  about 105 days / yr for the  assumed 3000 MT/yr of i rr ad i ated fue l . The U0 3 
producti on fac i l i t i es are l oc ated about 8 km ( 5  mi l es )  wes t of the  PUREX p l an t .  
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3 . 1 . 3 PUREX Proces s i ng C apab i l i t i es 

Current l y ,  the PUREX proces s i ng r ate i s  l i mi ted by c l ad d i ng waste h an d l i n g  operat i on s  
to approx i mate l y  2300 MT / yr .  E n g i neer i n g  stu d i es i n d i cate t h e  capac ity  cou l d be  i ncreased 
to 3100 MT/yr if proces s  mod i f i c at i on s  were s uccessfu l l y demonstrated after p l an t  startup .  
These mod i f i c at i on s  wou l d  e l imi n ate some steps i n  the  recovery of so l i d s  from the c l add i ng 
waste , thereby l ower i ng the vo l ume of waste mater i a l  wh i ch must be processed . The 
mod i fi cat i ons  wou l d  requ i re ch ang i ng a tank ag i tator and p i p i n g  j umpers at a cost of about 
$30 , 000 . These ch anges wou l d  be made remote l y  and wou l d  not i ncrease occupat i on a l  dose 
rates or i ndustr i a l  acc i dent frequenc i e s .  

A l ter nat i ve l y  u s i ng th e current proces s ,  a c apac i ty o f  3000 MT /yr cou l d  be  ach i eved 
w i th exten s i ve mod i f i cat i on s  to the equ i pment i n  the waste h an d l i ng  and adj acent ce l l s .  
P re l im i n ary stud i es of th i s  a l tern at i ve p l ace th e cost at about $7 , 000 , 000 requ i ri ng 
200 man-months and four months  PUREX P l an t  down t i me for i nsta l l at i on and tes t i n g .  A project 
of th i s  magn i tude wou l d  req u i re appro x i mate l y  three years to i mp l ement fo l l ow i ng recog n i t i o n  
of n eed . Ag a i n  these changes wou l d  be made remote l y  and wou l d  n o t  i ncrease occupat i on a l  
dose rates o r  i ndustr i a l acc i dent frequenc i es .  F o r  futher detai l s  o f  both a l tern at i ves see 
Append i x  A . 2 . 1 .  

3 . 1 . 4 PUREX / U03 Operat i on a l  Requ i rements 

Th e PUREX/U03 fac i l i t i es wou l d req u i re a total staff of approx imate l y  400 peop l e .  
The annual  operat i ng costs are esti mated at $40 mi l l i o n  b ased o n  operat i ng the fac i l i t ies  at 
2100 MT/yr throughput . P rocess  n eeds for PUREX/U03 operat i on s  at a l evel  of 3000 MT/yr 
wou l d  requ i re steam generated by the consumpt i on of approx imate l y  96 , 000 MT/yr of coa l . 
E l ectr i c a l  requ i rement, w�u l d  be 2 7  m i l l i o n  kWh /yr .  The raw water req u i rement wou l d  be 
approx i mate l y  4 . 2  x 10 m tyr o  

3 . 1 . 5  Compl eted PUREX F ac i l i ty Mod i f i cat i on s  

ERDA-1538  ( USERDA 1975 , pp . I I . 5-1 8 , V-1 7 )  descr i bed t h e  Federa l  government ' s  p l an s  to 
mod i fy P UREX f ac i l i t i es to i ncreas e s afety and reduce the env i ronmental  impacts of 
oper at i on . To i mp l ement thes e ,  the PUREX p l ant and  process h ave been conti nua l l y  upgraded 
to i mprove performance and add new cap ab i l i ty .  Th i s  program h as cont i nued  s i nce the p l ant 
was pl aced i n  oper at i on a l  standby cond i t i on i n  1972 . Some of the major mod i f i cat i ons  
a l ready made in  response to ch ang i n g  env i ronmental  and safety requ i rements are descri bed i n  
th i s  sect i on .  Many of these mod i f i c ati ons  h ave been comp l eted and are b r i e f l y  desc r i bed  i n  
the fol l ow i ng sect i o n s ;  add i t i on a l  deta i l s  are contai ned i n  Append i x  A . 2 . 4 .  The c urrent 
esti mated cost of restart of the P UR E X / U03 p l ants ( cover i ng  the peri od F YI980-1984 ) i s  
approx imate l y  $150 mi l l i on ;  th i s  i nc l udes p l ant mod i f i cat i ons , p l ant  upkeep and p l an t  staff 
trai n i ng .  

3 . 1 . 5 . 1 .  Mod i f i cat i o n s  i n  L i qu i d  Eff l uent Contro l ( $ 1 , 460 , 000 ) 

Improved l i qu i d  effl uent contro l for the PUREX  faci l i ty ,  w i th consequent s i gn i f i c ant 
reduct i ons  i n  q u an t i t i es of rad i oact i v i ty d i scharged to cr i bs and pond s ,  has  been ach i eved 
by the i ncorporat i on of re-evaporat i on steps to vari ous  process condensates and to the 
ammon i a  scrubber waste , w i th on l y  the re-evaporated and decontami n ated condensate b e i n g  
d i scharged . 

As a resu l t  of these change s ,  the q u ant i t i es of rad i onuc l i des  re l eased to the c r i b s  
( per metri c  t o n  o f  fue l  processed ) ,  except for tri t i um ,  are reduced b y  a t  l e ast 50 percent 
be l ow the 1972  operati ng l eve l s .  

3 . 1 . 5 . 2  Mod i f i c at ions  i n  Gaseous Effl uent Contro l ( $ 2 , 800 , 000) 

Add i t i on a l  HEPA f i l trat i o n  systems have been i nstal l ed on  a n umber of  ce l l s  i n  the 
PUREX p l ant b u i l d i ng ,  and are expected to reduce eff l uent concentrat i o n s  to l evel s 
permi s s i b l e  i n  a i r  i n  u nrestri cted areas . A second stage of HEPA f i l trat i on was added to 
cel l s  i nvol ved w i th p l uton i um and neptun i um process i ng .  

For improved eff l uent  contro l for P UREX  Bu i l d i ng 202-A ,  a th ird f i l ter has been 
i nstal l ed on the mai n stack . Th i s  w i l l  serve as a standby b ackup  to the two fi l ters 
rout i ne l y  used .  
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3 . 1 . 5 . 3  Improved F i re P rotect i on ( $1 , 030 , 000 ) 

Improvements were made for f i re detec t i o n  and suppres s i o n  ( fo am generat i on ) systems i n  
a n umber o f  ce l l s  i n  B u i l d i ng 202-A, pr imar i l y  i n  those ce l l s  wi th s i g n i f i cant i n ventori es 
of organ i c  s o l ven t .  A spri nk l er system was added to the ma i n  vent i l at i o n  tunne l  for 
i mproved protect i o n  of the mai n stack f i l ters . 

3 . 1 . 5 . 4  New C r i t i ca l i ty Al arm System ( $3DO , 000 ) 

New n u c l ear cr i t i ca l i ty i nc i dent a l arms were i n stal l ed i n  the P UREX p l ant that meet 
current cri teri a for Nuc l ear C r i t i c a l i ty Safety ( DOE Order 5480 . 1A ) . 

3 . 1 . 5 . 5 Upgradi ng Account ab i l i ty Measurement System ( $350 , 000 ) 

The ma i n  accountab i l i ty tank s amp l i ng system an d the assoc i ated sh i e l d i ng were 
upgraded . Improvements  h ave been made i n  the i nput measurement system part i cu l ar l y  i n  
an a l yt i c a l  tech n i ques an d representat i ve s amp l i ng procedure s .  Th i s  perm i t s  stri cter contro l 
of p l uton i um i nventor i es i n  the f ac i l i ty .  

3 . 1 . 6  P l anned Fac i l i ty M i t igat i ng Meas ures ( Mod i f i c at i o n s )  

Sever al add i t i on a l  mod i f i c at i on s  wou l d  b e  comp l eted before th e P UREX / U03 fac i l i t i es 
began operat i o n .  These mod i f i c at i on s  w i l l  reduce env i ronmental  i mpacts from p l ant 
operat i on . A s i gn i f i cant mod i f i c ati on i s  the i ncorporat i on of the p l uton i um ox i de 
convers i on equ i pmen t  w i th i n  the PUREX  p l an t ,  e l i mi n at i ng the former need to transport 
p l uton i um n i trate s o l u t i o n s  8 km for convers i o n .  

3 . 1 . 6 . 1  P l anned PUREX L i qu i d  Eff l u ent  C ontro l Mod i f i c at i o n s  ( $ 4 , 550,000) 

A n umber of i mprovements i n  s amp l i ng ,  mon i tor i n g ,  and f l ow me asurement of PUREX 
conden s ate ,  coo l i ng water , and chemi c al sewer streams wou l d  be i ns t a l l ed p r i or to resumpt i on 
of operat i o n s  ( see Appen d i x  A . 2 . 5 . 1 ) . These mod i f i cati on s  w i l l  improve contro l of l i q u i d  
eff l uents from PUREX . 

3 . 1 . 6 . 2  P l anned PUREX Gaseo us  Eff l uent Contro l Mod i f i c at i on s  ( $3 , 330 , 000) 

G aseous eff l uent contro l s are p l anned  wh i ch w i l l  i mprove samp l i ng ,  mon i tori ng , and 
measurement of total  f l ow through the ma i n  stack and through the product remova l  room stack , 
and prov i de add i t i on a l  HEPA f i l trat i on i n  key areas .  One major mod i f i c at i o n  w i l l  be the 
reduct i o n  i n  PUREX NOx emi s s i o n s .  App l i c at i on of the best ava i l ab l e  contro l tec h n o l ogy 
w i l l  i ncrease NOx remova l  from 46 percent to 80 percent ( see Sect i o n  A . 2 . 5 . 2 ) .  

3 . 1 . 6 . 3  P l anned PUREX Safegu ard s Mod i f i c at i ons  

The  PUREX  p l an t  w i l l  be  protected i n  accprdance w i th the s afeg u ards and secur i ty 
requ i rements of USDOE Orders of the 5630 ser i es . 

3 . 1 . 6 . 4  Upgr ad i ng PUREX Vent i l at i on System ( $700 , 000 ) 

The P UREX  vent i l at i o n  system w i l l  be upgraded to i mprove the ab i l i ty of  the contro l 
system to mai nta i n a pos i t i ve pres sure zone  i n  Bu i l d i ng 202-A i n  areas occupi ed by 
personn e l , and add i t i on a l  sensors and al arms w i l l  be i nsta l l ed i n  d i fferent contro l zones to 
i mprove the ab i l i ty to detect and respond to the spread of contam i n at i on i n  the event of an 
acc i dental  re l ease . 

3 . 1 . 6 . 5  Waste Tran sfer F ac i l i t i es ( $2 , 600 , 000) 

Three n ew enc ased waste transfer l i nes  from P UREX 202-A Bu i l d i ng to the AW tank f arm 
w i l l  be i nstal l ed .  

3 . 1 . 6 . 6  P l anned Mod i f i c at i o n s  for U03 P l ant ( $2 , 62 0 , 000)  

Mod i f i c at i o n s  are  p l anned to upgrade l oad-out system s :  i mproved mon i tori ng , samp l i ng 
c apab i l i ty ,  and HEPA f i l tr at i o n  to some exhaust stack s ,  to improve process dust  contro l , and 
to i mprove the f i re protect i on system . 
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3 . 1 . 6 . 7  P l anned PUREX PuO? System Add i t ion  ( $1 5 , 700 , 000 ) 

A p l uton i um ox i de product i on system i s  be i ng i n stal l ed i n  the 202-A B u i l d i ng to convert 
the p l uto n i um n i trate obtai ned from the PUREX proces s  to p l uton i um ox i de .  The eng i neer i ng 
des i gn of the system i s  comp l ete and con struct i o n  has  beg u n .  Use  of th i s  new system wi l l  
e l im i nate the need to tr ansport p l uton i um n i trate s o l uti on  to the prev i ou s l y-u sed ox i de 
convers i on u n i t  l ocated 8 km away . I t  w i l l  a l so  reduce tota l  rad i at i o n  exposure of 
operati ng personnel .  

A more deta i l ed descr i pt i on of the n ew P u02 system i s  conta i ned i n  Append i x  A . 3 .  

3 . 1 . 6 . 8  Upgrade Se i sm i c  Res i stance ( $830 , 000) 

The PUREX f ac i l i ty was con structed , i n  comp l i ance w i th the Un i form B u i l d i ng Code 
app l i cab l e  at the t ime of i ts con struct i on i n  1953 , before the adop t i o n  of current 
earthquake res i stance cri ter i a . The DOE w i l l  i ncorporate structural  upgrades con s i stent 
w i th current cr i teri a i nto key areas before resumpti on of operat i on .  ( Spec i f i c  
mod i fi c at i o n s  are d i scus sed i n  more deta i l i n  Appen d i x  A . 2 . 5 . 7 . ) 

3 . 1 . 7  Other M i t i gat i o n  Measures Con s i dered and N o t  Proposed 

�n e  m i t i gati on  measure con s i dered was add i t i on a l  g aseous waste treatment to remove 3H 
and 8 Kr from d i s so l ver offgase s .  W i thout th i s  mod i f i cat i o n  the rel eases from the PUREX 
ma i n  stack wi l l  be  about 3 . 0  x 103 C i /yr of 3H and 3 . 3  x 106 C i / yr of 8�Kr . There 
i s  no k nown techno l ogy for capture of tr i t i um .  I t  wou l d  be  pos s i b l e  t o  reduce 85Kr 
rel ease,  pos s i b l y  by 90 percent . 

A 85Kr c o l l ec t i on and storage f ac i l i ty for the H anford PUREX p l ant was est imated to 
h ave a cost of the  order of $170 m i l l i o n . No c l ear benef i ts h ave b een i denti f i ed for 85Kr 
recovery from gaseous wastes s i nce  the env i ronmental  consequences of the P UREX operat i on 
even w i thout the mod i f i cati on are shown to be acceptab l y  be l ow a l l owab l e  ( DOE Order 5480 . 1A )  
l evel s .  Add i t i on al l y ,  recen t research has  i nd i cated th at th i s  al ternat i ve cou l d  i ncrease 
the occupat i on a l  dose and poss i b l y i ncrease the dose to the general popu l at i on i n  the event 
of an unp l anned rel eas e  ( see  Sec t i on 5 . 2 . 1 . 1 ) .  The adopt ion  of th i s  mod i f i cati on i s  not 
p l anned for res umpt i on of PUREX p l ant operat i on .  

3 . 1 . 8  Safegu ards and Secur i ty Features 

A l though safegu ard s and s ecuri ty features are d i scus sed here , u nder the head i n g  of the 
proposed act i on , they w i l l  app l y  to a l l a l ternat i ve s ,  and are not u n i que  to a resumpti on of 
fue l proces s i ng operat i o n s  at the �x i st i ng PUREX /U03 p l ant at H anford . The fo l l ow i ng 
comments c an be appl i ed genera l l y  to a l l act i v i t i es deal i ng wi th Spec i a l Nuc l ear Mater i a l  
( SNM ) .  

The objecti ves of spec i a l n u c l ear mater i a l s s afeguard s  and secur i ty are to protect the 
heal th and safety of the pub l i c  and to assure program cont i n u i ty .  Protec t i on i s  afforded 
aga i nst  i ntenti ona l  threats or acts of theft of SNM . 

The H anford PUREX p l an t  i s  b e i ng protected i n  accord ance w i th the safegu ards and 
s ecuri ty requ i rements of USDOE Orders i n  the 5 630 Ser i es .  Spec i a l n uc l ear mater i a l wou l d  be  
temporar i l y  stored dur i ng  p l ant operat i o n  w i th i n  the PUREX  P l ant . Th i s  p l ant is  a protected 
area and i s  appropr i ate ly  fenced , g u arded and s ecured . I t  i s  l oc ated i n s i de the 200 E ast 
Area, a l i m i ted access area wh i ch i s  a l so  appropr i ate ly  fenced , g u arded and sec ured . 

3 . 1 . 9  Natural  Forces Res i stance of th e P UREX and U03 P l ants  

The  ori g i na l  PUREX  structural  des i gn was  in  conformi ty w i th the U n i f orm Bu i l d i ng Code 
( UBC ) ,  1952 Ed i ti on ,  accord i ng to the or i g i n a l  p l ant des i gn cr i teri a ( General E l ectri c 1952 ) .  

The ori g i n a l  des i gn cri t er i a spec i f i ed that earthquake  res i stance be  provi ded i n  
accordance w i th Zone 2 regu l at i on s  of the 1952 U B C .  These cri ter i a  req u i red th at structures 
have the l ateral res i stance to wi thstand a 0 . 10 g stat i c  forc e .  
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Recent s e i sm i c  a n a l yses ( B l ume and Associ ates 1 976a , b ;  1977 , 1981 a , b ;  H awk i n s  1 98 1 a )  
h ave con s i dered both 0 . 2 5  g Safe Shutdown E arthqu ake ( SSE ) ground mot i on s  ( H anford S O C  4 . 1 
1 974)  and 0 . 10 g H anford Reg i on a l  H i stor i ca l  E arthqu ake ( HRHE ) mot i on s  ( B l ume and Associ ate s 
1 981 b ) .  These i nd i cated that the 202-A B u i l d i ng c anyon wou l d  res i st the HRH E ,  but wou l d  
requ i re upgr ades to res i st the SSE . A l so ,  both the HRHE and SSE h ave the poten t i a l  to 
d i srupt ut i l i t i es ( water , e l ectr i c a l , steam ,  and te l ephone ) ,  p l u s  maj or equ i pment and 
serv i ces . 

The potent i a l  sources for major rad i on uc l i d e  re l eases  from the PUREX P l an t ,  w i thout 
structural  u pgrad i n g ,  i n  the event of a d amag i ng earthqu ake were determi ned to  be  a uran i um 
met a l  f i re i n  a d i s s o l ver and a s o l vent f i re i n  H-J C e l l s .  P l an s  t o  upgrade the  PUREX 
s afety systems , componen t s ,  and equ i pment to  l i m i t  re l eases from the  p l ant  due  to  se i sm i c 
ground mot i o n s  to w i th i n  DOE Order 5481 . 1A g u i de l i nes h ave been deve l oped . The Department  
of  Energy w i l l  i ncorporate these  upgrade s p r i o r  to operat i on of the  PUREX/U03 f ac i l i t i es .  

The probab i l i ty of a 0 . 25 g earthquake  ( SSE ) occurr i ng c an n ot be def i ned because there 
i s  an u n l �mi ted t i me span per occurence ; the probab i l i ty of a 0 . 10 g e arthquake ( HRHE ) i s  
8 . 6 x 10- for s i xteen years of operat i on ( USERDA 1 975 , V o l . 1 ,  p .  I I I-2-28 ) .  

Because tornado d es i gn cri ter i a were not  spec i f i ed i n  the 1952  U n i form Bu i l d i ng Code , 
they were not i nc l uded i n  the ori g i n a l  des i gn cri teri a .  Recent torn ado a n a l yses of the  
PUREX fac i l i t i es h ave been  conducted to eva l uate effects of  cred i b l e  torn ado cond i t i on s  for  
the H anford S i te ( H awk i n s 1 981 a ) . These i nd i c ate t h at the 202-A Bu i l d i ng c anyon cou l d  
res i st the 280 km/hr  ( 1 75  mph ) torn ado , whose probab i l i ty i s  est i mated t o  b e  6 x 10-6 /yr 
( USERDA 1975 , p. I I I . 2-33 ) .  The consequences of  a tornado at the  PUREX fac i l i ty are g i ven  
in  Tab l e  5 . 14 .  A l so , the  probab i l i ty of  s uch a torn ado is  very l ow .  Structural 
mod i f i cati on s  for torn ado res i st ance  are not  p l anned for resumpt i on of P UREX operat i o n s  
( H awk i n s  1981 a ) .  

The des i gn cri teri a and assumpt i on s  ( UBC 195 2 ,  H anford SOC 195 2 )  for the PUREX  fac i l i ty 
wh i ch perta i n to snow l oad i ng s ,  f l ood i ng ,  and subs urface hydros tat i c  l oad i ng are s t i l l  
appl i c ab l e .  No upgrades to w i thstand these n atural  forces are con s i dered n eces s ary . 

I n  v i ew of the very l ow r ad i o act i v i ty l evel s assoc i ated w i th recovered U03 , equal  or 
l ess  than those for n atural  uran i um ,  the rad i o l og i c a l  con sequences c aused by earthquake or 
tornado  d amage to the U03 f ac i l i ty wou l d  be  i n s i gn i f i c ant . Data on  res i st ance of the 
U03 p l ant to these s ame n atural  forces are not  avai l ab l e .  

3 . 1 . 10 Reasonab l y  Foreseeab l e  E n v i ronmenta l  Effects 

I n  the fol l ow i ng  d i scus s i on , the pri n c i p a l  env i ronmen tal  con sequences of the propo sed 
act i on are summari zed b ased on the detai l ed d i sc u s s i o n  presented i n  C h apter 5 . 0 .  

Dur i ng norma l  operat i on s ,  the  PUREX process generates gaseous and l i qu i d  eff l uents and 
s o l i d  wastes . Proj ected q u an t i t i es of generat i on for three proce s s i n g  r ates ( 3000 , 1050 , 
and 2 100 MT of i rr ad i ated fue l  per year ) are tabu l ated i n  Appen d i x  D .  These eff l u ents 
cont a i n  both rad i o act i v e  and n onrad i oact i ve chemi c a l s .  PS i nc i pa l  rad i oaI� i ve i sotopes 
present 1 �  the eff l uents �re : 3H ( gase��9 and l i qu i d ) , 8 Kr ( g aseou s ) ,  9 I ( gaseous and 
SQ l i d ) , I I ( g aseou s ) , 1 C ( g aseou s ) ,  P u  ( l i qu i d  and s o l i d ) ,  90Sr ( l i qu i d  and s o l i d ) , IJ7Cs  ( l i qu i d  and  s o l i d ) , 106Ru ( l i qu i d  and s o l i d ) , and 6UCo  ( l i qu i d ) . 

These i sotopes wou l d  be present i n  the eff l uents i n  such  quan t i t i es that the rad i at i on 
dose to the pub l i c  or to workers wou l d  be w i th i n  DOE Order 5480 . 1A rad i at i on protec t i o n  
standards and i n s i gn i f i c ant  in terms of actu a l  doses . For examp l e ,  the  rad i at i on doses from 85Kr ( the  pri n c i p a l  r ad i on u c l i de to be emi tted to  a i r  at 3 . 3  x 106 C i /yr )  wou l d  be 
0 . 5  mrem from a 16-year rel ease and 70-year total body accumu l at i on to the max i mum 
i nd i v i du a l . For compar i son , the n atural  b ackground rad i at i on dose to the i nd i v i du a l  wou l d  
be 7000 mrem over 70 years . P r i n c i pa l  nonrad i oact i ve chem i c a l s emi tted to a i r  wou l d  be 
NOx ' 385 MT/yr from the  PUREX process and 50 MT/yr from the U03 Qroces s .  Amb i ent  a i r  
concentrat i on of NOx from P UREX i s  est i mated t o  b e  2 x 10-2 �g /mJ , wh i ch i s  far be l ow 
the Federal and State stan d ards ( see Tab l e  5 . 6 ) . 

L i q u i d  eff l uents from PUREX i nc l ude : 1 )  process  and scrubber waste , 2 )  steam 
condensates , 3 )  non-con t act coo l i ng water from heat exch angers , 4 )  chem i c a l  sewer waste , and 
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5 )  s an i tary waste . As des�ri bed i n  Append i x  0 and Chapter 5 . 0 ,  the concentrat i on of al l 
i sotopes and chemi ca l s i n  these eff l uents wou l d  be be l ow appl i c ab l e  DOE 5480 . 1A G u i de l i ne s .  
Th i s  i s  a l so true for l i qu i d  eff l uents from U03 . 

So l i d wastes from both PUREX and U03 fac i l i ty operat i on s  wou l d  be 396 m3 /yr , that 
i s  about 4 percent of the so l i d  wastes to be generated per year for the ent i re H anford S i te .  

The  worst case  acc i dents an a l yzed i n  Chapter 5 . 0  show: 1 )  d i s so l u t i o n  of  25-day cool ed 
fue l  i n  PUREX cou l d  de l i ver an acute dose ( thyro i d )  of 190 mrem to the max i mum i nd i v i d u al 
( the  natural  background rad i at i on dose rate i s  100 mrem/yr ) ,  and 2 ) · an o n s i te transportat i o n  
acc i dent cou l d  de l i ver a 2000 mrem ( l ung ) dose  t o  the max i mum i nd i v i du a l . Nei ther o f  these 
acc i dents cou l d  be expected to occur after imp l ementat i on of admi n i strat i ve contro l s ,  but 
are an al yzed to prov i de an upper bound for poss i b l e  effect s of acc i dents . 

There are no s Ubstant i a l construct i o n-rel ated impacts ant i c i pated from the proposed 
act i on .  No i mpacts on l oca l  soc i oeconomi c  needs such as hous i ng ,  schoo l s ,  and pub l i c 
serv i ces are expected . I n  summary , reasonab l e  forseeab l e  env i ronmental  effect s from the 
proposed act i on wou l d  be i n s i gn i f i cant . 

3 . 2  CONSTRUCT NEW FUEL PROCESS ING  FAC I L I TY AT HANFORD 

An al ternat i ve to the proposed act i on i s  to construct a new PUREX fac i l i ty at Hanford 
for proces s i ng i rrad i ated fue l s .  Because o f  the short t i me before the p l uton i um i s  needed , 
th i s  p l ant wou l d  necessar i l y  be based on currentl y demons trated techno l ogy.  The  new P UREX 
fac i l i ty cou l d  i nc l ude recent l y  devel oped process refi nement s ,  but s i g n i f i cant do l l ar costs 
wou l d  be assoc i ated w i t h  them . A recent study ( USDOE 1 9 79 a )  descri bes a reference fuel  
process i ng p l ant i nc l ud i ng many process ref i nements that wou l d  meet a l l cu rrent requ i rements 
for res i stance to natural  forces ( earthqu akes and tornadoes ) ,  and wou l d  further i mprove the 
control  of rad i oact i ve emi s s i on s  such as krypton and i od i ne .  Th i s  p l ant descr i pt i on w i l l  be 
u sed as the bas i s  for eva l uat i ng the con struct i on schedu l e  and costs of a new fue l 
proces s i ng fac i l i ty at Hanford . The new fac i l i ty wou l d  i ncorporate a l l of the process  
funct i on s  of both the  ex i st; ng  PUREX p l ant and the U03 p l an t .  The operat i ng phase  
eva l uat i on w i l l  be based on  the  rad i o i sotope i nventor i e s  contai ned in  N-Reactor fue l s and 
env i ronmental  emi s s i on s  projecti ons  and standards for the reference p l ant . 

Th i s  sect i on descr i bes  the features of a new fac i l i ty ,  requ i rements for the 
con struct i on ph ase ,  effects of operat i ng the fac i l i ty ,  and con sequences of the probab l e  
schedu l e  for con struct i on .  

3 . 2 . 1  General Descr i pt i on of the Fue l  Process i ng Fac i l i ty 

The H anford PUREX fac i l i ty was des i gned s pec i fi ca l l y  for defense fue l s ,  and a new PUREX 
fac i l i ty at Hanford i s  ass umed to h ave the s ame des i g n  object i ve .  Th i s  sec t i on uses  
adj u sted data for a reference p l ant to descr i be the  construc ti on and operat i ng phases  of a 
n ew PUREX fac i l i ty at Hanford . The PURE X proces s i ng p l ant descr i bed i n  DOE / E T-0028 ( US DOE 
1979a )  is used as the reference s i nce  it wou l d  be s i m i l ar in s i ze and comp l ex i ty to a new 
Hanford PUREX fac i l i ty .  

Data for the reference  faci l i ty were adj u sted so  that the proces s i n g  rate wo u l d  be 
3000 MT/yr of uran i um .  Re l eases to t h e  env i ronment were c a l cu l ated based on  t h e  rad i o ac t i ve 
content of i rrad i ated N-Re actor fuel , and the fract i ona l  re l ease v a l ues stated for the 
reference p l ant .  Thu s ,  the data a s  presented here c l os e l y  approx i mate a p l ant des i gned 
spec i f i ca l l y  as a repl acement for the Hanford PUREX p l an t ,  even though no  new des i g n  effort 
was undertaken . 

Operat i on a l  requ i rements  and eff l uents assoc i ated w i th a new PUREX  p l ant at Hanford 
wou l d  be s i m i l ar to the proposed act i on ( Sect i on 3 . 1 )  and are d i scussed  further i n  
Secti on  3 . 2 . 3 .  The most s i gn i f i c ant c h anges wou l d  b e  a potent i a l tenfo l d  red uct i on i n  
krypton and i od i ne re l e ases over the rel eases from ex i st i ng Hanford operat i on s  ( US DOE 
1 9 79a ) . However , an acc i dental  re l ease of the stored krypton cou l d  res u l t  i n  a h i g her 
a i rborne dose rate than wou l d  be poss i b l e  if krypton were con t i n u a l l y  vented ( see 
Secti on 5 . 2 . 1 . 1 ) . 
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3 . 2 . 2  New P l ant  Construct i on Costs , Sched u l es and Resources 

The new PUREX p l ant wou l d  be comp arab l e  to the reference p l an t  and wou l d  h av e  s i m i l ar 
con struct i on costs and i mpacts . Construct i on cost est i mates were adj u sted to a throughput 
rate of 3000 MT/yr .  

C ap i ta l  cost for th e reference p l ant i nc l u d i n g  waste man agement  fac i l i t i es i s  est imated 
to be about $1 . 5  b i l l i on in 1 981 do l l ars .  The mai n p l an t  wou l d  cost $1 . 2  b i l l i on ,  as 
est i mated from the cost detai l s  g i ven  i n  DOE / E T-0028 ( USDOE 1979 a ) . These costs do not 
i n c l ude costs for waste management systems wh i ch are al ready i n  p l ac e  at H anford . I f  s uch 
faci l i t i es were n eeded because  of the spec i f i c  l oc at i on of the new proces s i ng p l an t ,  costs 
for these add i t i on a l  fac i l i t ies are expected to be  l es s  than the cost for the reference 
p l ant .  The cost at H anford for i ntegrat i on w i th ex i s t i ng waste man agement systems wou l d  be  
$0 . 3  b i l l i o n ,  for a tot a l  of $1 . 5  b i l l i o n . 

2 
o 
;:: 
U 2 
'--

Many factors rel at i ng to s i te preparat i on and con struct i o n  of a new p l ant wou l d  i mp act 
the env i ronment , the l oc a l  economy , and the surround i ng area .  The fo l l ow i ng i nformat i on i s  
u sed to eval u ate the  i mpact of construct i o n  act i v i t i es ( see  Sect i o n s  5 . 2 . 1  and 5 . 3 . 2 ) . The 
data are based on DOE / ET-0028 , but are adj usted to a n ew PUREX fac i l i ty w i th the capac i ty of 
process i ng 3000 MT/yr of i rrad i ated N-Re actor fue l . 

Project Sched u l es and Cons truct i on Manpower .  The est i mated schedu l e  for eng i neeri ng , 
procurement ,  and con struct i on of the p l ant i s  shown  i n  F i gure 3 . 6 .  The con struct i on l abor 
force s i ze ,  compos i t i o n ,  and sched u l e  are shown i n  F i gure 3 . 7 .  

S i te Requi remen ts . A new p l ant wou l d  requ i re approx imat e l y  40 hectares ( 100 acres ) for 
fac i l i ty i nstal l at i on s .  Approx i mate l y  60  add i t i on a l  hectares ( 1 50 acres ) wou l d  be  requ i red  
for construct i o n  storage , work yard s ,  temporary b u i l d i ngs , and l abor park i ng .  

Con struc t i on Mater i a l s .  Major mater i a l  req u i rements for fac i l i ty construc t i o n  wou l d  be : 

Concrete 
Stee l 
Copper (ma i n l y  w i re and cab l e ) 
Z i nc 
A l um i n um 
L umber 
Water 

ENG I N E E R ING 

PREL l  \1 INARY ENG I N EE R I �G 

EN V I RON .\'ENTAL RE PORT 

S AFETY ANAL YS I S  

DETA I LED DES I G N  

P R O C U R E ,\\ENT 

CONSTRU CT I ON 

PRE - STARTU P CHECKOUT 

COLD C HECKOUT 

STARTU P AN D OPERATI ON 

o 2 

140 , 000 m3 
31 , 000 MT 

180 MT 
11 MT 

. 270 M1 
5 , 600 m 

2 . 2  x 105 m3 

4 

. -

( 180 , 000 yd3 ) 
( 34 , 000 tons )  
( 200 ton s )  
( 12 ton s )  
( 300 ton s )  
( 2 . 4  x 106 board ft ) 
( 5 . 8  x 107 ga l ) 

1- • •  
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-
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YEARS 

F I GURE 3 . 6 .  F ue l  Proces s i ng P l ant E n g i neeri ng , Procurement  and 
Con struct i on Schedu l e  ( USDOE 1979a )  
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F I GURE 3 . 7 .  Fue l  Proces s i ng P l ant  Cons truc t i o n  L abor F orce 
Sched u l e  ( USDOE 1979a )  

Energy . Energy resources used dur i ng construc t i o n  wou l d  be : 

Propane 1 , 900 m3 ( 490 , 000 g a l ) 
D i esel  fue l  9 , 100 m3 ( 2 , 400 , 000 g a l ) 
Gaso l i n e  1 2 , 000 m3 ( 3 , 200, 000 g a l ) 
E l ectri c i ty 

Peak demand 3 , 700 kW 
Tot a l  energy 9 . 1  x 105 kWh 

Tran sportat i on Requ i rements . A rai l road spur track , assumed to be about 5 km ( 3  mi l es )  
l on g ,  wou l d  h ave to be brought to the construct i on s i te .  Th i s  track wou l d  have to be routed 
so  that spent fuel  casks  mounted on  rai l c ars cou l d  be brought to the process i ng fac i l i ty .  
A two- l ane paved road ass umed to b e  5 k m  ( 3  m i l e s )  l ong wou l d  al so  h ave t o  b e  constructed to 
the job s i te .  Th i s  w i l l  b e  requ i red for workers ' traff i c  and for truck de l i veri es of 
materi al and equ i pment . 

Fuel  StoraTe Requ i rements . Add i t i on a l  capac i ty for storage of i rrad i ated fue l wou l d  be 
requ i red to l mp ement th i s  al ternat i ve s i nce ex i st i ng storage capac i ty wou l d  be exh austed 
before a new p l ant cou l d  be re ady for oper at i o n .  Th i s  wou l d  con s i st of con structi on of an 
ent ire l y  new fac i l i ty ( see Sect i on 3 . 4 . 3 )  at a cost of $270 m i l l i on .  

Other Requ i rements . A p l ant of th i s  s i ze operated i ndependent l y  i s  esti mated to 
requ i re a tota l staff of 1000 peop l e  ( USDOE 1979 a ) , i nc l ud i ng admi n i strat i ve and serv i c e  
per sonne l .  S i nce many o f  t h e  requ i red admi n i strat i ve a n d  serv i ce personne l  are a l ready 
ava i l ab l e  at H anford , the i ncremental  req u i rement wou l d  be about 500 peop l e .  Annual  
operat i ng costs  are esti mated between $48 and  $80 m i l l i on based  on operat i ng the p l ant at 
fu l l  capac i ty .  Requ ired u t i l i t i e s  i nc l u de fos s i l fue l  to generate about 90 MW of heat and 
about 21  MW of e l ectr i ca l  power . 
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3 . 2 . 3  Eff l uents from New P l ant Operat i on at Hanford 

Eff l uents d i scharged to the env ironment from the new f u e l  proces s i ng p l ant wou l d  be 
determi ned by fac i l i ty des i g n .  The ,new fac i l i ty wou l d  contai n certa i n  features for 
reduct i ons  i n  emi s s i ons  to the env i ronment a l though not requ i red to meet app l i c ab l e  re l ease 
l i m its . Accord i ng l y ,  the amounts  of eff l uents re l eased wou l d  be l es s  th an the amount of 
eff l uents that wou l d  be d i scharged from the ex i st i ng H anford PUREX  fac i l i ty ,  b ut  th i s  
reducti on wou l d  requ i re add i t i ona l  con struct i on costs , materi al s ,  and add i t i ona l  manpower 
for operat i o n s .  The add i t i ona l  u n i t  operat i on s  requ i red  to ach i eve l ower rel eases wou l d  
cre ate add i ti onal  s o l i d  waste a s  fai l ed equ i pmen t .  The operat i ng des i gn cond i ti on s  for the 
reference p l ant ( US DOE 1979a )  are used to esti mate the effect s ( of the operat i ng phase of the 
new p l ant . Throughput i s  3000 MT of i rradi ated fuel per year,  a ) and N-reactor fue l  i s  
u sed as a b as i s  for the d ata presented i n  th i s  report . 

The bas i c  chem i cal  process  of the new p l ant wou l d  be q u i te s im i l ar to the H anford PUREX  
p l ant . However, l i qu i d  d i sch arges wou l d  be reduced by exten s i ve recyc l e  of both  process and 
coo l i ng water and by v apori z i ng the excess process water i n stead of d i sch arg i ng i t  as a 
l i qu i d .  Annual  total water use  wou l d  be about 7 . 8  x 105 m3 ( 2 . 1  x 108 ga l ) ,  of wh i ch 
7 . 0 x 105 m3 ( 1 . 8 x 108 ga l ) wou l d  be coo l i ng w ate r ,  and 1 . 2  x 104 m3 ( 3 . 2  x 
10 6 ga l ) wou l d  be d i sch arged as v apor i zed excess water . The ba l ance of the water wou l d  be 
d i sch arged as a nonrad i oact i ve l i qu i d  eff l uent .  

An nua l  re l eases of n onrad i o acti ve mater i a l  as  l i qu i d  wou l d  i nc l ude 2 . 2  MT  of s u l f ate 
sa l t s ,  2 . 2  MT of n i trate sa l t s ,  3 . 8  MT of ch l or i d e  sa l ts , and 7 . 5 MT of a l k al i metal  i on s .  
N o  rad i o act i ve mater i a l s wou l d  b e  rel eased a s  l i qu i ds . 

D i sso l ver offg as wou l d  be treated d i fferent l y  i n  the new fac i l i ty th an i n  the present 
PURE X fac i l i ty.  The new fac i l�9Y wou l d  be  des i gned to rI4ease no more than 10  percent of 
the 85Kr,  0 . 1  percent of the I ,  and 1 percent of  the C i n  the i rrad i ated fue l  
( USDOE 1979 a ) . I t  wou l d  a l so be des i gned to re l ease a l l of the 3H to the atmosphere , w i th 
none re l eased i n  l i qu i d  effl uent s .  

Recovery processes wou l d  u s e  a s i l ver-zeo l i te ab sorber for i od i ne remov al , zeo l i te beds 
for c arbon remov al , and cryogen i c  absorpt i on for krypton remova l  ( USDOE 1979a ) . The g as 
l e av i ng the i od i ne recovery s ubsystem wou l d  conta i n  carbon d i o x i de ,  o x i des  of n i trogen , 
water vapor ( i nc l ud i ng tr i t i um from the d i sso l ver ) , and i nert g ases i nc l ud i ng krypton . 
After removal of C02 ' NOx and water v apor , the stream to the krypton recovery subsystem 
pri mari l y  wou l d  con s i st of a i r  w i th very smal l amounts of NOx and water .  The oxygen wou l d  
be removed as water by react i ng i t  w i th hydrogen i n  a cata l yt i c  recomb i ner . Krypton g as 
wou l d  be recovered by cryogen i c  absorpt i o n ,  str i pp i n g ,  and d i sti l l at i o n .  The krypton gas  
wou l d  be p l aced in  cyl i nders and sent to the krypton storage fac i l i ty for extended storage 
to perm i t  rad i o acti ve decay of the 85K r .  

Est i mated rad i oact i ve g aseous  eff l uents from t h e  n e w  P U R E X  fac i l i ty are shown i n  
Tab l e  3 . 4  for operat i on w i th 180 day coo l e d  N-Reactor i rradi ated fue l .  Eff l uent rel eases 
for the 1050 MT/yr case are presented i n  Tab l e  0 . 20 .  These esti mated rel eases were der i ved 
from the fracti ona l  re l e ases  of rad i onuc l i des stated i n  the reference ( USDOE 1979a ) , and the 
expected rad i on uc l i de content of  i rrad i ated f u e l  from N-Re actor .  No rad i o ac t i v e  materi a l 
wou l d  be re l eased as a l i qu i d .  

MOS� o� the re l eases occur w i th the treated d i sso l ver offg as , wh i ch h as a vo l ume of 
2 . 2 x 10 m per year , w h i l e  most of the tri ti um wou l d  be rel eased w i th the v apor i zed 
excess water stream i n  a vo l ume of 4 x 107 m3 /yr . The concentrat i o n  shown i n  Tab l e  3 . 4  
i s  based o n  the treated d i sso l ver offgas for al l n uc l i des except tri t i um .  I n  pract i ce ,  the 
d i sso l ver offgas wou l d  be  d i l uted by a factor of over 2000 by m i x i ng w i th other sources of 
air before l e av i ng the p l ant . 

I rrad i ated fue l  e l ements wou l d  be treated by shear i ng and l e ach i ng rather than by 
d i sso l v i ng the c l add i ng ,  and then d i s30 l v i ng the fuej . The c l add i ng wou l d  be processed as 
s o l i d  waste , amount i ng to about 980 m /yr ( 35 , 000 ft ) .  

( a ) Th i s  throughput rate ( 3000 MT/yr ) i s  cons i stent w i th the max i mum capab i l i ty of the 
H anford PUREX faci l i ty . 
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TABLE 3 . 4 .  E st imated Rad i oact i v e  Gaseous Effl uents from the New PUREX Fac i l i ty ,  
3000 MT/ yr P roces s i ng Rate 

Nuc l i de 
3H 
1 4C 
85Kr 
106Ru  
1 2 9 1 
1 3 1 1 
Other B 
Total a 

Concentr1t i on ,  
C i lm 

1 . 2  x 10-3 

4 . 2  x 10-8 

1 . 5  x 10-1 

4 . 1  x 10-7 

3 . 3  x 10-9 

2 . 0  x 10-1 1  

3 . 4  x 1 0-12 

1 . 8  x 10-1 7  

Annua l  Quant i ty,  
Curi es  

6 . 9  x 104 

9 . 3  x 10-2 

3 . 3  x 105 

8 . 6  x 10-1 

7 . 2  x 10-3 

5 0 10-5 • x 
1 . 0  x 10-5 

3 . 9  x 10-1 1  

Other ann u a l  so l i d  waste vo l umes wou l d  be  a�out 1900 m3 �6 7 , 000 ft3 ) of fa i l ed 
equ i pment and other noncombu�t i b l e  waste� 5900 m ( 210 , 000 ft ) of l ow-act i v i ty l evel  
combust i b l e  waste , and 430 m ( 1 5 , 000 ft  ) of s l udges . \ a ) 

3 . 2 . 4  Effects  of Schedu l e  for P l an t  Construct i on 

The est i mated t ime requ i red for construct i o n  of the reference p l ant wou l d  be seven to 
e i ght years from beg i n n i ng of prel i m i n ary eng i neer i ng  to p l ant startup and operat i on ( USDOE 
1 979a ) .  An add i t i on a l  one  or two years wou l d  be  req u i red to p l ace the appropri at i on of 
funds  for an i tem of th i s  mag n i tude in the federa l  budget . Thu s ,  p l ant startup probab l y  
wou l d  n o t  occur before 1 990 , a de l ay of about 6 years from the schedu l e  f o r  t h e  proposed 
act i on .  P l uton i um av a i l ab l i ty wou l d  be  de l ayed bec ause of the de l ay in proces s i ng N-Reactor 
fue l . 

N-Re actor i s  projected to operate i nto the 1990s , to sati sfy nat iona l  needs for 
p l uton i um but i t s  operat i on cannot cont i nue  beyon d  m i d-1985 at the projected rate of 
i rr ad i ated fue l  product i o n  u n l es s  some n ew arrangements are made for i rr ad i ated fue l  storage 
or proces s i ng .  I rrad i ated fue l  storage i s  addres sed i n  Sect i on 3 . 3  for storage offs i te and 
i n  Sect ions  3 . 4 . 2  and 3 . 4 . 3  for on s i te storag e .  Off s i te proces s i ng of fue l  is d i scussed i n  
Sect i on 3 . 3 . 5 .  

3 . 2 . 5  Decomm i s s i on i ng 

A l though faci l i ty d ecommi s s i on i ng i s  outs i de the scope of th i s  E I S  i t  i s  re l evant to 
con s i der that add i t i on a l  decomm i s s i on i ng costs wou l d  be i ncurred by construct i ng and us i ng a 
n ew proces s i ng fac i l i ty at Hanford . Those costs wou l d  be i n  add i t i on to the costs req u i red 
to decommi s s i on the present P UREX fac i l i ty .  A recent study ( Schnei der 1978 )  exam i ned the 
decomm i s s i on i ng of a p l ant th at i s  comp arab l e  to the reference p l ant . Sch ne i der ' s  cost 
numbers are stated i n  1 975 do l l ars , but  the costs c i ted  b e l ow were adj usted to 1 981  do l l ars 
by assumi ng  a 10 percent per year cost i ncreas e .  

I mmed i ate d i smantl ement wou l d  cost approx imate l y  $ 103 mi l l i o n ,  a n d  wou l d  generate 
46�0 m3 ( 1 . 6  x 105 ft3 ) of waste for d i sposal  i n  a repo s i tory and 3 100 m3 ( 1 . 1  x 
10 ft3 ) of waste for sha l l ow l and  buri a l . Occupat i on a l  rad i at i on exposure wou l d  be  
510  man-rem . 

( a )  The term s l udges i s  u sed here to mean i ntermed i ate- l evel  concentrated l i qu i d s ,  wet 
waste s ,  and p art i c u l ate so l i d s .  I t  i nc l u des  c ertai n  concentrator bottoms , i on exchange 
res i ns ,  s i l i c a  ge l ,  f i l ter precoats , so l v ent  c l eanup washes , and i nc i nerator ashes . 
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Protecti ve s torage , s urve i l l ance for 10 year s ,  and then d i smant l ement ,  wou l d  i ncrease 
decommi s s i on i ng costs to � 1 13  m i l l i o n  but  reduce the occupat i on a l  rad i ati on exposure to 
81  man-rem . Overa l l  waste generat i o n  wou l d  be comparab l e  to the type and amount gener ated 
by i mmed i ate d i smant l ement , but most of the waste wou l d  not be generated u nt i l  after the 
10-year surve i l l ance per i od .  

I n  e i ther case,  the 70-year rad i at i on dose commi tment to members of the pu b l i c  from 
a i rborne rel eases wou l d  be l es s  than 15 man-rem ( Schn e i der 1978 ) .  

3 . 2 . 6  Reason ab l y  Foreseeab l e  E n v i ronmental  Effects 

The pri n c i p a l  env i ronmenta l  effects from th i s  al tern at i ve wou l d - be due to : 
I }  construct i on of a major new process i ng f ac i l i ty at a cost of about $1 . 5  b i l l i o n , 
2 }  construct i on of addi t i on al i rrad i ated fue l  storage f ac i l i t i es at a cost of up to 
$270 m i l l i on ,  3 }  u l t imate decomm i s s i on i ng of the proces s i ng f ac i l i ty and the storage 
f ac i l i ty ,  4} rel ease of l i m i ted quan t i t i es of rad i onuc l i des  to the env i ronment d ur i ng p l ant 
operat i ons , and 5 }  re l ease of n onrad i o act i ve chem i c a l s to the env i ronmen t  duri ng p l an t  
operat i o n s .  These effects are d i scussed i n  greater detai l i n  Sect i on 5 . 2 . 1 .  

Quan t i t i es of rad i onuc l i de s  rel eased to the env i ronment wou l d  be l ow ,  i n  accord ance 
w i th best av a i l ab l e  demonstrated techno l ogy . No l i qu i d  radi oact i ve effl uents are re l e ased . 
Any exces s  water above th at wh i ch can be recyc l ed i n  the p l ant i s  re l eased by ev aporat i on 
rather than by rel ease as a l i qu i d .  

The greatest expected env i ronmental  effects  wou l d  be those rel ated to construc t i o n  and 
decomm i s s i on i ng .  The env i ronmental  effects are comp ared to the other al ternat i ves i n' 
Sect i on 3 . 6 .  

3 . 3  PROCESS FUEL OFFS ITE  

In  th i s  a l ter n at i ve to the proposed act i on ,  i rradi ated fue l  wo u l d  be sh i pped offs i te 
for proces s i ng and extracti on of p l uton i um and  uran i um .  Current l y ,  the on l y  other 
oper ati ona l  fuel proces s i ng  faci l i ty i n  the Un i ted States capab l e  of process i ng N-Reactor 
fue l  i s  l ocated at the DOE ' s  Savannah R i v er P l ant  ( SRP ) ,  A i ken , South C arol i n a ,  about 
4 1 70 km ( 2 500 m i l from H anford . I t  i s  b e i n g  operated at near capac i ty and wou l d  requ i re 
s ubstant i a l mod i f i cat i ons  to proces s N-Reactor f ue l . 

The current l y  approved space i n  fuel  storage bas i n s  at H anford w i l l  be exh austed by m i d 
1985 ( see Sect ion  3 . 4 ) . Therefore , the a l ternat i v e  of proces s i ng offs i t e  wou l d  not be 
v i ab l e  by i ts e l f  u n l es s  s h i pments of i rradi ated N-Reactor fuel cou l d  beg i n  by ear l y  1985 and 
cont i nue  at a rate at l east equal to the rate of i rrad i ated fuel d i sch arge from N-Reactor , 
or un l es s  add i t i o n a l  fue l  storage c apac i ty were prov i ded  at H anford . About 1 0 , 000 MT of 
i rradi ated fuel from N-Reactor w i l l  be  av a i l ab l e  for proces s i ng before the year 2000 , and 
th i s  quan t i ty i s  used as the b as i s  for offs i te sh i pmen t s .  I n  order t o  a l l ow a comp ari son of 
env i ronmental  i mpacts w i th those for the proposed act i on ,  an i ncremental  process i ng rate of 
3000 MT/yr of i rrad i ated N-Reactor reference fuel  i s  assumed . 

I tems d i scussed i n  th i s  sec t i o n  i nc l ude : I }  prev i ous  exper i ence w i th s h i pp i ng  and 
proces s i ng N-Re actor fuel offs i te ,  2 }  cask se l ect i on for s h i pment of i rr ad i ated fue l , 
3 }  offs i te transportati o n ,  4 }  i rradi ated fue l h an d l i ng dur i ng l oad i ng and rece i v i ng ,  
5 }  proces s i ng fuel  offs i te and 6 }  cost esti mates for proces s i ng at H anford and  SRP . The 
overa l l process i ng costs at H anford and at SRP are est imated to be approx i mate l y  equal . 

3 . 3 . 1  Prev i ous  Exper i ence w i th Sh i ppi ng and  P rocess i ng N-Reactor F u e l  Offs i te 

Exper i ence w i th offs i te s h i pment and process i ng of N-Reactor fue l  has  been very 
l i m i te d .  Th i s  exper i ence i s  d i scussed be l ow t o  show th at t h e  few prob l ems wh i ch occurred 
h ave been deal t  w i th sat i sfactor i l y ,  and that the know l edge g a i ned  from th i s  prev i ou s  
exper i ence wou l d  be  v a l u ab l e  i n  future proces s i ng .  

Dur i ng the l ate 1960s 352 MT ( 388 ton s )  of i rrad i ated N-Reactor fue l  e l ements  were 
s h i pped to Nuc l ear Fue l  Serv i ces  ( NFS ) at West V a l l ey ,  New York for process i ng .  As a res u l t  
of these sh i pmen t s ,  NFS  rece i ved some fue l w i th defect i ve c l add i ng .  One s h i pment to NFS  
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conta i ned about 1 5  percent of the  outer e l ements and f i ve percent of the  i nner e l ements w i th 
defect i ve c l add i ng from a total  of 435 assemb l i es ( Duckworth 1970 ) .  The defect rate seemed 
to i ncrease as the expos ure t i me i n  the reactor i ncreased ( Sch u l z 1972 ) .  The fuel  w i th  
defects was returned to H anford s i nce i t  was uneconomi ca l  to  process i t  at  West V a l l ey ,  
al though no  tech n i c al prob l ems wou l d  h ave prevented proces s i ng t h e  fue l . 

Even though some c l add i ng became defec t i ve duri ng s h i pment ,  no  adverse env i ronmental  
effect s were ob served . Fu ture sh i pments  wou l d  use  th i s  k nowl ed ge to further reduce the 
l i ke l i hood of c l add i ng defect s duri ng s h i pmen t .  C ask s e l ect i on wou l d  be  made to as sure that 
the fuel  wou l d  be  co nta i ned duri ng s h i pment even i f  the c l ad d i ng were defect i ve .  

Most of the proces s i ng of i rrad i ated N-Reactor fue l  at NFS  was s at i sfactory .  
Correct i ve act i o n s  were devel oped t o  prevent recurrence o f  a few i nc i dent s .  These i nc i dents 
i nc l uded : deve l opment of a pos i t i ve pressure i n  the d i sso l ver ( norma l l y ,  the d i sso l ver i s  
under negati ve operat i ng pressure to prevent l eak age of gases ) ,  u nexpected f i res ( z i rcon i um 
burn i ng )  i n  stored c l add i ng h u l l s  and a f i re that burned a ho l e  i n  the d i sso l ver tank 
( Amer i can P hys i c a l  Soci ety 1977 ) . Because of con servat i ve des i g n  of the process i ng p l ant , 
these i nc i dents  d i d  not cause s i gn i f i cant rel eases of rad i o act i v i ty to the env i ronment . 
Future offs i t e  process i ng wou l d  prov i d e :  1 )  correct i ve act i on t o  m i n i m i ze the l i ke l i hood of 
recurrence of th i s  type of i nc i dent , and 2 )  adequ ate backup protect i on to  m i t i g ate the 
con sequences even i f  s uch an un l i k e l y  event were to  occur .  

Based on th is  past experi ence w i t h  offs i te sh i pment and proces s i ng of  N-Reactor fue l , 
future s h i pments and proces s i ng cou l d  b e  conducted i n  an env i ronmenta l l y  s afe and accept ab l e  
manner .  

3 . 3 . 2  C ask  Se l ect i o n  and Avai l ab i l i ty 

Sh i pments  of N-Reactor i rrad i ated fue l  i n  spec i a l l y  des i gned casks  cou l d  be made by 
e i ther truck or rai l .  Many casks  potent i a l l y  s u i t ab l e  for sh i pment of N-Reactor fue l  are 
descri bed by Ro l l i n s  ( 1976 ) . Several of these are curren t l y  u sed for s h i pp i ng commerc i a l 
l i ght water reactor ( LWR ) fue l s .  

The actu a l  amount  of fue l  t h at cou l d  be transported by each cask depends o n  many 
factors ,  i nc l ud i ng c av i ty d i mens i o n s ,  cri t i c a l i ty cons i d erat i o n s ,  external  dose rates , heat 
d i ss i pati on capab i l i ty of the  cask , and pro j ected i rrad i ated fue l  temperatures . S i nce u s e  
o f  t h e  can d i d ate casks  for transport of N-Reactor f u e l  wou l d  const i tute  a s i gn i f i c ant change 
from the use  for wh i ch the  cask s are approved , any proposed t ransport p l an wou l d  h ave to  be  
an a l yzed and  the cask  wou l d  h ave to be approved for th i s  new proposed u s e .  E v e n  though  
ap prov al  to use  ex i s t i ng casks  cou l d  probab l y  be  obta i ned , apprec i ab l e  t i me wou l d  be  
req u i red for the ana l ys i s  and approval  proces s .  

Casks  are u su a l l y  l i m i ted by total  f i s s i l e  content , heat generat i on ,  and phys i cal  
vo l ume . N-Reactor fue l  h as a h i gher dens i ty ,  l ower enri chment , and l ower heat output than 
lWR fuel . Thu s ,  casks cou l d  phys i ca l l y  accommod ate much more N-Reactor fue l  than the i r  
des i gn capac i ty for LWR fue l . The l i m i t  for a l l owab l e  temperature i n  a c ask  i s  dependent o n  
i ts proposed use , and the l i m i t  m i ght b e  d i fferent for the  i rrad i ated N-Reactor uran i um 
metal  fuel  than for a uran i um d i ox i de fue l . The met al react s w i th water to form a hydr i d e ,  
me l ts at a l ower temperature th an t h e  ox i d e ,  and forms l ow-me l t i ng compounds ( eutect i cs ) 
w i th some meta l s .  S i nce uran i um meta l  i s  more subject to adverse chem i c a l  react i o n s  than i s  
urani um d i ox i de ,  a l owered l i m i t  for a l l owab l e  fue l  temperature i s  l i k e l y  i f  N-Reactor fue l  
i s  to be sh i pped . Ana lys i s  of  the proposed s h i pp i ng  cond i t i o n s  wou l d  determ i n e  the  
a l l owab l e  amount  of fuel  per  cask so that an adequ ate marg i n  of  safety was  assured . 

A UNI  study est i mated a f i ve-ye ar l ead t i me for cask approva l  and proc urement ( C u rt i ss 
1974 ) . Th i s  esti mate of e l apsed t i me for cask des i gn and procurement i s  supported by 
Mack l i n ( 1976 ) . Both Mack l i n  and H anson ( 1 979 ) a l s o  pred i cted seri ous  prob l ems i n  c ask  
c ap ac i ty avai l ab i l i ty in  the  1980s . However , th i s  schedu l e  for cask  con struct i on cou l d  
undoubted l y  be shortened s i gn i f i c an t l y ,  i f  the need were s uff i c i ent l y  urgen t .  I f  ex i st i ng 
des i g n s  were u sed , the  f i rst  new cask cou l d  probab l y  be obtai ned i n  1 to 2 years . Depen d i ng 
on the overa l l s i ze of the order , add i t i on a l  casks cou l d  probab l y  be  turn ed out  at a rate of 
around three and perhaps as h i gh as twe l ve per ye ar . The n umber of casks  avai l ab l e  i n  the 
U n i ted States is sma l l and the i r  commi tments to other transportat i on n eed s i s  not wel l 
def i ned ; therefore , n ew casks  wou l d  h ave to be con s tructed to as sure that t h i s al tern at i ve 
i s  v i ab l e .  
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3 . 3 . 3  Off s i te Tran sportat i o n  

I rrad i ated N-Reactor fue l  cou l d  be tran sported t o  So uth Carol i n a b y  truck o r  ra i l .  
Such transportat i on of i rrad i ated fue l  can be done i n  a manner that protects the env i ronment 
from re l e ases of rad i oact i ve mater i al . For more than 30 years , nuc l ear mater i a l s have been 
tran sported in the Un i ted State s ,  i nc l ud i ng about 4000 sh i pments of ma i n l y  commerc i a l ( not 
defense )  i rrad i ated fuel  by rai l or truck . These s h i pments  h ave not res u l ted i n  acc i dents 
or i n c i dents that were accomp an i ed by s i g n i f i c ant  re l eases of r ad i oact i ve mater i a l  ( ONW I 
1 980 ) .  The Department of Energy mai ntai n s  a Tran sport ati on Techno l ogy Center at Sand i a  
Laboratori es  to conduct tests to demonstr ate the i n tegri ty of conta i n er systems u sed to sh i p  
i rrad i ated fue l  and other rad i oact i ve mater i a l s .  

The b as i s  used to est i�ate the n umber o f  H anford-South C aro l i n a tri ps and the n umber of 
necessary casks  i s  that truck casks  can c arry 1 MT of  N-Reactor fue l  and ra i l casks  can 
carry 10 MT of N-Reactor fue l .  To transport 1 0 , 000 MT of fue l  wou l d  requ i re 1 0 , 000 round 
tri ps by truck or 1000 round tr i ps by rai l .  C as k  requ i rements were est i mated on  the b as i s  
of s h i pp i ng 700 MT o f  fue l /yr compat i b l e  w i t h  N-Reactor product i on rate.  At th i s  sh i pp i ng 
rate , the b as i n s  at Hanford for storage of i rrad i ated N-Reactor fue l  w i l l  h ave to con t i nue  
operat i ng for several  years after N-Reactor shutdown so t h at a l l of the fue l  can be sh i pped 
offs i te .  A l so ,  s h i pp i ng wou l d  h ave to be i n i t i ated several years before proces s i ng so  t h at 
t he rate of proces s i ng at SRP wou l d  not be l i mi ted by l ack  of feed . 

Round tr i p  truck s h i pments between R i ch l an d ,  Was h i ngton and Ai ken , South C aro l i n a u s i ng 
the NAC-1 or NL I -1 / 2  casks  ( Ro l l i n s  1976 ) wou l d  requ i re about 25 cas k s .  The construc t i o n  of 
these casks wou l d  req u i re 75  MT of  stee l and 500 MT of l e ad ( U SDOE 1979a ) .  

. 
Round tr i p  s h i pment  by rai l us i ng the I F-300 or NL I -10/24  casks  ( R o l l i n s  1976 ) wou l d  

t ake  about 3 6  d ays , and turn-around  wou l d  be about 4 days ( USDOE 1979a ) .  W i th a l l owance for 
per i od i c  mai n te n ance and test i n g ,  each cask cou l d  make 8 tri ps /yr , so that 9 casks  wou l d  be 
requ i red  to s h i p  700 MT of fue l /yr . An add i t i on a l  cask  wou l d  be requi red for 
con t i n genc i e s .  Therefore , 10  casks wou l d  be requ i red , and the i r  construct i on wou l d  use 
260 MT of stee l , 650 MT of l ead , and 50 MT of dep l eted uran i um .  

3 . 3 . 4  F u e l  H and l i ng Requ i rements 

S i nce the t i me of the  s h i pments  of N-Reactor fuel  to NFS,  s h i pments  of i rr ad i ated f u e l  
h ave become rou t i ne i n  t h i s  coun try , i n c l u d i n g  regu l ar s h i pmen t s  from research and test 
re actors to Sav an n ah R i ver . However , N-Reactor fuel i s  u n i que , and the exper i ence g a i ned 
w i th h and l i ng and transport i ng oxi de ( commerc i al ) fuel  i s  not necessari l y  appl i c ab l e  to 
N-Reactor fuel  ( Lewi s 1 969 ) . 

Because some N-Re actor fue l  e l ements h ave become defect i ve dur i ng cross-country rai l 
transport , the fue l wou l d  prob ab l y  be " c anned " before l oad i ng i t  i nto casks  for offs i te 
s h i pment . Th i s  wou l d  prov i de an add i t i o n a l  barri er to re l ease of rad i oact i ve mater i a l i n  
t he event of fue l  f a i l ure .  

A c ask  rece i v i ng and l oad i ng stat i on wou l d  be requ i red  at one  or more H anford storage 
b as i n s .  A study was made by U n i ted Nuc l ear I ndustr i es in 1974 to pro v i de data on  sh i pmen t  
o f  N-Reactor fuel  t o  Savan n ah R i ver ( C urt i ss 1974 ) .  The study as s umed t h at a l l f ue l  
e l ements wou l d  be v i s u a l l y  i n spected , and  that any e l emen t  that  was  found to be  damaged 
wou l d  be i nd i v i du a l l y  encapsu l ate d .  Undamaged e l ements  were to be s h i pped i n  reu s ab l e  
a l umi n um tube s ,  four per tube . The fue l  e l ements wou l d  al so  b e  i n  d i rect contact w i th water 
dur i ng s h i pp i ng .  

No stud i es h ave been made t h at descr i be how N-Reactor i rr ad i ated fue l wou l d  be rece i ved 
and stored at an offs i te l ocat i on u s i n g  the proposed s h i p p i n g  mod e .  Experi ence a t  N F S  i s  
not app l i c ab l e  because the s h i pp i ng mode to SRP wou l d  probab l y  be apprec i ab l y  d i fferent .  
H owever , cost and l ead t i me for offs i t e  rece i v i ng and storage are expected to be 
s i gn i f i cant l y  l es s  t h an for the other major aspects of fue l  s h i pp i ng and process i ng .  F ue l  
rece i v i ng a nd  storage bas i n s  ex i st at  the  Savann ah R i ver P l ant . 

About one percent of the stored i rrad i ated fue l  from N-Reactor i s  broken or crac ked 
( Moff i tt 1978 ) , and duri ng  extended storage the damaged e l emen t s  corrode and re l ease 
apprec i ab l e  amounts of uran i um and p l uton i um ox i des  and f i s s i o n  products to the storage 
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bas i n  water . Exten s i ve h and l i ng or s h i p p i ng  of the  i rradi ated fuel  wou l d  res u l t  i n  
add i t i on a l  damage to fue l  e l ement s .  A deta i l ed safety an a l ys i s  wou l d  be requ i red to 
determ i n e  whether s h i pment u nder water or  i n  a dry i nert atmosphere wou l d  be preferred . 
Adequate safety precaut i on s  wou l d  be prov i ded by e i ther se l ect i ng con d i t i ons  to assure 
i ntegri ty of the fue l d ur i ng s h i pment , or  by prov i d i ng s u i tab l e  faci l i t i es for hand l i ng 
damaged fuel  at the rece i v i ng s i te .  I n  ne i ther case , however , wou l d  there b e  any re l ease of 
radi oact i v i ty to the env i ronment i n  excess of app l i c ab l e  standard s .  

3 . 3 . 5  Process i ng Fue l  Offs i te 

Process i ng offs i te wou l d  be done at the DOE-operated Savan n ah R i ver P l ant  ( SRP ) ,  South 
C arol i na ( Sewe l l 1979 ) . The bas i c  PUREX process i s  a l so emp l oyed at SRP , a l though there are 
some d i fferences from the process  as emp l oyed at Hanford . 

Fue l  D i sso l ut i on 

The i rrad i ated fue l  produced at SRP reactors i s  a l umi n um-c l ad and dec l add i ng at SRP i s  
accomp l i shed by l each i ng wi th caust i c .  The H anford PUREX p l ant  uses  ammon i um f l uori de  
d i s so l ut i on of the z i rc a l oy c l add i ng of N-Reactor fuel , remov a l  of res i du a l  f l uori de  by 
react i on w i th potas s i um hydrox i de ,  and d i s so l ut i on of uran i um meta l  by n i tr i c  ac i d  ( see 
Appen d i x  A ) . Adopt i on of th i s  process at SRP wou l d  res u l t i n  u n acceptab l e  corros i on rates 
to the SRP d i sso l vers . Th u s ,  a shear- l e ach process  wou l d  probab l y  be used at SRP for 
proces s i ng N-Reactor fue l . As a res u l t ,  c l add i ng h u l l s  wou l d  be treated as so l i d  waste at 
SRP . 

Chem ica l  d i sso l u t i o n  of the c l add i ng h as the advantage of reduced poten t i a l  for 
me tal l i c f i re s ,  and m i n i ma l  hand l i ng of pyrophor i c  z i rcon i um and uran i um meta l s  ( Schu l z  
1972 ) . A l so ,  the waste i s  more thermodyn am ica l l y  stab l e  t h an the reac t i ve metal l i c c l ad d i ng  
hu l l s .  The  d i sadvantages of  chem i c a l  d i sso l ut i on are process t i me requ i re d ,  h i gh  v o l ume of  
l i q u i d  waste , and  i ntroduct i on of corros i ve f l uor ide  i nto the  proces s .  Shear- l each 
d i sso l ut i on h as the adv antage of l ow waste v o l ume s ,  m i n i ma l  l i qu i d  waste s ,  and no  corros i v e  
process  chem ica l s .  T h e  d i s adv antages o f  shear- l each d i s so l ut i on are t h e  poten t i a l  f i res 
w i th met al l i c uran i um and z i rcon i um ,  chemi c a l l y  react i ve waste , and equ i pment requ i r i n g  
apprec i ab l e  mai n tenanc e .  A l though each system h as both advant ages and d i sadvantages , e i ther 
sys tem c an be operated i n  a safe and econom ica l  man ner . 

There are other d i fferences between the two p l ant s ;  SRP does not h ave the equ i v a l ent of 
H anford ' s  B-p l ant so  that 90Sr and 13 /Cs  cou l d  not  be removed from the h i gh- l eve l  ac i d  
waste . The method emp l oyed at SRP to store the h i gh-heat waste i s  t o  use  coo l ed 
doub l e-she l l tan k s .  

Eff l uents From P roces s i ng at SRP 

Est i mated rel eases of r ad i oact i v i ty from proces s i ng an i ncrement�l  3000 MT of N-Reactor 
i rrad i ated fue l  per ye ar at SRP are shown  i n  Tab l e  3 . 5  and Tab l e  3 . 6; l a )  and compared w i th 
rel eases duri ng  process i ng of SRP fue l s  and wi th other re l eases at SRP . Data for SRP 
re l eases were der i ved from d ata i n  U SERDA 1977b because th i s  reference i s  eas i l y  avai l ab l e  
t o  most readers ,  and i t  descri bes  sources o f  a l l re l eases at SRP by i nd i v i du a l  p l an t s .  More 
recent  data wou l d  ref l ect the cont i n u i n g  effort to reduce re l eases of rad i oacti v i ty to the 
env i ronment ,  so the SRP d ata ci ted are conservat i ve .  

The h i gher rel eases wh i l e  proces s i ng N-Reactor fue l s  as compared to SRP fue l s  are based 
on the h i gher exposure , and h i ggsr f i s s i on product content of N-Reactor fue l s .  The bas i s  
used i s  100 percent rel ease o f  Kr at each s i te , and a constant fract i on a l  re l ease of a l l 
other act i v i t i e s .  Re l eases from the SRP PUREX p l ant used for recovery o f  p l uton i um from 
i rradi ated reactor fue l  ( the 200-F separat i on s  p l ant )  are u sed for the compar i son . Less 
tri t i um and p l uton i um are re l eased as a l i qu i d  at SRP as compared to H anford s i nce  water at 
SRP trave l s  much more qu i ck l y  to the s i te boundary. Tri t i um at SRP i s  re l eased as water 
vapor and p l uton i um i s  routed to h i gh l ev e l  waste . P roces s i ng of N-Reactor i rrad i ated fue l s 
i s  assumed to be at the rate of 3000 MT/yr , and to be i n  add i t i on to process i ng SRP fue l s  at 
the rate ( not spec i f i ed )  that was anal yzed i n  USERDA 1977b .  

( a )  Eff l uent rel eases for  proces s i ng 1050 MT/yr of  N-Re actor are presented i n  Tab l es 0 . 22 
and 0 . 23 .  
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TABLE  3 . S  Projected Gaseous Re l eases From P roces s i ng N-Reactor 
I rrad i ated Fue l s  at SRP ,  3000 MT/yr P roces s i ng Rate 

Nuc l i de 
3H 
1 4C 
8SKr 
1 2 9 I 
1 3 1 I 
Oth er S 
Tot a l  a 

Ann u a l  R e l ease , C u r i es 

Proces s i ng 
N-Reactor Fue l s  

6 . 9  x 104 

9 . 3  x 100 

3 . 3  x 106 

7 . 2  x 10-1 

s . o  x 10-3 

4 . 3  x 10-1 

1 . 4  x 10-2 

P roces s i ng 
SRP Fue l s 

6 . S  x 103 

1 . 3  x 101 

2 . 6  x lOS 

7 . 0  x 10-2 

1 . 4  x 10-2 

4 . 0  x 10-2 

4 8 10-3 • x 

Other 
SRP Re l eases 

4 . 8  x lOS 

S . 3  x 101 

2 . 6 x lOS 

7 . 0  x 10-2 

1 . 1  x 10-1 

1 . 0  x 10-1 

2 . 4  x 10-3 

TABLE 3 . 6 .  P rojected L i qu i d  Re l eases From P roces s i ng N-Reactor I rrad i ated Fue l s  
at SRP , 3000 MT/yr P roces s i ng Rate 

Annua l  Re l ease , C u r i es 

P rocess i ng P roce ss i ng Other 
Nuc l i de N-Reactor Fue l s  SRP Fue l s  SRP Re l eases 
3H 1 . 7  x 103 1 . 6  x 10  2 9 . 2  x 104 
90Sr 1 . 3  1 . 2  x 10 -1 1 . 9  
1 3 7  C s  1 . 1  x 10 1 9 . 9  x 10 -1 7 . 1  
106Ru  4 . 3  x 101 4 . 0  2 . 4  
Other S 2 . 0  x 101 1 . 8 1 . 1  x 101 
2 39p u  6 . 0  x 10-2 2 . 1  x 10  -2 2 . 8  x 10-2 
2 38U 3 . 4  x 10-1 1 . 2  x 10  -1 4 . 6  x 10-1 

3 . 3 . 6  Cost Est i mates 

The cost d i fference between the two s i te s  i s  not con s i dered s i gn i f i cant .  A s i g n i f i cant 
factor in the cho i ce of a process i ng s i te i s  the ab i l i ty to meet  on-t i me nat i ona l  object i ves  
for materi a l produc t i on .  Proces s i ng at SRP wou l d  de l ay the av a i l ab i l i ty of p l uton i um by at 
l e ast two ye ars . E i ther s i te wou l d  requ i re about the same expend i ture wi th  a var i at i on 
range at each  s i te of up  to l S  percent depen d i ng  o n  spec i f i c  assumpt i on s  made for the study . 

3 . 3 . 7  Reason ab l y  Forseeab l e  Env i ronmenta l  Effects 

The pr i nc i pa l  env i ronmenta l  effects from t h i s a l ternat i v e  wou l d  be due to : 
1 )  tran s portat ion  of 10 , 000 MT of i rrad i ated N-Reactor fue l  from Was h i ngton to South 
C aro l i n a ,  2)  con struct i on of a new shear- l each fac i l i ty at SRP , 3)  construct i on of 
add i t i on a l  fuel storage fac i l i t i es at H anford , and 4) re l e ases of both rad i oact i ve and 
n onrad i oact i ve materi a l s  d u r i n g  fue l  proces s i n g .  The env i ronmenta l  consequences are 
d i scussed i n  some deta i l i n  Sect i on S . 2 . 2 .  

The most s i gn i f i c ant env i ronmental  effects wou l d  be those re l ated to tran sportat i on of 
i rrad i ated N-Reactor fue l , fo l l owed by the effects  rel ated to construc t i on at both SRP and 
H anford . The env i ronmenta l  effects are compared to the other a l ternat i ves i n  Sect i on 3 . 6 .  
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Rel eases of rad i oact i ve mater i a l s to the env i ronment wou l d  be s i mi l ar to re l eases from 
current operat i on s  at SRP . Some nucl i des may be re l eased i n  l arger amounts  than occur  from 
current operati o n s  s i nce the f i ss i on product content of N-Reactor i rrad i ated fue l  i s  greater 
than the f i ss i on product content of SRP i rrad i ated fue l . Re l ease of  other n uc l i des ( e . g . ,  
3H )  wou l d  be  a sma l l fract i o n  of the rel ease from other operat i on s  at SRP th at are not 
rel ated to proces s i ng  i rrad i ated fue l . 

3 . 4  NO ACT I ON ( Co n t i n u e  the  P resent Act i o n ) 

The no-act i on a l ternat i ve wou l d  cont i nue  ma i nten ance of the PUREX /U03 fac i l i t i es i n  
the current standby mod e .  N-Reactor i rrad i ated fue l  wou l d  conti nu e  t o  b e  generated but 
wou l d  not be  processed . The no-act i o n  a l ternat i ve wou l d :  1 )  not supp l y  p l uton i um for 
nat i onal  defense and o ther purposes ,  2 )  con t i nue  the storage of i rrad i ated fuel  at the 
Hanford S i te and 3)  req u i r e  the construct i o n  of add i t i o n a l  storage bas i n s .  

N-Reactor operates for the purpose o f  produc i ng p l uton i um for use  by the Federal 
government , and supp l i es by-product steam for the prod uct i on of e l ectr i c i ty .  S i nce 1972 , 
the i rrad i ated fue l  from N-Reactor has been stored for future process i ng to make the ' 
pl uton i um avai l ab l e  at the appropri ate t i me to sati sfy governmental  n eeds . I f  the PUREX 
fac i l i t i es do  not process the i rrad i ated N-Reactor fue l , p l anned storage capac i ty wou l d  be 
f u l l y used i n  m i d-1 985 and wou l d  req u i re add i t i o n a l  storage capac i ty at th at t i me .  Th i s  
sect i on descri bes the present act i on ,  potent i a l fac i l i t i es for storage of future i rrad i ated 
fue l , and con struct i on of a new storage f ac i l i ty . 

3 . 4 . 1  Present Acti on 

S i nce  1972 the Hanford PUREX p l ant  h as been i n  standby ,  wh i l e  the N-Reactor h as 
cont i n ued to operate . The d i scharged fue l  h as been stored i n  fue l  storage bas i n s ,  f i rst at 
N-Re actor ( UN I  1978 ) , then at KE-Reactor ( Moffi tt 1 978a ) ,  and most recent l y  at KW-Reactor 
(Moff i tt 1978b ) . 

At the  end of the ca l endar ye ar 1 98 1 ,  a total  of about 2440 MT of uran i um i n  d i sch arged 
fue l  was i n  storage . Recent prov i s i on s  were made to i ncrease the storage capac i ty of the 
KE and KW b as i n s ,  br i ng i ng the u l t imate capaci ty for storage of d i sch arged fuel  at Hanford 
to 4415 MT . 

The N-Reactor ,  i n  add i t i on to i ts pri mary ro l e  i n  defense product i o n , produces 
by-product steam used to  generate an e l ectri c a l  energy output of about 4 . 0  b i l l i o n  kW hours 
per year . 

If the  H anford PURE X / U03 fac i l i t i es were not  operated beg i n n i ng i n  1984 as proposed 
and if operat i on of N-Reactor were to be cont i n ued  as curren t l y  p l anned , the fo l l ow i ng 
effects wou l d  occur :  

• P l uto n i um conta i ned i n  about 2440 MT  of  present l y  accumu l ated i rrad i ated fuel  and 
i n  al l future i rrad i ated fue l  wou l d not be  avai l ab l e  for nat i ona l  needs . 

• Uran i um u s age of 700 MT/yr wou l d  cont i nu e  for about 10  years , and the uran i um 
content i n  about 2440 MT of present l y  accumu l ated i rrad i ated fue l  wou l d  not  be 
avai l ab l e  for ref abri cat i on i nto fuel or for other uses . A total of about 
1 0 , 000 MT of uran i um wou l d  be accumul ated by 1991 an d wou l d  not be recyc l ed to 
fuel for producti on re actors .  

• Construct i o n  of new fue l  storage fac i l i t i es wou l d  b e  needed . 

• Rad i o act i ve emi ss i ons  d ur i ng fue l  storage wou l d  con t i nue  s i nce rad i oact i v i ty 
l eve l s i n  stored i rrad i ated fue l  wou l d  decrease o n l y  s l ow l y  because of the 
rad i oact i ve decay .  

• Future restart of t h e  Hanford PUREX p l ant wou l d  b e  more expen s i ve .  

• Generat ion  o f  proces s i ng p l ant wastes wou l d  b e  deferred . 
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The tec h n i c al  aspects of the f i rst two i tems do not need further an a lys i s ,  the n ext two 
i tems are d i scussed i n  separate subsec t i on s  be l ow ,  and the remai n i n g i tems are mi nor w i th 
respect to the env i ronment .  

3 . 4 . 2  Mod i f i c at i on of E x i st i ng Storage Fac i l i t i es 

Presen t l y ,  i rrad i ated fue l  i s  bei ng stored at Hanford i n  several  storage bas i n s ( U N I  
1978 , Moff i tt 1978a,  Moff i tt 1978b ) . A recent smal l mod i f i c at i on t o  these storage bas i n s  
wi l l  prov i de a n  add i t i o n a l  c apac i ty o f  approx imate l y  750 MT o f  uran i um , wh i ch wi l l  cover the 
t i me to the proposed res umpt i on of PUREX proces s i ng .  U n l ess  the H anford PUREX p l ant i s  
restarted by m i d-1 985  or a l tern at i ve arrangements for proces s i ng are made by that t i me , 
add i t i on a l  storage space for i rrad i ate d  fue l  wou l d  be requ ired .  

Opt i on s  for add i t i o n a l  storage i n  ex i st i ng f ac i l i t i es i nc l ude the  fol l ow i ng :  
1 )  react i vat i ng the storage bas i n s at one ( of more of the o l d  reactors at the H anford S i te ,  
and 2 )  mod i fy i ng the KW-Reactor c l earwe l l a ) .  The f i rst  opt i on wou l d  use  b as i n s 
con t i guous w i th reactors that are ret i red at th i s  t i me .  The fue l  storage bas i ns are 26 to 
37  years o l d ,  and were bu i l t  i n  conformance to the U n i f orm Bu i l d i ng Code app l i c ab l e  when 
they were constructed . The second opt i on a l s o  uses an o l d  fac i l i ty ,  and one wh i ch was never 
des i g n ed for fue l storag e .  Nei ther the cost n or the schedu l e  appears attract i ve for 
convert i ng these b as i n s for near-term storag e .  They cou l d  be restored to the cond i t i on they 
were i n  when l ast used , but they cou l d  n ot be upgr aded to meet today ' s  standards wi thout 
exten s i ve work . 

3 . 4 . 3  Construct New Storage Faci l i ty 

The major opt i on for add i t i on a l  storage at H anford i s  the con struct i on of a new 
f ac i l i ty that wou l d  accommod ate 1 0 , 000 MT of i rrad i ated fue l . Th i s  construct ion  wou l d  
perm i t  N-Re actor oper at i on i nto the 1990s and wou l d  prov i de a marg i n  of excess storage 
c ap ac i ty to perm i t  re l oc at i on of i rrad i ated fue l  from other bas i n s ,  if neces s ary . The 
faci l i ty wou l d  meet the DOE requ i rements for a n ew p l an t ,  and cou l d  i nc l ude heat recovery 
tech n i ques and energy conservat i o n  method s  as j u st i f i ed by l i fe-cyc l e  cost . 

The fac i l i ty cou l d  be l oc ated on the 200-Area p l ateau w i th i n  the  boundar i es of the 
H anford S i t e .  The fac i l i ty wou l d  cont a i n  i rrad i ated f u e l  rece i v i ng and u n l oad i ng equ i pment 
and a stor age poo l ( s )  w i th a tota l  capac i ty of 1 0 , 000 MT of i rrad i ated fue l  from N-Re actor . 
The storage fac i l i ty cou l d  be des i gned to a l l ow for future expan s i on an d wou l d  be adaptab l e  
for stor age of other i rrad i ated fue l s  ( Commerce Bus i ness  Dai l y  1980 ) . 

Support f ac i l i t i es wou l d  i nc l ude : 1 )  a rad i oact i ve l i qu i d  concentrat i on and 
s o l i d i f i cat i on fac i l i ty ,  2) a h an d l i ng and s h i pp i ng f ac i l i ty to accomodate s o l i d  rad i o acti ve 
waste , and 3) an admi n i strat i ve off i c e ,  g u ardhouse bu i l d i ng ,  and med ica l  fac i l i t i es .  The 
a l ter n at i v e  of i ncorporat i ng some of these s upport f ac i l i t i es i nto other b u i l d i ngs  wou l d  be 
i nvesti gated . Ut i l i t i es and serv i ces wou l d  i nc l ude  equ i pment for steam generat i o n ,  water 
tre atment ,  heat d i s s i pati on ,  pri mary and emergency water s upp l y ,  and normal and emergency 
e l ectr i c  power . 

No esti mate of t i me or cost for th i s  spec i f i c  f ac i l i ty h as been prepared . An est i mate 
for an Away-From-Reactor ( AFR ) storage f ac i l i ty for 5000 MT of f u e l  from commerc i a l power 
reactors showed that the cost of construct i on by 1 983 wou l d  not exceed $270 m i l l i on ( K i n g  
1979 ) .  N-Reactor fue l  i s  more dense than commerc i a l power reactor fue l  and cont a i n s  a l ower 
concentrat i on of f i ss i l e  mater i a l . Thu s ,  both phys i c al  s i ze and c r i t i ca l i ty control 
con strai nts  on fue l spac i ng w i l l  perm i t  storage of N-Reactor fuel w i th more mater i a l  per 
u n i t  vo l ume of b as i n .  Bec ause of c l oser pack i ng of the stored fue l , th i s  cost est i mate 
shou l d  prov i de a rough approx imat i on of the cost for a new fac i l i ty to store 1 0 , 000 MT of 
N-Re actor fuel . 

( a )  A c l earwe l l i s  a w ater bas i n  wh i ch supp l i es aux i l i ary water to the reactor . S i nce 
KW-Reactor i s  shut  dow n ,  the c l earwe l l i s  no l onger needed for i ts ori g i na l  purpose and 
cou l d  be  u sed for storage of i rr ad i ated N-Reactor fue l . 
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A des i gn and con struct i on project of th i s  magn i tu de u sua l l y  requ i res severa l  years 
after comp l et i on of deta i l ed des i gn .  The operat i on of such a new fac i l i ty by 1985 when i t  
wou l d  b e  needed wou l d  b e  poss i b l e  i f  a great l y  acce l erated construct i on sched u l e  ( not a 
b u s i ness-as-usua l  sched u l e )  i s  fol l owed . 

3 . 4 . 4  Reason ab ly Forseeab l e  E nv i ronmental  Effects 

The pr i nc i pa l  env i ronmental  effect s from th i s  al ternat i ve wou l d  be due to :  
1 )  con struct i on of n ew storage fac i l i t i es at  Hanford , and 2 )  re l ease of rad i oact i ve 
mater i a l s  dur i ng  con t i n ued storage of i rrad i ated N-Reactor fue l . The env i ronmental  
consequences are d i scus sed i n  Sect i o n  5 . 2 . 3 . 

The most s i g n i f i cant env i ronmental  effects . i n the n ear term are those caused by 
con struct i o n .  However , the env ironmental  effects from process i ng are assumed to be added to 
these at some t i me in the future . These future effect s wi l l  be s i mi l ar to one of the f i rst 
th ree a l ternat i ves ( i . e . ,  o perat i on of Hanf ord P UR E X / U03 ' construct n ew proces s i ng p l an t , 
or process offs i te ) .  The env i ronmental  effects are compared to the other al tern at i ves  i n  
Secti on 3 . 6 .  

Re l ease of rad i oact i ve mater i a l s  d u r i n g  storage w i l l  depend o n  the d e s i g n  and operat i ng 
con stra i nts p l aced on the n ew storage fac i l i ty to be constructed ( Sect i o n  3 . 4 . 3 ) . These 
constra i nts  are expected to res u l t i n  rel eases s i mi l ar to those projected i n  a recent study 
of away-from-reactor storage ( USDOE 1979a ) .  However , the f i s s i on product content of 
i rradi ated N-Reactor fuel  i s  s i gn i f i cant l y  l ess  than the f i ss i on  product content u sed i n  
USDOE 1979 a ,  so that an adjustment must be made for the f i s s i on product i nventory . 
Tab l e  3 . 7  shows the expected annua l  g aseous re l eases when rece i v i ng 700 MT of i rrad i ated 
N-Reactor fue l  per year and stor i ng the fue l  for an average of 5 years . Th i s  wou l d  resu l t  
i n  an average i nventory o f  3 500 M T  o f  fuel . I f  more f u e l  were to be rece i ved annu a l l y ,  
re l eases wou l d  i ncrease approxi matel y  i n  d i rect proport i on .  I f  more fue l  were to b e  he l d  i n  
stor age ,  3H re l ease� wou l d  i ncrease approx imate l y  i n  d i rect proport i on but  other rel eases 
wou l d  i ncrease on l y  s l i ght l y .  N o  radi oact i ve l i qu i ds w i l l  b e  d i sch arged t o  the env i ronment .  

TABLE  3 . 7 .  P rojected Rad i oact i ve Gaseous Eff l uents from the No Act i o n  A l ternat i ve 

Nuc l i de Annu a l  Re l ease,  Cur i es 
3H 1 . 3  x 10-1 
1 4C 6 . 7  x 10-6 
85Kr 4 . 8  x 101 
129 1 2 . 5  x 10-7 
1 3 1 1 1 . 0  x 10-7 

Other a 1 . 9  x 10-4 

Total  a Neg l i g i b l e  

3 . 5  ALTERNAT I V ES E L I M I NATED FROM DETA ILED  STUDY 

Oth er al tern at i ves were con s i dered but were e l i mi n ated from detai l ed study for the 
reasons prov i ded be l ow .  A var i at i on of the no-ac t i o n  a l ternat i ve where the i rrad i ated fue l  
i s  not  processed at a l l i s  n ot cons i dered a v i ab l e  a l tern at i ve because of  i ts 
i ncompat i b i l i ty w i th the defense needs for p l uto n i um .  Two of the other a l ternat i ves  are 
l i sted bel ow : 

1 .  Construc t i o n  of a new process i ng p l ant off s i te .  

2 .  Proces s i ng of N-Reactor fue l at an off s i te fac i l i ty other th an Savannah R i ver P l ant . 

These a l ter n at i ves were exami ned and e l i m i n ated from deta i l ed study.  The rat i on a l e for 
the i r  e l i mi nat ion  i s  d i scussed br ief ly  be l ow .  
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• Construc t i o n  of a New Proces s i ng P l an t  Off s i te 

C onstruct i on of a new process i ng p l ant  offs i te i s  not  d i sc ussed s i nce  s uch  a 
p l ant wou l d  be essent i a l l y  the  equ i v a l ent  of  a n ew p l an t  constructed at 
Hanford as descr i bed  i n  Sec t i o n  3 . 2  together w i th fue l  tran sportat i on and 
hand l i ng requ i rements descr i bed i n  Sect i o n  3 . 3  • 

• Process i n  Fue l  at an Off s i te Fac i l i ty Other Than Savannah R i ver P l ant SRP 
There are no  offs i te DOE-owned or operated faci i t i es o ther than SRP wh i ch 
are or co u l d  be made av a i l ab l e  to process  N-Reactor fue l  wi th i n  the t i me 
requ i re d .  

3 . 6  OVERALL EVALUATI O N  OF ALTERNATIVES  

Four a l tern at i ves ( i nc l ud i ng the  proposed act i on )  were descr i bed  and  d i scus sed i n  
Sec t i ons 3 . 1  to 3 . 4 .  E ach a l ternat ive , except the no-act i on a l tern at ive , f u l f i l l s  i n  
some degree the n at i ona l  need for p l uton i um t o  b e  u sed  i n  defense and research 
act i v i t i e s . However , o n l y  the proposed act i on wou l d  prov i de p l uton i um i n  a t ime l y  
manner . E n v i ronmenta l  consequences for e ach a l tern ati ve are an a l yzed i n  C h apter 5 .  
The four a l ternat i ve s  are : 1 )  proposed act i on ( rest art and operat i on of the 
PUR E X / U03 f ac i l i t i es after i ncorporat i o n  of i mprovements ) ,  2 )  con struct i on of a new 
PUREX proces s i ng p l an t  at H anford , 3 )  process i ng fue l  offs i te ,  and 4 )  no  act i on 
(cont i n ue the present act i on ) .  These a l ternati ves are compared i n  Tab l es 3 . 8  and 3 . 9 .  

The no-act i on al tern at i ve c annot  be cont i nued i ndef i n i te l y  w i thout some other 
act i on bei ng  t ak en . Th i s  a l tern at i ve does not  prov i de for i rr ad i ated fue l  process i n g ,  
nor does i t  change the rate o f  generat i on of  i rrad i ated fue l . Therefore , the need f or 
an act i on to be comp l eted by m i d-1985 wou l d  ex i st because the current fue l  storage 
cap ac i ty at H anford w i l l  be used up by the n .  The compari son i n  Tab l e  3 . 8  shows the 
effects of prov i d i ng add i t i on al fuel s torage capac i ty as be i ng as soc i ated w i th No  
Act i on .  I n  add i t i o n ,  some proces s i ng a l tern at ive  must be  se l ected at some future t i me 
so  that the  p l uto n i um n eeded for defense and research and deve l opment  purposes w i l l  be 
ava i l ab l e .  The consequences of f uture proces s i ng wou l d  then be  added to the 
env i ronmental  con sequences of the n o  act i o n  a l ternat i v e .  

E n v i ronmenta l  consequences for each a l tern at i ve are comp ared i n  Tab l e  3 . 9 .  
Rad i o l og i c a l  con sequences to the pub l i c  from normal  operat i on s  are expected to be l es s  
than t h e  n atural  background rad i at i on ,  regard l es s  of wh i ch a l tern at i ve i s  se l ected . 
Con struct i on act i v i t i es are l east w i t h  the  proposed act i o n .  Tran sportat i on of 
i rrad i ated N-Reactor fuel  is  s i m i l ar for the proposed act i o n ,  new PUREX p l ant at 
Hanford , and no-act i on a l ter n at i ves . Apprec i ab l y  more tr an sport at i on  w i l l  be requ i red 
to process at SRP . 

I f  the  a l ternati ve  of construct i ng a n ew fue l  process i ng p l ant at H anford or of 
s h i pp i ng fuel  offs i te for process i ng were chosen , i rrad i ated fuel  storag e wou l d  be 
req u i red  by mi d-1985  so that some add i t i o n al storage capac i ty wou l d  h ave to be prov i ded  
as d i scussed above . 

I f  f ue l  were to be s h i pped offs i te for proces s i ng ,  i t  wou l d  be s h i pped to the 
Sav an n ah R i ver P l an t  ( SRP ) of the DOE .  Some new construct i on as add i t i o n ,  
mod i f i cat i o n , o r  i mprovement wou l d  b e  req u i red a t  SRP . S i nce SRP i s  l oc ated i n  Sou th 
C aro l i na ,  th i s  a l tern at i ve wou l d  req u i re tran sportati on of  i rrad i ated fue l  from the 
Western U . S .  to the  E as t .  Add i t i on a l  f u e l  storage a t  Hanford wou l d  a l so b e  requ i red . 

The rad i o l og i ca l  con sequences of each a l terna t i v e  wou l d be sma l l ( see Tab l e  3 . 9 ) . 
Pro j ected rel eases of r ad i o act i ve eff l uents from each a l ternat i ve are shown i n  
Tab l e  3 . 10 for gaseous eff l uents and Tab l e  3 . 1 1 for l i q u i d  eff l uent s .  T h e  o n l y  other 
s i g n i f i cant rad i o l og i c a l  con sequences are those re l ated to tran sportat i on  of i rrad i ated 
N-Reactor fue l  offs i te ,  and to decommi s s i on i ng of  new fac i l i t i es that are constructed 
for proces s i ng or storage of N-Reactor fue l . 
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w 
w 
w 

A l  ternat i ve 

Proposed Ac t i on 
(Resumption of 
PURE X/U03 P l ant 
Operations) . 

No Action 
(continue the 
present action). 

Construct New 
Fuel Proces
sing P l ant at 
Hanford. 

Process Fuel 
Offs i te 

TABLE 3 . 8 .  Comparison o f  Al ternatives t o  Proposed Resumption o f  Operation o f  PUREX / U03 P l ants 

Potent ia l  
Advantages 

No change from 
historic s i te use. 
Meets nat iona 1 
defense needs.  

Cou l d  reduce amounts 
to be released 
depend i ng on future 
decisions. 

Reduced near-term 
re l ease of radi onu
c l i des to env ironment . 

At SRP c l add ing 
hul l s  become sol i d  
waste instead of 
liquid waste. 

Potential 
D isadvantages 

Rel ease of some gase
ous fission products, 
oxi des of nitrogen, 
and tri t i ated water 
to environment. 

Construction of 
additi onal fuel 
storage fac i l ity. 
Does not meet 
programmatic needs .  

Major construction 
effort . New facility 
decomis s i on i ng effort . 
Add it i ona 1 fuel 
storage needed. 
Does not meet program
matic needs prior 
to 1 990. 

Personnel exposure 
from extra fuel hand
ling . Ris k  of 
transport ation 
accidents. No 
significant reduction 
in rel eases to 
env i ronmen t .  
Additional fuel 
storage needed. 
Does not meet 
programmatic 
needs prior to 1986. 

Potential Effects  on 
Program Needs 

Earliest possib l e  
avai l ab i l i ty of 
p l utonium. 

I ndef i nite del ay of 
p l utonium avai l abi l 
ity. 

De l ay in p l utonium 
avai l abi 1 i ty .  

Delay i n  p l uton i um 
ava i l  ab i l  i ty .  

Potenti a 1 
Radioactive 

Emissions 
85

Kr, 14
C and 

�art of l�g
I �nd 

H as gases ; 
3
H.  

a-emit ters . and 23gpu as both 
gases and l i quids. 

Deferred unt i l  l ater 
dec i sions are made. 
Some potent i a l  for 
release duri ng fuel 
storage. 

Reduced re l ease of 
85

Kr and 14
C. 

Possib l e  reduction 
in other routine re
l eases .  Addit i onal 
re l eases from decom
mis s i on i ng .  

Simil ar t o  proposed 
action. I ncreased 
risk of re l eases 
during fuel 
transport and 
handling. 

Poten t i a l  
Construction 
Requirements 

Minor addit i onal  
modificat i ons . 

Construction of 
fuel storage 
fac i  1 i t ies. 

Major construction 
of processing 
p l ant. Construc
t i on for new fuel 
s torage fac i l it i es. 

Shipping fac i lities  
and casks .  New 
shear- l each 
fac i l i t ies .  New 
fuel storage 
fac il it ies .  

Potential Environmental / 
Socioeconomic Effects 

No perceptib l e  adverse 
impact .  (No increased 
demands for housing,  
school s .  municipal 
services. ) 

Unchanged from present 
status. 

Need to decommis-
sion another facility. 
I ncreased l and use. 

Exposure to pub l ic 
during transportation 
of irradiated fuel . 



TABLE 3 . 9 .  Compar i son of the E n v i ronmental  Con sequences from the P roposed 
Act i on and Al ternat i ve s ,  3000 MT/yr P roces s i ng R ate 

Env i ronmental 
Consequences Item 

NORMAL OPERATION 

Occ upat iona 1 
Exposure 

General Pub l ic 
Dose( a)  

Dose to Maxi mum 
I n d i v i dual 

Impact on A i r  
Qua 1 i ty 

Impact on Water 
Qual i ty 

Transportat i on
R e l ated Exposure 

Proposed Act i on ( PA) 
Resump t i on of PUREX/ 
U03 P l ant Operat ions 

Max imum skin  dose 
of 2 . 4  to 4 . 5  rem/ 
yr/worker and 1 . 5  to 
2 . 4  rem/yr/worker 
total body dose. 

1800 man-rem dose( b )  
( thyro i d )  from a 
16-yr rel ease and 
70-yr acc umu 1 at i o n .  

2 0  mrem dose 
( thyro i d )  f rom 
16-yr re l ease 
and 70-yr 
accumu l at i o n .  

Annual ambi ent a i r  
qua l i ty standards 
for al l po1 1 vt�nts 
wi l l  be met . \ C )  

N O  d i rect di scharges 
to publ ic  water
ways . l d )  Water use 
is l ess  than 0 . 03 
percent of total  
average Co l umb i a  
R i ver f l ow .  

A l ternat i ve 1 A l ternat i ve 2 
Construct New PUREX 
P l ant at Hanford S i t e  Process F u e l  Off s i te 

Equal to or l es s  than 
proposed act i o n .  

1 1 0  man-rem dose 
(thyroi d )  from a 
1 6-yr re l ease and 
70-yr accumu l at i on .  

1 .  3 mrem dose 
( thyro i d )  from 
16-yr re l ease 
and 70-yr 
accumu l at io n .  

Annual amb i ent a i r  
qua l i ty standards 
for al l pol l ut ants 
wi l l  be met. 

Essent i al ly same as 
PA. 

Essent i a l l y equal to 
proposed act i o n ,  
except i nc reased 
transportat ion re
qui rements i nvo l ves 
exposure of a 
g reater number of 
peop l e. 

4600 man-rem dose 
( thyro i d )  f rom a 
1 6-yr rel ease and 
70-yr accumu l at i o n .  

4 6  mrem dose 
( thyro i d )  f rom 
16-yr rel ease and 
70-yr accumu l at i o n .  

Same as 
A l ternati ve 

Wi thi n g u i de l i nes,  
but greater than PA 
s i nce there i s  
d i rect di scharge to 
waterway. 

NO Act i on A l ternat i ve 
Cont i nue the 

Present Act i on 

Es sent i al l y zero dose 
s i nc e  PUREX w i l l  not 
operate. 

0 . 23 man-rem dose ( bone) 
f rom a 16-yr re l ease 
and 70-yr accumu l at i on 
( dose from i rrad i ated 
fuel storage only) . 

3 . 4  x 10-3 mrem dose 
( bone) from 16-yr re l ease 
and 70-yr accumu l at i on 
( dose f rom i rradi ated 
fuel  storage o n l y ) . 

Essent i a l l y  zero 
emi s s i on s i nce 
PUREX/U03 wi l l  not 
operate. 

No impact si nce PUREX/ 
U03 wi l l  not operate. 

Ons ite transport a- Es sent i al ly same as Same as PA for on- No transport impac t s .  
tion wi l l  resu l t  i n  PA. 
essent i al ly zero 
publ ic  dose .  Occu
pat i on exposure from 
Pu02 shi pments l im-
i ted to l ess than 
5 mrem / hr by opera
t i on a l  procedures. 

site transportat i o n .  
Offsite transporta-
t i on wou l d  resu l t  i n  
a n  annual 3300 man-rem 
dose for truck s h i p-
ment and 4100 man-rem 
for rai l s h i pment. 
Annual dose to the maximum 
i nd i vi dual s i s  3 mrem 
for truc k s h i pment 
and 0 . 3  mrem for 
tra i n  s h i pment . 

( a )  

( b )  

( c )  

( d )  

Dose i s  g i ven for the cri t i c al org an; doses t o  other organs can be found i n  the tab l es i n  Sec t i ons 5 . 1 . 1 . 2 ,  
5 . 2 . 1 . 1 ,  5 . 2 . 2 . 1, and 5 . 2 . 3 .  
Th i s  i s  the pop u l at i on dose t o  an estimated ( 1990 ) pop u l at i o n  o f  4 1 7 , 000 persons .  For comp ari son,  these persons 
wou l d  rec e i v e  about 2 . 9  x 106 man-rem dose from natural background radi at i on over 70 years. 
A l though ambi ent a i r  qual i ty standards wi l l  be met for NOx ,  NOx emi ss i on s  wi l l  be reg u l ated under a 
Prevent ion of S i g n i f icant Deteriorat i on ( PS D )  permi t .  See Section 5 . 1 . 2 . 1 .  
Tri t i um, 3H ,  has reached Co l umbi a  R i ver from past operat i on s ,  but concentrat i ons i n  groundwater are about 
10 percent of al l owab l e  l im i t s  and undetectab l e  above background in the ri ver . There i s  no demonstrated 
techno l ogy for tri t i um c apture. 
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Env i ronmental 
Consequences Item 

ABNORMAL OPERAT ION 

Operat i on a l  Acc i 
dents ( S hort
coo l ed ,  25 day s ,  
fuel  d i s s o l u t i o n )  

O n s i te Transporta
t i on Acc i d ent 

Of f s i te Transpor
tat i on Acc ident 

OTHER IMPACTS 

Construction 
Impacts 

Construction Costs 
( S ,  mi l l i o n )  

Soc i oeconomi c 
I mpacts 

Resource 
Conmitments 

DecOfl1l1i s s i on i ng 
Costs ( J ,  mi l l ion ) 

Propo sed Act ion  ( P A )  
Resump t i o n  o f  PUREX/ 
U03 P l ant Operat i ons  

TABLE 3 . 9 .  ( contd ) 

Al ternat i ve 1 Al ternat i ve 2 
Construct New PUREX 
P l ant at Hanford S i t e  Proc e s s  Fue l Off s i te 

A worst-case cred- Same as PA. Postul ated worst
case acc i dent 
wou l d  have l e s s  
con sequences than 
the PA because the 
fuel  wou l d  have 
aged -25 more days 
during transport . 

i b l e  acc i dent ( as-
sumi ng admi n i stra-
t i ve contro l s )  wou l d  
del i ver a n  estimated 
acute dose ( t hyro i d )  
o f  1 500 man-rem 
to the general pop
u l at i on and 190 mrem 
to the maximum i nd i 
vidual . 

Post u l ated worst- Same as PA. 
case acc ident 
( i rradi ated fuel  
shi pment acc i dent) 
wou l d  res u l t  in a 
2000 mrem ( l ung ) dose 
to the maJ4imum 
i nd i v i dual  ( offs i te ) . 
Seri ous consequence 
onsite but acc i dent i s  
not consi dered 
cred i b l e  with  
adm i n i strat i ve contro l s. 

Off s i te i mp acts 
greater due to more 
d i rect pathway and 
l arger pop u l at i o n .  

N o  Act ion  A l ternat i ve 
Cont i nue the 

Present Act i o n  

Not app l  i c a b l e .  

Not app 1 i c ab l e .  

Not app l  icab l e .  Not app l ic ab l e .  I f  postul ated acc i- Not app l i c ab l e .  
dent occurred i n  an 
urban area, the dose 
to the general popu-
l at i on is estimated 
to be 1150 man-rem 
for truck s h i pment 
and 2300 man-rem for 
rai l  s h i pment . The 
dose to the max imum 
i nd i v i dual  i s  est i -
mated to b e  0 . 76 rem 
for truck shipment 
and O . g rem for rai l 
s h i pment.  

Almost none s i nc e  Major act i v i ty but Same as PA, p l us Same as PA p l us 
there i s  no major acceptab l e  impac t s .  shear-l each fac i l  i ty. add i t i onal  storage 
act i v i ty.  bas i n s  as needed . 

About S40 for fac i l- >S1500 for new PUREX About S400 for About S2 70 for expanded 
i ty mod i f icat i ons f ac i l  i ty. shear- l each fac i l ity. fue 1 storage. 
p l us J 1 10 for 
react i vat i o n .  

Neg l i g i b l e .  Substant i al ly more 
than PA duri ng 

Same as PA, except 
for transportat i on 

Neg l i g i b l e .  

construc t i o n .  impacts w h i c h  are 
acceptab 1 e. 

A neg l i g i b l e  frac- Substant i al ly more More than PA due to Neg l i g i b l e  fracti on of 
t i on of nat i onal  than the PA, but a fue l transport , but nat i onal  resource use for 
resource use.  neg l i g i b l e  amount sti l l  a neg l i g i b l e  new fuel storage bas i n s .  

o f  nat i onal resource fraction of nat i onal  
use.  resource use.  

Base case Base c ase + 
( about SIlO ) . 

Jll0 . Same as PA. Same as PA. 
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TABLE 3 . 10 .  Compar i son of Gaseo u s  Rad i oact i ve Eff l uents From 

Annua l  Re l ease , C u r i es 
Proposed A' ter�f�� ve A't�{�rtive 

Nuc l i de Act i on 
3H 3 . 0  x 103 6 . 9  x 104 6 . 9  x 10 4 
14C 9 . 0  9 . 3  x 10-2 9 . 3  
85Kr 3 . 3  x 10 6 3 . 3  x 105 3 . 3  x 10 6 
129 1 5 . 1  x 10 -1 7 . 2  x 10-3 7 . 2  x 10 -1 
131 1 3 . 0  x 10 -1 5 x 10-5 5 x 10-3 

Other S 1 . 2  1 x 10-5 4 . 3  x 10-1 

Total a 9 X 10-3 3 . 9  x 10-1 1  1 . 4  x 10-2 

( a )  Under these a l ternat i ves 3H i s  re l e ased to the 
atmosphere by evapora t i o n  of the l i q u i d  eff l uent s .  

E ach A l ternat i ve 

No  
Act i on 

1 . 3  x 10-1 

6 . 7  x 10-6 

4 . 8  x 101 

2 . 5  x 10-7 

1 . 0  x 10-7 

1 . 9  x 10-4 

Neg l i g i b l e  

TABLE 3 . 1 1 .  Compari son o f  L i q u i d  Rad i o act i ve Eff l uents From E ach A l ternat i ve 

An n u a l  Re l eas e ,  C ur ies  
P roposed A her�f� j ve A hern at i ve No 

Nuc l i de Act i on 2 Act i on ( a )  
3H 5 . 0  x 104 0 1 .  7 x 10 3 0 
60Co  1 . 3  0 NA 0 
90Sr 5 . 1  0 1 . 3  0 
106R u  1 . 9  x 101 0 4 . 3  x 101 0 
137  C s  5 . 1  0 1 . 1  x 101 0 
Other S NA 0 2 . 0  x 101 0 
239p u -1 0 6 . 0  x 10-2 0 7 . 9  x 10 
2 38U 3 . 2  x 10 -2 0 3 . 4  x 10-1 0 

( a )  N o  l i qu i d  rad i o act i ve eff l uents are rel eased to the 
env i ronment . 

NA No  d ata  avai l ab l e .  

Env i ronmental con sequences of a re l e ase o f  rad i o act i ve mater i a l s  i s  dependent o n  both 
the quant i ty of mater i al re l eased and the env i ronment affected by the rel ease . Because of 
i ts remoteness from pub l i c  popu l at i on and i ts favorab l e  hydro l ogy, Hanford can rel ease 
rad i o act i ve mater i a l s  as l i qu i ds w i th l ess  env i ronmental  consequence than wou l d  be poss i b l e  
at a l es s  favorab l y  s i tu ated p l ant .  Thus ,  most o f  the tr i t i um wo� l d  b e  re l e ased �t H anford 
as a l i qu i d ,  and at other p l ants as a gas . A l so ,  5 . 1  Ci of 90Sr and 0 . 79 C i  of 2 39p u 
wou l d  be re l e ased annu a l l y  as l i qu i ds  by the H anford P UREX  p l ant and the re l ease wou l d  be 
greater th an by the other a l ternat i ves , but  the annua l  dose commi tment to the max i mum 
i n d i v i du a l  is  st i l l  o n l y  a smal l fract i o n  of  that rece i ved  from n atural  background  
rad i at i o n .  Lower re l eases from a new P UREX p l ant or  the no-act i o n  a l ternat i ve wou l d  reduce 
the i ncremental  dose commi tment to the max i mum i n d i v i dua l  for the cr i t i c a l  organ ( thyro i d )  
based o n  a 16-year re l e ase ,  70-year accumu l at i on from 2 0  mrem for the proposed act i on to 
l es s  than 2 mrem for the new p l ant or  the no-act ion  al ternat i v e .  There i s  essent i a l l y  no 
d i fference of any consequence i n  these n umbers when compared to the 70-ye ar natural  dose 
accumu l at i on of 7000 mrem . Even though the i ncremental  dose above natural  background  m i ght  
change by an order of magn i tu de or more , there i s  l ess  than a 0 . 3  percent change i n  the 
total amount  of i on i z i ng rad i at i o n  recei ved by the max i mum i n d i v i du a l . 
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Tran sportati on of i rrad i ated N-Reactor fue l  i s  s i m i l ar for each of the  opt i o n s  except 
- for the off s i te tran sportat i o n  if proces s i ng i s  to  be done at SRP . Dur i n g  off s i te 
tran sportati on there i s  a poten t i a l  for expo sure of the pub l i c  d u r i n g  both normal  s h i pment  
and acci dent s i tuat i o n s . Normal  s h i pmen t s  w i l l  con tri bute a dose  to  the maxi mum i n d i v i d u a l  
o f  about  3 mrem/yr for truck sh i pments  a n d  0 . 3  mrem/yr for rai l sh i pments . These doses are 
about 20 and 2 t i mes greater than the dose to the max i mum i n d i v i dua l  of the pub l i c  dur i ng 
process i ng , but are s t i l l  on l y  a sma l l fract i on of the  dose to the max i mum i nd i v i du a l  from 
n atural  background . Des i gn and construct i on of casks  i s  such that even a s evere acc i dent 
an d f i re wou l d  n ot breach  the cask and re l ease p art of the i rrad i ated fue l . However;  for 
purposes of an a l ys i s ,  an acc i dent i nvo l v i ng p art i a l l os s  of sh i e l d i ng and part i a l  rel ease of 
the contents ( re l ease fract i o n )  i s  assumed . Under th i s  s evere acc i dent scenar i o ,  the dose 
to the max i mum i nd i v i du a l  i s  expected to be  760 mrem for truck sh i pment s ,  or 900 mrem for 
rai l sh i pments . These doses are s i g n i f i cant compared to natural  b ackground rad�at i on ,  but  
the  probab i l i ty of  an acc i dent of  th i s  s ever i ty is  q u i te l ow ( l es s  than 2 x 10- for  
s h i pment of  the ent i re 10 , 000 MT of i rradi ated fue l ) .  

Con struct i on req u i rements are g re atest for a n ew PUREX p l ant ( about  $1500 m i l l i on ) ,  
fo l l owed by process i ng at SRP ( about  $400 m i l l i on total  for a new shear- l each fac i l i ty at 
SRP and a n ew storage f ac i l i ty at Hanford ) ,  and the no-act i on a l tern ati ve ( $270 m i l l i o n  for 
add i t i on al capac i ty for storage of  i rradi ated fuel ) .  The l east amount of construct i on wi l l  
be  requ i red for the  proposed act i on .  Decomm i s s i on i ng requ i rements  w i l l  be  greatest for 
f ac i l i t i es that i nvo l ve breach i ng the c l add i ng of the fue l  e l ements  ( i . e . , a n ew process i ng 
p l ant or a shear- l each f ac i l i ty) , and w i l l  be l east for fac i l i t i es i n  wh i ch the fue l  rema i ns 
i ntact ( i . e . , a fue l  storage bas i n ) .  Ex i st i ng process i ng f ac i l i t i es at both H anford and SRP 
are a l ready contami n ated , and no n ew d ecommi ss i on i ng requ i rements wi l l  be i mposed i f  e i ther 
of these faci l i t i es is u sed .  Decommi s s i on i ng of a new PUREX  p l ant , as descri bed i n  
Sect i on 3 . 2 . 5 ,  wou l d  b e  comparab l e  to the  dose to the  pub l i c recei ved duri ng norma l 
operat i on of the  ex i s t i ng Hanford PUREX p l ant for one year , wh i ch i s  a smal l frac t i o n  of 
n atural  b ackground rad i at i on .  

Se l ect i on among the a l ternat i ves was b ased o n  a comb i n at i on of env i ronmenta l  
con s i derat i on s  and  the requ i rement  to  sati sfy n uc l ear mater i a l  needs  i n  a t i me l y  man n er .  
The add i t i o n a l  i o n i z i ng r ad i at i on rece i ved b y  t h e  maxi mum i nd i v i du a l  o f  t h e  pub l i c  wi l l  be 
l ess  than that recei ved from natur a l  background rad i at i on du r i n g  normal operat i on of any of 
the three proces s i ng p l ants that were con s i dered . Rel eases duri ng a maxi mum cred i b l e  
acc i dent at the three p l ants wou l d  b e  s i mi l ar t o  each other , and res u l t  i n  a n  acute dose  
1 . 9  t i mes greater than n atural  b ackground rad i at i on l eve l s .  Construc t i on of a n ew 
proces s i ng p l ant was not  se l ected because  the construct i on i mp acts are avo i ded  by operat i ng 
the  H anford PURE X / U03 P l ant . The no-act i on a l ternat i v e  was not  se l ected because i t  does 
not s ati sfy p rogrammat i c  requ i rements for p l uton i um .  Thu s ,  t h e  preferred a l tern at i ve of 
operat i ng the H anford PUREX/U03 fac i l i t i es at the H anford S i te i s  an env i ronmenta l l y  
acceptab l e  a l ternat i v e ;  i t  i s  a l s o  the o n l y  a l tern at i v e  that wou l d  prov i de p l uton i um i n  a 
t i me l y  manner .  
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CHAPTER 4 

AFFECT ED ENV I RONMENT 





4 . 0  AFFECTED ENV I RONMENT 

Th i s  chapter prov i des  a general bac kground of the Hanford S i t e-spec i f i c  env i ronm�nt a l  
c h aracter i st i c s  that wou l d  b e  d i rect l y  affected by the PUREX / U03 f ac i l i ty operat i on s . \ a ) 
Detai l ed S i t e  and process  i nformat i o n  i s  presented i n  ER DA-1538,  i n  Roc kwe l l and At l ant i c  
R i c hf i e l d  Hanford Company ( ARHCO )  operat i ng doc ument s ( Moore and Wa l ser 1980, Raab and 
Schm i dt 1978 ) . A bri ef summary of the aff ected env i ronment at Savannah R i ver P l ant i s  
i nc l uded to address the a l ternat i ve of sh i pp i ng f u e l  off s i te for process i ng .  

4 . 1  HANFORD S I TE LOCATION  AND LOCAT ION OF PURE X / U03 P LANT 

The Hanford S i t e  ( F i gures 4 . 1  and 4 . 2 )  occup i es approx imat e l y  1 500 km2 ( 570 m i l e2 ) 
of a semi-ar i d  reg i on  i n  the southeastern p art of the state  of Wash i ngton .  The S i te ' s 
g reatest d i stance north to south i s  approximate ly  52 km ( 3 2  mi l es ) ,  and 42 km ( 26 mi l es )  
east t o  west . The nearest pop u l at i on center , R i c h l and , Washi ngton ,  1980 pop u l at i on 3 3 , 578 
( Bureau of Census 1981 ) ,  i s  approx i mate ly  5 km ( 3  mi l es )  south of the southernmost S i te 
boundary and about 3 5  km ( 2 2 m i l es )  southeast of the P UREX / U03 proc ess  f ac i l i t i es .  The 
1 980 pop u l at i o n  w ith i n  an 80 km ( 50 m i l e ) rad i u s  was esti mated to b e  417 , 000 ( Sommer et a l . 
1981 ) . Th i s i s  an est i mate from the actu a l  1980 U . S .  Census dat a .  

I n  1943 , the U . S .  Army Corps o f  E ng i neers sel ected t h e  Hanford S i t e  as the l oc at i o n  for 
n uc l ear reactor and chem i c a l  separat i on f ac i l i t i es for the product i on and puri f ic at i o n  of 

STATE OF WASHINGTON 

F I GURE 4 . 1  Loc at i on of the Hanford S i te 

( a )  The mater i a l  i n  th i s chapter updates and summari zes the desc r i p t i on s  of the Hanford S i te 
envi ronment that were pub l i shed i n  the F i na l  E n v i ronmenta l  Statement , Waste Management 
Operat i ons ,  Hanford Reservat i on ,  ( ERDA-1 538 1975 ) . 
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F I GURE 4 . 2 .  Hanford S i t e  

CITY O F  RICHLAND 

p l uton i um for poss i b l e  use  i n  n uc l ear weapons  ( Manhattan Project ) .  A tota l  of e i g ht 
grap h i t e-moderated reactors us i ng the  Co l umb i a  R i ver water for once-throug h coo l i ng ,  and a 
dua l -p urpose reactor ( N-Reactor ) u s i ng rec i rc u l at i ng water coo l ant , were b u i l t  a l ong the  
r i ver .  Current l y ,  N-Reactor,  whi c h  began  operat i o n  i n  1963 and i s  l oc ated in  the lOON Area 
( see F i gure 4 . 2 ) , i s  the  on ly  p l uton i um produc t i on reactor i n  operat i on at Hanford and i s  
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the source of i rradi ated fue l  for the PUREX/U03 f ac i l i t ies . Dur i ng fuel  i rrad i at i on i n  
the N-Reactor the by-product steam i s  sol d to the Wash i ngton P ub l i c  Power Supp l y  System 
( WP P S S )  to generate e l ectr i c i ty .  

The PUREX p l ant , l oc ated i n  the 200 East Area approx i matel y  1 1  k m  ( 7  mi l e s )  south of 
the N-Reactor i s  des i gned to sep arate , recover , and p u r i fy p l uton i um ,  uran i um ,  and neptun i um 
from N-Reactor i rrad i ated fue l . Th e PUREX p l ant  l ast operated i n  1 97 2  and has been 
ma i nta i ned in  a standby cond i t ion  s i nce  the n .  

T h e  Uran i um Ox i de p l ant , l oc ated i n  t h e  200 West Area approx i mate l y  8 km  ( 5  m i l es )  west 
of the PUREX p l ant , i s  u sed to convert the PUREX uran i um n i trate product sol ut i on to ur an i um 
tr i ox i de ( U03 ) powder . 

4 . 2  LOCAL I NDUSTR I AL ,  TRANSPORTATION ,  F EDERAL AND S ITE-SPEC I F I C  ACT I V I T I E S  

The reg i on surround i ng t h e  H anford S i te h a s  been devel op i ng and expand i ng w i t h  
i ncreased i ndustr i a l  and agr i c u l tural act i v i t i e s .  Non-n uc l ear i ndustr i al f ac i l i t i es l oc ated 
i n  the reg ion  i nc l ude a meat pack i ng p l ant , food process i n g  f ac i l i t ies , fert i l i zer p l ant s ,  a 
p u l p and p aper mi l l ,  a chemi ca l  p l ant , and several sma l l manufactu r i n g  p l ant s .  A wide  
var i ety of  support and sup p l y  fac i l i t i e s  serve t h i s  i ndustr i a l  base . Agr i c u l ture in  the 
reg i o n  i nc l udes a w i d e  v ar i ety of dryl and and i rr i gated crops and p l ays a major rol e  i n  the 
loca l  economy . 

Major roads i n  the reg ion  are State H i ghways 1 4 ,  24 ,  and 240; and U . S .  H i ghways 1 2  
a n d  39 5 .  I nterstate H i ghways 1 -82 and  1-182 are schedu l ed to  be  comp l eted i n  the 
m i d-1 980 s .  R a i l serv i ce i nc l udes the Bur l i ngton Northern and U n i on P ac i f i c  Ra i l road s .  A i r  
tran sportat i on i s  ava i l ab l e  through three l oc a l  a i rport s  i nc l ud i ng two ( Pasco and Yak ima )  
s u i t ab l e  for  sma l l commerc i a l  j et a i rcraft . I n  add i t i on ,  commerc i a l traff i c  on the  Co l umb i a  
R i ver may travel to the North R i ch l and dock area nearest the southern H anford S i te boundary .  

Several reg i o n al power d ams are l oc ated on  the Co l umb i a  R i ver i nc l u d i n g  the P r i est 
Rap i d s ,  Wan apum , and McNary dam s .  Another power dam ( tentat i ve l y  n amed Ben F rank l i n )  has  
been stud i ed .  It wou l d  b e  l oc ated about 1 6  km ( 1 0  mi l es )  upstream from R i c h l and ( H arty 
1979 ,  Corps of E n g i neers 1981 ) ;  however ,  no act i on to construct the dam i s  con s i dered l i k e l y .  

The  U . S .  Army Y ak i ma F i r i ng Range used f o r  tra i n i ng Army Reserves i s  l oc ated i n  a n  
undevel oped area beg i nn i ng approx imate l y  1 6  km ( 10 m i l es )  west of t h e  Hanford S i te bound ary . 

A n umber of government-owned and commerc i a l n uc l ear f ac i l i t i es are l oc ated on the 
Hanford S i te .  Government i nstal l at i on s  i nc l ude produc t i on and waste man agement f ac i l i t i es ,  
research l aboratori es , and nucl ear mater i a l storage area s .  Government reactor f ac i l i t i es on 
the S i te i nc l ude the dua l-p u rpose N-Reactor and the F ast F l ux Test F ac i l i ty ( FFTF ) ,  a test 
reactor wh i ch i s  owned by DOE and wh i ch began operat ion  in 1 980 . E i ght other 
government-owned reactors ,  formerl y used for product i on of n u c l ear mater i a l s ,  are now 
reti red and shut down . Commerc i a l nuc l ear f ac i l i t i es ons i te i nc l ude a l ow-l eve l waste 
b u r i al are a ,  and two commerc i a l nuc l ear power stat i ons that are present l y  under construc t i on 
by WPPSS .  Constr uct ion  on a t h i rd commerc i a l n uc l ear power stat ion  has been d i scont i nued . 
The Exxon Nuc l ear Corporat i on fue l  f abr i c at i o n  p l ant i s  l oc ated j ust south of and adj acent 
to the S i te boundary .  P l ans are under cons iderat i on for construct i on of add i t i on al 
commerc i a l reactors on the H anford S i te .  Researc h and devel opment stud i e s  for i so l at i on  of 
rad i oact i v e  waste in bas a l t  format i on s  on the Hanford S i te are under way . 

4 . 3  SUMMARY OF E NV I RONMENTAL CHARACTERI ST I C S  

T h e  fol l ow i ng sect i o n s  s ummari ze t h e  Hanford S i tes phys i c a l  a n d  b i o l og i ca l  
env i ronmental characteri st i c s .  More exten s i ve and  detai l ed techn i ca l  i nformat i on about the 
S i te and the s urround i ng reg ion  is ava i l ab l e  i n  ERDA-1 538 ( USERDA 1975 ) .  

4 . 3 . 1  Geol ogy-Topography 

The Hanford S i te i s  l oc ated i n  southeastern Was h i ngton State i n  the P asco Bas i n  ( a  
port i o n  o f  the Col umb i a  P l atea u ) , wh ich  i s  composed of l arge q uant i t i es of b as a l t  over l a i n  
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by t h i c k  l ayers of sedi mentary materi a l . The Hanford S i te over l i es the st ruc tural  l ow poi nt 
of the Pasc o Bas i n  and i s  bounded to  the southwest , west and north by l arg e ri dges that 
trend eastward and southeaster ly  from the  Cascade Range, enter the  Pasc o Bas i n  and d i e  out 
w ith i n i t s  conf i ne s .  The S i t e  i s  bounded to  t h e  east by the Co l umbi a R i ver and t h e  steep 
W h i t e  B l uffs of the  R i ng o l d  Format i on .  To the  southeast the S i te i s  bounded by the  
conf l uence of the  Yakima and  Co l umb i a  R i vers and  by the  C i ty of R i c h l and . 

The eart h materi a l s beneath the S i t e  cons i st of a th i n mant l e  of wi nd-b l own s i l t s  and 
sands wh i c h  cover l ayers of coarse sands and grave l s  of the Hanford Format i o n .  The Hanford 
Format i on i s  up to 61  m ( 200 f t )  t h i c k  and res u l ted from P l e i stoc ene c atastrop h ic  f l oods 
( Ta l lman et a l . 1979 ) that occurred duri ng the  l ast i c e  ag e .  San d s ,  s i l t s ,  and gravel s of 
the  R i ng o l d  Format i on l y i ng beneath the  Hanford Format i on grave l s  were deposi ted up to 305 m 
( 1000 f t )  t h i c k  duri ng the  P l i ocene .  Acc umu l at i o n  of basa l t i c  l ava of the  Co l umbi a R i ver 
basal t  group extruded over peri ods extend i ng f rom 6 to 16  mi l l i on years ago l i es beneath the 
you nger sedi ment s .  The tot a l  basa l t i c  l ava acc umu l at i o n  beneat h the  Hanford S i t e  i s  known 
to be greater than 3650 m ( 1 2 , 000 f t )  t h i c k  f rom boreho l e  measurement s .  The water tab l e  i n  
the  P UREX/U03 processi ng areas l i es i n  the  R i ngo l d  Format i on 46 t o  9 1  m ( 1 50 t o  300 f t )  
be l ow the l and  surface ( Ta l lman e t  a l . 1979 ) . 

The P l e i stoc ene deposi ts desc r i bed above are mo i sture def i c i ent and have a h i g h  
c apac i ty to  sorb and retai n cat i o n s  from wast e streams and f rom acc i denta l  sp i l l s , or 
l eaks . Prec i p i tat i on p enetrates the ground to a max i mum of approx i mately 4 m ( 13 f t )  and i s  
l ost to  the  atmosphere by evaporat i on duri ng the  dry summers . The  c omb i n at i on of these 
c haracter i st i c s  act s  to prevent s i g n i f i c ant quant i t i es of radi onuc l i des  that have l eaked or 
sp i l l ed f rom reac h i ng the wat er tab l e  ( USERDA 1977a) . 

Det ai l ed strat i grap h i c  and geo l og i c  data are avai l ab l e  to c haracteri ze the Hanford S i te 
envi ronment ( Ta l l man et a l . 1979 ,  At l ant i c  R i c hf i e l d  Hanford Company 1976,  Myers and P r i c e  
e t  a l . 1 9 7 9 )  and have a l l owed subd i v i s i on o f  the  basa l ts i nto a number o f  format i on s ,  
members , and f l ow s .  Detai l s  concern i ng these f l ows c an be found i n  the  fo l l owi ng 
referenc es : Jones and Landon ( 1978 ) , R e i de l  ( 1978) , F ec ht ( 1978 ) , Geosc i enc e Researc h 
Cons u l tants ( 1978) , Swanson et a l . ( 1977 ) , and Goff ( 1977 ) . Det ai l s  of the  sedi ment ary 
l ayers and soi l s  at the  Hanford S i te c an be found i n  the  fo l l owi ng ref erenc e s :  USERDA 
( 1975 ,  p I 1 . 3-B-1 ) , Ta l lman et a l . ( 1979 ) , Routson and F ec ht ( 1979 ) , Baker ( 1973 ) , Hajek 
( 1966 ) , and Routson ( 1973 ) . 

4 . 3 . 2  Sei smi c i ty 

Hanford i s  l oc ated i n  an area of h i stori c a l l y  l ow sei sm ic  act i v i ty ( A l germ i ssen 1969,  
A l germi ssen and Perk i n s  1976 ) . The U . S .  Coast and Geodet i c  Survey ( 1969 ) has p l aced thi s 
reg i on i n  the Zone  2 c ategory of sei smi c i ty ,  wh ich  imp l i e s  the potent i a l for moderate damage 
f rom earthq uak e s .  The U n i ted States Geo l og i c  Survey and the Un i ver s i ty of Washi ngton have 
moni tored earthquake act i v i ty in th i s reg i on s i nc e  1969 . Eart hquakes rec orded genera l l y  
have magn i t udes l es s  than f o u r  on  the  R i c hter  Sc al e ( W al l ac e  e t  a l . 1980 ) . 

The l argest l oc a l  earthquake h i stori c al ly  reg i stered i n  the Pasco Bas i n  was of Mod i f i ed 
Merc al l i  ( MM )  magn i t ude  of V or V I  ( approxi mate ly  R i c hter magn i t ude 4 . 5  to 5 . 0 )  that 
occ urred November 1 ,  1 918, near Corf u  35 km ( 22 m i l es )  north of the cent er of the S i te 
( Coffman and Von Hake 1973 ) . Ground mot i o n  f e l t  at Hanford was est i mated at app rox i mate l y  
three perc ent of gravi ty acc e l erat i on ( 0 . 03 g ) ,  wh ich  i s  wel l wi th i n t h e  rang e assoc i ated 
wi t h  a Zone 2 desi gnat i o n .  Several earthquakes measuri ng MM-V 1 I  t o  -V I I I  have occurred i n  
the  surround i ng reg i on ,  but the magn i tude  had dec reased to l ess  than MM- IV  by the t i me the 
Hanford S i t e  was reached . The l argest event to occ ur  wi t h i n  the Col umbi a Basi n ,  the 1936 
Mi l ton-Freewater eart hquake,  had a magn i tude  of MM-V I 1 . Bec ause th i s eart hquake c annot 
def i n i t e l y  be l i nked to a geo l og i c  structure ,  it i s  assumed that a s im i l ar event cou l d  occ ur 
ag ai n anywhere i n  the  Col umb i a  Bas i n .  Th i s event has been des ignated the  Hanford reg i onal  
hi stor i c a l  eart hquake  and has a peak hori zont a l  ground acce l erat i on at PURE X of 0 . 10 g 
( B l ume and Assoc i ates 1981b ) . The l argest potent i al f au l t  near Hanford i s  the post u l ated 
R att l esnak e-Wal l u l a  l i neament whi c h  i s  l oc ated at the southeast end of the Ratt l esn ake H i l l s  
and 1 7  to  20 km ( 1 0  to 1 2  mi l es )  f rom the P UR E X / U03 f ac i l i t i es .  

4 . 3 . 3  C l i matol ogy 

For g eneral c l i mato l og i c a l  p urpose s ,  meteoro l og i c a l data  from the Hanf ord 
Meteoro l og i c a l  Stat i on ( HMS ) are rep resentat i ve of the Hanford S i t e .  The HMS tower i s  
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loc ated between 200E and 200W Areas ( F i gure 4 . 2 )  and has cont i nuou s ly g athered dat a  s i nc e  
1944 . Detai l ed c l i matol og i c a l  data  are found i n  Stone et a l . ( 1972 ) . The Casc ade  Mounta i n 
R ange to the West ( F i gure 4 . 1 )  great ly  affects the c l i mate of the Hanford area and forms a 
barri er to eastward-movi ng P ac i f i c Oc ean storm f ront s .  The mount ai ns  form a r a i n  shadow 
p roduc i ng mi l d  temperatures and ari d c l i mat ic  c ond i t i ons  throughout the P asco B as i n  reg i on .  

Average max i mum and m i n i mum tem�eratures rec orded at Hanford for the month 
of January ( the c o l dest month ) are 3 C � 37 ° F )  and _6° C  � 2 2 ° F ) ,  and those for J u l y  ( t he 
warmest month of the year ) are 33°C ( 92 F )  and 1 6 ° C  ( 6 1 F ) . Average  annual p rec i p i t at i on i s  
16 cm ( 6 . 3  i n . ) .  The est i mated average annual  evaporat i on rate i s  1 34 cm ( 53 i n . ) wh i c h  
essent i a l ly e l i m i nates deep i nf i l trat i o n  i n  the  soi l .  Proj ec t i ons  from avai l ab l e  
prec i p i tat i on data i nd i c ate  t h at a max imum acc umu l ated annual  ra i nf a l l  of app rox imately 
46 cm ( 18 i n . ) can  be expected to have a rec urrenc e i nterval  of  1000 years ( USERDA 1977a )  
w i t h  a max imum soi l penetrat i o n  of  4 m ( 1 3 f t ) . 

Tornadoes rare l y  occ u r  i n  the Hanford reg i o n ,  tend to be sma l l ,  and produc e l i tt l e  
damage .  On ly  one tornado has been observed o n  t he S i t e  i n  the  l ast  29 years of 
observat i o n .  Ex i st i ng dat a  i nd i c ate  that the probabi l i ty of a tornado h i tt i ng a p art i c u l ar 
structure ons i te duri ng any one year i s  an esti mated s i x  c hances i n  a m i l l i on ( USERDA 1975 ,  
p .  1 1 . 3-E-23 ) .  Roc kwe l l has  eva l uat ed the PURE  X p l ant structure for 280 km/ h r  ( 1 75  mph)  
tornado cond i t i ons ( C hapter 3 . 0 ) .  

4 . 3 . 4  Hydro l ogy 

The Col umb i a  R i ver i s  the dom i n at i ng f actor i n  the Hanford S i te hydro l ogy, and f l ows 
through the  northern part and al ong the  eastern boundary .  The Yak ima  R i ver i s  s i t u ated 
a l ong part of the southern bound ary . Grou ndwater ex i sts beneat h the S i te i n  an unconf i ned 
aqu i fer,  and i n  conf i ned aqu i fers composed of i nt erbeds and i nterf l ow zones wi th i n the 
u nder l y i ng basal t f l ows . 

The Co l umb i a  R i ver i s  normal l y  about 75 to 90 m ( 250 to 300 f t )  b e l ow the p l ateau where 
the PUREX / U03 f ac i l i t i es are l oc ated . Under max i mum probab l e  f l ood cond i t i ons for the  
C o l umb i a  R i ver Bas i n ,  the U . S .  Army Corps of  Eng i neers ( 1969 ) has  est imated t h at PUREX / U03 
f ac i l i t i es wou l d  st i l l  be 60 to 75 m ( 200 to 250 f t )  above t he h i g hest probab l e  water 
e l evat i o n .  The 100-year and 500-year f l oods are not d i scussed bec ause the p robab l e  max i mum 
f l ood i s  more severe than the 500-year f l ood . Submers i o n  of the Co l umb i a R i ver wet l ands as 
a re s u l t  of such f l ood cond i t i ons wou l d  have no d i rect effects on the f ac i l i t i es .  Stud i es 
of a hypothet i c a l  50 percent breac h of the  upstream Grand Cou l ee D am ,  wh i c h  wou l d  resu l t  i n  
the  devastat i on of downstream c i t i es i nc l ud i ng P asco, R i c h l and , Kennew i c k ,  and Port l and ,  
show a f l ood e l evat i on at 45 to 60  m ( 1 50 to  200 ft )  b e l ow both the PUREX and U03 
f ac i l i t i es ( USERDA 1976b ) . 

The water t a b l e ,  represent i ng the  upper l i m i t  of the unconf i ned aqu i fer,  rang es from 
46 to 100 m ( 1 50 to  328 f t )  beneath the ground surf ace at the  PURE X / U0 3 f ac i l i t i es and 
s l opes toward the r i ver . Near the Co l umbi a R i ver the water tab l e  f l uctuates i n  response to 
r i ver l eve l changes and,  i n  genera l , is  w i t h i n  a few meters of the  ground surfac e .  Stud i es 
at Hanford i nd i c ate  that p rec i p i tat i on does not d i rect l y  reac h the water tab l e  f rom the f l at 
desert p l a i n s  surround i ng the  PUREX  f ac i l i t i es ( USEROA 1975 p .  1 1 . 3-0-2 2 ) . 

The unconf i ned aqu i f er occ urs w i t h i n the sed imentary depos i t s  ref erred to as the  
H anford and  R i ng o l d  Format i on s .  The aqu i fer rece i ves n atural rec harge from the  Co l d  Creek 
and Dry Creek Va l l eys west of the Hanford S i t e  and f rom runoff a l ong the Ratt l esnake H i l l s . 
Art i f i c i a l rec harge enters the aqu i fer f rom two groundwater mounds created by waste 
p rocess i ng and d i sposal act i v i t i es i n  the 200E and 200W Areas . Groundwater f l ows i n  a 
general west to east d i rect i on f rom the rec harge areas and d i sc harges i nto  the Col umb i a  
R i ver ( USERDA 1975 ,  pp . 1 1 . 3-0-22-2 7 ) . 

Gro undwater a l so ex i sts i n  the  i nterf l ow zones of the basal t f l ows and i n  sedi mentary 
i nterbeds referred to as the Ratt l esnake R i dge , Sel ah ,  Co l d  Creek and Mabton zones of the 
Sadd l e  Mount a i n s  and the Wanapum Basal t Format i on s .  Rec harge to  these upper conf i ned f l ow 
systems res u l t s  f rom prec i p i t at i on and stream f l ow i n  the mount ai ns  west of Hanford . 
Hydro log ic  data acq u i red f rom wel l s  penetrat i ng these aqui fers i nd i c ate the same general 
west to east groundwater movement toward the  Co l umb i a  R i ver .  
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Extens i ve detai l s  of the subsurface hydro l ogy are p resented i n  three reports ( USEROA 
197 5 ,  p .  1 1 . 30-1 ; At l ant i c  R i c hf i e l d  Hanford Company 197 6 ;  Gephart et a l . 1979 ) . 

4 . 3 . 5  Ecol ogy 

The Hanford S i te cont a i n s  l arge re l at i ve ly undi sturbed expanses that contai n numerous 
p l ant and an imal  spec i es su i ted to the sem i -ari d envi ronment of the reg i on .  The Co l umbi a 
R i ver a l so provi des a hab itat for aquat i c  sp ec i es .  The major fac i l i t i es and act i v i t i es 
occ upy on ly  about 6 p ercent of the tot al  avai l ab l e  l and area and the surround i ng wi l d l i fe  i s  
l i t t l e affected by these fac i l i t i e s .  A very extens i ve d i sc us s i on of the S i te eco l ogy, 
i nc l ud i ng detai l ed desc r i p t i ons  of the aquat i c  eco l ogy , Co l umbi a R i ver  b i ot a ,  terrestr i a l  
eco l ogy, p l ant sp ec i es ,  animal  spec i es ,  i nsec t s ,  and rare or  end angered sp ec i es i s  presented 
i n  USEROA ( 1975 ,  pp . 1 1 . 3-F-3, 1 1 . 4-G-1 ) .  A bri ef summary of some of th i s i nformat i on i s  
p resented be l ow :  

4 . 3 . 5 . 1  Vegetat i on 

The Hanford S i te i s  w i thi n t he boundari es of the sagebrush  vegetat i on zone as i t  occurs  
in  the State of  Washi ngton ( Oau benmi re 1970 ) .  App rox i mate l y  40 p ercent of the ground area 
i s  occup i ed by p l ants at the peak of the sp r i ng g rowi ng seaso n .  Some o f  t h e  S i te vegetat i on 
i s  not i nd i genou s .  F o r  examp l e  c heatgrass and Russ i an thi st l e  ( tumb l eweed ) ,  both dom i n ant 
p l ant spec i es ,  were i ntroduced w i th the advent of agri c u l ture .  

Sagebru sh /c heatgrass vegetat i o n  i s  the p reval ent vegetat i on type i n  the 200-Area 
p l ateau ( F i gure 4 . 3 ) . Typ i c a l l y ,  c heatgrass p rovi des ha lf  of the tot a l  p l ant c over . 
Sagebru sh i s  consp i c uous  because of the p l ant ' s  rel at i ve l y  l arge s i ze,  w i t h  i t s  c omb i ned 
p l ant c anop i es c overi ng an est i mated 18 percent of the ground ( C l i ne et a l . 1977 ) .  
Tumb l eweeds are of i nterest bec ause they are an early i nvader of any c l eared surfac e  areas 
and c ont i nue i n  abundanc e unt i l c ompet i t ion  from other p l ants reduces the i r  number . 

Over 100 spec i es of p l ant s have been c o l l ected and i dent if i ed for the 200-Area p l ateau 
( USERDA 1975 ,  p .  1 1 . 3-G-39 ,  44) . Mosses and l ic hens appear abundant l y  on the soi l surfac e ;  
l i c hens c ommon l y  grow o n  shrub  stems .  

S i nc e  there are now no  grazi ng l i vestock ons i t e ,  the  amount of vegetat i on eaten by 
an ima l s  i s  smal l .  Jac k rabb i t s ,  pocket m i c e  and b i rds  probabl y  c onsume l es s  than the i nsect 
spec i es .  The decomposer organ i sms ,  bacteri a and fung i , c onsume most of the pr i mary 
product i on after the p l ant part s  d i e .  

4 . 3 . 5 . 2  Mammal s  

Over 30 mammal sp ec i es have been observed on the Hanford S i te .  Most of these are smal l 
and nocturnal  ( USEROA 197 5 , . 1 1 . 3-G-1 5 ,49 ) . 

The mu l e  deer i s  the on ly  b i g  game mammal present i n  s i gn i f i c ant numbers and , whi l e  not 
abund ant , i t  uses some of the pond areas for wateri ng and feed i ng .  Deer tagged near the 
Co l umbi a R i ver have been observed as f ar as 48 km from the S i te ( F i t zner and P r i c e  1973 ) . 

The cottonta i l rabb i t  i s  scattered throughout t he S i t e .  The jac k rab b i t  i s  a l so w i de l y  
d i str i buted a n d  i s  a n  i mportant food i tem f o r  c oyotes a n d  b i rd s  o f  p rey. Ponds and d i tc hes 
support muskrat and beaver ; porc up i ne and raccoon are al so observed whi l e  badg ers occ u r  i n  
l ow number s .  The domi nant sma l l mammal i s  the Great Bas i n  pocket mouse .  

Coyotes are  the most i mportant mammal i an predator and  roam over  l arge areas,  consum i ng 
a vari ety of prey. 

4 . 3 . 5 . 3  B i rd s  

Over 125  sp ec i es o f  b i rd s  have been observed a t  t h e  Hanford S i t e  ( USEROA 1975 ,  
p .  I I . 3-G-1 7 , 46 ) . The c hukar part r i dge  i s  t he most i mportant up l and  game b i rd and  i s  
c onc entrated p r i mar i ly  i n  the Ari d L ands Eco l ogy ( ALE ) Reserve port i ons of the S i te and the 
Ratt l esnake H i l l s . Loc a l  pop u l at i ons  ex i st i n  the Gab l e  Mountai n and W h i t e  B l uffs area.  
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F I GU RE 4 . 3 .  Sagebrush  and Cheatgrass , Typ i c a l  Vegetat i on i n  the Centra l Part 
of the Hanford Reservat i on ( t he " 200 Are a P l ateau " )  

The Canada goose i s  probab l y  the most  i mportant o f  the nest i ng waterfow l . I t s  nest i ng 
h ab i tat i s  conf i ned to the i s l ands in the Co l umb i a  R i ver . The r i ver a l so pro v i des a rest i ng 
sanctu ary for mi gratory ducks and geese ( F i tzner and Pr ice  1973 ) .  

Bi rds associ ated w i th water ponds o n  the 200-Area p l ate au h ave been stu d i ed ( F i tzner 
and Pri ce 1973,  Fi tzner and R i ck ard 1975 ) .  Smal l perc h i ng b i rds an d oth ers are attracted to 
the ponds w i t h  tree-shrub commu n i t i e s .  Shore b i rds frequent a l l ponds and the major 
mi grat i ng b i rds stop at the ponds for  rest  and forag e .  

Bi rds o f  prey use  t he  S i te a s  a refuge from h uman i ntru s i o n s ,  and the g o l den eag l e  and 
ba l d eag l e  are both  wi nter v i s i tors ( F i tzner and R i c k ard 1 975 ) .  

4 . 3 . 5 . 4  I n sects 

Al most 300 spec ies  of i n sects h ave been i dent i f i ed at the Hanford S i te ( USERDA 197 5 ,  
p .  I I . 3-G-2 1 , 5 1 ) .  O f  the i n sect s ,  t h e  dark l i ng ground  b�et l e  and t h e  grasshopper are 
pro bab ly  the most  i mportant and prev al ent . Dramat i c  n atural  f l uctuat i on of these spec i e s  
has  been noted over the  observat i on years . 

4 . 3 . 5 . 5  Rept i l es and Amph i b i ans  

Appro x i mate l y  1 6  spec i es of amph i b i ans  and  rept i l es h ave been  observed at the Hanford 
Si te ( US ERDA 1975 ,  p .  I I . 3-G-20 , 46 ) . When  compared w i t h  the  sou thwestern Un i ted States 
desert areas , the occu rrence of these spec i es i s  i nf requent . Among rept i l es ,  the  
s i de-b l otched l i zard i s  the most ab undant and  can be  found  throughout the S ite .  Horned and 
s agebrush l i zards are a l so found but not commo n l y  seen . The most common snake is the  gopher 
snak e ;  the yel l o w-b e l l ied  rac er and the  Pac i f i c  ratt l esnake are a l so common .  Stri ped 

4 . 7 



whi psnakes and desert n i ght snakes appear occasi onal ly  and are an i mportant food i tem for 
bi rds of prey . Some toads and frogs are observed near the 200-Area ponds and d i tches .  

4 . 3 . 5 . 6  Aquat i c  Eco l ogy 

The Co l umb i a  R i ver s upport s the  domi nant aquat i c  ec osystem and presents a very comp l ex 
set of t rop h i c  rel at i on s h i p s  wh i c h  are d i sc u ssed extens ive ly  i n  ERDA-1538 ( 19 7 5 ,  
p .  I I . 3-F-3 ) . Several  sma l l ponds resu l t  from eff l uent d i scharge on the 200-Area p l ateau . 
The l argest of these , Gab l e  Mounta i n Pon d ,  supports a s i mp l e  food web based mai n l y  on 
sedi mented org an i c  matter.  Th i s  pond and " U "  Pond both support i ntroduced popu l at i ons  of 
go l df i sh .  

4 . 3 . 5 . 7  R are o r  Endangered Spec i es .  

N o  spec i es of p l ant o r  an i mal  reg i stered as rare, threatened o r  endangered i s  known to 
ex i st or dep end on  the hab itat s  u n i que to  the  200-Area p l ateau .  However , the presence of 
open water on the S i t e  attracts  and support s many spec i es of p l ant s and an imal s norma l ly 
rare or unknown i n  the  general p l ateau are a .  The prai r i e  fa l con nests i n  several  reg i ons on 
the S i te,  and l ong-b i l l ed c u r l ews nest i n  c heatg rass f i e l d s  and are re l at i ve ly  abundant . 

4 . 3 . 6  Background R ad i at i on and Envi ronmenta l  Mon i tori ng P rogram 

Nat u ra l  bac kground rad i at i on i nc l udes bot h c osmi c  and terrestri a l  sourc es  whi ch  vary 
s l i g ht ly  w i t h  l oc at i o n  and a l t i tude ( Un i ted N at i on s  1962 ) . The c a l c u l ated annu a l  bac kground 
rad i at i on dose rec e i ved by the  average p erson l i v i ng i n  the v i c i n i ty of the Hanford Site i s  
app rox i mate l y  100 mrem per year : 75 mrem f rom cosm i c  and n atural  rad i at i on sourc es ( g amma 
69 mrem, neutron 6 mrem ) and 25 mrem f rom i nterna l ly  depos i ted n atura l ly  occ urri ng 
rad i on uc l i des .  More detai l s  on n atural  background rad i at i on i n  the  Hanford v i c i n i ty may be 
found i n  Speer et a l . ( 1976 ) , Houston and B l umer ( 1978 ; 1979a , b ;  1980a , b )  and Nat i ona l  
Academy of  Sc i enc e ( 1978) . The  dose  to  the averag e i nd i v i d u a l  f rom the  ent i re Hanford S ite  
operat i on s  i n  1979  was  est imated to  be  <0 . 5  mrem /yr to any org an ( Houston and 
B l umer 1980 a, b ) . ( The pr ime cont r i b utor to the basel i ne rad i at i o n  dose at p resent i s  the  
N-Reactor .  These  dose  contri but i ons  are  i mperc ept i b l e  when comp ared to the  normal 10 to  
1 5  percent  f l uctuat i on s  wh i c h  occ u r  annu a l l y  in  the  natura l  background rad i at i o n  l evel of  
-100 mrem/yr ) . 

R ad i o l og i c a l  surve i l l anc e of the Hanford S i te began before the  f i rst reactor st artup i n  
1944 and has p l ayed a s i gn i f i c ant ro l e , not on ly  i n  the  eval uat i o n of the  various  Hanford 
operat i o n s ,  but a l so i n  prov i d i ng s i g n i f i c ant sc i ent i f i c  data not otherwi se avai l ab l e .  Many 
of the deta i l s  have been pub l i shed i n  the open l i t eratu re as we l l  as i n  top i c a l  reports or 
i n  annu a l  reports to the Dep artment of Energy .  I n  recent years , the  rout i ne survei l l ance 
program resu l t s  have been doc umented and p ub l i shed in a seri es of annual reports of 
rad i o l og i c a l  cond i t i ons  i n  the S i t e  envi ronment ( Houston and B l umer 1980a )  and of the  
rad i o l og i c al stat u s  of the H anford S i t e  ( Houston and B l umer 1980 b ) . Bec ker ( 1973 )  has  
p u b l i shed a B i b l i ography of  Aquat i c  B i oenvi ronmental  Stud ies  i n  the Col umbi a R i ver whi c h  
i nc l udes abstracts  o f  major rad i o l og i c a l  analysi s o f  b iota  a t  t h e  Hanford S i te .  

A n  add i t i ona l  rad i o l og i c a l survei l l ance program around the  Hanford S i te was i n i t i ated 
i n  1979 . Thi s p rogram i nc l udes spec i a l samp l i n9 t o :  1 )  measure 85Kr  and 1 29 1 i n  the 
bac kground envi ronment , 2 )  measure 14C i n  the  S i t e  veg et at i o n ,  and 3 )  measure tri t i um as 
g as i n  the  amb i ent a i r .  Th i s  samp l i ng i s  part of the PURE X pre-operat i on a l  program and i s  
i n  add i t i on to the  rout i ne survei l l anc e program descr i bed above ( Hou ston and B l umer 
1980 a, b ) . Th i s  samp l i ng prog ram wou l d  cont i nue  after the resump t i o n  of operat i on s  of t he 
PUREX/U03 f ac i l i t i es .  

4 . 4  SOC IOECONOM I CS 

Soc i oeconom i c  p arameters of concern i nc l ude emp l oyment , person al  i ncome ,  pop u l at i on ,  
demograp h i c  character i s t i c s ,  hous i ng ,  rec reat i o n ,  heal th  c are , p ub l i c  f i nanc e ,  and 
re l at i on sh i p  of the proposed act i on to other major construc t i o n  act i v i t i es wh i c h  may occur  
concurrent l y .  
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The exten s i ve nuc l ear-rel ated deve l opment work wh ich  was i n i t i ated by t h e  U . S .  
Government i n  1943 has been a maj or f actor i nf l uenc i ng the soc i oec onom i c  growt h of the 
reg i on surround i ng the Hanf ord S i te .  Construc t i on act i v i ty has been s i g n i f i c ant for many 
years and the i nf l ux of temporary and permanent personne l  has a l ready had major effects  on 
the rate of commun i ty growt h ,  p atterns of i nd i rec t bus i ness devel opment , and commu n i ty 
soc i a l structure.  The  Tr i-C i t i e s have comm u n i ty deve l opment p l ans  i n  p l ac e  that wi l l  ease 
the i mpacts c aused by the i nf l ux of new project workers as soc i ated w ith  c onstruc t i o n  of new 
f ac i l i t i es ,  and wi l l  ease the trans i t i on  to the operat i on of t hose f ac i l i t i es .  

App roximat e l y  1 2 , 000 personnel work o n  DOE-re l ated prog rams at t h e  H anf ord S i te 
( August 1979 ) , of w h i c h  about 3700 are emp l oyed by Roc kwe l l ,  wh i c h  has the respons i b i l i ty 
for upg rad i ng and operat i ng the  P UREX / U03 f ac i l i t i es .  

4 . 4 . 1 Popu l at i o n  

T h e  pre-1 980 c ensus  popu l at i on est imate g i ven for the T r i -C i t i es Stand ard Metropo l i t an 
Stat i st i c a l  Are a ( Benton and Frank l i n  Count i es )  shows a 54 . 7  perc ent i nc rease over the 1970 
b i cou nty census f i gure ,  up from 93 , 366 to approx imate ly 144 , 500 . The area rate of growt h 
for th i s per i od i s  a l most f i ve t i mes t h at exper i e nced by the nat i o n  as a who l e  and mo re than 
twi c e  that of the  Pac i f i c Northwest . T h i s growt h i n  pop u l at i on has taken p l ace  pr i mari ly  i n  
the  years s i nce  1973 : 78 percent of the change i n  popu l at i on i n  Benton Cou nty and 
43 percent i n  F ran k l i n  County i s  attri but ab l e  to i nm i grat i on ( WSESD 1980a ) .  State ,  c i ty and 
p ri vate pop u l at i o n  p rojec t i o n s  for the Tr i-C i ty area a l l pred i c t  cont i nued h i g h  rates of 
growt h  ( a  10-year i nc rease of around 20 perc ent by 1990 , dropp i ng to around 10 perc ent 
between 1990 and the year 2000 ) .  The past pattern of popu l at i o n  expan s i o n  through 
i nm i grat i on i s  not expec ted to c h ange i n  the near f uture .  

The present 1990 est imate of  the  pop u l at i on w i t h i n an 80  km  ( 50 m i l e )  rad i u s of  the 
Hanf ord Meteoro l og i c a l  Stat i on ( HMS )  is  4 1 7 , 000 . ( a ) The HMS is  l oc ated d i rec t ly between 
the 200E and 200W Areas near the P URE X / U03 f ac i l i t i es .  Loc a l  pop u l at i on c enters are s hown 
i n  F i gure 4 . 4 .  Detai l s  of pop u l at i o n  d i stri but i o n  and the projec t i o n  methodo l ogy wi l l  be 
found i n  Yandon ( 1 976 )  and Sommer et a l .  ( 1981 ) . 

4 . 4 . 2  Labor Force  

Stat i st i c s  on  b i c ounty emp l oyment s how an i nc rease of  90  percent over  t he l ast dec ad e .  
Th i s  comp ares w i th a 1 3 . 2  percent nat i o n a l  i nc rease and a 34 . 6  percent ga i n i n  the Pac i f i c  
Nort hwest . Emp l oyment , l i ke popu l at i o n ,  has reg i stered i t s  most marked expan s i o n  i n  the 
years s i nce  197 3 .  Contrac t  construc t i on account s for a l arg e proport i on of the growt h i n  
tot al  emp l oyment , and Hanford project act i v i t i es account for a l arg e proport i o n  of th i s 
growth . Contrac t  construc t i o n  as a sh are of non-agri c u l tura l  wag e and sa l ary emp l oyment has 
i nc reased from 5 . 9  perc ent i n  1970 to 1 7 . 5  perc ent i n  1979 ( WSESD 1980a ) .  Contract 
construc t i on has a major impact  on l oc a l  emp l oyment , and consequent ly  d i rect l y  affects the 
stabi l i ty and growt h  of the Tr i-C i t i es .  Of an area construc t i o n  l abor force  of over 1 0 , 000 
about ha l f  are emp l oyed by the Washi ngton P u b l i c Power Supp ly  System (WPPSS ) i n  the 
co nstruc t i on of t h ree Hanford c ommerc i a l n uc l ear power p l ant s .  A stri ke i n  June  1980 i d l ed 
mo re than 6000 con struc t i o n  workers at Hanford bef ore i t  was resol ved i n  November 1980 . The 
stri ke was l arg e ly  respons i b l e  for a major econom ic s l owdown and the  dou b l i ng of the  l oc a l  
unemp l oyment rate f rom 6 perc ent i n  May t o  12  percent i n  J u l y ,  and i t  i l l ust rates t h e  
potent i a l impacts  that Hanf ord act i v i t i es c an h ave on  the  Tr i-C i ty reg i on .  Desp i te a l ow of 
6 percent unemp l oyment reg i stered i n  May ,  the  unemp l oyment rate i n  the  Tri -C i ty area 
h i stor i c a l ly  has been h i gh i n  comp ar i son to rates experi enc ed i n  W ash i ngton St ate and i n  the 
nat i o n .  The cont i nued ex i stence of h i g h  re l at i ve rates of unemp l oyment i n  the f ace of rap i d  
expans i on i n  emp l oyment i nd i c ates t hat many new pos i t i ons have been f i l l ed by i nm i g rati ng 
workers equ i pped w i t h  spec i a l i zed sk i l l s  ( WSESD 1980 b ) .  

The l oc a l  supp ly  of l abor has outpaced  the  growt h i n  popu l at i on ,  expand i ng by 
81 percent comp ared to an i nc rease of 48 percent i n  pop u l at i o n .  Th i s i nd i c ates that more 
women and youth are enter i ng the  l abo r forc e .  I n  t h e  l ast dec ade t h e  percent age of 
pop u l at i o n  under the age of 19 has dec l i n ed and the percentage of the pop u l at i o n  i n  the 
years between 19 and 45 has i ncreased ( WSESD 1980a ) .  T h i s has had a pos i t i ve i mpact  on the  
re l at i ve s i ze of  the  area l abor forc e .  Bec ause of  the  l oc a l  l abor forc e ' s h i g her than  usua l  

( a ) T he  1980 c ensus  data  show a popu l at i on of  34 1 , 000 over t h e  same are a .  
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F I GURE 4 . 4 .  Commu n i t i es i n  an 80 km ( 50 Mi l e )  R ad i u s  of the  Hanford S i t e  

l eve l o f  sk i l l s , i ts sc i e nt i f ic and educ at i ona l  bac kground ,  and t h e  re l at i ve ly  h i g h  wag e  and 
s a l ary structure of the l abor market , the T r i -C i t i es are i n  a pos i t i on to attract and supp l y  
t h e  manpower requ i red to meet c urrent needs o f  t h e  Hanford S i te act i v i t i es .  The p roposed 
ac t i on w i l l  not requ i re add i t i on a l  workers f rom out s i d e  the reg i o n .  

4 . 4 . 3  Hous i ng 

I n d i c ators of a commu n i ty ' s abi l i ty to prov i d e  hou s i ng for a grow i ng pop u l at i o n  
i nc l ude : 1 )  cons i derat i o n  o f  the avai l ab l e  hou s i ng stock ,  2 )  cost o f  avai l ab l e  hous i ng ,  and 
3 )  hou s i ng construc t i o n .  

The Tr i-C i t i es area h a s  experi enc ed r ap i d  pop u l at i on growth i n  t h e  l ast dec ade .  The 
amount of hous i ng has al so  g rown rap i d l y .  As reported i n  t he Tr i-C i t i es Real Estate 
Researc h Report ( F HLBS 1980 ) ,  the number of hou s i ng u n i ts has i nc reased by 56  percent s i nc e  
1975 .  The g reatest amou nt of growth h as been i n  Kennewi c k ,  where t he number of u n i t s  
i nc reased by 78 perc ent . R i c h l and and P asco have experi enced a n  exp ans i on o f  about 
40 perc ent . 
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Several factors i nf l uenced the rap i d  growt h i n  Kennewi ck : commu n i ty growt h po l i c i es ,  
accessi b i l i ty of the Hanford S i t e  t o  the l abor forc e ;  and the pr ice  of the avai l ab l e  
hou s i ng .  The l oc a l  commu n i ty and government of Kennewi ck  have adopted a n  agg ress i ve 
annexat i o n ,  econom i c , and commun ity devel opment p o l i cy .  A l so ,  res i dents of the reg i o n  are 
not acc ustomed to l ong commut i ng d i stanc es and f i nd the d i stance f rom Kennewi c k  to Hanford , 
wh i c h  emp l oys approx imate ly  20 percent of the reg i on a l  l abor forc e ,  an acceptabl e  d r i ve 
whi l e  the commut i ng d i stance of 56 km ( 35 m ir es )  from P asc o i s  genera l ly cons i dered too 
g reat . And f i na l l y ,  the bu l k of the l oc a l  hou s i ng stoc k  that mi dd l e  i ncome fam i l i es can 
afford i s  l ocated i n  Kennewic k .  

Owners h i p  and rental p attern s i n  the Tri -C i t i es reg i on fo l l ow commun i ty growth 
patterns . The p ercentage of s i ng l e  fam i l y  hous i ng has been dec l i n i ng whi l e  the percentage 
of apartment u n i t s  and mobi l e  homes has been i ncreas i ng ( FHLBS 1980 ) . However ,  whi l e  mob i l e  
home ownersh i p  i s  becomi ng more popu l ar ,  i t s  c urrent re l at i ve market share i s  cons i derabl y  
l ess than ap artments a n d  home s .  T h e  overa l l i ncrease of apartment s and mobi l e  home u n i t s  
s i nce  1976 i s  1 1  percent and 4 percent respect i ve ly .  T h e  growt h i n  the avai l ab l e  housi ng 
stoc k  by c i ty i nd i c ates : 

_ Kennewick--maj or perc entage growt h i n  ap artments ( 10 percent ) 
_ R i c h l and--major p ercentage growt h i n  apartments ( 17 p ercent ) 
_ P asco--major perc entage growth i n  mobi l e  homes ( 5  perc ent ) 

The n umber of comp l eted new homes for the Tri -C i t i es was 85 for the f i rst quarter of 
1981 . Thi s n umber i s  down from prev i ous  years ,  and i s  attr i buted l arge ly  to d i ff i c u l ty i n  
obta i n i ng home f i nanc i ng .  The stock of unso l d  new homes i s  pr imari ly l ocated i n  Kennewick  
( 55 ) , w i th R i c h l and  at  14 ,  and Pasco w ith  16  new homes remai n i ng unso l d .  

The unso l d  i nventory of prev i o u s l y  occ up i ed homes has a s im i l ar pattern t o  the stock of 
new home s ;  of the 602 avai l ab l e , 299 are i n  Kennewic k ,  1 60 are i n  R i c h l an d ,  and 1 1 9  are i n  
P asco ( FHLBS 1980 ) . 

Tab l e  4 . 1  i nd i cates the hou si ng vac ancy rates i n  the Tri -C i t i es area .  The Federal Home 
Loan Bank of Seatt l e  surveyed the area i n  Apri l 1980 and found a vacancy rate of 2 . 8  p ercent 
( 1 31b  u n i ts ) . Thi s rate i s  up 0 . 8  perc ent from October 1979 .  

A typ i c a l  new s i ng l e-fami ly dwe l l i ng costs  �80 , 700 i n  R i c h l and �71 , 900 i n  Pasco and 
�72 , 400 i n  Kennewick . P art of the vari at i on i n  cost i s  due to an average of 6 percent 
h i g her cost for a l ot i n  R i ch l and .  Th i s  h i gher cost of hous i ng i s  expected because R i c h l and 
i s  c l oser to  the Hanford S i te than Kennewick  or  P asco .  

Under these cond i t i o n s ,  marg i na l  i ncreases o f  the reg i on a l  l abor forc e  work i ng at 
Hanford on constructi on act i v i t i es wou l d  not s i gn i f ic ant ly  affect hous i ng avai l abi l i ty i n  
the reg i o n .  However,  a h i g h l eve l  of i nm i g rat i on i nto the Tri -C i ty reg i o n  i n  the absence of 
adequate l ead t i mes  cou l d  cause a substant i al t i g hten i ng i n  the avai l ab l e  supp l y .  

4 . 4 . 4  Educat i on 

The Tri -C i t i es have a n umber of educat i on a l  i nst i t ut i ons wh ich  i nc l ud e :  
• Jo i nt Center f o r  Graduate Study 
• Co l umbi a Bas i n  Co l l ege 

TABLE  4 . 1 .  Tri -C i t i es Housi ng V acanc i e s ,  Apri l 1980 

Tot a l  U n i t s  Resi dences A2artments Mobi l e  Homes 
Number Percent Number Perc ent Number �erc ent Number �ercent 

Kennewick  522  2 . 5  1 5 1  1 . 2  3 1 1  5 . 5  60 2 . 2  

R i c h l and 579 3 . 7  143 1 . 4  422 9 . 7  14 1 . 5  

P asco 215  1 . 9  73  1 . 1  122 5 . 5  20 1 . 0 

Area Total  1316 2 . 8  367 1 . 2  885 7 . 0  94 1 . 6  

SOURCE : FHLBS 1980 . 
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• Mod ern Busi ness  Co l l ege  
• Sc hoo l d i str icts  i n  Kennew i c k ,  Pasco,  a nd  R i c h l and 
• F i ve pr i vat e  e l ementary school s .  

Growth i s  p art i c u l ar ly  not i c eab l e i n  t h e  pub l ic  sc hoo l system. D at a  avai l ab l e  f rom the  
l oc a l  Chamber of  Commerc e i nd i c ates  that 30 p erc ent of  the  popu l at i on is  enrol l ed i n  
e l ementary and secondary sc hoo l s .  Kennew i c k  has 1 4  e l ementary and second ary sc hoo l s , 
R i c h l and has 14 ,  and P asc o has 10 . One  of R i c h l and ' s  sc hoo l s  i s  a K- through 12th grade 
comp l ex .  

St udent t eac her rat i o s  are w ith i n acc ept ab l e  l i m its  ( TSA 1 980 ) : 

Kennew ick  - K i nderg arten through 3rd Grade 
M i dd l e  Sc hoo l 
H i g h Sc hoo l 

R i c h l and  - E l ementary 

Pasco 

J u n i or H i g h  Sc hoo l 
Sen i or H i gh School 

- E l ementary 
Ju n i or H i g h  Sc hoo l 
Sen i or H i g h  Sc hoo l 

25 : 1  
25 : 1  
25 : 1  

23 : 1  
24 : 1  
25 : 1  

24 : 1  
1 7 : 1  
19 : 1  

Most f ac i l i t i es w i t h i n  a l l sc hoo l systems are f i l l ed to c ap ac i ty .  Kennew i c k ,  wh ich  has 
the greatest prob l em w i t h  c rowded f ac i l i t i es ,  p l an s  to construct 3 e l ementary school s ( 2  to 
open i n  the fa l l of 1982 and 1 i n  the f a l l of 1983 ) ,  and has j u st comp l eted f ac i l i ty 
exp ans i on s  i n  bot h h i g h  schoo l s .  Sc hoo l adm i n i strators i n  R i c h l and are consi deri ng the 
need , w i t h i n  5 years , for an add i t i ona l  e l ement ary schoo l .  P asc o i s  i n  the  proc ess of 
rep l ac i ng one of the  j u n i o r  h i g h  sc hoo l s  ( TSA 1 980 ) to open i n  the  f a l l of 1983 . 

Sc hoo l enro l l ment i n  the  Tri -C i t i es area was about 400 l ess than was proj ected for the  
f a l l of  1980 . Admi n i strators for the three  school systems i nd i c ate  that thi s was  pri mari ly  
a d i rect resu l t  of  the l abor-manag ement d i sp ute at Hanford , whi ch  c aused p art of  the  
construct i on l abor forc e  to l eave the area .  E nro l l ment is  expected to i nc rease moderately 
in  the f uture.  The p u b l i c  and pri vate school  systems have some add i t i ona l  c ap ac i ty to 
hand l e  f uture i nc reases in  enro l l ment that m i ght be  assoc i ated with  add i t i on a l  construc t i on 
ac t i v i t i es at the  Hanford S i te and have programs underway to meet future ant i c i pated 
popu l at i on growth .  

4 . 4 . 5  Commun i ty Serv i ces 

Hea l th serv i c es i n  the Tr i-C i t i es area are adequate to serve the commu n i t i e s '  need and 
have some add i t i on a l  c ap ac i ty as wel l .  Cost for serv i c es are comparab l e  to the Washi ngton 
State average.  

Three hosp i t a l s  serve the are a :  
• Kadl ec Hosp i t a l  ( R i c h l and )  
• Kennew ick  Genera l  Hosp i t a l  
• O u r  Lady o f  Lourdes ( P asco) . 

The tota l  n umber of hosp i t a l  beds i s  2 7 7 .  Loc al  hea l t h  p l ann i ng off i c i a l s  report that the 
ho sp i ta l  f ac i l i t i es are sma l l ,  but the occ up ancy l eve l s  are l ow i n  Kennew i c k  and P asc o .  Our 
Lady of Lourdes Hosp i t a l  i n  Pasco and Kad l ec Hosp i ta l  i n  R i c h l and are undert ak i ng an 
expans i on of bed c ap ac i ty so that tot a l  c ap ac i ty wou l d  rise to  340-360 . A l though a shortage 
of nurses i s  apparent i n  the Tri -Ci t i es ( s i mi l ar to nat i ona l  p attern s ) , suff i c i ent numbers 
of p hys i c i an s  serve the reg i o n .  

Annua l  reports for R i c h l and , Kennew i c k ,  and P asco i nd i c ate a steady expan s i on of 
soc i a l ,  rec reat i ona l ,  and safety serv i c e s .  P ub l ic  works projects  are p l anned i n  a l l three 
c i t i es to accommodate the exp ected growth i n  the area .  Several projects are  underway to 
f ac i l i tat e the f l ow of traff i c  i nto the Hanford S i te ,  however i t  i s  general ly  ag reed that 
traff i c  i s  a maj or commu n i ty pro b l em .  Stevens Dri ve , one of t h e  two mai n arteri a l s  t o  the 
S i t e ,  has recent ly  been wi dened . Construc t i on of I nterstate 182 is  und erway . Once 
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constructed , 1-182 wou l d  improve the transportat i on patterns i n  the area.  A new bri dge  
c rossi ng the Co l umbi a at North R i c h l and i s  al so p l anned and  wi l l  further reduc e t raff ic  
cong est i o n .  

4 . 4 . 6  Land Use  

Land  u ses in  the surroundi ng area i nc l ude urban  and  i ndustri al  devel opment , and 
i rri g ated and dry- l and farm i n g .  Of the i rr i g ated c rops ,  a lfa lfa  hay u ses  34 perc ent of the 
total area, wheat 15 p ercent,  and potatoes about 20 percent . And i n  rec ent years g rapes 
have al so gai ned i n  importanc e .  Fru i t  and hop g rowi ng i s  al so important i n  the Yakima 
reg i on .  Water removal , from the Co l umbi a R i ver other than Hanford ' s , amounts to about 
2 . 5  x 108 m3/yr ( 200 ,000 ac re-feet /yr ) w i t h i n  80 km ( 50 m i l e s )  of the N-Reactor, from an 
annual  average ri ver f l ow of about 3 . 4  x 103 m3/ s ec ( 120 , 000 ft 3/ s ec )  or  about 
1 . 07 x lOl l  mJ /yr ( 87 mi l l i on ac re-feet /yr ) . ( a ) 

4 . 4 . 7 H i stori c a l  S i tes and Nat i ona l  Landmarks 

The U . S .  Dep artment of the I nteri or ( 1979 )  l i sts  20 h i storic s i tes for Benton , Grant , 
and F rank l i n  Count i e s .  Amo ng these ,  the Ryeg rass Arc heo l og i ca l  D i strict i s  l i sted as bei ng 
i n  the "Hanford Works Reservat i on "  ( s i nce  1978 des i g nated as "Hanford S i te" ) a l ong the 
Co l umbi a R i ver. Other hi storic s i tes l i sted are : Pari s Arc heo l og ic a l  S i t e ,  Hanford I s l and 
Arc heol og i c a l  S i te ,  Hanf ord North Arc heo l og ic a l  D i str ict ,  Loc ke  I s l and Arc heo l og ic a l  
D i strict , R att l esnake Spri ngs S i te s ,  Sn i ve l y  Canyon Arc heo l og ic a l  D i st r ict ,  Wooded I s l and 
Arc heo l og i c a l  D i stri ct ,  and Savage I s l and Arc heo l og i c a l  D i str ict .  A n umber of arc heo l og i c a l 
s i tes w ith i n  the S i te boundari es have been i dent i f i ed ( R i c e  1968a, b )  and are desc r i bed i n  
detai l i n  USERDA ( 1 975 ,  p .  I I . 3-A-14 ) . 

The Ari d  Lands Ec o l ogy ( AL E )  Reserve with  the rest of the Hanf ord S i te ,  exc l us i ve of 
the operat i ng areas ( approximate ly 6 percent )  was recent ly des i gnated as a Nat i on a l  
Envi ronmenta l  Res earc h Park ( NERP ) . Areas of pr ime sc i ent i f ic i nterest i nc l ude the 
Ratt l esnake Hi l l s  and the Co l umbi a R i ver shore l i ne .  N uc l ear materi a l s  p roduct i on and 
re l ated act i v i t i es are c ompat i b l e  with the NERP des ignat i on .  

4 . 5 BR I EF CHARACTER I ZATION OF SAVANNAH R I VER PLANT 

If the a l ternat i ve of sh ipp i ng fue l  offsi te for processi ng were adopted , the maj or 
affected envi ronment wou l d  shift to  the Savannah R i ver P l ant ( SRP ) , A i ken , South Caro l i na .  
The SRP envi ronment i s  d i sc u s sed i n  deta i l i n  two recent doc ument s :  The F i na l  Envi ronmenta l  
Statement on Waste Management Operat i o n s ,  Savannah R i ver P l ant ( USERDA 197 7b)  and the F i na l  
Env i ronmental  1m  act Statement on Lon  -Term Mana  ement of Defense Hi  h-Leve l Rad i oact i ve 
W astes,  Savannah  R i ver P l ant USDOE 1979c . S i g n if ic ant d i fferenc es between the Hanford and 
Savannah R i ver s i t e  are h i gh l i ghted i n  the fol l owi ng d i sc u s s i on . 

4 . 5 . 1  S ite  Loc at i on 

The Savannah R i ver P l ant ( SRP ) occ up i es an approx imate ly  c i rc u l ar area of 777  ha  
( 300 sq  mi l es )  i n  South Caro l i na ,  40  km  ( 2 5  mi l es )  southeast of  Aug u sta ,  Georg i a . The  s i t e  
borders t h e  Savannah R i ver f o r  approx imate ly  27 k m  ( 1 7 mi l es )  ( USDOE 1979c , pg . I I I -I ) .  

4 . 5 . 2  Geo l ogy-Hydro l ogy 

The p l ant s i t e  i s  l ocated i n  the South Eastern Coast al  P l ai n Reg i on of the Un i ted 
States and the geo l ogy i s  characteri zed by f l at ,  most l y  u nconso l i dated sed iment s .  The 
bedrock under the p l ant s i t e  i s  approxi mate ly  300 m ( 1000 ft) be l ow the s urf ace .  I n  
contrast t o  the Hanford S i t e ,  these bedroc k format i o n s  are over l a i n  w ith  a s�nd . and c l ay 
l ayer contai n i ng several  pro l i f ic water-beari ng beds ,  that s upp ly  over 3 . 8  m /ml n 
( 1000 ga l /mi n )  of water from each  of severa l i nd i v i du a l  we l l s  on the p l ant s ite .  

At SRP , s urf ac e waters prov i de a mec hani sm for  t ransport i ng unavo i d ab l e  rel eases of 
rad i oact i ve e l ement s ,  stab l e  e l ements ,  and heat offs ite .  The maj ority of the ons i t e  streams 

( a ) Updated from USERDA 1975 based on i nformat i o n  from the Pasc o Farm Center. 
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dra i n  to the Savannah R i ver and no l oc at i on  at SRP i s  very f ar from a cont i nuous ly  f l owi ng 
stream .  I n  contrast , t h e  Hanford S i t e  h a s  no suc h  o n s i t e  free f l ow i ng st reams a n d  has 
l i mi ted groundwater f l ow .  

T h e  sourc e o f  most o f  t h e  water at S R P  i s  e i ther wel l water or water p umped from the 
Savannah R i ver for vari ous p l ant p rocesses .  The water i s  d i sc harg ed to ons ite  streams or to 
ons i te pond s .  The major water sourc e at Hanford i s  the Co l umb i a  R i ver, the on ly  fresh water 
sourc e .  At Hanford , no d i rec t d i scharg e i s  mad e t o  streams or t h e  Co l umb i a R i ver from the 
PUREX/U03 p rocess .  

4 . 5 . 3  C l i mato l ogy 

The c l i mate at SRP i s  ch aract eri zed by m i l d  w i nters and l ong summers . Temperatures 
averag e  S . S o C  ( 4S0 F )  i n  t h e  wi nter,  29 . 4 ° C  ( S5 ° F )  i n  summer , and lS . 3 ° C  ( 65 ° F )  annua l l y . 
The average annu a l  ra i nf al l at SRP i s  1 19 cm ( 4 7  i n . ) ;  at H anford i t  i s  16 cm ( 6 . 3  i n . ) . 

The SRP i s  i n  an area where some severe weather cond i t i on s  may be expected . Hurr i c anes 
a l ong the co ast al  reg i on have some i nf l uence on the SRP a l though the h i g h  w i nds assoc i ated 
w i t h  coast a l  hurric anes are g reat ly  d i m i n i shed by the t i me they reac h  the p l ant s i t e  whi c h  
i s  1 6 1  k m  ( 100 m i l es )  i n l an d .  Occ as i onal  tornadoes are t o  b e  expected i n  t h e  SRP reg i on but 
major damage on the p l ant s i t e  i s  not ant i c i p ated ( USERDA 1977b ,  pg . I I-59 ) . The Hanford 
S i t e  i s  not charac teri zed by severe weather cond i t i on s .  

4 . 5 . 4  Se i sm ic i ty 

The SRP i s  l oc ated i n  an area where moderate d amag e m i ght occ ur from earthqu akes . On  
the  bas i s of  three centur i es of recorded h i story of  earthqu akes ,  an earthquake above an  
i nten s i ty of  V I I  on  the  Mod i f i ed Merc a l l i  ( MM )  sc a l e  wou l d  not be exp ected at  the  SRP . The 
SRP and Hanford s i t e s  are bot h l oc ated i n  Zone 2 of the U . S .  Se i sm i c  R i sk Areas as def i ned 
by the U . S .  Coast and Geodet ic  Survey ( USERDA 1977b ,  pg 1 1-160 ) . 

4 . 5 . 5  Ec o l ogy 

The b i o l og i c a l p roduc t i v i ty of the SRP envi ronment i s  muc h g reater than at Hanford , 
pr imari ly  bec ause of the g reater water avai l ab i l i ty and the f avorab l e  c l i mate .  T h e  S R P  s i t e  
conta i n s  a w ide  vari ety of protected habi tats ; henc e ,  t h e  spec i es '  d i vers i ty a n d  popu l at i on 
are bot h muc h l arger than at Hanford . A major ity of the p l ant s i t e  i s  a n atural  p reserve 
for b i ota  typ i c a l of the Southeastern Coasta l  P l a i n ;  as at H anford the produc t i on and 
support fac i l i t i es occ upy only a smal l port i on of the p l ant s i t e  and w i l d l i f e  i s  l i tt l e  
affected at both s i t e s .  

There are exten s i ve areas o f  scrub  o a k  a n d  l ong l eaf p i ne forests a n d  muc h of t h e  area 
cons i st s of managed p i ne forest s .  A w i d e  vari ety o f  other veg etat i o n  i s  p resent ( see USERDA 
1977b , p g .  1 1-166-1 72 ) . 

4 . 5 . 6  R are o r  Endangered Spec i es 

Four spec i es l i sted as endang ered or threatened by the U . S .  and W i l d l i f e  Serv i c e  have 
been i dent i f i ed on  the SRP s i t e :  bal d eag l e , red-c oc kaded woodpec ker,  K i rt l and ' s  warb l er ,  
and the Ameri c an a l l i g ator . On ly  the red-c oc k aded woodpec ker poss i b l y  c ou l d  f i nd su i t a b l e  
habi tat i n  any o f  t h e  areas affected by f u e l  p roc es s i ng .  T h e  S-area w a s  surveyed i n  May 
1979 , and evi denc e of t h i s spec i es was not found . 

4 . 5 . 7  Background  R ad i at i on 

The c a l c u l ated background rad i at i on dose rec e i ved by the average person l i v i ng i n  the 
v i c i n i ty of the SRP i s  approx i mate ly  120 mrem/yr from natural sources  ( U SERDA 1977b,  
pg.  1 1 -1 73 ) , whi c h  i s  c omp arab l e  to the n atural  background rad i at i on at Hanford 
( app rox i mate l y  100 mrem/yr ) . 

4 . 5 . S  Env i ronmental  Park 

The SRP p l ant was des i gnated as  a Nat i on a l  E nv i ronment a l  Researc h P ark i n  June 1972 , 
and ext en s i ve areas of l an d  are protected from heavy traff ic , c asua l  v i s i tors , rea l  estate 
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deve l opment , and other d i srupt i ve i nf l uences .  S i mi l ar l arge areas at  Hanford are al so 
des i gnated as a Nat i onal  E n v i ronmenta l  Researc h  Park . 

4 . 5 . 9  Popu l at i on 

Dose ca lc u l at i on at SRP are based on  a popu l at i on of 668, 000 ( 1970 census )  w i t h i n  80 km 
( 50 mi l e )  of the geog rap h i c a l  center of the s i t e  ( USERDA 197 7 b ,  p g .  1 1 1-30 ) .  Thi s c ompares 
to app rox imately 4 1 7 , 000 ( 1990 est i mate )  popu l at i on wi thi n t he 80 km rad i us surround i ng 
Hanford . 

4 . 5 . 10 H i stori c  and Nat i ona l  Landmarks 

No k nown h i stori c or  nat i ona l  l andmarks are on  the SRP s i t e .  H i stori c al and 
archeo l og i c a l  i nterest s are p rotected by a s i t e  use p ermi t p rocedure.  
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CHAPTER 5 

ENV I RONMENTAL CONSEQUENCES 





5 . 0  ENV I RONMENTAL CONSEQUENCES  

The env i ronment al  consequences presented in  th i s chapter wou l d  potent i a l ly  resu l t  f rom 
the  operat i on of the  PUR E X / U03 f ac i l i t i es ( p roposed ac t i o n ) , and the a l ternat i ves to the 
p roposed ac t i on descri bed i n  Chapter 3 . 0 .  The envi ronment a l  consequenc e s  desc r i bed are 
those assoc i ated wi th normal and abnorma l  operat i o n s ,  transport at i on of nuc l ear materi a l  and 
c onstruc t i o n  ac t i v i t i es .  These con sequenc es are rel at ed , where appropri ate ,  to the Hanford 
S i t e  and surround i ng envi ronment or the Savannah R i ver P l ant envi ronment ( desc r i bed i n  
Chapter 4 . 0 )  t o  i nd i c at e  the re l at i ve impac t s  of the  proposed act i on and a l ternat i ves .  

The  potent i a l envi ronmental  con sequenc es f rom the operat ion  of  the PURE X / U03 p roc ess 
are d i sc ussed i n  detai l .  A l so d i sc u ssed are the en v i ronment a l  c onsequenc e s  of the three 
a l ternat i ves to the proposed ac t i o n :  1 )  c onstruct a new PUREX p l ant at H anf ord , 2 )  proc ess 
fuel  off s i t e ,  and 3 )  no act i on (cont i nue  present act i on ) .  

I n  d i sc u ss i ng the envi ronment a l  c onsequenc es ,  the fo l l owi ng i t ems are c onsi dered : 

• exposure of the general  p ub l i c and operat i ng p ersonne l  to rad i at i o n  f rom em i s s i ons  
duri ng norm a l  and abnormal  operat i on 

• exposure of the gen era l p ub l i c  and operat i ng personne l to nonrad i oac t i ve 
po l l utant s emi tted duri ng normal  op erat ion  

• changes i n  a ir  and  water qua l i ty as a res u l t  of  PUREX / U03 op erat i ons 

• rad i at i on exposure to the general p ub l ic  and operat i ng person ne l  f rom 
transp ort at i on of n uc l ear mater i a l  

• c onstruc t i on-re l ated impacts  

• c hanges i n  short-term and  l ong-term l and use  

• soc i oec onom i c  impac t s  on  surrou nd i ng commun i t i es 

• i rretri evab l e  and i rrevers i b l e  comm i tment of resourc e s .  

T h e  data presented i n  th i s chapter a r e  based o n :  1 )  a n  est imat i on of t h e  act u a l  
consequenc es o r  effects assoc i ated w i t h  the proposed ac t i on a n d  a l ternat i ves , wh i c h  c an 
reasonab l y  be q u ant itat i ve l y  determi ned , and 2 )  use  of st ate-of-t he-art tec h n i ques for dose 
c a l c u l at i on ( d i sc u ssed in  App end i x  C ) . 

Env i ronmenta l  measurement and survei l l anc e p rograms have been i n  p l ac e  at the H anford 
S i t e  f rom the beg i nn i ng of the project i n  1944 . Prog rams ( desc r i bed i n  det a i l i n  U SERDA 
1 9 7 5 )  i n  rad i at i on b i o l ogy, ec ol ogy, surf ac e  water hydro l ogy, meteoro l ogy, and grou ndwater 
mon itori ng have been mai ntai ned to quant i t at i ve l y  measure the env i ronment a l  consequenc e s  of 
operat i ons at the  Hanf ord S i te .  An add i t i ona l  rad i o l og i ca l  surve i l l anc e program around the 
H anford S i te was i n i t i ated i n  1979 . Thl" 4 prog ram i nc l udes samp l i ng t o :  1 )  measure 85Kr 
and l e 9 I  i n  the  bac kground , 2 )  measure C i n  t h e  S i te vegetat i on ,  and  3 )  meas ure 
t ri t i um i n  the amb i ent a i r .  T h i s samp l i ng i s  part of the PURE X pre-op erat i on a l  program and 
i s  i n  add i t i on to the rout i ne surve i l l anc e prog ram descr i bed above ( Houston and B l umer 
1981a, b ) . T h i s  samp l i ng wou l d  be c onti nued after the resumpt i on of PURE X / U03 operat i on s .  

Data acc umu l ated duri ng 1 7  years ( 1 956-72 )  o f  PURE X / U03 operat i on and duri ng the 
8 years ( 1973-81 ) of  standby i nd i c ated that 1 )  the PUREX/U03 p l ants and assoc i ated 
f ac i l i t i es have been operat ed without adverse ly  affec t i ng the hea l t h  and safety of both the  
op erat i ng personn e l  a nd off s i t e  pop u l at i on s ,  2 )  t he  envi ronmental imp acts  are genera l ly 
i ns i gn i f i c ant and w ith i n  a range of acc eptab i l i ty .  R ecent p l ant mod i f i c at i ons  and improved 
adm i n i strat i ve contro l s  wou l d  f u rther reduc e imp acts  and reduc e  the radi onuc l i de re l eases 
and nonradi o l og i c a l  eff l uents to l eve l s  a s  l ow as  reasonab l y  ac h i evab l e  ( ALARA) . Tab l e  5 . 1 
suwnari zes the  envi ronment a l  conseq uenc es of the  proposed ac t i on and of p ast operat i on of 
the  PUREX p l ant . Tab l e  5 . 2  prov i des a c omp ari son of the env i ronmenta l  consequenc es from the 
proposed act i on and from the a l ternat i ves . Ca lc u l ated doses from the  proposed ac t i o n  are 
p resented i n  Tab l es 5 . 4  and 5 . 5 .  Based o n  these tabu l at ed d at a  a n d  deta i l s  p resented l ater 
i n  th i s c h apter the fo l l owi ng bri ef summary i s  prov i ded . 
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TABLE 5 . 1 .  Compar i son of the Proposed Act i on and P ast Op erat i o n  of the  P UREX P l ant 

Envi ronment al  Consequence 
RAD IATION DOSE 

Occupat i onal  Exposure 

Dose to General 
P ub l i c  

Dose t o  Max i mum 
I nd i v i d ual  

ANNUAL WASTE VOLUMES 

L i qu i d  Waste to Cri bs 

L i qu i d  Waste to  Ponds 

Sol  id Waste 

RADIOAC T I V ITY D I SCHARGED 

L i qu i d s  D i sc h arged to 
C r i b s  

L i qu i d s  D i scharged t o  
Ponds ( c ) 

Gaseous D i scharges 

NONRADI OLOG I C  EMISSIONS 

Gaseous Emi s s i on s  

Sol i d  W astes 

Proposed Act i on ( a ) 

2 . 4  to 4 . 5  rem/yr/worker s k i n  
dose and 1 . 5  t o  2 . 4  rem/yr/ 
worker total body dose 

3 . 7  man-rem total body dose 
from a 1-year re l ease and 1-year 
acc umu l at i on 

3 . 3 x 10-5 rem tot al  body dose 
f rom a 1-year re l e ase and 1-year 
accumu l at i on 

P ast Operat i on 

0 . 9  to 1 . 9  rem/yr/worker s k i n  
dose and 0 . 4  t o  1 . 7  rem/yr/ 
worker total  body dose 

2 . 5  man-rem/yr total body dose 
re su l t i ng f rom Hanford operat i ons 
i n  1 9 7 2 .  D a t a  for PUREX/U03 operat i on s  al one not avai l ab l e  

5 . 8  x 10-4 rem/year tot a l -body 
dose f rom al l eff l uents re l e ased 
at Hanford i n  1972 . Data for 
PUREX / U03 operat i o n s  al one not 
avai l a b l e .  

5 . 4  x 105 m 3  o f  steam c ondensate 1 . 8  x 105 m 3  o f  steam condens ate 
and 2 . 7  x 104 m3 of proce s s  a n d  2 . 9  x 104 m3 o f  proc e s s  
condensate c ondens ate 

2 . 6 x 107 m3 of c ool i ng water 9.8 x 106 m3 of c ool i ng water and 
and 2 . 7  x 106 m3 of chemi c a l  2 . 4  x 105 m3 of c hemi c a l  sewer 
sewer 

1 . 1  x 
1 . 2  x 

3H 
90Sr 

13 7C s  
239pu  
106Ru 
60Co 

3H 
90Sr 

1 37Cs 
239Pu 
106Ru 
60Co 

Tot al 

Tot a l  

1 i q u i d  

1 0 3  m 3  of TRU waste and 
103 m3 of l ow-l evel wastes 

5 . 0  x 104 C i /yr( b ) 
4 . 8  Ci /yr 
3 . 3 C i /yr 
0 . 4  C i /yr 
1 . 3 x 101 Ci /yr 
1.8 x 10-1 Ci /yr 

8 . 0  x 101 Ci /yr 
3 . 3 x 10-1 Ci /yr 
1 . 8  Ci /yr 
4 . 0  x 10-1 Ci /yr 
6 . 0  Ci /yr 
1 . 1  Ci /yr 

" ( a s  2 39p u )  
9 . 0  x 10-3 Ci /yr 

6 ( as 90Sr ) 
1 . 2  Ci /yr 

3 . 0  x 103Ci /yr 
2 . 9  x 106 C i /yr 
3 . 0  x 10-1 Ci /yr 

l i qu i d  

1 .  9 x 
4 . 5  x 

3H 
90Sr 

1 37Cs 
239pu 
106Ru 
60Co 

3H 
90Sr 

137Cs 
239Pu 
106Ru 
60Co 

Total 

Total  

3H  
85Kr 
13 1 1  

102 m3 of TRU waste and 
102 m3 of l ow-l evel wastes 

7 . 0  x 103 Ci /yr 
1 . 5  x 102 Ci /yr 
1 . 7  x 102 Ci /yr 
4 . 3 C i /yr 
8 . 1  x 102 Ci /yr 
1 . 9  x 101 Ci /yr 

Not Analyzed 
0 . 3 Ci /yr 
1 . 8  Ci  /yr 
4.4 x 10-1 Ci /yr 
4 . 9  Ci /yr 
1 C i  /yr 

" ( as 239P u )  
4 . 3 x 10-3 C i /yr 

6 ( a s  90sri 5 . 9  x 10- C i / yr 
1 . 0  x 103 Ci  /yr 
4 . 1  x 105 C i /yr 
2 . 1  x 10-1 Ci /yr 

385  MT/yr of NOx from PURE X Not avai l ab l e  p r i o r  to 1972 
and 50 MT/yr f rom U03 . 
NOx emi s s i on s  per MT of fuel  
proce ssed reduced f rom 1972  l e ve l s 
by i nstal l at i on of hydrogen perox i de 
absorption  system 

396 m3/yr of sol i d  waste f rom 
the c ombi ned PUREX and U03 f ac i l i ty operat i o n  

10, 200 m3 /yr esti mated for t he 
ent i re Hanford S i te 

( a ) Proc e s s  eff l uents and doses from normal operat i on of PUREX are based on processi ng 
3000 MT/year of 12 percent 240P u ,  180 day c oo l ed fuel , 20 percent of w h i c h  i s  sp i ke 
f ue l . T h i s  i s  t he worst c ase proc e s s i ng sched u l e  for 3000 MT f u e l /yr . The actual  near
term proc es s i ng rate i s  expected to be i n  t he range of 1050 to 2 100 MT/year whi c h  i s  
s i mi l ar t o  past operat i on s .  See Append i x  0 f o r  det ai l ed i nf ormat i o n  on  these l ower 
p roce s s i ng rates.  
Due to h i gh fuel exposure rates,  i . e . , 1 2  percent 240p u .  F o r  p�st operat i o n s ,  val ues are based o n  detec t i on l i m i t s  f o r  t h e  respec t i ve nuc l i des  i n  Sol ut l on;  actual effl uent val ues may have been l e s s  t han t h e  detec t i on l i m i t .  
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TABLE 5 . 2 .  Compari son of t he  Env i ronment al  Consequenc es from the  P roposed Act i on 
and A l ternat i ves ,  3000 MT/yr P rocess i ng Rate 

Envi ronment al 
Consequences I t em 

NORMAL OPERATION 

Occupat i ona 1 
Exposure 

Genera l Pu b l i c  
Dose ( a )  

Dose t o  Max i mum 
I nd i v i dual 

I mp ac t  on A i r  
Qu a l i ty 

Impact on Water 
Qu a l i ty 

Transportat 1 0n
Rel ated Expo s u re 

Proposed Ac t i on ( PA) 
Resump t i on of PUREX/ 
U03 P l ant Operat i ons 

Max i mum s k i n  dose 
of 2.4 to 4 . 5  rem/ 
yr/worker and 1 . 5  to 
2 . 4  rem/yr/worker 
tota 1 body dose. 

1800 man-rem dose ( b )  
( t hyro i d )  from a 
16-yr re l e ase and 
70-yr accumu l at i o n .  

20 mrem dose 
( t hyro i d )  from 
16-yr re l e as e  
a n d  70-yr 
accumu l at i o n .  

Annu a l  amb i e nt a i r  
qu al i ty standards 
for al l po1 1 �t�nts 
w i l l  be met . I C )  

N o  d i rect d i sc h arges 
to pu b l i c  water
ways . l d )  Water u se 
i s  l e s s  than 0 . 03 
percent of total 
average Co l umb i a  
R i ver f l ow .  

A l ternat i ve 1 
Con struct New PUREX 
P l ant at Hanford S i t e  

E q u a l  to or l e s s  than 
proposed ac t i o n .  

1 10 man-rem dose 
( t hyro i d )  from a 
16-yr rel ease and 
70-yr acc umu l at i o n .  

1 .  3 mrem dose 
( t hyroi d )  from 
16-yr rel ease 
and 70-yr 
accumu1 at i o n .  

Ann ual  ambi ent a i r  
qual i ty standards 
for al l pol l utants 
wi l l  be met . 

E s sent i al l y same as 
PA. 

On s i te transp orta- E s sent i al l y same as 
t i on wi l l  re s u l t  i n  PA . 
essent i a l l y  zero 
p u b l i c  dose. Oc c u
pat i on exposure from 
Pu02 s h i pments l i m-
ited to l e s s  t h an 
5 mrem/ hr by opera
t i onal  procedures.  

A l ternat i ve 2 

Process F u e l  Off s i te 

E s sent i a l l y equal  to 
proposed act i o n ,  
exc ept i nc reased 
transport at i on re
qui reme nts i nvo l ves 
exposure of a 
g re ater number of 
peop l e .  

4600 man-rem dose 
(thyro i d )  from a 
1 6-yr re l e ase and 
70-yr accumu l at i on ,  

46 mrem dose 
( t hyro i d )  from 
16-yr re l e ase and 
70-yr accumu l at i o n .  

S am e  a s  
A1 ternat i ve 

W i t h i n g u i d e l i ne s ,  
b u t  greater t h a n  PA 
s i nc e  there i s  
d i rect d i sc harge to 
waterway. 

No Ac t i o n  A l ternat i ve 
Cont i nue the 

Pre sent Act i o n  

Essent i a l l y  z e r o  dose 
s i nce PUREX wi l l  not 
operate. 

0 . 2 3  man-rem dose ( bone) 
from a 16-yr re l e ase 
and 70-yr accumu l at i on 
( dose from i rradi ated 
f u e l  storage only) . 

3 . 4  x 10-3 mrem dose 
( bone)  from 16-yr rel ease 
and 70-yr accumu l at i on 
( dose from i rrad i ated 
fuel storage only) . 

Essent i al l y  zero 
em i s s i on s i nc e  
PUREX /U03 wi l l  not 
operate. 

No i mpact s i nc e  PUREX/ 
U03 wi l l  not operat e .  

Same as PA f o r  on- N o  transport impac t s .  
s i t e  transportat i o n .  
Off s i t e  transporta-
t i on wou l d  res u l t  i n  
an annual 3300 man-rem 
dose for truck ship-
ment and 4100 man-rem 
for rai l s h i pment . 
Annu a l  dose to the m ax i mum 
i nd i v i dual s i s  3 mrem 
for truck s h i pment 
and 0 . 3  mrem for 
trai n s h i pment . 

( a )  

( b )  

( c )  

( d )  

Dose i s  g i ven for the c r i t i c a l  org an ; doses t o  other org ans c an be found i n  the t ab l e s  i n  Secti ons 5 . 1 . 1 . 2 , 
5 . 2 . 1 . 1 , 5 . 2 . 2 . 1 ,  and 5 . 2 . 3 .  
Th i s  i s  the pop u l at i on dose t o  a n  e st i mated ( 1990 ) pop u l at i on o f  4 1 7 , 000 persons. For compari son, these persons 
wou l d  rec e i ve about 2 . 9  x 106 man-rem dose from n atural  background rad i at i on over 70 years. 
A l though ambient a i r  qual i ty standards wi l l  be met for NOx , NOx emi s s i on s  w i l l  be reg u l ated under a 
Prevent i on of S i g n i f i c ant Deteriorat i on ( P SD)  perm i t .  See Section 5 . 1 . 2 . 1 . 
Tri t i um ,  3H ,  has reached Co l umb i a  R i ver from past operat i o n s ,  but c onc entrat i on s  i n  grou ndwater are about 
10 perc ent of a l l owab l e  l i m i t s  and undetectab l e  above background in the ri ver. There is no demonstrated 
t ec h no l ogy for tri t i um c apture. 
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E n v i ronment al 
Con sequenc e s  I t em  

ABNORMAL OPERAT I ON 

Op erat i on a l  Acc i 
dents ( s hort
c oo l ed ,  25 days, 
fuel  d i s so l ut i on )  

TABL E  5 . 2 .  ( c ontd . ) 

Al ternat i ve 1 A l ternat i ve 2 
Con struct New PUREX 
P l ant at Hanford S i t e  Process Fuel  Off s i te 

A worst-case cred- Same as PA. Postul ated worst
c ase acc i dent 
wou l d  have l es s  
consequenc e s  than 
the PA bec ause the 
fue 1 wou 1 d have 
aged -25 more d ay s  
duri ng transport . 

i b l e  acc i d ent ( as-
sumi ng adm i n i st ra-
t i ve contro l s )  wou l d  
del i ver a n  est imated 
acute dose ( t hyro i d )  
o f  1500 man-rem 
to the general pop
u l at i on and 190 mrem 
to the maximum i nd i 
v i d u a l . 

O n s i te Transporta- Postul ated worst- Same as PA . Off s i te i mpacts 
g reater due to more 
d i rect p athway and 
l arger pop u l at i o n .  

t i on Acc i dent c ase acc i dent 
( i  rrad i ated f ue 1 
s h i pment acc i dent) 
wou l d  resu l t  i n  a 
2000 mrem ( l ung ) dose 
t o  the ma;:imum 
i nd i v i d ual  ( off s i te ) . 
Serious  consequence 
onsite but acc i dent i s  
not consi dered 
cred i b l e  w i t h  
adm i n i strat i ve contro l s .  

No Act i on A l ternat i ve 
Cont i nue t he 

Present Act i on 

Not appl i c ab l e .  

Not appl i c ab l e .  

Off s i te Tran spor
t at i on Acc i dent 

Not app l i c ab l e .  Not appl i c a b l e .  I f  post u l ated acc i - Not app l i c a b l e .  

OTHER IMPACTS 

Construc t i on 
Impacts 

Construct i on Costs 
(i, mi l l i o n )  

Soc i oeconomi c  
Impacts 

Reso urce 
COrrl1litments 

Dec orrrn i ss i oni ng 
Costs ( $ ,  m i l l i on )  

A l most none s i nce 
there i s  no major 
act i v i ty .  

About $40 f o r  f ac i l 
i ty mod i f i c at i ons 
p l u s  $ 1 10 for 
reac t i vat i o n .  

Neg l i g i b l e .  

A neg l i g i b l e  frac
t i o n  of nat i onal 
resource u s e .  

B a s e  c ase 
( about $110 ) .  

Major act i v i ty but 
acceptab l e  i mp ac t s .  

>$1500 f o r  new PUREX 
f ac i l i ty .  

Substant i a l l y more 
t h an PA duri ng 
construct i on. 

S u bstant i al ly more 
t h an the PA, but a 
neg l i g i b l e  amount 
of nat i onal resource 
u s e .  

Base c as e  + $110. 
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dent occurred i n  an 
urban are a ,  the case 
to the general popu-
l at i on i s  esti mated 
to be 1 1 50 man-r� 
for truc k s h i pment 
and 2300 man-rem for 
rai l s h i pment . The 
dose t o  the maxi mum 
i nd i v i d u a l i s  est i -
mated t o  b e  0 . 76 rem 
for truck s h i pment 
and 0 . 9  rem for rai l 
s h i pmen t .  

Same as PA, p l u s  
shear- l e ac h  f ac i l  i ty. 

About $400 for 
s hear- l e ac h  fac i l i ty. 

S ame a s  PA, except 
for transportat i o n  
impacts w h i c h  are 
accept ab l e .  

More t h an P A  due to 
fuel transport, but 
sti l l  a neg l i g i b l e  
fract i o n  of nat i onal 
resource use. 

Same as PA. 

Same as PA p l u s 
add i t i onal storage 
bas i n s  as needed . 

About $270 for expanded 
f ue 1 storage. 

Neg l i g i b l e .  

Neg l i g i b l e  fract i on of 
n at i onal  resource use for 
new f u e l  storage b as i n s .  

S ame a s  PA. 



The a l tern at i ve of construct i on of a n ew PUREX  p l ant for fue l  proces s i ng at the H anford 
S i te wou l d  h av e  more s i gn i f i c ant impacts ( pr i mar i l y  from constructi o n )  than the adopt i on of 
th e proposed act i o n .  Th e benef i ts t o  be  der i ved  from t h i s  a l ternat i ve are i ncreased 
structural i ntegrity and greater env i ronment al  em i ss i on contro l s ,  wh i ch wou l d  not 
s i gn i f i cant l y  a l ter the  env i ronmental  i mp act of the proces s i ng f ac i l ity.  Dose to the 
max imum i nd i v i dua l or general  pub l i c  wou l d  not be s i gn i f i cant l y  d i fferent than for the 
proposed act i on ( comp are Tab l es 5 . 4  and 5 . 1 5 ) . 

The a l tern at i ve of s h i pp i ng the i rrad i ated fue l  offs i t e  for process i ng  w i l l transfer 
the env i ronmental  consequences to another s i t e  and i ntroduce add i t iona l  consequences of 
ra i l ,  or truck tran sport of fuel  to the proc es s i ng s i te ( i . e . , South C arol i n a ' s S av annah 
R i ver P l ant ) . Present d ata  i nd i c ate  that the envi ronmental  con sequences of the s h i p p i ng 
act i on wou l d  be  w i th i n  acceptabl e  parameters;  however , the occup at i on a l  and pub l i c  doses 
from s h i pment wou l d  i ncrease.  Dose to the max i mum i nd i v i dua l  from proce s s i ng fue l  at  SRP i s  
s l i ght l y  greater than that obtai ned from process i ng at H anford because of more d i rect 
p athways for r ad i on uc l i de transport . Dose to the general pub l i c wou l d  i ncrease pri nc i pa l l y  
because o f  l arger popu l at i on surround i ng the S avannah R i ver P l ant S i te ( comp are Tab l e s  5 . 4  
and 5 . 1 6 ) . No major env i ronmental benef i t  can  be i de nt i f i ed for adopt i ng t h i s  a l ternat i ve .  

No major env i ronmental  consequences are assoc i ated w i t h  the  no-ac t i on a l ternat i v e  
( c on t i nue  present act i on )  wh i ch i s  t o  mai nta i n  PUR E X / U03 i n  standby ,  b u t  i t  does not 
res o l ve the prob l em of s upp l y i ng defense mater i a l . Adopt i on of t h i s  a l ternat ive  wou l d  
req u ire  the construct i on o f  exp anded storage fac i l i t i es for i rrad i ated fue l . 

5 . 1  PROPOSED ACT ION 

Th i s  s ect ion  d i sc usses the  env i ronmental con sequences from adopt i ng the proposed act ion  
d ef i ned as the operat i on of  the PUREX/U03 p l ants after i ncorporat i ng mod i f i c at i o n s  as  
descri bed i n  Chapter 3 . 0 .  Part i c u l ar attent ion  i s  g i ven to  detai l ed ana lys i s  of abnormal 
e vents and cred i b l e  acc i dents ( s ee Appen d i x  B)  as wel l as to the impacts from normal 
oper at i on of the PUREX/U03 f ac i l i t i e s .  The detai l s  o f  t h e  proposed act i on were descr i bed 
in  Sec t i o n  3 . 1  and f u rther expanded in  Appen d i x  A.  

5 . 1 . 1  Rad i o l og i ca l  Impacts ,  Normal Operat i on 

T h i s  sect i o n  descr i bes occupat i ona l  and general  popu l at i on exposure b ased on p ast 
operat i ng exper i ence ,  and on the projected dose after adopt i on of mi t i g at i ve measures to 
m i n i m i z e  env i ronmental  con sequences . Normal  operat ion  of the Hanford PUREX/ U03 f ac i l i t i es 
wo u l d l ead to rel eases of smal l q uan t i t i es of gaseous and l i q u i d  rad i oact i ve eff l uents to 
the  env i ronment and wou l d  expose the  operat i ng staff  to l ow l eve l s  of rad i at i o n .  
E n v i ronmental  impacts w i l l  be  n eg l i g i b l e  and the exposure o f  operat i ng staff  w i l l be 
mai nta i ned w i th i n  Federal  g u i de l i nes  set forth  i n  DOE Order 54S0 . 1A and control l ed to l evel s 
that are as l ow as reasonab l y  ach i evab l e ( ALARA ) .  

The  dose va l ues for norma l operat i on of the P UREX p l ant are based on proces s i ng 3000 MT 
p er year of 12 p ercent 240p u I SO-day coo l ed fue l , 20 percent of wh ich  i s  sp i k ed fue l . 
Th i s  operat i ng scheme was des i gnated the "worst case"  because i t  wou l d  res u l t i n  the 
greatest dose to the  p ub l ic  under the max i mum pos s i b l e  proces s i ng rate . More l i ke l y  
ne ar-t erm proces s i ng rates for PURE X are projected t o  be i n  t h e  range o f  1050 t o  2 100 MT per 
year.  Dose commi tments h ave  been c a l c u l ated for PUREX  and the U03 p l ant  operat i o n s  for a 
projected 1 6-year operat i ng period assum i ng a process i ng rate of 3000 MT/yr.  For a 
p erspect i v e  on c urrent proces s i ng p l an s ,  doses for the  proc es s i ng r ates of 1 050 and 
2100 MT /yr are i nc l uded i n  Appen d i x  D .  Dose mode l s and the general c a l cu l at i on methods used 
are descr i bed i n  Append i x  C .  

5 . 1 . 1 . 1  Occ upat i on a l  Exposure 

A rad i at i on expos ure d ata b ase f rom rad i at i o n  records is ma i ntai ned at DOE ' s  P ac i f i c  
Northwest L aboratory .  Th i s  data base conta i n s  rout i n e  occ upat ional exposure record s for 
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the PUREX /U03 and the f ormer p l uton i um ox i de fac i l i t i es ( Z-P l ant ) ( a ) for operat i ng and 
rad i at i on moni tori ng p ersonnel  from 1967 to  1972 . 

From h i stori c a l  occupat i ona l  exposure data ,  the mean sk i n dose c a l c u l ated for PUREX 
personnel  ranged from 0 . 9  to 1 . 4  rem/yr i n  the PUREX / U03 f ac i l i t i es .  S imi l ar ly ,  the mean 
whol e-body dose ranged from 0 . 4 to  1 . 0  rem/yr. For the Z-P l ant  the h i stori c a l  dat a  show 
that the mean s k i n  dose ranged from 1 . 6  to 1 . 9  rem/yr and the who l e-body dose from 1 . 4  to 
1 . 7 rem/yr. In compari son with the a l l owab l e  whol e-body dose rates of 5 rem/year, the 
average annual doses were wel l w i th i n  Federal g u i de l i nes ,  even though the h i stori c a l  dat a  
i nc l ude occ upat i ona l  doses recei ved duri ng any abnormal operat i o n s .  

Several new feat ure s wi l l  b e  i ncorporated i nto PURE X / U03 operat i ons t o  further 
m i t i g ate occ upat i ona l  doses .  A new system u s i ng g l oveboxes of i mproved des i g n  wi l l  be 
i nstal l ed for p l utoni um ox i de convers i on operat i ons to reduce chemi c a l  operator doses . The 
new p l uton i um ox i de system wi l l  reduce tota l  rad i at i on expo sure to  operat i ng personnel  and 
e l imi nate the transportat i on of the p l utoni um n i trate .  

Est imates of  average annua l  d o se  for  f uture PUREX / U03 emp l oyees are p resented i n  
Tab l e  5 . 3  ( Hawk i n s 1980c ) .  These p rojected doses are w i th i n  the Federal g u i de l i nes 
( DOE 5480 . 1 ) . 

5 . 1 . 1 . 2  Popu l at i on Exposure 

A l thoug h meas urab l e  quant i t i es of rad i oact i v i ty wou l d  be rel eased to the envi ronment 
duri ng normal  operat i on  of the PUREX / U03 f ac i l i ty ,  the resu l t i ng rad i at i on dose to the 
pu b l i c  wou l d  be i ns i g n i f i c ant . H i stori c a l  dose dat a  i nd i c ate  that the average dose to a 
member of tbe

)
general p ub l i c  from other Hanford S i te operat i ons is between 0 . 0 1  mrem/yr and 

0 . 5  mrem/yrl b total  body dose ( USEROA 1975 ,  p .  I I I . 1-14 ;  Houston and B l umer 1980a , b ) . 
These dose contri but i ons are i ns i g n i f i c ant when compared to the natural  bac kground rad i at i on 
l evel of approx imately 100 mrem/yr ( see Sec t i on 4 . 3 . 6 ) . F rom T ab l e  5 . 4 ,  operat i on of PUREX 
wou l d  res u l t  in a t hyro i d  dose to the max imum i nd i v i du a l  ( l-yr re l ease , 70-yr acc umu l at i o n )  
of approx imate ly 0 . 4  mrem/yr . The U03 p l ant doses are muc h l ower i n  magn i tude.  Doses for 
the more l i ke ly p roces s i ng rate of 1050 to  2 100 MT/yr are g i ven i n  Append i x  0 for compari son .  

The  overal l dose to the t hyro i d  ( c ri t i c a l  org an )  for  the max imum off s i te i nd i v i dua l  i n  
1980 was c a l c u l ated ( w i t hout PURE X )  to be 0 . 16 mrem/yr from a l l Hanford S i t e  operat i ons 
( S u l a  1981 ) .  W i th PUREX / U03 operat i on the c a l c u l gt�d annual dose wou l d  i ncrease to 
0 . 28 mrem/yr. S im i l ar ly ,  the acc umu l ated 50-year l C )  dose commi tment t o  t h e  thyro i d  for 
the g enera l  popu l at i on for a l l Hanford S i t e  operat i ons  i n  1980 was about 2 man-rem ( Su l a  
1981 ) .  One yegr of PUREX / U03 operat ion  i s  c a l c u l ated to resu l t  i n  a 70-yr dose commi tment 
to the thyro i d l c )  for the popu l at i on of 4 5  man-rem . T hese va l ues are sma l l compared to 
the natural bac kground rad i at i on l evel of 100 mrem/yr and wou l d  c ause  no s i g n i f i c ant impac t .  

H i stori c a l l y ,  131 I has been the pri nc i p a l  nuc l i de  contri but i ng to the p ub l i c rad i at i on 
dose v i a  the c onsumpt i on  of l oc a l  mi l k .  I n  the early 1960s , 131 I re leased from both PUKEX 
and REDOX ( no l onger operat i ng )  was l i mited to 1 C i / d �3 1 to  meet the l ower range of the 
Federal  Rad i at i on Cou nc i l ' s g u i del i nes for i nt ake of 1 I by the g eneral p UD l i c ,  i . e . , 
o to  10 pCi 131 I / day ( FRC 1961 ) .  The actua l  rel ease rate was reduced to < 0 . 1  C i / day by 
1968 . A c omb i ned rel ease rate of 1 C i / d ay of 131 I from the 61-m stac k  was found to res u l t  
i n  a max imum annua l  average concentrat i on o f  3 pCi /£ o f  mi l k  a t  t h e  nearest farm . 
Therefore , the dose to a c h i l d ' s  t hyro i d  duri ng the dec ade beg i nn i ng 1960 ( d uri ng wh i c h  
PUREX operated )  s hou l d  not have exceeded 2 0  mrem/yr from t h e  consumpt i on o f  fresh  mi l k .  
Federa l  g u i de l i nes ex i st i ng then a l l owed a thyro i d  dose of 1500 mrem/yr to the max imum 
i nd i v i dua l  and 500 mrem/yr to the average i nd i v i d u a l . The max imum i nd i v i du a l ' s  dose from 
the proposed resump t i on of PUREX ( Tab l e  5 . 4 ,  and d i sc u s sed e l sewhere i n  t h i s  E I S )  wou l d  be 
20 mrem to the t hyro i d  for a 16-yr re l ease and 70-year acc umu l at i o n .  Thi s dose i s  smal l 

( a ) I n  p ast operat i o n s ,  p l uton i um n i trate was sh i pped to Z-P l ant from PUREX for convers i o n  
to PU02 . The d i st ance  between the f ac i l i t i es i s  8 km . I n  f uture operat i on s ,  
convers i on to PU02 wou l d  be done a t  the PUREX f ac i l i ty ,  w i t h  a system t hat i s  now 
under construc t i on wi t h i n the PUREX bu i l d i ng ( see Sect i on 3 . 1 . 5 . 7 and Append i x  A . 3 ) . 
Exc l udes dose c ontri but i ons from PURE X .  
Va l ues us i ng a 70-yr acc ummu l at i on dose are not s i g n i f i c ant ly d i fferent for t hose u s i ng 
a 50-yr dose . 
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TABLE  5 . 3 .  Average Annual  Occ upat i ona l  Doses Per Worker, 3000 MT/yr 
Process i ng Rate ( from normal  operat i on s )  

Tot a 1 Body 
Number S k i n  Dose,  Gamma 

of Workers rem/ 'i.r rem/ 'i.r 

For PUREX ( exc l ud i ng PU02 workers ) 
Rad i at i on Zone Workers 190 3 . 6  2 . 4  
Non-rad i at i o n  Zone Workers 90 0 . 6  0 . 3  

For PURE X Pu02 Workers 
Rad i at i on Zone Workers ( a ) 30 4 . S  0 . 7  
Non-rad i at i on Zone Workers 20 0 . 6  0 . 3 

For U03 F ac i l i t i es 
Rad i at i on Zone Workers 28 2 . 4  1 . S  
Non-rad i at i o n  Zone Workers 1 6  0 . 6  0 . 3  

St andard s ( 5480 . 1 )  
R ad i at i on Zone Workers I S  S . O  
Non-rad i at i on Zone Workers l o S  0 . 5  

( a ) These rad i at i on zone workers cou l d  rece i ve dose up t o  0 . 4  rem /yr from neutrons  
from p l uton i um .  

when compared t o  a 70-yr acc umu l ated dose of 7000 mrem from natural background rad i at i on and 
is w i th i n the norma l stat i st i c a l  vari at i on i n  natural bac kground measurement s .  

PURE X Gaseous  Emi s s i on s .  The pri nc i pa l  rad i onuc l i des rel eased t o  the atmosp here i n  
g aseous form are krypton (85Kr) and tri t i um ( 3H ) . Tab l e  0 . 1  (Append i x  D) summari zes the 
quant i t i es of rad i onuc l i des re l eased to the atmosphere i n  g aseous  eff l uents from the PUREX 
p l ant in  ca l end ar year 19 72 . Th i s  tab l e  a l so shows the estimated max imum annual  re l eases 
after resumi ng PUREX p l ant operat i on  for the 3000 MT/yr proces s i ng rate .  Gaseou s eff l uents 
for the more l i ke ly  i n i t i a l proces s i ng rates of 10S0 and 2 100 MT/yr are summari zed i n  
Tab l e  0 . 2 .  

The re l ease rates of a l l the rad i onuc l i des ( i nc l ud i ng 8SKr) i n  the g aseous eff l uents 
from PUREX ( Tab l e  0 . 1 )  wi l l  be l ow enoug h so t hat the i r  concentrat ions  in a i r  at the Hanford 
S i te boundary wi l l  be at or bel ow the g u i de l i nes for offs i te  ai r concentrat i ons set forth i n  
DOE Order 5480 . 1A .  Radi oact i ve re l eases from PUREX operat i ons  dom i n ate rel eases from other 
s i te  ac t i v i t i es .  

PUREX L i qu i d  Em i ss i on s .  L i qu i d  and so l i d  wastes conta i n a broad spectrum of 
rad i onuc l i des ,  but concentrat i ons vary depend i ng on the age and type of i rrad i ated fue l . 
The base c ase exam i ned i n  t h i s E I S i s  for 180-day coo l ed 12 perc ent 240Pu  i rrad i ated fue l  
or  equ i va l ent wh ich  i s  a worst case .  

The  amounts of  l ow-l evel rad i oac t i ve l i q u i d s  re l eased to the envi ronment ( c r i bs and  
pond s )  i n  1972 , the most recent year of  PUREX p l ant operat i o n ,  are  summar i zed in  Tab l e  0 . 8 .  
The tab l e  a l so i nc l udes estimated max imum annua l  rel eases from a 3000 MT /yr PUREX 
operat i o n .  Changes i n  process f l ows heet and improved rad i onuc l i de contro l s s i nc e  the 1972  
s hutdown have been used in  the est imates . The re l eases for the more l i ke ly processi ng rates 
of 1050 and 2 100 MT/yr are summari zed i n  Tab l e  0 . 9 .  

Duri ng prev i ous  PUREX operat i on sorp t i on of rad i onuc l i des i n  the soi l c o l uilins beneat h 
cert a i n cr i b s  was rel i ed upon to reduc e the concentrat i on  rel eased i nto the g rou ndwater 
aqu i fer . I n  the future , l ess  re l i anc e �n t h i s mechan i sm wi l l  be requ i red , bec ause the 
conc entrat i on of major rad i onuc l i des ( 2 9Pu , 90Sr ,  1 37Cs .  106R u ,  60Co ) i n  the eff l uents wi l l  
be reduced by at l east 98 percent from the pre-1972 v a l ues . S i nce  the eff l uent s wi l l  be c hemi c a l ly  
s i m i l ar to the pre-1972 eff l uent s ,  but cont a i n  a muc h l ower concentrat i on of rad i onuc l i des ,  the 
m i grat i on of rad i onuc l i des through  the so i l co l umn wou l d  be expected to be s im i l ar to or l ess than that 
desc ri bed i n  ERDA-1 538 as c aus i ng no meas urab l e  envi ronmenta l  impac t .  
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TABLE 5 . 4 .  Potent i a l Rad i at i on  Doses t o  Members of the General Pub l ic  f rom Rout i ne Re l eases f rom the 
PURE X P l ant , 3000 MT/yr Process i ng R ate 

Pathway, Domi nant 
Nuc l i de and Organ 

Air Submers i on (8sKr) (e )  
A l l  Organs 2 . 9  x lO-S 

I nhal ation ( 90Sr, 239pu,  129 1 , 131 I) ( e )  
Total Body 3 . 2  x 10-7 
Bone 1 . 4  x 10-6 
Lungs 1 . 2  x 10-6 
Thyroi d  2 . 0  x 10-6 
G I -LLI ( f )  1 . 9  x 10-8 

Ground Depos i t i on ( 129 1 ) (e )  
4 . 6  x 10-8 

129 1 • 131 1 • 90sr ) (e ) (frui t 
A 1 1  Organs 

Bone 
Lungs 
Thyroi d  
GI-LL I 

Total s from al l Pathways 
Total Body 
Bone 
Lungs 
Thyroid 
G I -LL I 

3 . 7  x 10-
4 . S x 10-6 
3 . 0  x 10-6 
2 . S  x 10-4 
3 . 7  x 10-6 

3 . 3  x lO-S 
3 . S x lO-S 
3 . 3  x lO-S 
2 . 8  x 10-4 
3 . 3  x lO-S 

2 . 9  x 10-5 

2 . 7  x 10-6 
3 . 9  x lO-S 
4 . 7  x 10-6 
2 . 9  x 10-6 
1 . 9  x 10-8 

4 . 6  x 10-8 

lO-S 
lO-S 

3 . 1  x 10-6 
3 . 8  x 10-4 
3 .8  x 10-6 

4 . 4  x 10-5 
1 . 0  x 10-4 
3 . 7  x lO-S 
4 . 1  x 10-4 
3 . 3  x lO-S 

4 . 6  x 10-4 

4 . 3  x lO-S 
6 . 2  x 10-4 
7 . 6  x lO-S 
4 . 6  x 10-5 
3 . 1  x 10-7 

4 . 6  x 10-5 

1 .  7 x 10-3 
6 . 3  x 10-3 
S . O  x 10-5 
1 . 9  x 10-2 
1 . 9  x 10-4 

2 . 2  x 10-3 
7 . 4  x 10-3 
6 . 3  x 10-4 
2 . 0  x 10-2 
7 . 0  x 10-4 

3 . 4  x 100 

5 . 1  x 10-2 
2 . 2  x 10-1 
1 . 9  x 10-1 
3 . 2  x 10-1 
3 . 0  x 10-3 

4 . 9  x 10-3 

2 . 8  x 10-1 
3 . 4  x 10-1 
2 . 2  x 10-1 
2 . 7  x 101 
2 . 7  x 10-1 

3 . 7  x 100 
4 . 0  x 100 
3 . 8  x 100 
3 . 1  x 101 
3 . 7  x 100 

u l at i on Dose (man-rem, ( d )  
y r  Release/ - 16-yr Re lease/ 

70-yr Accumu l at i on 70-yr Accumu l at i on 

3 . 4  x 100 

4 . 4  x 10-1 
6 . 3  x 100 
7 . 6  x 10-1 
4 . 6  x 10-1 
3 . 1  x 10-3 

4 . 9  x 10-3 

8 .8  x 10-1 
2 . 5  x 100 
2 . 3  x 10-1 
4 . 1  x 101 
2 . 8  x 10-1 

4 . 7  x 100 
1 . 2  x 101 
4 . 4  x 100 
4 . 5  x 10 1 
3 . 7  x 100 

5 . 4  x 10 1 

6 . 9  x 100 
9 . 9  x 101 
1 . 2  x 101 
7 . 3  x 100 
4 . 9  x 10-2 

4 . 9  x 100 

1 . 1  x 102 
3 . 8  x 102 
3 . 6  x 100 
1 .  7 x 103 
1 . 2  x 101 

1 . 8  x 102 
5 . 4  x 102 
7 . 4  x 10 1 
1 . 8  x 103 
7 . 1  x 101 

( a )  A 1-yr Re l ease / 1-yr Accumu l at i on i s  the dose rece i ved i n  the f i rst year from exposure in that year . 
(b) A 1-yr Rel ease/ 70-yr Accumu l at i on i s  the dose rece i ved over a 70-year l i fetime from exposure in the f i rst year. For external exposure , i t  i s  equal 

to the 1-yr Re lease/ 1-yr Accumu l at i on dose . 
( c )  A 16-year Re lease/ 70-yr Accumu l at i on i s  the total dose accrued over a l i fetime of conti nuous exposure to res i dual  radi at i on both dur i ng and after 

the 16 years of PUREX pl ant operat i on .  
(d )  The popu l at i on dose i s  for an  esti mated 1990 popu l at i on of  4 1 7 ,000. Al l l ocal  popu l at i on doses in t h i s  EIS are based on t h i s  popu l at i on 

d i stribution w ith in  a 80-km ( SO-mi l e )  rad i us from the Hanford Meteoro logical  Stat i on located at about the center of the Hanford S i te .  
(e )  Primary radionuc l i des contributiong to dose. 
(f ) Gastro-intest inal  tract--l ower l arge i ntest i ne .  



Based on  the data i n  Tab l e  0 . 8 ,  3H i s  a rad i onuc l i de of concern when cons i deri ng 
potent i a l env i ronmenta l  consequences  f rom the PUREX operat i on .  About 95 percent of t he 
tri t i um i s  d i sc h arged to  c r i bs  as tri t i ated water, a sma l l fract i on  of whi c h  w i l l  eventua l l y  
reac h the Co l umb i a  R i ver. The hydro l ogy of the area has been descr i bed i n  Sect ion  4 . 3 . 4 .  
The add i t i on o f  l arge vo l umes o f  san i tary , process ,  c oo l i ng ,  and steam c ondensate  water to 
the g round has been pract iced at Hanford s i nce  1945 and has a l t ered the hydro l ogy 
s i g n i f i c ant ly .  Th i s l arge vo l ume of water i s  de l i vered to the 200-Area p l ateau from the 
Co l umb i a  R i ver. Th i s add i t i o n  has c reated two g roundwater mound s ,  one under the 200 West 
Area w i t h  a ri se of about 26  m (85 ft) and , one under t he 200 E ast Area w i t h  a ri se of 8 . 5  m 
( 28 ft )  above pre-operat i on  cond i t i on s .  These mound s ,  combi ned w i t h  t h e  g eo l og i c  
c h aracteri st i c s  o f  t he reg i o n  determ i ne t h e  d i rect i on and rate o f  g roundwater movement . 
Detai l s  of the geo l ogy and a d i sc u s s i o n  of the unco nf i ned aqu ifer hydro l ogy c an be found i n  
ERDA-1 538 ( U SERDA 1975 ,  Vo l .  2 ,  I 1 . 3-B ) . 

The proj ec ted d i sposa l  of water to  cr i bs  and pond s from PUREX / U03 operat ions  on  the 
200-Area p l ateau w i l l  h ave a smal l effect on  t he p aths  and  travel  t i mes of 3H from the 
s i te to the ri ver . One way to est imate the  impact of 3H i s  to compare i t  w i t h  the imp act  
experi enced from h i stor i ca l  d i sposa l . T he  mound s c reated by water add i t i o n  from early 
operat i ons  of the ent i re Hanford f ac i l i ty ( i nc l ud i ng PUREX / U03 ) and by p ump i ng duri ng 
operat i onal  stand by have stabi l i zed at about 67 m ( 220 ft) bel ow the 200 West Area and 86 m 
( 282 ft )  be l ow B-Pond . Thus ,  w i thout s i gn i f i c ant l ong-term c h anges i n  water d i sposal to  the 
g round,  stream l i nes of  f l ow and trave l t i mes to  the ri ver wi l l  remai n about the same.  
P rojected i nc reases of water add i t i on i f  PUREX  were operated wou l d  c ause the mounds  to 
s l owly i ncrease i n  hei g ht ,  i nc reas i ng the grad i ent and s l i g ht l y  decreasi ng the travel t i me 
to  t he ri ver . 

The trave l t i me of 3H ,  from the process  c ondensate cri b ( the most s i g n i f i c ant sourc e )  
to  t h e  ri ver wou l d  b e  about equa l  to  t h e  travel t i me o f  t h e  water . T h e  S i te mon i tori ng 
p rogram has s hown t h at the l ead i ng edge of the 3H front has reac hed the ri ver. The 
conc entrat i on  of 3H pre sent i n  t he g roundwater where the p l ume enters the ri ver i s  between 
30 and 300 pC i /mi. As sumi ng the source of 3H to  be pr imari l y  the PURE X p l ant cr i bs  that 
rece l ved waste i n  1957 ,  the measured trave l t ime i s  about 23  years ( a ) ( Eddy and  W i l bur  
1 980 ) .  The travel  t ime i s  equ i val ent to two h a l f-l i ves of 3 H decay .  S i nc e  the 
g roundwater concentrat i o n s  are f urt her d i l uted by a f actor of about 1000 when they enter the 
ri ver, the actua l  ri ver concentrat i on measurements  show that t here is  no apparent , 
stat i st i c a l l y  s i g n i f i c ant d i fference between upstream and downstream concentrat i on s  of 3H 
at t he Hanford S i t e  ( Eddy and W i l bur 1980 , Su l a  and B l umer 1981 ) .  

D i scharges of water from resumed PUREX / U03 operat i ons  at 3000 MT/yr wou l d  be about 
3 t imes those of the pre-19 72 . operat i on  • .  Th� �ax imum . quant i ty of �H to be d i scharged may 
be up to 7 t i mes t hat of prev l ou s  operat l on . \ b ) The l mpact  of 3H l n  g roundwater wou l d  
exceed that a l ready i dent i f i ed from t he former operat i on  of PUREX but wou l d  sti l l  b e  w i t h i n  
acceptab l e  g u i de l i nes . D i fferences i n  3H c oncentrat i o n s  upri ver and downri ver from the 
H anford S i te  wou l d  st i l l  show no s i g n i f i c ant st at i s t i c a l  d i fference by d i rect measurement . 

PUREX So l i d  Waste . Based on d ata p resented earl i er i n  Tab l e 3 . 3 , the imp acts  of so l i d  
waste storage and d i sposa l  wou l d  b e  g reater for storag e of f uture PUREX transuran i c  wastes 
than from prev ious  operat i ng c amp a i g n s .  T h i s  i ncrease wou l d  b e  due  to  t h e  i nc orporat i on  of 
the p l uton i um ox i d e  p roduc t i o n  system i n  t he PUREX p l ant , and to the i nc l u s i on of the PUREX 
buri a l  boxes w i t h  the TRU waste data .  I mpacts  from future non-transuran i c  wastes wou l d  be  
approx imate ly  the s ame as those  from prev i ou s  operat i ng c ampa i g n s ,  wh ich  are i ns i g n i f i c ant . 

( a ) 

( 0 )  

Travel t imes from 200 E ast boundary t o  the ri ver by t h e  s hortest p ath  ( east-nort heast 
toward Hanford towns i te )  i s  p red i cted to be 27  years ( Fr i edri c hs et a l . 19 77 ) . The 
d i fference between t h i s travel t ime for the water and the observed va l ue i s  wi t h i n  t he 
uncerta i nt i es of mode l i ng accuracy. 
Tab l e  0 . 8  shows the est imated tri t i um d i scharge in a typ i c a l  operat i ng year as 
approx imate ly  7 t imes that of 1972 ( l ast year of PUREX operat i on ) . Th i s  d i fference i s  
due to projec t i ng the max imum probab l e  amount f or t he operat i ng year and t he assumed 
h i g her burnup of the fue l  as opposed to c a l c u l ated average va l ues f rom actua l  data f or 
1972 . More typ i c a l expected va l ues are g i ven i n  Append i x  0 ( Tab l e  0 . 9 ) for process i ng 
rates of 1050 and 2100 MT/yr . 
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� Envi ronmenta l  Emi s s i on s .  The c apac i ty of the Urani um Ox i de p l ant ( 36 MT / day)  i s  
l arge enough  t hat i t  c an process an ent i re year ' s  PUREX p l ant output ( assumed max imum of 
3000 MT/yr) i n  a 14-week operat i ng peri od . 

L i qu i d  eff l uents from U03 p l ant operat i o n s  are c oo l i ng water,  steam c ondensate ,  and 
c hemica l  sewer waste sent to  the pond and proces s condensate sent to the c r i b .  Eff l uent 
compo s i t i ons  duri ng 1972 and projected subsequent annual  c ompos i t i ons  are g i ven i n  
Tabl es 0 . 10 and 0 . 11 .  Rad i oac t i ve gaseous eff l uent s duri ng 1972 and the projected annual  
eff l uents are g i ven i n  Tab l es 0 . 3  and 0 . 4  a l ong with correspondi ng on s i te and offs i te  
re l ease g u i de l im i t s .  Projected so l i d  waste g enerat i on from U03 f ac i l i t i es was l i sted a s  
63 m3 /yr i n  Chapter 3 . 0 .  The  en v i ronmental  i mpacts  of  these projected g aseous and  l i qu i d  
eff l uent s and of so l i d  waste wi l l  b e  w i t h i n acceptab l e  g u i de l i nes  ( DOE 5480 . 1 )  at the S i t e  
boundary . 

Tab l e  5 . 5  present s the est imated dose c ommi tment s ( a ) from proposed U03 p l ant 
operat i on .  The doses from the U03 f ac i l i ty are s o  l ow that they d o  not contri bute 
s i gn i f i cant ly  to  the total  dose to  the maximum i nd i v i dua l  or the g eneral pub l i c . 

5 . 1 . 1 . 3  Rad i o l og ica l  Impacts  of  PUREX Current Ac i d  Waste Treatment 

The operat i on of the PUREX / U03 p l ants wi l l  g enerate c urrent ac i d  waste ( b ) ( CAW ) 
t hat needs to  be treated . Two opt i ons  for the treatment of CAW are descri bed i n  
Chapter 3 . 0 :  1 )  d i rect neutra l i zat i on and 2 )  process  through B-P l ant . The waste management 
consequences of these two opt i on s  have been prev i o u s ly  eval uated i n  ERDA-1538 . Thi s sec t i on 
provi des a summary descri pt i on of the envi ronmental  con sequences  for eac h  opt i on .  

D i rect  Neutral i z at i on of CAW 

I n  t h i s waste management opt i on ,  the CAW wou l d  be neutra l i zed and p i ped d i rect ly  to the 
t ank  f arms ,  spec i f i c  f ac i l i t i es des i g ned for storage of boi l i ng  wast e .  B-P l ant  c ame i nto 
use for ces i um and stront i um removal in 1968 . Pri or to that t ime,  PUREX CAW was neutra l i zed 
and stored i n  the tank  farm as boi l i ng waste .  The envi ronment a l  impacts  descri bed for th i s 
opt i on are based on  p ast operat i on of the tank  f arm, wh i c h  was addressed i n  ERDA-1538. 

Gaseous emi s s i o n s  from the 200 Areas  in 1972,  from roof vent s and stac k s ,  rel eased 
1 . 0  C i  of 90Sr t o  the atmosp here ( USERDA 1975 ) .  Tota l  90Sr rel ease i n  1972 from the 
tank  f arms ( i nc l ud i ng boi l i ng waste t an k )  was 3 . 0  x 10-4 C i  ( USERDA 1975,  1 I . I-C-72 ) .  
A l t hough the  concentrat i o n s  of stront i um and c es i um are greater i n  the d i rect ly  neutral i zed 
waste than  the waste processed t hroug h B-P l ant , the atmosp heric emi ss i on s  wi l l  not be 
i ncreased because  the offgases from these tanks  are c ondensed and f i l tered . 

Acc i dents were post u l ated for fa i l ure of doub l e-s he l l tanks  i n  both ERDA-1538 ( ERDA 
1975 )  and i n  DOE / E I S-0063 ( DOE 1980b ) .  The worst c ase acc i dent postu l ated was the fa i l ure 
of t he tank vent i l at i on exhaust f i l ters w i t h  the conc l us i on that t he res u l t i ng 70-yr 
acc umu l ated tota l  body and bone doses t o  the  max imum i nd i v i dua l l c ) Wou l d  be about 0 . 7  mrem 
( USDOE 1980b ) .  A 3000 m3 tank l eak s i mi l ar to that for waste processed through B-P l ant 
was post u l ated i n  ERDA-1538 ( U SERDA 1975  1 1 1 . 2-3) w i t h  a current ac i d  waste i nventory that 
i nc l uded ces i um and stront i um present i n  the d i rect ly  neutral i zed CAW . The ana lys i s  
i nd i c ated that because  of the h i g h  sorpt i ve c apac i ty of the soi l ,  the  ces i um and stront i um 
wou l d  rema i n  i n  the  soi l c o l umn c l ose to the source  of the l eak and wou l d  not contri bute 
s i g n i f i c ant ly to the dose to  the maximum i nd i v i d u a l  or the general p ub l i c .  The res u l t i ng 
dose to  the max imum i nd i v i d ua l  from th i s hypothet i c a l  event wou l d  be expected to be s im i l ar 
to t hat postul ated for t h i s event i n  ERDA-1538. The est imated tota l  bod4 dose was 
1 . 4  x 10-4 rem and the dose to  the cri t i c a l  org an ( G . 1 .  tract )  4 . 0  x 10- rem .  The 
acc i dent i t se l f  i s  not con s i d ered c red i b l e  and i s  i nc l uded to  prov i de  the reader w ith  a 
perspec t i ve of the re l at i ve safety assoc i ated w i t h  the use of doub l e-shel l tanks  for storage 
of CAW . The eng i neered des i g n ,  barri ers , l eak detec t i o n  and p ump i ng system v i rt ua l ly  make 
i t  i mposs i b l e  for such an acc i dent to occ ur .  

( a )  

( b ) 

( c )  

Dose c ommi tments  ( pop u l at i on exposure) were c a l c u l ated on the  bas i s  of a n  estimated 
1990 pop u l at i on of 4 1 7 , 000 wi t h i n  an 80-km rad i us of the Hanford Meteoro l og i c a l  Stat i o n .  
Def i ned �s waste g enerated i n  the f i rst so l vent extrac t i on cyc l e  ( F i g ure 3 . 3 ) , 
2 . 5  x 103 m3 /yr and conta i n i ng about 30 megac uri es eac h  of l�/Cs and 90Sr• 

Refer to  Append i x  C for def i n i t i on of the max imum i nd i v i dua l . 
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TABLE  5 . 5 .  Potent i a l  Rad i at i on Doses to Members of the General P u b l i c  f rom Rout i ne Re l eases f rom the  
U03 P l ant , 3000 MT/yr Proc es s i ng Rate 

P a thway, Dominant 
Nuc l i de and Organ 

A i r  Submers i on ( 106Ru ) 
Al l 

I nhal a t i on ( 2 3BU) 
Tot a l  Body 
Bone 
Lungs 
Thyro i d  
G I -L L I  

Ground Depos i t i on ( 106Ru ) 
Al l 

I nges t i on ( 106Ru ) 
Tot a l  Body 
Bone 
Lungs 
Thyroi d  
G I -L L I  

T o t a l  from Al l Pathways 
Tot a l  body 
Bone 
Lungs 
Thyro i d  
G I -L L I  

Max i mum I n d i v i d u a l  Dose ( rem) 
1-yr Re l ease / (a l 1-yr Rel;���-/1Dr- 1 6-yr Release/c} 

l-yr Acc umu l at i on 70-yr Accumu l at i on 70-yr Accumu l at i on 

4 . 2  x 10-1 4  

4 . B  x 10-1 3  

3 . 7 x 10-1 2  

1 . 5  x 10-1 1  
( e )  

2 . 7 x 10-1 2  

1 . 9 x 10-1 2  

1 .  2 x 10-1 3  

9 . 1  x 10-1 3  

5 . 9 x 10-1 1  

2 . 5  x 10-1 2  

6 . 6 x 10-1 2  

1 . B x 10-1 1  

1 . 9 x 10- 1 2  

6 . 4  x 10-1 1  

4 . 2  x 10-1 4  

5 . 3  x 10-1 3  

4 . 5 x 10-1 2  

6 . 4  x 10-1 1  

2 . 7 x 10-1 2  

1 .  9 x 10-1 2  

1 .  3 x 10-1 3 

1 . 3 x 10-1 2  

5 . 9 x 10-1 1  

2 . 6 x 10-1 2  

7 . 7 x 10-1 2  

6 . 7  x 10- 1 1  

1 . 9 x 10-1 2  

6 . 4  x 10-1 1  

6 . 7  x 10-1 3  

B . 5  x 10-1 2  

7 . 2  x 10-1 1  

1 . 0  x 10-9 

4 . 4  x 10-1 1  

6 . 2  x 10-1 1  

2 . 3  x 10-1 2  

2 . 4  x 10-1 1  

9 . 7 x 10-10 

7.4 x 10-1 1  

1 .  6 x 10-10 

1 . 1  x 10-9 
6 . 3  x 10-1 1  

1 . 1  x 10-9 

1-yr Re l ease l 
1-yr Accumu l at i on 

4 . B  x 10-9 

7 . B x lO-B 

5 . 9 x 10-7 

2 . 4  x 10-6 

4 . 4  x 10-7 

2 . 1  x 10-7 

7 . 3  x 10-9 
5 . 7 x lO-B 

3 . 6 x 10-6 

3 . 0  x 10-7 

B . 6 x 10-7 

2 . 6 x 10-6 

2 . 2  x 10-7 
4 . 3  x 10 -6 

A 1-yr Re l e a se / l-yr Accumu l at i on i s  the dose rece i ved i n  the f i r s t  year from expos ure i n  t h at ye a r .  

Popu l a t i on Dose (man-rem) ( d ) 

1 yr R e l e a s e l  1 6-yr R e l e a s e l  
70-yr Accumu l at i on 70-yr Accumu l at i on 

4 . B  x 10-9 

B . 5  x lO-B 

7 . 2  x 10-7 

1 . 0  x 10-5 

4 . 4  x 10-7 

2 . 1  x 10-7 

B . 2  x 10-9 
B . O  x lO-B 

3 . 6 x 1 0-6 

3 . 1  x 10-7 
1 . 0  x 10-6 

1 . 0  x 10-5 

2 . 2  x 10-7 
4 . 3  x 10-6 

7 . 7  x lO-B 

1 . 4  x 10-6 

1 . 2  x 10-5 

1 . 6 x 10-4 

7 . 0  x 1 0-6 

6 . 6 x 10-6 

1 . 4  x 10-7 
1 . 5 x 10-6 

5 . 9 x 10-5 

B . 2  x 10-6 

2 . 0  x 1 0-5 

1 .  7 x 10-4 

6 . 7  x 10-6 

7 . 3  x 10-5 

( a )  
( b ) A 1-yl' R e l e a s e / 70-yr Ac cumu l at i on i s  the dose rece i ved over a 70-year l i fe t i me from e x posure i n  the f i l'st year. For external  ex pos ure , i t  

i s  e q u a l  to the 1-yr Re l e a se/ 1-yr Accumu l at i on dose . 
( e )  
( d )  
( e )  

A 1 6-year Re l ea s e / 70-yr Accumu l at i on i s  the total dose accrued over a l i fe t i me o f  c o n t i nuous exposure to res i du a l  r ad i a l i on both rlu r i ng d n d  
a f t e r  the 1 6 years of PURE X p l ant operat i o n .  
T he popu l at i on dose i s  for a n  e s t i mated 1 990 popu l at i on o f  4 1 7 , 000. A l l l oc a l  popu l at i o n doses i n  th i s  E I S  are b ased o n  t h i s  popu l at i on 
d i s t r i b u t i on w i th i n  a BO-km ( 50-m i l e )  rad i u s from the Hanf ord Meteoro l o g i c a l  Stat i on l ocated at abou t the cen ter of t h e  Hanfo " d S i te .  
Da s h  ( --) i nd i cates n uc l i des do not cont r i bute s i g n i f i c a n t l y  to th i s  organ . 



Process  CAW through B-P l ant 

The envi ronmenta l  impacts  of proces s i ng CAW t hrough B-P l ant were descr i bed and 
eval u ated i n  ERDA-1 538 . I mpacts  assoc i ated w i t h  the use  of doub l e-shel l t ank s  wh i c h  store 
the HLW resu l t i ng from the separat i on of 137Cs and 90Sr from the  c urrent ac i d  waste, 
were addres sed i n  ERDA-1538 and DOE / E I S-0063 . Both of these documents i nd i c ate that the 
impacts  from t h i s  waste management opt i on  are w i th i n acceptab l e  l i m i t s  as  e l aborated bel ow. 

B-P l ant p roces s i ng operat i o n s  for CAW wou l d  g enerate the vo l umes of l i qu i d  wastes 
i dent i f i ed in Tab l e  3 . 1 .  Of t hese wastes ,  t he steam and process  condensate streams are sent 
to c r i b s ,  the c hemic a l  sewer and coo l i ng water are sent to  a trenc h and pond respect i ve ly .  
O n s i te  d i sc harges of  rad i oact i ve l i qu i d s  to  l i qu i d  d i sposal  s i tes are contro l l ed suc h t hat 
the resu l t i ng dose to o n s i te  p ersonne l and off s i t e  pop u l at i o n s  are wel l bel ow the amount 
a l l owab l e  under DOE Order 5480 . 1A ,  Rad i at i on  Protec t i on Standard s .  Except for the 90Sr 
and 137Cs contai ned i n  the p roc ess condensate stream, the concentrat i on of rad i onuc l i des  
in  t hese l i qu i d s  wou l d  be suff ic i ent ly  l ow that they cou l d  meet cr i teri a for d i rect 
d i sc harge to a p ub l ic san i tary sewer system ( see Sec t i on 6 . 1  and DOE 5480 . 1A ,  Tab l e  I ,  
Co l umn 2 ) .  The grocess  c ondensate wou l d  contai n 3 . 6  x 10-4 �Ci /ml  of 90Sr and 1 . 3  x 
10-3 �C i /m l  of 1J 7Cs . Ba sed on  the max imum projected vo l ume of B-P l ant p roc ess  
c ondensate ( 3 . 8  x 10 5 m3 over 16  years ) ,  t he amount of 90Sr d i sc harged wi l l  be 129 Ci 
and 137Cs � 499 C i . These amount s represent about 2 p erc ent of the  90Sr and 10 percent 
of the 13 /CS i nventory that were projected to  be d i spo sed of in a l l the c r i b s  in the 
200 Areas in  1972 ( U SERDA 1975 ,  p .  1 1 . 1-67 ) .  Th i s  add i t i on to  the  ex i st i ng i nventory i s  not 
expected to  contri bute to the rad i at i on exposure to  the g enera l p u b l i c .  A l l ot her waste 
streams from B-P l ant wi l l  be stored i n  underground dou b l e-she l l tanks .  [As  deta i l ed i n  
Sect i o n  3 . 1 . 1 . 3  ( Tab l e  3 . 2 ) ,  i f  fue l  i s  p rocessed at a max imum rate o f  3000 MT /yr f or 
16 years ,  2 7  new dou b l e-shel l storage tanks  for h i g h  l evel waste wou l d  be requ i red . At 
l ower process i ng rates ,  f ewer tanks  wou l d  be nec essary] . The envi ronmental  consequences of 
doub l e-she l l tank  storage were addressed i n  ERDA-1538 and DOE / E l S-0063 ( USDOE 1980b ) . 

Approx imate ly  1 70 m3 /yr ( 220 yd3 /yr ) of l ow-l evel so l i d  waste wou l d  be generated . 
Th i s wou l d  be equ i va l ent to  about 6 percent of the so l i d waste vo l ume d i sposed of i n  1974 or 
l ess  than 1 percent of the c umu l at i ve so l i d  waste d i sposed of i n  the 200 Areas from a l l 
H anford operat i o n s  up to 1974 . 

Rad i oac t i ve g aseous  emi s s i o n s  from operat i on  of B-P l ant i n  1972  were approx imate ly  
0 . 16 C i  ( U SERDA 197 5 ) . Tota l  emi s s i o n s  from the tank  farms ,  wh i c h  stored the HLW  g enerated 
from B-P l ant process i ng from 1968 to  1972 , were 0 . 0021  C i  i n  1972 ( USERDA 1975 ,  
p .  1 1 . 1-35 ) : Annua l  g as�ou s  emi s s i o n s  f rom f uture . operat i on of  the boi l i ng waste tanks  
wou l d  conta 1 n 1 x 10-4 C 1  tot al  a and 5 . 4  x 10-3 C 1  total  a .  L i qu i d  emi s s i o n s  
(condensates ) from the  boi l i ng waste t a n k s  wou l d  contai n 5 . 5  C i  tota l  a ( H awk i n s  1981d ) .  
These rad i oac t i ve rel eases are expected to  h ave no measurab l e  impact on the envi ronment . 

Acc i dents post u l ated for B-P l ant operat i o n s  were treated i n  ERDA-1538. Acc i dents 
postu l ated for doub l e-shel l t ank  operat i ons  were d i sc u ssed i n  ERDA-1 538 and DOE / E l S-0063 . 
The acc i dent post u l ated to  have the mo st s i g n i f i c ant impact for B-P l ant ( worst c ase l was a 
f i re i n  the vent i l at i on f i l ter wh ich  wou l d  y i e l d  a total  body dose ( f i rst year dose to the 
max imum i nd i v i dua l  of 2 . 5  x 10-3 rem and a dose to  the l ung  ( c r i t i c a l  organ ) of  
4 . 3  x 10-2 rem ( USERDA 1975 ,  1 1 1 . 2-1 6 ) . The dose c a l c u l ated to  the max imum i nd i v i dua l  
f rom a hypot het i c a l 3000 m3 ( 800 , 000 g a l ) t ank  l eak was 8 . 5  x 10-6 rem to  the total  body 
and 1 . 1  x 10-3 rem to the t hyro i d  ( cr i t i c a l  organ ) ( USDOE 1980b ) . A l l  of the c a l cu l ated 
doses are substant i a l l y  bel ow the g u i de l i nes for pop u l at i o n  exposure s .  None o f  t he 
acc i dents postu l ated was est imated to  have s i gn i f i c ant effects  on  the p ub l i c .  Both of those 
acc i d ents are co n s i dered to  be h i gh l y  u n l i ke ly .  

5 . 1 . 2  Nonrad i o l og ica l  Impac t s ,  Norma l  Operat i on 

The operat i on of the PUREX /U03 f ac i l i t i es wou l d  resu l t  i n  d i sc harges of 
nonrad i o l og i c a l  po l l utant s as g aseo u s ,  l i qu i d ,  and so l i d  eff l uent s .  However, the impact  of 
these emi s s i ons on  e i ther the pop u l at i on or  the envi ronment i s  neg l i g i b l e  bec ause  of the 
re l at i ve ly  l ow rates of re l ease and the l ong  d i stance to  popu l at i on centers . The 
conc entrat i on of materi a l s  rel eased w ith  g aseous emi s s i ons  i s  d i l uted and d i spersed before 
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reach i ng the nearest po i nt  of pub l i c  acces s . ( a )  A deta i l ed d i sc us s i on of potent i a l 
impacts from g aseous effl uents fo l l ows i n  Sect i o n  5 . 1 . 2 . 1 .  L i q u i d  eff l uents are d i sch arged 
to the g round  on l y  and never d i rect l y  i nto the Co l umb i a  R i ver from ei ther the PUKEX or U03 
processe s .  The vol ume , compos i t i on ,  and potent i a l  impact of l i q u i d  d i sch arges i s  d i scu ssed 
i n  Sect i on  5 . 1 . 2 . 2 .  Nonrad i o l og i c a l  so l i d  wastes ( Sect i on 5 . 1 . 2 . 3 )  from the proces ses are 
i n s i gn i f i c ant i n  qu ant ity and compos i t i on ,  and req u i re o n ly  a smal l area of l and for 
d i sposa l . The raw water req u i rement f or the PURE X / U03 operat i on s  at the max i mum 
process i ng rate of 3000 MT /yr i s  approx imate l y  4 . 2  x 107 m3 /year. Th i s  water i s  
w i thdrawn from the Col umb i a  R i ver and represents approx i mate ly  0 . 03 percent of the 
1 . 07 x 1 01 1  m3 /yr average annual  f l ow of the Co l umb i a  R i ver at Hanford ( USERDA 1975 , 
pp . 1 1 . 3-13 ) .  At the more l i ke ly  proces s i ng rate i n  the range of 1050 to 2100 MT/yr, water 
w i thdrawal wou l d  be  approx imate ly  0 . 01 percent of the average annual f l ow of the Col umb i a  
R i ver. N o  i mpacts  from water w i thdrawal  have been observed from p ast operat i on s  and none 
are ant i c i pated for future operat i o n s .  

5 . 1 . 2 . 1  Nonrad i o l og i c a l  Gaseous Emi s s i on s  

T h e  est imated vol umes o f  total  g aseous emi s s i on s  from the operat i on o f  the PUREX and 
U 03 p l ants are 3 . 4  x 109 m3 /yr ( 1 . 2  x 1 01 1  ft3 /yr )  and 1 . 7  x 108 m3/yr 
( 6 . 0  x 1 09 f t3 /yr ) , respect i ve l y .  Amb ient a i r  concentrat i on s  at the S i te boundary were 
c a l c u l ated ( Tabl e 5 . 6 )  assum i n g  a proces s i ng rate of 3000 MT/yr. These c a l c u l at i ons  
i nd i cate that the amb ient a ir  concentrat i ons  of  g aseous emi ssons  w i l l  be  w i t h i n  perm i ss i b l e  
l imi ts  at the S i te boundary .  

Ground- l evel g aseous pol l utant concentrat i on s  res u l t i ng from operat i on o f  the 
PURE X / U03 p l ants were est imated us i ng the EPA C l imato l og i ca l  D i spers i on Mode l ( USEPA 
1973 ) ,  under conservat i ve model i ng assumpt i on s  i nc l u d i ng neutral and unstab l e atmospheri c 
con d i t i on s .  Based on th i s  model ,  the max i mum g round-l evel concentrat i on  of NOx from a l l 
major  sources i n  the p l ant wou l d be about 1 5  � g /m3 . ( b )  The mean annual  NOx c oncentrat i on ,  i nc l ud i ng a mean natural background NOx l evel of approx imate l y  20 �g /m3 , 
w i l l  be approx imate l y  35 �g /m3 ( USEPA 1 980b ) . The max i mum ground-l evel concentrat i on  of 
1 5  � 9 /m , 3 , at a d i stance of about 600 m ( 2000 ft ) southeast of the p l ant, i s  expected to 
decrease rap i d l y  to l es s  than 2 �g /m3 at the nearest po i nt of pub l i c  acces s 
( U SEPA 1980b ) .  The max imum average annual  amb i ent a i r  concentrat i on i s  est imated to be 
0 . 3  � g /m3 at a d i stance of about 600 m ( 2 000 ft ) s outheast of the PUREX p l ant and i s  
expected t o  be bel ow 0 . 02 �g /m3 at the nearest poi nt of pub l i c  access .  The max i mum 
a verage annua l  amb ient a i r  concentrat i on from the U03 p l ant  is est imated at about 
0 . 04 � g/m3 about 600 m ( 2000 ft ) southeast of the p l ant and i s  expected to be be l ow 
0 . 005 � g/m3 at the nearest p o i nt of pub l i c  acces s .  Therefore , the amb i ent a i r  
concentrat i ons o f  t he  o n ly  nonrad i o l og i ca l  g aseous po l l ut ant of s i gn i f i cance , oxi des o f  
n i trogen ( NOx ) ,  w i l l  be l es s  t h a n  t he  perm i s s i b l e  amb i ent a i r  concentrat i on l imi t of 
100 �g /m3 ( Tab l e  5 . 6 )  accord i n g  to the Was h i ngton Ai r Po l ut i o n  Control Regu l at i ons  ( WAPCR 
1 980 ) ,  at the S i te boundary .  

Occupat i on a l  exposure l evel s to NOx are l es s  than  the threshol d l i mi t val ue ( TLV ) of  
5 p pm/ 8 hr .  The U03 fac i l i ty ,  wh i ch emi ts  NOx i n  the h i ghest concentrat i on s  at  Hanford , 
wo u l d  not exceed the TLV i n  a 24-hour per iod . 

The emi s s i on of NOx h as a l so  been eval uated for i t s  effect on a i r  qua l i ty .  The DOE 
and EPA h ave rev i ewed the pro b l em and h ave estab l i shed a total  annual  emi s s i on l i m i t  of 
424 MT of NOx for PUREX and 50  MT for the U03 fac i l i ty Qperat i ng under a P revent i on  of 
S i gn i f i cant Deteri orat i on  ( P SD )  Permi t  ( USEPA 1 980a) . \ C )  The Benton-Fran k l i n-Wal l a  Wal l a  
County A i r  Po l l ut i on Contro l Authority ( APCA)  has adopted the EPA l im i t s  as an a l ternat i ve 
to  the 20 percent opac i ty standard . The annual  operat i ng emi s s i on s ,  385 MT for PUREX and 
50 MT for U03 , est imated for an assumed 3000 MT /yr proces s i ng r ate wou l d  not exceed the 
EPA tonnage l im i t s  estab l i shed under the PSD perm i t  approved by EPA i n  1980 ( see 
Appen d i x  D ) . 

( a )  

( b )  

( c )  

The nearest po i nt o f  p ub l i c  access  i s  H i ghway 240,  approx imate ly  8 k m  ( 5  mi l es )  
sou thwest of the 200 Areas .  
I n  compari son , the l argest measured ground- l eve l-concentrat i on of  NOx above the  
n atural  b ackground was  1 4  �g /m3 ( USEPA 1980b ) .  
P art C ,  T i t l e  1 of the C l ean  A i r  Act , Prevent i on of S i gn i f i c ant Deter i orat i on of A i r  
Qua l i ty ( P S D ) , l i m i t s  emi s s i on s  i n  c l ean a i r  areas t o  cert a i n  i ncrements even though the 
amb i ent air qu a l i ty st andard s are not be i ng  exceeded . 

5 . 1 3 



tIl 
t--' 
.po 

TABLE 5 . 6 .  Nonrad i o l og i c a l  Po l l utant A i r  Concentrat i on s  from PUREX / U03 Operat i on s ,  3000 MT /yr Process i ng Rate 

Amb i ent A i r  concentrat�on ( b ) 
Washi ngton ( a ) At S i te Boundary ( \191 m ) 

Po l l utant Averag i ng Per i od State Standard PUREX U0 3-----

Ni trogen Ox i des 

Hydroc arbons 

Ammon i a ( c )  

Part i c u l ates 

Carbon Monox i de ( c )  

Annual  ari thmet ic  mean . 

Maxi mum 3-hr concentrat i o n  
not to be exceeded more 

Annual  geometric  mean : 
Max imum 24-hr concentra
t i on not to be exc eeded 
more than once  per year . 

Max i mum 8-hr concentra
t i on not to be exceeded 
more than once per year . 

100 \lg /m3 

160 Il g /m3 

60 \lg /m3 

1 x 19-6 
150 Il g /m 
( 24 hr conc . )  

3 10 mg/m 

2 x 10  -2 5 x 10-3 

6 x 10-4 4 x 1 0-5 

1 x 10-3 0 

1 . 6  x 10-7 

1 x 10-4 o 

( a ) Equal  to or more restr ict i ve than U . S .  Standard s .  
( b ) Concentrat i ons  assume cont i n uous rel ease over a n  ent i re year a n d  are based on  t h e  EPA C l imato l og i c a l  

D i sper s i on Model ( USEPA 1973 ) .  Di sp ers i on va l ues are for the nearest poi nt of p ub l i c access wh i c h  i s  
app rox i mate ly 5 m i l es southwest of the 200 Areas o n  H i g hway 240 . 

( c )  Ammon i a Thresho l d  L i mi t i ng Va l ue  ( TLV ) i s  25 ppm/8  hr .  Carbon Monox i de TLV i s  50 ppm/8  h r .  
Sourc e s :  ( 40CFR50 ; WAPCR 1980 ; ACG I H  1979 ; Hawk i ns 1980d , e , 1981c ) .  



At the l eve l s  l i sted i n  Tab l e  5 . 6  for NOx , the Nat i ona l  Amb i ent A ir  Qua l i ty Standards 
( NAAQS ) wi l l  not be exceeded . The use of hydrogen perox i de absorpt i o n  system i n  the PUREX 
process  ( see Chapter 3 . 0 )  represent s the best avai l ab l e contro l  tec hno l ogy for NOx ( USEPA 
1980b ) .  

5 . 1 . 2 . 2  Nonrad i o l og ica l  L iqu i d  Eff l uents 

Operat i on  of the PUREX / U03 f ac i l i t i es for the as sumed max imum process i ng rate of 
3000 MT of i rrad i ated fuel /yr wou l d  res u l t  in the d i scharge of approx imately 
2 . 9  x 107 m3 /year ( 7 . 6  x 109 ga l /yr ) of l i qu i d  eff l uents ( Hawk i ns 1981 b ) . T he 
nonrad i o l og i c a l  compo s i t i o n and annual  vo l umes of l i qu i d  d i scharges  are g i ven i n  Tab l e  O . l Z .  

The l argest contri buti on t o  the tota l  l i qu i d  eff l uent d i scharg e i s  the coo l i ng water . 
Under normal operat i ons  th i s co�l i ng water i s  f ree of any rad i o act i ve contam i nat i on .  
Add i t i ona l ly,  about 4 . 9  x 104 m /yr ( 1 . 3  x 107 ga l /yr ) of san i tary wastes are 
d i sc h arged to a sept i c  tank d i sposa l  area .  

No  l i qu i d  eff l uent stream from the  PUREX / U03 f ac i l i t i es i s  d i rect l y  d i sc h arged to the 
C o l umbi a R i ver, wh i c h  i s  approx imate ly  10 km f rom the ZOO East Area at the c l o sest poi nt 
( USERDA 1975 ) . 

I nvest i g at i ons  of the effects  of PUREX / U03 nonrad i o l og i c a l l i qu i d  d i sc harges duri ng 
p ast operat i o n s  s how that except f or n i trates ,  no s i g n i f i c ant mi grat i o n  occ urred from t he 
d i sc harge  of i ndustri a l  c hemic a l s  to  the ground v i a cri bs,  ponds and san i t ary t i l e  f i e l d  
( USERDA 1975 ) .  A detectab l e  groundwater p l ume of n i trates , l a )  descri bed in  ERDA-1538,  was  
attri buted to p ast operat i ons of  PUREX / U03 and  ot her fac i l i t i es and resu l ted in  the 
contami nat i on of g rou ndwater i n  some areas on the Hanford Site to l evel s i n  excess  of 
perm i ss i b l e  dri nk i ng water standard s .  Current groundwater mon i tori ng has not detec ted 
n i trate concentrat i on s  from 200 Area d i sc harges i n  excess of bac kground at the S i te  
boundari es ( Su l a  1975 ) .  T he  same p aths  wou l d  be expected to be fo l l owed by future 
d i sc harges ,  w i t h  i ns i g n i f i c ant effects  off s i t e .  

D i scharges i nto ponds represent a potent i a l source  o f  impact to  b i ota from contami nated 
l i qu i d  eff l uent s .  Stud i es o f  b i ot a  u s i ng t hese pond s ,  wh i c h  are a l so fed by other eff l uent 
streams , have not reveal ed any rad i o l og i c a l  or nonrad i o l og i c a l effects  attri butab l e  to t hese 
ponds ( U SERDA 1975  p .  1 1 1 . 1-30 ) . 

5 . 1 . 2 . 3  Nonrad i o l og ica l  So l i d Wastes 

Nonrad i o l og i c a l so l i d  wastes cons i st of trash and normal  i ndustri a l  so l i d  wastes . I t  
i s  compacted by a f actor o f  three and d i sposed o f  i n  a central san i tary l andf i l l .  The 
combi ned so l i d  waste of PUREX / U03 , approx i mately 396 m3/yr ( 14 , 000 ft3/yr ) , i s  about 
four percent of the 10 , ZOO m3/yr ( 3 60 , 000 ft3 /yr ) , pred ic ted for the ent i re Hanford S i t e 
( USERDA 1975 ) .  These materi a l s are genera l ly  nontox i c  and , other t han l and  c ommi tted for 
buri a l , present no envi ronmental  effec t s .  

5 . 1 . 3  Impacts  of Rout i ne Tran sportat i o n  o f  Nuc l ear Materi a l s  

Th i s  sect i on ana lyzes the i mpacts  from the four major materi a l  sh i pment s assoc i ated 
w ith  the operat i on of the PURE X / U03 f ac i l i t i es .  These sh i pment s i nc l ude :  1 )  i rrad i ated 
f ue l  from N-Reactor to PURE X ,  Z ) uranyl  n i trate hexahydrate ( UNH )  from the PUREX p l ant to  
the U03 P l ant f or process i ng ,  3 )  p l uton i um d i ox i de ( P uOZ ) from PUREX to  Z P l ant for 
storage,  and 4)  urani um ox i de ( U03 ) from the U03 P l ant to F erna l d ,  Oh i o .  T ab l e  5 . 7  
summari zes these s h i pment s .  Traff i c ,  fue l  consump t i o n ,  non-rad i o l og i c a l  effect s ,  and 
rad i o l og i c a l  effects  are ana lyzed for the s h i pp i ng operat i on s .  T he s h i pment of PuOZ 
off s i t e  i s  not ana lyzed . P uOZ s h i pments  to  off s i t e  l oc at i ons  are present ly be i ng made and 
wi l l  cont i nue i ndependent of PUREX operat i on s .  W h i l e  these s h i pment s are not con s i dered a 
part of the proposed act i on ,  a general d i sc u s s i on of suc h  sh i pments i s  g i ven i n  
Sec t i on 5 . 1 . 4 . 6 . 

( a )  Another feature shown by the c ont am i n at i on p l umes i s  t hat res i dua l  n i trate contami nat i on 
remain s  f rom pre-Hanford agri c u l ture operat i on s  nort h  of Gab l e  Mount ai n ( USERDA 1975 ) .  
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TABLE 5 . 7 .  S h i pments of Nuc l ear Materi a l  Assoc i ated w i t h  Operat i on of the PURE X F ac i l i ty,  at a 
3000 MT/yr P rocess i ng R ate 

No. of S h i p- Transport Tota l  D i s-
Materi a l  Form ments /�ear Mode Origi n Dest i n at i on tance l  �r( a )  

I rrad i ated Sol i d  1 1 25  Ra i l c ar N-Reactor PUREX 2 1 , 600 km 
Fuel  ( 13 , 400 m i ) 

(J1 Urany l  N i  trate L i qu i d  630 Truc k PUREX U03 P l ant 5 , 040 km 
I-' Hexa hydrate Tank ( 3 , 130 m i ) 
m Trai l ers 

P l utoni um Sol i d  360 D i esel  PUREX Z P l ant 3 , 33 1  km 
D i ox i de Powder Truc k Storage ( 2 ,070 mi ) 

Urani um So l i d  60 Ra i l c ar U03 P l ant F erna l d ,  OH 230, 400 km 
Ox i de Powder ( 143 ,000 m i ) 

( a ) A l l d i stances  are one-way . 



5 . 1 . 3 . 1  Nonrad i o l og i c a l  Effects o f  Transport at i on 

Gaseous eff l uents wi l l  resu l t  from the transport at i on of nuc l ear materi a l s assoc i ated 
w i t h  the operat i o n  of PURE X / U03 f ac i l i t i es at Hanford . Deta i l ed c a l c u l at i on s  of fue l  
consumpt i on  and resu l tant g aseous po l l utant emi ss i on s ,  not  repeated here , were made for the 
3000 MT/yr c ase ,  assumi ng the n umber of tri ps  est imated in  Tab l e  5 . 7 .  E st imated annual  
d i ese l  fue l  consumpt i on i s  189 ,000 t onsite and 1 , 290 , 000 t off s i t e .  E st imated em i s si ons  
from th i s fue l  consumpt i on tota l ed about 5 .4  MT/yr for p art i c u l ates,  and  11  to 16 MT/yr eac h 
for S02 , CO , hydroc arbon s ,  and NOx ' The envi ronmental  consequences of t hese are 
i ns i g n i f i c ant . 

5 . 1 . 3 . 2  Rad i o l og i c a l  Effects  o f  Transportat i on  

Two sources  of  rad i at i on  exposure f rom transport at i on of  rad i oac t i ve materi a l s are 
assoc i ated w i t h  operat i on of the PUREX / U03 p l ant s :  the exposure f rom the externa l  
penetrat i ng rad i at i on as a resu l t  o f  prox im i ty to  norma l l y  operat i ng transportat i o n  systems ,  
a n d  potent i a l exposure resu l t i ng from rad i onuc l i de re l eases c aused by transport at i on 
acc i d ent s ( tran sportat i o n  acc i d ents  are cons i dered i n  Sec t i o n  5 . 1 . 4 . 5 ) . Bec ause of the 
p hys i c a l  c h aracteri st i c s  of U NH and U03 , no apprec i ab l e  externa l  dose wou l d  be c au sed by 
t he ir  s h i pment . Sh i pment s of Pu02 assoc i ated w i t h  t he PURE X operat i on are made under 
Hanford operat i on a l  procedures  that l im i t  externa l  rad i at i o n  at the surfac e  of the s h i pp i ng 
conta i ner to 5 mrem/hr .  Under normal  operat i ng c ond i t i on s ,  none  of  these s h i pment s wou l d  
c reate any i dent i f i ed occ upat i ona l  o r  pub l i c  rad i at i on hazard . 

5 . 1 . 4  Potent i a l Acc i dent Impacts  

Thi s sec t i on presents t he rad i o l og i c a l  effects  from potent i a l acc i dent s ( abnormal 
operat i ng cond i t i ons ) whose occ urrence i s  cons i dered c red i b l e  i n  the operat i on of the 
PURE X /U03 f ac i l i t i es .  A l so ,  i mpac t s  from potent i al transportat i o n  acc i d ents  for ons i te 
( Sect i on 5 . 1 . 4 . 5 )  and off s i te ( Sect i on 5 . 1 . 4 . 6 )  events are d i sc us sed . P hys i c a l  events of a 
h i g h ly  d i srupt i ve n ature such as meteor i mpac t ,  vo l c an i c  act i on ,  c atastrop h i c  f l ood s ,  etc . 
are not cons i dered s i nce  the effec t s  of the events t hemsel ves wou l d  be far worse than  the 
poss i b l e  rad i onuc l i de re l ease. In add i t i on ,  the p robab i l i ty ( 10-9 to 10-13 /yr) of any 
of these event s occ urri ng i n  the t i me sp an of PUREX / U03 operat i o n  i s  so l ow that det ai l ed 
ana lys i s i s  not cons i dered . Other l es s  c atastrop h i c  n atural  force  acc i dent s suc h  as 
earthquakes,  w i nd and tornados ,  m i nor f l oods ,  and snow l oads are bri ef l y  d i scussed i n  
Sec t i o n  5 . 1 . 4 . 4 .  

The acc i dents cons i dered i n  t h i s  sec t i on are be l i eved to  represent the worst 
consequences t h at wou l d  resu l t from acc i d ents  that cou l d  occ ur i n  the PURE X / U03 
f ac i l i t i es .  The acc i dent scenar i o s  are b ased on  the best avai l ab l e  p roject i o n s  and 
estimat i on s .  These scenar i o s  are not p red i ct i on s  that any one or more of t hese acc i d ents  
wi l l  occ ur i n  the f uture.  The acc i dent s ,  rat her, represent c red i b l e  system acc i dents 
projected from the emp i ri c a l d at a  set from 17  years of prev i ou s  PUREX / U03 experi ence and 
eng i neeri ng  p red i c t i o n s .  B ased on  these d at a ,  t h e  worst acc i dent s ( i n t erms of 
con sequences ) that cou l d  be reason ab l y  postu l ated are analyzed . 

The approac h  used to  deve l op the acc i d ent ana lys i s  and subsequent dose eval u at i on was : 
1 )  to i dent i fy potent i a l acc i dents and re l ease mec h an i sms ,  2 )  to determi ne acc i dents t h at 
cou l d  breac h the rad i o n uc l i d e  c onta i nment systems and cou l d  prov i de  a rad i onuc l i d e  p at hway 
to the b i osp here , 3) to estimate the fract i on of rad i on uc l i des that wou l d  be re l eased , ( t he 
source term) , 4) to  c a l c u l ate doses ( con sequences ) res u l t i ng from the est imated re l ease 
u s i ng estab l i shed c onservat i ve mode l s  as  descri bed i n  t h i s sec t i on ,  and 5) to  cons i der 
s i gn i f i c ant mi t i g at i ng f actors . 

The ana lyses i n  the f o l l owi ng sec t i on s  are be l i eved to prov i de reasonab l e  and c red i b l e  
est imates of the max imum rad i onuc l i de re l ease that cou l d  occur at the PURE X / U03 f ac i l i t i es 
i f  t hese acc i dents were to  occ ur .  

5 . 1 . 4 . 1  Potent i a l Cred i b l e  Acc i dents 

F i ve acc i dents have been sel ected as havi ng potent i a l to resu l t  in  re l at i ve ly  
s i g n i f i c ant popu l at i on doses . Bec au se of adm i n i strat i ve and operat i ona l  contro l s  d e s i gned 
to p revent the i r  occ urrence ,  the probab i l i ty t hat these rad i o l og ic a l  acc i dents wou l d  c ause  
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si g n i f i c ant con sequenc e to the p ub l ic  or the operat i ng staff i s  sma l l .  Neverthe l es s ,  the 
effects  of potent i a l l y  s i g n i f i c ant rad i o l og ic a l acc i dent s must be est imated . No acc i dents 
of s i gn i f i c ance were i dent i f i ed for the U03 f ac i l i ty .  A descri pt ion  of  the dose  model 
u sed and the dose est imates for eac h acc i dent fo l l ow i n  Sect i ons 5 . 1 . 4 . 2  and 5 . 1 . 4 . 3 ,  
respec t i ve ly .  The f i ve rad i o l og ic a l  acc i dents eval uated for off s i te ac ute and c hron i c  doses 
are : 

1 .  D i s so l ut i on of S hort-Coo l ed Fue l  ( worst c ase acc i dent ) --The PUREX d i sso l ver offgas 
system i s  not desi gned to reta i n  short- l i ved f i s s i o n  product gases .  Therefore, 
the acc i dental  d i sso l ut i on of short-coo l ed ( 25 d ays )  fuel e l ement s wou l d  resu l t  i n  
the d i scharge o f  these g ases wi th consequent rel ease of rad i oact i v i ty t o  the 
envi ronment . T h i s  acc i dent was se l ected based on h i storic record s  s i nce  t h i s  type 
of acc i dent actua l l y  occ urred i n  1963 whi l e  PUREX was operat i ng .  Detai l s  of the 
acc i dent assumpt i ons  and potent i a l acc i dent emi ss i ons are presented i n  
Append i x  B .  Append i x  B a l so p rov i de s  add i t i on a l  i nformat i on on the deri vat i on of 
the source term and i sotopes contri but i ng to dose.  A s i ng l e  batc h of acc i denta l l y  
d i sso l ved short-coo l ed fue l  wou l d  d i sch arge about 1 . 9  x 104 Ci of rad i oact i v i ty 
to the atmosp here ( 1 . 0  x 1 04 C i  are 133Xe wh i ch  does not s i g n i f i c ant ly 
contri bute to the dose) . M i t i g at i ng measures have been put  i n  p l ac e  to prevent 
th i s acc i dent from occurri ng and to l es sen i t s  consequenc es i f  it c o u l d  occ ur .  
These measures  i nc l ude adm i n i strat i ve contro l s  at  the N-Reactor bas i n  and 
rad i at i on and heat mon i tori ng to detect  short-coo l ed fuel . 

2 .  Uran i um Meta l  F i re i n  D i sso l ver--Urani um meta l  fue l  i s  assumed to become uncovered 
i n  the d i sso l ver.  The uncovered uran i um metal  spontaneous l y  i g n i tes resu l t i ng i n  
the rel ease of rad i onuc l i des f rom the fue l  i t s e l f  and from the remai n i ng d i sso l ver 
so l ut i on wh i c h  i s  boi l ed off . Detai l s  of the acc i dent and acc i dent source  terms 
are prov i ded i n  Append i x  B .  One uran i um meta l  f i re i nc i dent wou l d  re l ease about 
800 C i  of rad i oact i v i ty ( 740 Ci are 8 5Kr wh ich  c o u l d  be re l eased duri ng normal 
fue l  d i s so l ut i on ) . 

3 .  So l vent F i re i n  H Cel l --The PUREX process  u ses a so l ut i on of tri buty l phosp hate i n  
a norma l paraff i n  hydroc arbon d i l uent ( s imi l ar t o  kerosene)  a s  the organ ic  
extractant . A f i re i n  H c e l l cou l d  occ ur as a res u l t  of  a postu l ated l eak from 
the extrac t i o n  co l umn to  the H c e l l sump . A p ercentage of the rad i onuc l i des 
vapori zed by the f i re wou l d  esc ape t hrough  the  exhaust f i l ter and the stack  to the 
envi ronment . Detai l s  of the acc i dent assumpt i o n s  and acc i dent sourc e  terms are 
provi ded i n  Appen d i x  B .  A s i ng l e  i nc i dent cou l d  re l ease about 11 Ci of 
rad i o act i v i ty to the en v i ronment .  

4 .  Expl o s i on i n  F Cel l--The waste so l ut i on contai n i ng f i s s i on products and ac t i n i des 
undergoes concentrat i o n  and vo l ume reduct i on i n  F c e l l .  Two events c an be 
post u l ated wh i c h  wou l d  i nvo l ve exp l o s i o n s  i n  F c e l l :  1 )  a red o i l exp l os i on i n  
the waste concentrator, and 2 )  a hydrogen exp l o s i on i n  one of the tanks .  The red 
o i l exp l o s i on provi des a greater energy source  term than  the hydrogen exp l os i o n ,  
thereby caus i ng g reater consequenc es .  

The source  terms ( the rel ease of  rad i o act i v ity)  for t h i s  acc i dent resu l t :  1 )  from 
the exp l os i o n ,  2 )  f rom sp i l l ed l i q u i d ,  and 3 )  from entrai nment i n  c i rc u l at i ng 
a i r .  Detai l s  o f  t h e  acc i dent and t h e  acc i dent source  terms are prov i ded i n  
Append i x  B .  A n  exp l os i on i n  F Cel l cou l d  re l ease about 6 C i  of rad i oact i v i ty .  

5 .  Cri t i c a l i ty Acc i dent i n  1BX Co l umn i n  J Cel l--Severa l prec aut i ons  are u sed to 
mon itor p l utoni um concentrat i o n  i n  the 1BX  co l umn .  The assumpt i o n  used for th i s  
acc i dent desc r i pt i on i s  that the p l uton i um concentrat i on i ncreases by 
approx imate ly  a factor of n i ne resu l t i ng i n  a c r i t i c a l i ty event . The c r i t i c a l i ty 
event i s  assumed to cons i st of three 0 . 5  second burst s of lO IS f i s s i on s  eac h ,  
occ urr i ng w i t h i n a 30-mi n ute peri o d .  Add i t i ona l  i nformat i o n  on  t h e  acc i dent 
assumpt ions  and acc i dent sourc e  terms are prov i ded i n  Appen d i x  B .  A c r i t i c a l i ty 
acc i dent c o u l d  re l ease 2 . 7  x 104 C i  of rad i oact i v i ty ( primari l y  xenon i sotopes,  
137Xe and  I jSXe ,  w h i c h  do not contri bute apprec i ab ly  to the dose) . 

Because of operat i o na l  contro l s and adm i n i strat i ve contro l proc ed ures that wou l d  be i n  
p l ace ,  the s i mu l t aneous occ urrence of any of these acc i dents i s  not cons i dered cred i b l e . 
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5 . 1 . 4 . 2  Dose Mode l  Descr i pt i on 

Computeri zed mathemat i c a l  mode l s for s i mu l at i ng the behav i or of rad i on uc l i des i n  the 
env i r onment and for est i mat i ng dose consequences to  human s h ave been devel oped at H anford 
over a per i od of year s .  The u nder l y i ng ass umpt i on s ,  methodo l og i e s ,  and descr i pt i on s  of the 
mode l s used for dose con sequence cal cu l at i on s  for th i s  E I S  are descr i bed i n  Append i x  C .  

5 . 1 . 4 . 3  Dose Con sequences 

Doses were esti mated from each of the f i ve acc i dents desc r i bed i n  Sect i on 5 . 1 . 4 . 1 . For 
each acc i dent , an est i mate of the dose attri butab l e  to  a i r  submers i o n , i nh a l at i on ,  
i ngest i on ,  and ground depos i t i on / g round  s h i n e  h�s been c a l cu l ated . Tab l es 5 . 8  through 5 . 1 3  
p resent t h e  res u l ts of t h e  dose ca l cu l at i on s . ( a ) Both I-ye ar and 70-year doses are shown 
for the max i mum i nd i v i d u a l  and the general  popu l at i on .  

Of the f i ve acc i dents , the  most severe i s  d i sso l ut i on of shortcoo l ed fuel . Th i s  acc i 
d e n t  h as t h e  poten t i al  of res u l t i ng i n  t h e  h i ghest dose to  both the max imum i nd i v i d u a l  and 
the gener al 1§�pu l at i on . ( Tab l e  � . 8 ) . Enforc i ng admi n i strat � ve contro l s  on con sump t i on of 
regi on al l y  I -contam l n ated ml l k  and vegetab l e s  for a perl od of  about 3 months  after the 
acc i dent ( Tab l e  5 . 9 )  wou l d  reQu�e the 70-year max i mum i nd i v i d u a l  thyro i d  dose to 0 . 1 9 rem 
compared to the 10 rem va l ues ( b ) computed i n  Tab l e  5 . 8 w i thout s uch contro l s .  The 
0 . 1 9 rem dose i s  a more real i s t i c  est i mate s i nce such con tro l s wou l d  i mmed i ate l y  be  
i mpl emented if  an acc i dent of th i s  mag n i tude occurred . I n  the computat i on of the dose ,  
c red i t  for  131 1 decrease i n  the PUREX  backup ac i d  absorpt i on tower and  the s i l ver reactors 
was taken . The cal cu l at i o n s  show th at the popu l at i on  dose ( 1  yr re l ease , 70 yr 
accumu l at i on ) wou l d  be reduced from 40 , 000 man-rem to 1500 man-rem by u s i ng admi n i strat i ve 
contro l s .  I n  compar i son , popu l at i on  dose from the average background rad i at i on rate of 
100 mrem/yr ,  wou l d  be about 41 , 700 man-rem/yr ;  the  70-yr dose for  an i nd i v i dua l  wou l d  be  
about 7 rem . W i th adm i n i strat i ve contro l s  the f i rst-year cr i t i cal  organ dose to  the max i mum 
i n d i v i du a l  ( 1 . 9  x 10-1 rem--thyro i d )  wou l d  be approx imate l y  700 t i mes  h i gher than the dose 
from normal PUREX / U03 oper at i on s  ( 2 . 8  x 10-4 rem--thyro i d ) . 

One p r i n c i pa l  reason for se l ect i ng th i s  exampl e as a probab l e  acc i dent i s  that th i s  
type o f  acc i dent actu a l l y  occurred at the PUREX f ac i l i ty i n  196 3 .  The h i stori ca l  acc i dent 
i nvo l ved a charge of appro x i matel y  2 . 7 tons  of i rrad i ated fue l cool ed for o n l y  2 5  days 
rather th an the usual 135 d ays ( u sua l  coo l i ng per i od emp l oyed i n  1963 ) and res u l ted i n  a 
re l ease of 62 Ci  of  3 I ( h a l f- l i fe = 8 d ays ) versus the  postu l ated rel ease of 84 Ci  of 1 3 1 1 for a ch arge of 318  kg ( 700 l b . ) of  25-d ay coo l ed fuel . Thus the con servat i sm i n  the 
dose c a l c u l at i o n s  i s  val i d .  

The fo l l ow i ng new f actors wou l d  l ower s i g n i f i cant l y  the probab i l i ty for recurrence of 
th i s  type of  acc i dent : 

• The fuel  i s  retai ned u nder admi n i strat i ve contro l i n  the N-Reactor bas i n  for a 
m i n i mum of 150 days before sh i pment to PURE X .  

• N-Reactor i s  now t h e  o n l y  poten t i a l  source of short-coo l ed f u e l  at H anford , as 
compared to  8 operat i ng reactors i n  1963 . 

• The reactor fuel  s h i pment  rate w i l l  be reduced from t h at of 196 3 .  

• Mon i tors t o  d etect the h i gher rad i at i on l eve l s  from short-coo l ed fue l s  h ave been 
i nstal l ed at both N-Reactor and PURE X .  

• C ask car thermometers h ave been i nsta l l ed and are mon i to red t o  i nd i cate any 
temperature i ncrease caused by short-coo l ed fue l . 

( a )  Dose  comm i tments were ca l c u l ated on  the b as i s  of an est i mated 1990 popu l at i on of 4 1 7 ,000 
w i th i n  a 80-km rad i u s of the Hanford Meteoro l og i cal  Stat i on .  

( b )  Th i s  i s  dose to adu l t s .  I nfants ( 0-1 ye ars o l d )  wou l d  rece i ve seven t i me s ,  ch i l dren 
( 1-1 1  years o l d )  3 t i mes ,  r�� teenagers ( 1 1-17  years o l d )  1 . 2  t i me s  as much dose to the 
thyro i d  from rad i o i od i ne ( I ) .  

5 . 1 9 
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TABLE 5 . S .  Potent i al Radiat i on Doses ( a ) t o  Members of the General Public, Dis solving Short-Cool ed Fuel  
(Acc i dent I--no mi t i g at i on)  

Max imum I nd i v idual (rem) 

Pathway, Domi nant 
Nuc l i de and Organ 

1-yr Dose! ( b ) 
1-yr Accumu l at i on 

A i r  Submersion (85K r)( e) 

A l l  

I nhal at i on (3HI 129 I ) ( e ) 

Total Body 
Bone 
Lungs 
Thyro id 
GI-LLl  

Ground De�os i t ion ( 129 I ) ( e ) 

A l l  

3 . 8  x 10
-4 

3 . 2 x 10-4 

3 . 5  x 10-4 

3 . 7  x 10
-3 

1 . 8  x 10-1 

9 . 1  x 10
-5 

1 . 4  x 10-8 

I ngest ion (3HI 131 I ) ( e) (vegetables and mi l k) 

2. 3  x 10-2 Total  Body 
Bone 2. 1  x 10-2 

Lungs 5 . 6  x 10
-3 

Thyro i d  9 . 8  x 100 

GI-LL I 1 . 5  x 10-2 

Total s  from a l l Pathwals 
Tot a l  Body 2 .4 x 10-2 

Bone 2 . 2 x 10
-2 

Lungs 9 . 7 x 10-3 

Thyroi d  1 . 0  x 101 

G I-LLl  1 .5  x 10-2 

70-yr Dose! (c ) 
1-yr Accumu l a t i on 

3 . 8  x 10
-4 

3 . 2 x 10-4 

3 . 5  x 10-4 

3 . 7 x 10-3 

1 . 8  x 10-1 

9 . 1  x 10-5 

1 . 4  x 10-8 

2 .4 x 10-2 

2 . 2 x 10
-2 

5. 9 x 10-3 

1 . 0  x 10 1 

1 . 5  x 10
-2 

2 . 5  x 10
-2 

2 . 3  x 10-2 

1 . 0 x 10-2 

1 . 0  x 101 

1 . 5  x 10
-2 

( a ) A l l doses are c a l c u l ated from an acute re lease. ( b) Dose recei ved in one year from an acute re lease in that year. 

70-yr Dose! ( d ) 
70-yr Accumu l at i on 

3 . 8  x 10-4 

3 . 2 x 10-4 

3 . 5  x 10 -'4
" 

3 . 7  x 10-3 

1 . 8  x 10-1 

9 . 1  x 10
-5 

9 . 8  x 10-7 

2 .4  x 10-2 

2 . 2 x 10-2 

5. 9 x 10-3 

1 . 0 x 101 

1 . 5  x 10
-2 

2 . 5  x 10
-2 

2 . 3  x 10-2 

1 . 0  x 10
-2 

1 . 0  x 10 1 

1 . 5  x 10-2 

Po�u l a t i on (man-rem) 

1-yr Dose ! 70-yr Dose! 
1-yr Accumu l at i on 1-yr Accumu l at i on 

3 . 0  x 100 3 .0  x 100 

2 . 6  x 100 2 . 6  x 100 

2 . 8  x 100 2 . 8  x 100 

3 . 0  x 101 3 .0  x 101 

1 . 4  x 103 1 . 4  x 103 

7 . 3  x 10-1 7 . 3  x 10
-1 

7 . 8  x 10-5 7 . 8  x 10-5 

8 .8  x 101 9 . 1  x 101 

8. 1 x 10 1 8 . 3  x 101 

2 . 2 x 101 2 . 3  x 10 1 

3 . 8  x 104 3. 9 x 104 

5 . 7 x 101 5 . 7 x 101 

9 . 4  x 101 9 . 7  x 10 1 

8. 7 x 101 8. 9 x 101 

5 . 5  x 10 1 5 . 6  x 101 

3 . 9 x 104 4 . 0  x 104 

6. 1 x 101 6 . 1  x 101 

(c ) Dose recei ved over a 70-yr l i fet ime from an acute exposure i n  the f i rst year. l dl Accumu l ated 70-yr dose f rom an acute rel ease in the f i rst year, and 70 years '  exposure to res i dual  rad i at i on In the env i ronment . 
e Primary rad i onuc l ides cont r i but i ng to dose . 

70-yr Dose ! 
70-yr Accumu l at i on 

3 . 0  x 100 

, 2 . 6  x 100 

2 . 8  x 100 

3 . 0  x 101 

1 . 4  x 103 

7 . 3  x 10
-1 

5 . 4  x 10
-3 

9 . 1  x 101 

8 . 3  x 101 

2 . 3  x 101 

3 . 9 x 104 

5 . 7  x 101 

9 . 7  x 101 

8. 9 x 101 

5 . 6  x 101 

4 . 0  x 104 

6 . 1  x 101 
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TABLE  5 . 9 .  Potent i al Rad i at i on Doses to Members of the General  Pub l i c  D i s so l v i ng S hort-Coo l ed Fuel  Acc i d ent 1-
w i t h  M i t i g at i on 

Pathway. Domi nant l-yr Oose! 

Doses from Immed i ate and 
MaXimum Ind i v iduf (rem) 

70 70-yr Dose -yr Dose! 
Nuc l i de and Organ !:lr Accumu l at i on l-yr Accumu 1 at i on �r Accumu l at i on 

Air  Submersi on (S5Kr) ( b )  
A l l  

I nha l at i on ( 3H .
129I ) (b )  

Total  Body 
Bone 
Lungs 
Thyro i d  
G l -L L I  

Ground Depos i t i on ( 1291 ) (b) 
Al l 

3 . S  x 10-4 

3 .2 x 10-4 
3 . 5  x 10-4 
3 . 7  x 10-3 
l o S  x 10-1 
9 . 1  x 10-5 

1 .4 x IO-S 

I nge st i on (3H, 131 I ) (b )  ( vegetab les  and mi l k) ( c )  
Total Body 5 . 6  x 10-3 
Bone 1 . 1  x 10-5 
Lungs 5 . 6  x 10-3 
Thyro i d  1 . 1  x 10-2 
G I -LLI  5 .6  x 10-3 

Tot a l s  from a l l  Pathwa�s 
Total Body 6 .3 x 10-3 
Bone 7 .4 x 10-4 

Lungs 9 . 7  x 10-3 

Thyro i d  1 . 9  x 10- 1 

GI -LLI  6 . 1  x 10-3 

3 . S  x 10-4 3 . S  x 10-4 

3 .2 x 10-4 3 . 2 x 10-4 
3 . 5  x 10-4 3 . 5  x 10-4 
3 . 7  x 10-3 3 . 7  x 10-3 
l o S  x 10-1 l o S  x 10-1 
9 . 1  x 10-5 9 . 1  x 10-5 

1 .4 x IO-S 9 . S  x 10-7 

5 . S  x 10-3 5 . S  x 10-3 
1 . 1  x 10-5 1 . 1  x 10-5 
5 . S  x 10-3 5 . S  x 10-3 
1 . 1 x 10-2 1 . 1  x 10-2 
5 . S  x 10-3 5 . S  x 10-3 

6 . 5  x 10-3 6 . 5  x 10-3 
7 .4 x 10-4 7 .4 x 10-4 
9 . 9  x 10-3 9 . 9  x 10-3 
1 . 9  x 10-1 1 . 9  x 10-1 
6 .3 x 10-3 6 . 3  x 10-3 

l-yr Dose! 70-yr Dose/ 70-yr Dose/ 
I-vr Accumu l at i on I-vr Accumu l at i on 70-yr Accumu l at i on 

3 . 0  x 100 3 . 0  x 100 3 . 0  x 100 

2 . 6  x 100 2 . 6  x 100 2 . 6  x 100 

2 . S  x 100 2 . S  x 100 2 . S  x 100 

3 . 0  x 101 3 . 0  x 101 3 . 0  x 101 

1 . 4 x 103 1 .4 x 103 1 . 4 x 103 

7 .3 x 10-1 7 .3 x 10-1 7 . 3 x 10-1 

7 . S x 10-5 7 . S x 10-5 5 . 4  x 10-3 

2 .2 x 101 2 . 2 x 101 2 . 2 x 101 

6 .0 x 10-2 6 . 1  x 10-2 6 . 2 x 10- 1 

2 . 2 x 101 2 . 2 x 101 2 . 2 x 101 
5 . 0  x 101 5 .2 x 101 5 . 3  x 101 

2 .2 x 101 2 . 2 x 101 2 . 2 x 101 

2 . S  x 10 1 2 . S  x 101 2 . 8  x 101 

5 . 9  x 100 5 . 9  x 100 6 . 4 x 100 
5 . 5  x 101 5 . 5  x 101 5 . 5  x 101 

1 . 4 x 103 1 . 5  x 103 1 . 5  x 103 

2 . 6  x 101 2 . 6  x 101 2 . 6  x 101 

( a l Doses are g i ven for acute re l eases ; see footnotes Tabl e  5 . 8  for defi n i t i on s .  
( b Pr imary radi onuc l i des contri buting t o  dose.  
(c )  Ingest i on doses calcul ated assumi ng 3-mon th interd i c t i on (enforc i ng proper admi n i s tr at i ve contro l s  on  consumption of reg i ona l  1 3 1 1 _ 

contaminated m i l k  and vegetab l es for a per i od of 3 months )  of l oca l l y  produced vegetab le  and m i l k  product i on .  
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TABLE 5 . 10 .  Potent i a l Rad i at i on Dose to Members of the Genera l P ub l i c ,  U F i re i n  D i sso l ver ( Ac c i dent 2 )  

Doses from Immed i ate and 
Max lmum In�d""i -vi�d'-u-'a l�("r:·:em) 

P athway, Domi nant 
Nuc1 i de and Organ 

l-yr Dose! 70-yr Dose!" ]U=yr Dose/ 
1-yr Accumu l at i on 1-yr Accumu l at i on 70-yr Accumu l at i on 

A i r  Submersi on (85Kr) ( b )  
A l l  

I nha l at i on ( 106RIJ , 144ce) ( b )  
Total Body 
Bone 
Lungs 
Thyroi d  
G I -LL l  

4 . 1  x 10-5 

3 . 4 x 10-3 
1 . 5 x 10-2 
8 .0  x 10-2 
9 . 0  x 10-5 

3 . 8  x 10-3 

Ground Depos i t i on ( 137Cs) ( b )  
A l l 4 .0  x 10-3 

4 . 1  x 10-5 

6 . 7  x 10-3 
7 . 6  x 10-2 
1 . 1  x 10- 1 
9 . 1  x 10-5 

3 . 8  x 10-3 

4 .0 x 10-3 

I�gest i on ( 137Cs,90Sr ) ( b )  ( vegetab les and mi 1 k) ( c )  
Total Body 3 .4 x 10-2 5 .2 x 10-2 

Bone 2 . 5  x 10-2 5 .4 x 10-2 
Lungs 1 . 5  x 10-2 1 . 9  x 10-2 
Thyro i d  1 . 7 x 10-2 1 . 8  x 10-2 
GI -LLI 3 . 1  x 10-2 3 . 1  x 10-2 

To!...�_s from a l l  Pathways 
Total Body 
Bone 
Lungs 
Thyro i d  
G I  -LLl  

4 . 1  x 10-2 

4 .4 x 10-2 
9 . 9  x 10-2 
2 . 1  x 10-2 

3 . 9  x 10-2 

6 . 3 x 10-2 
1 . 3 x 10-1 
1 . 3 x 10-1 
2 .2 x 10-2 

3 . 9  x 10-2 

4 . 1  x 10-5 

6 . 7  x 10-3 
7 . 6  x 10-2 
1 . 1  x 10- 1 
9 . 1  x 10-5 

3 . B  x 10-3 

1 . 2 x 10- 1 

B . 6  x 10-2 
1 . 7  x 10- 1 
1 . 9  x 10-2 
2 . 0  x 10-2 

3 .4  x 10-2 

2 . 1  x 10- 1 

3 . 7  x 10- 1 
2 . 5  x 10- 1 
1 .4 x 10- 1 
1 . 6 x 10- 1 

3 . 2  x 10-1 

2 . 6  x 101 
1 .2 x 102 
6 .3 x 102 
6 . 9  x 10-1 
2 . 9  x 101 

2 . 1  x 101 

1 . 5  x 102 
1 . 2 x 102 
6 .0 x 101 
6 . 2  x 101 
1 . 1  x 102 

2 .0  x 102 
2 . 6  x 102 
7 . 1  x 102 
8 . 4  x 101 
1 . 6  x 102 

3 . 2 x 10-1 

5 . 2 x 101 
6 .0 x 102 
9 . 0  x 102 
6 . 9  x 10-1 

3 .0  x 101 

2 . 1  x 101 

2 . 4 x 102 
2 . 5  x 102 
7 . 6  x 101 
6 . 6  x 101 
1 . 1  x 102 

3 . 1  x 102 
B . 7  x 102 
1 . 0 x 103 
8 . 8  x 101 
1 . 6  x 102 

70�yr Dosel 
70-yr Accumu 1 at i o� 

3 . 2  x 10-1 

5 .2 x 101 
6 . 0  x 102 
9 . 0  x 102 
6 . 9  x 10-1 

3 .0  x 101 

6 . 2 x 102 

3 .4 x 102 
5 . 9  x 102 
7 . 9  x 101 
7 . 3 x 101 
1 . 2 x 102 

1 . 0 x 103 
1 . 8  x 103 
1 . 6  x 103 
6 . 9  x 102 
7 . 7  x 102 

( a )  Doses are g i ven for an acute re l ease ; see footnotes Tab l e  5 . 8  for defi n i t i ons . 
( b )  Pr imary r ad i onuc 1 i des contr i bu t i ng to dose. 
( c )  Ingest i on doses are pro v i ded assumi ng no admi n i s trat i ve contro l s  on loca l food products . The dose from this p athway cou l d  be reduced 

or e l imi nated through proper contro l s  on f arm products . 
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TABLE 5 . 1 l . Potent i a l Rad i at i on Dose to Members of the General Pub l i c ,  H-Ce l l Sol vent F i re ( Acc i dent 3 )  

P athway, Domi n an t  
Nu c l i de a n d  Organ 

A i r  Submer s i on ( 95Nb, 95Zr) ( b )  

Al l 

I nh a l at i on ( 106R u , 144c e ) ( b )  

Total Body 
Bone 
Lung s 
Thyroi d  
G I -L L I  

2 . 5  x 10-6 

1 . 9 x 10-4 

2 . 0  x 10-3 

1 . 2  x 10-2 

2 . 2  x 10-5 

5 . 5  x 10-4 

Ground De�o s i t i on ( 137c s , 106R u ) ( b )  

1 . 5  x 10-4 Al l 

I ngest i on ( 90Sr ) ( b )  ( vege t ab l es and m i l k ) ( c )  

-3 Total Body 2 . 2  x 10 

8 . 7  x 10-4 Bone 
Lungs 1 . 8 x 10-3 

Thyro i d  2 . 8 x 10-3 

G I -LL I 4 . 4 x 10-3 

Tot a l s from a l l P athwats 
Tot a l  Body 2 . 5  x 10-3 

Bone 3 . 0  x 10-3 

Lung s 1 . 4 x 10-2 

Thyroi d  3 . 0  x 10-3 

G I -LL I 5 . 1  x 10-3 

2 . 5  x 10-6 2 . 5  x 10-6 

7 . 3  x 10-4 7 . 3  x 10-4 

1 . 2  x 10-2 1 . 2  x 10-2 

1 . 7  x 10-2 1 .  7 x 10-2 

2 . 2  x 10-5 2 . 2  x 10-5 

5 . 5  x 10-4 5 . 5  x 10-4 

1 . 5  x 10-4 1 . 9 x 10-3 

3 . 4 x 10-3 1 . 2  x 10-2 

4 . 2  x 10-3 3 . 7  x 10-2 

1 . 9 x 10-3 1 . 9 x 10-3 

2 . 9 x 10-3 2 . 9 x 10-3 

4 . 5  x 10-3 5 . 2  x 10-3 

4 . 3  x 10-3 1 . 5  x 10-2 

1 . 6  x 10-2 5 . 1  x 10-2 

1 . 9 x 10-2 2 . 1  x 10-2 

3 . 1  x 10-3 
4 . 8  x 10-3 

5 . 2  x 10-3 7 . 6 x lO-3 

a )  Do ses are g i ven for an acute re l ea s e ;  see footnotes Tab l e  5 . 8 for defi n i t i on s .  

2 . 4 x 10-2 2 . 4 x 10-2 2 . 4 x 10-2 

1 . 8 x 100 7 . 0  x 100 7 . 0  x 100 

1 . 9  x 101 1 .  2 x 102 1 . 2  x 102 

1 . 1  x 102 1 . 6  x 102 1 .  6 x 102 

2 . 0  x 10-1 2 . 0  x 10-1 2 . 0  x 10-1 

5 . 3  x 100 5 . 3  x 100 5 . 3  x 100 

9 . 3  x 10-1 9 . 3  x 10-1 1 . 2  x 10 1 

1 . 1  x 101 1 . 6  x 101 4 . 7  x 101 

4 . 4 x 100 2 . 1  x 101 1 .  3 x 102 

8 . 0  x 100 8 . 6  x 100 8 . 6  x 100 

1 . 3  x 10 1 1 .  3 x 101 1 .  3 x 101 

1 . 8  x 10 1 1 . 9  x 10 1 2 . 1  x 10 1 

1 . 4 x 10 1 2 . 4 x 10 1 6 . 6  x 101 

2 . 4 x 101 1 . 4 x 102 2 . 6  x 102 

1 . 2  x 102 1 . 7  x 102 1 .  8 x 102 

1 . 4 x 10 1 1 . 4 x 10 1 2 . 5  x 10 1 

2 . 4 x 101 2 . 5  x 10 1 3 . 8 x 10 1 

b )  P r i mary radi onuc l i de s  con t r i b ut i ng to dose . 
c )  Inge s t i on doses are provi ded a ssuming no adm i n i s t r at i ve contro l s  on local  food product s .  The dose f rom th i s  p athway cou l d  b e  reduced 

or e l i mi nated thro�gh proper contro l s  on farm product s .  
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TABLE  5 . 1 2 .  Potent i a l  Rad iat i on Dose t o  Members o f  t h e  General P ub l i c ,  F-Cel l Exp l os i on (Acc i dent 4 )  

Doses from lmlledi ate and 
--- -- Maximum I nd i v i du a l  (rem) 

Pathway. Domi nant l-yr Dose! 70-yr Dose! 70-yr Dose! 
Nuc l i de and Organ 1-yr Accu�u l at i on 1-yr Accumul at i on 70-yr Accumu l at i on 

Air' Submer s i on ( 106Ru, 95Nb) ( b )  
1 . 5  x 10-6 A l l  

I nhal at i on ( 106Ru) ( b) 
Total  Body 
Bone 
Lungs 
Thyro i d  
GI -LLI 

7 . 5 x lO-5 
7 . 3 x 10-4 
1 . 3 x 10-2 
5 . 9  x 10-6 
6 .3 x 10-4 

Ground Depos i t i on (106Ru,137Cs) ( b )  
B .2 x 10-5 A l l  

1 . 5  x 10-6 

1 . 3  x 10-4 
1 . 5  x 10-3 
1 . 9  x 10-2 
5 . 9  x 10-6 
6 .3 x 10-4 

8 .2 x 10-5 

I ngest i on (90Sr,3H,106Ru) ( b )  ( vegetabl es and m i l k) ( c )  

2 .3  x 10-2 2 . 5  x 10-2 Total  Body 
Bone 2 . 1  x 10-4 7 . 9  x 10-4 
Lungs 2 .3  x 10-2 2 .4 x 10-2 
Thyro i d  2 . 3 x 10-2 2 .4 x 10-2 
GI -LLI 2 . 8  x 10-2 2 . 9  x 10-2 

Tot a l s  from a l l  Pathways 
Tota l  Body 2 . 3 x 10-2 2 . 5  x 10-2 
Bone 1 .0 x 10- 3 2 .4 x 10-3 
Lungs 3 . 6  x 10-2 4 . 3  x 10-2 
Thyro i d  2 . 3  x 10-2 2 .4 x 10-2 
G I -LLI  2 . 9  x 10-2 3 . 0  x 10-2 

1 . 5  x 10-6 

1 . 3 x 10-4 
1 . 5  x 10-3 
1 . 9  x 10-2 
5 . 9  x 10-6 
6 . 3  x 10-4 

2 .2 x 10-4 

2 . 6  x 10-2 
6 . 6  x 10-3 
2 .4 x 10-2 
2 .4 x 10-2 
2 . 9  x 10-2 

2 . 6  x 10-2 
8 . 3 x 10-3 
4 . 3  x 10-2 
2 .4 x 10-2 
3 .0 x 10-2 

• vI::: .... . ... - • ""..  � ... -. .  
l-yr Dose! 70-yr Dose! 70-yr Dose! 

1 -vr Accumu l at i on 1-yr Accumu l at i on 70-yr_Accumu I at i Q.f! 

1 . 3 x 10-2 1 . 3 x 10-2 1 . 3  x 10-2 

6 . 5  x 10-1 1 . 1  x 100 1 . 1  x 100 
6 .4 x 100 1 . 3  x 101 1 . 3  x 101 
1 . 2 x 102 1 .  7 x 102 1 .  7 x 102 
5 .2 x 10-2 5 .2 x 10-2 5 . 2 x 10-2 
5 . 5  x 100 5 . 5  x 100 5 . 5  x 100 

4 . 8  x 10-1 4 . 8  x 10-1 1 . 3 x 10° 

9 . 5  x 101 1 .0 x 102 1 . 1  x 102 
8 . 4 x 10- 1 3 . 3  x 100 2 . 2 x 101 
9 . 5  x 101 9 . 9  x 101 9 . 9  x 101 
9 . 5  x 101 9 . 9  x 101 9 . 9  x 101 
1 . 1  x 102 1 . 1  x 102 1 . 1  x 102 

9 . 6  x 101 1 . 0  x 102 1 . 1  x 102 
7 . 7  x 100 1 . 7  x 101 3 . 6  x 101 

2 . 2 x 102 2 . 7  x 102 2 . 7  x 102 
9 . 6  x 101 1 .0 x 102 1 . 0  x 102 
1 . 2 x 102 1 .2 x 102 1 . 2 x 102 

1 a l Doses are g i ven for an acute re l ease ; see footnotes Tab l e  5 . 8 for def i n i t i on s .  
b Pl" imary rad i onuc l i des contr i but i ng to dose .  

( c )  Ingest ion doses are provi ded assuming no  admi n istrat i ve contro l s  on  l oc a l  food products . The dose from th i s  pathway cou l d  be reduced or 
e l imi nated through proper contro l s  on f arm products . 
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TABLE 5 . 13 .  Potent i al Rad i at i on Dose to Members of the General P u b l i c ,  Cri t i c al i ty i n  P roc ess Cel l ( Acc i dent 5 )  

Pathway, Domi nant 
Nuc l i de and Organ 

Air  Submers i on ( 137Cs from 137Xe )
( b) 

A l l  8 . 1  x 10-4 

]nhal a t i on (137Cs from 137Xe) ( b) 
Tota l  Body 
Bone 
Lungs 
Thyroi d  
GI -LLl  

1 .0 x 10-4 
2 . 1  x 10-3 
2 . 1  x 10-3 
1 .4 x 10-2 
1 . 5  x 10-4 

Ground Depos i t i on ( 134 I , 13 3I ) ( b ) 
A 1 1  2 . 3 x 10-4 

8 . 1  x 10-4 

1 . 0 x 10-4 
2 . 1  x 10-3 
2 . 1  x 10-3 
1 .4 x 10-2 
1 . 5  x 10-4 

2 .3 x 10-4 

Inge s t i on (13 1 I ,89Sr) ( b) (vegetabl es and m i l k) ( c ) 
Total Body 3 . 7  x 10-4 3 . 9  x 10-4 
Bone 2 . 1  x 10-3 2 . 6  x 10-3 
Lungs 5 .3 x 10-7 9 . 9  x 10-7 

Thyroi d  1 . 7  x 10- 1 1 . 7  x 10- 1 

GI -LLI  9 .9  x 10-4 9 . 9  x 10-4 

Tot a l s  from a l l  Pathways 
Total Body 
Bone 
Lungs 
Thyroi d  
GI -LLI  

1� l 

1 . 5  x 10- 3 
5 . 2 x 10-3 
3 . 1  x 10-3 
1 . 9  x 10- 1 

2 .2 x 10-3 

1 . 5  x 10-3 
5 . 7  x 10-3 
3 . 1  x 10-3 
1 . 9  x 10-1 

2 .2 x 10-3 

8 . 1  x 10-4 

1 . 0  x 10-4 
2 . 1  x 10-3 
2 . 1  x 10-3 
1 .4 x 10-2 
1 . 5  x 10-4 

2 . 5  x 10-4 

3 . 9  x 10-4 
2 . 6  x 10-3 
1 . 1  x 10-6 
1 . 7  x 10- 1 
9 . 9  x 10-4 

1 . 6  x 10-3 
5 . 8  x 10-3 
3 .2 x 10-3 
1 . 9  x 10- 1 

2 . 2 x 10-3 

and Lon 

4 .8  x 10- 1 

3 . 3 x 10-1 
8 .4 x 10° 
6 .4 x 10° 
3 . 8  x 101 
5 . 3 x 10-1 

6 . 3 x 10- 1 

5 . 5  x 10- 1 

3 . 9  x 10° 
1 . 4 x 10-3 
2 . 5  x 102 
1 . 3 x 10° 

2 .0 x 10° 
1 .3 x 101 
7 . 5  x 10° 
2 . 9  x 102 
2 . 9  x 10° 

4 . 8  x 10- 1 

3 . 3 x 10-1 
8 . 4 x 10° 
6 . 4 x 10° 
3 . 8  x 101 
5 . 3 x 10- 1 

6 . 3 x 10- 1 

6 .0 x 10- 1 

4 . 7  x 10° 
2 . 5  x 10-3 
2 . 6  x 102 
1 . 3 x 10° 

2 . 0  x 10° 
1 .4 x 101 
7 . 5  x 10° 
3 . 0  x 102 
2 . 9  x 10° 

O-yr Dose/ 
70-yr Accumu l at i on 

4 .8  x 10- 1 

3 . 3 x 10-1 
8 .4 x 10° 
6 .4 x 10° 
3 . 8  x 101 
5 .3 x 10-1 

6 . 8  x 10-1 

6 . 0  x 10-1 

4 . 7  x 10° 
2 . 7  x 10-3 
1 . 6  x 102 
1 . 3 x 10° 

2 . 1  x 10° 
1 . 4 x 101 
7 . 6  x 10° 
2 .0 x 102 
3 .0 x 10° 

( c ) 

Doses are g i ven for an acute re l ease;  see footnotes Tabl e  5 . 8  for defi n i t i on s .  
Primary radi onuc l i des contri buti ng to dose . 
I ngest i on doses are pro v i ded assuming no admi n is trat i ve contro l s  on l oca l  food products . 
through proper contro l s  on f arm products . 

The dose from t h i s  pathway cou l d  he reduced or e l i m i nated 



Dose consequences from a potent i al uran i um f i re i n  a d i sso l ver ( Tab l e  5 . 1 1 )  genera l l y  
rank second i n  severi ty .  For  purposes of compar i son , the dose  to the  off s i te max imum 
i nd i v i d u a l  i s  l es s  than  the perm i ss i b l e  quarter ly  dose for persons rout i ne ly emp l oyea i n  
rad i at i on-rel ated work . The f i rst-year cri t i ca l  organ dose t o  the maximum i nd i v i dua l  ( 2 . 1  x 
10-2 rem--thyro i d )  wou l d  be approx imate ly  100 t imes h i gher than the dose from normal 
PUREX / U03 operat i on s  ( 2 . B  x 10-4 rem--thyro i d ) . 

The other three acc i dents resu l t  i n  m i nor offs i te doses to the max imum i nd i v i dua l  and 
the general pub l i c  (Tab l es 5 . 1 1 ,  5 . 1 2 ,  and 5 . 1 3 ) . 

The rad i at i on dose to man from i ngest i on ,  i nha l at ion ,  or external  exposure to spec i f ied 
quant i t i es of rad i onuc l i des were cal c u l ated u s i ng s tandard procedures desi gned to ass ure 
that dose i s  not underest imated ( see Append i x  C ) .  The rel ati on s h i p  of dose to "heal t h  
effects"  i s  n o t  wel l defi ned . Al though the dose r ate i s  l ow ,  t h e  popu l at i on exposed i s  
l arge and the resu l t i ng pop u l at ion  dose i s  l arge .  The uncerta i nt i es i nvol ved i n  u s i ng 
hea l th effects d ata from h i gh dose and h i gh dose rate exposures to estimate the effects for 
l ow doses and l ow dose rates are d i scussed in Append i x  C .  Because of these uncert a i nt i es , 
the rel at i onsh i p  between l ow rad i at i on exposures and hea l th effects i s  estimated and i s  
expressed as a range of val ue s .  The l ower e n d  of t he  range may be cons i dered more 
appropr i ate for compar i son w i th the est imated r i s k s  from other i ndustr i a l techno l og i es .  The 
upper range may be more appropri ate for rad i at i o n  protect ion con s i derat i o n s . ( a ) The 
e st i mated hea l th effects from rout i ne  operat i on of the PUREX / U03 p l ants , from the 
potent i al worst case operat i n g  ac c i dent at the PUREX p l ant and from natural background are 
compared i n  Tab l e  5 . 14 .  The rad i o l og i ca l  hea l th effects data  i nc l ude the est imated present 
generat i on fatal c ancers and genet ic  effects i n  f uture generat i on s  ( see T ab l e C . 2 ,  
Append i x  C ) .  

TABL E 5 . 1 4 .  Compar i son o f  Heal th Effects from Rout i ne Operat ion  and Potent i a l 
Operat i ng Acc i dents for PURE X / U03 Operat i on s ( a ) 

Total Body Dose 
Background Rad i at i on 4 . 2  x 104 man-rem/yr( b )  

1 . B  x 102 man-rem( d )  

Hea l th Effects  
4-3 3 

Rout i ne PUREX /U03 
Operat i ons ( C ) 

d 

Worst Case Operat i ng Acc i dent 
( no m i t i gat i o n )  9 . 7  x 101 man-rem( e ) 

2 . B  x 101 man-rem( e ) 
d 

es sent i a l l y  zero ( w i th m i t i g at i on )  

( a )  

( b )  

( c )  

( d )  
( e ) 

The range of 100-BOO heal th effects  per 1 x 106 man-rem for total -body expo sure ( see 
Append i x  C )  was used to est imate heal th  effects . 
As sumes a 1 990 pop u l at i on of 417 , 000 and an annual  b ackground rad i at i on rate of 100 
mrem/yr . 
For the a l ternati ves of e i ther con struct i ng a new fuel  proces s i ng p l ant at Hanford or 
process i n g  fuel at SRP , the heal th effects  from rout ine operat i ons  are est imated to be 
l es s  than one . I t  i s  est imated th at between 0 and 3 hea l th effects wou l d  res u l t  from 
the dose to the general pub l i c  and crew from rout i n e  transport of N-Reactor fue l  to SRP . 
Th i s  dose assumes a 1 6-yr rel ease and 70-yr accumu l at i on .  
Th i s  dose assumes a 70-yr accumu l at i o n .  

5 . 1 . 4 . 4  Impacts of Natural Forc e Acc i dents 

Recent stud i e s  h ave been performed to eval uate the res i st ance of the P UREX p l ant to 
earthquake,  w i nd and tornado, f l oods , s now l oad s ,  and stresses to foundat i ons . These 
stud i es show that of the natural forces eval uated , on ly  a se i sm i c  event or a tornado has the 
potent i a l to d i srupt operat i o n .  

( a )  The l ower e n d  o f  the range i s  more representat i ve o f  actua l  r i s k s .  T h e  upper e n d  o f  the 
range is more a conservat i ve esti mate of r i s k ,  and therefore s u i tab l e  for rad i at i on 
protect i on standards and g u i de l i ne s .  
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Sei smic  analyses eval uated the potent i a l  eff ects  on the PUREX p l ant for both the 0 . 10 g 
Hanford Reg i ona l  H i stor i c a l  Earthquake and t he 0 . 25 g Safe  Shutdown Earthquake . These 
analyses i nd i c ate that t he PUREX f ac i l i ty wou l d  be damaged by ground acc e l erat i ons of 0 . 10 g 
or g reater ( B l ume et a l .  1976a, b ;  1977 ;  1981a, b ) . I t  was determ i ned that i n  the event of a 
damag i ng earthquake,  the potent i a l  sources  for major radi onuc l i de rel eases wou l d  be from a 
uran i um meta l  f i re i n  a d i sso l ver or a sol vent f i re i n  the ce l l s . As i nd i c ated i n  
Tab l e  5 . 1 5  upg rad i ng sei smic  resi st anc e of the f i re suppress i on system , and the drown tanks 
to ensure that the system is acc essi b l e  and func t i onal  in  the event of a damag i ng earthquake 
wou l d  s i gn i f i c antly  reduc e the potent i a l  dose to the  max imum i nd i vi dua l . Based on the 
resu l t s  of the sei smic  analys i s ,  the Dep artment of Energy has determi ned that these upgrades 
wou l d  be made pri or to op erat i on of the PUREX fac i l i t i es .  

The  potent i a l dose to the  max imum i nd i v i dua l  res u l t i ng f rom tornado damage  i s  s hown i n  
Tab l e  5 . 15 . S i nc e  the potent i a l  dose i s  sma l l and the probab i l i ty of a damag i ng tornado i s  
ext reme ly l ow ( s i x  c hanc es i n  a mi l l i on for any g i ven year , USERDA 19 7 5 ,  p .  I I . 3-E-2 3 ) , no 
upgrades to mi t i gat e  tornado damage at the PUREX fac i l i ty are cons i dered nec essary . 

5 . 1 . 4 . 5 Post u l ated Transportat i on Acc i dent s 

Onsite  transportat i on of i rrad i ated N-Reac tor fuel , p l uton i um d i ox i de,  and uranyl 
n i trate hex ahydrate i s  requ i red for PUREX /U03 operat i ons .  The uran i um ox i d e  ( U03 ) 
p roduct i s  sh i pped off s i t e .  Even though acc i dents i nvo l v i ng these ons i te s h i pment s are 
hi g h ly un l i ke ly,  an est i mate has been made of what i s  cons i dered to be the worst acc i dent 
t hat cou l d  occ u r .  

O n s i t e  I rrad i ated Fue l  Shipment Acc i dent . Th i s post u l ated acc i dent assumes that a 
l oaded N-Reactor fue l c ask  car  i s  i nvol ved i n  a co l l i s i on wi th  a petro l eum fue l  tran sport 
truck at the rai l c ross i ng near the northwest corner of the 200 E ast Area. The tot al  wei g ht 
of car,  cask ,  i rrad i at ed fue l , and wat er i s  app rox imate ly  182 , 000 kg ( 400 , 000 l b )  mak i ng i t  
un l i ke ly  that a broad s i d e  impact  by t h e  truck wou l d  overturn t h e  rai l c ar ,  b u t  the impact 
cou l d  c ause dera i lment w h i c h  cou l d  then be fo l l owed by overturni ng of the cask .  Forc es 
re s u l t i ng from the c ask overturn i ng ,  p l u s the we i g ht of the l i d ,  and the we i g ht of fuel  
( 2 , 700 kg or 6 , 000 l b )  in  the c ask were est imated to be great enough to cause at l east one 
of the l i d  hasp s to  f ai l ,  w ith  the res u l t  that the l i d wou l d  open and some of the fue l  
e l ement s sp i l l  to the g round ( RHO 1979 ) . 

For the p urpose of th i s acc i dent analys i s ,  the assumpt i on i s  made that some of the fuel  
e l ement s wou l d  burn as the resu l t  of  l oss  of water f rom the c ar we l l  and  c ask fo l l owed by 
immers i on i n  burn i ng gaso l i ne or d i esel f ue l  from the truc k .  A l so ,  90 kg ( 0 . 1  ton ) of the 
fuel is ass umed to burn i n  1 hour before the f i re is ext i ng u i shed . R adi onuc l i des wou l d  be 
re l eased d i rec t l y  i nto the envi ronment at the scene of the co l l i s i on .  

Based o n  assumpt i ons o f  rad i onuc l i d e sourc e  t e rm ,  part i c l e  s i zes o f  t h e  rad i onuc l i de 
oxi des formed i n  the f i re, rates of suspen s i on and d i spers i on of the part i c l es i n  the 
t hermal p l ume , meteoro l og i c a l  cond i t i on s  and other var i abl es ,  est imates of rad i at i on doses 
were made ( RHO 1979 ) . The dose to the max imum i nd i v i dua l  ( offsi te)  i s  approx imately  2 rem 
( l ung s )  wh i c h  i s  l es s  than the 5 rem des i gnated as l i mi t s  set by the Federal government  for 
rad i at i on workers ( DOE 5480 . 1A ) . An acc i dent of t h i s  mag n i tude wou l d  have seri ous 
consequenc es ons i t e  i nc l ud i ng h i gher doses to on s i t e  personnel  and s i g n i f i c ant l and 
c ontami nat i on .  Sourc e  terms for t h i s  acc i dent are presented i n  Append ix  B, Sec t i on B . 2 . 6 .  

Adm i n i strat i ve c ontrol s make the occ urrenc e of t h i s acc i dent ex treme ly u n l i ke ly .  
P resent contro l s reg u l ate tra i n  sp eeds at  rai l c ros s i ng s ,  and  requ i re fue l  tran sport truc k s  
t o  stop a t  a l l rai l c ross i ng s .  A l s o  traff i c  i s  stopped a t  al l rai l cros s i ng s  duri ng rai l 
transport of N-Reac tor f uel . A c o l l i s i on w i t h  a truc k not c arry i ng petro l eum fuel s has  a 
f ar l ess chanc e of c au s i ng the fue l  e l ements to burn and wou l d  c ause  an apprec i ab l y  smal l er 
re l ease ( RHO 1979 ,  p I I I-54 ) . W i th enforc ement of c ontro l s , t h i s acc i dent i s  not cred i b l e . 
E ven w ithout adm i n i strat i ve contro l s  the probabi l i ty of any acc i dent i n vo l vi ng the 
transport at i on of i rrad i ated N-Reac tor fue l  to PUREX i s  l ow .  The probab i l i ty of occ urrence 
of an acc i dent of the typ e desc ri bed above i s  even l ower . The p robab i l i ty that t h i s  
acc i d ent wi l l  occ u r  i s  est i mated by mu l t i p ly i ng the probab i l i ty that the c ask c ar wi l l  be 
i nvol ved in an acc i dent ( 8  x 10-5 per sh i pment ) by the probab i l i ty that the acc i dent wi l l  
i nvo l ve f i re ( 0 . 0 16 per s h i pmen t )  ( Denn i s 1978 ) and the probab i l i ty that the f i re wi l l  l ast 
one hour ( 0 . 2  per sh i �ment ) ( Denn i s 1978 ) . Th i s y i e l d s  a max imum f requency for thi s 
acc i dent of 2 . 6  x 10- per sh i pment or one acc i dent i n  about 4 mi l l i on s h i pment s .  
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TABLE 5 . 15 .  L i fet i me Dose to  t h e  Max imum I n d i v i d u a l  Due t o  Postu l ated Natural  
F orces Acc i dents Compared to  Dose from Normal Operat i on s  

Res u l t i ng from Normal 
Sei smi c  D amage Resu l t i ng PUREX / U03 

W i thout W i t h  from Tornado Operat i ons  
Upg rades Upgrades D amage ,  W i t hout 16-yr Re l ease 

Affected Organ ( rem) ( rem� U�grades {rem� 70-Xr Acc umu l at i o n  
Tota l  Body 36  5 . 0  1 2 . 2  x 10-3 

Bone 190 55 4 7 . 4  x 10-3 

L u ng 6 5  1 7  1 6 . 3  x 10-4 

O n s i te Pu02 Sh i�ment Acc i dent . P l uton i um ox i de s h i pment s o n s i te  are conducted w i t h  
g reat c are. The probab i l i ty of an  acc i dent i s  very l ow.  Dou b l e-c anned p l uton i um d i ox i d e  i s  
sh i pped ons i te  by truck i n  a Dep artment of Transport at i on approved contai ner.  Thi s  s h i pp i ng 
i s  conducted u nder contro l l ed cond i t i on s  wi th  extens i ve superv i s i o n  and sec ur ity 
precaut i on s .  N uc l ear cri t i c a l i ty safety i s  mai ntai ned by safe g eometry of the contai ners . 

A p l uton i um ox i d e  s h i pment i s  very u n l i ke ly  to  be i nvo l ved i n  an acc i dent of the 
mag n i tude descr i bed for N-Reactor fuel . Convoy transport mi n im i zes the c hance of 
i nterference of other veh i c l es .  I n  the analys i s presented i n  DOE / E I S-0046 ( USDOE 1980a, 
Sect i o n  7 . 4 . 1 ) ,  it was determi ned that no c red i b l e  P U02 re l ease from t h i s type of acc i dent 
c o u l d  occ ur ;  therefore, t here wou l d  be no consequences .  

Ons ite  UNH  Sh i�ment Acc i dent . U NH has been s h i pped at the rate of about 133 s h i pments 
p er year for seventeen years ( 2261 s h i pment s ) . O n ly  one mi nor acc i dent w i t h  a sma l l sp i l l  
of U NH has occ urred duri ng these s h i pment s .  The upper bound on the probab i l i ty of an 
acc i dent i s  5 . 2  x 10-4 per s h i pment , or one acc i dent i n  1740 s h i pment s .  Rad i oact i v i ty 
l eve l s  of U NH are very l ow.  L arge quant i t i es of UNH  wou l d  have to  enter the body and be 
retai ned there to  resu l t  i n  an apprec i ab l e  rad i at i on exposure.  No  acc i dent mec han i sms c an 
be foreseen that wou l d  produce the cond i t i on s  that wou l d  be requ i red for t hese l arge 
acc umu l at i ons  of UNH to occ ur .  

Off s i te U03 Sh i�ment Acc i dent . Uran i um ox i de powder i s  l oaded i nto hoppers at the 
U03 P l ant . Ten hoppers are sec ured on  a f l at bed rai l c ar ,  whi c h  i s  then transported 
off s i te .  T he  rai l c ar becomes part of  a fre i g ht trai n a n d  i s  de l i vered to N at i on a l  Lead , 
Fern a l d ,  O h i o .  

Sand i a  ( 1978 )  h a s  est imated fre i g ht tra i n  acc i dent rates .  "Acc i dent " as used i n  t he i r  
ana lys i s i nc l udes  event s assoc i ated w i t h  t h e  operat i o n  or  movement of trai n s ,  l oc omot i ves ,  
or c ars that res u l t  i n  rai l road equi pment , trac k ,  or roadbed d amage i n  excess  of  $750 . 
U s i ng th i s  def i n i t i on of acc i d ent , the fre i ght  trai n acc i dent rate i s  1 x 10-5 acc i dent 
per mi l e . 

Urani um ox i de wou l d  be s h i pped a total  of 230 , 400 km/yr ( 143 , 000 m i /yr i n  60 separate 
s h i pments ) .  The acc i dent rate  for frei g ht tra i n s  trave l i ng t h i s d i st anc e i s  1 . 4 /yr . 
About 12 c ars on the average are i nvo l ved i n  any derai l ment . Derai lments account for over 
80 perc ent of the acc i dent s and th i s proport i on c an be used to  est imate the acc i dent rate of 
the rai l c ar c arryi ng the U03 . Th i s rate i s  0 . 07 /yr , 3 . 0  x 10-3 p er sh i pment or one 
acc i dent i n  335 s h i pment s .  L e s s  than 1 0  percent o f  these acc i dent s wou l d  be expected to  
re l ease any U03 from the hoppers .  E ven i f  an acc i dent to the rai l c ar d i d  occ ur and  the 
U03 were sp i l l ed ,  no  rad i o l og i c a l  consequences are expected . A rec ent study of the ri sks  
of tran sport i ng uran i um ore concentrates ( w h i c h  are primari ly  U03 ) found that no p ub l i c 
consequences wou l d  res u l t  i n  a severe acc i dent that rel eased severa l  thou sand pounds of 
U03 ( Geffen 1981 ) .  

5 . 1 . 4 . 6  Im�act s  o f  Tran s�ort i ng S�ec i a l  Nuc l ear Materi a l s Off s i te 

The spec i a l nuc l ear materi a l s  extracted from proces s i ng of i rrad i ated f ue l s  are s h i pped 
to  vari ou s l oc at i ons  i n  the c ountry to  be u sed for n at i on a l  defense and researc h  p urposes . 
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The envi ronmental c onsequenc es f rom transport at i on of p l uton i um ox i de resu l t i ng from the 
op erat i on of the PUREX p l ant wou l d  be brac keted by t hose addressed i n  the U . S .  N uc l ear 
Reg u l atory Commi s s i on F i na l  Env i ronmental  St atement on the Trans ort of R ad i oac t i ve Mater i a l  
by A i r  and Ot her Modes an l n  a report , he nv i ronmenta Aspects  of 
Commerc i al Rad i oact i ve Waste Management ( USDOE 1980a ) .  Transport of p l utoni um i s  an ongo i ng 
operat i o n ,  i ndependent of the operat i on of the PUREX p l ant . P l uton i um ox i de f rom p rev i ous 
produc t i on c ampai gns i s  present ly  stored i n  the Z-P l ant and i s  sh i pped off s i t e  as needed . 
Therefore the consequences wi l l  not be re-ex ami ned i n  detai l here . 

I n  the analys i s  performed by NRC , severa l seri ous acc i dent s were post u l ated and the 
rel ease of rad i oact i ve materi a l  was ass umed . However , the con sequenc es of most events were 
determi ned to be not severe . The most seri ous post u l ated acc i dent resu l t s  i n  one early 
f ata l i ty and exposure of 60 p ersons to  s i g n i f i c ant l eve l s  of rad i at i on .  The p robab i l i ty of 
s uch  an event was esti mated to be l ess  than 3 x 10-9 /yr for s h i pp i ng rates  in 1975  and i s  
expected t o  decrease f u rther due t o  more stri ngent s h i pp i ng requ i rements wh i c h  have been 
i n i t i ated or are p l anned ( s ee USNRC 1977  for det a i l ed d i sc u s s i on ) . 

5 . 1 . 4 . 7 H i stor i c a l  Acc i dent s 

Acc i dent s ,  or abnormal  operat i ons ,  are def i ned as event s wh i c h  res u l t  f rom the 
ma lfunct i on of system s ,  imp roper operat i ng cond i t i ons or operator error . A vari ety of 
acc i dents have occ urred duri ng the 17 operat i onal  years of the PUREX p l ant , U03 p l ant , 
Z-P l ant ( a) wh i c h  have res u l ted i n  rad i o l og i c a l  and nonrad i o l og ic a l  impacts  bot h ons ite  
offs i te .  As  desc ri bed i n  Sec t i on 5 . 1 . 4 ,  the worst c ase potent i a l  acc i dent was  mode l ed 
an acc i dent wh i c h  actua l l y  occ urred at the  PUREX p l ant when i t  was operat i ng i n  1963 . 
rad i o l og i c a l  i mp acts  of t hese acc i dents to the general p ub l i c  have been i ns i g n i f i c ant ; 
exposure of PUREX p l ant workers has been l ow as descri bed be l ow. 

and 
and 
�tff 
The 
the 

Acc i dent s or abnorma l  operat i ons whi c h  have occ urred at Hanfo rd c an be g rouped i nto  s i x  
c ategori es ( def i ned i n  Append ix  B ) ; 

• breach of c ontai nment 
• conf i nement barri er f ai l ure, c omp romi se or c i rc umvent i on 
• uncontro l l ed chem i c a l  reac t i ons  
• nuc l ear safety comp romi se 
• extri n s i c  occ urrenc es affect i ng p l ant operat i on 
• i ndustr i a l  hazard s .  

A number o f  f ue l  process i ng acc i dents i nvo l v i ng workers and nuc l ear rad i at i on have been 
h i storica l ly  rec orded at the Hanford S i t e  ( H awk i n s 1980a) . No major  acc i dent s have occ urred 
i n  the PUREX f ac i l i ty and the h i stor i c a l  d ata  are ment i oned on ly  as ex amp l es of past 
acc i dent s .  

I n  over 3 0  years o f  Hanford f u e l  p roc ess i ng operat i ons ( REDOX , PUREX ,  etc . ) ,  o n l y  four 
fuel  p roc ess i ng emp l oyees have rece i ved more than the max i mum perm i ss i b l e  body burden of 
p l uton i um ,  pri mari l y  f rom i nhal at i o n .  Of these four emp l oyees ,  two rece i ved between 1 and 
2 body burden s ,  one rec ei ved between 2 and 3 body burden s ,  and one rece i ved between 10 and 
15 body burdens of p l uton i um .  There have been no c l i n i c a l l y  d i agnosed effects  f rom these 
exposures . 

D uri ng the ear ly  years of f ue l  process i ng at Hanford i n  the period spanni ng the REDOX 
p rocess and the ear ly  years of the PURE X proc e s s ,  occ as i on a l  prob l ems were encountered w i t h  
re l ease of rad i oac t i ve p art i c u l ate  matter from the t a l l ( 6 1  m)  st ac k s .  These were overc ome 
by des ign  and operat i ona l  p roced ure mod i f i c at i on s .  Sand o r  deepbed f i berg l ass  f i l ters were 
i nstal l ed i n  the ex haust systems ( see Sec t i on 3 . 1 . 2 . 1 )  to remove sma l l rad i oac t i ve 
part i c l es .  S i l ver reactors ( see Sec t i on A . l . 5 . 4 )  were i nstal l ed and  f ue l s were coo l ed for  a 
l ong er p er i od before p rocess i ng to reduc e 131 I rel eases . Ammon i a-bear i ng streams were 
rerouted to  m i n i m i ze the format i on of ammon i um n i trate dep o s i t s  on the wal l of the mai n 
stac k ,  whi c h  scavenged rad i oac t i ve materi a l s  f rom the gas  streams, and l ead to subsequent 
rel ease of the contami nated ammon i um n i trate .  Equ i pment to wash down the i nter i o r  stac k 
wal l were i nstal l ed ,  and rout i ne f l u sh i ng p revented acc umu l at i on of ammon i um n i trate 
depos i t s .  

( a ) Z-P l ant i s  n o  l onger operat i ng and wi l l  not b e  operated t o  convert p l uton i um n i t rate to 
p l uton i um ox i de ,  bec ause the p l uton i um ox i d e  c onversi on system wi l l  be i nc l uded i n  the 
PUREX P l ant . 
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5 . 1 . 4 . 8  Other Post u l ated Acc i dent s 

I n  determ i n i ng the acc i d ents chosen as most l i ke ly  acc i dent s ,  a vari ety of s i tuat i ons 
was postu l ated .  Personnel  exposures and envi ronmental impac t s  were then esti mated based on 
past experi enc e of s i mi l ar events and the overal l u nderstand i ng of PUREX-re l ated op erat i ons . 

Post u l ated acc i dent s were put i nto the same s i x  c ategori es as i n  Sec t i on 5 . 1 . 4 . 7 ,  
n amel y :  breach  of contai nment ; conf i nement barri er fai l ure,  comp romi se o r  c i rc umvent i on ;  
uncontro l l ed chem i c a l  react i o n s ;  nuc l ear safety compromi se ;  extri ns ic  occ urrenc es ; and 
i ndustri al  hazard s .  T ab l es B . 1-B . 3  i n  Append ix  B present the acc i dent s ,  or abnormal  
operat i o n s ,  cons i dered ( H awk i ns 1980a ) . 

5 . 1 . 4 . 9  Nonrad i o l og ica l  Acc i dents 

Normal  operat i on of the PUREX and U03 fac i l i t i es may resu l t  i n  l ost work 
days,  i nj u r i e s ,  and fata l i t i es from acc i dent s .  Stat i st i c a l  data comp i l ed by the Nat i onal  
Safety Counc i l  for s i mi l ar fac i l i t i es project approx imate ly  4 c ases per year i nvo l v i ng l ost 
work-days from acc i dent s for the comb i n ed P URE X / U03 work forc e  of 382 ( Nat i onal  Safety 
Counc i l  1980a ) . The projected death rate for thi s same typ e work forc e ,  based on c hemi c a l  
and al l i ed i ndustry stat i st i c s , wou l d  b e  0 . 019 deaths per year ( Nat i ona l  Safety Counc i l  
1980b ) .  These adverse i mpac t s  may b e  reduced somewhat bec ause h i storic al l y ,  acc i dent s ,  
i njur i es ,  and  fatal i t i es in  the n uc l ear i ndustry have been be low nat i onal  averages for  
i ndust ry i n  genera l . 

S i nc e  the  PUREX proc ess u ses SUbstant i a l quant i t i es of i ndustri al  chem ica l s ( see 
Sec t i on 5 . 7 )  the potent i al  ex i st s  for those chemi c a l s  to be i nvol ved i n  a transport at i on 
acc i dent e it her o n s i te or offsi te .  The ri sk  to the pub l i c  i s  no great er than from any 
s i g n i f i c ant i nd u stri al  chem ica l  user.  No acc i dents cou l d  be i dent i f i ed wh i c h  wou l d  pro v i d e  
any s i g n i f i c ant nonrad i o l og i c a l consequenc es t o  the general pu b l i c .  

5 . 1 . 4 . 10 Safeguards and Sec u rity  

The  Safeguards and  Sec ur ity prog ram for the P UREX p l ant i s  spec i f i c a l ly  des i gned to  
p revent the l os s ,  theft or d i vers i on of nuc l ear materi al s ;  to protect  c l assif i ed i nformat i on 
and to protect agai nst d amage ,  theft , l oss  or other harm to government property . The 
Safeg uard s and Sec u r i ty func t i on i nc l udes : phys i c a l  sec u rity,  nuc l ear materi al  control and 
accountabi l i ty, and emergency prep arednes s .  

T h e  Safeguard s a n d  Sec ur ity program i s  a n  i ntegrated p l an i ntended t o  prevent a breac h 
of secur ity .  Furthermore, the  program i s  des i g ned suc h that the consequenc es of a sec u r i ty 
breac h  wou l d  be mi n imi zed . 

5 . 1 . 5  Unavo i dab l e  Adverse I mpacts  

The  PUREX  proposed operat i ons wou l d  expose workers to  normal i ndustri al  acc i dent s ,  to  
rad i at i on doses c omparab l e  to p revious  experi ence ,  and  pos s i b l y  some of them to exposure to  
hazardous chemi c a l s .  These unavo i d ab l e  impact s ,  though adverse, are a l l w ith i n  acc epted 
i ndustr i al  operat i on l i m i t s ,  and are comparab l e  to normal i nd ustri a l  acc i dent exper i ence.  

Operat i on of PUREX wou l d  req u i re the moderate consumpt i on of some nonrenewab l e  
resources ,  none of wh i ch are cons i dered sc arc e ,  and wou l d  al so res u l t  i n  the generat i o n  of 
hi gh-l evel waste wh ich  must be proper ly managed . The adverse impacts of storage  of 
h i g h- l evel waste were earl i er shown to be acc eptab l e  ( USDOE 1980b ) .  

F i na l ly ,  a smal l i nc rease i n  rad i at i on exposure of the general popu l at i o n  wou l d  be 
assoc i ated with ong o i ng PUREX operat i o n .  I n  general , the unavo i dab l e  adverse impacts  wou l d  
be few i n  number and l i mi ted i n  extent . 
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5 . 2  ALTERNATI V E S  TO PROPOSED  ACT I O N  

E nv i ronmenta l  con sequences from adopt i o n  of three reasonab l e  a l tern at i ves to the 
proposed act i on ,  oper at i on of the PUREX /U03 fac i l i t i es at the  H anford S i te ,  are descri bed 
i n  t h i s  sect i o n . As descr i bed  i n  Chapter 3 . 0 ,  the al tern at i ves are : 1 )  construct a new 
PUREX p l an t  at H anford , 2 )  s h i p  i rrad i ated fue l  offs i te for process i ng ,  and 3 )  no  act i on ,  
def i ned as the cont i nu at i on of present  act i on .  

5 . 2 . 1  Con struct a New Fuel  P roces s i ng P l ant at H anford 

Th i s  sect i on d i scusses the env i ronmental  consequences that can be expected i f  the 
a l ternat i ve of con struct i ng a new PUREX  fue l  process i ng p l ant at H anford u s i ng c urrent 
techno l ogy were adopted ( see Sect i on 3 . 2 ) . S i nce the new p l an t  i s  conceptua l , no  deta i l ed 
des i gn or detai l s  of operat i on are curre nt l y  ava i l ab l e .  The fo l l ow i ng i s  a d i sc u s s i o n  of 
the env i ronmental  consequen ces of th i s  a l tern at i ve and a compar i son  of the consequences w i th 
those of the proposed act i on .  

5 . 2 . 1 . 1  P otent i a l Reduct i on of E n v i ronmenta l  Con sequences 

Construct i ng a new proces s i ng p l ant at the H anford S i te ( descri bed ear l i er i n  
Sect i o n  3 . 2 )  cou l d  reduce certa i n k i nds  of env i ronmental  impacts , pri mar i l y  by reduc i ng the 
eff l uents . The poten t i a l  reduct i on s  are , however , not  l arge and wou l d  not  s i gn i f i c an t l y  
reduce the a l ready l ow i mpacts resu l t i ng from a resumpt i on o f  PUREX /U03 operat i on s  as 
descri bed i n  Sect i on 5 . 1 .  Rad i o l og i c a l  i mpacts from acc i dents at a new fue l  process i ng 
p l ant are expected to be essent i a l l y  i dent i ca l  to those an al yzed for the proposed act i on 
( Sect i on 5 . 1 . 4 . 3 ) .  

Exten s i ve research and deve l opmen t  efforts cou l d  reduce 85Kr,  14C ,  1 3 1 I and 3H 
em i s s i on s  to 1 9ger l eve l s .  I t  has  been shown ( Me l l i nger 1980 ) that the pract ice of 
c o l l ect i on of Kr cou l d  l ead to i ncreased occupat i on a l  doses as wel l as the poss i b i l i ty 
of acc i dental  re l ease from stored i nventor i e s .  A conc l u s i on of th i s  stugs i s  that i t  makes 
l i tt l e  d i fference to  the magn i tude of the wor l d  popu l at i on dose whether Kr is captured 
and stored or rout i ne l y  re l eased to  the atmosphere . 

If  the 85Kr from a new p l ant were captured and stored and the 14C ,  1 2 9 I ,  and 
131 I emi ss i o n s  to air were reduced to  tech n i c a l l y  ach i evab l e  l eve l s ,  the dose to the 
max i mum i nd i v i d ua l  and the general pub l i c  wou l d  be  as shown i n  Tab l e  5 . 16 .  These va l ues 
shou l d  be compared to  the va l ues g j ven jn Tab l e  5�4  for  the proposed act i on .  The reduct i on 
i n  dose from the  capture of 8oKr,  1 4C ,  1 29 I and 1 J 1 I i s  approx i mate l y  one order of 
magn i tude for most cases ;  however , the dose from e i ther a l ternat i ve i s  not  s i gn i f i cant when 
compared to the n atural  background dose of approx i mate l y  100 mrem . The dose to the  max i mum 
i nd i v i d ual  for the cr i t i ca l  org an ( thyro i d )  based on a 1 6-year re l e ase ,  70-year accumu l at i on 
i s  20 mrem for the proposed act ion  and 1 . 3  mrem for the n ew p l an t .  There i s  essent i a l l y n o  
d i fference o f  any consequence i n  these n umbers when compared t o  the 7 0  year natural dose 
accumu l at i on of 7000 mrem . The popu l ati on dose shows s i m i l ar res u l t s  for the  1 6-year 
rel ease,  70-year accumu l at i on cas e .  Dose for t h e  c r i t i c a l  organ ( thyro i d )  for the proposed 
act i on i s  1800 man-rem and 110 man-rem for the n ew p l ant . A l though the dose to the cr i t i c a l  
organ ( thyro i d )  decreases , the  dose to  the l ung  and  G I  tract for  the max i mum i nd i v i d u a l  wi l l  
i ncrease s l i gh t l y  s i nce , i n  the n ew p l ant des i g n ,  the 3H i s  d i sch arged to the atmosphere 
rather than to the cri bs as i s  the present prac� i ce ( compare Tab l es 5 . 4  and 5 . 16 ) . At 
present there i s  no k nown technol ogy to reduce H l evel s .  

A new p l ant cou l d  be des i gned t o  w i thstand the h i gher se i smi c stresses spec i f i ed i n  
current  standards ( 0 . 2 5  g max i mum hor i zontal  ground acce l erat i on vers u s  the est i mated 
ab i l i ty of the ex i st i ng PUREX p l ant to w i thstand  0 . 10 g ) . The poten t i a l  for an e arthquake 
of th i s  magn i tude ( i . e ,  0 . 25 g) at the H anford S i te is extreme l y  l ow .  

5 . 2 . 1 . 2  Occupat i on a l  Acc i dent  Impacts 

Construct i on of a new fue l  process i ng p l ant wou l d  be expected to  res u l t  i n  
approxi mate l y  135 l ost  workdays per year from i nd u s tr i a l type  acc i dents and i nj ur i es d ur i ng 
the  peak construct i on years ,  i n  l i ne  w i th con struct i on exper i ence ( Nat i on a l  Safety Counc i l  
1 980a ) .  Th i s  type of acc i dent i s  essent i a l l y  absent from the proposed PURE X / U03 
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TABLE 5 . 1 6 .  Potent i a l  Rad i at i on Dose t o  Members o f  the General Publ ic f rom Rout ine R e l eases from a 

Pathway, Domi nant 
Nuc l i de and Organ 

A i r  Submers i on ( 85Kr) (b ) 

Al l 

I nhalat i on ( 90srI
239pu) ( b ) 

Total Body 
Bone 
lung 
Thyro i d  
G I -ll l 

. 1 29 �b ) 
Ground De�os i t  lOn ( I • 

Al l 
. 90 129 ( b ) 

I ngest l on ( SrI I ) 

Total  Body 
Bone 
lung 
Thyroi d  
G I -ll l 

Total s From Al l Pathwals 
Total  Body 
Bone 
I.ung 
Thyroi d  
G I -ll l 

New PURE X P l ant at the Hanford S i te ,  3000 MT/yr Proces s i ng R ate  

Al ternat i ve 1 - Construct a New PUREX P l ant at  Hanford S i t e 

long-Term Ex�osure
( a ) 

Max i mum I n d i v i dual  (rem) 

3 . 3  x 10
-6 3 . 3  x 10

-6 5 . 3  x 10-5 3 . 8  x 10
-1 

5 . 0  x 10-6 5 . 2  x 10
-6 8 . 4  x 10

-5 8 . 1  x 10-1  

3 . 7 x 10-8 4 . 0  x 10-8 6 . 4  x 10-7 
5 . 9  x 10

-3 

5 . 0  x 10
-6 5 . 3  x 10

-6 8 . 4  x 10
-5 8 . 1  x 10

-1 

5 . 1  x 10
-6 5 . 3  x 10-6 8 . 4  x 10

-5 8 . 1 x 10
-1 

2 . 7 x 10
-8 2 . 7 x 10-8 4 . 4  x 10

-7 
4 . 4  x 10-3 

2 . 0  x 10-8 2 . 0  x 10"8 1 . 3  x 10
-6 . 2 . 1  x 10

-3 

5 . 3  x 10
-5 5 . 5  x 10-5 8 . 8 x 10

-4 3 . 8  x 100 

3 . 7 x 10-8 4 . 3  x 10
-8 8 . 3  x 10

-7 2 . 8  x 10
-3 

5 . 3  x 10
-5 5 . 5  x 10-5 8 . 8  x 10

-4 3 . 8  x 100 

5 . 6  x 10-5 6 . 0  x 10-5 1 . 2  x 10
-3 4 . 2 x 100 

5 . 4  x 10
-5 5 . 6  x 10-5 8 . 9  x 10

-4 3 . 9  x 100 

6 . 1  x 10
-5 6 . 4  x 10

-5 1 . 0  x 10
-3 5 . 0  x 100 

3 . 4  x 10
-6 3 . 4  x 10

-6 5 . 6  x 10
-5 3 . 9  x 10

-1 

6 . 1  x 10
-5 6 . 4  x 10

-5 1 . 0  x 10
-3 5 . 0  x 100 

6 . 4  x 10-5 6 . 9  x 10
-5 1 . 3  x 10-3 5 . 4  x 100 

5 . 7 x 10
-5 5 . 9  x 10

-5 9 . 4  x 10-4 4 . 3  x 100 

( a ) Al l doses are g i ven for chron i c  re l ease s ;  see footnotes Tab l e  5 . 4  for def i n i t i o n s .  

3 . 8 x 10-1 6 . 1  x 100 

8 . 4  x 10-1  1 . 3  x 101 

6 . 4  x 10-3 1 . 0  x 10-1 

8 . 4  x 10
-1 1 . 3  x 101 

8 . 4  x 10-1 1 . 4  x 10 1 

4 . 4  x 10-3 7 . 0 x lO
-2 

2 . 1  x 10-3 1 . 4  x 10
-1 

4 . 0  x 100 6 . 4  x 10 1 

3 . 3  x 10-3 6 . 2 x 10
-2 

4 . 0  x 100 6 . 4  x 10 1 

4 . 5  x 100 8 . 7 x 101 

4 . 0  x 100 6 . 4  x 10 1 

5 . 2 x 100 8 . 3  x 101 

3 . 9  x 10-1 6 . 4  x 100 

5. 2 x 100 8 . 3  x 101 

5 . 7 x 100 1 .  2 x 102 

4 . 4  x 100 7 . 0  x 10 1 

(b ) Primary radi onuc l i des contribut i ng to dose . (c ) The popu l at i on dose i s  for an estimated 1 990 popu l ation of 4 1 7 , 000. Al l l ocal  popu l at i on does i n  th i s  E I S  are b ased on th i s  
popu l a t i on d i stribut i o n  wi th i n  an 80-km ( 50-mi l e ) rad i us from the Hanford Meteoro logi ca l  Sta t i on located a t  about the center of the 
Hanford Si te . 



f ac i l i t i es operat i o n .  I n  add i t i on ,  the proj ected death rate from t h i s  same type of work 
wou l d  be 1 . 4  deaths p er year dur i ng peak c onstruc t i on years ( N at i on a l  Safety Counc i l  1980 b ) . 

The des i gn of a tota l l y  new p l ant wou l d  i nc orporate the experi enc e  of 17 years of 
operat i on of the PUREX p l ant and thi s c ou l d  be ant i c i p ated to m i n im i ze acc i dent-susc ept i b l e  
des ign  features . I n  add i t i on ,  i ncorporat i on of c u rrent safety st andard s and improved safety 
and process i ng equ i pment shou l d  reduce the number and severity of occupat iona l  acc i dent s .  

5 . 2 . 1 . 3  Unavo i dab l e  Adverse Impacts  

The  bui l d i ng of  a new p l ant wou l d  be  acc omp an i ed by impacts  from no i se ,  fug i t i ve dust ,  
acc i dent s and i nj u r i e s ,  etc . and , depend i ng o n  when th i s and other construc t i on i n  the area 
takes p l ace ,  soc i oec onomic  impac t s  upon the surround i ng c ommu n i t i es ( see Sec t i on 5 . 3 . 2 ) . An 
add i t i ona l  c ommi tment of natural  resou rces  i nc l ud i ng concrete, stee l , c opper, z i nc ,  
a l umi n um,  l umber and water ( see Sec t i on 3 . 2 . 2 )  wou l d  be req u i red . Energy i n  the form of 
p rop ane, d i esel f ue l ,  gaso l i ne and e l ectri c i ty wou l d  a l so be req u i red . A new p l ant wou l d  
requ i re approx imate ly  40 h a  ( 100 ac res)  for the f ac i l i t i es and an add i t i ona l  60 ha 
( 150 ac res) for support f ac i l i t i es .  The new p l ant wou l d  most l i ke l y  be l oc ated in an area 
a l ready commi tted to process i ng act i v i t i es ,  and no maj or s i te-re l ated imp acts  are j udged 
l i ke ly .  These i t ems are quant i f i ed i n  Sec t i on 3 . 2 . 2 .  These r2sources  requ i red are on ly  a 
sma l l frac t i on of c u rrent nat i on a l  supp l y  for these materi a l s and wou l d  have l i tt l e  effec t 
on the nat i ona l  l eve l .  None of the mater i a l s are cons i dered c r i t i c a l  or i n  short supp ly  at 
the pre sent t ime .  Water and chem i c a l  resourc e  requ i rements for operat i ng the new p l ant 
wou l d  be essent i a l l y  i dent i c a l  to the proposed ac t i o n  c ase ( see Sec t i on 5 . 7 ) . A rather 
s i g n i f i c ant unavo i dab l e  adverse impact  wou l d  be the eventua l  need to dec ontam i nate and 
d ec ommi ss i on both the ex i st i ng PUREX / U03 f ac i l i t i es and the new process i ng fac i l i t i es ,  i f  
constructed. 

The c ap i t a l  c osts to i mp l ement th i s a l ternat i ve wou l d  be h i g h ;  as i nd i c ated i n  
Sec t i on 3 . 2 . 2 ,  the est i mated cost for construct i on of a new PUREX p l ant emp l oyi ng ex i st i ng 
st ate-of-the-art techno l ogy wou l d  be about Z l . 5  b i l l i on ( 1981 do l l ars ) p l us Z270 m i l l i on for 
construct i on of new storag e f ac i l t i es ,  w i t h  l i tt l e  s i gn i f i c ant benef i t  to be obtai ned i n  
reduc i ng envi ronment a l  impact o r  i n  overa l l  improvement i n  the  proc ess operat i on s .  

5 . 2 . 2  Process i ng Fue l  Off s i t e  

T h e  c andi date s i te f o r  off s i te proc ess i ng i s  assumed t o  be t h e  DOE S avannah R i ver P l ant 
( SR P )  near A i ke n ,  South Caro l i n a .  S i g n i f i c ant p l ant mod i f i c at i ons  wou l d  be  requ i red at  SRP 
to proc ess  N-Reac tor fuel a s  d i sc us sed i n  Sec t i on 3 . 3 .  The PUREX process  i s  a l so used a t  SRP 
and the envi ronmenta l  imp acts  from process i ng wou l d  be s imi l ar to those i nc u rred from proces
s i ng at Hanford . The greater popu l at i on s urround i ng the SRP i nc reases the expected popu l a
t i on dose.  The b i o l og i c a l  and rad i o l og ic a l  transport p aths  at SRP are more d i rec t than at 
H anford due to the presence of surfac e  water and the g reater b i o l og i c a l produc t i v i ty of the 
area. 

Adopt i on of th i s a l ternat i ve wou l d  c h ange the envi ronmenta l consequenc es i n  t he fol l ow
i ng ways : 

• Any envi ronment a l  i mpac t s  of fuel  processi ng wou l d  be transf erred from the Hanford 
S i te to the a l t ernat i ve s i t e .  These impac t s  are essent i a l ly  the same as those that 
wou l d  be expected at Hanford . 

• Thi s a l ternat i ve i ntroduc es  imp acts  assoc i ated w ith  c onvent iona l  traff ic  acc i dent s ,  
consumpt i on o f  f ue l s a n d  assoc i ated materi a l s ,  a n d  i nc reased transportat i o n .  

• The waste produc ts from f u e l  proces s i ng wou l d  b e  d i sposed o f  a t  S R P  ( essent i a l ly  
the same quant ity as  at Hanford ) . 

• F i ss i on products that wou l d  have been rel eased at Hanford duri ng proc ess i ng wou l d  
be re l eased at SRP .  

• There wou l d  be some sma l l c onstruc t i on imp acts  and resourc e  c ommi tments  from the 
fabricat i on of s u i t ab l e  s h i pp i ng c as k s .  
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• Construct i on and mod i f i c at i on of the SRP fac i l i ty and assoc i ated upgrades wou l d  be 
requ i red ( see Sec t i on 3 . 3 ) . 

• R ad i at i on dose to the pop u l at i on wou l d  be i ncreased bec ause of exposure a l ong the  
sh ippi ng rout e .  

• New waste storage t anks  wou l d  b e  req u i red  at SRP ( s i mi l ar t anks  wou l d  b e  requ i red 
for proces s i ng at H anford ) .  

The est imated c onsequenc es ( dose)  of sh ipp i ng i rrad i ated f ue l  to SRP for processi ng are 
d i sc u ssed i n  the next two sec t i ons . 

5 . 2 . 2 . 1  Process i ng Impacts  at  SRP 

U s i ng met hods s imi l ar to  those uti l i zed for the dose c a l c u l at i on at H anford ( Appen d i x  C 
and Nap i er 1981 ) , cert ai n  c r i t i c a l  p aramet ers were mod i f i ed to better ref l ect  the phys i c a l  
s i tuat i on at SRP .  Annual  average u n i t  concentrat i on (x/ Q ' )  and max i mum i nd i v i d ua l  def i n i 
t i on s  were obtai ned f rom USERDA 1977b and the pop u l at i on est i mates  were obta i ned f rom USDOE 
1978b . 

SRP has a d i rect rel ease to l oc al surf ac e waters as out l i ned i n  USDOE 1979b . Thi s 
referenc e was used to esti mate average d i l ut i on f actors,  dec ay t i me to max imum i nd i v i d u a l , 
and travel t i me for exposure to the general p ub l ic .  USDOE 197Yb a l so provi ded the necess ary 
i nformat i on for est imates of the l oc a l  crops and i ngest i on c haracteri st i c s .  V a l ues for 
l i qu i d  p at hway were app l i ed only to a l i mi ted downstream popu l at i on of 50 , 000 persons .  S i nce  
sourc e t erm i nfo rmat i o n  was  not  read i l y  avai l ab l e  at  SRP , sourc e  terms eq ui va l ent to  those 
at Hanford were u sed ( H awk i n s  1980a ) ,  based on the s i mi l ari t i es of proc esses.  

Doses c a l c u l ated f rom the above assumpt i on s  are p resented in  Tab l e  5 . 17 .  I n  comp ari son 
to  the  Hanford resu l t s ,  the popu l at i on doses from a i r  submers i on and i nha l at i on at SRP ,  whi l e  
st i l l  i ns i gn i f i c ant , are about two t o  s i xty t i �e� h i gher . Thi s i s  d ue  to the  hi gher 
projected popu l at i on ( 660 , 000 versu s  417 , 000 ) , \ a )  more d i rect p athway , a n d  to the 
d i stri but i on of peop l e  c l oser to  SRP than to the  Hanford s i t e .  Doses from c rop i ng est i on 
are a l so greater and the add i t i on of f i s h and dri nk i ng water p athways i ncreases the  dose to 
bot h the max i mum i nd i v i du a l  and the  g eneral popu l at i o n .  

The dose t o  t h e  cri t i c a l  org an (thyro i d )  of the  max i mum i nd i vi dua l  f o r  a 16-year 
re l ease,  70-year acc umu l at i on i s  20 mrem for  p rocessi ng at Hanford and 46 mrem at SRP . 
A l though the dose at SRP i s  projected to be hi gher,  the  numbers are sma l l when comp ared to 
the  7000 mrem dose acc umu l at i on ( 70 years ) f rom n atura l  bac kground sources .  

The  pop u l at i on  dose  shows s i mi l ar resu l t s  for  the  16 year re l ease,  70-year acc umu l at i on 
c ase.  Dose for the  c r i t i c a l  org an ( thyro i d )  for H anford i s  1 . 8  x 103 man-rem and 
4 . 6  x 103 man-rem ( t hyro i d )  for processi ng at SRP .  

5 . 2 . 2 . 2  Transport at i on Impacts  

Transport at i on of  i rradi ated N-Reactor f ue l  to  an  off s i t e  process i ng p l ant wo u l d  
i nt roduc e a n  add i t i on a l  envi ronment al  imp act  w h i c h  ons i t e  process i ng ( p roposed ac t i o n )  does 
not i ntroduc e .  The quest i on of domest i c  transport at i o n  of spent fuel i s  consi dered at some 
l ength i n  a report by USDOE ( 1979a ) . Spent f ue l  has been sh i pped i n  the U n i t ed States for  
over 30 years .  Mass i ve ,  heavi ly-sh i e l ded s h i pp i ng c asks have  been  emp l oyed for both truc k  
and rai l transport of h i g h-burnup ( l ong exposure i n  t h e  nuc l ear reactor ) f u e l  f rom c urrent 
g enerat i on reactor s .  ( Most of th i s commerc i a l reactor f ue l  has burnup s vast ly  greater than  
short-t ime exposure N-Reactor fue l ,  and rad i at i on and heat-removal  prob l ems are acc ord i ng ly 
muc h more severe . )  These shi pment s have not resu l ted i n  acc i dents or i nc i dent s that were 
accompani ed by s i g n i f i c ant rel eases of rad i oact i ve materi a l  ( ONW I 1980 ) . 

( a )  SRP popu l at i on f i gures were on ly  avai l ab l e  for 1980 . Hanford ' s  pop u l at i on i s  based on a 
1990 p roj ec t i o n .  Popu l at i on doses are exp ected t o  i ncrease s l i g ht l y  for S R P  1990 
popu l at i on .  
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TABLE 5 . 1 7 .  Potent i a 1 Rad i at i on Doses to Members of the Genera l P ub l i c  from Rout i ne Re l eases 
from Process i ng 3000 MT/yr of N-Reactor Fue l  at  SRP 

A l ternat i ve 2 - Proc es s i ng I rradi ated Fue l  at  SRP 

Pathway, Dominant 
Nuc I i de and Organ 

Air  Submer s i on ( B5Kr){ b )  

Al l 

Inha l at i on (
90Sr, 239pu){b ) 

Total Body 
Bone 
Lung 
Thyroid 
GI -LLl 

Ground Depo s i t i on ( 1291 ) ( b )  

Al l 

7 . 3  x 10-5 

1 . 1 x 10-5 
1 . 1  x 10-6 

1 . 5  x 10-5 

1 . 6  x 10-5 

2 . 0  x IO-B 

2 . 0  x 10-7 

Ingestion of Farm Crops (90sr, 129q { b )  

Total Body 5 . 0  x 10-5 
Bone 5 . 4  x 10-6 

Lung 4 . 9  x 10-5 

Thyroid 7.1  x 10-4 

G I -L L l  4 . 9  x 10-5 

External 
Al l 

Maximum I n d i v i dual (rem) 

7 . 3  x 10-5 

1 . 5 x 10-5 

5. 1  x 10-5 

2 . 7  x 10-5 
1 . 9  x 10-5 

2 . 0  x IO-B 

2 . 0  x 10-7 

5 . 6  x 10-5 
1 . 9  x 10-5 

5 . 1  x 10-5 

1 . 1  x 10-3 

5 . 1  x 10-5 

Ingestion of F i sh and Dr i n k i ng Water ( 3H, 137Cs){ b )  

1 . 2  x 10-3 Total Body 2 . 1  x 10-3 

Bone 1 . 2  x 10-3 2 . 5  x 10-3 

Lung 2 . 0  x 10-4 3 . 6  x 10-4 

Thyroi d  4 . 7  x 10-6 4 . 9  x 10-6 

G I -LL l 5 . 2  x 10-4 5 . 2  x 10-4 

Total s From Al l Pathways 
Total Body 1 . 4 x 10-3 2 . 3  x 10-3 

Bone 1 . 3  x 10-3 2 . 7  x 10-3 

Lung 3 . 7  x 10-4 5 . 4  x 10-4 

Thyroid B.3 x 10-4 1 . 2  x 10-3 

G I -LL I 6 . 7  x 10-4 6 . B  x 10-4 

Long-Term Exposure{ a )  

1 . 2  x 10-3 1 . 4  x 101 

2 . 3  x 10-4 2 . 9  x 100 

7 . B  x 10-4 3 . 0  x 10-1 

4 . 4  x 10-4 3 . B  x 100 

3 . 0  x 10-4 4 . 1  x 100 

3 . 2 x 10-7 5 . 1  x 10-3 

2 . 0  x 10-4 3 . 7  x 10-2 

1 . 3  x 10-3 5 . 6  x 100 

1 . 7  x 10-3 6 . 3  x 10-1 

B . l  x 10-4 5 . 5  x 100 

3 . 7  x 10-2 7 . 5  x 10 1 

B . 5 x 10-4 
5 . 5  x 100 

10-3 1 . 5  x 10-2 

3 . 3  x 10-2 6 . 3  x 100 

4 . 0  x 10-2 6 . 5  x 100 

5 . B  x 10-3 1 . 2  x 100 

7 . 9  x 10-5 2 . 3  x 10-1 

B . 4  x 10-3 1 . 6  x 10 1 

4 . 3  x 10-2 2 . 9  x 101 

5 . 1  x 10-2 
2 . 1  x 101 

1 . 6  x 10-2 
2 . 5  x 101 

4 . 6  x 10-2 9 . 3  x 10 1 

I . B x 10-2 3 . 6  x 10 1 

( a )  Al l doses are g i ven for chron i c  releases; see footnotes Tab l e  5 . 4  for def i n i t i on s .  
( b )  Pri mary radionuc l i des contr ibut i n g  to dose . 
( c )  The popu l at i on dose is for an est i mated 19BO popu l at i on of 660,000. 

1 . 4  x 101 2 . 2 x 102 

3 . B  x 100 6 . 0  x 10 1 

1 . 3  x 10 1 2 . 0  x 102 

7 . 1  x 100 1 . 1  x 102 

4 . 9  x 100 7 . 9  x 101 

5 . 2  x 10-3 B . 3  x 10-2 

3 . 7  x 10-2 3 . 7  x 101 

6 . 2 x 100 1 . 4  x 102 

2 . 1  x 100 1 .  7 x 102 
5 . 7  x 100 9 . 1  x 101 

1 . 2  x 102 4 . 3  x 103 

5 . 7  x 100 9 . 5  x 10 1 

1 . 5  x 10-2 3 . 6  x 100 

1 . 1  x 101 l o B  x 102 

1 . 5  x 10 1 2 . 4  x 102 
2 . 0  x 100 3 . 2  x 101 

2 . 4  x 10-1 3 . 9  x 100 

1 . 6  x 101 2 . 5  x 102 

3 . 5  x 10 1 6 . 4  x 102 

4 . 4  x 101 B . 7  x 102 

2 . 9  x 10 1 4 . 9  x 102 
1 . 4  x 102 4 . 6  x 103 

3 . 6  x 10 1 6 . 1  x 102 



Sh ipments  of spent fue l  are subj ect  t o  rad i at i on dose rat e  l i mi tat i ons set by the U . S .  
Department of Transportat i o n ;  i n  c l osed veh i c l es the max imum al l owab l e  rad i at i on l evel  at 
the extern al  surfac e  of the veh i c l e  i s  200 mr / hr ,  and 2 mr/ hr at any normal l y  occ up i ed 
p os i t i on i n  the veh i c l e . I n  act u a l  experi enc e ,  the correspond i ng rad i at i o n  l evel s of 
transp ort ed f ue l  have rare l y  exc eeded 60 mr/ hr and 0 . 2  mr/ hr ,  respec t i vely  ( USDOE 1979a ) . 
N-Reactor fue l  wou l d  be expected t o  p roduce on l y  a f ract i o n  of these h i g h-burnup fue l  
rad i at i on l eve l s , w i t h  neg l i g i b l e  envi ronmenta l  c onsequenc es.  

E st imated annual  rad i at i on doses  to  members of  the general  p u b l i c  and  c rew f rom rout i ne 
transport of N-Reactor fue l  to the SRP are p resented i n  Tab l e  5 . 18, based on assumed 
sh i pment of about 700 MT /year . I f  the s h i pp i ng rate were to be i nc reased , the resu l t i ng 
dose impacts  wou l d  be essent i a l l y  l i near w i t h  the s h i pp i ng rat e ;  i . e . , doub l i ng the s h i pp i ng 
rate wou l d  dou b l e the dose val ues g i ven i n  Tab l e  5 . 18 . Add i t i ona l  casks  ( and as soc i ated 
materi al s )  wou l d  be requ i red as d i sc ussed i n  Sec t i on 3 . 3 . 3 .  I f  a h i g her s h i pp i ng rate were 
to be adopted , the DOE wou l d  perform an app rop r i ate envi ronment a l  rev i ew.  Cask types  and 
other parameters are d i sc ussed i n  Sec t i on 3 . 3 . 2 .  Doses are presented for s h i pment of 
i rrad i ated fue l  e i t her by rai l or by truc k .  If the i rrad i ated fue l  were sh i pped by bot h 
modes , rad i at i on doses wou l d  be proport i ona l  to the qu ant i ty sh i pped i n  eac h .  I n  Tab l e  5 . 18 
doses are g i ven for s h i pp i ng c rew members ( e . g . ,  truck dri vers or brakemen ) ;  for persons on 
the sh ipp i ng l i ne ,  e i ther h i g hway trave l ers or tra i n  passengers ; ( a )  for pe

(
rsons res i d i ng 

near the s h i pp i ng l i ne ,  a l ong e i ther the h i ghway or rai l road ri ght-of-way b ) , and for 
persons i n  truck stops or rai l swi tch yard s  ( stops ) .  An add i t i ona l  c ategory,  the max imum 
i nd i v i dual , i s  def i ned as a person who i s  reg u l arly exposed to every s h i pment . Thi s c ou l d  
be someone l i v i ng wi t h i n  1 5  m of the mai n s h i pp i ng l i ne  f rom Hanford . 

Casks for both rai l and truck transp ort of spent fue l  are des i g ned and constructed to  
retai n sh i e l d i ng and c ontai nment i nteg r i ty i n  v i rt ual l y  al l transport acc i dent � i t u at i on s .  
Several transportati on acc i dent s have been reported i n  wh i c h  Type B t ruck c asks \ c )  have 
been subjected to  severe phys i c a l  cond i t i on s ,  i nc l ud i ng f i re .  None of these acc i dent s have 
resu l t ed i n  a re l ease of pac k age  contents or i n  exc essi ve extern al  rad i at i on l evel s  ( USDOE 
1979a ) . 

An acc i dent assumi ng a severe i mpact  f o l l owed by f i re has been anal yzed for truck and 
rai l c asks  c arryi ng N-Reactor f u e l  off s i t e .  Thi s d i ffers g reat l y  f rom the o n s i te 
transportat i on acc i dent ( 5 . 1 . 4 . 5 )  s i nc e  total ly  d i fferent c ask  conc epts are u sed for the two 
d i fferent types  of transportat i o n .  ( O n s i t e  tran sportat i on i s  contro l l ed admi n i strat i ve l y  to 
a deg ree that i s  not possi b l e  for off s i t e  transport at i on ,  and i s  restri cted to l oc at i ons 
t hat are we l l i so l ated f rom the general p u b l i c .  Use  of off s i t e  s h i pp i ng c asks  for ons ite  
transportat i on i s  not p ract i c a l  s i nc e  it  wou l d  req u i re s i g n i f i c ant construc t i on at  the  fue l  
storage bas i n s  for cask  l oadout f ac i l i t i es ,  and  a l so at  PUREX  for  c ask  rec ei v i ng and 
u n l oad i ng . )  

An i nd i v i dua l  i n  the v i c i n i ty of such an acc i dent c ou l d  be exposed to esc ap i ng 
rad i o ac t i ve g ases and vo l at i l e  f i ss i on produc t s  as wel l  as to d i rec t rad i at i o n .  S i nc e  
acc i dent s c an happen i n  c i t i es ,  suburbs,  or open c ountry,  pop u l at i on doses 
were anal yzed i n  each of these possi bi l i t i es .  Potent i a l rad i at i on doses t o  i nd i v i dua l s and 
popu l at i on g roups f rom a severe transp ort acc i dent are g i ven i n  Tab l e  5 . 19 for bot h truc k 
and rai l opt i on s .  Doses are g i ven for rad i onuc l i de i nventori es  deri ved for  rel at i ve ly  h i g h  
b urnup N-Reactor Mark 1 A  fue l . Doses wou l d  be s l i g ht l y  smal l er for  c asks c onta i n i ng l ower 
burnup Mark IV f ue l .  Doses are h i gher for  rai l acc i dent s because of the  l arger fue l  
i nventory per c ask and  the i nc reased forces  that c ou l d  potent i a l l y  be i nvo l ved.  

In  summary, s i nc e  the same mode of  tran sport and  l evel  of  t echno l ogy app l i ed to  
shi pment of  commerc i a l reactor ox i de fue l s  wou l d  be app l i c ab l e to  N-Reactor f ue l s ,  the 
probab i l i ty of t h i s type of acc i dent wou l d  be comp arab l e . The c a l c u l ated p robabi l i ty ( based 
on  number of sh i pment s--10 , OOO f or truck and 1000 for trai n--and 4 , 800 km trave l ed per 
shi pment )  of an acc i dent wh i c h  wou l d  resu l t  i n  the consequence s  desc ri bed above i s  
1 . 5  x 10-5 for a truck  acc i dent and 8 . 2  x 10-6 for  a rai l acc i dent . 

( a ) On-l i ne pop u l at i o n .  
( b )  Off-l i ne pop u l at i on . 
( c )  Casks c apab l e  of w i thstand i ng the hypothet i c a l  acc i dent c ond i t i ons  spec i f i ed i n  

Append i x  B ,  10 CFR P art 7 1 ,  P ackag i ng of R ad i o ac t i ve Materi a l for Transport and 
Transportat i on Under Cert a i n  Cond i t i ons  ( 10 CFR 1980 ) . 
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TABLE 5 . 1B .  Est imated Rad i at i on Doses to the General P ub l i c and Crew From 
Rout i ne Off s i t e  Transport of N-Reactor Fue l  

Annua l  Rad i at i on Dose 
Exeosed Groue Truc k Shiements Rai 1 Sh iement 

Crew 2 . 3  x 102 man-rem NC ( a ) 

On-l i ne Popu l at i on 1 . B x 102 man-rem 2 . 6  x 10-1 man-rem 

Off-l i ne Popu l at i on 4 . 0  x 102 man-rem 6 . 9  x 100 man-rem 

Duri ng Stoes 2 . 5  x 103 man-rem 4 . 1  x 103 man-rem 

Total s 3 . 3  x 103 man-rem 4 . 1  x 103 man-rem 

Max imum I nd i v i dua l  3 . 0  x 10-3 rem 3 . 0  x 10-4 rem 

( a ) Not c a lc u l ated ,  es sent i al ly  zero due to i so l at i on of c rew 
f rom c as k s .  

TABLE 5 . 19 .  Potent i a l Rad i at i o n  Doses f rom a Severe 
Acc i dent i n  Transport i ng N-Reactor Fue l  

Annua l  R ad i at i on Dose 
Exeosed Groue Truc k Shiements R ai l Sh iement 

Urban Popu l at i on 
Suburban Pop u l at i ons  

Rura l  Popu l at i on 
Max imum I n d i v i dua l  

11 50 man-rem 
150 man-rem 
1 . 2  man-rem 

0 . 76 rem 

2300 man-rem 
350 man-rem 
2 . 9  man-rem 

0 . 9  rem 

5 . 2 . 3  No Ac t i on (Cont i nue  Present Act i on )  

I f  envi ronmental  impacts  are def i ned a s  changes f rom the basel i ne ,  i . e . , f rom t he 
ex i st i ng s i t u at i on ,  then by def i n i t i on the no-ac t i on a l ternat i ve has no i nc rement a l  
envi ronment al  impac t s .  However,  t o  cont i nue t h e  p resent ac t i o n  i ndef i n i te ly  w ithout c hang e 
i s  i mp ract i c a l ; w ith  t ime,  c e rtai n subal ternat i ves must be adopted .  

For examp l e , the c ont i nued mai ntenanc e of the PUREX  p l ant i n  standby wou l d  necess i tate 
the storage of a l l i rrad i ated fue l  d i sc harg ed f rom N-Reactor .  Cu rrent ly ,  ex i st i ng storag e 
bas i ns are bei ng emp l oyed , but i f  th i s a l ternat i ve i s  adopted , add i t i ona l  storage c apac i ty 
must be p rovi ded .  Th i s wou l d  requ i re s i g n i f i c ant c ap i ta l  i nvestment i n  add i t i ona l  storage 
c apac i ty,  and postpone the t i me of dec i s i on for the p roposed ac t i on or one of the other 
a l ternat i ve s .  Under th i s a l ternat i ve,  t h e  tot a l  dose t o  t h e  p u b l i c  wou l d  rema i n  at 
essent i a l ly  the 0 . 01 to 0 . 5  mrem/year c urrent ly  reg ard ed as the  average dose to a member of 
t he general pub l i c  ( USERDA 197 5 ,  p .  1 1 1 . 1-14 ;  Houston and B l umer 19BOa , b ) . The dose f rom 
cont i nued storage of i rrad i ated fue l  has been c a l c u l ated and shown to be i ns i g n i f i c ant 
( Tab l e  5 . 20 ) .  

5 . 3  SOC IOECONOM I C  EFFECTS 

Thi s sec t i on d i sc u s ses the avai l ab i l i ty of l abor and the effects  on the commu n i ty 
broug ht about by the p roject  devel opment ,  the i nd i rect effec t s  of sec ondary emp l oyment i n  
surroun d i ng commu n i t i es ,  and the phy s i c a l  and i n st itut i ona l  requi rements t o  supp l y  the needs 
of add i t i ona l  workers c om i ng i nto the reg i o n .  I nd i rect effects  are genera l l y  proport i on a l  
to the d i rect effects  un l ess  t h e  i nf l ux o f  manpower p u t s  s i g n i f i c ant stress upon l oc a l  
support resources  and i nst i tut ions .  I nc reases of  l ess  than 5 perc ent of  the  p resent work 
forc e have been determ i ned to have l i tt l e  effect  on an ex i st i ng c ommu n i ty ( USDHUD 1976 ) . No 
s i g n i f i c ant i nm i g rat i on i s  expected as a res u l t  of resumpt i on of the PUREX 1 U03 operat i on s .  
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TABLE  5 . 20 .  Potent i a l Doses to Members of the General P ub l i c  from the No-Ac t i on Opti on at H anford 

A l ternat i ve 3 - Cont i nue  Present Act i on 

Dos e s  from Immedi ate and Long-Term EXposul'e ( a )  

Max i mum I n d i v i du a l  ( rem) Popu l at i on (man-rem) (c ) 

Pathway, Domi n ant 
Nuc l i de and Organ 

I-yr Release7' I-yr Release! I6-yr Rel e a se! I-yr Release! I-yr Rel e a se/--��yrRelease! 
l-yr A cc umu l a t i on 70-yr A ccumu l a t i on 70-yr Accumu l at i on 

A ir Submers i on ( 85Kr) ( b ) 

A l l 

I nh a l at i on ( 90Sr, 3H) ( b ) 

Tota l  Body 
[lone 
L ung 
Thyro i d  
G I -L L I  

Ground Depos i t i on ( 1 29 I ) ( b ) 

A l l  

I ngest ion  ( 90Sr ) ( b )  

To t a l  Body 
[lone 
Lung 
Thyro i d  
G I -L L l  

Tota l s From A l l Pathways 

Tot a l  Body 
Bone 
LUlig 
ThYl'oi d 
G I -LL I 

4 . 1  x 10-10 

4 . 9 x 10-1 1  

6 . 8 x 10-10 

1 .  0 x 10-1 1  

3 . 7  x 10-1 2  

7 . 8 x 10-1 2  

1 .  5 x 10-1 4 

2 . 2  x 10-10 

6 . 9 x 10-10 

3 . 3  x 10-1 1  

1 .  2 x 10-10 

3 . 5  x 10-10 

6 . 8 x 10-10 

1 . 8 x 10-9 

4 . 5  x 10-10 

5 . 3 x 10-10 

7 . 7  x 10-10 

4 . 1  x 10-10 

1 . 1 x 10-9 

1 . 6  x 10-8 

1 . 0 x 10-1 1  

4 . 1  x 10-1 2  

7 . 8 x 10-1 2  

1 .  5 x 10-1 4 

4 . 4 x 10-9 

1 . 6  x 10-8 

3 . 4 x 10-1 1  

1 . 6  x 10-10 

3 . 6  x 10-10 

5 . 9 x 10-9 

3 . 2  x 10-8 

4 . 5  x 10-10 

5 . 7  x 10-10 

7 . 8 x 10-10 

6 . 6  x 10-9 

1 .  7 x 10-8 

2 . 5  x 10-7 

1 .  7 x 10-10 

6 . 5 x 10- 1 1  

1 .  3 x 10-10 

1 . 5  x 10-1 1  

8 . 4 x 10-7 

3 . 1  x 10-6 

5 . 5  x 10-10 

6 . 9 x 10-9 

7 . 0  x 10-8 

8 . 6  x 10-7 

3 . 4 x 10-6 

7 . 3 x lO-9 

1 . 4 x 10-8 

7 . 7  x 10-8 

l-yr Accumu 1 a t  i on 70-yr Accumu 1 at i on 70-yr Accumu l at i on 

4 . 6  x 10-5 

7 . 8 x 10-6 

1 . 1  x 10-4 

1 . 6  x 10-6 

5 . 9 x 10-7 

1 . 2  x 10-6 

1 . 6  x 10-9 

1 . 5  x 10- 5 

4 . 8 x 10-5 

2 . 4 x 10-6 

1 . 1  x 10-5 

2 . 5 x 10-5 

6 . 9 x 10-5 

2 . 0  x 10-4 

5 . 0 x 10-5 

5 . 8 x 10-5 

7 . 2  x 10-5 

4 . 6  x 10-5 

1 .  7 x 10-4 

2 . 6  x 10-3 

1 . 7  x 10-6 

6 . 5  x 10-7 

1 . 2  x 10-6 

1 . 6  x 10-9 

3 . 0  x 10-4 

1 . 1  x 10-3 

2 . 5  x 10-6 

1 . 6  x 10-5 

2 . 5  x 10-5 

5 . 2  x 10-4 

3 . 7  x 10-3 
-5 5 . 0  x 10 

6 . 3  x 10-5 

7 . 2  x 10-5 

7 . 4 x 10-4 

2 . 7  x 10-3 

4 . 1  x 10-2 

2 . 7  x 10-5 

1 . 0  x 10-5 

2 . 0  x 10-5 

1 . 6  x 10-6 

5 . 0  x 10-2 

1 .  9 x 10-1 

3 . 9 x ]0 -5 

5 . 9 x 10-4 

4 . 1  x 10-3 

5 . 3  x 10-2 

2 . 3  x 10-1 

8 . 1  x 10-4 

1 . 3  x 10-3 

4 . 9 x 10-3 

( a )  A l l doses g ven are for ch ron i c  re l eases ; see footnotes Tab l e  5 . 4 for def i n i t i on s .  
( b l  P r i mary rad onuc l i de s  cont r i but i n g  t o  dose . 
(c l fhe popu l at on dose i s  for an e s t i mated 1 990 popu l at i on of 4 1 7 , 000 . A l l  l oc a l  popu l at i on doses i n  t h i s  E I S  are b ased on t h i s  popu l at i on 

d i s tr i bu t i on w i th i n  an BO-km ( 50-mi l e )  rad i u s  from the Hanford Meteoro l og i c a l  Sta t i on l oc ated at about the center of the Han ford S i t e .  



5 . 3 . 1  Soc i oec onomic  Effects  of the Proposed Act i on 

Act i v i t i es to mai nta i n  the fac i l i ty i n  a safe  st andby cond i t i on and to mai ntai n 
op erat i onal v i ab i l i ty have been underway s i nc e  the p l ants were p l aced i n  standby i n  1972 . 
Upg rad i ng cont i nues at an i nc reasi ng rat e .  Changes to the eff l u ent systems and other safety 
and sec uri ty mod i f i c at i on s  wi l l  have requ i red app rox imate ly 400 to 500 man-years of effort 
by 1984 . Work bei ng done at the fac i l i t i es i s  contracted to  a l oc a l  construc t i o n  comp any 
which  prov ides the necess ary manpower . Thi s effort , sp read over 12 years has requ i red a 
sma l l  i nf l ux of temporary workers ;  however , the i r  number i s  not of such a mag n i tude  as to  
c ause soc i oeconom i c  concern . E ssent i a l ly no i nc rease i n  the tota l  n umber of workers wou l d  
occ ur  bec au se of resump t i on of operat i on of the PUREX/U03 f ac i l i t i es .  

PUREX startup i s  proposed f o r  f i sc a l  1984 . Work forc e  requi rement s for op erat i o n  of 
PURE X / U03 fac i l i t i es are g i ven i n  Tab l e  5 . 2 1 .  These may b e  comp ared t o  the no-ac t i on 
a l ternat i ve requ i rements a l so l i sted i n  Tab l e  5 . 21 .  Tra i n i ng of PUREX operators has been i n  
p rogress and wou l d  i nten s i fy 1 year pri or t o  hot start up .  Sequent i a l op erat i on of the PUREX 
and U03 p l ant s wou l d  perm i t  drawi ng upon t h i s same pool  of trai ned and experi enc ed 
manpower . 

The manpower l evel s i dent i f i ed for th i s  ac t i on and the proport i on of construc t i on and 
tec hn i c a l  p ersonnel  brought i nto the area for p roject purposes are not of suff i c i ent 
magn itude  to measurably affect the surround i ng c ommuni ty .  The permanent workforce requ i red 
for operat i on of p l ant fac i l i t i es const i t utes l ess  than 1 p erc ent of the area ' s  tota l  
emp l oyment , and l ess than 3 p erc ent of  those emp l oyed at  the  Hanford S i te .  Imp l ementat i on 
of the p roposed act i on does not i nvo l ve the ded i c at i on of add i t i ona l  l and  or f ac i l i t i es and 
has no effec t on c ommun i ty l and use p l ans . 

5 . 3 . 2  Soc i oeconom i c  Effects  of the A l ternat i ves to the Proposed Act i on 

Three a l ternat i ves to the proposed act i on (construct a new f uel  process i ng p l ant , 
off s i te processi ng ,  and no act i on )  have been ex ami ned . These a l ternat i ves  are d i sc u ssed 
b e l ow .  

5 . 3 . 2 . 1  Construc t i on o f  a New F u e l  Proc es s i ng P l ant 

In contrast to the other a l ternat i ves under consi derat i on ,  a dec i s i on to construct a 
new fuel  process i ng p l ant at Hanford c ou l d  have a s i gn i f icant effect  on the l oc a l  ec onomy ,  
housi ng avai l abi l i ty ,  t h e  p rov i s i on of hea l th a n d  p u b l i c  serv ices ,  and t h e  ab i l i ty of 
pr i mary Hanford feeder road s to hand l e  i nc reased traff ic  to and f rom the Hanford S i t e .  
Determi nat i on o f  t h e  l evel  o f  soc i oec onom i c  c o s t s  a n d  benef i t s  o f  t h e  projec t  construc t i on 
i s  l argely dependent upon the degree to wh ich  manpower requi rements conf l i ct  w i t h  other 
major construc t i on projects  on and off the Hanford S i t e .  T h e  abi l i ty o f  t h e  surround i ng 
c ommun i t i es to absorb the extra l abor forc e  of a st i l l  uncert a i n  magn i tude i s  d i sc ussed as 
fo l l ows .  Based on an earl y  date  of  1990 set for  a new p l ant startup , the  construc t i on 
sc hed u l e , dep i c ted i n  F i gure 3 . 9 ,  and the manpower sched u l e ,  g i ven i n  F i g ure 3 . 10,  estab l i sh 
mi d-1984 or 1 985 as an ear ly  date to beg i n  c onstruc t i o n .  Under th i s t imet ab l e  a conf l i ct  
c ou l d  occur  w i t h  the manpower requi rements for  other major Hanford proj ects ,  most not ably 
the p roposed Puget Power Consort i um construc t i on of two nuc l ear power p l ants  at  Hanford . 
( Construc t i on on the f i rst of two nuc l ear power p l ants c ou l d  beg i n  as ear ly as 1983 , the 
second 1 year l at er . ) The sequenc i ng of Puget Power ' s  esc a l at i ng l abor demands w i t h  that of 
the new fuel  p roc essi ng p l ant ( reac h i ng a peak l abor force  of 2 700 for the new proc es s i ng 
p l ant by 1987 or 1988) wou l d  i n  l arg e p art determ i ne demands on the l oc a l ly avai l ab l e  l abor 
sup p l y  and the s i ze of the i nf l ux of temporary and permanent construc t i on l aborers i nto the  
area .  Under c ert a i n  cond i t i on s ,  the emp l oyment imp act  of c onstruc t i on of  a new fue l  
p roc e s s i ng p l ant may be s i g n i f i c ant and  benef i c i a l . 

5 . 3 . 2 . 2  Process i ng F ue l  Off s i te 

S h i pp i ng fue l  off s i t e  for p roces s i ng requi res a Hanford work forc e  of approx imately  
10 to  15  operators to  prep are and  sh ip  the f ue l .  Thi s work  forc e  c an eas i l y be met out of 
the  area ' s  ex i st i ng l abor poo l . The l ength of emp l oyment wou l d  extend 8 to 12 months beyond  
shutdown of  N-Reac tor . No mod i f i c at i on to the ex i st i ng Hanford road p attern i s  envi s i oned . 
Any other potent i a l mod i f i c at i ons  of Hanford S i te fac i l i t i es re l ated to imp l ement at i on of 
t h i s a l ternat i ve wou l d  not i nvo l ve a maj or construc t i on effort and wou l d  not s i gn i f i c ant ly  
affect  the l oc a l  commun i t i es .  
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TABLE  5 . 2 1 .  E st imated Manpower Requi rement s 

ProEosed Act i on No Act i o n  

R ad i at i on Zone Workers 

Nonrad i at i on Zone Workers 
Transport at i on / S h i p p i ng Workers 

TOTAL 

SOURCE : Hawk i ns 1981c . 

5 . 3 . 2 . 3  No Ac t i on 

PURE X U03 

220 36 

100 12 
10 4 

330 52 

PUREX __ U_03 __ 

80 0 

100 4 
Not Regu i red Not Regu i red 

180 4 

Impl ementat i on of the no-ac t i on a l ternat i ve ( c onti nuat i on of present act i o n )  wou l d  
entai l mai ntenanc e of the PURE X / U03 p l ant fac i l i t i es i n  standby .  Manpower requ i rement s 
( Ta b l e  5 . 17 )  wou l d  not i nvo l ve any change f rom p resent l eve l s . Cont i nuat i o n  of the no
act i on a l ternat i ve wou l d  requ i re eventual  ded i c at i on of add i t i on a l  l and and fac i l i t i es at 
Hanford for i rrad i ated f u e l  storag e .  Any soc i oeconom i c  effects  of th i s a l ternat i ve wou l d  
ari se out of the i mpact  that a dec i s i on not to operate PURE X wou l d  have o n  storage 
f ac i l i t i es for N-Reactor fue l . M i nor construc t i on i mpac t s  wou l d  occu r  re l ated to the 
storage basi n construc t i o n .  N o  major soc i oeconom i c  effect i s  expected . 

5 . 4  CUMULAT I VE EFFECTS 

A revi ew was made of the ex i st i ng and p l anned fut ure fac i l i t i es at the Hanford S i t e  to 
determ i ne any c umu l at i ve or synerg i st i c  effec t s  res u l t i ng from the p roposed resumpt i on of 
operat i on of the PURE X / U03 fac i l i t i es at Hanford or from the other a l ternat i ve s .  The most 
s i g n i f i c ant potent i a l for c umu l at i ve effect wou l d  resu l t  i n  the soc i oeconom i c  area if the 
a l ternat i ve of construc t i on of a new fuel  process i ng fac i l i ty were to be adopted . As 
detai l ed i n  thi s E I S ( Sect i ons  4 . 4  and 5 . 3 )  the soc i oeconom i c  i mpacts  are expected to be 
smal l and w ith i n  the abi l i ty of the c ommu n i ty to absorb the i mpac t .  The actua l  i mpact  i s  
h i g h l y  dependent on the sched u l e  and the mag n i tude of other construc t i on proj ects  p l anned at 
or near the Hanford S i t e  for the next dec ad e .  T h e  p resent uncert a i n  status o f  nuc l ear power 
devel opment at the Hanford s i t e  i s  l i ke ly  to be the most i mportant factor i n  determ i n i ng the 
magn i tude of any potent i a l i mpac t .  

R ad i o l og i c a l  i mpac t s  for c urrent and p l anned nuc l ear fac i l i t i es are a l so sma l l and wel l 
wi thi n app l i c ab l e  standards ( S u l a  1981 ) .  PUR E X / U03 operat i on w i l l  c ause an i nc remental 
c hange in the l eve l s  of radi onuc l i des and rad i at i on attri butab l e  to Hanford operat i ons  as 
detai l ed be l ow ( Sect i o n  5 . 4 . 2 ) ; however, th i s i nc rement i s  smal l and the total c umu l at i ve 
effect i s  not s i g n i f i c ant  when c omp ared to natural  bac kg round rad i at i on and i s  we l l w ith i n 
a l l app l i c ab l e  standard s .  

Nonrad i o l og i c a l re l eases wi l l  a l so be  w ith i n app l i c ab l e  stand ard s and due  t o  t he 
i so l at i on of the area and the  l arge d i stanc e to the s ite  boundary , the i nc rementa l  impacts  
on a ir  qual i ty from PURE X / U03 w i l l  be wel l w ith i n amb i ent a ir  qua l i ty stand ard s for 
Wash i ngton State .  

5 . 4 . 1  Desc r i pt i o n  o f  Nearby F ac i l i t i es 

As d i scussed i n  Chapter 4 ,  the Hanford S i t e  i s  a DOE fac i l i ty ori g i na l ly  se l ected as a 
s i t e  for nuc l ear reactor and c h em i c a l  separat i on act i v i t i es for the  p roduct i on and 
p u r i f i c at i on of p l uton i um for use in nuc l ear weapon s .  A total of e i ght g raph i te-moderated 
reactors as we l l  as a more rec ent dua l-purpose reactor ( N-reactor ) were const ructed on the 
s i te a l ong the Co l umbi a  R i ver . C u rrent l y ,  N-Reactor i s  the on ly  p l uton i um produc t i on 
reactor i n  operat i on at Hanford and i s  the sourc e of i rrad i ated fue l  for the PUR E X / U03 
fac i l i t i es .  
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A number of government-owned and c ommerc i a l nuc l ear fac i l i t i es are l oc ated on the 
H anford S i t e .  Government i n sta l l at i ons  i nc l ude p roduc t i on and waste management fac i l i t i e s ,  
researc h l aboratori es , and nuc l ear materi a l  storage areas . I n  add i t i on to t he N-reac tor,  
there i s  p resent ly  a f ast f l ux test f ac i l i ty ( FFTF ) whi c h  beg an operat i on in 1980 . The 
e i g ht ori g i na l  grap h i te-moderated reactors , formerly u sed for p roduc t i on of nuc l ear 
materi a l s ,  are now ret i red and shut down. Commerc i a l nuc l ear f ac i l i t i e s  ons ite i nc l ude a 
l ow-l eve l waste buri a l  area ,  and two c ommerc i a l nuc l ear power stat i ons  that are present ly  
under construc t i on by WPPSS . Construc t i o n  on a t h i rd stat i o n  has been d i scont i nued . On ly  
one of these reactors i s  present ly  p l anned to be  operat i ona l  w i t h i n  the  near  f uture. An  
Exxon Nuc l ear Corporati on fue l  fabr i c at i on p l ant is  l oc ated near  the S i te boundary . 
Research and devel opment stud i es for i so l at i on of rad i oact i ve waste i n  bas a l t  format i on on 
t he Hanford S ite  are underway. 

5 . 4 . 2 Cumu l at i ve Effec t s  of Proposed Act i on and A l ternat i ves 

The tot a l  c umu l at i ve potent i a l rad i o l og i c a l  effects from the p roposed o�erati on 
PUREX/U03 f ac i l i t i es at Hanford and from the other cons i dered a l ternat i ves ( a) are 
p resented i n  Tab l e  5 . 22 for the max i mum i nd i v i d ua l  and i n  Tab l e  5 . 23  for popu l at i o n  
exposure. T hese exposures are impercept i b l e  ag ai nst the background rad i at i o n  dose.  

of the 

The val ues for the ex i st i ng Hanford Site were taken from Su l a  ( 1981 ) and i nc l ude a l l 
the f ac i l i t i es as descri bed i n  Sec t i on 5 . 4 . 1 .  The doses to the max imum i nd i v i dua l  are sma l l 
for a l l a l ternat i ves when c ompared to the 100 mrem/year background rad i at i o n  l evel s from 
natura l background and wou l d  c ause no s i gn i f i c ant i mp ac t .  The pop u l at i o n  doses are a l so 
sma l l when c omp ared to t he approx imate 2 . 9  x 106 man-rem dose from natural rad i at i on over 
70 years . 

The pri nc i p a l ly  known p otent i a l ly s i gn i f i c ant c umu l at i ve impact i s  i n  t he soc i oeconom i c  
area i f  a new f u e l  p rocess i ng p l ant were to b e  constructed as  out l i ned i n  Sect i on 5 . 3 . 2 . 1 .  

The major i mp acts  for th i s a l ternat i ve wi l l  res u l t  from compet i t i on for very s im i l ar 
l abor sk i l l s  i f  a l l p l anned p rojects  i n  the reg ion  peak duri ng the same p eriod as p rojected 
for a new fuel processi ng f ac i l i ty.  The sequenc i ng of nuc l ear power p l ant construc t i on i n  
t he area c o u l d  very wel l  overl ap t he new p rocess i ng fac i l i ty construct ion  sc hedu l e and wou l d  
res u l t  i n  l arge demands o n  the l oc a l  l abor supp ly  and c ou l d  res u l t  i n  an i nf l ux of temporary 
and permanent construct i o n  l aborers i nto th i s area.  The soc i oec onomic  impac t  of the 
proposed act i on or t he other a l ternat i ves wou l d  have l i tt l e  or  no c umu l at i ve imp ac t  on the 
c ommun i ty .  

5 . 5  DECONTAM I NATION  AND DECOMM I SS ION I NG 

The eventua l  dec ontam i nat i on and decomm i s s i on i ng of the ex i st i ng PUREX / U03 fac i l i t i es 
may requ i re an appropr i ate  spec i f i c  env i ronmental assessment or i mp act statement when that 
dec i s i on po i nt i s  rea� h�d . However, t hat dec i si on i s  i ndependent of a resumpt i on of 
P UREX / U03 0perat i ons . l b } The assessment of the envi ronmenta l  i mp ac t s  assoc i ated w ith  
decontami nat i on and  dec omm i ss i on i ng i s  not  f urther addressed i n  th i s E I S .  The  current 
status of dec ontam i nat i on and decommi ss i o n i ng i s  d i sc u s sed i n  ANS I  ( 19 7 5 )  and Cohen et a l . 
( 1977 ) .  The a l ternat i v e  of bu i l d i ng a new p l ant at Hanford wou l d  c ompound the 
decontami nat i o n  and decommi s s i on i ng p ro bl em by eventua l l y  requ i ri ng two contam i n ated 
f ac i l i t i es to be decontami nated and decomm i s s i oned . 

5 . 6  RELAT IONSH I P  BETWE EN  SHORT-TERM USE OF THE ENV IRONMENT AND ENHANCEMENT OF LONG-TERM 
PRODUCT I V ITY 

The short-term use of the envi ronment for t he p ast operat i o n  of the  PURE X / U03 
f ac i l i t i es has a l ready c ommi tted an area of the Hanford S i t e  to l ong-term use.  T h i s  

( a )  The alternat i ves of proc ess i ng at SRP and no ac t i on are not i nc l uded s i nc e  i f  e i ther of 
t hese a l t ernat i ves were adopted , there wou l d  be no i nc rementa l  impact  at H anford . 

( b ) The dec ontami nat i on and decommi s s i o n i ng i s  i ndep endent of a resumpt i on of PUREX / U03 
operat i on bec ause  regard l ess of whether the p roposed act i o n  i s  adopted , the present 
fac i l i t i es wou l d  st i l l  requ i re some d egree of dec ontam i nat i on and then dec ommi s s i on i ng .  

5 . 41 



U1 
� 
N 

TABLE 5 . 2 2 .  Total  Cumu l at i ve R ad i o l og i c a l  Imp acts  t o  the Max i mum I nd i v i dua l  F rom the 
Resumed PUR E X / U03 Operat i on and A l t ernat i ves 

E x i s t i ng Hanford S ite ( a )  
Total From A l l  l-Yr Release! ( b l-Yr Re l easel ( ) P athwa,)'s l-Yr Accumu l at i on ) 50-Yr Accumu l at i on c 

Total Body 1 . 0  x 10-5 1 . 0  x 10-4 

Bone 4 . 0  x 10-5 3 . 9  x 10-4 

L u ngs < 1 . 0  x 10-5 < 1 . 0  x 10-5 

Thyro i d  1 . 6  x 10-4 1 .  7 x 10-4 

G I-LL I 2 . 0  x 10-5 2 . 0  x 10-5 

( a )  S u l a  1981 . 

Max i mum I n d i v i dua l  Dose ( rem) 

Total ( E x i st i ng and Resumed 
P UREX/U03 ) ( d )  

l-Yr -Release/ -l-Yr Release 
l-Yr Accumu l at i o n  70-Yr Accumu l at i on ( e )  

4 . 3 x 10-5 1 . 4  x 10-4 

9 . 5  x 10-5 4 . 0  x 10-4 

4 . 3  x 10-5 4 . 7  x 10-5 
4 . 4 x 10-4 5 . 8  x 10-4 

5 . 3 x 10-5 5 . 3 x 10-5 

Tota l  ( E x i st i ng and New 
Fuel  Proces s i ng 

P I  ant ) ( f )  
I-Yr Release! --r:Yi-l{el ease/ 

l-Yr Accumu l at i on 70-Yr Accumu l at i on 
7 . 1  x 10-5 1 . 6  x 10-4 
4 . 3 x 10-5 4 . 2  x 10-4 
7 . 1  x 10-5 7 . 1  x 10-5 
2 . 0  x 10-4 2 . 4 x 10-4 
7 . 7  x 10-5 7 . 9  x 10-5 

( b )  A l-yr rel ease / l-yr accumu l at i on i s  the dose rece i ved i n  the f i rst year from exposure i n  that year . 
( c )  A l-yr rel ease/ 50-yr accumu l at i on i s  the dose rece i ved over a 50 year l i fetime from exposure i n  the f i rst year. 
( d )  Resumed PUREX / U03 val ues from Tab le  5 . 4 . 
( e )  Val ues u s i ng a 70-yr accumu l at i on b ase are not s i gn i f i c antly  d i fferent from u s i ng a 50-yr base. 
(f) New fuel reproces s i ng p l ant va l ues from Tab l e  5 . 16 .  



U1 
""" 
w 

Tot a l s  From 
A l l Pathways 
Tot al  Body 
Bone 
Lungs 
Thyro i d  
GI-LLI 

TABLE  5 . 23 .  Tota l  Cumu l at i ve R ad i o l og i c a l  Impac ts t o  the Pop u l at i on From the 
Resumed PUREX / U03 Operat i on and A l ternat i ves 

E x i s t i ng Hanford S i te ( a ) 
1-Yr Rel ease / 50-Yr Accumu l at i on 

1 . 2  
0 . 9  
2 . 6  
0 . 7  
3 . 8  

Popu l at i on Dose (man-rem) 
Tot a l  ( Ex i s t i ng and Resumed PUREX /V03 ) ( b) 

1-Yr Re l ease/70-Yr Accumu l at i on ( C }  
5 . 9  

12 . 9  
7 . 0  

45 . 7 
7 . 5  

Tot a l  ( Ex i s t i ng and New Fuel  Process i ng P l ant ) ( d )  
1-Yr Rel ease/70-Yr Accumu l at i on 

6. 4 
1 . 3 
7 . 8  
6 . 4  
8 . 2  

( a )  Va l ue from Su l a  ( 1981 ) adj usted to  pop u l at i on used i n  thi s E I S  for 1990 ( 258,000 vs 417 ,000) . 
( b ) ReslJmed PURE X/U03 val ues from Tab l e  5 . 4  ( popu l at i on dose, 1-Yr R e l ease / 70-Yr Accumu l at i on c o l umn ) were added to the ex i st i ng Hanford S i te 

va l ues to obt a i n  the tota l  c umu l at i ve dose.  
( c )  Va l ues u s i ng a 70-yr accumu l at i on base are not s i g n i f i c ant ly d i f ferent from u s i ng a 50-yr base. 
( d) New fuel processing pl ant val ues f rom Tab l e  5 . 16 ( popu l at i on dose,  1-Yr Rel ease/ 70-Yr Accumu l at i on c o l umn) were added to the ex i st i ng Hanford 

Si te va lues tu obtai n the total c umu l at i ve dose . 



commi tment effecti v e ly removed th i s l and from contri but i ng to the very l i mi ted natural 
p roduct i v i ty of the reg i on and has p rec l uded i t s  use  for non-nuc l ear rel ated act i v i t i es .  
However,  the l oss  of th i s  l and shou l d  be put i nto the p roper contex t .  The Savannah R i ver 
S i te has a l so c ommi tted an area to l ong-term use for nuc l ear act i v i t i e s .  

The Hanford S i te conta i ns 148, 000 h a  ( 570 m i 2 o r  365 , 000 acres ) i n  t h e  P asco Bas i n  ( a  
port i on of the Co l umbi a P l ateau ) wh i c h  i s  composed of l arge qu ant i t i es of bas a l t  overl a i n  by 
thi c k  l ayers of sed imentary materi a l .  W h i l e  numerous  p l ant and animal  spec i es su i ted to the 
sem i-ari d envi ronment have been noted ( see Chapter 4 ) , the product i v i ty of 
natural l y-occurri ng b i ot a  i s  re l at i vely l ow ( USERDA 1975 ) .  A l l of the major f ac i l i t i es 
occ upy on l y  about 6 percent of the S i te ; the surround i ng envi ronment i s  rel at i ve ly 
unaffected by these f ac i l i t i e s .  The Savannah R i ver s i te has s i m i l ar l and commi tment s ,  
a l though t h e  surround i ng env i ronment i s  con s i derab l y  d i fferent . 

The PUREX / U03 f ac i l i t i es and waste storage  areas i n  the 200 Areas occ upy on ly  about 
1 . 4  perc ent or 2 , 065  ha ( 5 , 100 ac res ) of the S i t e .  As stated p rev i ous ly ,  p ast operat i ons  
have removed th i s  area f rom non-nuc l ear re l ated use for  the  l ong-term . Current p l ans  for 
operat i on of the PUREX/ U03 f ac i l i t i es w i l l  not s i g n i f i c antly add to t h i s  commi tment of 
resourc e s .  

The restorat i on o f  th i s  l and t o  i ts natural  or ori g i na l  state wou l d  b e  imprac t i c a l  and 
is not cost-effec t i ve f rom the poi nt of v i ew of other potent i a l l and-uses .  W h i l e  the 
c onti nued operat i on of the 200 Areas ,  contai n i ng PUREX /U03 and re l ated f ac i l i t i es ,  for 
waste management commi ts  th i s area for a l ong-term use  and thus e l imi nates it f rom 
agri c u l tural  produc t i on ,  the val ue of the f ac i l i ty to the nat i on a l  nuc l ear programs and the 
soc i oec onomic  benef i t s  to the reg i on far  outwe i g h  the re l at i ve ly  i ns i g n i f i c ant l o s s  from 
l ac k  of b i o l og i c a l  product i v i ty .  

Future p l ans  for the Hanford and S avannah R i ver S i tes c a l l for the i r  conti nued u s e  as 
areas ded i c ated pri mari l y  to energy and defense ac t i v i t i es .  Thu s ,  the use  of man ' s  
envi ronment at these s i tes i s  p l anned to be l ong-term.  Nuc l ear-re l ated act i v i t i es wi l l  
cont i nue at these s i tes for the foreseeab l e  f uture . Over the l ong-term ,  add i t i on a l  S i te 
l and may be ded i c ated to other nuc l ear or other energy f ac i l i t i es or act i v i t i es .  To 
part i a l l y bal ance th i s u sag e ,  some current act i v i t i es wi l l  cease,  poss i b l y  re l easi ng some 
are as for f uture use .  The d i rect net effect  wi l l  probab ly  be a s l i ght ly  i ncreased 
enc roac hment upon the envi ronment over the l o ng-term. 

5 . 7  RELAT I ONSH I P  OF PROPOSED ACT ION TO  LAND-USE PLANS, POL I C I ES ,  AND CONTROLS 

The cont i nued operat i on of the Hanford f ac i l i t i es ,  i nc l u d i ng the operat i o n  of the PUREX/  
U03 f ac i l i t i es d i sc ussed in  th i s E I S ,  w i l l  not conf l ict  w i th nat i ona l , state,  or l oc a l  
p rog rams .  Imp l ement at i on o f  the p l an s  set forth i n  th i s E I S  w i l l  not s i g n i f i c ant l y  a l ter 
the l ands wh ich  have a l ready been commi tted by p ast PUREX /U03 operat i on .  A l l of th i s l and 
is  c urrent ly ded i c ated to thi s use.  A l l l and i s  and w i l l  c ont i nue to be managed i n  
c onformanc e w ith  appropri ate feder a l  reg u l at i ons  t o  assure the s afety and wel l -be i ng of the 
pub l i c . 

The estab l i shment of the Nat i ona l  Env i ronmenta l  Researc h P ark ( NERP ) at the H anford 
S i t e  has made avai l ab l e  most of the l and  for researc h .  Cons i stent w i t h  DOE ' s  n uc l ear energy 
and research and devel opment ac t i v i t i es ,  the operat i ng and waste man ag ement areas on the 
Site are spec i f i c a l l y  exc l uded from the NERP areas . 

Arc heo l og i c al s i tes at Hanford have been d i sc ussed i n  Sec t i on 4 . 4 . 7 .  Add i t i on a l  
i nformat ion  i s  i n  U SERDA 1 9 7 5  ( p .  1 1 1 . 3-8 a n d  p .  I I . 3-A-14 ) .  N o  arc haeo l og i c a l  s i tes wou l d  
b e  affected by the proposed act i on o r  any of the a l ternat i ves .  

5 . 8  I RREVER S I BLE  AND  I RRETR I EVABLE COMM ITMENTS OF  RESOURCES 

The i rrevers i b l e  and i rretr i evab l e  c ommi tment of resourc es to  the resump t i on of 
operat i o n  of the PUREX/U03 and assoc i ated f ac i l i t i es ( p roposed ac t i o n )  are : 1 )  l and and 
materi al s  for contai n i ng or  stori ng waste p roducts  and 2} produc t i on materi a l s  suc h as 
fue l s ,  water, and c hemi c a l s .  N o  add i t i on a l  l and c omm i tments  are needed for the f ac i l i t i es 
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exc ept for add i t i onal  underground doubl e-she l l tanks for i nterim storage of h i g h-l eve l 
l i q u i d  rad i oac t i ve waste ( f rom 6 to 27 tank s ) . Construc t i on of 2 7  t anks wou l d  requ i re 
approx imately  18 ha (45  ac res )  of l and w ith i n the 200 areas, whi c h  are a l ready ded i c ated to 
waste management and other nuc l ear-re l ated ac t i v i t i es .  N o  expan s i on of the 200 Areas wou l d  
b e  necessary for t ank construc t i on .  

P rocess needs f o r  PUREX / U03 operat i ons a t  a l evel  of 3000 MT/yr wou l d  requ i re steam 
generated by the consump t i on of approx imately  96 ,000 MT/yr ( 10 5 , 000 tons/yr )  of coa l . 
E l ectrica l  requi rements wou l d  be 27 m i l l i on kWh/yr. A l i st of chemi c a l s consumed by the 
p rocesses i s  g i ven i n  Tab l e  5 . 24 .  The raw water requ i rement wou l d  b e  �pprox imately  
4 . 2  x 1 07 m3 /yr, whi c h  i s  approx imate ly  0 . 03 p erc ent of  the 1 . 07 x lOl l m3 /yr 
average annua l  f l ow of the Co l umbi a R i ver at Hanford ( USERDA 1975 ,  p .  1 1 . 3-13 ) . A smal l 
vo l ume, 1155  m3/yr of p et ro l eum d i st i l l ates (most ly  gaso l i ne and d i ese l ) wou l d  a l so be 
requi red . Sma l l quant i t i es of conc rete and steel wou l d  a l so be req u i red to mai ntai n and 
upgrade the fac i l i ty.  

Construc t i ng a new fuel  p rocess i ng p l ant at H anford wou l d  requ i re l arg e quant i t i es of 
construc t i on materi a l s and energy as desc ri bed i n  Sec t i on 3 . 2 . 2 .  L and req u i rement s for the 
new p l ant wou l d  be s imi l ar to those of the ex i st i ng p l ant [ approx imate l y  40 ha ( 100 ac res ) 
for the fac i l i t i e s  and an add i t i ona l  60 ha  ( 150 ac res ) for support fac i l i t i e s ] .  The new 
p l ant cou l d  be l oc ated i n  the areas a l ready commi tted to proc es s i ng / storage  act i v i t i es .  
Al though a deta i l ed study has not been c onducted , the commi tment of resources for operat i ng 
i t  wou l d  be s i mi l ar to those of the ex i st i ng p l an t .  

If  t h e  a l ternat i ve o f  s h i pp i ng the i rrad i ated f u e l  off s i t e  were adopted , consumpt i on of 
resourc es ons i te wou l d  conti nue at present l eve l s  unt i l a dec i s i on to comp l etely phase out 
the ex i st i ng fac i l i ty was mad e .  Consumpt ion  of  resources  equ i va l ent to  those for  operat i ng 
PURE X wou l d  occur at the off s i te l oc at i on ( Savannah R i ver ) . I n  add i t i on ,  gasol i ne or d i esel 
fuel wou l d  be consumed to  transport the i rrad i ated fuel  to the offs i te l oc at i o n ,  and 
add i t i onal  materi a l s for the construc t i on of the transport at i on c asks  wou l d  be req u i red as 
deta i l ed i n  Sect i on 3 . 3 . 3 .  Consump t i on of resources  at the p resent l evel  wou l d  cont i nue i f  
the no-ac t i on a l ternat i ve were sel ected .  

TABLE 5 . 24 .  Chem i c a l  Consumpt i on i n  PUR E X / U03 F ac i l i t i es ,  
3000 MT/yr P rocessi ng R ate 

Chem i c a l  Used 

Al umi num N i trate 
Ammon i um F l uori de-Ammon i um N i t rate 
Cadmi um N i t rate 
Ferrous S u l famate 
Hydraz i ne 
Hydroxyl am i ne N i t rate 
N i tr ic  Ac i d  
Normal  P araff i n  Hydroc arbon 
Oxa l i c  Ac i d  
Potas s i um Hydrox i de 
Potass i um Permanganate 
S i l ver N i t rate 
Sod i um Carbonate 
Sod i um Hydrox i de 
Sod i um N i t r i te 
Sugar ( Sucrose) 
Su l f am i c  Ac i d  
S u l furic  Ac i d  
Tartaric  Ac i d  
Tri buty l  Phosphate 

SOURCE : (Hawk i ns 1981c ) .  
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Amount , MT/yr 

625 
875 

5 
41 

4 
9 

1000 
22 
14 

340 
4 
1 

26 
940 

25 
1 70 

53 
6 
3 
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CHAPTER 6 

DESCR I PT I ON OF APP L I CABLE REGULAT I ON S  AND GU I DEL I NES 





6 . 0  DE SCR I PT ION OF APPL I CABLE REGULAT IONS AND GU IDEL I NES 

Th i s c hapter p rovi des a short d i sc u s s i on of the g u i de l i nes and reg u l at i ons that govern 
emi s s i ons from the PUREX/U03 f ac i l i t i es .  

6 . 1  DOE ORDER 5480 . 1A,  CHAPTER X I  

Thi s c h apter estab l i s hes rad i at i on protec t i on st andard s and requi rements for DOE and 
DOE cont ractor operat i on s .  I t  estab l i shes rad i at i on protec t i on standards f o r  occ upat i ona l l y  
re l ated extern al  a n d  i ntern al  exposure ( Tab l e  6 . 1 )  and stand ard s f o r  exposure t o  members of 
the pub l i c i n  uncontro l l ed areas ( T ab l e  6 . 2 ) . The c h apter prov i d e s  g u i dance on mai nt a i n i ng 
exposures to rad i at i on at l eve l s  as l ow as reasonab ly  ac hi evab l e . 

Concentrat i on Gu i des 

Conc entrat i on g u i des ( CG ' s )  have been devel oped by var i o u s  nat i ona l  and i nternat i on a l  
organ i zat i ons  to estab l i sh a l l owab l e  upper l im i t s  o f  rad i o i sotop e c onc entrat i ons i n  a i r  and 
water , above natura l  background l eve l s .  ( These are somet imes a l so known a s  Maxi mum 
Permi ss i b l e  Concentrat i ons  [MPC ' s] . )  These org an i zat i ons have i nc l uded the I nternat i on a l  
Commi s s i on o n  Rad i o l og i c a l  Protec t i on ( I CRP ) ,  the U . S .  Nat i ona l  Counc i l  on Rad i at i on 
Protec t i on ( NCRP ) ,  and the F ederal Rad i at i on Counc i l  ( FRC ) . The CG ' s  were deri ved for the 
most p art from the standard s shown in  Tab l es 6 . 1  and 6 . 2 .  

DOE ' s  predec essor agency, ERDA , adopted these CG ' s  a s  Manu a l  Chapter X I  ( 0524 ) , wh i c h  
subsequent l y  bec ame DOE Order 5480 . 1A .  

The CG ' s  ( MP C ' s ) are d i v i ded i nto two mai n c ategori es,  ( T ab l e  I and Tab l e  I I ) ,  the 
f i rst of wh i c h  for contro l l ed areas ( T ab l e  I )  i s  app l i c ab l e  to  rad i at i on workers ; it  assumes 
exposure duri ng a 40-h r work week . The second c ategory, for uncontro l l ed areas ( T ab l e  I I ) ,  
wh i c h  has much l ower val ues ,  i s  app l i c ab l e  to the general p u b l i c , and as sumes cont i nuous 
exposure ( 1 68-hr week ) .  Co l umn 1 in  eac h  t ab l e  app l i es to c oncentrat i ons  in  a i r,  wh i l e  
c o l umn 2 app l i es to water . There are d i fferent va l ues  for eac h rad i o i sotop e ,  depend i ng on 
whether i t  i s  i n  a sol u b l e  or i nsol u b l e form. The CG ' s  for se l ec ted rad i o i sotopes are g i ven 
i n  Tab l e  6 . 3 .  

The va l ues i n  Tab l e  I ,  Co l umn 1 shou l d  b e  u sed i n  eva l u at i ng the adequacy of hea l t h  
prot ect i on measures ag a i n st a irborne rad i oac t i v i ty i n  occ up i ed areas exposed to  rad i at i on .  

The va l ues i n  Tab l e  I ,  Co l umn 2 are app l i c ab l e  t o  the d i sc harge of l i qu i d  eff l uents to 
san i tary sewage system s .  Dri nki ng water conc entrat i on s  i n  contro l l ed areas shal l be 
mai ntai ned wi th i n the c onc entrat i on g u i des  spec i f i ed i n  Tab l e  I I ,  Co l wnn 2 .  

The Tab l e  I ,  Co l umn 2 ,  concentrat i o n  g u i d e  for  d i sc harge of l i q u i d  eff l uents to san i 
t ary sewag e systems are somet i mes u sed a s  a s imp l e  tool  t o  comp arat i ve ly  ana lyze the l evel  
of  rad i oac t i ve l i qu i d  eff l uent s d i sc harged to chemi c al sewers and other l i qu i d  waste d i s
posal  f ac i l i t i es i n  c ontro l l ed areas, s i nc e  eff l uents w i t h i n  the  c onc entrat i on g u i des 
estab l i shed for s an i tary sewer systems resu l t  i n  rad i at i on exposure l evel s we l l bel ow the 
stand ard s set fort h  i n  the c h apter . However , the c h apter does not requ i re t h at suc h  d i s
c h arges be w i t h i n the concentrat i o n  g u i des but rather that the rad i at i on p rotec t i on stan
d ards be met even when l eve l s  above the Tab l e  I ,  Co l umn 2, l eve l s  are d i sc harged to waste 
management f ac i l i t i es .  
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TABL E  6 . 1 .  Rad i at i on Protec t i on Standard s for  Occupat i on a l l y-Re l ated 
Externa l  and I nterna l  Exposure 

Type of Expo sure 

Who l e  body, head aDd tru n k ,  gonads ,  
l ens  of  the eye, ( b ) red bone marrow, 
act i ve b l ood-form i ng organ s .  

Un l imi ted areas o f  the sk i n  ( except 
hands and forearms ) .  Other organs ,  
t i ssues,  a n d  organ systems ( except 
bone) . 

Bone.  

Forearms . ( d )  

Hands ( d )  and feet . 

Exposure Period  

Year 
Ca l endar Quarter 

Year 
Ca l endar Quarter 

Year 
Ca l endar Quarter 

Year 
Ca l endar Quarter 

Year 
Ca l endar Qu art er 

Dose Equ i val ent ( Dose or  
Dose  Commi tment ) ( a ) ( rem ) 

5 ( c )  
3 

15 
5 

30 
10 

30 
10 

75  
25  

( a ) To meet the above dose c ommi tment stand ard s ,  op erat i ons  must be  conducted i n  
such a manner that i t  wou l d  b e  u n l i ke l y  that an i nd i v i d u a l  wou l d  assi mi l ate 
i n  a c r i t i c a l  organ,  by i n hal at i on ,  i ngest i on ,  or absorpti on ,  a qu ant i ty of a 
rad i onuc l i de  or m ixture of radi onuc l i des that wou l d  c omm i t  the i nd i v i dua l  to 
an organ dose that exceeds the l im i t s  sp ec i f i ed in the above tab l e .  

( b )  A beta exposure bel ow a max imum energy o f  700 KeV wi l l  not penetrate the l ens 
of the eye ; therefore, the app l i c ab l e  l i m it  for these energ i es wou l d  be that 
for  the sk i n  ( 1 5 rem/yr ) . 

(c ) I n  spec i a l cases, w ith  the appro val of the D i rector,  DOE D i v i s i on of Operat i on a l  
and Env i ronmenta l  Safety, a worker may exceed 5 rem/yr, provi ded hi s or  her 
average exposure per year s i nc e  age 18 wi l l  not exc eed 5 rem/yr . Th i s 
does not app l y  to emergency s i tuat i on s .  

( d )  A l l reasonab l e  effort shal l be made to keep exposures o f  forearms a n d  hands to  
the  general l i m it  for  the sk i n . 

TABL E  6 . 2 .  Rad i at i on Protect i on Standard s for  Externa l  and I ntern al  
Exposure to  Members of the Pub l ic  

Type of Exposure 

Who l e  body , gonad s ,  
or bone marrow 

Other organs 

Annual  Dose Equ i val ent or  
Based on  Dose  to  

I nd i v i dua l s at 
P o i nts  of Max i mum 

Probab l e  Exposure,  ( rem) 

0 . 5  

1 . 5  

Dose Commitment , ( rem ) ( a ) 
Based on Average Dose 
to  a Su itab l e  Samp l e  

of the eX P9s�d 
Popu l at i on, l b ) ( rem) 

0 . 1 7 

0 . 5  

( a )  I n  keep i ng w i th Dep artment of Energy po l i cy o n  l owest pract i c ab l e  
exposures,  exposures to  the pu b l i c  shal l b e  l i mi ted t o  a s  smal l a 
f ract i on of the resp ec t i ve annual  dose l imi ts  as i s  reasonab l y  
ac h i evab l e .  

( b )  See Parag rap h 5 . 4 ,  Federal Rad i at i on Counc i l  Report No . 1 ,  for d i s
cuss i o n on  c oncept of s u i t ab l e  samp l e  of exposed popu l at i on .  
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TABL E  6 . 3 .  Conc entrat i ons i n  Ai r and Water Above Nat ural Bac kground , 
Excerpts from DOE Order 5480 . 1A 

E l ement 
( atom ic  number) 

Carbon ( 6 )  

Ces i um ( 5 5 )  

Coba l t  ( 37 )  

Hydrogen ( 1 )  

I od i ne ( 53 )  

Krypton ( 36 )  

P l utoni um ( 94 )  

Rutheni um (44 )  

St ront i um ( 38 )  

Urani um ( 9 2 )  

I sotop e ,  
So l u b l e  ( S ) ; 
I nsol u b l e  ( 1)  
C 14 S 

Cs  137  S 

Co 

H 

60 

3 S 

129 S 

131  S 

Tab l e  I 
Control l ed Area 

Col umn 1 Col umn 2 
A i r  Water 

( �c /ml ) ( �c /ml ) 

4 x 10-6 2 x 10-2 

6 x 10-8 

9 x 10-9 

5 x 10-6 

8 x 10-10 

4 x 10-9 

4 x 10-4 

1 x 10-3 

1 x 10-1 

5 x 10
-5 

3 x 10-5 

Kr 85 Sub
( a ) 1 x 10-5 

Pu  239 S 

Ru 106 

Sr 90 S 

U 238 S 

2 x 10-12  

6 x 10-9 

1 x 10-9 

7 x 10-11  

1 x 10-4 

3 x 10-4 

1 x 10-5 

1 x 10-3 

Tab 1 e I I  
U nc ontro l l ed Area 

Column 1 Co lumn Z 
A i r  Water 

( �c /m l ) ( �c /m l ) 

1 x 10-7 8 x 10-4 

2 x 10
-9 

3 x 10
-10 

2 x 10-7 

2 x 10-1 1  

1 x 10
-10 

3 x 10-7 

6 x 10-14 

2 x 10
-10 

3 x 10-1 1 

3 x 10-1 2  

2 x 10-5 

3 x 10-5 

3 x 10-3 

6 x 10-8 

3 x 10-7 

5 x 10-6 

1 x 10-5 

3 x 10-7 

4 x 10-5 

( a )  " S u b "  means that val ues g i ven are for submers ion  i n  a semi sp heri c a l  i nf i n i te c l oud of 
ai rborne materi al s .  

6 . 2  40  CFR  50  ( NAT I ONAL PR IMARY AND SECONDARY AMB I E NT A I R  QUAL ITY STANDAR D S )  

Thi s reg u l at i on conta i n s  t h e  nat i ona l  pr imary a n d  secondary ambi ent ai r qual i ty stan
dard s .  Nat i onal  pri mary ambi ent a i r  qua l i ty standard s def i ne l eve l s  of a i r  qual i ty j udged 
by the E PA to be necessary to protect the  p u b l i c  heal th .  

Nat i ona l  secondary amb i ent a i r  qual i ty standard s def i ne l eve l s  of a i r  qual i ty j udged by 
the  E PA to be nec essary to protect the pu b l i c  we l f are from any known or ant i c i pated adverse 
effects  of a po l l ut ant . 

Standard s are for : s u l f ur ox i des,  part i c u l ates ,  c arbon monox i de,  photochem i c a l  ox i 
d ants ,  hydroc arbo n ,  and n i trog en ox i des .  

States may estab l i sh a i r  qual i ty standard s wh i c h  are more stri ngent than the  nat i onal  
standard s .  

6 . 3  40 CFR 52 ( PREVE NT ION  OF S IGN I F I CANT DETER I ORAT ION OF A IR  QUAL ITY )  

E PA  reg u l at i ons  for  the Prevent i on of  S i gn i f i c ant Deter iorat i on of A i r  Qua l i ty ( P SD ) 
are set forth i n  T i t l e  40 , Code of Fed eral  Reg u l at i ons ,  Part 52 . 

These reg u l at i ons  req u i re that any operat i on that has the potent i a l  to em i t  more t han 
2 50 tons/year of n i trogen ox i des ( NOx ) i s  subj ect  to rev i ew for th i s po l l utant . Thi s 
po l i cy was i nc orporated i nt o  the C l ean A i r  Act to l i mi t i ncreases i n  c l ean ai r areas to 
sp ec i f i c  i nc rement s even though the  amb i ent a i r  st andard s are be i ng met . The PSD perm i t  
assures that t h e  a i r  qua l ity wi l l  not det eri orat e and that t h e  best avai l ab l e  contro l tech
nol ogy is bei ng app l i ed and that the sma l l est i ncrement of po l l utant is re l eased . 
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The Department of Energy, R i c h l and Operat i ons Off i ce ,  has rec ei ved a PSD perm i t  
( PSD-X80-14 ,  September 2 4 ,  1980 ) t o  operate t h e  PUREX / U03 f ac i l i t i es .  The l im i t at i ons  
app l y i ng to PURE  X are l i sted in  Tab l e  6 . 4 .  

TABLE 6 . 4 .  NOx Emi s s i on L im itat i ons 

Sourc e  

PURE X P l ant 
NOx Absorber Ex i t  
Ma i n  Stack 

U ran i um Ox i d e  P l ant 
Ex i t  of f i na l  c on
denser ( upstream 
of d i l  ut i on a i r  
add i t i on ) 

Conc entrat i on 
Vo 1 ume P ercent , 

dry b as i s  � 
2 . 0  1160 

2250 

4 . 0  858 

Mass Emi ss i on 
R ate ,  met ric  

tons /year 

424 

50 

6 . 4  WAS H I NGTON ADM I N I STRAT IVE  CODE , T ITLE  18 AND T ITLE  173 ( Wash i ng ton State A i r  P o l l ut i on 
Contro l Reg u l at i ons) 

The Washi ngton Air Po l l ut i on Contro l R egu l at i on s  contai n the a i r  qua l i ty 
standard s  estab l i shed to obtai n and mai ntai n the  c l eanest a i r  poss i b l e ,  consi stent w ith  t he 
h i g hest and best prac t i c ab l e c ontro l tec hno l ogy.  

Standard s  are for : s uspended part i c u l ates,  f l uor ides ,  s u l f u r  ox i de s ,  c arbon 
monox i de ,  ozone, and n i trogen d i ox i de .  
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CHAPTER 7 

L I ST OF REV I EWERS AND PREPARERS 





7 . 0  l I ST O F  REV I EWERS AND PREPARERS 

The fol l owi ng tab l e  i nd i c ates rev i ewers and p reparers for thi s E I S .  

Revi ewers Aff i l i at i on 
R .  M .  Caro s i n o  DOE-Rd a )  

O .  J .  E l gert DOE-Rl 

R .  l .  Hames DOE-Rl 

G .  J .  M i skho DOE-Rl 

J .  V .  Rob i nson PNd a )  

M .  W .  Shupe DOE-Rl 

M .  J .  Z amorsk i  DOE-Rl 

Pre�arers Aff i l i at i on Cha�ter/A��end i x  
R .  M .  Caro s i no DOE-Rl 2 . 0  

R .  A .  Ewi ng Bcd a )  3 . 1 ,  5 . 0 ,  D 

D .  K .  Landstrom BCl 4 . 0 ,  5 . 0  

K .  S .  Murt hy PNl 1 . 0 .  3 . 1  ( P roject Manager )  

J .  K .  So l dat PNl 5 . 0 ,  C 

S .  l .  Ste i n  PNl 5 . 0 ,  6 . 0  

l .  A .  Stout PNl 3 . 1 , 6 . 0 ,  A ,  B ,  D 

H .  H .  Van Tuyl PNl 3 . 2 ,  3 . 3 ,  3 . 4 ,  3 . 5 ,  3 . 6  

M .  J .  Z amorsk i DOE-Rl 2 .0 

Tec h n i c a l  Assi stance Aff i 1 i at i on C ha�ter/A��end i x  
T .  l .  Anderson BCl 4 . 0 ,  5 . 0  

J .  J .  Dori an UNc ( a ) 3 . 2 ,  3 . 3 ,  3 . 4  

A .  R .  Hawk i ns RHo ( a ) 3 . 1 ,  A ,  B 

W .  M .  Hayward RHO 3 . 1 ,  A ,  B 

l .  l .  Morg an BCl 4 . 0  

B .  A .  Nap i er PNl 3 . 0 ,  5 . 0 ,  C ,  E 

R .  C .  Stupka RHO 3 . 1 ,  A ,  B 

R .  l .  Wa l ser RHO 3 . 1 ,  A ,  B 

K .  R .  Yates BCl 5 . 0  

( a )  BC l--B atte l l e Co l umbus laboratory ,  Co l umbus ,  O H  43201 
DOE-Rl--Dep artment of Energy, R i c h l and Operat ions  Off i c e ,  
R i c h l and ,  WA 99352 
PNl--P ac i f i c  Northwest l aboratory ,  R i c h l and ,  WA 99352 
RHO--Rockwe l l  Hanford Operat i ons ,  R i c h l and , WA 99352 
UNC--UNC Nuc l ear I ndustri es ,  R i c h l and ,  WA 99352 
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Ed ucat i onal  b ackgrounds of the major contri butors ( p reparers )  and techn i cal  staff 
members fo l l ow i n  th i s  sect i on . 

7 . 1  PAC I F I C  NORTHWEST LABORATORY 

KESH S .  MURTHY Research Leader , En v i ronmental Eval uation and Ri sk Assessment Sect i o n ,  
Rad i o l og i ca l  Sc i ences Department ,  

B . S . , P hys i c s ,  Chemi stry and Mathemat i c s ,  Un i vers i ty o f  Mysore , I nd i a ,  1958 . 
B . S . Ch . E . , I nd i an I nst i tute of Chem ica l  Eng i neer s ,  Cal cutta,  I n d i a ,  1966 . 
M . S . , En v i ronmental  Eng i neer i ng ,  Un i vers i ty of C i nc i nnati , 1 974 . 

BRUCE A .  NAP I ER Research Sc i ent i s t ,  Env i ronmental An alys i s  Sect i o n ,  Eco l og i c al Sc i ences 
Department 

B . S . , Nuc l ear Eng i neer i ng ,  Kan sas State Un i vers i ty,  1975 
M . S . , Nuc l ear Eng i neeri ng , Kansas State Un i vers i ty, 1977 

JOSEPH K .  SOLDAT Staff Env i ronmental Sc i enti st , Envi ronmental An a lys i s  Sect ion ,  
Eco l og i ca l  Sc i ences Department 

B . S . , Chem ica l  Eng i neer i ng ,  Un i vers i ty of Co l orado , 1948 . 
Postgraduate courses i n  Rad i o l og i ca l  Sc i ence s ,  Un i vers i ty of Wash i ngton . 

STEVEN L .  STE I N  Research Sc i ent i s t ,  En v i ronmental  and R i s k  As sessment Sect i o n ,  
Rad i o l og i cal  Sc i ences Dep artment 

B . S . ,  Geo l ogy , Washi ngton State Un i vers i ty, 1978 

LESL I E  A. STOUT Research Sc i ent i st ,  Env i ronmental and R i s k  Assessment Sect ion , 
Rad i o l og i cal  Sc iences Dep artment 

B . A . , Chem is try ,  Oregon State Un i vers i ty 
M . S . , Chemi ca l  Eng i neer i ng ,  Oregon State Un i vers i ty 

HAROLD H .  VAN TUY L  Manager , Nuc l e ar Fue l Cyc l e  Chemistry Sect ion  
Chemi cal  Technol ogy Dep artment 

B . S . , Chemi stry ,  Texas A M ,  1948 
Several gradu ate courses , Un i vers i ty of Wash i ngton Center for Graduate Studi e s ,  
R i c h l and , W A ,  1948-1960 

7 . 2  BATTE LLE ,  COLUMBUS LABORATOR IES  

THOMAS L .  ANDERSON Researcher, Bio-Envi ronmental Sc i ences Sect i on 

B . S . ,  Bo tany , The Oh i o  State Un i vers i ty 

ROBERT A. EW ING  Sen i or Rese arch Eng i neer , Energy Systems and Env i ronmental Systems 
Asses sment Sect i on 

B . S . , Chem ica l  Eng i neeri ng ( 193 6 ) , The Oh i o  State Un i vers i ty 
M . S . , Chemi ca l  Eng i neeri ng ( 1 937 ) , The Oh i o  State Un i vers i ty 
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D .  KAR L LANDSTROM Pri nc i pa l  Research Sc ient i s t ,  Energy and Thermal Technol ogy Sect i on 

B . S . , P hys i c s ,  Massachusetts I nst i tute of Technol ogy 
Graduate Stu d i es at The Oh i o  State Un i vers i ty ,  Frank l i n  Un i vers i ty 

LAURA L .  MORGAN Researcher , Economi c s ,  P l an n i ng and Pol i cy An alys i s  Sect i on 

B . A. , Po l i t i c a l  Sc i ence , cum l aude , The Oh i o  State Un i ver s i ty 
M . A . , Econom i c s ,  I nd i an a  Un i vers i ty 

K ENNETH R .  YATES Pr i nc i pa l  Research Sc ient i s t ,  Nuc l ear Mater i a l s  Technol ogy Sect i on 

B . S . , P hys i c s ,  Westmi nster Col l ege 
M . S . , Chemi c a l  Eng i neer i ng ,  Oh i o  Un i vers i ty 
Presentl y  pursu i ng Doctoral Stu d i e s ,  Nucl ear Eng i neer i ng ,  The Oh i o  State Un i vers i ty 

7 . 3  ROCKW ELL  HANFORD OPERATIONS 

ALBERT R .  HAWK I NS Manager , Env i ronmental Reports Group 

B . S . , Chemi c a l  Eng i neer i ng ,  Un i ver s i ty of Washi ngton , 1 970 
M . B . A. , Washi ngton State Un i vers ity ,  1975 

R I CHAR D C.  STUPKA Sen i or Engi neer , Env i ronmental Reports Group 

B . S . , Bi o l ogy , Northern I l l i no i s  Un i ver s i ty ,  1971 
M . S . , Vertebrate Eco l ogy , Northern I l l i n o i s  Un i vers i ty ,  1975 

RONALD L.  WALSER Staff Engi neer, Separations  Proces s Technol ogy 

B . S . ,  Chemi c a l  Eng i neer i ng ,  Oregon State Un i vers i ty ,  1961 
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C HAPTER 8 

GLOSSARY 





8 . 0  GLOSSARY 

Abbrev i at i ons ,  terms ,  def i n i t i ons ,  and symbol s d i rect l y  rel ated to P UREX / U03 
operat i ons are def i ned and exp l a i ned i n  th i s  sect i o n .  The sect i on i s  d i v i ded i nto two p art s 
w ith the f i rst part conta i n i ng abbrev i at i ons  and symbo l s ,  and the second part conta i n i ng 
t erms and def i n i t i ons ( i nc l ud i ng those used i n  spec i a l context for th i s  study) . Common 
terms covered adequate l y  in standard d i c t i onari es are not i n c l uded . 

8 . 1  ABBREV IAT IONS AND SYMBOLS 

Abbre v i at i ons 

AEC 
AFR 
ALARA 
ANSI 
ASHRAE 

CAW 
CFR 
C i  
DF 
DOE 
DOT 
ECMP 
EPA 
FSAR 
HEPA 
HLLW 
H LW 
HRHE 
HVAC 
I CRP 
( £. )  
LLW 
LWR 
MC i 
MP C 
MT 
MW 
NCRP 
NFS 
NOx 
NRC 
P&O Ga l l ery 
PUREX 
SNM 
SRP 
S SE 
TBP 
TLD 
TLV 
TRU 
U BC 
U NH 
WESF 

Atomic  Energy Commi s s i on 
Away From Reactor 
As Low As Reason ab l y  Ac h i evab l e ( a ) 
Ameri can Nat i onal  Standards I n st i tute 
Amer i can Soc i ety of Heat i ng ,  Refr i gerat i ng and Ai r-Cond i t i on i ng 

Eng i neers 
Current Ac i d  W ast e 
Code 9f Federal Regu l at i ons  
Cur ie \ a )  
Decontami nat i on Factor ( a ) 
Department of Energy 
Dep artment of Tr an sportat i on 
East Crane Ma i ntenance P l atform 
Env ironmental Protect i on Agency 
F i na l  Safety Anal ys i s  Report 
H i gh Eff i c i ency P art i cu l ate A i r  ( f i l ters ) ( a ) 
H i gh-Leve l L i q u i d  Waste 
H i gh-Level Waste 
Hanford Reg i ona l  H i stor i c a l  E arthquake 
Heat i ng ,  Vent i l at i o n ,  and Air Cond i t i on i ng System 
I n tern at i ona l  Comm i ss i on on Rad i o l og i ca l  Protec t i on 
L i qu i d  ( when u sed i n  a chemi ca l  equ at i on )  
Low-Level Waste 
L i ght Water Reactor 
Megacuries  (m i l l i on c u r i e s )  
Max imum Perm i ss i b l e  Concentrat i on ( a ) 
Metr i c  Ton ( a ) 
Meg awatts 
Nat i ona l  Counc i l  on Rad i at i on Protect i on and Measurement 
Nucl ear Fue l  Serv i ces 
N i trogen Oxi des 
Nucl ear Regu l atory Comm i s s i o n  
P i pe and Operat i ng G a l l ery 
P l uton i um Uran i um Extrac t i Q n  
Spec i a l  Nuc l ear Mater i a l ( a ) 
Savannah R i ver P l ant 
S afe Shutdown Earthquake 
Tri butyl Phosphate  
Th ermo l umi nescent Dos i meter 
Thresho l d  L i m i t  Val ve 
Transuran i d a ) 
Un i form Bu i l d i ng Code 
Uranyl N i trate Hexahydrate 
Waste Enc apsu l at i on Storage Fac i l i ty 

( a ) Al so i nc l uded i n  Sect i on 8 . 2 .  
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Symbo l s  

a 
S 
y 
Q '  

8 . 2  GLOSSARY DEF I N I T I ONS 

Absorpt i on :  

Acc umu l ated Dose : 

Act i n i de s :  

Act i v ity :  

Adsorp t i on :  

A i rborne R ad i oac t i ve 
M ater i a l : 

ALARA : 

A l p ha Dec ay :  

A l p ha Part i c l e :  

Aqueous  Phase :  

Aqu i fer : 

Atom i c  N umber : 

Atom i c  We ight : 

A l p h a  Rad i at i on ( a ) 
Beta Rad i at i on ( a )  
Gamma Rad i at i on ( a ) 
Re l ease Rate of Rad i oact i ve Materi a l , C i / sec 

A process  i n  wh ich  a g as m i xture i s  cont acted w ith  a l i q u i d  
for t h e  purpose o f  p referent i a l l y  d i ssol v i ng one or more of 
the g aseous  c omponent s and to prov i d e  a sol ut i on of these i n  
the l i q u i d .  

The tot a l  rad i at i on dose acc umu l ated over a stated p eri od by 
i nd i v i dua l s or pop u l at i ons  as a res u l t  of cont i nued exposure 
to rad i oac t i ve materi a l s  i n  the envi ronment . For ex amp l e ,  a 
70-year acc um u l at ed dose i s  the summat i on of rad i at i on doses 
rec ei ved from radi onuc l i des present i n  the envi ronment and i n  
the body i n  eac h of 7 0  years .  I t  rep resent s the  tot a l  dose 
that wou l d  be rec orded by a dos imeter if one cou l d  be 
i mp l anted i n  the body for 70 years .  ( See a l so dose 
c ommi tment . )  

A ser i es of heavy rad i oact i ve met a l l i c e l ement s of i ncrea s i ng 
atom i c  number ( Z )  beg i nn i ng w ith act i n i um ( 89 )  or thori um ( 90 )  
through e l ement hahn i um of atomic  n umber 105 .  

A measure of the rate  at wh i c h  rad i oac t i ve materi a l  i s  
emitt i ng rad i at i on ;  usu a l ly  g i ven i n  terms of the number of 
n uc l ear  d i s i ntegrat i on s  occ urri ng i n  a g i ven quant i ty of 
materi a l  over a u n i t  of t ime .  The spec i a l u n i t  of act i v i ty i s  
the c u r i e  ( C i ) .  

Adhes i on of i ons or mo l ec u l es to the surface of l i qu i ds or 
so l i d  bod i es w i th wh i c h  they come i n  cont act , adheri ng to a 
surface .  

Radi oact i ve part i c u l ates,  mi st s ,  f umes ,  and /or  g ases in  a i r .  

A ph i l osop hy t o  mai ntai n exposure t o  rad i at i on As  Low A s  
�easonab l y  �ch i evab l e . - - -

Rad i oac t i ve dec ay i n  wh i c h  an a l pha p art i c l e  i s  em i tted from 
the nuc l eu s  of an atom . 

A pos i t i ve ly  charg ed p art i c l e  made up of two neutrons and two 
protons emi tted by c ertai n rad i onuc l i des .  

I n  so l vent extrac t i on ,  the water conta i n i ng l ayer , as  
d i fferent i ated from the organ ic  phase .  (Al so c a l l ed the 
Aqueous Fract i on or Aqueous Stream . )  

A s ubsurf ac e  format i on conta i n i ng suff i c i ent satu rated 
permeab l e  materi a l  to yi e l d  s i g n i f i c ant quant i t i es of water . 

The number of p rotons wi thi n an atom i c  nuc l eu s .  

The mass o f  an atom re l at i ve to other atoms . 

( a ) A l so i nc l uded i n  Sec t i on 8 . 2 .  
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Background Rad i at i on :  

Beta Dec ay :  

Beta Part i c l e :  

B i osp here : 

B l anket Assemb l i es :  

Bottoms : 

C ampai gn : 

Cask : 

C l add i ng Hu l l s :  

C l earwe l l :  

Conc entrat i on G u i d e :  

Contact  Mai ntenanc e :  

Corro s i on A l l owanc e :  

Cri b :  

Cri t i c al : 

Cr i t i c al Mas s :  

Cri t i c a l  i ty :  

The rad i at i on i n  man ' s  nat ural and undi sturbed envi ronment . 
I t  resu l t s  from cosm i c  rays and from the natural l y  rad i o ac t i ve 
e l ements of the eart h,  i nc l ud i ng t hose from w i thi n t he human 
body. 

R ad i oac t i ve dec ay i n  whi c h  a beta p art i c l e  i s  emi tted from t he 
nuc l eu s  of an atom . 

An e l ec tron or posi tron that has been emi tted by an atom i c  
nuc l eu s  dur i ng rad i oac t i ve d ec ay .  

The l i fe zone of the eart h,  i nc l ud i ng the l ower part of the 
atmosphere , the hydrosphere , soi l ,  and the l i tho sphere to a 
depth of about 2 k i l ometers . 

Natural  uran i um fue l  assemb l i es wh i c h  are arranged around a 
reac tor core for the  p u rpose of absorbi ng exc ess  neutrons 
esc ap i ng from the core.  

The  c onc entrated l i qu i d  whi c h  remai ns  after evaporat i on ( a l so 
c a l l ed Bottoms L i quor ) . 

The t ime frame and ser i es of events assoc i ated w i th a period  
of  act i ve or  cont i nuous operat i on of  a f ac i l i ty .  

A heavi ly  s h i e l ded shi pp i ng c ont ai ner for  rad i oac t i ve 
materi a 1 s .  

That part o f  the Z i rc a l oy f ue l  c l add i ng wh i c h  i s  not destroyed 
through e i ther the d i sso l ut i o n  p roc ess or the shear- l each 
p roc e s s .  It i s  a so l i d ,  rad i oact i ve waste. 

An underground conc rete reservo i r  u sed for the storage of 
f i l tered water.  

The  average c oncentrat i on of a rad i onuc l i de i n  ai r or water to 
whi c h  a worker or member of t he general p ub l i c  may be 
cont i nuous ly  exposed wi thout exceed i ng rad i at i on dose 
stand ard s .  

"Hands-on " mai ntenanc e  perfonned by d i rect contac t  of 
personne l w i t h  the equi pment . I t  i nc l udes mai ntenanc e wi th  
protec t i ve equi pment or c l othi ng ,  such  as through g l oves i n  
g l oveboxe s .  Most nonrad i oact i ve mai ntenanc e i s  contac t  
mai ntenanc e .  

The add i t i onal  th i ckness  of steel p l ate  or p l p l ng ,  above the 
th ickness needed for structural  i nteg r i ty ,  whi c h  t akes i nto 
account the met a l  l osses caused by c orro s i on over the l i fet i me 
of the equi pment . 

A porous  underground st ructure for d i sposal of l ow-l evel 
l i q u i d  wastes .  

A cond i t i on where i n  a med i um is  c ap ab l e  of  sustai n i ng a 
nuc l ear c hai n reac t i o n .  

The mass of f i s s i onab l e  materi a l  that w i l l  support a 
sel f-sustai n i ng nuc l ear chai n reac t i on .  

State of bei ng c r i t i c al ; a sel f-sustai n i ng neutron c hai n 
reac t i on ( where the rates of produc t i on and l oss  of neutrons 
are exac t l y  equ al  and t here i s  no other neutron sourc e . ) 
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Cur i e  ( C i ) :  

Decommi ss i o n i ng :  

Decontami nat i on :  

Decontam i nat i on F actor ( DF ) :  

Deni trat i o n :  

Des ign  B as i s  Acc i dent : 

D i smant l i ng :  

D i spers i on :  

D i spos a l  ( rad i o ac t i ve 
waste ) : 

Dose : 

Dose Commi tment : 

Dose R ate : 

Doub l e-Shel l S l urry : 

Enrichment : 

A un it  of rad i oact i v i ty def i ned as that quant i ty of any 
rad i oac t i ve nuc l i de  wh ich  has 3 . 7  x 10 10 d i s i ntegrat i ons per 
second . 

Preparat i ons taken for ret i rement from act i ve serv ice  of 
nuc l ear f ac i l i t i es ,  accompan i ed by the exec ut i o n  of prog rams 
to reduce or stab i l i ze rad i oac t i ve c ontami nat i on .  The 
object i ve of decomm i s s i on i ng i s  to p l ac e  the fac i l i ty i n  such 
a cond i t i on that f ut ure ri sk to pub l i c  safety from the 
fac i l i ty i s  w i t hi n acc eptab l e  bounds .  

The  sel ec t i ve removal  of  rad i oac t i ve materi a l  from a surf ac e  
or from wi t h i n  anot her mater i a l . 

The rat i o  of the i n i t i a l  concentrat i on of an undesi red 
materi a l  to the f i na l  concentrat i on resu l t i ng f rom a treatment 
p rocess .  The term may a l so be used as  a rat i o  of  quant i t i es .  

The removal  of n i tr ic  ac i d ,  n i t ro g roups ,  o r  n i trogen ox i de s .  

A post u l ated acc i dent be l i eved t o  have t h e  most severe 
expected impacts  on a fac i l i ty .  I t  i s  used as  the  bas i s  for 
safety ana lys i s  and structural des i g n .  

A s  a m i n imum , a l l rad i oac t i v e  component s and materi a l s  w h i c h  
exceed t h e  cr i teri a f o r  unrestricted rel ease are removed from 
the s i te .  I n  add i t i on ,  nonrad i oac t i ve c omponents may be 
removed , struc tures d i smant l ed ,  and the area prep ared for 
a l ternat i ve use .  

A proc ess of  m i x i ng one materi a l  w i t h i n  a l arger qu ant ity of 
another . For examp l e ,  the mi x i ng of materi a l  rel eased to the 
atmosp here w ith  a i r c auses a reduc t i on i n  concentrat i on w i t h  
d i stanc e from t h e  sourc e .  

T h e  d i sposi t i on of materi al s w i t h  t h e  i ntent that they wi l l  not 
enter man ' s  envi ronment i n  suff i c i ent amounts to c ause a 
s i gn i f i c ant hea l th hazard . 

A l so referred to as dose equ i va l ent . Expres sed i n  un its  of 
rem, imp l i es a consi stent bas i s  for est imates of consequent i a l 
hea lth  r i s k ,  reg ard l ess  of rate,  quant i ty, sourc e ,  or qua l i ty 
of the rad i at i on exposure. 

The dose commi tment norma l ly refers to the rad i at i on dose 
rec e i ved duri ng some period of exposure ( normal ly  e i ther the 
durat i on of an ac ute,  acc i dent al  re l ease of radi onuc l i des to 
the envi ronment , or for one year of a chron i c  rel ease ) p l u s 
the dose resu l t i ng from rad i onuc l i des  depo s i ted w i thi n the 
body duri ng the exposure peri od . I t  does not i nc l ude dose 
recei ved bec ause of cont i n u i ng exposure to envi ronment al  
contami n at i on present after the st ated exposure per iod end s .  

The rad i at i o n  dose de l i vered per u n i t  t ime and measured , for 
i nstanc e,  i n  rems per hou r .  

A th ixotrop i c  m i xture o f  f i ne so l i d s  su spended i n  a v i scous  
l i qu i d  med i um .  The  su spended sol i d s ,  pri mari ly  sod i um 
n i trate,  experi enc e extremely l ong sett l i ng t imes , and are 
a lmost tota l l y  so l ub l e  upon d i sso l ut i on .  

The  rat i o  ( u sua l ly expressed as a perc entag e )  of  f i ss i l e  
i sotQue to the tota l  amount of the e l ement ( e . g . ,  the perc ent 
of 2 j�U i n  u ran i um )  
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Entrai nment : The c arry i ng of l i qu i d  drop l ets ,  gas  bubb l es ,  or f i ne so l i d  
part i c l es by l i qu i d  or  g aseous  streams.  

Env i ronmental  Su rvei l l anc e :  A program t o  mon i tor c hanges i n  a surrou nd i ng reg i o n .  

E vapotransp i rat i o n :  The l os s  of water from the g round by bot h evaporat i on from the 
soi l and from the surfaces  of vegetat i on .  

Exposure : A measu re of the i on i zat i on produced i n  ai r by x-ray or g amma 
rad i at i on .  I t  i s  the sum of the e l ectri c a l  c h arg es o n  al l 
ions  of one s i g n  produc ed i n  a i r when al l e l ectrons l i berated 
by p hotons i n  a vol ume e l ement of ai r are c omp l etely stopped 
i n  a i r ,  d i v i ded by the mass of ai r i n  the vol ume e l ement . The 
spec i al u n i t  of exposure is the roentgen . 

Feed So l ut i o n :  A so l ut i o n  p roduced i n  the d i sso l ut ion  step and cont ai n i ng 
uranyl , p l utoni um, and neptuni um n i trates . The feed sol ut i on 
i s  the i nput  stream to sol vent extrac t i on i n  PUREX.  

F i ss i o n :  The sp l i tt i ng of a n  atomic  nuc l eus  resu l t i ng i n  the re l ease of 
l arge amounts of energy . 

F i ss i onab l e  Materi a l : Ac t i n i des c ap ab l e  of undergoi ng f i ss i on by i nterac t i on w ith  
neutrons of  a l l energ i e s .  

F i s s i on Produc t :  Any rad i oact i ve or  stab l e  nuc l i de resu l t i ng from nuc l ear 
f i s s i o n ,  i nc l ud i ng bot h p rimary f i sson fragments and the i r  
rad i oact i ve dec ay products .  

F ue l  Burnup : 

Fue l  E l ement : 

F ue l ,  Mark I-A :  

Fue l , Mark I V :  

Fue l  Proc ess i ng P l ant : 

Gamma Ray :  

Geometry : 

Groundwater : 

Ha lf- l i f e :  

Ha lf- l ife  Effec t i ve :  

I n  a fuel  e l ement , that frac t i on of the f i s s i onab l e  u rani um 
that has been transformed duri ng the nuc l ear reac t i on .  

A rod ,  tube,  or  other form i nto wh i c h  nuc l ear  fue l  i s  
fabri c ated for use i n  a reactor .  

A type of  N-Reactor fuel  w ith  an  enri c hment of 1 . 25% .  

A type of  N-Reactor fuel  wi th an  enri chment of  0 . 95% 235U .  

P l ant where i rradi ated fue l  e l ement s are d i sso l ved , waste 
materi al s removed , and reusab l e  mater i a l s are seg reg ated for 
reuse.  

E l ec tromagnetic  rad i at i on ,  s i mi l ar in  nature to x-rays,  
emitted by the nuc l e i of  some rad i oac t i v e  subst ances duri ng 
radi oac t i ve dec ay .  

D imen s i ons  and shape of a system as they effec t c ri t ica l ity;  
favorab l e  g eometry i nd i c ates the shape and s i ze of  the system 
i s  suc h  that neutrons readi ly  esc ape ,  improvi ng nuc l ear safety. 

Water that ex i st s or  f l ows be l ow the earth ' s  s urfac e  ( wi t h i n  
the zone o f  saturat i on ) . 

The t ime requ i red for one-ha lf  of a g i ven mater i a l  to undergo  
p hys i c a l  or  c hemi c a l  change. The  t i me i nterva l  requ i red for  
one-ha lf  of  any quant i ty of i dent i c a l  rad i oac t i ve atoms to  
undergo rad i o act i ve dec ay .  A l so known as rad i oac t i ve 
ha lf- l i fe ,  ha lf-t ime. 

The t i me req u i red for a rad i onuc l i de contai ned in a b i o l og i c a l  
system , such as a man or an an ima l ,  to reduc e i ts 
rad i oac t i v i ty by h a l f  as a c omb i ned res u l t  of rad i oac t i ve 
dec ay and b i o l og i c a l  e l i m i nat i on .  

8 . 5  



Hee l : 

H i gh-Level L i qu i d  Waste 
( HLLW ) : 

H i gh-Level Waste ( HLW ) : 

Heavy Metal : 

H i g h  Eff i c i ency P a rt i c u l ate 
A i r  ( HEPA ) F i l ters 

Hydro l ogy : 

I ntrus ion  A l a rm :  

I on Exc hange : 

I sotop e :  

Man-rem : 

Max i mum I nd i v i du a l : 

Max imum P erm i ss i b l e  
Concentrat i on ( MPC ) : 

Metathes i s :  

Metr ic  Ton ( MT ) : 

Mo l es / L i ter : 

Mon i tor i ng :  

Non-Contact  Coo l i ng W ater : 

The amount l eft i n  a vessel or c ontai ner after the bu l k  of t he 
contents has been removed . 

The aqueous waste resu l t i ng from operat i on of t he f i rst cyc l e  
sol vent extrac t i on system ( or i t s  equ i va l ent ) i n  a f ac i l i ty 
for process i ng i rradi ated reactor f ue l s  as wel l as 
c oncentrated wastes f rom subsequent cyc l es .  

I n  t h i s doc ument th i s term refers t o  h i g h-l evel l i qu i d  waste, 
c l add i ng waste ,  so l vent wash waste,  and c oncentrated bottoms 
l i quor . 

Meta l s w ith  atomic  numbers of 90 and g reater. 

A f i l ter c apab l e  of removi ng from an a i r stream at l east 
99. 97 p erc ent of the rad i oact i ve part i c u l ate materi a l  t hat i s  
greater than 0 . 3  m i c rons i n  d i ameter. 

The sc i enc e deal i ng w i t h  the waters of the eart h,  the i r  
d i str i but i on o n  the surface and underground ,  and the cyc l e  
i nvo l v i ng prec i p i tat i o n ,  f l ow to the seas, evaporat i on ,  etc . 

A mean s of detec t i ng i ntru s i ons  of i nd i v i d u a l s  i nto a 
protec ted area u s i ng an e l ectromec h an i c a l , e l ectro-opt i c a l , 
e l ectro n i c ,  mec han i c a l  or s im i l ar dev ice  w i t h  a v i s i b l e  or 
aud i b l e  a l arm s i g n a l . 

A chemic a l  p rocess  i n vo l v i ng the se l ec t i ve absorpt i on or 
desorpt i on of var i o u s  chem i c a l  i ons in  a so l ut i on onto a so l i d 
mater i a l ,  u s u a l ly  a p l ast i c  or res i n .  The p rocess i s  u sed to 
separate and pur ify c hem ic a l s , such as f i s s i on products  from 
p l utoni um . 

One of two or more atoms hav i ng the s ame atom i c  number but 
d i fferent mass  number. 

A measure of c o l l ec t i ve rad i at i o n  dose ( see Pop u l at i on Dose ) . 

The hypothet i c a l  i nd i vi du a l  whose  l oc at i o n  and hab i t s  tend to 
max imi ze h i s  rad i at i o n  dose, resu l t i ng in a dose h i gher than 
that rec e i ved by other more typ i c a l  i nd i v i d u a l s i n  the general 
popu l at i on .  In th i s doc ument t he max imum i nd i v i dua l  i s  
l oc ated off s i t e .  

A n  acc epted upper l i m i t  for the  c onc entrat i on o f  a spec i f i c  
rad i onuc l i de i n  a i r  o r  water , such  that occupat i on a l  exposure 
for the work i ng l i fet ime of an i nd i v i dua l  to the MPC va l ues 
wou l d  not resu l t  in  rad i at i o n  doses exceed i ng the standards 
rec ommended by competent authori t i es .  

Reac t i on o f  two c ompounds i n vo l v i ng the d i sp l ac ement and 
rep l acement of two e l ements ,  mo l ec u l es ,  or  rad i c a l s ,  and 
resu l t i ng i n  the format i o n  of two new c ompound s .  

1000 k i l ograms,  or  2205 pound s .  

Gram mo l ec u l ar wei g ht o f  a subst anc e c ontai ned i n  one l i ter of 
so l ut i on .  

Maki ng measurements or  observat i ons f o r  recogn l z l ng t he status 
or  adequacy of , or  s i g n i f i c ant c h anges i n ,  c ond i t i on s  or 
performanc e of a f ac i l i ty or area .  

Coo l i ng water whi c h  does not  c ome i n  contact  w ith  rad i oact i ve 
materi a l  under norma l  operat i ng cond i t ions .  
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Normal Operat i ng Cond i t i ons : 

N uc l ear Reac t i o n :  

Offs i t e :  

Operat iona l  Standby :  

Organ i c : 

O rg an i c  Phase : 

P arent Nuc l i d e :  

Part i t i on i ng :  

Popu l at i on Dose : 

P rocess Ce l l  s :  

P rocess Equ i pment : 

P rotec t i ve Storage :  

PUREX Process : 

Qua l i ty Assuranc e :  

Qua 1 i ty Contro 1 : 

R ad : 

Operat i on ( i nc l ud i ng startup , shutdown , and mai ntenance of 
system s )  w i t h i n  the normal range of f ac i l i ty operat i ng 
parameters . 

A reac t i on i nvo l v i ng a change i n  an atom i c  nuc l eus ,  such as  
f i s s i o n ,  f u s i o n ,  p art i c l e  c apture,  or  rad i oac t i ve dec ay .  

The area surround i ng the Hanford S i te .  

The  cond i t i on where a f ac i l i ty i s  p l aced i n  a non-operat i ng 
c ond i t i on ,  but i s  mai nta i ned i n  read i ness for subsequent 
operat i o n s .  

The term genera l l y  refers t o  t h e  sol vent and hydroc arbon 
d i l uent used i n  sol vent extrac t i on , i . e . ,  30 wei g ht percent 
TBP i n  normal p araff i n  hydroc arbon . 

I n  sol vent extract i o n ,  the so l vent ( org an i c ) c ontai n i ng l ayer, 
as d i fferent i ated from the aqueou s phase.  ( A l so c a l l ed the 
Org an i c  Frac t i on or O rgan ic  S tream . )  

A rad i onuc l i de that upon d i s i ntegrat i on y i e l d s  a spec i f i ed 
nuc l i d e ,  e i ther d i rec t l y  or as a l ater member of a rad i o ac t i ve 
dec ay seri es .  

The  sep arat i on of  one e l ement from others ; e . g . , i n  p rocess i ng 
operat i o n s ,  the separat i on of p l uton i um from uran i um .  

( Often referred t o  a s  c o l l ec t i ve dose o r  c o l l ec t i ve dose 
equ i va l ent . )  The summat i on of the rad i at i o n  dose ( i n  rem ) 
rec e i ved by a l l  i nd i v i dua l s i n  a popu l at i on group . Its  use  i s  
pr i nc i p a l l y  for tot a l  body dose where i t  has u n i t s  of man-rem 
( or person-rem ) . When the techn i que i s  extended for other 
org an s ,  for examp l e  the thyro i d ,  it i s  often g i ven i n  u n i t s  of 
man-thyro i d-rem ( person-thyroi d-rem ) to d i st i ng u i sh it from 
the c o l l ect i ve tot a l  body dose.  

S h i e l ded rooms hou s i ng ( rad i o ac t i ve )  process i ng systems . 

The func t i on a l  equ i pment items or systems assoc i ated d i rec t l y  
w ith t h e  operat i on o f  a chem i c a l  or mechan i c a l  operat i on .  

The f ac i l i ty i s  p repared to b e  l eft i n  p l ac e  s afe ly  for an 
extended peri od wh i c h  m i g ht range from dec ades to c enturi es .  
Often th is  mode wi l l  requ i re eng i neered improvement s to  
augment t he c ont a i nment of  contam i nat i o n  for t he durat i on of 
protect i ve storag e .  

A sol vent extract i on process that h a s  been demonstrated to 
i nd i v i dua l l y  separate  the uran i um and p l uton i um from the 
accompany i ng f i ss i on p roducts c ontai ned i n  the i rrad i ated fue l . 

The systemat i c  p rocedures nec essary to adequ ate l y  doc ument how 
a p art i c u l ar prod uc t ,  proc ess ,  or d ata  were g enerated . 

The qua l i ty assuranc e act i ons  t hat contro l the attri butes of 
the materi a l , process ,  c omponent , system ,  or f ac i l i ty i n  
accord anc e w i t h  predetermi ned qua l i ty req u i rements .  

A u n i t  o f  absorbed 
i on i z i ng rad i at i on 
p l ac e  of i nterest . 
( 100 ergs /gram ) of 
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dose.  The energy imp arted to matter 
per  un i t  mass of i rrad i ated materi a l 

One rad equa l s 0 . 01 j ou l e/ k i l ogram 
absorb i ng mater i a l . 
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Rad i at i on :  

Rad i oac t i ve Materi a l : 

Rad i oac t i v i ty :  

R ad i oact i v i ty, Natura l : 

R ad i o l og i c a l  P rotect i o n :  

Red O i l :  

Rem :  

Repository :  

Remote Ma i ntenanc e :  

Restricted Area : 

Rework Materi a l s :  

Roentgen : 

S a l t  Cak e :  

Sc enari o :  

S i l ver Reactor : 

1 )  The emi ss i on and prop ag at i on of rad i ant energy : for 
i nstanc e ,  the emi ss i on and p ropagat i on of e l ec tromagnet ic  
waves,  or of  sound and  e l ast i c  waves .  
2 )  The  energy p ropag ated throug h spac e  or  through a materi a l  
med i um :  for ex amp l e , energy i n  the form of a l pha,  beta,  and 
g amma emi ss i ons  from rad i o ac t i ve nuc l e i . 

Any materi a l  or c omb i nat i on of materi a l s wh ich  spontaneous ly  
emits  i o n i z i ng rad i at i o n  and  whi c h  has  a spec i f ic  
rad ioac t i v i ty i n  exc ess of 2 nanoc uri es per  gram of mater i a l  
( see 40 CFR 173 . 389 ( e ) ) .  

The property of certa i n nuc l i des of spontaneous ly  emi tt i ng 
part i c l es or  e l ectromagnet i c  rad i at i on or of undergoi ng 
spontaneou s f i s s ion .  The quant i ty of rad i oact i v i ty, u sua l l y  
shortenened t o  " ac t i v ity , "  i s  the number o f  nuc l ear 
transformat ions  occ urri ng in a g i ven quant ity of materi a l  per 
u n i t  t ime ( see a l so Curi e ) .  

The property of rad i oac t i v i ty ex hi b i ted by more than f i fty 
natural l y  occ urr i ng rad i onuc l i des .  

Protec t i on ag a i n st the  effects of i nternal and external  
exposure to rad i at i o n  and  rad i oac t i ve materi a l s .  

Comb i nat i on of meta l  ( u sua l l y urani um )  w i t h  the deg radat i o n  
p roducts  from a TBP-org an i c  system i n  some form of a n  organ ic  
comp l ex ;  the materi a l  i s  a heavy , o i ly  substanc e wh i c h  i s  
exp l o s i ve at temperat ures above 130 ° C .  

A u n i t  of dose equ i va l ent . The dose equ i va l ent i n  rem i s  
numer ic a l l y  equ a l  t o  the absorbed dose i n  rad mul t i p l i ed by 
the Qu a l i ty Factor, ( Q )  wh i c h  vari es w ith  the type and energy 
of the rad i at i o n .  

A f ac i l i ty desi gned t o  i so l ate or d i spose of rad i oac t i ve 
wastes .  

Mai ntenanc e by remote mean s, i . e . , the operator i s  sep arated 
by a sh i e l d i ng wal l from the i t em bei ng mai nt a i ned . 

Any area to wh ich  access i s  contro l l ed for protect ion of 
i nd i v i dua l s from exposure to rad i at i o n  and rad i oac t i ve 
materi a l s .  

Materi a l s that wi l l  b e  proc essed ag ai n .  

A u n i t  of a i r  exposure to e l ectromagnet i c  rad i at i on ( g amma or 
x-rays ) .  One roentg en equa l s 2 . 58 x 10-4 cou l ombs p er 
k i l og ram of a i r  ( a l so see Exposure ) . 

The damp sol i d  formed when the l i q u i d  frac t i on of the 
h i g h-l evel waste i s  removed through the use of an evaporat i on 
c ryst al l i zer . 

A sequenc e  of event s ,  as sumed to occur ,  whi c h  form the bas i s  
for the g i ven resu l t ,  c a l c u l at i o n ,  etc . 

Equ i pment u sed for removal of the rad i oact i ve i od i ne ;  a vessel 
pac ked wi th  an i nert substrate coat ed with s i l ver n i t rate, 
through whi c h  offg ases contai n i ng rad i o i od i ne must p as s .  
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So l i d  R ad i oac t i ve Wast e :  

Sorpt i on :  

Sourc e  Term s :  

Sparger : 

Spec i a l Nuc l ear Mater i a l  
( SNM ) : 

Sp i ke Fuel : 

St r i pp i ng :  

Survei l l anc e :  

Transuran i c  ( TR U )  E l ement s :  

Trenc h :  

Two Person R u l e :  

Waste Immob i l i zat i o n : 

Waste, Low-Leve l So l i d :  

Waste Management : 

Wastes , Rad i oac t i ve :  

Mater i a l  that i s  essent i a l ly so l i d  and dry,  but  may cont a i n 
sorbed rad i oac t i ve f l u i d s  i n  suff i c i ent ly  smal l amounts  as to 
be i mmob i l e . 

A general term used to encomp ass the proc esses of absorption ,  
adsorp t i o n ,  i on exchange,  i on ret ardat i o n ,  c hem i sorp t i o n ,  and 
d i a lys i s .  

The quant i ty o f  rad i oac t i ve materi a l  ( or other po l l ut ant ) 
re l eased to the envi ronment at i t s po i nt of re l ease ( sourc e ) . 

Perforated p i pe or ri ng at the bottom of a tank throug h wh ich  
a ir ,  steam ,  or gas  i s  i ntroduced so that the bubb l i ng act i o n  
o f  t h e  f l u i d  comi ng from t h e  sp arger ag i t ates t h e  so l ut i on i n  
the tank . 

P l uton i um,  233U ,  uran i um conta i n i ng more than t he natural  
abundanc e of the i sotope 235U or any mat eri a l  art i f i c i a l ly 
enric hed w i t h  the foregoi ng substanc e s .  SNM does not i nc l ude 
source materi a l . 

A fue l e l ement whose outer cyl i nder i s  enr iched to 
1 . 25 perc ent 235U ,  whose i nner cyl i nder i s  enri c hed to 
0 . 947 perc ent 235U ,  y i e l d i ng an average enric hment of 
1 . 15 percent 235U .  The func t i on of the  enric hed urani um i s  
to i nc rease the neutron f l ux of the system .  

In the  PUREX  so l vent extrac t i on p rocess, the  t ransfer of 
product from the org an i c  p hase bac k i nto the aqueous phase.  

Those act i v i t i es necessary to ensure that the S i te remai ns i n  
a safe  cond i t i on ( i nc l ud i ng i n spec t i o n  and mon i tori ng of the 
S i te ,  mai ntenance of access barri ers to  rad ioac t i ve materi a l s  
l eft o n  the S ite ,  and prevent i on of ac t i v i t i es o n  t h e  S i te 
that m ight impai r these barri ers ) .  

E l ement s w i th atomic  number greater than  92 . They i nc l ude ,  
among others , neptun i um,  p l uton i um,  ameri c i um,  and c u r i um .  

A d i tc h  used f o r  t h e  d i sposal  o f  so l i d  rad i oac t i ve waste or 
l ow-l evel  l i qu i d  waste. 

Proc edures to assure the observat i on of an area cont a i n i ng SNM 
by at l east two sec uri ty-c l eared and authori zed persons who 
may be do i ng other work , but who can g i ve an a l arm i n  t i me to 
prevent the unauthor ized removal  of SNM . 

Process  of convert i ng waste to a stab l e , so l i d and re l at i ve ly  
i n sol ub l e form . 

So l i d waste generated i n  contact areas wh ich  contai ns sma l l  
amounts of rad ioac t i v i ty .  These wastes are p l ac ed i n  
c ardboard c artons or drums for sha l l ow-l and buri a l .  They have 
greater than 200 dpm S-y contam i n at i o n  per lUO cm2 and l ess 
than 20 , 000 dpm a / 100 cm2 • 

The p l ann i ng ,  exec ut i o n  and survei l l anc e of essent i a l 
func t i ons re l ated to the control of rad i oact i ve ( and 
nonrad i o ac t i ve )  waste ,  i nc l ud i ng t reatment,  tran sportat i o n ,  
storage, survei l l anc e ,  and i so l at i on .  

Equ i pment and materi a l s ( from nuc l ear operat i on s )  that are 
rad i oac t i ve and have no furt her known u se .  
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Waste, Pri mary : 

Waste,  Secondary :  

Waste, Sol vent Wash : 

Waste,  Transuran i c :  

Wastes that are generated as a p art of the pr i nc i p a l  operat i on 
of a f ac i l i ty .  Secondary wastes are g enerated f rom support i ng 
operat i on s ,  such as waste treatment . 

Forms and quant i t i es of a l l wastes that resu l t  from t reatment 
of pri mary waste or eff l uent s .  

The  dep l eted so l ut i o n  of  sod i um c arbonate  and  potassi um 
permang anate u sed to wash ( regenerate )  the organ i c  u sed i n  the 
sol vent extrac t i o n  p rocess .  

Any waste materi a l  measured or assumed to c ont a i n  more than  a 
spec i f i ed c oncentrat i o n  of transuran i c  e l ements .  Present ly  
th i s  concentrat ion  i s  10  nanocuri es  of  transuran i c s  a l pha  
act i v i ty per  g ram of  waste. 

Water Tabl e :  The upper boundary of an unc onf i ned aqu i fer b e l ow whi c h  
s aturated groundwater occurs .  Def i ned by t h e  l eve l s a t  w h i c h  
water stands i n  we l l s  that barely penetrate the  aqu ifer .  

Worst Case  Process i ng Rate : The p rocess i ng rate whi c h  wou l d  resu l t  i n  the g reatest dose to 
the pub l i c .  The worst c ase proc ess i ng ra��

O
i s  proc ess i ng 

3000 MT/yr of lBO-day coo l ed ,  12 p ercent P u  i rrad i ated 
N-Reactor fue l . 
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9 . 0  L I ST OF AGENC I ES AND I ND I V I DUALS TO WHOM COP I ES OF THE DRAFT 
ENV I RONMENTAL I MPACT STATEMENT WERE SENT 

F EDERAL AGE NC I E S  
Envi ronmental  Protect i o n  Agency ( 5 )  
E nv i ronmental  Protect ion Agency , Seatt l e  Reg i onal  Off ice  ( 5 )  
Department o f  Commerc e 
Department of Defense 
Department of Heal th and Human Serv i ces ( 3 )  
Department of I nterior ( 1 8 )  
Department o f  I nter i or,  Seatt l e Reg i on a l Off i ce 
Dep artment of Transportat i on 
Nat iona l Sc i ence Foundation ( 2 )  
Nat iona l  Academy of Sc i ences 
Nuc l ear Regu l atory Comm i s s i on ( 3 )  
Off i ce of Management an d Budget 

CONGRES S 
Commi ttee on Appropri at i on s ,  Un i ted States Senate 
Committee orn Armed Serv ices ,  U n i ted States Senate 
Commi ttee on Commerc e . Sc i ence and Transportat i o n ,  Un ited States Sen ate 
En ergy and Natural  Resources Comm i ttee , Un ited States Senate 
Commi ttee on Appropr i at i ons ,  House of Representat i ves 
Commit tee on Armed Serv ices ,  House of Representat i ves 
En ergy and Commerc e Commi ttee , Un ited States House of Repre sentat i ves 
Honorabl e Henry M .  Jackson 
Ho norab l e  S l ade Gort on 
Honorabl e S i d  Morr i son 
Honorab l e  Tom Fo l ey 

STATES 
-------State of Wash i ngton ( A-95 C l ear i nghouse)  ( 1 0 )  

State of I d aho  (A-95 C l earinghouse)  ( 5 )  
State of Oregon ( A-95 C l eari nghouse)  ( 1 0 )  
State of Was h i ngton Governor ' s  Off ice  
State of  I d aho Governor ' s  Off i ce 
St ate of Oregon Governor ' s  Off ice  

ENV IRONMENTAL AND CONSUMER GROUP S  
Natural  Resources Defense Counc i l ,  I nc .  
F r i ends of the Eart h 
S i erra C l ub 
Env i ronment al i s ts,  I n c .  
Nat i onal  W i l d l ife  Federat i on 
Peopl e Ag ai nst Nuc l ear Power 
Pub l i c  I nterest L aw Center of Ph i l ade l ph i a  
Fe l l owsh i p  o f  Reconc i l i at i on P rogram 
Ameri can Fr i ends Serv ice  Commi ttee 
Jes u i t  Centre, Toronto , Canada  
Nucl ear I s s ues Commi ttee 

R I CHLAND ,  WASH INGTON LOCAL AGEN ICES  AND ORGAN I ZAT I ONS  
Y ak i ma I nd i an Nat i o n  
Benton Co unty P l ann i ng Department 
Tr i C i ty Nuc l ear I ndustr i a l Counc i l 
C i th of Kennew i ck 
C i ty of R i c h l and 
C i ty of Pasco 
C i ty of West Ri ch l and 
Frank l i n  County P l anner 
Grant County 
Ad ams County 
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Kathryn M .  Studwel l 
C i ty of Kennew i c k  
C i v i c  Center 
210 West 6th 
P .  O. Box 6108 
Kennew i ck ,  WA 99336 

E l a i n e  Doug l ass 
29  Hancock Street 
Somerv i l l e ,  MA 02144 

Fr iends of the E arth 
P . O .  Box A474 
Sydney South 
Au stral  i a  

I daho State C l eari nghouse 
D i v i s i on of Econom i c  and 

Commun i ty Affa irs  
State Cap i t a l  Bu i l d i ng 
Bo i se ,  I D  83720 

M i k e  Jendrzej czyk 
Fe l l owsh i p  of Reconc i l at ion  Program 
Box 271 
Nyack , NY  10960 

Ros a l i e  Berte l l ,  P h . D . , G . N . S . H .  
Je s u i t  Centre 
947 Queen Street E ast 
Toronto, Canada 
M4MIJ9 

Howard Mor l and 
3240 Fes senden N . W .  
Was h i ngto n ,  DC 20008 

Luke J .  Dan i e l son 
Nat i on al W i l d l i fe Federat ion 
Nat i onal  Resource C l i n i c  
F l em i ng L aw Bu i l d i ng 
Bo u l der, CO 80309 

M .  A. Mei er 
Reference L i brari an 
R i ch l and  Pu b l i c L i brary 
Sw ift and Northgate 
R i ch l an d ,  WA 993 52 

Patri ck T .  G l ennon 
200 Mari ett a Av enue 
P as s a i c ,  NJ 07055 

Doreen Nepom 
2852 S . E .  Sherrett 
Mi l wauk i e ,  OR 97222 
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Bruce W .  von Zel l en ,  P h .  D .  
Northern I l l i no i s  U n i vers ity 
Department of B i o l og i cal Sc i ences 
DeKal b ,  IL ti0155  

Oregon State C l eari nghouse  
I ntergovernmental Rel at i ons  D i v i s i on 
1 55  Cottage Street S . E .  
Sa l em ,  OR Y7310  

Peop l e  Ag ai nst Nuc l ear Power 
944 Market Street 80� 
S an Fr anc i sco,  CA 941 02 

Jean Ton k i nson 
P I LCOP 
1 3 1 5  W a l n ut Street 
1 6th  F l oor 
Ph i l ade l ph i a , PA 1 9107 

Steven Rub i n  
13612 N . E .  80th Street 
Redmond , WA 98052 

J ames Sanchez 
P . O .  Box 1431 
Tucson,  AZ 85702 

P am So l o  
Amer i can F r i ends Serv ice  

Comm i ttee Program D i rector 
1660 L afayette , Su ite  D 
Denver, CO 802 18  

U n i ted States Department of 
the I nterior 

Northwest Reg i on 
915  Second Avenue 
Room 990 
Seatt l e ,  WA 98174  

Marv in  Lewi  s 
6504 Bradford Te 
P h i l ade l p h i a ,  PA 19149 

Norman Sol omon 
P . O .  Box 42384 
Port l an d ,  OR 97242 

E i l een B u l l er 
1 703 W .  15th  Street 
Kennew i c k ,  WA 99336 
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APPEND I X A 

DETAI LED DESCR I PT I O N  OF  PROPOSED ACT I ON 

The proposed act i on i s  to operate the  PUREX / U 03 f ac i l i t i es after comp l et i on of 
mod i f i c at i on s .  The proposed act i on i s  d i scu ssed i n  Sect i on 3 . 1  of the text and i s  descri bed 
in deta i l  in th i s  Append i x .  A l so  i nc l uded are descr i pt i ons  of the ex i st i ng faci l i t i es and 
the p l anned mod i f i c at i on s .  

A . 1  PROCESS DESCR I PT I O N  

Descr i pt i on s  o f  the  P U R E X  a n d  U03 processes i nc l ud i ng f u e l  d i s s o l u t i o n ,  so l vent 
extract i on and separat i on s ,  product concentrat i on ,  waste treatment and d i sposa l , so l vent and 
ac i d  recovery , and u r an i um ox i de preparat i on are g i ven . Schemat i c  d i agr ams of the processes 
are g i ven in F i g ures 3 . 2  and 3 . 3  of the E I S .  

A . 1 . 1  Tran sport of Fue l  E l ements 

The i rr ad i ated fuel  e l ements from the  N-Reactor , after coo l i ng for at l east 180 d ays i n  
reactor bas i n  storage , are p l aced i n  c an i st ers wh i ch are i ns erted i nto c asks  an d de l i vered 
to the PUREX p l ant i n  water-f i l l ed tanks on spec i a l , heav i l y  s h i e l ded r a i l road c ars . 
Sh i pments , made on a regu l ar schedu l e  d u r i n g  operat i ng per i o d s ,  may conta i n up to s i x  c ar s ,  
but gener al l y  i nc l ude on l y  enough f u e l  for o n e  d i sso l ver c h arge ( three cars ) . 

I n  th i s  transact i on between two H anford contractors ( UNC  N u c l e ar I ndustr ies and 
Rockwe l l ) , the respon s i b i l i t i es are c l ea r l y  def i ned to ach i eve  s afe h and l i ng and pos i t i ve 
i dent i f i c at i on of the f u e l  be i ng transferred . P os i t i ve i dent i f i c at i on contr i butes to the 
s afe and eff i c i ent  oper at i on of the PUREX p l ant ; i t  h e l p s  i n  p l ann i ng the d i sso l ver c h arge 
s i zes and other operat i ng c r i t er i a . The i nformat i on descri b i n g  the fue l s  i n  reactor b as i n  
stor age i s  requ ired  i n  adv ance o f  any sh i pment t o  Rockwel l ,  and i n c l udes the fo l l ow i ng :  

• 235U enri chment l ev e l  

• d ate o f  d i scharge from t h e  reactor ( 180 d ays o f  cool i ng t i me are req u i red p r i or to 
P UREX proces s i ng to a l l ow for decay of short-l i ved f i s s i on products ) 

• b as i n  storage pos i t i on 

• number of p i eces per c an i ster 

• uran i um content of e ach p i ece  

• net  wei ght  of each can i ster 

• total  exposure of the fue l s .  

P l ant i nput  account ab i l i ty i s  prov i ded  by th i s  i nformat i on and i s  used a s  a check 
ag a i nst the d i sso l ver so l u t i on ana l ys i s .  

A . r . 2  D i sso l ver C h argi ng 

P re l i m i n ary check s are made to ver i fy t h at process steps i n  the prev i ous  fue l  
d i s so l u t i on cyc l e  h ave been comp l eted and  to veri fy that  the status  of rout i ngs , equ i pment , 
and chem i ca l  makeups are correct . 
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The so l ut i on vo l ume i n  the d i ss o l ver i s  adju sted to 5 , 540 i ( 3 , 140 i for sp i ke fue l )  by 
add i ng water or by evaporat i on w i th the tower conden s ate be i ng routed to the ammon i a  
sc ru bber c atc h t an k .  The l i qu i d  i n  the d i sso l ver i s  then  coo l ed .  An equ a l  vo l ume ( 5 , 540 i )  
o f  1 1 . 2M ammon i um f l u o r i d e--1 . 0 M  ammon i um n i trate  ( AFAN ) dec l ad d i ng  so l u t i o n  i s  added t o  the 
d i sso l ver i n  several  steps w i th-the a i r  sp argers o n .  

The d i spatc her coord i n ates charg i n g  act i v i t i e s  betwee n t h e  crane operat or,  
process operator,  and s upervi sor to assure the outs i de t u nne l  door i s  c l osed , the correc t 
d i sso l ver i s  prepared , the l i d i s  remo ved ; and the ope n i ng  of the overhead vent i l at i o n  cover 
door to the tunne l  i s  ap proved by the superv i so r .  Du r i ng c h arg i ng ,  the d i sso l ver i s  coo l ed 
as much as poss i b l e  w i th max imum water f l ow to the coo l i ng c o i l and the spargers are turned 
off .  

The crane operator u n l oads  and c h arges c an i sters t o  one of the three d i sso l vers as 
d i rec ted by the s h ift  supervi s or.  The ch arge s i ze  i s  l i m i ted to comp ly  w i t h  app l i c ab l e  
cri t i c a l i ty prevent i on spec i f i c at i on s .  ( For cr i t i ca l i ty prevent i o n ,  process i ng o f  the 
h i gher enri ched sp i k e  fue l  requ i res  a d i sso l ver ch arge of approx i mate l y  h a l f  that of the 
re gu l ar fue l . )  Dur i ng removal  from the c as k s ,  the c an i sters are mon i t ored by a rad i at i on 
detec t i on chamber that ac t i vates an a l arm i f  the rad i at i on  l e ve l exceed s that of fue l coo l ed 
for 180 d ays . T h i s  opera t i ng procedure ,  p l u s u se of a s i mi l ar detec tor i n  the reactor 
st orage bas i n ,  shou l d  prec l ude  i n ad verten t process i ng of i n adequate l y  aged fue l .  F o l l ow i ng 
the ch arg i ng opera t i on ,  the empty c a n i sters are returned to the c ask s ;  the tank . covers are 
c l osed ; and the c ars  are i n spected for contam i n at i o n ,  c l eaned i f  necess ary ,  and re l eased to 
the tra i n  crew.  

If  any met a l  is  v i s i b l e  above the s o l u t i on l eve l , the d i sso l ver operator is i n struc ted 
to add wat er unt i l the met a l  i s  covered , to  preve nt the pos s i b i l i ty of a z i rcon i u m  met a l  
f i re . T h e  d i s so l ver l i d and c e l l cover b l ock  a r e  rep l aced . Water i s  added t o  the d i s so l ver 
l i d seal as needed to adj u s t  the d i sso l ver vac uum. I f  dec l ad d i ng is not sched u l ed to start 
i mmed i at e l y ,  the d i sso l ver i s  coo l ed and he l d  at about 2 5 ° C .  

A . 1 . 3  C l add i ng Remova l and UF4 Me tathes i s  

A f l ow d i agram of the c l ad d i ng remova l  process and equ i pment i s  g i ven  i n  F i gure A . 1 .  
The f i gure s hows proc ess  routes and the maj or p i eces o f  equ i pment , i nc l ud i ng the offgas 
tre atment sys tems . The d i s so l v i ng equ i pment c on s i sts  of three i ndependent systems , eac h  
cont a i n i ng a n  annu l ar d i sso l ver and a n  off gas  system w h i ch i nc l udes a downdraft condenser 
( d i sso l ver tower ) ,  an ammon i a  scru bber, steam and e l ec tr i c  heaters , a s i l ver reactor,  and 
two offgas f i l ters in  seri e s .  

C l add i n g  waste i s  d i sch arged from t h e  d i sso l vers t o  a c ommon 19  m3 ( 5000-g a l ) 
rec e i ver tan k ,  from wh i ch the so l u t i o n  can  be tran sferred to a centri fuge feed tan k ,  two 
para l l e l  centri fuges , a c l ad d i ng waste c atch tank , and  the recovered Z i rf l ex product tan k .  
The centri fuges overf l ow t o  the c l ad d i n g  waste c atch  tank  d u r i ng operat i o n .  

Metathe s i s  s o l ut i on i s  stored i n  a 1 9  m3 tank  w i th routes avai l ab l e  t o  t h e  c l ad d i ng 
waste rec e i ver and the d i sso l vers . 

A . 1 . 3 . 1  F u e l  E l ement Dec l ad d i ng 

D i s so l ut i on of the fue l  e l ement c l ad d i n g  i s  started by s l ow l y  b r i ng i ng the d i sso l ver 
so l ut i on to bo i l i n g  wh i l e contro l l i ng the offgas evo l u t i on rate s .  Sparg i ng w i t h  both a i r  
and steam i s  u sed for ag i tat i on ,  however the a i r  sparge i s  stopped when boi l i ng occurs to 
avo i d  ox i d i z i ng the uran i u m .  

I n  t h e  d i s so l ver,  t h e  z i rcon i um c l ad d i ng reacts w i th ammon i um f l uori de o f  t h e  AFAN ( a )  
s o l u t i on : 

( a ) Ammon i um f l uori de-ammon i um n i trate . 
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The hydrogen and ammon i a  evo l ved d uri ng dec l add i ng present a potent i a l  combust i on and 
ex p l os i on haz ard . Theref ore, hydrogen is con verted to  ammo n i a  by reac t i o n  wi th  ammon i um 
n i trate pre sent i n  the  AFAN so l ut i on : 

A l s o ,  an a i r  b l eed i s  u sed  t o  d i l ut e  the  d i sso l ver atmo sphere , thereby ma i nt a i n i ng a 
hydrogen concentrat i on of < 2 vo l ume percent . The d i sso l ver  i s  a l so steam sp arged to remove 
the ammon i a  generated , as Tts presence wou l d  decrease the  reac t i on rat e .  

T h e  c l ad d i ng waste so l ut i on i s  transferred t o  t h e  waste recei ver t a n k  a n d  the  d i sso l ver 
is r i nsed w i th water wh i ch is a l so sent t o  the waste  rece i ver t an k .  T he d i sso l ver now 
cont a i n s  t he  u nc l ad f u e l  and a sma l l  amount ( approx i mate ly  1 percen t )  of uran i um 
tetraf l uor i de ( UF4 ) formed through  reac t i on of the f ue l  w i t h  the ammo n i um f l uor i de .  

A . l . 3 . 2  Me tat he s i s  o f  UF4 

T he UF4 so l i d s  i n  t he d i sso l ver are metathe s i zed to hydro us  uran i um d i o x i d e  
( U02 . 2H20 )  by t he add i t i on of 7 M  potas s i um hydrox i de ( KOH ) . T h e  metathe s i s  process a l so 
produces potas s i u m  f l uor i de  (KF) wh ich  i s  so l u b l e .  Trac e amounts  of p l uton i um ,  w h i c h  a l so 
formed f l uor i de s ,  u ndergo s imi l ar chem ica l  re ac t i ons and are recovered w i th the  uran i um .  

The u sed metathe s i s  so l ut i on i s  ret urned t o  the  metathe s i s  storage t a n k  w i thout  ag i tat i ng 
the d i sso l ver ,  w h i c h  l eaves most of the U02 · 2H20 s o l i d s  behi nd i n  the d i sso l ver .  To 
prepare t he now-d ec l ad f u e l  e l ements and these U02 · 2H20 so l i ds  for n i tr i c  ac i d  
d i sso l ut i on ,  t h e  d i sso l ver i s  r i nsed and t h e  res i d u a l  f l uor ide  i o n  comp l exed w i t h  a 1 . 6M 
a l umi num n i trate nonahydrate (ANN ) so l ut i on to reduce  corro s i on of the  d i sso l ve r .  -
Suff i c i e nt ANN i s  added so that the  overa l l a l um i n um-to-f l u or i de mo l e  rat i o  i s  greater t han 
t h ree . 

A . l . 3 . 3  Ura n i um Recovery 

Because of t h e  s i g n i f icant uran i um content of the c l add i ng waste s o l ut i o n ,  i n  the form 
of entra i ned UF4 so l i d s ,  t h i s s o l u t i on i s  processed for uran i um  recovery .  The so l ut i on  i s  
cent r i f u ged t o  s eparate the  UF4 so l i d s  wh ich  are t hen met at hes i zed a s  above to  
U02 . 2H20 .  Cent r i f u g ing removes the  metathe s i s  so l u t i on from the uran i um so l i ds  which  
are  tran sferred to  a storage tank  for f u t u re d i sso l ut i o n .  

The spent metathes i s  s o l u t i on i s  samp l ed for accountab i l i ty purposes and then sent t o  
a n  u nderground  st orage t an k .  Fresh  KOH i s  ad ded t o  t h e  metathes i s  storage tank  i n  
preparat i on for t re at i ng the next c l ad d i ng waste hee l . 

F o l l ow i ng t he  centri fugat i on of t he  U02 . 2H20 ,  the so l ids  are s l u rri ed i n  an 
a l um i n um n i trate so l ut i on  and tranferred t o  the rec overed Z i rf l ex prod uct t an k s .  There t hey 
are d i sso l ved i n  1 2 . 2M n i tr i c  a c i d  ( HN03 ) accord i ng t o  a comb i nat i o n  of the two re ac t i ons : 

3U02 ( s ) + 8HN03 ( � )  � 3U02 ( N03 ) 2 ( � )  + 2NO ( g )  + 4H20 ( � ) 

U02 ( s ) + 4HN03 ( � )  � U02 ( N 03 ) 2 ( � ) + 2N02 ( g )  + 2H20 ( � ) 

The so l u t i o n  i s  a l so samp l e d  to assure the  correct a l umi num-to-f l uor i de  mo l e  rat i o  of 3 : 1  
before transfer t o  t he uran i um met a l  so l ut i on  feed tanks .  Comp l ex i ng o f  the res i du a l  
f l uor i de  i ons  wi t h  a l um i nu m  i s  very import ant at  th i s poi nt i n  ord er to  m i n im ize  corros ion  
and t o  avo id  f l uor i de comp l ex i ng of  p l u ton i um i n  the f i rst  so l vent extrac t i on c o l umn , wh ich  
wou l d  res u l t  i n  h i gh p l uton i u m  l osses t o  the aqueou s waste stream . 
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A . l . 3 . 4  C l add i ng Waste Treatment and D i sposal  

C l add i ng waste and c l ad d i ng waste d i ssol ver ri nse so l ut i ons  are reacted with c au st i c  i n  
the waste rec e i ver tank . Th i s  reac t i on generates ammon i a  whi c h  i s  hand l ed by an i ndependent 
system con s i st i ng of an ammon i a  sc rubber and a sc rub wast e c atc h tank ( A . l . 5 . 2 ) .  The 
c l ad d i ng waste-c aust ic  reac t i on a l so generates a s l urry contai n i ng up to 50 vo l ume percent 
so l i ds  ( primari ly hydrated z i rcon i um ox i de ) , and requ i res  ag i t at i o n  for sol i d  suspen s i on i n  
order to transfer the s l urry t o  underg round storage tanks . 

A . l . 4  Urani um D i sso l ut i on and Feed Preparat i on 

D i sso l ut i on of the uran i um meta l  and feed prep arat i on for so l vent extrac t i on i s  
desc r i bed i n  th i s sec t i o n .  F i gure A . l g i ves the proc ess f l ow d i ag ram of the urani um 
d i sso l ut i on system wh i c h  i nc l udes three i ndependent annu l ar d i ssol vers w ith  paral l e l  offgas 
syst ems ( a l so used for c l ad d i ng removal ) ,  a feed makeup tank ,  and three storage tank s .  The 
offgas systems i nc l ude the downdraft c ondensers ( d i ssol ver towers ) ,  steam and el ectric  
heaters,  s i l ver reactors,  and two offg as f i l ters per system . 

A . l . 4 . 1  Uran i um D i sso l ut i on 

The d ec l ad fuel  e l ement s are d i ssol ved i n  n i tric  ac i d  to produc e urany l  and 
p l uton i um ( I V )  n i t rates . The equat i on for uran i um i nd i c ates the compet i t i ve reac t i ons  
occ urri ng when c oncentrated ac i d  ( >8� HN03 ) i s  u sed , whi l e  that for  p l utoni um i s  a 
s i mp l i f i ed st atement of the react i on :  

U ( s ) + 4 . 5HN03 ( t )  � U02 ( N03 ) 2 ( t )  + 1 . 55NO ( g )  + 0 . 85N02 ( g )  + 0 . 05N2 ( g )  + 2 . 25H20 ( t )  

P u t s )  + 8HN03 ( t )  � P u ( N03 ) 4 ( t ) + 4N02 ( g )  + 4H20 ( t ) .  

D i sso l ut i on i s  st art ed w ith  add i t i on of 10 . 4M n i tric ac i d  to the d i sso l ver and s l ow ly  
rai s i ng the  temperature u s i ng the steam co i l s . Arter 30  m i nutes , the steam is  shut off to  
mon i tor the  rate of i n i t i a l react i o n .  An exc es s i ve reac t i on rate ( i nabi l i ty to mai nt a i n  at 
l east 0 . 98 kPa  (4 i n . H20 )  vac uum i n  the d i sso l ver )  i s  contro l l ed by l ower i ng the so l ut i on 
temp erature w ith  the cool i ng co i l .  When the reac t i on rate i s  acceptab l e ,  the steam f l ow i s  
gradua l l y  i nc reased ag a i n  t o  bri ng the so l ut i on to boi l i ng . After about 2 hours of 
d i gest i o n ,  add i t i ona l  n i tric  ac i d  i s  added at a contro l l ed rate to mai nta i n  the des i red 
n i tr ic  ac i d  conc entrat i on and an effec t i ve d i sso l ut i on rate .  

As  the met a l  d i sso l ut i on progresses , the  spec i f i c  grav i ty of  the  sol � t i on i nc reases . 
The f i rst cut i s  termi nated when the spec i f i c  grav i ty reac hes 1 . 66 ,  or when t he spec i f i c  
g ravity fai l s  t o  r i s e  0 . 02  u n i t  i n  1 hour . The d i ssol ut ion reac t i on i s  stopped by cool i ng 
the so l ut i o n  to 60' C ,  and then transferri ng i t  to the  met a l  so l ut i on feed storage tank s .  
Th i s  f i rst c ut genera l l y cont a i ns about 60 percent of t h e  uran i um c h arged t o  the d i sso l ver. 

N i tric  ac i d  and ANN are agai n added to the d i ssol ver and the reac t i on cont i nues as  
before. The  second c ut is  term i n ated at  a spec i f i c  grav ity of 1 . 72 .  Thi s so l ut i o n ,  wh i c h  
has a s l i g ht ly  h i gher c oncentrat i on of U N H  and n i tr ic  ac i d  t h an t h e  f i rst c u t ,  i s  
transferred to the met a l  sol ut i on feed storage tank s .  T h e  d i ssol ver i s  ri nsed t o  remove any 
uran i um meta l  compounds adheri ng to the wal l s , and the ri nse water i s  a l so transferred to 
t he feed storage t anks . 

Urani um d i sso l ut i on of sp i ke fuel  i s  c omp l eted i n  a s i ng l e  step . Bec ause of the 
smal l er batc h ,  l ess ANN is  needed to c omp l ex the res i d u a l  f l uor ide  i ons in  the d i ssol ver. 

A . l . 4 . 2  Met al  Storage and Feed Preparat i on 

Urani um rec overed from the c l ad d i ng waste sol ut i on ( Sect i on A . l . 3 . 3 )  i s  b l ended w i t h  
the feed metal  so l ut ion i n  the storage tank . Thi s feed so l ut i o n  i s  then samp l ed for i nput 
acc ountabi l i ty before i t  i s  p umped to the feed makeup tank . 
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If necessary ,  f i na l  feed adj ustment s are made d epend i ng on the  accountab i l i ty s amp l e  
ana lyses .  Adj u stment s are made by addi ng rework materi a l s ,  demi neral i zed water, and / o r  
n i tr i c  ac i d .  W hen the so l ut i on has the des i red c oncentrat i on ,  i t  i s  t ransferred t o  t h e  feed 
tank for the HA so l vent extract i o n  c o l umn .  

A . l . 5  Offgas Treatment 

As ment i oned prev i ou s l y ,  potent i a l l y  hazardous  g ases,  hydrogen and ammoni a , are evo l ved 
i n  the dec l ad d i ng process  a l ong w i t h  some vol at i l e  f i ss i o n  p roducts and n i trogen ox i des  
re l eased duri ng urani um d i s so l ut i on .  The methods and equi pment for treat i ng these and other 
g ases are descr i bed in th i s sect i o n .  

A . l . 5 . 1  D i sso l ver Offgas System--C l ad d i ng Removal  

Duri ng c l add i ng remova l , t he downdraft d i ssol ver towers funct i on as  f i rst-stage offg as  
sc rubbers, removi ng some ammon i a  and f i ss i on produc ts  with  the  c ondensate .  The  condensate 
stream is routed to the ammo n i a scrubber c atc h tank to be c ombi ned with ammon i a  scrubber 
waste. 

An ammon i a  scrubber, l oc ated downstream from the d i ssol ver tower ,  removes ammon i a  from 
the  offgas  stream to a max i mum ammon i a  content of 0 . 06 wt perc ent . Ammon i a  scrubber waste 
(ASW ) i s  routed to an i nd i v i dua l  c atc h t ank for eac h  scrubber, t hen to t he ASW c oncentrator 
feed tan k .  Ammon i a  scrubber offg as from each d i sso l ver i s  routed to the mai n stac k  v i a  the 
heaters ,  the s i l ver reactor used for i od i ne removal , and the two f i l ters i n  ser i e s .  

A . l . 5 . 2  Offgases from C l ad d i ng Waste Treatment 

Ammon i a  i s  a l so generated dur i ng the t reatment of Z i rf l ex c l add i ng waste w ith  sod i um 
hydrox i de ( NaOH ) . The c e l l i n  wh i c h  th i s operat i on occ urs ,  E c e l l ,  has an offgas  system 
cons i st i ng of a s i ng l e  ammo n i a  scrubber and scrub waste c atc h tank . The c atch tank l i qu i d  
i s  routed d i rec t l y  t o  the ASW concentrator feed t ank . Offg as  from t h i s  sc rubber i s  routed 
to the ammon i a  stac k .  

A . l . 5 . 3  Ammon i a  Scrubber Waste Conc entrat i on System 

The ASW c oncentrat i on system evaporates ammon i a  scrubber waste from the three d i sso l ver 
ammon i a  scrubbers and the E ce l l scrubber. The spec i f i c  grav ity of the ammon i a  scrubber 
waste concentrator bottoms i s  mon i tored and a l l owed to i nc rease to a p redeterm i neg l evel  
before shutdown , cool i ng ,  and transfer to the waste rec ei ver . A rad i oac t i v i ty ( 9  Z r ,  
95Nb ,  106R u )  concentrat i on l i m i t  f o r  t h e  bottoms i s  a l so a c ri teri on f o r  emptyi ng the 
c oncentrator.  From the waste rec ei ver,  the concentrated bottoms sol ut ion i s  sent to 
underground storage tan k s .  

A condenser l i qu i f i es the vapor from the c oncentrator a n d  subcoo l s t he c ondensate 
produced . Bec ause of i t s  aff i n ity for coo l water,  nearly a l l of the ammon i a  i s  absorbed i n  
the subc oo l ed condensate w h i c h  i s  then p umped to a c r i b .  

A . l . 5 . 4  D i ssol ver Offgas System--Uran i um D i sso l ut i on 

As desc r i bed i n  Sec t i on A . l . 4 ,  eac h  d i ssol ver offg as system i nc l udes a d i s so l ver tower, 
gas heaters ,  s i l ver reactor,  and f i l ters,  as  shown i n  F i g ure A . l .  The downdraft d i sso l ver 
towers,  which are actua l l y  water-c oo l ed c ondensers , are p ri mari l y  des igned for n i tr i c  ac i d  
recovery duri ng urani um d i sso l ut i o n .  Condensate from t h e  towers cont a i n s  some 
radi onuc l i des , and i s  routed back to the d i ssol ver duri ng d i sso l ut i o n .  The tower g aseous  
eff l uent i s  routed to the offg as heaters and s i l ver reactor v ia  t he ammon i a  scrubber, 
a l though the scrubber i tse l f  is not f unct i on i ng s i nc e  no ammon i a  is evo l ved d ur i ng 
d i sso l ut i on .  

Offgases generated dur i ng u ran i um d i sso l ut i on are r i c h  i n  n i t rogen ox i des ,  whi c h  are 
part i a l l y  removed and recovered as n i t r i c  ac i d  by the c ondensers and the bac k up f ac i l i ty 
( see A . l . 5 . 5 ) . The vo l at i l e  f i ss i on products rel eased duri ng u rani um d i sso l ut i o n  are 
8 5Kr,  133Xe,  129 1 ,  13 1 1 ,  14C ,  and a sma l l amount of 3H .  The k rypton,  xenon , and 
t ri t i um ,  are quant i t at i ve l y  d i scharged to t he out s i de atmosphere v i a  the mai n stac k .  
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The s i l ver reactors remove the rad i o i od i ne ( 131 1 and l29 I )  from the offgas through 
react i on of the i od i ne w i th the s i l ver n i trate ( A9 N03 ) coat i ng on the reactor pack i ng .  
Sol i d  s i l ver i od i de ( Ag I )  i s  formed and remai n s  i n  the s i l ver reactor . Overal l i od i ne 
decontami n at i on factors , b ased on 131 1 re l ease and measured from the d i ssol ver through the 
backup fac i l i ty decrease from 1000 to 100 , as the reactors l ose the i r  eff i c i ency after 
extended use .  The s i l ver reactors are regenerated per iod i ca l l y  w i th fresh A9 N03 , but the 
reactors are not f l ushed ( i . e . , d i sso l u t i on of the Ag I coat i ng and d i sposal to underground 
storage ) ,  to en sure that the i od i ne rema i n s  on the reactor bed . When a reactor can no 
l onger be effec t i ve l y  regenerated , i t  i s  rep l aced and sent to so l i d  waste buri a l . 

A . l . 5 . 5  Backup Fac i l i ty 

The b ackup  faci l i ty ,  con s i st i ng of two ac i d  absorber towers i n  ser i es , removes mo st of 
the rema i n i ng n i trogen oxi des that were not abs orbed i n  the downdraft condensers . N i trogen 
oxi des in the offg ases are absorbed i nto the tower scrub water form i ng n i tr i c  aci d ,  wh ich  i s  
routed to the ac i d  recovery system and i s  eventua l l y  ret urned to the PUREX process .  The 
faci l i ty a l so removes rad i o i od i n e ,  contr i buti ng a decontami n at i on factor of ten . 

P re l i m i n ary tests i nd i c ate the ac i d  recovery c an be i nc reased to above 90 percent by 
addi ng a control l ed amount of hydrogen perox i de to the top tray of e ach tower . The 
equi pment necess ary to imp l ement th i s  system w i l l  be i nsta l l e d  pri or to startup . 

A . l . 6  So l vent Extrac t i on 

After adjustment of the concentrati on and ac i d i ty of the uranyl n i trate sol ut ion from 
the fuel  e l ement d i ss o l u t i on ,  the sol ut i on proceeds to the so l vent extract i on step , wh i ch i s  
the key operat i on of the P UREX proce s s .  It separates the uran i um ,  p l uton i um,  and neptu n i um 
from assoc i ated f i s s i on products and from each other, and produces puri f i ed n i trate 
so l uti ons  of these product s .  A ser i e s  of extract i on-stri pp i ng sequences accomp l i shes the 
separat i on and pur i f i c at i o n .  The process i s  characteri zed by numerous  recyc l e  streams as 
l ess  pure streams are recyc l ed to the proces s .  

The organ i c  so l vent used i n  the so l vent extract i on process  i s  a 3 0  vol ume percent 
so l ut ion of tri butyl phosphate ( TB P )  in a norma l  paraff i n  hydrocarbon d i l uent . Al l sol vent 
extract ion operat i ons  are conducted i n  pu l se co l umns cont a i n i ng perforated p l ates .  

The fol l ow i ng three major process  systems make u p  the so l vent extract i on process : 
• f irst decontami nat i on and p art i t i on cyc l e  
• f i n a l  uran i um cyc l e  
• f i n a l  p l uton i um cyc l es .  

These three systems are d i scussed i n  th i s  sect i o n .  The second neptun i um cyc l e  so l vent 
extract i on process  i s  descri bed in Sec t i on A. l . B .  

A. l . 6 . l  Fi rst Decontam i n at i on and P art i t i on Cyc l e  

F i gure A . 2  i s  a process f l ow d i agram of the f i rst decontami nat i on and part i t i on cyc l e ,  
show ing the major equ i pment p i eces and the normal process  routes . 

The purpose of the f i rst decontami nation cyc l e  i s  to separate the bu l k  of the f i ss i on 
products from the uran i um,  p l uton i um ,  and neptu n i um .  Th i s  i s  accomp l i shed i n  the l ower 
sect i on of the HA (f i rst extract i on )  co l umn where the uran i um ,  p l uton i um ,  and neptun i um are 
extracted from the aqueous  feed i nto an org an i c  stre am of tri butyl phosphate and p araff i n  
hydroc arbon s .  A sod i um n i tr i te stream i s  added to the co l umn to ox i d i ze the neptun i um to an 
extractab l e  i on i c  state . I n  the top of the HA co l umn , the product-beari ng organ i c  stream i s  
scrubbed w i th a n i tr ic  ac i d  s o l u t i on to remove any f i s s i on products extracted by the org an i c  
stream. 

The aqueous waste stream, conta i n i ng greater than 99 percent of the f i s s i on products 
fed to the co l umn , f l ows to the waste concentrati on-ac i d  recovery equ i pment ( A. l . l l ) .  The 
org an i c  stre am i s  routed to the part i t i on cyc l e .  
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I n  the part i t i on i ng cyc l e ,  p l uto n i um i s  separated from uran i um and neptun i um .  The 
part i t i on process equ i pment i nc l udes three so l vent extrac t i o n  c o l umn s ( lB X ,  lBS , and l C )  and 
the uran i um-neptun i um i ntercyc l e  concentrator . 

The organ i c  stream from the HA co l umn i s  m ixed  w ith  four organ i c  recyc l e  streams ,  and 
t h i s  so l uti on i s  then fed to the lBX co l umn . The aqueou s  lBX extract ion  so l uti on i s  d i l ute 
n i tr i c  ac i d  w i th ferrous  su l famate .  The ferrous i o n  reduces the pl uton ium  wh i ch causes i t  
t o  b e  part i t i oned from the org a n i c  stre am i nto the aqueou s  stream . Al though i t  has not been 
reduced , 4 to 5 percent of the uran i um i s  removed a l ong w i th the p l uton i um .  The 
p l uto n i um-bear i ng aqueous  stream f l ows to the lBS co l umn , and  the organ i c  stream cont a i n i ng 
most of the uran i um and neptu n i um ,  and a smal l amount of p l uto n i um ,  f l ows to the l C  co l umn . 

In the lBS  co l umn , the uran i um i s  removed from the pl uto n i um conta i n i ng aqueous  stream 
wi th organ i c  so l vent . The organ i c  stream , bearing  the uran i um and abou t 6 to 10 percent of 
the p l uton i um ,  i s  recyc l ed to the lBX co l umn . The aqueous p l uto n i um-bear i ng stream i s  
routed to a feed tank for chemi ca l  adjustment before enteri ng the f i na l  pl uton i um cyc l e .  

I n  the l C  co l umn , the uran i um ,  neptun i um ,  and p l uton i um are removed from the organ i c  
stream by a d i l ute n i tr i c  ac i d  so l ut i o n .  The organ i c  waste stream i s  sent to the So l vent 
Tre atment System No . 1 feed tank (see Sect i on A. l . lO ) .  The uran i um conta i n i ng aqueous 
stream is transferred to the uran i um-neptun i um i ntercyc l e  concentrator . There the aqueous 
s o l ut i on is concentrated by a f actor of  seven before it is tran sferred to the f i na l  uran i um 
cyc l e  feed tank . 

A. l . 6 . 2 F i na l  Uran i um Cyc l e  

I n  the f i na l  uran i um cyc l e ,  uran i um i s  separated from the neptu n i um ,  p l uto n i um ,  and 
res i du al f i ss i on products and then concentrated to meet product spec i f i c at i ons . Th i s  
requ i res two extrac t i o n  co l umn s ( 20 and 2E shown i n  Fi gure A. 3 )  and  a concentrat i on system . 

Before i t  i s  fed to the 2 0 c o l umn , the n i tr i c  ac i d  concentrat ion  o f  the 
uran i um-neptun i um so l ut i on i s  i ncreased to 1 . 5M .  A sol uti on of hydraz i ne i s  a l so added to 
react wi th any n i tr i te i o n  present i n  the feed-tank . 

Extracti on  of the uran i um 
organ i c  s o l vent . I n  the upper 
contacts two scrub so l ut i on s .  
and removes i t ,  and the other , 

occurs  i n  the l ower hal f o f  the 2 0 c o l umn through the u se of  
ha l f of  the c o l umn , the uran i um-saturated organ i c  stream 
One , cont a i n i ng hydroxyl am i ne n i trate reduces the p l uto n i um 
demi neral i zed  water , removes any n i tr i c  ac i d  present . 

The aqueous stream ,  contai n i ng 5 to 7 percent o f  the uran i um and essenti a l l y  a l l of the 
neptun i um ,  p l uton i um ,  and f i ss i on products , is routed to the backcyc l e  waste tank for 
concentrat i o n  and recyc l e  to the so l vent extrac t i o n  co l umn . The organ i c  stream cont a i n i ng 
the puri f i ed  uran i um f l ows to the 2E co l umn . 

The 2E co l umn i s  i dent i cal to the lC  co l umn and removes the uran i um from the organ i c  
stream w i t h  a d i l ute n i tr i c  ac i d  so l ut i o n .  The organ i c  waste stream i s  sent t o  the rece i ver 
tank  for So l vent Tre atment System No . 2 . The aqueous product stream, conta i n i ng a l l but 
0 . 0009 percent o f  the enteri ng uran i um ,  i s  routed to the uran i um concentrator . 

The aqueous product stream i s  concentrated by a factor of about 7 to g i ve a so l ut i on of 
2 . l 2M uran i um .  After sampl i ng ,  an a l ys i s ,  an d vo l ume measurement , the uran i um product , 
uranyl n i trate hexahydrate ( UNH ) ,  i s  tran sferred to storage tan k s .  These tanks  have a 
c apac i ty of 3 90 m3 ( 100, 000 ga l ) and  are enc l osed by concrete d i kes . From storage , the 
U NH i s  pumped i nto tanker-trai l ers for s h i pment to the U03 p l ant . 

A. l . 6 . 3  F i na l  P l ut on i um Cyc l es 

The f i n al p l uton i um cyc l e s  con s i s t of the second and th i rd p l uton i um so l vent extract i on 
cyc l es p l us p l uto n i um product concentrat i o n .  The second cyc l e  uses two extrac t i o n  co l umns 
( 2A and 2B )  as  does the th i rd cyc l e  ( 3A and 3B ) .  The f l ow d i agram for the f i na l  p l uton i um 
cyc l e s  i s  shown i n  F i g ure A . 4 .  
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SOd i um n i tr i te i s  added t o  the p l uton i um-bear i ng aqueous s t ream ( from the IBS c o l umn ) 
before i t  i s  fed t o  t he  2A co l umn . Th i s  i s  t o  ox i d i ze t he p l uto n i um back to a state where 
i t  c an be extracted by the organ ic  s o l vent . The extract ion occurs i n  the l ower h a l f  of the  
2A  co l umn wh i l e  in  t he upper  ha l f  t he p l uton i um-bear i n g  organ i c  stream i s  scruhbed w i th 
d i l ute n i tr ic  ac i d  t o  remove most of the f i ss i on prod uct s .  The organ ic  stream then f l ows to 
the  2B co l umn . The aqueous wast e stream cont a i n i ng about 0 . 7  percent of  the  enter i ng 
p l uton i um p l u s most of t he f i s s i on products i s  routed t o  t he backcyc l e  waste feed tan k  for 
recyc l e  t o  the proces s .  

T he aqueous stri p s o l u t i on i n  the 2B c o l umn c onta i ns hydroxyl am i ne n i trate . Th i s  aga i n  
reduces t h e  p l uton i um  t o  remove i t  from t h e  organ i c  stream i n t o  t h e  aqueous stream. A s  the 
pl uto n i um-bear i ng aqueous stream f l ows d own the  l ower port ion  of the co l umn ,  it is scrubbed 
w i t h  organ i c  so l vent  t o  remove any uran i um  wh i c h  may be present . The  aqueou s stream then 
f l ows to  the  feed t an k  for t he t h i rd p l uton i um cyc l e .  The organ i c  stream ,  conta i n i ng 
uran i um ,  f i s s i on  products and 0 . 04 percent  of t he enteri ng p l uton i um ,  i s  recyc l ed to t he 
l BX co l umn feed t ank . 

The n i t r i c  ac i d  added t o  the aqueous p l u to n i um stream i n  the 3A feed tank  i s  suff i c i ent 
t o  ox i d i z e  t he p l uton i um t o  the  st ate where it is aga i n  ex tracted i nto  t he organ i c  so l vent 
in  the 3A c o l umn . I n  the  scru b sect i on of the  co l umn , d i l u te n i t r ic  ac i d  removes most of 
the  remai n i ng trace s of f i s s i o n  prOduct s  from the organ i c  stream. The aqueous waste stream, 
cont a i n i ng about 0 . 3  percent of the enteri ng p l uton i um ,  is ro uted  to the backcyc le  waste 
tank f or recyc l e  t o  the proc e s s .  The organ i c  stream conta i n i n g t he pu r i f i ed p l uton i um f l ows 
to t he 3B co l umn . 

T he 3B co l umn uses a d i l u te n i tr i c  ac i d  stream to remove t he p l uton i um from the organ ic  
stream.  The  organ i c  waste stream , cont a i n i ng about 0 . 1  percent of  the  enter i ng p l uton i um ,  
i s  recyc l ed t o  t he IBX feed t an k .  The p l uton i um product  stre am i s  routed to  the p l uton i um 
stri pper,  where any traces of so l vent are removed and the p l uton i um so l u t i on i s  
conc ent rated by a factor o f  f i ve . T o  prevent p l uton i um p o l ymer format i on d u r i n g  
concent rat i o n ,  concent rated n i tri c ac i d  i s  added t o  t he  feed stream of t h e  str i ppe r .  The 
stri pper product f l ows to  a nother concentrator for further c oncentrat ion  by an add i t i o n a l  
factor of two .  The concentrator product f l ows i nt o  t he rece i ver tan k ,  from wh i c h  t he 
product i s  per i od i c a l l y  vacuum-transferred t o  the product rec e i ver room samp l e  t an k .  F i n a l  
process i ng o f  t h e  p l uton i um n i trate t o  p l uto n i um o x i d e  i s  descr i bed l ater i n  Sec t i on A . 3 .  

A . l . 7  Backcyc l e  Waste System 

The aqueous waste streams from the second p l uton i um cyc l e ,  the  f i na l  ura n i um cyc l e ,  and 
t he neptun i um  rec overy system p l u s  excess ac i d  recovery condensates and the  vent system 
condensates from L and Q c e l l s  are a l l concent rated and recyc l ed v i a  t he backcyc l e  waste 
system.  T h i s  sys tem con s i s t s  of a concentrator and condenser a l ong w i th a feed tan k  and 
c onc ent rated waste rec e i ve r .  T he waste i s  concentrated h y  a facto� of about f i ve before 
f l ow i n g to t he waste rece i ver .  The aqueou s waste from the t h i rd p l uton i um cyc l e  i s  routed 
d i rect l y  t o  the  waste rece iver .  From the waste rece i ver ,  abnut 60 percent of the so l u t i on 
i s  pumped t o  t he HA co l umn , and about 40 percent i s  pumped to the neptun i um recovery cyc l e  
wher i t  i s  i n  Ph ase I operat i o n .  The concentrated waste i s  routed exc l u s i ve l y  t o  the 
HA co l umn d u ri ng Ph ases I I  and I I I  of neptu n i um recovery .  

A. l . B Neptun i um Recovery and P u r i f i c at i on 

The operat i on of the neptun i um recovery cyc l e  i s  a t hree-part sequent i a l  proces s .  T h e  
cyc l e  serves to  acc umu l ate neptun i um from t he backcyc l e  waste streams d u r i n g  Phase I 
operati on .  Neptun i um i s  separated from f i ss i on produc t s ,  uran i um, and p l uton i um dur i ng 
Phase I I  operat i o n s ,  and a feed stream i s  prov ided  for t he neptu n i um ion  exchange 
pu r i f i c a t i on proces s cond ucted in Phese I I I .  A l l  t hree of these ph ases u se the  same 
equ i pment , two so l vent ex tract ion  co l umn s ( 2N and 2 P ) , s hown i n  F i gure A . 5 .  

Dur i ng Ph ase I ,  about 40 percent of the backcyc l e  waste stream i s  ro uted t o  t he 
2N co l um n .  There the neptu n i u m  and uran i um are extracted from the aqueous stream i nto  the  
orga n i c  stream which  is  then  ro uted to  the 2P  c o l umn . The p l uton i um rema i n s i n  the aqueous 
stream due t o  the presence of ferrous su l famate and hydraz i ne w h i c h  reduce the p l uto n i um to 
an i nextractab l e  stat e .  T he a oueous waste st ream is ro uted  to the b ackcyc l e  waste feed 
tanks . 
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I n  co l umn 2 P ,  the nept u n i um i s  stri pped i nto a d i l ute n i tr i c  ac i d  aqueous stream, 
l eav i ng most of  the uran i um i n  the organ i c  phase wh i ch i s  recyc l ed to the lBX col umn feed 
tan k .  The aqueous stream conta i n i ng the neptun i um i s  routed b ack  to the 2 N col umn feed tank 
where it mi xes w i th the i ncom i n g  backcyc l e  waste stream .  

Duri ng Ph ase I operat i o n ,  p l uton i um ex i ts the system i n  the 2N waste stream and uran i um 
e x i t s  i n  the 2P waste stream ,  wh i l e  the neptun i um accumu l ates and recyc l es through the 
system. Th i s  procedure cont i nues unt i l  a spec i f i ed amount of  neptun i um i s  accumu l ated i n  
the system ; then a f i n a l  decontami nat i on proces s ,  P hase I I , i s  i n i t i ated . 

P hase I I  operat i on i s  s i mi l ar to Phase I ,  except the b ackcyc l e  waste stream to the 
2 N co l umn feed tank  i s  d i scont i n ued and repl aced by a n i tr i c  ac i d  stream. Th i s  al l ows the 
amount of p l uton i um ,  uran i um ,  and f i ss ion  product s in the system to gradua l l y  decrease . 
When the uran i um concentrat i on i s  l ess  than 6 g ft ( 0 . 0 5  l b fga l ) and p l uton i um concentrat ion  
i s  l ess  than 1 gram p l uton i um per 1000 grams neptun i um ,  Phase I I  neptun i um decontam i n at i on 
i s  compl ete and Phase I I I  operat ion  beg i n s .  

Dur i ng Phase I I I ,  the neptu n i um product stream from col umn 2 P i s  transferred to the 
concentrator feed tank  i n stead of  be i ng recyc l ed to co l umn 2 N .  A 30 wt percent n i tr i c  ac i d  
stream i s  fed to co l umn 2 N a s  a r i n se sol ut i on . Th i s  cont i n ues unt i l  the neptuni um 
concentrat i on of the stream l eav i ng the co l umn i s  l es s  than 0 . 26 g ft .  

Neptun i um pur i f i cat i on cons i sts o f  concentrat i ng the so l ut i on from the neptu n i um 
recovery system and ion  exchange to remove the res i dua l  impur i t i e s .  The equ i pment for th i s  
process i s  s hown i n  F i gure A . 6 .  

The so l ut i on from the neptun i um recovery system i s  concentrated by a f actor o f  about 
4 . 5 .  The concentrated nept u n i u m  so l u t i on f l ows to the ion  exchange co l umn feed tank where 
chemi ca l  adj ustments are made . The ac i d  concentrat i on i s  adj usted to 6 . 3M by add i t i on of 
n i tr i c  ac i d ,  and the neptun i um i on i c  state i s  opt im i zed by add i t ion  of hydraz i n e .  

The res i n  ( Amber l i te IRA-9 7 )  i n  the i o n  exch ange co l umn i s  pretreated by pas s i ng 6M 
n i tri c ac i d  conta i n i ng O . lM hydraz i ne through the co l umn to prepare the res i n  for adsorpt i on 
of the next neptun i um b atch. Immed i ate l y  before the neptun i um i s  l oaded , the res i n  bed i s  
degassed to e l i m i nate a i r  pockets.  As the feed s o l u t ion  is  pumped downward through the 
co l umn , the res i n  reta i n s  the neptu n i um through the i on exch ange mechan i sm .  

Any p l uton i um ret a i ned b y  the res i n  i s  removed by a scrub so l u t i on wh i ch conta i ns 
f errous  s u l f amate and hydraz i ne i n  a 6 . 7M n i tr i c  ac i d  so l ut i on .  The strong ac i d  i s  
necessary to prevent neptun i um e l u t i o n  losses d ur i ng the p l uton i um scru b .  S im i l ar ly ,  any 
f i ss i on products absorbed by the res i n  are removed by a scrub so l ut i o n  wh i ch i s  7M n i tr i c  
ac i d  and a l so cont a i n s  f l uor i de .  Aga i n  the h i gh ac i d  content prevents neptun i um losses . 
Th i s  f i s s i on product scrub l eaves f l uori de res i due on the i on exch ange co l umn , and th i s  i s  
scrubbed wi th an 8M n i tri c ac i d  so l ut i on conta i n i ng hydraz i n e .  The pretreatment , l oad i n g ,  
p l uton i um scru b ,  fls s i o n  product scrub,  a n d  f l uor i de scrub wastes conta i n i ng neptu n i um l ost 
duri ng pur i f i c at i on are ret urned to the backcyc l e  waste system for recyc l i ng through the 
so l vent extract i on system. 

Product neptun i um i s  removed from the res i n  bed w i th a 0 . 3 5M n i tr i c  ac i d  so l ut i on .  
Neptun i um concentrat i on i s  control l ed by adjust i ng the product eluent vol ume to the quant i ty 
of neptun i um on the res i n ,  and no further product concentrat i on step i s  requ i red . The 
i n i t i al and f i na l  port i ons  of the e l uted so l ut i on are too d i l ute i n  neptun i um to be used i n  
the f i na l  product and are , therefore , recyc l ed to the concentrator feed tank s .  

Neptun i um puri f i cat i on process safety i s  a n  import ant con s i derat i on due to i t s 
potent i a l  for an i on exch ange res i n  exp l o s i o n ,  wh i c h  ex i sts u nder cert a i n  cond i t i ons  of 
temperat ure , pressure , and ac i d i ty .  To m i n i mi ze or e l im i nate these cond i t i on s ,  s i gn i f i c ant 
process  parameters are c aref u l ly  contro l l ed and c are i s  taken to prec l ude the stand i ng of 
l oaded res i n  co l umn s for pro l onged periods of  t ime .  

A. l . 9 Sampl i ng and Rework of N i trate Product So l ut i ons  

Uranyl n i trate hex ahydrate ( UNH ) waste so l ut i on or out-of-spec i f i cat ion  so l u t i on from 
the U03 p l ant i s  concentrated to a spec i f i c  grav i ty of 1 . 54 for recyc l e  to the PUREX 
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p roc ess .  The tank  used for t h i s  c onc entrat i on i s  equ ipped w i t h  an offgas treatment system 
cons i st i ng of a c ondenser,  d e-entrai ner,  f i l ter,  and steam ej ector .  The condensate i s  
routed to the waste tank  duri ng c onc entrat i on ,  and i s  returned to the  c onc entrat i on tank 
when wastes suspected of contai n i ng so l vent are bo i l ed under ref l ux to e l i m i n ate organ i c s .  
R eworked UNH may b e  transferred t o  the extrac t i o n  proc ess from the concentrat i on tank or  any 
of the product storage tank s .  Transfers to  process are frequent l y  made to pro v i d e  c o l d 
( u n i rrad i ated ) feed for p l ant s hutdown or  startup , and somet imes for  p l uton i um d i l ut i o n .  

Concentrated p l utoni um n i trat e products  from t h e  th i rd p l utoni um cyc l e  i s  hand l ed i n  
t h e  product removal  ( P R )  room,  wh ich  c ont a i n s  spec i a l l y des i gned vesse l s for nuc l ear 
safety. There the p l uton i um n i trate i s  s amp l ed to assay the so l ut i o n  before further 
process i ng or  to reroute p l uton i um-bear i ng l i qu i ds f or rework through  so l vent extrac t i o n .  
A l o ng w i t h  l i qu i d s from t h e  P R  room, other p l uton i um rework so l ut i ons  i nc l ude  those from 
proc ess c e l l sump s ,  o ut-of-spec i f i c at i on products ,  and f l u shes from the p l uto n i um rec overy 
equ ipment . These so l ut i ons  are routed to the HA c o l umn feed makeup tan k  for rework . 

The neptun i um product  rece i ver tank i s  equ i pped w i t h  a temperature contro l system p l u s 
wei g ht factor  and spec i f i c  grav i ty i n strumentat i on .  The nept un i um p roduct so l ut i on i s  
s amp l ed for neptun i um ,  p l utoni um, uran i um ,  and n i tr i c  ac i d  c ontent , and i s  then transferred 
to storag e .  A l ternat i ve l y ,  the  neptun i um ox i d at i o n  state i s  adj usted and the  product i s  
transferred t o  c ontai ners for s h i pment . The ox i dat i on state must be adj usted to prec l ude  
format i on of  any g ases w h i c h  wou l d  subsequent ly  pressu r i ze the  p roduct  contai ners . 

A . 1 . 10 So l vent Treatment 

W i th conti nued  u se,  the organ ic  so l vent used i n  PUREX so l vent extrac t i o n  ( 30 vo l ume 
p erc ent tri buty l phosphate  i n  a normal  p araff i n  hydroc arbon d i l uent ) becomes c ontam i n ated 
w i th f i ss i o n  p roducts and chem i c a l ly  degrades , d ecreas i ng the  eff i c i ency of c hem ica l  
separat i o n s .  Before reuse ,  the  so l vent i s  treated as  descr i bed i n  thi s sec t i o n .  

Regenerat i o n  o f  a l l the  organ i c s  used i n  the  PUREX so l vent extrac t i o n  process ,  except 
that from the second  uran i um cyc l e , i s  acc omp l i shed i n  Sol vent Treatment System 1 .  Sol vent 
u sed i n  the f i na l  uran i um cyc l e  has a sep arate treatment system ( System 2 )  to m i n im i ze the 
c ontami nat i o n  of the  uran i um p roduct by i mpuri t i e s  in  the  so l vent . The treatment proc ess 
c ons i sts of an a l ka l i ne-p ermang anate  wash f o l l owed by a n i tr ic  ac i d  wash . F i gure A . 7  
sc hemat i c a l ly  shows t h e  equ i pment and streams c omp r i s i ng Systems 1 and 2 .  

The sod i um c arbonate-p otass i um permang anate wash t akes p l ac e  i n  a semi -batc h washi ng 
tank  where most of the  contami nants i n  the organ ic  stream are removed. The was h so l ut i on ,  
whi c h  i s  cont i nuou s l y  recyc l ed ,  acc umu l ates f i ss i on products ,  p l uton i um ,  urani um , and 
d i sso l ved organ ic  i mpuri t i es and  must be rep l aced  peri odi c a l l y .  T h e  depl eted wash so l ut i on 
from System 1 i s  sent to an underground waste storage  tank , whi l e  that from System 2 c an 
a l so be sent to  underground  storage or  i t  c an be used as rep l ac ement wash so l ut i o n  i n  
System 1 .  

After the org an i c  stream i s  c ontac ted w i t h  the a l ka l i ne-permang anate  wash so l ut i o n  i t  
f l ows to the scrub c o l um n .  T h e  d i l ute  n i tr i c  ac i d  so l ut i o n  removes entrai ned c arbonate and 
mang anese d i ox i d e  from the o rg an i c . Th i s wash so l ut i on i s  a l so rec i rc u l ated through the 
c o l umn u nt i l i t  becomes c ontami n ated . The n i tr ic  ac i d  waste so l ut i on i s  made basic  and a l so 
sent to underground  storage ,  or that from System 2 c an be reused i n  System 1 .  

A . 1 . 1 1 Ac i d  R ecovery and L iqu i d  Waste D i sposal  

In  the  PUREX fac i l i ty, treatment of h i gh-l evel rad i oact i ve l i qu i d  waste is  part of the 
n i tric  ac i d  rec overy proc e s s .  H i g h l y  rad i o act i ve waste so l ut i ons  are treated before bei ng 
sent to storage i n  underground  tanks .  In  add i t i on to ac i d  rec overy ,  the  waste treatment 
proc ess reduces  the  vol ume of materi a l  w h i c h  must be proc essed through  the  waste man agement 
fac i l i t i es and eventua l ly  stored . A f l ow d i agram of the waste c onc entrat i on and deni trat i on 
equ i pment i s  shown i n  F i gure A . B .  

I n  the ac i d  fract i onator,  d i l ute  waste n i tr i c  ac i d  streams are c onc entrated to  a 
u n i form produc t s u i t ab l e  for reuse  i n  the  p l ant . 
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L i q u i d  wastes conta i n i ng rad i oac t i ve c onc entrat i ons w i t h i n  a l l owab l e  re l e ase l i m i t s  
( e . g . , condensat e s )  are routed t o  s urface pond s or  c r i b s ,  where the  l i qu i d  d i sperses i nt o  
the s o i l .  

A . l . l l . l  Ac id  Recovery 

The PUREX f a c i l i ty i s  pro v i ded w i t h  equ i pment for the rec overy of the  n i tr i c  ac i d  used 
i n  t he so l vent extrac t i on operat i on s .  More than 80 percent  of  the n i t r i c  ac i d  present i n  
t � e  aqueous waste stre ams from the so l vent extrac t i o n  batter i e s  i s  rec l a i med i n  reusab l e  
form. Th i s i s  accomp l i s hed t hrough  concentra t i o n  and sugar den i trat i on  of t he h i gh- l evel  
l i q u i d  waste.  

The aqueous  ac i d i c  waste from t he HA c o l umn cont a i n s  near l y  a l l  of the  f i ss i on 
produc t s ,  about  0 . 002 percent  of t he uran i um ,  and abou t 0 . 02 percent  of the  p l uton i um,  from 
t he fue l  d i s s o l u t i on proces s .  Th i s waste i s  evaporated i n  t he waste c oncentrator to reduce 
the  vo l ume of  l i q u i d  w h i c h  must be processed through  the  waste man agement  f ac i l i t i es and 
store d .  

The vapors ( w ater and n i t r i c  ac i d )  from the boi l i ng waste i n  t he concentrator pass 
upward through a series o f  two m i s t  e l imi nators before go i ng o n  t o  the  n i tr i c  ac i d  recovery 
equ i pment . These two m i st e l im i nators effec t i ve l y  d ec ontam i nate t he offgas stream from 
f i ss i on  prod uc t s .  The conden sate formed i n  t he upper m i s t  e l i m i nator i s  returned to  the 
s o l ut i on  sec t ion  of  the  c onc entrator. 

T he concentrated h i gh- l eve l waste f l ows t o  a waste rece i ver tank  where i t  i s  coo l e d  
before i t  i s  moved batchw i se t o  the  samp l e  a n d  den i trat i o n  tan k .  There sugar den i trat i o n  o f  
t he waste i s  c arr i ed out  t o  i nc rease the a c i d  recovery . 

A 2 2  percent  sugar s o l u t i o n  i s  added t o  the heated waste unt i l  suff i c i e nt sugar has 
been added to  decrease the  n i t r i c  ac i d  c oncentra t i on to  l ess than one mol ar.  The sugar and 
n i tr ic  ac i d  i n  the  waste reac t t hrough a chem i c a l  d i gest ion  process t o  form c arbon and 
n i tro gen ox i des , w h i c h  are exhausted through the waste concentrator tower to  t he ac i d  
absorber.  The d e n i trated h i gh- l eve l  waste i s  coo l ed and t ran sferred t o  another tank  for 
ac i d  ana lys i s .  From there t h e  waste ( c a l l ed current ac i d  waste ) i s  routed t o  the 244-AR 
Vau l t ,  w i th subsequent t ran sfer to the waste man agement  fac i l i t ie s .  

The ac i d  and water vapor ex i t i ng t h e  waste concentrator are routed t o  t h e  ac i d  absorber 
where n i tri c ac i d  i s  recovered as  an 18 wt percent produc t .  The offgas from t he absorber, 
dep l eted of  n i t r i c  2c i d ,  passes through a conden ser where the water vapor is c ondensed and 
recyc l ed to vari ou s l oc at i on s  or sent to  a cri b .  

Thl product  ac i d  from the absorber i s  rou ted to  t he absorber rece i ver t ank . There i t  
i s  mi xed w i th  n i tr i c  ac i d  from t he d i sso l ver backup  fac i l i ty absorbers ( about 
1 2  wt percent ) .  Th i s so l ut i on is  fed to  the vacuum fract i onator w h i c h  c oncentrates the 
s o l u t i on t o  g i ve a 50 wt percent  n i t r i c  ac i d  stream for reuse in  t he PUREX fac i l i ty .  T he 
c ond ensed overhead vapors , cons i st i ng  of 99 . 5  wt percent  steam ,  are returned to the  
frac t i onator or routed t o  the  backup  fac i l i ty for use i n  the absorbers . 

A . l . l l . 2  waste Tre atment and D i spos a l  

There are t h ree  d i st i nc t  gro ups of l i qu i d  process wastes from t h e  PUREX fac i l i ty,  and 
spec i a l  waste hand l i ng an d d i sposa l procedures are emp l oyed for each of  these waste group s .  
The h i gh- l eve l waste h and l i ng has  been desc ri bed i n  t he preced i n g  sec t i on .  Other l i qu i d  
wastes i nc l ud e  var ious  l ow- l eve l  process wastes , i nc l ud i ng  some wh i c h  may requ i re rework for 
pro duct recovery , and very l ow-act i v i ty aqueous wastes , such as condenser and vesse l jacket 
c oo l i ng water.  

Tre atment and D i sposa l  of Low-Leve l P rocess Wastes . L i qu id s  from the  291 Area  ( st ack 
c ondensat e ,  mai n f i l ter dra i n ag e ,  coo l er water, sump accumu l at i ons  from the 293-A Bu i l d i ng )  
a l ong w i th m i sce l l aneous l aboratory wastes and 206-A sump wastes are routed to  co l l ec t i ng 
t an k s .  When a hatch i s  acc umu l ated , i t  i s  samp l ed for uran i um ,  p l uton i um ,  and ac i d  
c ontent . The batc h i s  made b as i c  w i t h  c aust ic  and transferred t o  undergro und storage t an k s .  
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A sump waste rece i ver t ank  i s  used for  accumu l at i on of head-end and central  c anyon  sump 
waste p l u s drai nage f rom various  sources such as the condenser vent , vessel ven t ,  samp l e r  
dra i n  headers,  a n d  ammon i a scru bber waste .  When a waste batch i s  acc umu l ated , i t  i s  samp l ed 
and the  contents are e i ther made bas i c  and sent t o  u nderground  storage, or t ransferred to  
the  waste  rework tank ,  depend i ng on t he amount of product in  t he l i qu i d  and  t he waste sourc e .  

L i ght Water used i n  t he f i re prevent i o n  system h a s  been shown to  b e  detrimenta l  t o  t h e  
PUREX process ,  a n d  c auses ext reme ly exces s i ve foam i ng duri ng concent rat ion  u n l ess previ ous ly  
d i l ut ed w i t h  a l arge vo l ume of  other so l ut i on .  The  L i ght  Water c o l l ected i n  the sump waste 
rece i ver t ank as a res u l t  of t he f i re prevent i o n  system bei ng act i vated is made bas ic  and 
sent to  underground storag e .  

Aqueous Eff l uents D i sposa l . Aqueous d i scharges from the  PUREX  fac i l i ty i nc l ude t he 
f o l l ow i ng s i x  c ategori e s :  coo l i ng water, c hemi c a l  sewer,  steam condensate , process 
condensate , ammon i a  scru bber waste conden sate , and 203-A Area d i sc harg e .  Tab l e  A . 1 
summari zes the type of f l ow measurement , samp l i ng ,  and rad i at i on mon i tori ng for eac h  
d i scharge stream . E ach  o f  t hese streams i s  samp l ed and mon i tored for  rad i onuc l i de  content .  
I f  t he content i s  too  h i g h  based o n  t he DOE 5480 . 1A g u i d e l i ne s ,  the stream i s  e i ther 
d i verted to  a l i ned retent i on basi n or  he l d  i n  t he acc umu l at i on t ank where i t  i s  samp l ed and 
ana lyzed . Then t he l i qu i d  i s  e i t her p umped back to  t he bu i l d i ng for further process i ng or 
to t he appropri ate d i sposa l  area ,  wh i c h  may be a pond , cri b ,  or underground storage tank . 
Further detai l i s  i nc l uded i n  Sec t i o n  A . 2 . 2 . 

Mod i f icat i o n s  i n  t h i s  area  i nc l ude recyc l i ng of three process condensate  streams wh ich  
were f ormerly sent  t o  a cri b .  A l so ,  t he ammon i a  scrubber waste ( ASW ) i s  now  concentrated 
w i t h  on ly  the condensate  ro uted to  the cri b rather t han the waste i t se lf  as was formerly  
done.  As  a res u l t ,  the qu ant i t i e s  of  rad i onuc l i des re l e ased to  the  cri bs are ,  except f or 
tri t i um ,  reduced by at l east 50 percent  ( on a per met r i c  ton of fue l bas i s ) . The 
concentrated ASW is sent t o  underground storage.  

A . 1 . 12 So l i d  Waste  D i sposal  

So l i d wastes gene rated at the PUREX p l ant are d i v i ded i nto  t he t hree c ategori es : 
nonrad i oac t i ve wastes ,  l ow-l eve l  waste s ,  and t ransuran i c  ( TRU ) waste s .  So l i d  waste 
eff l uents ( exc l ud i ng t hose hand l ed remote ly )  are mon i tored by beta-g amma and a l pha  
i nstruments to  determ i ne rad i at i o n  l eve l s .  A neutron  mon i tor is  used t o  measure t he 
p l uton i um content of dry waste contai ners.  Co l l ec t i on and p ac kag i ng of t he t hree types of 
wastes for d i sposa l  t o  vari ous  buri a l  s i tes  is descri bed be l ow .  

So l i d nonrad i oac t i ve wastes,  cons i st i ng o f  ord i nary trash ori g i nat i ng o u t s i d e  of 
contami nated areas ,  are co l l ected i n  t rash  c an s ,  p l ast ic  bags ,  card board boxes , etc . w h i c h  
are emp t i ed i nto  a dump ster.  T h e  waste i s  compacted to  approx imate l y  one-t h i rd vo l ume and 
bur ied i n  t he Hanford S i te central  san i t ary l andf i l l .  U ncontami n ated asbestos waste i s  
doub l e-bagged , wetted and l abe l ed before bei ng p l aced i n  a separate dumpster des i gnated 
"Asbestos O n l y . " 

So l i d  l ow-l evel  rad i oact i ve wastes of sma l l bu l k  are co l l ected and p l aced i n  c ard board 
c artons or drums for sha l l ow- l and buri a l  i n  a desi gnated area .  In  1972 , app rox imately 
450 m3 ( 1 6 , 000 f t3 ) of l ow-l evel  waste from PUREX was buri ed in  the  200 E ast Area 
i ndustri a l  buri a l  ground . The annua l  vo l ume i s  expected to be 1 . 2 x 103 m3 
( 42 , 000 ft3 ) f o l l ow i ng start u p .  

Transuran i c  wastes o f  sma l l  bu l k  and re l at i ve l y  l ow l eve l s  o f  ac t i v i ty are p l aced i n  
5 5-ga l l on drums o f  d i s t i nc t i ve c o l ors t o  i dent ify t he type and amount  o f  waste conta i ned . 
These drums are p l aced i n  20-year retri evab l e  storage i n  the 200 West Area .  I n  1972 , 
ap prox imate ly 190 m3 ( 6 700 f t3 ) of trans uran i c  waste was transferred from PUREX to  
retr i evab l e  storage .  Future TRU  waste  vo l umes ,  i nc l ud i ng drums and  buri a l  boxes ,  are 
projected to be 1 . 1  x 103 m3 ( 39 , 000 f t3 ) .  

L arge waste i tems from t he c anyon s u i t ab l e  for i mmedi ate d i sposal  are p l aced i n  wood , 
conc rete,  or met a l  boxes and bur ied i n  a 200 E ast Area buri a l  ground .  Those i t ems too 
rad i oact i ve for i mmed i ate  buri a l  are put  on  rai l road f l atc ars and moved i nto  the PUREX 
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TABLE A. I .  PUREX P l ant Aqueous Eff l uents 

Di scharge F l ow Rad i at i on Emergency 
Stream Measurement Sam�l i ng Di ver s i on Mon i tor i ng Sam�l i ng 

Coo l i ng Water 1 )  We i r  1 )  EMV Sampl er Retent i on Bas i n  S i ng l e  Probe None 
( Gab l e  Mounta i n  2 )  Di p Tube 2 )  Tank Dra i n  ( Automat i c )  ( non-redundant ) 
Pond ) 3 )  Fl ow Sampl e  ( non-fai l safe ) 

I ntegrator!  
Total i zer 

Chemical  Sewer 1 )  Parshal l Proport i onal  Retent i on Bas i n  S i n g l e  Probe Automati c  
(to  Pond 216-B-3 )  F l ume ( Automat i c )  ( Val i d ated Ver i f i cation 

2 )  F l ow per i od i cal l y  by Samp l e  
I ntegrator! automat i ca l l y  
Total i zer actuated check 

source ) 

Steam Condensate 1 )  Magnet ic  1 )  EMV  Sampl er Retent i on Bas i n  S i ngl e Probe Automati c 
(to Cri b 216-A-30 ) Fl owmeter 2 )  Jug Pour ( Automat i c )  ( non-redundant ) Ver i f i cat i on 

2 )  Integrator! Sampl e  ( non-fai  l s afe ) Samp l e  
Total i zer 

):-. Process Condensate 1 )  Magnet i c  Proport i onal  None S i n g l e  Probe Automati c  '" 
I-' ( to C r i b  216-A-10 )  F l owmeter ( Va l i dated Ver i f i cat i on 

2 )  I ntegrator ! peri od i cal l y  by Samp l e  
Total i zer automat i cal l y  

actuated check 
source ) 

Ammon i a  Scrubber 1) Magnet ic  Proport i onal  None S i ng l e  Probe Automatic  
Waste Condensate Fl owmeter { Val i dated Ver i f i  cat i on 
(to Cri b 216-A-36B ) 2 )  I ntegrator! per i od i ca l l y  by Samp l e  

Total i zer automat i cal ly  
actuated check 
source ) 

203A Col l ec t i on 1 )  P-Tank Conden- Capab i l i ty for Not Requ i red Not Requ i red 
D i sch arge Tank Vol ume sate L i ne Recyc l e  to 202A Tanks  { Co l l ect i on 
(to Pond Measurements Sampl e  i n  E o r  K Cel l s  Tank Sampl e  
216-B-3 )  2 )  Sump Sampl e  Depend i ng on U Conc . Ana lys i s )  

3 )  Waste Pump and Pur ity ,  or to 
Tank ( TK-P 5 )  TK-F18 for Di sposal 
Sampl e  to Underground 

Storage 



equ i pment Bur i a l  Tu nnel  2 for storage . Fa i l ed equi pment p i eces are thorough ly f l ushed to 
reduce the p l u ton i um content pr ior to removal  from the c anyon process area .  

A . I . 1 3  Proce ss Chem i c a l s 

The proces s i ng of 10 MT o f  uran i um fue l  per d ay through the PUREX Faci l i ty requ i res the 
h and l i ng of  over 760 m3 ( 200 , 000 ga l ) of  aqueous chemi c a l  so l ut i ons  each day .  
Approx imatel y  one-h a l f  of  th i s  vo l ume now cons i sts o f  recyc l ed process conden sate wh i ch 
rep l aces  demi ner a l i zed water i n  several  streams . 

I n  the aqueous makeup are a ,  over 20 "standard " chem i c a l  process streams and , 
o ccas i ona l l y ,  a few add i t i ona l  so l u t i o n s  for decontami n at i on f l ushes or spec i a l process i ng 
operat i ons  are prepare d  and d i stri buted . The neptuni um puri f i cat i on ce l l  has i t s  own 
aqueous  makeup fac i l i ty w h i c h  i s  i ntended to make the ce l l  i ndependent of the rema i n i ng 
PURE X fac i l i ty .  

So l ut i on s  u sed i n  l arge vo l ume , i nc l ud i ng 5 7  percent n i tr i c  ac i d ,  50 percent sod i um 
hydrox i de ,  a l um i num n i trate , potas s i um hydrox i de ,  ammo n i um f l u ori de-ammon i um n i trate , and 
demi neral i zed water , are pumped d i rect l y  from the 2 1 1-A tank f arm . 

Water for process use i s  obtai ned from the 200 East Area f i l tered water supp l y .  The 
water mu st be demi neral i zed i n  i o n-exch ange co l umn s before it i s  s u i t ab l e  for u se i n  the 
PUREX f ac i l i ty .  H i gh pur ity water requ i red for p l uton i um product puri f i c at i on i s  obta i ned 
by d i st i l l at i on of  demi neral i zed water . 

A. 1 . 14 Process  Vent i l at i on Systems 

The PUREX process vent i l at i on systems exhaust g aseous  wastes from the process  vessel s ,  
remove condens i b l e  vapors , and f i l ter o u t  rad i o act i ve part i c u l ate matter entrai ned  i n  the 
exhaust a i r .  I n  add i t i o n ,  these systems mai nta i n  a s l i ght l y  negat i ve pressure i n  a l l 
process vesse l s , as comp ared to the c e l l s  and c anyon , to m i n i m i ze the spread of  
contami n at i on . The  canyon process  vent system i s  suppl i ed  by three header subsystems wh i ch 
vent vari ous  process vesse l s  and condenser s .  The offgases f rom these three headers enter a 
c ommon man i fo l d  and pass through a conden ser , steam heate r ,  s i l ver reactor,  and offgas 
f i l ter before enter i ng the bu i l d i ng vent i l at i o n  air tunne l w h i c h  l eads to the mai n  stac k .  
The purposes of  th i s  vent system are t o  remove corro s i ve a n d  rad i oact i ve v apors from the 
c anyon vesse l s ,  remove rad i oact i ve i o d i n e ,  and return process conden sate to the proces s .  

Rad i o i o d i ne i s  removed from the  heated offgas i n  the s i l ver reactor by the comb i n at i on 
of the i od i ne w i th s i l ver n i trate coat i n g  on a heated bed of pack i ng .  These reactors l ose 
the i r  effi c i ency after extended use  and must be regenerated w i th s i l ver n i trate . Ch l or i d e ,  
i ntroduced to  the system a s  a n  i mpurity i n  process chem i c a l s ,  a l so reacts w i th t h e  s i l ver 
n i trate and speeds up the l oss of  eff i c i ency of  the s i l ver reactor s .  

Al l g aseous wastes from contam i n ated areas w i th i n  t h e  PUREX f ac i l i ty are f i l tered to 
remove rad i oact i ve part i c u l ate matter . Mo st are d i sc h arged to the 61-m ( 200-ft ) ma in  stack 
wh i ch cont a i n s  an i nternal  free-stand i ng stai n l ess  steel l i ner . The stack is per i od i c a l l y  
f l ushed to remove any part i cu l ate matter o r  other so l i ds  that may h ave accumu l ated o n  the 
wal l s  of  the stack l i ner .  

As the neptun i um puri f i cat ion  ce l l  i s  i so l ated from the  rest o f  PUREX ,  i t  has  a 
separate process vent system wh i c h  prov i des a source of vacuum for the process vesse l s  to 
prevent contami n at i on spread , and to remove any v apors from tanks  and concentrators . 
Contami nat i on of the cel l i s  prevented  by mai nta i n i n g  the vesse l s  i ntern a l  pressure l ower 
t h an the pressure i n  the surround i ng ce l l .  

A separate exh aust system for the  ammo n i a  remo v a l  equ i pment and the  ammo n i a  waste 
concentrator i s  provi ded to e l i mi nate the poss i b i l ity  of  ammo n i um sa l t depos i t i ng on the 
bu i l d i ng vent i l at i on exhaust f i l ter . Offg as from th i s  equ i pment i s  routed through a steam 
heater fo l l owed by pref i l ters and HEPA f i l ters before ex i t i ng through a 24-m ( 80-ft ) stac k .  
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A . 1 . 1 S � P roces s Descr i pt i on 

Conver s ion  of pur i f i ed uranyl n i trate so l u t i on to U03 i s  performed at the Uran i um 
Ox i de P l ant , l oc ated i n  the 200 West Area ,  approx i matel y  8 km ( S  m i l es )  west of the P UREX  
p l ant . 

The uran i um product from the PUREX  f ac i l i ty ,  an aqueou s  so l ut i on of approxi mate l y  
6 0  wt  percent  uranyl n i trate hexahydrate ( UNH ) , i s  tran sported to the U03 p l ant i n  
tank er-tra i l er s .  Th i s  materi a l i s  suff i c i en t l y  free of  both rad i o ac t i ve and nonrad i o ac t i ve 
contam i nants  to requ i re no  further pur i f i c a t i on before concentrat i o n  and c a l c i nat ion  to 
uran i um o x i d e ,  U03 ' Th i s  i s  the f i n a l uran i um product that i s  l oaded i nto contai ners for 
off s i t e  s h i pment . 

The UNH so l u t i on i s  concentrated i n  evaporators from the  60 wt percent so l u t i on to 
approx i mate l y  100 wt percent UNH .  The o verhead vapors are co l l ected , condensed , an a l yzed , 
and e i ther d i sc arded to cr i b ,  or d i verted to the waste concentrator or to the  100 wt percent 
UNH storage tanks depend i ng on the uran i um conten t .  A port i on of  th i s  condensate i s  used 
for  n i tr i c  ac i d  absorber wate r .  

T h e  concentrated product so l ut i on f l ows from the  concentrator t o  a ho l d i n g  t a n k  from 
wh i ch it i s  fed to th e c a l c i ners l oc ated in the 224-UA Bu i l d i n g .  Convers i on of UNH so l u t i on 
i nto U03 i s  a therma l decompo s i t i on proces s .  As the  UNH i s  decomposed by the  heat , o x i des 
of n i trogen are dr i ven off and are drawn through the vent p i p i ng to the ac i d  recovery tower 
for recovery of n i tr i c  ac i d .  

The U03 powder , as  i t  i s  formed , overf l ows the we ir  i n  the c a l c i ner and f l ows to a 
p i ckup  b i n  f rom wh i ch it  i s  routed through a cyc l one  separator . The a i r  l eav i ng the cyc l on e  
s eparator f l ows through two sets o f  f i l ter  b ags  i n  a ser i e s ,  then through a g l as s  f i ber 
f i l ter and out to the atmosphere . The U03 powder , produced i n  the form of  sma l l spher i c a l  
pe l l et s ,  i s  l o aded i nto steel conta i ners for s h i pment . 

A . 1 . 1 S . 1  Ac i d  Recovery .  Du r i ng c a l c i n at i on of  UNH to U03 powder , l arge quant i t i es 
of n i trogen o x i des are rel eased . These are carried  from the c a l c i ner to an ac i d  recovery 
system con s i s t i ng of wet scrubbers to remove entr a i ned U03 , a v apor coo l er ,  an absorber 
tower , and a system of  ref l u x  water add i t i on .  The recov ered n i tr i c  ac i d ,  at appro x i mate l y  
S O  w t  percent concentrat i on ,  i s  s ent t o  storage for reu se  i n  the PUREX  proces s .  

A . 1 . 1S . 2  Waste Hand l i ng . Uran i um so l ut i ons  and so l i d s  that escape  f rom the p rocess 
e q u i pment ( e . g .  fl oor f l u s h i ng s ,  equ i pment f l ushes , d i sso l ved scrap powde r ,  dust  from 
f i l ters ) are re tri eved and returned for decontam i nat i on and s a l vage . They are concentrated 
through ev aporat i on unt i l the so l ut i on reaches 480 grams of uran i um per l i ter . The 
concentrated so l ut i on i s  f i l tered through a d i atomaceous  e arth bed and then transferred to a 
h o l d i ng tank for storage and subsequent return to the  PUREX  p l ant for c l ean up  and recovery � 

The cool i ng water, steam conden sate , and chem i c a l  sewer waste streams are co l l ected i n  
a deten t i on b a s i n  for samp l i ng .  Then they are sent to a pond o r  cri b  depen d i ng o n  the 
rad i on u c l i de content . P rocess conden sate i s  sent to the c r i b .  

Approx i mate l y  1 . 4  x 108 m3 ( 4 . 9  x 109 ft3 ) o f  g ases are d i sch arged to the 
atmosphere from the U03 p l ant annua l l y, conta i n i ng an average ( tota l ) of  9 x 10-S Ci  of 
f i s s ion  product s  and 1 . 4  x 10-7 Ci of  a l ph a-emi tti ng rad i on uc l i de s .  The rad i onuc l i des are 
es sent i a l l y  a l l 106Ru and uran i um ,  respect i ve l y. 

Gaseous process eff l uents from the UNH concentrator s ,  concentrated feed rec e i ver tank s ,  
and certa i n  process ves se l s  are routed , t h rough a conden ser , then vented to the atmosphere 
through a 24-m stack . Th e ac i d  recovery un i t  and the s i x  c a l c i ners are a l so vented through 
th i s  stack . 

I n  c a l endar year 1972 ,  approx i mate l y  2 1  m3 ( 740 ft3 ) of so l i d  waste contam i n ated 
w i th traces of m i xed f i s s i on products « 1  C i  tot al ) from the Uran i um Ox i de P l an t  was b ur i e d  
i n  t h e  200 W e s t  Area i nd u str i a l  b uri a l  ground . Future p l ant operat i on s  w i l l  produce t h e  
same type of  so l i d  waste w i th amounts i n  p roport i on t o  produc t i on .  
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A . 2 DESCR I P T I O N  OF  E X I ST I NG FAC I L IT I E S  

A . 2 . 1  PUREX P l ant  F ac i l i t i es 

The PUREX  Bu i l d i ng ( 202-A ) and s upport i ng fac i l i t i es are b r i ef l y  descri bed i n  
Sect i o n  3 . 1 . 2 . 1  of the text . Add i t i o n a l  detai l i s  prov i de d  here w i th emp h as i s  on u t i l i ty 
serv i ces and other areas not prev i o u s l y  covered . 

The p rocess i ng area i s  a c anyon 
near l y  the fu l l  l ength of the c anyon 
ma i n tenance cranes that are used t o :  
process c e l l equ i pment remotel y ,  and  

conta i n i ng a s i ng l e  row  of 12 process c e l l s .  Runn i ng 
b u i l d i ng i s  a craneway for three g antry-type 

1 )  h and l e  ce l l cover b l ocks , 2 )  remove and rep l ace  
3 )  c h arge i rrad i ated f u e l  i nto the  d i s so l vers .  

For sh i e l d i ng p urposes , a th i c k  concrete w a l l sep arates the c e l l s  from the g a l l er i e s .  
The c abway for t h e  two master cranes i s  a l so sh i e l ded  by th i s  wa l l .  The th i rd crane i s  a 
s l ave crane , wh i ch may be operated e i ther d i rect l y  or  remote l y  f rom the master crane 
contro l s .  

C as k s  conta i n i ng the  f u e l  are brought i nto the  c anyon through a rai l road tunne l  near 
the  storage b as i n .  The  tunne l , wh i ch i s  a l so  the route for remov i ng and d e l i veri ng proces s  
equ i pmen t ,  connects t o  a ra i l road s p u r  outs i d e  the  202-A Bu i l d i ng .  

A "hot"  p i pe trench conta i n s  an array of p i p e  headers connec t i n g  the c e l l s .  Th i s  
perm i ts i nterce l l so l u t i on transfers , and a l so pro v i des  p i p i ng for tran sfers to and from 
c e l l s  to f ac i l i t i es extern a l  to the 202-A Bu i l d i ng .  

Through an a i r  tunn e l , a i r  from the c e l l s  i s  d r awn to the  v ent i l at i on exhaust f i l ters 
and the  61-m mai n stack . 

A . 2 . 1 . 1 .  PUREX  P roces s i ng C apab i l i t i es 

Based on  a 72 percent t i me operat i ng effi c i ency and  a fue l  m i x  of 83 p ercent Mark I V  
( 0 . 947 p ercent 235U )  and 1 7  percent Mark I -A ( sp i ke )  f u e l , the  PUREX  proces s i ng r ate i s  
current l y  l i m i te d  by E C e l l waste  h and l i ng op er at i o n s  to approx i matel y  2300 MT / yr . 
Eng i neer i ng stud i es i n d i c ate the  max i mum c apac i ty m i ght b e  i ncreased to approx i mate l y  
3100 MT/ yr i f  proposed mod i f i c at i on s  were made i n  t h e  current f l ows heet. In the proposed 
f l owsheet , so l i ds recovered from the  c l add i ng waste and spent metathes i s  so l ut i on s  are 
comb i ned , s l urr i ed  to the  rec e i ver t an k ,  routed to the metathes i s  feed t an k ,  and then to a 
d i sso l ver dur i ng the  next metathes i s  operat i on .  Most of these s o l i ds are reta i ned i n  the 
d i s s o l ver fo l l ow i ng metathes i s  and are d i s s o l ved d u r i ng the fo l l ow i ng uran i um d i s s o l u t i o n .  
Th i s  scheme e l i m i n ates a metath es i s  operat i on ,  centr i fu g at i on o f  t h e  metathes i zed so l i d s ,  
transfer o f  the  so l i ds s l urry ,  and so l i ds d i s so l ut i on from the current f l owsheet for the 
centri fuge  system . The proposed f l owsheet modi f i c at i ons  wou l d  requ i re c h ang i ng a tank  
ag i t ator and p i p i ng j umper s .  These changes cou l d be  made remote l y  u s i ng the c anyon crane 
and wou l d  not i ncrease occupat i ona l  dose rates or i ndustr i a l acc i dent  frequenc i es .  

A l tern at i v e l y ,  u s i ng the  current f l owsheet , the proces s i ng c ap ac i ty cou l d  b e  i nc reased 
to appro x i matel y  2600 MT/yr by restor i ng the  second centr i fuge in E C e l l to operat i on at a 
cost of about $200 , 000 .  ' The  2600 MT/ yr l i m i tat i on i s  d u e  to a l ac k  of space to i nsta l l t he 
des i red add i t i on al centr i fuge feed and rec e i ver t an k s  i n  E Ce l l .  F urther i ncreas i ng the  
c apac i ty to  3000 MT/ yr may be  pos s i b l e  by exten s i v e l y  re l oc at i n g  equ i pment  i n  E C e l l or by 
p l ac i ng some of the  needed new equ i pment i n  F C e l l at a total  cost of about $ 7 , 000 , 000 . 
Ag a i n  these changes wou l d  be made us i ng the  c anyon crane and wou l d  not i nc rease occupati on a l  
d o s e  r ates o r  i nd u s tr i a l  acc i dent frequenc i es ;  however , th i s  a l ternat i ve has  n o t  been 
stud i e d  in detai l .  

I n  both  c ases , ach i e v i n g  the max i mum r ate wou l d  req u i re str i ct adherence to  p roces s i ng 
t i me schedu l es .  
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A . 2 . 1 . 2  Remote Process Ce l l s  

The funct i o n  and contents of the 12  process  ce l l s  ( C e l l s  A ,  B ,  C ,  D ,  E ,  F ,  G ,  H ,  
J ,  K ,  L ,  and M )  l oc ated i n  the c anyon and four other c e l l s  ( C e l l s  N ,  Q ,  R ,  and U ) , not 
i n  the c anyon , are bri ef l y  descri bed as  fo l l ows : 

• C e l l s  A ,  B ,  and C are used to dec l ad and d i sso l ve i rrad i ated fue l . Each ce l l 
conta i n s  essent i a l l y  i dent i ca l  equ i pment for d i sso l ut i o n ,  offgas treatment ,  
ammon i a  scrubbers and absorber,  steam and e l ectr i c  heaters , s i l ver reactor for 
i od i ne remov al , and f i l ters .  

• . C e  1 1  s D and E are u sed to prepare meta l  so 1 u t  i on feed for so 1 vent extract i on 
co l umn s .  A l so ,  E C e l l cont a i ns a centri fuge  and c aust i c  reactor , ammon i a  
scrubber , and centr i fuge c ake  metathes i s  reactor. 

• F Cel l is used to recover n i tr i c  ac i d ,  treat aqueou s  h i gh-heat waste , and 
concentrate ammon i a  scrubber wastes . 

• G Ce l l i s  u sed for wash i ng spent TBP so l vent so that i t  � an be reused . 

• H ,  J ,  K ,  L Ce l l s  cont a i n  tank s ,  p u l se  co l umn s ,  concentrators ,  and aux i l i ar i e s  for 
con t i nuous  counterc urrent so l vent extrac t i on .  

• M Ce l l  i s  u sed for equ i pment decontam i n at i o n .  A port i o n  w i l l  b e  part i ti oned off 
for use in a p l u ton i um oxi de convers i o n  system .  

• N Ce l l i s  be i ng mod i f i ed for u s e  a s  a c a l c i n at i on f ac i l i ty for prepar i ng P u02 
from P u ( N03 ) 4 ' 

• Q Cel l i s  the neptun i um pur i f i c at i on f ac i l i ty and conta i n s  a control room , 
sh i e l ded  hot ce l l ,  a ma i ntenance room w i th  s h i e l ded access g l oveboxes , a product 
l oadout room and aqueous makeup are a .  

• R Ce l l  cont a i ns So l vent Treatment System No . 2 .  The so l vent i n  R Ce l l cont a i n s  
very l ow l eve l s o f  rad i oact i v i ty .  Therefore , R Ce l l i s  c a l l e d  t h e  " co l d "  so l vent 
b u i l di  ng . 

• U Cel l h as four l arge tank s ,  two for co l l ec t i ng and s amp l i ng l ow-act i v i ty 
l aboratory waste ,  and two for storage of recovered n i tr i c  ac i d .  

A . 2 . 1 . 3  C anyon P i pi ng 

Short i ntrace l l transfers between adjacent p i eces of equi pment are made by d i rect 
j umper p i p i ng connec t i ons w i th i n  the ce l l .  Longer transfers requ i re j umpers to the p i pe 
trench wal l .  The p i pe trench a l so cont a i ns " hot "  process and serv i c i ng headers for the 
equ i pment in the ce l l s . The p i pe trench cont ai ns sp are p i p i ng systems in add i t i on to the 
spare process  l i ne i ntended for occ as i o n a l  u s e .  

A . 2 . 1 . 4  Ce l l Washdown Nozz l es 

Washdown nozz l es are i n stal l ed i n  the  ce l l s  for decontam i nat i on of the ce l l i nteri or . 
Equ i pment  w i th re l at i ve l y  h i gh potent i a l s for contam i nat i on h ave separate , spec i a l l y  l oc ated 
noz z l es for spec i f i c  use  w i th that equ i pmen t .  F l ows from these spec i a l nozz l es are 
contro l l ed sep arate ly  from those of  the mai n washdown nozz l es .  

A . 2 . 1 . 5  Vesse l  and Condenser Vent Systems 

C anyon vesse l s not used for bo i l i ng or den i trat i on are vented to the vesse l vent head er 
w h i c h  runs the l ength of the p i pe trench . Bo i l up and den i trat i on tanks  for ac i d  recovery 
and waste treatment i n  F Ce l l  are exh au sted through a condenser to a process  vent system .  
Al l other tank s u sed for bo i l i ng so l ut i ons  i n  the c anyon are vented through conden sers to 
the condenser vent header i n  the p i pe trench .  The jets on a l l three vent systems d i scharge 
to a condenser i n  F Cel l where conden s ate is removed from the vent stream .  
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A . 2 . 1 . 6  G a l l er i es 

The storage , s amp l e ,  p i pe and  operat i ng ,  and crane cab g a l l er i es are l ocated at 
d i fferent l eve l s ,  one above the other . The storage g a l l ery area i s  used pr i mari l y  for 
storage of dry chemi c a l s and sp are equ i pment . 

The s amp l e  g a l l ery contai n s  remote equ i pmen t  for t ak i ng process so l u t i on s amp l es from 
the ce l l equi pment . Samp l es are sent to the samp l e  recei v i ng room i n  the an a l yt i c al 
l aboratory . A sh i e l ded  p i pe c h ase  l oc ated i n  the s amp l e  g a l l ery c onta i n s  headers for 
recovered n i tr i c  ac i d ,  organ i c  s o l vent , samp l er drai ns , and samp l er l i nes to and from c e l l 
equ i pment . Spares for the ac i d  and so l vent headers are a l so i n stal l ed i n  the p i pe chase . 
Unsh i el ded l i n es bear i ng recovered s o l vent and process  conden sate are l oc ated on the wa l l 
above the p i pe chase .  

The  p i pe and  operat i ng g a l l ery ( P  and  0 g a l l ery ) provi des space  for  the e l ectr i ca l  
swi tchgear , i nstrument rack s ,  nonrad i oact i ve p i pi n g ,  an d as soc i ated gang  v a l ves wh i ch s erve 
the i n-c e l l equ i pmen t .  A few batch chem i c al add i t i on tanks  are l oc ated i n  th i s  g a l l ery . 

The crane  c ab g a l l ery i s  the corr i dor of travel for the two master crane c ab s .  The 
wa l l of the craneway sh i e l ds the c ab s  and c ab operators from c anyon rad i at i o n .  Crane 
mai ntenance p l atforms are l ocated at both ends of the g a l l ery . 

A . 2 . 1 . 7  L aboratory 

The PUREX a n a l yt i c a l  and c ontrol  l aboratory i s  l oc ated i n  the east  serv i ce annex . The 
f i rst f l oor cont a i n s  the l aboratory work area and c h ange rooms and the second f l oor houses 
the vent i l at i on equ i pment and s erv i c e  p i p i ng .  

P ac k aged so l i d  w aste from the l aboratory i s  stored i n  a sma l l rect angu l ar vau l t  from 
wh i ch i t  i s  tran sferred to a veh i c l e for transportat i on to the waste b ur i a l  grou n d s .  
Laboratory s i nk dra i n ag e  i s  co l l ected i n  stai n l ess  steel  t ank s .  The t a n k  so l ut i on i s  
samp l ed ,  made a l k a l i ne ,  and sent to underg round tank storage for u l t i mate evaporat i on i n  the 
242-A Waste Concentr ator . hHo�h l i q u i d w astes are routed to the ac i d  w aste accumu l at i on 
tank i n  the  b ackcyc 1 e  waste system . 

A . 2 . 1 . 8  Ut i l i t i es 

Ut i l i t i es avai l ab l e  to the PURE X f ac i l i t i es i nc l u d i n g  steam ,  compressed a i r ,  r aw water , 
f i l tered water , and power s u p p l y  are d i scussed  i n  th i s  sect i on .  

Steam .  Steam i s  s upp l i ed to the PUREX  exc l u s i on are a  through overhead l i nes at v ar i ous  
l i ne pres s ures , depend i ng on the  serv i c e .  An emergency exhaust turb i ne-d r i ven fan  i s  
supp l i ed by h i gh pressure steam .  The steam turb i n e  and offgas heaters have  f i rst pr i or i ty 
on h i gh-pressure steam .  

Wh i l e  the  p l ant i s  operat i ng ,  about 85  p ercent of  the PUREX  steam consumpt i on i s  
d i rect l y  rel ated to proces s i ng act i v i t i e s  and i s  d i scharged as c on densate t o  the cr i b v i a  a 
rad i at i on-mon i tored t ank . The rema i n i ng 1 5  percent i s  consumed i n  space and w ater heat i ng 
w i th conden s ate d i sc h arged to the chem i c al sewer . 

Compressed Ai r .  P rocess a i r  i s  used for purg i ng j et transfer l i nes , operat i ng v en t  
jets , purg i ng t ank j ackets , co i l s ,  and steam sparge l i nes , and operat i n g  samp l er j ets . 
Process a i r  i s  prov i ded  by three a i r  c ompressors . Wh i l e  two of the compressors are 
operated , the th i rd i s  ma inta i ned i n  standby i n  case of mal func t i on of one of the others . 

I n s tr ument a i r  i s  pro v i ded  by a w ater-sea l ed  compressor . A second compres sor i s  
ma inta i ned i n  standby.  The a ir  f l ows from the  compressors through  water separators i nto a 
rece i ver and then p asses  through one of two regenerat i ve-type a i r d ryers conta i n i ng 
act i v ated al umi n a  absorbent .  From the dryer , the a i r  f l ows to a he ader i n  the P &O g a l l ery. 
Subheaders furn i sh i n strument a i r  to the aqueous makeup area and to fac i l i t i es outs i de the  
bu i l d i n g .  

Bre ath i ng a i r  for mask u s e  i s  prov i de d  by a w ater-se a l ed rotary compressor .  The 
compressed a i r  passes  through a water sep arator i nto a rec e i ver t ank  and then through  a 
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f i l ter to serv i ce headers . Out l ets and  branch l i nes  from these headers prov i d e  breath i ng 
a i r  at atmospher i c  pressure to v ar i ou s  l ocati ons throughout the PUREX p l ant . 

Raw Water . Raw water i s  used at P UREX  for process coo l i n g ,  process a i r  and compressor 
cool i n g ,  f i re fog supp l y ,  and ce l l washdown . Water for the PUREX p l ant  i s  drawn from the 
C o l umb i a  R i ver and p umped to the 282-E Bu i l d i ng in  200 East  Are a .  D u a l  s u pp l y  m a i n s  are 
a l so ava i l ab l e  on th i s  system ,  wh i c h  supp l i es both the 200 E ast Area and the 200 West Are a .  

Raw water req u i rements for the  P U R E X  p l ant are about 9 1 , 000 m3 ( 240 m i l l i on g a l ) per 
month . Essent i a l l y  a l l raw water used at PUREX  is d i sc arded  to the G ab l e  Mount a i n  Pond 
( D i spos al  S i te 2 16-A-2 5 ) , and to B-P ond ( 21 6-B-3 ) .  

F i l tered Water . F i l tered , san i t ary , c h l or i nated water i s  used at the PUREX p l ant for 
s afety showers , f i re protect i on ,  d r i nk i ng and to i l et fac i l i t i es ,  operat i ng area washdown , 
and for mak i ng dem i n er al i zed water . 

S i nce th i s  water i s  the source of domest i c  supp l y  to the area ,  c are must be taken to 
avo i d  contam i nat i on of the system by b ac k u p  f l ow from a r aw water system or i ntroduct i on of 
h armf u l  chemi c a l s .  The major headers are equ i pped w i th ant i s i phon v a l ve s ,  and connect i ons 
to process systems or potent i a l l y  contami nated servi ces are avo i ded . 

An e l evated tank , 2901-A ,  pro v i des an emergency supp ly  of f i l tered water i n  the event 
of a f i l ter p l ant fa i l ure or a rupture i n  the d i st r i but i on system . 

Seven f i re hydrants are l oc ated on the f i l tered water l i ne around the PUREX �u i l d i ng .  

Power Supp l y .  E l ectr i c  power i s  supp l i ed v i a  a Substat i on ,  l oc ated about 8 km 
( 5  m i l es )  northwest of t h e  PUREX are a .  I ncom i ng power t o  t h e  substati on i s  supp l i ed b y  the 
Bonnev i l l e Power Adm i n i strat i on .  At the substat i on ,  the power i s  reduced and sent in  two 
overhead l i nes to a sw itch i ng st ati on where i t  i s  reduced aga i n .  Current i s  de l i vered to 
substat i ons where tran sformers convert the vo l t age  supp l y  to 480 vo l t s .  Emergency power i s  
ava i l ab l e  from the 284-E powerhouse steam turb i ne generator . 

A . 2 . 1 . 9  F i re Protect i on System 

In the PUREX b u i l d i ng ,  most of the c anyon ce l l s ,  espec i a l l y  those conta i n i ng l arge 
i nventori e s  of organ i c  so l vent ( i . e . , G, R ,  H ,  J ,  and K C e l l s ) , are equ i pped w i th a 
temperature-act i v ated automat i c  spr i nk l er foam system u s i ng the L i ght Water Aqueous F i l m 
Form i ng Foam system wh i ch s i mu l t aneou s l y  app l i es foam to the adj o i n i ng vent i l at i on tunne l . 
Detect i on of f i re i n  these ce l l s  i s  by r ate-compensated thermal  detectors t h at sound a l arms 
l oc al l y  and at the H anford S i t e  centra l  f i re stat i on l oc ated between 200 E ast and 200 West 
Are a s .  

F i re protect i on i n  t h e  other c anyon process ce l l s  i s  pro v i ded b y  a system of 
peri phera l l y  mounted spray nozz l es contro l l ed by man u a l  g ate va l ves . 

Manua l  act i v at i on of the system i s  dependent u pon the detect i on of abnormal  cond i t i on s  
b y  " F i reye " photoe l ectr i c  f l ame detectors wh i ch act i vate a l a�s i n  the central  contro l room 
and i n  the d i spatcher ' s  off i ce .  These detectors are a l so  tested and w i l l  be rep l aced , i f  
they fa i l A w i th Fenwal  " Detect-a-f i re "  e l ement s ,  wh i ch act i v ate a l arms when the e l ements  
reach 135 C .  

F i re detectors are a l so i n sta l l ed i n  the c anyon cranes . The detectors sound a n  a l arm 
i n  the centra l  contro l room and i n  the central  f i re stat i on .  The  crane e l ectri c a l  p ane l s  
are enc l osed and are prov i ded w i th a H a l on-1301 ext i ngu i sh i ng system connected t o  the f i re 
a l a� system . 

Automat i c  spr i n k l er protect i on on st andard wet and d ry p i pe systems i s  i n sta l l ed i n  the 
hot s hop and the stor age port i on of the storage g a l l ery in  the c anyon bu i l d i ng .  I n  
add i t i on ,  N Ce l l ,  Q C e l l ,  and the p l uton i um storage area h ave  automat i c  wet-p i pe spri n k l ers 
w i th both l oc a l  and 200 Area centra l  f i re stat i on a l arms . A l l spri nk l er i nsta l l at i ons are 
l ow-temperature c l osed-h ead systems . 
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Automati c  spri nk l er protec t i on , u s i ng standard wet and dry p i pe systems , i s  al so  
i nsta l l ed i n  the 202-A annex , i nc l ud i ng the l aborator i e s ,  l aboratory storage are a ,  aqueous 
makeup are a ,  off i ces , and shops . 

A . 2 . 1 . 10 Vent i l at i on 

The vent i l at i on system i n  the 202-A Bu i l d i ng i s  des i gned and operated to keep norma l 
work areas free of rad i oact i ve contam i n at i on by maintai n i ng a i rf l ow from zones wi th no 
rad i onuc l i d e  content i nto zones of progress i ve l y  greater contami nat ion  potent i a l . The 
vent i l at i on air is  s upp l ied  by four systems : c anyon ,  samp l e  g a l l ery , serv i c e  area ,  and 
l aboratory . 

V ent i l at i on System 1 .  
canyon and process ce11 s ) ,  
the ammon i a  scrubber waste 
makeup t ank . 

Th i s  system s erves the  areas of greatest rad i oact i v i ty ( th e  
i nc l ud i ng a l l process  ves s e l  vents except the meta l  d i sso l ver s ,  
concentr ator , and a l l E Cel l vesse l s except t h e  H A  co l umn feed 

A i r  wh i ch has been f i l tered , w ashed , humi d i f i ed ,  and temperature-adj usted i s  s upp l i ed 
i n to the c anyon at ce i l i ng  l eve l . The a i r  then f l ows down to the  c anyon deck where i t  i s  
drawn down through the c e l l cover b l oc k s  i nto each of the  ce l l s . From the  ce l l s , the a i r  i s  
exhausted through ports i nto the a i r  tunne l , then through the  29 1-A F i l ter to the mai n 
venti l at i ng stack . 

The exh aust s i de of the  system from the  c anyon a i r  tunne l  con s i sts of two f i berg l as s  
f i l ters and one stan d by h i gh eff i c i en cy p art i cu l ate  a i r  ( H EPA ) f i l ter i n  paral l e l , three 
e l ectr i c  exhaust fan s and a steam tur b i n e  f an for emergency stan dby, wh i ch exh aust to the  
ma i n  vent i l at i ng stack . I n  add i t i on ,  the  vent f l ow from the d i s s o l ver offg as treatment 
faci l i t i es is  d i scharged to the stack . 

The vent system i s  des i gned to ma i nta i n s afe d i fferenti a l  press ures between the  process 
area and the p ersonn e l -entry port i ons o f  the  bu i l d i ng ,  even in  the event of a power fa i l ure 
or l oss  of i nstrumen t  a i r .  

V ent i l at i on System 2 .  Th i s  system serv i ces the  areas of the  b u i l d i ng wh i ch are 
rout i ne ly occup l ed or entered by the work force , but  are regu l ated bec ause of a poten t i a l  
for contami n at i on . The  areas serv i ced by  th i s  system i nc l ude  the  s amp l e  g a l l ery , reg u l ated 
shop , c anyon l obby ,  PR room and corri dor , N Ce l l ,  R Ce l l ( 27 6-A vau l t ) , Q C e l l ,  and U Ce l l .  

The s upp ly  a i r  i s  f i l tered , w ater-washed , and temperature-adj u sted , before de l i very to 
the samp l e ga l l ery . Th i s  system is exhausted through HEPA f i l ters in f i v e  streams . F rom 
the fan s ,  the streams are vented to the atmosphere through 21-m stack s out s i de the 
b u i l d i n g .  Rad i at i on mon i tor i ng c apab i l i ty w i l l  be  i n sta l l ed in the  PR  room , the  east samp l e  
g a l l ery hood , and the  west s amp l e  g a l l ery hood exh austs .  

Vent i l at i on System 3 .  Th i s  sys tem s ervi ces  the areas cons i d ered to b e  uncontam i n ated 
and to h ave the l east potenti a l  for becomi ng contami n ated . These areas i nc l ude the p i pe and 
operat i ng ga l l ery ,  the storage g a l l ery , the p u l ser motor-generator room ( P I V room ) , the 
aqueous makeup  l eve l s ,  and the  s erv i ce areas ( shop s ,  off i ces , l unchroom , etc . ) except for 
the an a l yt i cal  l aboratory .  . 

The supp l y a i r  i s  f i l tered , w ater-washed , h umi d i ty-adj usted ,  and de l i vered by two 
a i r- h and l i ng systems . The exhaust s i de of  the system contai ns s�ver a l  i n d i v i d u a l  f ans . A l l 
exh aust streams are present l y  unf i l tered . However,  a s i ng l e  s tage of HEPA f i l ters w i l l  be  
i nsta l l ed in  the  W h i te Room exhaust air  duct  from a port i on of the P&O g al l ery pri or to  
p l ant startu p .  R ad i at i on detec t i o n  dev i ces , wh i ch wi l l  automat i c a l l y '  c l ose the a i r  vents  i f  
rad i o acti ve  mater i al i s  entrai ned i n  the  exhaust a i r ,  w i l l  a l so  b e  i nsta l l ed a l ong the  wal l 
near the other exh austs of the P& O g a l l ery . 

V ent i l ation  System 4 .  System 4 serv i ces  t h e  PUREX l aboratory and i s  l arge l y  
i ndependent o f  other b u i l d i ng vent i l at i o n  systems . T h e  s upp l y  a i r  i s  f i l tered , 
water-washed , humi d i f i ed ,  and de l i vered by two a i r-h and l i ng systems . A port i on of th i s  a i r  
i s  used for makeup  of constant-humi d i ty a i r  t o  rep l en i sh l osses  from the s upp l y  ( fu r n i shed 
by two refri gerat i on air cond i t i oners ) to the  l aboratory count i ng room and i nstrument shop . 
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The exh au st s i de of the system c on s i sts  of two part s . T he a i r from a l l off i ces and 
shops is exhausted i nto the corri dor wh i ch i n  turn is exhausted through the rooms w i th 
open-f aced hood s .  The decontam i nat i on room, l aboratory hood rooms , and samp l e  storage room 
are exhausted through h i gh-eff i c i ency f i l ters by two fans to a separate 21-m stack . These 
fans are operated together ,  and are both connected to the emergency power sup p l y .  I f  the 
normal power supp l y  i s  i nterrupted , one of the fan s w i l l  be  automat i ca l l y  swi tched to 
emergency power . 

A . 2 . 1 . 1 1  V acuum A i r  Samp l i ng System 

The vac u um system supp l i es the v acuum for a network of 150  a i r  samp l ers pos i t i oned 
through the c anyon proper , the samp l e and operat i ng g a l l er i e s ,  unregu l ated serv i c e  areas , 
l aborator i e s ,  and the 202-A Bu i l d i ng vent stacks ( exc l ud i ng the mai n  vent i l at i o n  exhaust 
stack ) .  Bec ause the a i r  samp l ers mon i tor the a i r  for rad i onuc l i de content , the vac u um pumps 
are connected to the emergency e l ectri ca l  s upp l y .  

A . 2 . 2  Aux i l i ary Faci l i t i es 

I n  the v i c i n i ty of the 202-A Bu i l d i ng are ·f aci l i t i es for a i r  f i l trat i o n ,  chem i ca l  
storage , sol i d  and  l i qu i d  waste d i spos a l , c as k  l oad i ng ,  ac i d  recovery ,  uran i um product 
storage and s h i pp i ng ,  and off i ce space . Adj acent b u i l d i ng s  w h i c h  h ave i mportant funct i ons  
are d i scus sed be l ow :  

• Bu i l d i ng 291-A houses t h e  mai n  vent i l at i on exh aust faci l i ty f o r  t h e  P UREX Bu i l d i ng 
and contai ns a i r  tunne l s ,  g l ass  f i ber f i l ters , fan s ,  and the  base of the 6 1-m 
stack . Th i s  bu i l d i ng i s  d i scussed i n  deta i l i n  the  fol l ow i ng Sub secti on , A . 2 . 2 . 1 .  

• 292-A Bu i l d i ng houses stack  samp l i ng equ i pment . 

• 293-A Bu i l d i ng houses two absorpt i on towers to remove ox i des of n i trogen from 
d i sso l ver offgas e s .  The b u i l d i ng al so contai n s  two storage / recyc l e  pumps and 
equ i pment for n i tr i c ac i d  recovery .  

• 294-A Bu i l d i ng houses  f i l ters t o  pro v i de secondary f i l trat i o n  and c l eanup of 
d i sso l ver offgase s .  

• 203-A Tank Farm i s  used for storage and sh i pp i ng o f  uranyl n i trate hexahydrate 
( UN H )  product from P UREX .  

• 206-A Bu i l d i ng houses ,the v acu um fract i on ator and assoc i ated equ i pment to 
concentrate n i tr i c  ac i d  recovered from PUREX and U03 p l ants . 

• 21 1-A Tank Farm i s  used for storage of bu l k  l i q u i d  chemi c a l s to be transferred to 
the PUREX aqueous are a v i a  pumps l oc ated i n  the adj acent 21 1-A Bu i l d i ng .  

• 2714-A Bu i l d i ng contai ns some chem i c a l s used  i n  PUREX . 

A . 2 . 2 . 1  A i r  Venti l at i on System , 291-A 

The 291-A fac i l i ty d i sch arges f i l tered process  vent i l at i on a i r  and g ases from PUREX  to 
the atmosphere. The equ i pment  i nc l udes the vent i l at i on a i r  f i l ters ,  f an s ,  stack , and stack 
sampl e hou s e .  

Venti l at i on A i r  F i l ters .  Three vent i l at i on a i r  f i l ters ( two i n- l i ne and one standby) 
remove so l i ds from PUREX process  a i r  before it i s  d i scharged to the atmo sphere . A spri nk l er 
system i s  prov i de d  i n  the mai n vent i l at i on tunne l  for f i re protec t i o n  of the f i l ters . 

I n  recent tes t s ,  these f i l ters were found to h ave eff i c i enc i es greater than 
9 9 . 9  percent for remova l  of part i c l es w i th mean aerodynami c  d i ameters rang i ng from 0 . 3- to 
0 . 7-mi cron . S i m i l ar tests w i l l  be conducted annu a l l y .  The two i n- l i ne f i l ters ,  operated i n  
paral l e l , are s i m i l ar i n  des i gn but h ave s i g n i f i cant d i fferences . E ach has  two f i berg l as 
bed sec t i ons--the pref i l ter and the c l eanup f i l ter.  I n  F i l ter 1,  the pref i l ter is  packed 
w i th 1 15-K F i berg l as ( Owens-Corn i ng F i berg l as Company, I nc . ) ,  wh i l e in F i l ter 2, the 
prefi l ter con s i sts  of f i ve separate l ayer s ,  each packed w i th a d i fferent den s i ty of 

A . 29 



F i berg l as .  The a i rf l ow d i rect i on i s  downward through F i l ter 1 and u pward through F i l ter 2 .  
The c l eanup f i l ter i n  each u n i t  c on s i sts o f  132 Ameri c an A i r  F i l ter C ompany "Deep Bed 
F i l ter" u n i ts . 

A th i rd f i l ter ( F i l ter 3 ) ,  w h i c h  cou l d  operate i n  para l l e l w i th the other two f i l ters ,  
w i l l  be put  i nto standby serv i ce .  The f i l ter c e l l ,  wh i ch i s  be l ow grade , i s  equ i pped w i th 
two banks of 85 percent ASHRAE bag-type pref i l ters and three ban k s  of HEPA f i l ters , a l l i n  
ser i e s .  The two pref i l ter ban k s  and the f i rst bank of HEPA f i l ters are desi gned t o  perm i t  
t h e  upper quarter o f  t h e  banks  to  b e  l owered wh i l e  t h e  rema i n i ng three-quarters o f  t h e  banks  
stay i n  p l ac e .  Th i s  feature perm i t s  bypas s i ng of a bank  or banks  of f i l ters in  case  an 
exce s s i v e  press ure drop from part i cu l ate l oad i ng occurs ac ross one or more of the f i l ter 
b an k s .  

F i re screen s are i n stal l ed i n  t h e  i n l et duct  to the  n e w  f i l ter ce l l a n d  i n  front of a l l 
the f i l ters except the f i na l  HEPA banK . A water sea l , wh i ch when f i l l ed w i th  water w i l l  
stop a i rf l ow ,  i s  i n  the ex i t  a i r  duct . The sea l  i s  automat i c a l l y  f i l l ed by grav i ty 
d i scharge from a water storage t ank  when f i re i s  detected by a sens i ng e l ement l oc ated i n  
the f i l ter ce l l i n l et duct , o r  by a manu a l l y  operated swi tch . 

I nstrumentat i on i s  prov i ded  to mon i tor d i fferent i a l pres sure across the f i l ter , the 
i nd i v i du a l  f i l ter ban k s ,  and the f i re screen i n  the f i l ter i n l et duct . D i fferenti a l  
pressures i n  excess of estab l i shed l i mi ts  are i nd i c ated i n  the contro l room . 

Process Stack 291-A-1 . Loc ated i mmedi ate l y  south of the  southeast corner of the 
202-A BU l ldl ng lS  the main process  vent i l at i on stack . The exhaust a i r  ri ses through a 
free-stand i ng stai n l es s  stee l l i ner.  The top of the stack i s  c apped to cover the annu l us 
between the stack and the l i ner . The bottom of the l i ner h as a d i shed head 'wh i ch dra i n s  to 
a co l l ec t i on tank . The i n l et breec h i ng for the vent i l at i on a i r i s  baff l ed and i s  wel ded to 
the l i ner at an ang l e  of 45 ° u pward . 

S i x 20-cm ( 8-i n . ) d i ameter noz z l es enter the l i ner be l ow the ven t i l at i o n  a i r  breech i n g ;  
three are for rou t i ng d i sso l ver offgas t o  the stac k , wh i l e  the other three are spares . 

Stack gas samp l i ng p o i n t s  are l oc ated approximate l y  at the  20-, 23- ,  27-,  and 60-m 
l eve l s of the stack . Rad i o l og i c a l  samp l i ng and mon i tor i ng equ i pment i s  l oc ated i n  the 
adj acent samp l e  house .  The stack i s  a l so equ i pped w i th f l ow rate and total i z i ng 
i nstrumentat i o n .  A wash system i n c l ud i ng a booster pump i s  i nst a l l ed to f l ush  the i n s i de 
wal l of the l i ner . 

W i th the except i on of 85K r , '  the  rad i onuc l i de  concentrat i ons  i n  th i s  mai n exh aust  
stream d i sch arged through the ex i st i ng mai n f i l ters , are rou t i n e l y  at  or b e l ow the l eve l s 
permi tted i n  restr i cted areas but above the  l eve l s perm i tted i n  offs i t e  pop u l ated areas . 
However , the rad i onuc l i de  concen trat i on s  at the S i te bound ary res u l t i ng from th i s  mai n 
exhaust stream are rout i ne l y  b e l ow the  l eve l  perm i ss i b l e  i n  a i r  i n  offs i te popu l ated areas . 

A . 2 . 2 . 2  P onds 

Coo l i ng water and c h em i c a l  sewer l i qu i ds are u s u a l l y  uncontam i n ated and are d i sch arged 
to s urface ponds . Coo l i ng water i s  routed through a d i vers i on stat i on w i th c apab i l i ty for 
emergency d i sch arge to a covered , l i ned trench i n  c ase  the l i qu i d i s  rad i oact i ve l y  
contam i n ated . Normal f l ow goes to a second d i v ers i on box where f l ow can  be d i rected to the 
G ab l e  Mounta i n  P ond , 2 16-A-2 5 ,  or to the 216-B-3 P on d .  Gab l e  Mounta i n P ond is  a man-made 
l ak e  occupy i n g  about 29 ha ( 71 acres ) and l oc ated 4 km north of  the  P UREX fac i l i t i es .  The 
2 16-B-3 P on d ,  wh i c h  a l so rec e i v es chemi c a l  sewer waste ,  i s  a man-made l ak e  cover i n g  severa l  
hectares about 1 . 6  km northeast of the  PUREX  fac i l i t i es .  Chem i c al sewer waste i s  routed 
through a d i ver s i on stat i on w i th c apab i l i ty for proporti ona l  s amp l i ng ,  rad i at i o n  mon i tor i ng ,  
and emergency rout i ng to a l i ned trench  for further treatment . 

A . 2 . 2 . 3  Cri bs  

Steam and process conden s ates and  ammon i a  scrubber waste conden s ate , wh i c h  are 
l ow-ac t i v i ty l i qu i d s ,  are sent to rock-f i l l ed dry-wel l s l oc ated i n  v ar i ou s  s i tes  i n  the 
v i c i n i ty of the  P UREX  fac i l i t i es .  Typ i c a l l y ,  a cri b  con s i sts of a perforated p i pe l a i d  at a 
s l i ght  s l ope  on a bed of coarse rock covered w i th l ayers of gravel and sand . Th i s  bed i s  
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covered w i th paper or p l ast i c  sheet i ng to prevent s i l t  from seep i ng i nto and p l ugg i ng the 
gravel bed . The upper port i on of the cr i b i s  backfi l l ed to grade w i th d i rt .  The 
d i stri butor p i pe is vented to the s urface through a r i ser p i pe in the end of the 
d i str i butor . L i qu i d  waste enteri ng the  d i s tr i b utor p i pe l eaks out �hrough the perforat i ons  
and  d i sperses t�roughout the porous  bed . A perco l at i on rate of 8 m / d ay-m2 
( 200 g a l / d ay-ft ) of cr i b i s  esti mated for th i s  d i sposal  method . 

Process  condens ate from the f i n a l  uran i um cyc l e  i s  samp l ed ,  mon i tored for rad i oact i v i ty 
( a l arm sounds i f  preset l i m i t s  are exceeded ) and d i scharged through a 20-cm ( 8- i n . )  d i ameter 
st a i n l ess steel p i pe to the 216-A-I0 Cri b .  The d i str i butor p i pe i s  68 m ( 222 ft ) l ong and 
i s  bur i ed 9 m ( 30 ft ) be l ow grade .  

Steam condens ate from PUREX  i s  cont i nuou s l y  c h ecked for  rad i oact i v i ty w i th an  i n- l i ne 
mon i tor and i s  automat i c a l l y  d i verted to a covered , l i ned reten t i o n  trench ( 216-A-42 ) i f  
rad i oacti v i ty i s  detected . Cri b 216-A-30 ,  used for d i spo s a l  of steam condensate , contai ns  
two d i str i butor p i pe s  arranged so that e i ther or both ends  of the cr i b c an be  used . One 
p i pe made of 38-cm ( 15- i n )  d i ameter , perforated , corrugated , g a l v an i zed stee l extends for 
213  m ( 700 ft ) al ong the  c en ter of the cr i b .  Another 41  cm ( 16-i n . )  steel  p i pe paral l e l s  
the  f i rst p i pe for 210  m ,  then ang l es across  to the center l i ne of the cri b and extends 
another 210  m down the center of the cr i b .  For the f i n a l  2 10  m ,  th i s  p i pe i s  made of 
corrugated , 38 cm d i ameter stee l , and i s  perforated for water drai nage .  Bec ause of the  
uneven surface of the c r i b ,  the p i pes  are  buri ed beneath 1 . 2  to 5 . 5 m of  f i l l .  

Ammon i a  scrubber waste conden sate i s  sent to a cri b  ( 2 1 6-A-36B ) .  I n  th i s  rout i ng there 
i s  a samp l i ng stat i on w i th a rad i oac t i v i ty mon i tor wh i ch a l arms when preset l i m i t s  are 
exceeded . The act i ve port i on of th i s  cr i b i s  1 50-m ( 500 ft ) l ong . The front 30-m port i on 
of the cri b was deac t i vated soon after i n i t i a l  operat i o n  when i t  became too rad i oac t i v e l y  
contam i n ated for further u s e .  ( The  rad i on uc l i de content of th i s  waste stream was 
s i g n i f i cant l y  reduced after the l ocat i on of  the offgas d i scharge from the then-new ann u l ar 
d i s s o l vers was ch anged . ) L i q u i d  i s  d i sc h arged through a perforated 10-cm ( 4- i n . ) sta i n l es s  
steel  d i stri butor p i pe wh i ch i s  i n s erted i nto t h e  ori g i n a l  1 5-cm ( 6- i n . ) p i pe used for 
d i stri buti on pr i or to deac t i vat i on of the front sec t i on of the c r i b .  I n  the deac t i vated 
sec t i on , no h o l e s  ex i st i n  the i nner p i p e ,  thus preven t i ng l i q u i d  l eakage to th i s  port i on of 
the cri b .  The p i pe l i es about 7 m ( 23 f t )  be l ow grade . 

A . 2 . 3  Uran i um Ox i d e  P l ant Fac i l i t i es 

The uran i um ox i de p l ant f ac i l i t i es are b r i ef l y  descr i bed i n  Sec t i on 3 . 1 . 2 . 2  of the  
text . Add i t i ona l  deta i l is  prov i ded here w i th emph as i s  on fac i l i t i es and ut i l i ty serv i ces 
not prev i ou s l y  covered . 

A . 2 . 3 . 1  Fac i l i t i es 

The func t i o n  and content of b u i l d i ng s  ad j acent to the Uran i um Ox i de P l ant  are d i scussed 
bri ef l y  be l ow :  

• 203-U fac i l i ty rece i ves and stores uranyl n i trate hexahydrate . 

• 2 72-U fac i l i ty c onta i ns serv i ce and repa i r  shops for equ i pmen t .  

• 224-UA B u i l d i ng ho l d s  s i x  c a l c i ners a n d  conta i n s  powder h and l i ng equ i pment and 
we i gh i ng fac i l i t i es .  

• 224-U B u i l d i ng cont a i n s  off i ce s ,  s erv i ce areas , c hemi c a l  makeup tank s ,  u t i l i ty 
supp ly  p i p i ng ,  process operat i on control centers , and C e l l s  A through F .  Ce l l A 
i s  for n i tr i c  ac i d  recovery; B for equ i pment decontami nati on fac i l i t i es and feed 
pumps ; C for recovered ac i d  rec e i v i ng and d i stri but i o n ,  waste UNH evaporator and 
process condens ate c o l l ec t i o n ;  0 for UNH concentrati o n ;  E i s  a spare ce l l not 
normal l y  used ,  and F for recovery of  U03 d i gest b ag f i l ters . 

• 2 1 1-U Tank Farm recei v e s ,  stores and d i sburses b u l k  process chemi c a l s .  I t  a l so 
conta i n s  tanks for storage of recovered n i tr i c  ac i d .  
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• 275-UR Bu i l d i ng i s  u sed for U03 product storage . 

• 207-U bas i n  ret a i n s  process  coo l i ng water for an a l ys i s  before water i s  d i scarded to a 
surface pond . 

• U03 storage c on s i st s  of a ser i es of fenced concrete pad s  used  to store U03 
cont a i n ers awa i t i n g  s h i pment .  

A . 2 . 3 . 2  uti l i t i es 

Ut i l i t i es avai l ab l e  to the U03 p l ant i n c 1 ud i ng water , power supp l y ,  compressed a i r ,  
and steam are d i scussed i n  t h i s sect i on .  

Water . Raw water i s  s upp l i e d  to the Uran i um Ox i de P l an t  d i rec t l y  from the 282-W Water 
Reservo i r  B u i l d i ng and a l so by a l i ne extend i ng from the REDOX P l an t  ma i n  water l i n e .  Th i s  
w ater i s  used as coo l i ng water i n  the process conden sers , the  ac i d  ab sorber tower and g as 
coo l er ;  for ref l ux water i n  the absorber tower i f  needed to supp l ement  the process  
conden sate ;  de l uge water for the three UNH concentrators and other m i scel l aneou s  serv i ces . 
Average use  duri ng normal p l an t  operat i ons  i s  950 l / mi n .  ( 2 50 gpm ) . 

Potab l e  water i s  s upp l i ed from the 283-W Water Treatment Bu i l d i ng for safety showers , 
dr i nk i ng fountai n s ,  t o i l ets  and f i re hydran t s .  Average demand for san i tary water d u r i n g  
normal  p l ant operat i ons i s  190 l /m i n .  ( 50 gpm ) .  

P ower Sueply .  E l ec tr i c  power suff i c i en t  to operate al l t h e  equ i pment i n  the UNH 
( 224-0) BU l Idl ng i s  supp l i ed through a tr an sformer i n  the substat i on west of the b u i l d i n g .  
Emergency power supp l i ed by the 284-W P owerhouse  steam t urb i ne-operated generator starts 
automat i c a l l y  if the mai n i ncom i ng power i s  l ost . Emergency batte r i es are in p l ace  to 
mai ntai n emergency swi tc h i ng capab i l i ty .  

The e l ectr i c a l  power for the U03 ( 224-UA ) Bu i l d i ng i s  s upp l i ed through two 
transformers . The system i s  des i gned so  that e i ther s i de w i l l  c arry the l oad through an 
automat i c  bus  t i e  that sw i tches power from the  rema i n i ng i nc om i ng l i n e  to p i ck up the l oad . 

There are two ma i n  sw i tch gear rooms i n  the  224-U B u i l d i n g ,  and one sw i tch gear room i n  
the  224-UA B u i l d i n g  w h i c h  i s  the l argest and most comp l ex as i ts transformers are needed for 
the c a l c i n er furnaces . There are 54 tr an sformers s erv i n g  the heat i ng e l ements  in the 
c a l c i ners p l us reg u l ators for these  c i rc u i ts wh i ch are needed for prec i se control  of the  
e l ectr i c a l  c urrent to obta i n the  req u i red c a l c i ner heat i ng patterns . 

Compressed A i r .  Compressed a i r  i s  s up p l i ed to the 224-U B u i l d i ng and to the  
224-UA BU 1 1dl ng where i t  i s  used to k eep  the U03 powder out of the c a l c i ner ag i t ator sh aft 
pack i ng g l ands and to c l ear the c a l c i ner feed po i nts  after process  shutdown . 

I n strument a i r  i s  supp l i ed from the  mai n a i r  s up p l y  through a separate l i n e .  The 
breat h i ng a i r  system h as a separate  air pump and storage tank that meet M i n e  Safety 
Appl i ance spec i f i cat i on s .  The pri nc i pa l  u ses for fresh a i r  mask s are to protect personne l  
i n  areas contai n i ng uran i um ox i de d u st or  near we l d i ng bei ng done  i n  poten t i al l y  
contam i n ated areas . 

An emergency d i esel  eng i ne-d r i ven compres sor i s  avai l ab l e  to s upp l y  process and 
i nstrument a i r  i f  the b u i l d i ng compressor f a i l s .  

Steam.  Steam is  de l i vered from the  284-W Powerhouse as superheated steam .  A second 
l i ne rrom-the powerhouse  c an furn i sh steam to the 224-U Area if requ i red . 

Steam i s  used at d i fferent pres sures i n  the  p l an t ,  ran g i ng from 1 5 50 k P a  ( 22 5  ps i )  for 
the vac u um j et s ,  to 862 kPa  ( 12 5  p s i ) for the UNH  concen trators , to 1 00 kPa ( 15 ps i )  used 
pr i mar i l y  as a heat i ng agent to prevent so l ut i o n s  from freez i ng in  j ac k eted tanks  and i n  
j ac keted feed l i nes , and c a l c i ner feed po i nt s .  Duri ng normal  operat i on s ,  total  steam use 
averages about 4500 kg  ( 10 , 000 l b )  per hour . 
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A. 2 . 3 . 3  F i re Protect i on Systems 

The Uran i um O x i d e  P l ant i s  served by three f i re hydran t s ,  two on the san i tary water 
l i ne and one on the raw water l i n e .  The var i ous  bu i l d i ngs in the p l ant comp l ex are not 
equ i pped wi th automat i c  f i re exti ng u i sh i ng equ i pment ,  but hoses and man u a l  f i re 
ext i n g u i shers are ava i l ab l e .  The 224-UA Bu i l d i ng and some of the aux i l i ary bu i l d i n gs are 
covered by f i xed-temperature automat i c  f i re detect i on systems , w i th a l arms i n  the b u i l d i ngs  
and i n  the 200 Area central  f i re stat i on .  These  systems w i l l  be upgraded pri or to startup 
to prov i de automat i c  spri n k l er protec t i o n  as l i sted i n  Sect i o n  3 . 1 . 5 . 6 .  

A . 2 . 3 . 4  Vent i l at i on 

The 224-U Bu i l d i ng vent i l at i on air s upp l y  is routed to A ,  B,  C and D Process Ce l l s  and 
to the nonrad i oac t i v e  zones of the bu i l d i ng .  The a i r  f l ow i ng i nto the c e l l s  i s  then 
exhausted u nf i l tered to the  atmosphere by roof fans . The f l ow of a i r  i s  contro l l ed by 
mai nta i n i ng stat i c  pressure s l i ght l y  above atmospher i c  pressure i n  the  occu p i ed areas and 
u nder a s l i g ht vacuum in the process  ce l l s .  

Exhaust gases and v apors from the UNH  concentrators , concentrated feed rec e i ver tank s ,  
and a l l C C e l l vesse l s  are vented v i a  steam jet through a condenser and t o  the atmosphere 
th rough the 24-m stack  on the roof of the  b u i l d i ng .  The ac i d  recovery un i t  and the  s i x  
c a l c i ners are a l so vented t o  the  atmos§here through th i s  same stack ; total  eff l uent f l ow 
from thi s rel ease po i nt i s  about 1 10 m / m i n  ( 4000 cfm ) . 

The 224-UA Bu i l d i ng i s  supp l i ed by a b l ower un i t .  A i r  i s  fed to al l parts of the 
b u i l d i ng and i s  exhau sted by seven roof vent f an s .  The nonrad i oact i ve zone of the  bu i l d i ng 
i s  s l i gh t l y  pressuri zed to mai nta i n  d i rect i on of a i r  f l ow and prevent contami nat i on of the 
rad i on uc l i de-free areas . Above the s econd l evel , a l l the f l oors in the  f i ve-story UA tower 
are made of grat i ng wh i c h  al l ows a free f l ow of a i r  up the ent i re tower to the top f l oor 
from wh i ch the a i r  i s  exh au sted to the atmosphere through HEPA f i l ters a l ong w i th the 
ca l c i ner c e l l exhaust . 

P aral l e l equ i pment i s  prov i ded i n  the  224-UA B u i l d i ng powder h and l i ng system to a l l ow 
f l ex i b i l i ty for mai nten anc e ,  c l ean i ng ,  or rep l acement .  The operat i ng system cons i sts  of a 
cyc l one separator , pri mary b ag f i l ter , two of the three pri mary exhausters , secondary b ag 
f i l ter , f i berg l as s  f i l ter,  HEPA f i l ter , and second ary exh auster.  The cyc l one  separators and 
pri mary bag f i l ters d i sch arge U03 so l i ds  to a s i ng l e  storage hopper for sub sequent l oad i ng 
i nto contai ners . The secondary exhausters d i scharge a i r  to the  atmosphere v i a  a vent stack 
l oc ated on the l ower 224-UA Bu i l d i ng roof . The po i nt of d i scharge i s  about 12 m ( 40 ft ) 
above ground l eve l . 

Eff l uents are samp l ed by an i nventory method , w i t h  s amp l i ng t i me i nterv a l s determi ned 
by the spec i f i c  l ocat i on and the poten t i a l  for a i r  contam i nat i on i n  the part of the process  
operat i ons  are a .  

A . 2 . 3 . 5  L i qu i d  Eff l uent D i sposa l  Fac i l i t i es 

Coo l i ng water,  steam condensates , and chemi ca l  sewer wastes are co l l ected i n  the 207-U 
Retent i on Bas i n ,  s amp l ed ,  anal yzed , and routed to the  216-U-10 Pond . P rocess conden sates 
are samp l ed pr ior to transfer to the  216-U-12 C ri b .  

The 216-U-10 Pond i s  a man-made l ake  coveri ng about 8 . 9  h a  ( 22 acres ) o f  the southwest 
corner of the 200 West Area. Th i s  pond a l so recei ves cool i ng water and steam conden sates 
from other 200 West Area fac i l i t i es .  

The 216-U-12 C r i b  i s  a rock f i l l ed dry-we l l  s i mi l ar i n  construc t i on to the one  shown i n  
F i g ure A . 9 .  Th i s  c r i b  i s  l oc ated about 460 m ( 1500 ft ) south of the p l ant  and used 
exc l us i v2 l y  for process  condensate d i sposa l . The bottom area of the cri b is  about 90 m2 
( 1000 ft  ) .  
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A . 2 . 4  Comp l eted Fac i l i ty Mod i f i cati ons 

A . 2 . 4 . 1 Mod i f i c at i ons in  L i qu i d  Eff l uent Control ( $1 , 460 , 000 ) 

A system was i nstal l ed to rout i n e l y  recyc l e  and re-ev aporate the  process condens ates 
from the ac i d  absorber , the ac i d  fract i on ator , the backcyc l e  waste concentrator , and the 
f i rst uran i um cyc l e  concentr ator . Th i s  l eaves o n l y  the conde n s ate from the f i na l  uran i um 
cyc l e  that i s  d i scharged to a cr i b .  

The ammon i a  scrubber waste w as rerouted to an ev aporator rather t h an to a cri b .  The 
concentrated waste from the evaporator goes to an underground storage t ank ; the condens ate 
( l ower in rad i onuc l i de content t h an the former waste ) goes to a cr i b .  The offgases from the 
evaporator and condenser w i l l  go through a new l y  i nsta l l ed HEPA f i l ter and a new exhaust 
stack to the atmosphere . 

The conden sate di sch arged from the ac i d  fract i on ator h as been rerouted for recyc l e  to 
the fract i on ator and as absorber water i n  the backu p  f ac i l i ty .  The excess condensate i s  
routed  to the backcyc l e  w aste system .  Former l y ,  th i s  conden sate was d i sch arged to the 
chemi ca l  sewer . 

A . 2 . 4 . 2  Gaseous Eff l uent Control  Mod i f i cat ions  ( $2 , 800 , 000 )  

To  protect ag a i nst  acc i dent a l  re l eases of rad i oac t i ve part i cu l ate mater i a l s to the 
env i ronment c aused by abnorma l  events , a s i n g l e-stage HEPA f i l trati on system w as i n sta l l ed 
on the exh aust a i r  from R Ce l l ,  U C e l l ,  and the samp l e  g a l l ery of the 202-A Bu i l d i n g .  
Eff l uents from these areas are now expected t o  meet the l evel s permi ss i b l e  i n  a i r  i n  
unrestri cted areas . 

A second stage  of HEPA f i l trat i o n  w as added to the f i l ter eff l uent from the product 
remova l  room . Th i s  w i l l  reduce further the rou t i n e  rad i onuc l i de  rel eases , to l eve l s  
perm i ss i b l e  i n  a i r i n  unrestri cted areas , and prov i de protec t i on ag a i nst  acc i dental  
rel ease s .  T h e  new f i l ter a l so prov i des a th i rd stage o f  HEPA f i l trati on for the N and 
Q Ce l l exh aust streams . N Ce l l  i s  be i n g  mod i fi e d  as part of the P u 02 produ c t i on sys tem , 
and Q Ce l l  contai n s  the neptun i um p ur i f i c a t i on system . 

A new offgas hand l i ng system w as prov i ded for the c l add i ng waste treatment c e l l ammon i a  
scrubber . Th i s  mod i f i cat i on reduces both the rad i on uc l i de content of the eff l uent and the  
amount of ammon i a  enter i ng the  mai n vent i l at i on exhaust f i l ters .  

A th i rd f i l ter on the ma i n  stack h as been i n stal l ed and w i l l  be put  i n  standby ( back u p )  
mode short l y  before p l an t  operat i on i s  res umed ( see F i g ure 0 . 1 ) . 

• 

A . 2 . 4 . 3  Improved F i re Protec t i on ( $1 , 03 0 , 000 ) 

Three systems were i n sta l l ed to i mprove f i re protecti on :  

i ndependent detectors and L i ght  Water ( a )  foam generat i on systems for the c e l l s  
whi ch contai n the pr i nc i p a l  i nventor i es of organ i c  so l vent 

• a f i re protecti on system ( t h at i nc l udes L i ght  W ater foam systems ) i n  three other 
process  c e l l s  contai n i ng l esser amounts  of  organ i c  s o l vent , an organ i c  s o l vent 
storage t ank  in the p i pe and operat i ng g a l l ery , and wet p i pe  s pr i n k l er systems i n  
other process  and serv i ce are as i n  the 202-A Bu i l d i ng 

• a spr i nk l er sys tem i n  the mai n vent i l at i on tunnel  to protect the  ma i n  f i l ters ,  
f i re doors and d ampers , e l ectr i c a l  system f i re detectors ,  f i re protect i o n  screens 
for hoods and g l ovebox exh aust f i l ters , and f i re protec t i o n  between tran sformer 
banks . 

( a )  The L i ght Water system u ses a synthet i c  foam-formi ng l i q u i d  and i s  des i gned for use  w i th 
sea water , brac k i sh water , or fresh water . When proport i oned w i th water , i t  may be u sed  
to control  and ext i ng u i sh C l ass  B f l ammab l e  fue l  f i res . 
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A . 2 . 4 . 4  New Cri t i c a l i ty Al arm System ( Z300 , 000 ) 

New nuc l ear cr i t i c a l i ty i nc i dent al arms were i n stal l ed i n  the PUREX p l ant that meet 
c urrent cr i ter i a  for Nuc l ear Cri t i c a l i ty Safety ( DOE  Order 5480 . 1 ) . I n stal l at i on was 
compl eted in May 1979 . 

A . 2 . 4 . 5  Upgrad i ng Accountab i l i ty Meas urement System ( Z350 , 000 )  

The  mai n  accountab i l i ty tank  samp l i ng system and  the assoc i ated sh i e l d i ng were 
upgraded .  Improvements have been made i n  the i nput measurement system part i cu l ar l y  i n ,  
ana lyt i ca l  techn i ques and representat i ve samp l i ng procedures . Th i s  perm i t s  stri cter control 
of p l uton i um i nventor ies  i n  the fac i l i ty .  

A . 2 . 5  P l anned Fac i l i ty Mod i f i cat i ons 

In add i t i on to the m i t i g at i ve measures prov i ded by p l ant mod i f i c at i ons al ready 
comp l eted , add i t i on al ones are p l anned to further reduce emi s s i ons  from rou t i n e  operat i on s ,  
reduce the pos s i b i l i ty and /or  consequences o f  abnormal  operat i on ,  and t o  i mprove 
safegu ards . These mod i f i cat i ons w i l l  reduce env i ronmenta l  imp acts  from p l ant operat i ons  and 
from ons ite  transportat i on of i ntermed i ate products . 

A . 2 . 5 . 1  P l anned PUREX L i q u i d  Eff l uent Contro l Mod i f i c at i ons  ( Z4 , 550 , 000 ) 

The fol l ow i ng l i qu i d  effl uent contro l s  are p l anned for the PUREX p l ant pr ior to the 
resumpt i on of operat i on :  

• samp l i ng ,  mon i tor i ng ,  f l ow tot a l i z i ng ,  and automat i c  d i vers i o n  for the steam 
conden sate and coo l i ng water streams 

• samp l i ng ,  mon i tor i ng ,  and f l ow total i z i ng for the PUREX  p l ant ammon i a  scrubber 
waste conden s ate eff l uent 

• samp l i ng ,  mon i tori ng , f l ow total i z i n g ,  and d i vers i on c apab i l i ty for the PUREX 
p l ant chem i c a l  sewer l i ne d i scharge 

• sampl i ng ,  mon i tor i ng ,  and f l ow total i z i ng for. the process condens ate d i scharge 

• mod i f i c a t i ons to the eff l uent d i scharge system of the UNH storage area that w i l l  
pro v i d e  the c apab i l i ty to process  contami n ated waste 

• encased waste transfer l i nes from PUREX to the  AW t ank  farm . 

A . 2 . 5 . 2  P l anned PUREX  Gaseous Eff l uent Contro l  Mod i f i c at i o n s  ( Z3 , 330 , 000 ) 

G aseous  eff l uent contro l s  are p l anned : 

• upgrad i ng the present mai n stac k  s amp l i ng system and add i ng stac k  f l ow total i z i ng 
and mon i tori ng 

• upgrad i ng the record s amp l er ,  mon i tor s amp l i ng ,  and add i ng a new stack f l ow 
tot al i z i ng system on the PUREX product remova l  room stack 

• prov i d i ng HEPA f i l trat i on for exhaust  air from the wh i te room ( a )  of the p i pe and 
operat i ng ( P&O ) g a l l ery 

• prov i d i ng the capab i l i ty to d i vert g aseous effl uents from the P &O g a l l ery to a 
f i l tered exhaust 

( a )  The wh ite  room i s  a contam i n ated area of the P&O g a l l ery where protec t i ve  c l oth i ng must 
be worn . 
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• prov i d i ng a system for reduc i ng the NOx concentrat i on l eav i ng the  PUREX  stac k .  
The p l anned system w i l l  use  hydrogen perox i de ( H202 ) t o  scrub the NOx from 
the stack emi ss i ons  and w i l l  res u l t i n  a 63 percent decrease i n  the amount of 
NOx re l eased to the atmosphere . 

A . 2 . 5 . 3  Upgrad i ng PUREX Vent i l at i o n  System ( $700 , 000 ) 

The ven t i l at i on systems w i l l  be upgraded w i th the fo l l ow i ng mod i f i c at i o n s : 

• improved c ontro l  sys tems to ma inta i n a pos i t i ve pressure zone i n  those 
uncontam i n ated areas of the  202-A Bu i l d i ng that are constan t l y  occup i ed by 
personne l ,  and i n  three control zones w i th decreas i ng pres s ure as the potent i al 
for contami n at i on i ncreases 

• add i t i on a l  l oc a l  and power c ontro l room sen sors w i th a l arms to w arn  of  press ure 
changes i n  the  d i fferent contro l zones so  that appropri ate correc t i ve  act i ons  c an 
be taken to prevent the  spread of rad i oact i ve con tam i nat ion  i n  the  event of an 
acc i dent a l  re l e as e .  

A . 2 . 5 . 4  waste Transfer F ac i l i t i es ( $2 , 600 , 000 ) 

I nsta l l three n ew enc ased waste transfer l i nes  from 202-A B u i l d i ng to the AW t ank  
f arm. 

A . 2 . 5 . 5  P l anned Mod i f i c at i ons  for U03 P l an t  ( $2 , 620 , 00 0 )  

Three spec i f i c  mod i f i c at i o n s  are p l anned : 

• G aseous eff l uent  i mprovements to prov i de HEPA f i l tr at i o n  and i mproved mon i tor i ng 
and samp l i ng c ap ab i l i ty for certai n ven t i l at i o n  exhaust streams i n  the 
224-UA B u i l d i ng .  

• U03 p l ant f i re protec t i on system t h at w i l l  i nc l ude  an automat i c  spr i nk l er system 
w i th appropri ate t i e-i n s  to a l arms i n  most areas of the  U03 p l an t .  

• better U03 l oadout room d u s t  contro l that w i l l  be  ach i eved by u pgrad i ng the  
operab i l i ty of the  U03 l oadout system and  by contro l l i ng U03 powder 
contam i nati on to operati ng personn e l . 

A . 2 . 5 . 6  Upgrad i ng of the PUREX  P l an t  for Natural  Force s  Res i stance ( $830 , 000 ) 

The ori g i n a l  PUREX  structural  des i gn was i n  conform i ty w i th the U n i form Bu i l d i ng 
Code ( U BC ) , 1952 Ed i t i on ,  accord i ng to the  ori g i na l  p l ant des i g n  c r i t er i a  ( General 
E l ect r i c  1952 ) . 

I n  prepar at i on for the proposed 1 984 resumpt i on of PURE  X operat i on s ,  recent 
eval u at i ons  of the  n atural  forces  res i st ance  for PUREX structure s ,  safety systems , and 
v i ta l  equi pment were conducted . The fac i l i t i es w h i c h  were eval u ated i nc l uded : 

• The 202-A B u i l d i ng (mai n PUREX  proces s i ng b u i l d i ng )  c anyon . 

• The 202-A Bu i l d i ng east crane ma i ntenance p l atform ( ECMP ) .  

• The 202-A Bu i l d i ng R-Ce l l  for f i na l  s o l vent c l eanup and storag e .  

• The 202-A Bu i l d i ng s erv i c e  annex , or non-c anyon port i on .  

• The 291-A exh aust vent i l at i on system for the  202-A c anyon i nc l ud i ng the f i l ter 
c e l l s ,  a i r  tu�ne l s ,  p l enum, exposed f an s ,  motors and metal duct s ,  and stack . 

• PUREX v i t al equ i pment , components , u t i l i t i e s  and serv i ces  wh i ch present potent i a l 
natural  forces hazards to the  s afe conf i nement of r ad i onuc l i de s .  
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Se i sm i c  Res i stance 

The ori g i na l  des i g n  c r i ter i a  spec i f i ed that earthquake res i stance be  p rov i ded i n  
accordance w i th Zone 2 reg u l at i ons  of the 1952 UBC . These cr i ter i a  requ i red that structures 
h ave the l ateral res i stance to w i th stand a 0 . 10 g stat i c  forc e .  

The recent se i sm i c  ana lyses ( B l ume and Assoc i ates 1976 a , b ;  197 7 ,  1981 a , b ;  Hawk i ns 
1981a )  con s i dered both 0 . 2 5  g Safe Sh utdown Earthqu ake ( SS E )  ground mot i o n s  ( H anford SOC 4 . 1  
1974 )  and 0 . 10 g Hanford Reg i ona l  H i stori ca l  E arthqu ake ( HR H E )  mot i ons ( B l ume and Assoc i ates 
1 981 b ) . The work i nc l uded the devel opment of structural  u pg rade s ,  w i th cost est i mate s ,  t h at 
wou l d  be req u i red to w i thstand both earthq u akes . The summary of these PUREX se i smi c stud i es 
resu l t s  are : 

• The 202-A B u i l d i ng c anyon , serv i ce annex , and R-Ce l l h ave suff i c i en t  e l as t i c  
strength t o  res i st the  HRH E .  

• The 291-A vent i l at i o n  system ,  i nc l u d i ng t h e  concrete stack , are ab l e  t o  w i thstand  
the HRH E .  

• The 202-A Bu i l d i ng ECMP wou l d  requ i re upgrades t o  res i st t h e  HRHE ; t h e  upgrades 
wou l d  h ave  to be more exten s i ve for SSE res i stance . 

• Structural  upgrades for the 291-A vent i l at i on system stac k  wou l d  be req u i red for 
SSE res i st ance .  A l so ,  to prec l ude any i ngest i on of so i l  i nto the 291-A 
vent i l at i on system i n  the event of the  SSE , l ead sheet b arri ers wou l d  be i n sta l l ed 
around the a i r  tunne l s at ben d s  and junct i on s ,  p l u s  over the f i l ter c e l l cover 
b l ock s .  

• The 202-A Bu i l d i ng c anyon and serv i c e  annex wou l d  req u i re upgrades t o  res i st the 
SSE . 

• The HRHE and SSE h ave the poten t i a l  to  d i srupt ut i l i t i es ( water ,  e l ectr i ca l , 
steam ,  and te l ephone ) ,  p l us  major equ i pment and serv i ces . 

The potent i a l  sources for major r ad i onuc l i de  re l eases from the PUREX  p l ant , w i thout 
structural  upgrad i ng ,  in  the event of a damag i ng earthquake were determ i ned to be  a uran i um 
meta l  f i re i n  a d i sso l ver and a so l vent f i re i n  H-J Ce l l s .  P l an s  to u pg rade PUREX  s afety 
systems , component s ,  and equ i pment i n  order to l i m i t  re l eases from the p l ant due  to se i smi c 
ground mot i on s  to w i t h i n  Hanford operat i on a l  g u i de l i nes i mp l emen t i ng DOE Order 5481 . 1A h ave 
been deve l oped . Trade-offs between the costs for such upgrad i n g  to enhance the s e i sm i c  
re s i stance and t h e  r i sks  encountered w i thout t h e  mod i f i c at i on s  were u t i l i zed for determ i n i n g  
the upgrades t o  be  requ i red for resumpt i on of PUREX p l ant operat i on .  T h e  study i n d i cated 
that the con sequences of an HRHE or  SSE cou l d  be m i n i m i zed by ensur i ng t h at the d i sso l ver 
drown tanks and the L i ght Water f i re supress i on system to H-J C e l l are undamaged and 
funct i ona l . Bec ause both of these systems are l oc ated i n  the P i pe and Operat i ng ( P&O )  
G a l l ery, a recommendat i on h as been made that the  ga l l ery and assoc i ated equ i pment  be  
mod i f i ed to  ensure operab i l i ty of  the equ i pment after an  earthquak e .  These requ i red P&O  
Ga l l ery upgrades for se i smi c res i stance enh ancement wou l d  i nc l ude  the fo l l ow i ng major i tems 
( H awk i n s  1981 a ) : 

• protect ion  of the three d i sso l ver drown tanks  and thei r  d i sch arge p i p i ng to the 
c anyon , prov i d i ng water unt i l  a recovery p l an i s  imp l emented ; 

• prov i d i ng a ded i c ated se i smi c res i stant l i ght-water f i re protect i on system tan k ,  
i ts water supp l y, a n d  i ts d i scharge p i p i ng t o  the c anyon f o r  H-J C e l l .  

The Department of Energy w i l l  i ncorporate these two upgrades to the  P&O  Gal l ery pr i or  to 
operat i on of the PURE X / U 03 f ac i l i t i es . 

The probab i l i ty of a 0 . 2 5  g earthquake ( SSE ) occurr i ng c annot be def i ned because  there 
i s  an u n l i m i ted t i me span per occurrence ;  the probab i l i ty of a 0 . 10 g earthquake ( HR H E )  i s  
8 . 6  x 10-3 for s i xteen years o f  operat i on ( USERDA-1975 ) . 
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W i nd  and Tornado Res i stance 

Because tornado des i gn cri teri a were not spec i f i ed i n  the 1 952  U n i form Bu i l d i ng Code , 
they were not i nc l uded i n  the ori g i n a l  des i gn c r i t er i a . Therefore , recent tornado ana l yses 
of the  PUREX f ac i l i t i es h ave been conducted . The stud i es an a l yzed the  effects  of cred i b l e  
torn ado cond i t i ons  for the H anford S i t e  ( H awk i n s  1981 a )  and the res u l ts o f  the i r  eval uat i ons  
are l i sted be l ow :  

• The 202-A Bu i l d i ng c anyon and R Cel l cou l d  res i st the  280 km/ hr ( 175  mph )  tornado , 
whose probab i l i ty i s  est i mated to be 6 x 10-6 / year ( USERDA 1975 , p .  1 1 1 . 2-33 )  

• The 202-A Bu i l d i ng east  crane mai ntenance p l atform and serv i ce annex wou l d  requ i re 
structural  upgr ades to res i st the 280 km/�r tornad o .  

• The 291-A re i nforced concrete stac k  wou l d  requ i re struct ura l  upgrades to w i thstand 
the 280 km/ hr  torn ado ; a l s o ,  the exposed 291-A vent i l at i on system fan s ,  motor s ,  
and met al ducts wou l d  requ i re torn ado protec t i on .  

• The 280 km/hr  tornado cou l d  d i srupt u t i l i t i es and some serv i ces . 

The consequences of a tornado at the PUREX fac i l i ty are presented i n  T ab l e  5 . 1 5 .  A l s o ,  
the  probab i l i ty of s uch  a tornad o  i s  very l ow .  Therefore , structural  mod i f i cat i ons  for 
tornado res i stance are not cons i dered necess ary for resump t i on of PUREX operat i ons  ( H awk i n s  
1981 a ) . 

other Natural  Forces 

The des i gn c r i ter i a and as s umpt i on s  ( UBC 1 95 2 ,  H anford SOC 1952 ) for the PUREX  fac i l i ty 
w h i c h  pert a i n  to snow l oad i ng s ,  f l ood i ng ,  and s u bs u rface hydrostat i c  l oad i ng are s t i l l  
app l i c ab l e .  No upgr ades to w i thstand  these n atural  forces are con s i dered neces s ary . 

A . 3  PLUTON I UM OX I DE CONVERS ION  SYSTEM 

The PUREX p l uton i um ox i de convers i on system , c urrent l y  under con struc t i o n ,  i s  l oc ated 
w i t h i n  the PUREX fac i l i ty near the f i nal  p l uton i um n i trate pur i f i c at i on proces s i ng area .  
The p l uton i um i s  thus  removed from t h e  PUREX f ac i l i ty a s  a n  oxi de .  

A . 3 . 1  P rocess  Descr ipt i on 

The p l uton i um ox i de conver s i on system wou l d  b e  operated u s i ng the  oxal ate prec i p i tat i on 
p roces s .  The process  f l ow d i agram i s  shown i n  F i g ure A . 9 .  

A . 3 . 1 . 1  Feed P reparati on 

Feed i s  transferred by vac u um from the product rece i ver  tan k to one of the M Ce l l 
storage vesse l s .  Ac i d  mol ari ty and batch s i ze are rec orded for the feed transferred , and 
from these numbers the requ i red ac i d  add i t i o n  i s  c a l c u l ated to b r i n g  the so l ut i on to the 
7� HN03 feed spec i fi c at i on .  E i ther 12� or  1 . 2� HN03 is  added as req u i red to the vessel  
and the  so l ut i on i s  thoroug h l y  m i xed befor e  s amp l i ng .  After feed spec i f i c at i ons  are met , 
the  feed i s  stored i n  M Ce l l  unt i l neede d .  

A . 3 . 1 . 2  Oxal ate Prec i pi tat i on 

The b atch port i on of the proces s  i s  started by transferri ng 12 l i ters of so l u t i on from 
any one of the storage vesse l s throu gh an i nterme d i ate tank to the pre-reduc t i on vessel  
where hydrogen perox i de i s  added to reduce any P u+b to P u+4 • 

After the reduc t i on step i s  comp l ete , feed f l ows by grav i ty to the feed tank from wh i c h  
i t  i s  cont i nuous l y  p umped t o  the prec i p i tator a t  a contro l l ed f l ow ,  sett i ng the product 
product i on rate .  Oxal i c  ac i d  i s  s i mu l t aneous l y  pumped to the prec i p i t ator at a rate 
des i gned to mai n t a i n  a cons tant p l uton i um to  oxal i c  ac i d  mo l e  rat i o  i n  the prec i p i tator.  
The  correct mo l e  rat i o  is  cr i t i ca l  to m i n i m i ze waste l osses  and produce a prec i p i t ate that 
i s  e as i l y  f i l tered out of the s l urry .  

A . 38 



� 
w 
'" 

Pu FROM F 
PLUTON I U  

I NAL 
� CYCLE 

HYDROGEN 
PEROX I DE 

, 
PRE -

REDUCT I ON 
VES SEL 

PLUTON IUM 
OXALATE 

, CALC INERS \ 
PLUTON I U M  
OX I DE 

BLEN DER 

OXALI C  AC I D  

J 
PREC I P I TATOR 

PLUTON I UM 
OXALATE 
S LURRY 

F I LTRATE 
F I LTER CONCENTRA TOR 

PuO TO 
PACKAG ING STO�AGE FOR 

S H I  PMfNT 

F IGURE A . 9 .  P l utonium Oxide Conversion Process F l ow Diagram 

CONDENS ED VAPORS 
TO BACKCYCLE WASTE 
S YSTEM 

CONCENTRATED 
F I LTRATE TO 
HA COLUMN 



The p l u ton i um oxa l ate s l urry formed ; n  the prec i p i tator cont i nuou s l y  overfl ows 
i nto the vac u um drum f i l ter p an .  The vacuum f i l ter  drum rotat i ng i n  the s l u rry 
separates the p l uton i um oxal ate so l i d  f rom the f i l trate l i qu i d  by b u i l d i ng up a f i l ter 
cake on t he drum s urface . P l uton i um oxal ate i s  cont i nuou s l y  shaved off of the rotat i ng 
drum by the doctor b l ade  and the  f i l ter c ake drops down a ch ute i nto the  f i rst stage 
c a l c i ner . 

A . 3 . 1 . 3  C a l c i n at i on and Powder Hand l i ng 

I n  the  f i rst  stage c a l c i ner , so l i d  feed from the  oxal ate p rec i p i tat i o n  p roces� i s  
converted to part i a l l y  dry powder wh i ch drops by grav i ty i nto the second stage 
c a l c i ner . The second stage ca l c i n er comp l etes the ca l c i nati on of p l uton i um to 
p l uton i um d i ox i de and drys the powder to meet process  spec i f i c at i on s .  The powder drops 
out of the second stage ca l c i ner d i rect l y  onto a v i brat i ng screen where product powder 
pas ses throu g h  the screen d i rect l y  i nto a dou b l e cone b l ender . Overs i ze mater i a l  
bounces down the i n c l i ned  screen and co l l ects  i n  a transparent s l eeve where i t  i s  
manual l y  removed for recyc l e . 

After powder i s  co l l ected i n  the b l ender ,  v a l ves are c l osed  to i so l ate the  b l ender 
from the screen powder chute and seal the  b l ender.  The b l ender i s  then l owered and 
transported on a do l l y  to a pos i t i on adj acent to the rotat i on stan d .  A second empty 
b l ender i s  moved i n to pos i t i on and attached to the s c reen powder chute and v a l ves  
opened to al l ow proces s i ng to cont i nue  w i thout  i nterrupt i o n . 

An overhead ho i st i s  used to l i ft  the  l oaded b l ender i nto the  rotat i o n  stand after 
w h i c h  the b l ender i s  rotated to ach i eve a homogeneous powder .  After b l end i ng ,  the 
b l ender is l i fted by h o i st out of the rotat i n g  stand and i s  p l aced i n  pos i t i on on top 
of the c an f i l l i ng mach i ne .  The b l ender i s  f astened in p l ace ,  v a l ves are opened and 
powder c an l oad i n g  is  ready to beg i n . 

S l i p  l i d powder c ans and tape are p l aced i n  the  g l ovebox , tare w e i g hed and passed 
one-at-a-t ime to the  c an f i l l i ng mach i ne where the can i s  f i l l ed w i th P u02 powder . 
The l i d i s  taped i n  p l ace  on the f i l l ed c an wh i ch i s  returned to the  sc a l e  for 
wei g h i ng .  Tare wei ght , f i l l ed c an we ight  and powder we ight  are a l l p r i nted out  for  
permanent record . The f i l l ed c an i s  next  p l aced i nto the bagg i ng tube and then  bagged 
out of the  product l oadout g l ovebax . There the  bag i s  " smeared for contam i n at i on "  
( w i ped w i th a t i s s u e  wh i c h  i s  then he l d n ear the probe of an a l pha  detect i ng 
i n strument ) and c l eaned as needed p r i o r  to p l ac i ng  i t  i nto the  outer c an . The outer 
c an is seal ed , smeared for contam i n at i on ,  and c l e aned as needed . The safeguards seal 
i s  then app l i ed and the  c an i s  wei ghed . The comp l eted conta i ner is p l aced in a 
s h i pp i ng  conta i ner to awa i t s h i pment from the  P UREX  p l ant . 

A . 3 . 1 . 4  F i l trate P roces s i ng 

F i l tr ate i s  vac uum transferred f rom the  f i l ter  drum to the f i l trate rec e i ver and 
i s  cont i nuous l y  p umped to the concentrator .  The f i l trate is concentrated to 9M HN03 
and con t i nuou s l y  overf l ows to two tanks where i t  i s  he l d at near the  boi l i ng poi nt  to 
comp l ete the n i tr i c  ac i d  d estruct i on of oxal ate . The concentrated f i l trate i s  
thorou gh l y  m i xed by the rec i rc u l at i on pump and samp l ed to conf i rm comp l ete oxal ate 
destruct i on before i t  is p umped to the HA c o l umn feed tank for recyc l e  i nto the  PUREX  
p rocess.  

Vapors from the concentrator overhead are routed to the  scrubber/ condenser where 
they are condensed and con t i n uous l y  overf l ow to two rec e i v i ng t ank s .  The conden sate  i s  
m i xed and s amp l ed p r i or to rout i ng t o  the  b ackcyc l e  waste system for recyc l e  back i n to 
the PUREX process . 

A . 3 . 1 . 5 L i qu i d  Eff l uents 

No l i qu i d eff l uents are d i sch arged from the process . Concentr ated f i l trate , 
process condens ate and steam conden s ate  are a l l recyc l ed back i nto the PUREX proces s .  
The coo l i ng system i s  a c l osed l oop w i th c i rcu l at i ng 1 . 2� HN03 a s  the pri mary 
coo l ant .  Th i s  pri mary cool ant w i l l  be recyc l ed back to the PUREX  process i f  the system 
becomes rad i o act i ve l y  contam i n ated and n eeds to be emp t i e d .  The pr i mary cool ant i s  
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cool ed i n  heat exchangers by raw water that i s  d i scharged i nto the PUREX coo l i ng water 
d ra i n  header • .  Seal water for the vacuum pump i s  c i rc u l ated through a c l osed l oop 
system and w i l l  be  recyc l ed back to PUREX when nece ssary . The seal water i s  coo l ed i n  
a heat exchanger by raw water . The raw water i s  d i scharged i nto the PUREX  cool i ng 
water dra in  header .  

A . 3 . 1 . 6  Gaseous Eff l uents 

Air from the vessel  vent sys tem and from the vacuum system passes through steam 
heaters and two stages of HEPA f i l trat i o n  p r i or to d i scharge to the PUREX a i r  tunne l  
upstream of  the PUREX f i berg l as s  f i l ter . A i r  from the room surround i ng the storage 
vesse l s i s  a l so  routed to the PUREX a i r  tunne l . 

A l l g l ovebox a i r  exhausts through one stage  of HEPA f i l trat i on at the g l oveboxes 
and d i sch arges throu gh the PR room exhaust system to the P UREX vent i l at i on system . 

Room a i r  exh austs through one  stage  of HEPA f i l trat i on just  out s i de N Ce l l and 
d i scharges through the West Samp l e  Gal l e ry exhaust system to the PUREX vent i l at i on 
sys tem for f i l trat i on and d i sch arge through the mai n vent i l at i o n  stac k .  

A . 3 . 2  Cr i t i ca l i ty Preven t i on 

A l l vesse l s and equ i pment w i th i n  the  g l oveboxes are des i gned to be geometr i c a l l y  
favorab l e  ( wet or  dry )  b y  i nd i v i du a l  d i men s i on s  and spac i ng between other vesse l s  and 
equi pment except the ves se l  vent and vac u um vent system f i l ters . These  f i l ters are 
geometr i c a l l y  favorab l e  for dry p l uton i um ox i de powder l oad i ng and dev i ces  are 
i n sta l l ed to prevent l i qu i d  entry .  

A l l wet g l oveboxes are pro v i ded w i th overfl ow p i p i ng to the  L Ce l l f l oor wh i c h  i s  
geometr i ca l l y  favorab l e . The M Ce l l  and p i pe chas e  f l oors are a l so geometr i c a l l y  safe 
i n  case a vessel  shou l d  empty to the f l oo r .  However ,  i nter l oc k  sys tems are prov i ded  to 
cont a i n  so l ut i on s  w i th i n  the vesse l s  by stopp i ng s o l ut i on transfers before vesse l s  are 
overf i l l ed and start i ng standby p umps and vent b l owers when on- l i ne equ i pment f a i l s  to 
perform sati sfac tori l y .  
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APP E N D I X  B 

ACC I DENT SAFETY ANAL Y S I S  

T h e  acc i dent safety ana lys i s  i nc l udes descr i p t i ons  o f  abnormal operat i on s ,  worst case 
acc i dents , and events that h ave  occurred at proces s i ng p l ants . The abnormal operat i on s  are 
grouped i nto s i x  c ategories  based on the type of potent i a l h az ard s .  Post u l ated abnorma l 
operat i ons are presented for PUREX ,  the U03 p l an t ,  and the  appropri ate p l uton i um 
conver s i on system .  The f i ve acc i dents judged t o  h ave  the greatest potent i a l for off s i te 
dose de l i very h ave  been out l i ned i n  the  worst case  acc i dent sec t i on . A l so i nc l uded i n  th i s  
sec t i on i s  an ou t l i ne of the worst c ase on s i te and offs i te transportat i on acc i dent .  The 
barri ers  or procedures  wh i ch must be  c i rc umvented i n  order for the acc i dent  to occur are 
det ai l ed al ong w i th the res u l t an t  rad i oact i v i ty wh i ch wou l d  be re l eased to the env i ron s .  
F i n a l l y ,  events wh i ch h ave occurred at proces s i ng p l ants are b r i ef l y  d escr i bed and the 
rad ioact i ve consequences stated . 

The impl i c at i on of th i s  ana l ys i s  i s  that abnorma l  operat i on s  and / o r  acc i dents w i l l  
occur at a proces s i ng fac i l i ty .  However , on l y  a m i nor port i on of these occu rrences res u l t  
i n  personnel expos ure beyond the a l l owab l e  work i ng l i mi ts , and even fewer h ave the potent i a l  
for  exposu re to the  general  pub l i c . 

B . 1  DESCR I PTION  OF ABNORMAL OPERAT IONS  

Abnormal operat i on s  are def i ned as even ts wh i ch res u l t  from ma l f unct i on s  of systems , 
i mp roper operat i ng cond i t i o n s ,  or operator erro r .  These events i n  turn res u l t  i n  i nj ury to 
operat i ng personne l , abnormal  rad i at i on exposure of operat i ng personne l ,  contam i n at i on 
spreads w i th i n  the fac i l i ty proper , or the i nterrupt i on of cont i n u i ty of operat i o n s .  Though 
m i nor re l eases to the i mmed i ate p l ant  env i ron s may be  assoc i ated with the occu rrences , no 
i ncremental  r i sk i s  enta i l ed to the off s i te pop u l at i on over and above norma l p l ant 
re l eases . 

I n  th i s  report , abnorma l  ope�at i ons  are grouped i nto s i x  c atego r i es , w h i ch are def i ned 
be l ow .  Postul ated abnorma l operat i on s  for PURE X ,  the p l uton i um ox i de product ion  system , and 
the  U03 p l an t  are presented . ' 

B . 1 . 1  Breach of Contai nment 

Contai nment i s  t ak en to me an an abso l ute b arr i er wh ich  prevents escape of 
contam i n at i o n .  Contai nment i n  a fue l s  p rocess i ng fac i l i ty d i ffers from contai nment  i n  a 
n u c l ear power p l ant where a phys i c a l  structure i s  often imp l i ed .  At PUREX , contai nment 
commo n l y  i s  not ab sol ute due to vents  and samp l i n g  penetrat i on s .  Ex amp l es of contai nment 
barri ers  are the fac i l i ty structural  she l l ,  t ank s ,  p i p i ng ,  tube bund l es ,  and prod uct 
cont a i ners . Breach of contai nment i s  def i ned  as transport of rad i oac t i ve contam i nat ion  
through a contai nment barr i er .  Barri er f a i l ure may occur as the resu l t  of age , 
deter i orat i on ,  des i gn f l aws , corros i o n ,  or mechan i c a l  d i srupt i on . 

B . 1 . 2  Loss of Conf i nement Barri ers 

Conf i nement b arri ers are those b arri ers wh i ch are l ess  than ab so l ute .  Ex amp l es i n c l ude 
offgas f i l ter systems , l i qu i d  waste mon i tori ng and d i vers i on systems , and pressure 
d i fferent i a l s  such as those mai ntai ned i n  vent i l at i on systems to control the d i rect i on i n  
wh i c h  rad i oact i v e  contam i n ants may trave l .  Us i ng an offgas f i l ter a s  an exampl e ,  fa i l ure 
wou l d  cons i st of d i srupt i on of the f i l ter med i a w i th res u l tant l os s  of eff i c i ency . 

B . 1 . 3  Uncontro l l ed C hemi c al Reac t i ons  

The PUREX  process requ i res th at a number of  potent i a l ly  v i o l ent  chem i c a l  react i ons  
occur  under contro l l ed cond i t i ons . Further,  l arge i n ventori es of chemi c a l s w ith  h i g h  en ergy 
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potent i a l s ,  s uch as so l vent and n i tr i c  ac i d ,  are necess ary for p l ant and process operat i on .  
Cert a i n  chemi c al reac t i o n  byproducts ( such  as hydrogen ) may be formed and contro l s  must  be 
in p l ace  e i ther to pre c l ude format i on or to prec l ude v i o l ent s i de react i ons . F i n al l y ,  a 
v ar i ety of combust i b l e  mater i al s ( e . g . , protec t i ve c l oth i ng )  ex i st i n  the p l an t ,  as wel l as 
i ncompat i b l e  chemi ca l s such as ox i d ants and reductants .  Contro l s  are i n  p l ace to as s ure 
segregat i on and i s o l at i on to prec l ude  f i re s .  

Lapse o f  contro l  cons i sts o f  both l os s  o f  control o f  norma l  process chemi cal  reac t i ons  
and  the occurrence of unw anted chemi c a l  react i ons ( i nc l u d i ng f i res ) . 

B . 1 . 4  Nuc l ear Safety Compromi sed 

A l though the presence of f i ss i l e  p l uton i um prov i des  a potent i a l  for a n u c l ear cha i n 
reac t i o n ,  nucl ear cr i t i ca l i ty has  not occurred i n  the PUREX p l an t .  Preven t i o n  of 
c r i t i c a l i ty i s  based on the  p h i l osophy t h at at l east two un l i ke l y ,  i n dependent and 
concurrent equ i pment fa i l ures or changes i n  operat i ng con d i t i ons  must  occur  before a 
cri t i c a l i ty acc i dent  i s  poss i b l e . These cond i t i on s  wou l d  h ave  to occur i n  those parts of 
the p l ant  where heavy sh i e l d i ng i s  prov i ded  to mi t i g ate the personne l  dose from a 
cr i ti ca l i ty event to an accept ab l e l evel . I n  the  absence of s uch  sh i e l d i ng ,  at l eas t three 
f a i l ures or changes must  occur before a cr i t i c al i ty acc i dent  i s  pos s i b l e .  V i o l at i ons of 
th i s  po l i cy,  w h i c h  al l ow one of the  i ndependent fa i l ures or c h anges  to occur ,  are cons i dered 
to be  abnormal occurrence s .  

B . 1 . 5  Extr i n s i c  Occurrences Affect i ng P l an t  Operat i on 

These are def i ned  as those event sequences i n i t i ated extern al to the p l an t  and 
processes but affect i ng p l ant contai nment  and conf i nement barr i er s ,  and p l ant cont i n u i ty of 
operat i on s .  Two c l as s es of occurrences are cons i dered ; l oss  or impa i rment of  u t i l i t i es and 
serv i ces and n atural  forces events . I n  gener a l , i nterrupt i on of ut i l i t i e s  and serv i ces  i s  
con s i d ered to b e  one consequence o f  severe n atural  forces events . 

B . 1 . 6  I ndustr i a l  H az ards 

I ndustr i al  h az ards are those wh i ch are i nherent to stor i n g ,  h and l i ng and use  of 
c hemi c a l s and other process  mater i a l s ;  from operat i ng and mai n tenance of e l ectri c a l , 
i n strumentat i on ,  venti l at i o n ,  w ater , s team, and compressed gas systems ; and from equ i pment 
operat i on and repa i r ,  and other s im i l ar operat i on s .  

B . 1 . 7  P ostu l ated Abnorma l  Operat i on s  

Tab les  B . 1 ,  B . 2 ,  a n d  B . 3  present post u l ated abnorma l  operat i on s  i n  t h e  PUREX p l an t ,  the  
new p l uton i um ox i de product i on system, and  the  U03 p l an t ,  respect i ve l y .  The t ab l es 
i nd i c ate the type of h az ard as def i ne d  i n  Sect i ons  B . 1 . 1  through B . 1 . 6 ;  descr i pt i on of the 
occurrence ; poss i b l e  c auses of the  occurrence ; and the con sequences i nc l u d i ng contam inat i on 
of the fac i l i t i e s ,  p ersonnel  expos ure , and  d i sch arge to the env i ronment .  P ersonnel  expos ure 
res u l t i n g  from re l eases w i th i n  the  p l ant h ave  been est i mated u s i ng past  exper i ence of the  
s ame type or of s im i l ar events  that h ave  occurred at PUREX or  at H anford . 

B . 2  WORST CASE ACC ID E NTS 

An acc i dent  i s  def i ned  as a cred i b l e  s i tuat i o n  w h i ch creates demands  on the system 
beyond  the p os s i b l e  c ap ab i l i ty of the proces s ,  equ i pment ,  or conf i nement feature s ,  whether 
or not m i t i g ated by operat ion  of standby or eng i neered protect i on feature s .  Th i s  sec t i on 
desc r i bes those acc i dents wh i ch h ave  been j ud ged  to h ave the greatest potent i al  for offs i te 
dose de l i very.  The descr i pt i on i nc l udes a statement of the  c ause  of the acc i dent and a 
c a l c u l a t i on of the rad i oact i ve source term . 

B . 2 . 1  D i sso l v i ng of Short-Cool ed  Fuel  

In  th i s  acc i dent ,  it  is  as s umed that Mark I V  ( 0 . 947  percent 235U )  f u e l , coo l ed o n l y  
25 days after d i sch arge , i s  sh i pped t o  t h e  PUREX  p l ant i n  a c as k l oad of  proper l y  coo l ed 

B . 2  
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Type of Haz ard 

Breach of 
Cont a i nment 

TABLE B . l .  Postu l ated Abnorma l Operations for PURE X P l ant 

Occ u r rence 

Process  ve s s e l  overf l ows sp i l l i ng 
s o l u t ion on the ce l l  f low. Po s s i b l e  
suspens ion or e v apo r a t ion may re l ease  
aeroso l t h rough c a nyon exhaust  

P rocess  l i ne l e a k s  sp i l l i ng s o l u t i on 
on the ce l l  f loor.  Pos s i b l e  s u spen
s i on or evaporat ion  may re l e a se 
aerosol  th rough c a nyon exhau s t  

Proce s s  so l u t i on l eaked to t h e  c e l l  
f loor may leak t h rough expan s i on j o i n t  
to the s o i l o r  to t h e  s torage g a l l ery 

Tube bund l e  or ves se l  c o i l f a i l u re 
a long w i th l o s s  of backpres su re c auses  
contam i n a t i on d i sch a rge to d i spos a l  
header 

Retent ion b a s i n  l e a k s  s o l u t ion to so i l  

Waste d i spos a l  l i ne l e a k s  i n  a d i rec t 
bur i ed l i ne.  Coo l i ng water,  s team 
conden s a te or proc e s s  conden s a t e  l e a k s  
to ground 

Waste d i spo s a l  l i ne l e a k s  in l i ne 
rou t i ng wa s t e  to underground s torage 
tank 

Enca sement around wa s t e  d i spos a l  l i nes 
l ea k s  so l u t i on t o  the g round 

P l u ton i um p rodu c t  cont a i ner sp i l l s 
p l uton i um n i trate s o l u t ion ( 1 00-
400 g I l  P u )  i n to j acket  f rom wh i c h  i t  
a l so l e a k s  

Con sequences 
Contamlnat lon � Exposure D i scharge to 

of F ac i l i ty of Personne l E n v i ronment 

105 C i  m i xed f i s s i on pro
duc t s  and a c t i n i des sp i l l ed 
to ce 1 1  f l oor 

105 Ci m i xed f i s s i on pro
duc t s  and act i n ides sp i l l ed 
to ce 1 1  f l  oor 

Contam i nat ion conf i ned to 
contro 1 1 ed a rea 

Con t am i n a t i o n  d i verted to 
re tent ion ba s i n  

D i sc h a rge o f  abnorma l ly 
contam i nated s o l u t ion to 
d i ve r s i on b a s i n  

None 

So l ut ion re l ea sed to enc a se
ment . Co l l ec ted in d i verter 
catch tank  

None 

Con t am nat i on of c o n t ro l l ed 
zone w th up to 40 g 
p l uton um ( 100 m l  of so lu
t i on)  

None 

None 

None 

None 

None 

None 

None 

None 

Contam i n a t ion  
and/or rad i a
t i on expos u re 
may occ u r  

R e l ease  of sma l l  
amoun t s  through canyon 
exha u s t  

R e l e a se of sma l l  
amou n t s  t h rough c a nyon 
exhaust  

Contam i nat ion conf i ned 
to s o i  1 beneath 
bu i l d i ng 

None 

Re l e a se to ground of 
up to 1000 Ci m i xed 
f i s s i on p roduc t s  

Subsurface frac t iona l 
re l e a se . L a rge leak  
may resu l t  in  surface 
contam i n a t ion 

None 

Subsurface g round 
re lease  up to 1 000 C I  
m i xed f i s s ion p roduc t s .  
Ma s s i ve l eak may resu l t  
i n  s u r face contam i n a t i on 

None 

C a u se 

P rocedu r a l  error,  
I n s t rument a t i on f a i l 
u r e ,  equ i pment f a i l u re 

Damaged j umper,  gasket  
f a i l ure 

P rotec t i ve curb a round 
expa n s i on j o i n t  was 
removed to make space 
for anot her ve s s e l  

Ves s e l  or bund l e  f a i l 
ure p l u s  l o s s  of 
ut i l i ty bac k press u re 

F au l ty seam or 
pene t rat i on i n  b a s i n  
l i ner 

L i ne fa i l u re due to 
corro s i on ,  therma l ,  or 
mechan i c a l  s t re s s  

L i ne f a i l u re d u e  to 
corros i on ,  therma l ,  or 
mec h a n i c a l s t re s s  

C r a c k s  i n  enc a sement 
or p l u·gged dra i n s  

P rocedura l error,  
f a i l u re of  t ran sport 
c a r r i e r  
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Type of Haz ard 

Loss of 
Confi nement 
Barri ers 

Uncontro l I ed 
C hemi cal  
Reac t i on 

Occurrence 

Vessel pres sur i z at i on may produce a 
surge of contami nated l i qu i d  or gas 
i nto P i pe & Operat i ng ( P&O ) ga l l ery 
p i p i ng 

Suck back of contaminated l i qu i d  i nto 
P& O ga l l ery p i p i ng caused by s team 
col l apse i n  the transfer l i ne 

I n-cel l trpnsfer cou l d  be mi srouted 
w i th resul tant transport of contami
nated sol u t i on i nto P&O ga l l ery 
p i p i ng 

Contami nated so lut i ons in P&O g a l l ery 
p i p i ng l eak i nto the g a l l ery 

TABLE B . l .  (Contd ) 

Contaminat i on 
of F ac i l i ty 

Consequences 
Exposure 

of P ersonne 1 

H i gh dose rates i n  v i c i ni ty None' 
of p i pe 

H i gh dose rates i n  v i c i n i ty None 
of p i pe 

H i gh dose rates i n  v i c i n i ty None 
in p i pe . 

Loca l i zed contami nat i on i n  None 
area of l eak 

Transfer jet forms contaminated aerosol None 
in c anyon 

None 

Bu i l t-up rad i oact i v e  mater i a l  on stack 
l i ner spa l l s  off and is rel eased to 
envi ronment 

None 

Personnel enter rai l road tunnel dur i ng None 
fuel charg i n g ,  or fa i l  to detec t fuel 
e lements dropped in the tunnel 

Contaminated i nd i v i dual  l eaves rad i a- C ontaminat i on spread a l ong 
t i on contro l l ed area transport i ng route of i nd i v i dual  
contami nat i on to uncontrol l ed areas 

Pack aged sol i d  wastes may i gn i te from 
spontaneous combu s i on ·or external 
sources 

Contaminat i on confi ned to 
control zones 

None 

P otent i a l  
exposure 
approac h i ng or 
exceedi ng DOE 
occupat i onal  
g u i de l i nes 

Potent i a l for 
contam i nat i ng 
others 

None 

So l v ent may be i nadvertent l y  trans
ferred to a concentrator where cond i 
t i ons res u l t  i n  the degradat i on o f  the 
solvent 

Poss i bi l i ty of out-of-spec i f i c a t i on 
product and/ or "red o i l "  ex ist  

None 

None 

None 

None 

Di scharge to 
Env i ronment 

S l i ght i ncrease i n  
stack rad i oact i v i ty -
neg l i g i b l e  rel ease 

Local contami nation 
around s tack up t� 
10, 000 cpm/ lOO cm of 
mi xed f i s s i on produc ts 

None 

None 

None 

C ause 

Procedural  error, 
pressure rel i e f  system 
f a i l ure 

F a i l ure of preven t i on 
equi pment 

Procedural  error 

Gasket or p i p i ng 
fa i l ure,  open l i ne 

Transfer jet gases 
out or i s  not shut 
off 

Procedural error , 
improper ma i ntenance 

P rocedural  error , l ack 
of commun i cat i on 

Procedural error 

Procedural error or 
spontaneous combus t i on 

P u l se col umn upset or 
agi tat i on of a so l vent 
conta i n i ng feed t ank 
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Type of Hazard 

Unc ont ro 1 1  ed 
Chemi cal  
Reac t i on 

Nuc l ear 
Safety 
Compromi sed 

Loss of 
Ut i l  it i e s  and 
Services 

Occurrence 

Ilydrogen exp l os i on i n  feed or waste 
proces s i ng vesse l 

Excess i ve rate of uran i um d i sso l u t i on 
causes pressur i zat i on of d i ssol ver, 
foam i ng ,  and spi l l age of d i ssol ver 
sol ut i on to c e l l f l oor 

Uncontro l l ed react i on duri ng sugar 
deni trat i on resu l t s  i n  t ank 
pressuri zat i on 

Excess f i ss i l e  mater i a l  i s  charged to 
d i sso l ver 

Tank cont a i n i ng f i ssi l e  mater i a l  over
f l ows to cel l f l oor. S i t uat i on i s  not 
detected unt i l  -380 t have been 
sp i l l ed 

Our i ng p l uton i um product contai ner 
hand l i ng ,  p l uton i um n i trate solut i on 
i s  sp i l l ed i nto the c arrier annu l u s  and 
soaked up by t he vermicu l i te pack i ng 

Loss of electrical  power 

Loss of steam 

Loss of raw water 

Loss of canyon vent i l at i on 

TABLE B . l .  ( Contd ) 
Consequences Lontami nat ion Exposure 01 scharge to 

of Fac i l i ty of Personnel Envi ronment 

So lut i on may sp i l l  to cel l 
f l oor 

None 

So l ut i on may sp i l l  to c e l l None 
f l oor 

Waste sp i l l ed to cel l f l oor None 

None 

F i ss i l e  mater i a l  sp i l l ed to 
cel l f l oor 

Less than 40 g Pu re l eased 
to contro l l ed area 

Mi nimal contami nat i on spread 
w i t h i n  contro l l ed zones 

None 

None 

None 

None 

M i nimal contamination spread None 
w i t h i n  contro l l ed zones 

None None 

Mi nor loss of cont aminat ion 
control  i n  contro l l ed access 
zones 

None 

None 

None 

None 

None 

None 

None 

Potent i a l  for rel ease 
to envi rons if suck
backs i nto P i pe & 
Operat i ng 
gal l ery occur 

None 

None 

Cause 

Fa i l ure of vesse l 
vent i ng ,  i g n i t ion 
wurr e 

Procedural error or 
fai l ure of temperature 
control system 

Fai l ure of temperature 
control or add i t i on of 
exc ess sugar so lut i on 

Procedural error 

Pump fai l ure, i nstru
mentat i on fa i l ure 

Procedural error 

Substat i on outage, 
d i srup t i on of supp ly 
l i nes, area-w i de g r i d  
d i srupt i on 

Power p l ant · outage, 
1 i ne fai l ure 

Area-wide power f a i l 
ure p l us l oss of 

. d i esel pumps,  l i ne 
f a i l ure 

Loss of e l ec tr i c a l  
power p l us loss  of 
steam. Water l eak 
i nto water seal of 3 rd 
main f i l ter when other 
two f i l ters in bypass 
cond i t i ons 



co 
0'> 

Type of Ha z a rd 

Loss of 
U t i l i t i e s  and 
Serv i c es 

N a t u r a l  Forces 

I nd u s t r i a l  
H a z a r d s  

Occ urrence 

Loss of compre s sed a i r  

W i n d s  w i th peak g u s t s  t o  1 1 5  k m / h r  
i mpac t on PUREX f ac i l i ty 

L i gh t n i n g s t r i k e  s h u t s  down 200 E a s t  
e l ec t r i c a l  power 

Severe c o l d  may affect o u t s i de 
fa c i l i t i e s ;  may be c o u p l ed w i t h freez
i ng ra i n  

Major l e ak of n i t r i c  ac i d  occurs i n  
P i p e & Operat i n g  ga l l ery . Spray 
and fumes a t t ac k  rack s uppor t s ,  
i n s t rument l i ne s ,  and c o n c rete 

Personne 1 i nj ury 

Comprp s s e d  Q a s  c y l i nder dropped , va l ve 
s t em broken

-
off 

S team or a i r  l i ne ruptures w i t h  h i gh 
pre s s u re g a s  re l ea s e  and potent i a l  
p i pe wh i p  

Chem i c a l  f i re or so l i d waste f i re 
wh i l e i n  s t orage 

TABLE B . 1 .  ( Contd ) 

Co-riTami n a t  i on 
of Fac i 1 i ty 

M i nor spread of c o n t am i n a
t i on w i t h i n  c o n t ro l l ed 
zones 

None 

None 

None 

Ac i d  a t t a c k  of i n s trumenta
t i on and equ i pment 

None 

None . 

None 

None 

Consequences 
E x posure 

of Perso n n e l  

None 

None 

None 

None 

I n h a l at i on 
haz ard , c or
ro s i ve h a z
ard to s k i n ,  
a genera l 
i rr i tant 

None 

None 

None 

None 

None 

Potent i a l  for None 
r a d i o ac t i ve 
depo s i t i o n i n  
wound i f  i t  
o c c u r s  i n  a 
c ont ami nated 
zone 

Cy l i nder None 
behaves l i ke 
m i s s i l e wi th 
potent i a 1 for 
personne l 
i nj u ry 

Potent i a l  
i nj u ry t o  
personne 1 i n  
v i c i n i t y 

None 

None 

None 

D i s c h arge t o  
E n v i ronment C ause 

A l l  three c ompre s sors 
shut down s i mu l t a
neou s l y  

P i p i n g  f a i l u re 

P rocedura l error 

L i ne f a i l ure , po s s i b l e 
l ac k  of ma i n t e n a n c e  

P roced u r a l  error 
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Type of Hazard 

Breach of 
Contai nment 
Barr i er 

Loss of 
Conf i nement 
Barr i ers 

Uncontro l l ed 
Chemi c a l  
React i on 

TABLE B . 2 . Postul ated Abnormal Operations for Pu02 Production System 

Occurrence 

Cal c i ner l i ner or f l ange fa i l ure 
cou l d  res u l t  in a loss of Pu02 

Due to l eak i ng l i nes,  pumps , 
vess e l s  or f l anges , p l uton i um 
n i trate s o l u t i on cou l d  accumu l ate 

Leakage from sol i d  waste package 
caused by damage dur i ng hand l i ng 
or transport 

None 

Contamination 
of Fac i l i ty 

Consequences 
Exposure 

of Personnel 

Add i t  i ona 1 
rad i at i on expo
sure due to h i gh 
Pu i n  i nventory 

So l ut i on s p i l l s to overf l ow None 
tank 

Poten t i a l  for p l uton i um 
contami nat i on . of PURE X 
Bu i l d i ng 

Poten t i a l  for 
p l uton i um expo
sure of personnel 

Pressuri za t i on of p l uton i um ox i de Contami nat i on spread i n  
contai ner c auses rupture i n  storage . s torage v au l t  

None 

V acuum drum f i l ter overfl ows to 
overf l ow tank , then to f l oor of 
hood 

Hood g l ove damaged or r i pped from 
g l ove port seal 

F i re i n  g l ovebox destroys or p l ugs 
HEPA fi I ter 

Accumu l ated part i c u l ates d i scharge 
from stack when new f i l ters not 
properly sea l ed i n  hol ders 

Contam i n ated i nd i v i du a l  l eaves 
r ad i at i on contro l l ed area trans
port i ng contam i n at i on to uncon
trol l ed areas 

N i t r i c  ac i d  soaked paper or rags 
in g l ovebox may spontaneous l y  
i gn i te 

Combus t i b l es l eft on or near the 
c a l c i ner cou l d  i gn i t e  

Contam i na t i on of hood area 

P l uton i um contami nat i o n  of 
room 

None 

None 

Contami nat i on spread a l ong 
route of i n d i v idual  

None 

Contami nat i on 
v i a  damaged 
g l ove or l os t  
s e a l  

None 

None 

Poten t i a l  for 
contami nat i ng 
others 

Poten t i a l  for contami nat i on None 
spread 

Potent i a l for contami nat i on None 
spread 

None 

None 

D i scharge to 
E n v i ronment Cause 

L i ner or f l ange 
f a i l ure 

Leak in system 

Potent i a l  for p l uton i um Procedura l  error 
rel ease to env i rons 

None 

None 

None 

Low- l ev e l  atmospheri c  
di scharge 

Low- l eve l atmospher i c  
d i scharge 

None 

None 

None 

F a i l ure of dry a i r  
system o r  i ncorpora
t i on of over l y  mo i st 
ox i de powder 

F a i l ure of f i l ter or 
l oss of vacuum 

G l ove damaged, e . g . ,  
by entan g l ement i n  
b l ender 

F i l ter f a i l ure 

Procedura l  error 

Procedur a l  error 

Procedural error 

Procedural error 
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Type of Haz ard 

Uncontro l l ed 
Chem i c a  I 
Reac t  i on 

Nuc l e ar 
Safety 
Compromi sed 

I nd u s tr i a l  
Hazards 

Occurrence 

N i t r i c  soaked mate r i a l  in waste 
d rums can spontaneou s l y  i gn i te 

P l u ton i um po l ymer forms and p l ates 
out in p i p i ng 

P u ( V I )  ox a l ate routed to c a l c i ner 
where i t  decomposes  exp l o s i ve l y  

P ack aged so l i d waste may ign i te 
from spont aneou s combus t ion  or 
ex terna I sourc e  

Hydrogen formed i n  p l uton i um pro
duct conta i ner i gn i te s / ex p l ode s 
dur i ng preparat i on for u n l oad i ng 
of product 

Contents of b l ender, -\0 kg of 
p l uton i um ox ide , sp i l l  i nto the 
g l ovebox 

I n l e t  to f i rst  stage c a l c i ner p l ugs  
and  p l u ton i um oxal ate b u i l ds  up on 
hood f l oor 

TAB L E  B . 2 .  (Contd ) 

Cont amlnafion 
of F ac i l  i ty 

Potent i a l  for c ontam i nat i on 
spread 

None 

Contam i n a t i o n  s p read 

Contam i nat ion c onf i ned to 
contro l l e d  acc e s s  zone 

Potent i a l  for gros s  con
t am i nat i on of equ i pment and 
f ac i l i ty 

G l ovebox h i gh l y  contam i 
nated , m a y  requ i re rep l ace
ment 

Above norma l cont am i na t i on 
of the hood 

G l ovebox operator punctures a g l ove None 
and contam i nates wound 

F a i l ure of s amp l e  c ont a i nmen t ,  
f a i l u re of protec t i ve c l ot h i ng 

Major l eak of n i t r i c  a c i d  occurs 
i n  make-up a rea or in transfer 
p i p i ng 

None 

Ac i d  att ack of l i nes i n  
v i c i n i ty 

Hydrogen perox i d e  s p i l l s  from drum None 
or l eaks from transfer p i p i ng 

Consequences 
Exposure 

of Personn e l  
D i scharge to 

E n v i ronment Cause 

None Potent i a l  e n v i ronment a l  P rocedura l error 
re lease if drums 
store d  ou t s i de 

Abnormal  r ad i a- None 
t i on f i e l d s  c au s e  
add i t i o n a l  opera-tor exposure 

None None 

None None 

Potent i a l  for 
gross c ontami
nat i on of 
personne l 

Exposure dur i ng 
c leanup opera
t i ons 

None 

Personne l con
t am i nat i on 

Personne l con
t am i na t i o n  

Personne l sub
j ec t  to i nh a l a
t i on hazards 
and burns 

Personne l sub
ject to extreme 
i r r i tat ion of 
nose and throat 
and/or severe 
burns 

None 

None 

None 

None 

None 

None 

None 

P roced ural  error 

Procedural  error 

Procedu r a l  error 

Procedur a l  error 

F a i l u re of l i d seal or 
v a l ve mechan i sm 

P l ug i n  p i p i ng 

Procedural  error 

F a i l u re of protec t i ve 
equ i pment 

P i p i ng f a i l ure 

P i p i n g  f a i l u re, 
procedura l error 
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Type of Hazard Occ urrence 

I ndu s tr i a l  Personne l exposed t o  oxa l i c ac i d  
Hazards 

Steam or a i r  l i ne ruptures w i th 
h i gh pressure gas  re l ease and 
poten t i a l  p i pe wh i p  

None 

None 

TAB L E  B . 2 .  ( Contd ) 

Contami nat ion 
of F ac i I i ty 

Consequences 
Exposure 

of Personne l 

Per sonne I sub
j ec t  to i r r i t a
t i on of nas a l  
p a s s ages,  pro
l onged exposure 
causes gangrene 
of the s k i n  

None 

Potent i a l  i nj ury None 
to per sonne l i n 
v i c  i n i ty 

D i scharge t o  
E n v i ronment Cause 

Procedur a l  error 

l i ne f a i l u re,  pos s i b l e  
l ack o f  ma i ntenence 
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Type of Hazard 

Breach of 
Contai nment 

Loss of 
Conf i nement 
Barr i ers 

Uncontro l I ed 
Chemica 1 
React i on 

TABLE B . 3 . Postu l ated Abnormal Operat i on s  for U03 P l ant 

Occurrence 

Leak of uran i um sol u t i on 
from storage tanks 
or transfer l i ne 

F a i l ure of a primary exhauster 
bag f i l ter in the U03 powder 
handl i ng system 

Ma l oper at i on of n i t r i c  ac i d  
absorber 

"Red 0 1 1 "  exp 1 os i on in 100% 
uranyl n i tr ate concentrator 
res u l ts in ejec t i on of 
entire v o l ume of uranyl 
n i trate 

ConseqllO'nces 
Contaml natl0n EXposure 01 scharge to 

of Fac i l i ty of Personnel Env i ronment 

Contami n a t i on conf i ned to 
enc losure 

None 

None 

Contami nation of cel l  to 
greater than normal l e v e l s  

None 

None 

Ground l ev e l  NOx 
concentrat i ons above 
work i ng l im i t s  

Potenti al  for expo
sure if uran i um i s  
rel eased through 
personnel access 
door to the ce 1 1  

Mi nor l eakage to the 
soi l 

Rel ease of a few pounds 
of f i ne l y  d i v i ded U03 
dust to the atmosphere 

Tenfold  i ncrease i n  
N02 t o  atmosphere 
for a short per i od 

Rel ease of up to 45 kg 
of uran i um to the 
atmosphere. L i tt l e  
spread beyond p l ant 
env i rons 

Cause 

F au l ty v a l ves or 
connect i o n s ,  corro
s i on f a i l ure 

Spl i t  seams in the bag 
or l ooseni ng of 
mount i ng 

Low f l ow of coo l i ng 
water or absorber 
tower water 

Fai l ure of procedur al  
contro l s  



el ements ( m i n imum 180 d ays ) and part i a l l y  d i sso l ved . A s  the PUREX d i sso l ver offgas system 
i s  not des i gned to ret a i n  short-l i ved f i ss i on prod uct gase s ,  the d i sso l v i ng of these 
short-cool ed fuel e l emen ts wou l d  res u l t i n  the re l ease of gaseous rad i oac t i v i ty to the 
env i ronment . 

B . 2 . 1 . 1  C ause of Acc i dent 

The fo l l ow i ng barr i er s  wh i ch prevent the acci dent must fa i l :  

• .  admi n i strat i v e  procedura l  contro l s  wh i ch prevent the sh i pment of  short-cool ed fue l  to 
the PUREX p l ant;  

• heat sensor in  the ra i l c ar carri er which  wou l d  reg i ster the h i gher temperatures 
assoc i ated w i th short-coo l ed f ue l ; 

• rad i at i on mon i tor ver i f i cat ion  of f u e l  age ( before sh i pment from l oadout bas i n  and 
after arr i v a l  at PUREX ) . 

B . 2 . 1 . 2  Source Term of Acc i dent 

It i s  assumed th at 320 kg of 25-day coo l ed fuel i s  m i xed w i th 9900 kg of at l east 
180-day coo l ed fuel and charged to the d i s s o l ver . I n  the three hours  requ i red to detect and 
stop the  d i s so l ut i on ,  2 10 kg of the short-coo l ed f u e l  and 5 600 kg of  the  aged fuel are 
d i sso l ved . 

Co l umn 2 of Tab l e  B . 4  presents conservat i ve v a l ues of the  rad i onuc l i de i nventory i n  the 
d i sso l ved f ue l .  I t  i s  est i mated that 50 percent of the total  i od i ne content of  the fue l  
wou l d  remai n  i n  the d i s s o l ver so l ut i on ,  t h at 40 percent wou l d  b e  reta i ned i n  the p l ant 
offgas system i nc l ud i ng the backup fac i l i ty ,  and that 10 percent wou l d  be  re l eased to the 
env i rons i f  the s i l ver reactors were not i n  u s e .  However , th i s  i s  a pes s i m i st i c  assump t i o n ,  
and i f  the s i l ver reactors were i n  use , they wou l d  contr i bute a decontam i n at i on factor 
between 100 and 10 ( see Sect i o n  A . 1 . 5 . 4 ) . I t  i s  a l so est i mated t h at 100 percent of the  
nob l e  g ases and 5 percent of  the tri t i um in  the  d i s so l ved met a l  wou l d  be  re l eased . The  
source term for the  acc i dent is  presented in  Tab l e  B . 4 .  

B . 2 . 2  Uran i um Meta l  F i re i n  the D i sso l ver 

In th i s  acc i dent , i t  i s  assumed that uran i um metal i n  the d i s s o l ver becomes uncovered 
and the overheati ng of  the uncovered uran i um i s  not corrected a l l ow i ng the met a l  to 
spontaneou s l y  i gn i te and burn for 2 hours . 

B . 2 . 2 . 1  C ause  of Acc i dent 

Norma l l y, the meta l  i s  kept comp l ete l y  i mmersed i n  e i ther water or one of the  process 
so l ut i on s .  However , the met a l  c an become uncovered when emptyi ng the tank  after dec l add i ng 
or between the f i rst  and second d i sso l v i ng c u t s .  

S i nce t h e  d i sso l v i ng process  i s  under s urve i l l ance , poor attent i on a n d  fa i l ure t o  c arry 
'out procedures wou l d  be the most  i mportant c auses for the  occurrence of the  acc i dent .  The 
f o l l ow i ng equ i pment fa i l ures cou l d  a l so b e  important contr i b utors : 

• so l ut i on supp l y  system ,  due  to the c l ogg i ng of d i str i but i on p i p i ng or va l ve  fa i l ure , 
resu l t i ng i n  an i n ab i l i ty to cover the  uran i um meta l  i n  the d i sso l ver s ;  

• temper ature sen sor i n  the d i s s o l ver w h i ch wou l d  i nd i c ate  overheat i ng ;  

• drown tank for the d i s s o l ver , due  t o  a v a l ve  f a i l ure or a shortage of f l u i d ,  res u l t i ng 
i n  an i n ab i l i ty to ext i ng u i sh the f i re prompt l y .  

B . 2 . 2 . 2 .  Source Term o f  Acc i dent 

It i s  as sumed that the fue l  c h arged to the d i sso l ver i s  Mark IV ( 0 . 94 7  percent 235U )  
f u e l  wh i ch h a s  been coo l ed 180 days after d i scharge from the reactor . I t  i s  
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TABLE B . 4 .  Source Term for D i sso l v i ng o f  Short-Cool ed Fue l  at PUREx ( a ) 

Nuc l i de ( b )  Tota l  Q u an t i t{ ) Frac t i on Re l eased Q u ant i ty Re l eased 
D i sso l ved , Ci c from P l ant  to  Env i rons ,  C i  

131mxe 8 . 9  x 102 
1 8 . 9  x 102 

133xe 1 . 0  x 10
4 

1 1 . 0  x 10
4 

133m
Xe 1 . 7  x 101 1 1 , 7  x 101 

129 1 1 . 3  x 10-2 O . Ol ( d )  1 . 3  x 10-4 

131 1 8 . 4  x 103 O , Ol ( d )  8 . 4  x 101 

85Kr 7 . 5  x 103 1 7 . 5  x 103 

3H 2 . 0  x 102 0 . 05 1 . 0  x 101 

( a )  .Mark I V  fuel  ( 0 . 947  percent 235U i n i t i a l enri chment )  i rrad i ated at 
1 1  MWd / t  to 2435 MWd / t ;  coo l ed 25 days after d i scharg e .  

( b )  A l l other radi onuc l i des  are nonvo l ati l e  under d i sso l v i ng cond i t i on s  
and remai n  i n  d i s s o l v er .  

( c )  E s t imated two-th i rd s  o f  320 k g  ch arge d i sso l ved i n  3 h r .  
( d )  Ass umes t h e  s i l ver reactors are i n  u s e  a n d  contr i bute a 

decontam i n at i o n  factor of 1 0 .  

further as sumed that the f i re burns u n i form l y  for 2 hours before be i ng ext i ng u i shed , 
and consumes uran i um metal f u e l  at a rate of 270 kg / hr ( 0 . 3  ton / hr ) . Therefore ,  the 
f i re burns 540 kg of uran i um meta l  and the associ ated f i s s i on products  conta i ned  in the 
fuel . An add i t i on a l  185 kg of fuel  i s  a l so d i spersed when the d i s s o l ver heel  from t he 
prev i ous  d i sso l ut i on cyc l e  evaporates , rel eas i ng the rad i onuc l i des  contai ned i n  i t .  
Consequent l y, a total  of 725  k g  of fuel  i s  avai l ab l e  for re l ease from the d i sso l ver . 
The qu ant i ty of rad i onuc l i des assoc i ated w i th th i s amount  of fue l  i s  l i sted i n  C o l umn 2 
of Tab l e  B . 5 .  

Re l ease  factors from the  d i sso l ver at the est i mated maxi mum temperature range of 
1300-1400 ·C are est i mated to b e  1 . 0 for the nob l e  gases , tri t i um ,  and i od i n e ;  0 . 1  for 
the i sotopes tel l ur i um,  ces i um ,  and ruthen i um ;  and 0 . 01 for a l l others . Tab l e  B . 5  
l i sts the rel ease factor s ,  the frac t i ons o f  the rad i onuc l i des  re l eased from the p l ant 
after h av i ng passed through the d i sso l ver offg as system , and the total  q u ant i ty of 
rad i oact i v i ty rel eased to the env i ron s .  

B . 2 . 3  So l vent F i re i n  So l vent Extract i on C e l l 

I n  t h i s  acc i dent , i t  i s  ass umed that 6580 of so l ut i on ( 4880 organ i c ,  1700 
aqueous ) from the f i r st extrac t i o n  co l umn l eak i nto the  c e l l s ump , i g n i te ,  and burn  
unti l al l the so l vent is  consumed ( maxi mum of about  5 hr ) . 

B . 2 . 3 . 1  C ause  of Acc i dent  

In  order for th i s  acc i dent  to occur , a source of i g n i t i on such as spark i ng or 
so l vent overheat i ng i s  necess ary . Al so ,  the fo l l ow i ng barri ers  agai nst  the f i re must 
fa i l :  

• adm i n i strat i v e  control s over the  amount  of materi a l  i n  the  s ump w h i ch i s  
determi ned from a wei g ht fac tor recorder equi pped w i th a h i gh- l eve l  a l arm; 

• f i re s uppress i on system due  to sensor f a i l ure , v a l ve f a i l ure , or  l oss  of w ater 
supp l y .  
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TABLE  B . 5 .  So urce Terms for PUREX  D i sso l ver Uran i um F i re ( a )  

Total  Qu ant i trb )  Avai l ab l e ,  C i  

1 . 04 x 105 

1 . 04 x 105 

6 . 16  x 104 

4 . 16 x 10
4 

2 . 40 x 104 

1 . 20 x 104 

1 .  76 x 104 

2 . 24  x 104 

9 . 60 x 10
3 

6 . 40 x 103 

5 . 52 x 103 

5 . 52 x 10
3 

1 . 92 x 103 

8 . 00 x 10
2 

7 . 20 x 10
2 

7 . 44 x 10
2 

6 . 40 x 10-2 

1 .  60 x 10-3 

2 . 00 x 10
1 

2 . 72 x 10
1 

8 . 80 x 101 -

5 . 12 x 10
1 

5 . 76 x 103 

1 . 04 x 101 

D i ss o l ver 
Re 1 ease 
F actor 

0 . 01 

0 . 01 
0 . 01 

0 . 01 

0 . 01 
0 . 1  

0 . 01 

0 . 1  

0 . 01 
0 . 1  

0 . 01 

0 . 01 
0 . 1  
0 . 1  

0 . 1  

1 . 0  
1 . 0  

1 . 0  

1 . 0  
0 . 01 
0 . 01 

0 . 01 
0 . 01 
0 . 01 

Fract i on 
Re l eased from 

P l  ant 

0 . 005 
0 . 005 
0 . 005 

0 . 005  

0 . 005 
0 . 005 
0 . 005  

0 . 005 

0 . 005 
0 . 005 

0 . 005 

0 . 005 
0 . 005 
0 . 005 

0 . 005 

1 
0 . 5  

0 . 5  

1 

0 . 005 
0 . 005  

0 . 005 
0 . 005  
0 . 005  

Q u ant i ty 
Re l eased to 
Env i ro n s ,  Ci  

5 . 2  
5 . 2  

3 . 1  
2 . 1  
1 . 2  
6 . 0  

8 . 8  x 10-1 

1 . 1  x 101 

4 . 8  x 10-1 

3 . 2  x 101 

2 . 8  x 10-1 

2 . 8  x 10-1 

9 . 6  x 10-1 

4 . 0  x 10-1 

3 . 6  x 10-1 

7 . 4  x 10
2 

3 . 2  x 10-2 

8 . 0  x 10-4 

2 . 0  x 10
1 

1 . 4  x 10-3 

4 . 4  x 10-3 

2 . 6  x 10-3 

2 . 9  x 10-1 

5 . 2  x 10-4 

( a )  Mark IV fuel  ( 0 . 947  percent 235U i n i t i a l enr i chment )  i rrad i ated at 
11  MWd / t  to 2435 MWd / t ,  coo l ed 180 days after d i sch arge from reactor . 

( b )  E s t i mated 725  kg ( 0 . 8  ton ) u r an i um met al  fuel  burned or d i spersed i n  
2 hr . 

B . 2 . 3 . 2  Source Term o f  Acc i dent 

Under normal  operat i ng cond i t i on s ,  the  i nventory of rad i onuc l i de s  cont ai ned i n  the 
so l u t i on i n c l udes 269  kg  uran i um ,  531  g p l uton��� , and 14 percent of  the f i s s i on products 
contai ned in  0 . 9  MT  of  Mark IV  ( 0 . 947  percent U )  fue l . 

The heat of the burn i ng so l vent w i l l  evaporate the 1 700 of aqueous so l u t i on very 
qu i c k l y .  I t  can therefore b e  assumed that i n  a f i re t h e  ent i re i nventory of  rad i oact i v i ty 
i s  avai l ab l e  for d i spers a l . Th i s  quan t i ty of rad i on u c l i des  i s  l i sted i n  C o l umn 2 of 
Tab l e  B . 6 .  

The f i re rel ease factors , the  amount o f  rad i oact i v i ty a i rborne by f i re ,  are est i mated 
to be 1 . 0  for the i od i ne i sotopes and tri t i um and 0 . 005 for al l other 
radi onuc l i de s .  These rel ease factors , the  fract i on of rad i onuc l i de s  re l eased from the 
p l ant , and the total qu ant i ty of rad i oact i v i ty rel eased to the env i rons are l i sted i n  
Tab l e  B . 6 .  
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TABLE B . 6 .  Sou rce Term for So l vent F i re i n  So l vent Extrac t i on Cel l ( a )  

Nu c l  i de 
95Nb 
144Ce 
95Zr  
B9Sr 
103R u  
9 1y 
147pm 
106R u  
141Ce 
137Cs  
90y 
90Sr 
134Cs 
129mTe 
127mTe 
3H 
131 1 
238p u  
2 39pu 
240pu 
2 41pu 
241Am 

Tota l  Quan t i t{b )  Av a i l  ab 1 e ,  Ci  

1 . 8  x 104 

1 . 8  x 104 

1 . 1  x 104 

4 . 2  x 103 

2 . 1  x 103 

7 . 3  x 103 

3 . 1  x 103 

3 . 9  x 103 

1 . 7 x 103 

1 . 1  x 103 

1 . 9  x 103 

1 . 9 x 103 

3 . 4  x 102 

1 .  3 x 102 

1 . 4  x 102 

3 . 5 
1 . 1  x 10-2 

4 . 8  

1 5 . 0  

9 . 0  

1 x 10� 

1 . 8  

F i re 
Rel ease 
Factor 

0 . 01 

0 . 01 

0 . 01 

0 . 01 
0 . 1  

0 . 01 

0 . 01 

0 . 1  

0 . 01 

0 . 1  

0 . 0 1 

0 . 01 

0 . 0 1 
0 . 1  

0 . 1  

1 . 0  

1 . 0  
0 . 01 
0 . 0 1  

0 . 0 1  

0 . 01 

0 . 01 

Frac t  i on 
Rel eased from 

P l ant 

0 . 005 

0 . 005 

0 . 005 

0 . 005 

0 . 005 

0 . 005  
0 . 005 

0 . 005  

0 . 005 

0 . 005  

0 . 005 

0 . 005 

0 . 005  

0 . 005  

0 . 005  

1 . 0  

1 . 0  
0 . 005  
0 . 005  

0 . 005  

0 . 005 

0 . 005 

Q u anti ty 
Rel eased to 
Env i ron s ,  Ci 

9 . 1  x 10-1 

9 . 1  x 10-1 

5 . 4  x 10-1 

2 . 1 x 10-1 

1 . 0  

3 . 6  x 10-1 

1 . 5  x 10-1 

2 . 0  

8 . 4  x 10-2 

5 . 6  x 10-1 

9 . 7  x 10-2 

9 . 7  x 10-2 

1 .  7 x 10-1 

6 . 3  x 10-2 

7 . 0  x 10-2 

3 . 5  

1 . 1  x 10-2 

2 . 4  x 10-4 

7 . 7  x 10-4 

4 . 5  x 10-4 

5 . 0  x 10-2 

9 . 1  x 10-5 

( a )  Mark I V  fue l  ( 0 . 947  percent 235U i n i t i a l  enri chment )  i rradi ated at 
1 1  MWd /t  to 2435 MWd /t , coo l ed 180 days after d i sch arge from reactor . 

( b )  E s t i mated i nventory of 296 kg u ran i um ,  531  g p l uton i um ,  and 14 percent 
of the f i s s i on product s contai ned in 0 . 9  MT . 

B . 2 . 4  Uncontro l l ed H i gh-Le vel Waste Re l ease to Vo l ume Reducti on Cel l 

Near l y  a l l of the f i ss i on products from the fuel  d i s s o l u t i on process are separated from 
the p l uton i um and uran i um i n  the f i rst extract i on co l umn . The so l ut i on conta i n i ng the 
f i s s i on products i s  then tran sferred to vesse l s  in  another cel l for v o l ume reduc t i o n .  In  
th i s  acc i dent , it  i s  ass umed that an exp l o s i on occ urs sp i l l i ng 8330 £ of l i qu i d  i nto the 
cel l and form i ng an aeroso l cont ai n i ng rad i oact i ve mater i a l . The q u an t i ty of radi oac t i v i ty 
avai l ab l e  for re l ease i s  l i sted i n  Co l umn 2 of Tab l e  B . 7 .  

B . 2 . 4 . 1 Cause of Acc i dent 

Two types of exp l os i ons  are poss i b l e ,  a red o i l  exp l os i on i n  the waste concentrator and 
a hydrogen expl o s i o n  i n  the waste den i trat i on t ank . The fol l ow i ng barr i ers  aga i nst  a red 
o i l  expl o s i o n  wou l d  h ave to f a i l :  

• adm i n i strat i ve contro l s for operat i on of the f i rst extr act i on co l umn to al l ow the 
dump i ng of so l vent i nto the aqueous f i s s i on pro duct waste s tre am ;  
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Nuc l i  de 
95Nb  
144Ce 
95Zr 
91y 
89Sr 
103Ru 
141Ce 
147pm 
106R u  
3H 
137 Cs 
90y 
90Sr 
129mTe 
134Cs 
127mTe 
239p u  
241J\m 
242Cm 

Tota l Qu�n t i ty 
Ava i l ab l e \ b ) . C i  

1 . 4  x 106 

1 . 4  x 106 

8 .4 x 105 

5 . 7  x 105 

3 . 3  x 105 

1 .  6 x 105 

1 . 3  x 105 

2 . 4  x 105 

3 . 1  x 105 

2 . 3  x 102 
4 8 . 7  x 10 

7 . 5  x 104 

7 . 5  x 104 

9 . 8  x 103 

2 . 6  x 104 

1 . 1  x 104 

2 . 8  x 10- 1 

4 . 1  x 101 

3 . 6  x 101 

TABLE B . 7 .  Source Term for Uncon tro l l ed H i gh-Level  Waste Re l ease to Ce l l ( a )  

I n it i a l 
Re l ease Factor ( c )  

0-4 . 0  hr 

4 . 3  x 10- 5 

4 . 3  x 10- 5 

4 . 3  x 10- 5 

4 . 3  x 10-5 

4 . 3  x 10-5 

1 . 9  x 10- 3 

4 . 3  x 10- 5 

4 . 3  x 10-5 

1 . 9  x 10-3 

1 . 9  x 10-1 

4 . 3  x 10-5 

4 . 3  x 10- 5 

4 . 3  x 10- 5 

4 . 3  x 10- 5 

4 . 3  x 10-5 

4 . 3  x 10-5 

4 . 3  x 10-5 

4 . 3  x 10-5 

4 . 3  x 10-5 

D i l ute Entrai nment 
Re l ease F actor 

4 . 0-8 . 0  hr 

7 . 7  x 10- 7 

7 . 7  x 10- 7 

7 . 7  x 10- 7 

7 . 7  x 10- 7 

7 . 7  x 10- 7 

7 . 7  x 10- 7 

7 . 7  x 10- 7 

7 . 7  x 10- 7 

7 . 7  x 10- 5 

7 . 7  x 10-3 

7 . 7  x 10- 7 

7 . 7  x 10- 7 

7 . 7  x 10- 7 

7 . 7  x 10- 7 

7 . 7  x 10- 7 

7 . 7  x 10- 7 

7 . 7  x 10- 7 

7 . 7  x 10- 7 

7 . 7  x 10- 7 

Fracti on Re l eased 
From P l ant  

0 . 005 
0 . 005  
0 . 005 
0 . 005 
0 . 005  
0 . 005  
0 . 005 
0 . 005  
0 . 005 
1 . 0  
0 . 005 
0 . 005 
0 . 005  
0 . 005 
0 . 005 
0 . 005 
0 . 005 
0 . 005 
0 . 005 

Quant i ty Re l eased 
to Env i ron s .  Ci 

0-4 . 0  hr 4 . 0-8 . 0  hr 

3 . 0  x 10-1 5 . 4 x 10-3 

3 . 0  x 10-1 5 . 4  x 10-3 

1 . 8  x 10- 1 3 . 2  x 10-3 

1 . 2  x 10- 1 2 . 2  x 10-3 

7 . 1  x 10-2 1 . 3  x 10-3 

1 . 5  6 . 2  x 10- 2 

2 . 8  x 10- 2 5 . 0  x 10-4 

5 . 2  x 10- 2 9 . 2  x 10-4 

3 . 0  1 . 2  x 10- 1 
1 4 . 4 x 10 1 . 8  

1 . 9  x 10- 2 3 . 3  x 10-4 

1 . 6  x 10-2 2 . 9  x 10-4 

1 . 6  x 10-2 2 . 9  x 10-4 

2 . 1  x 10-3 3 . 8  x 10-5 

5 . 6 x 10-3 1 . 0  x 10-4 

2 . 4  x 10-3 4 . 2  x 10- 5 

4 . 3  x 10-8 7 . 7  x 10- 10 

8 . 8  x 10-6 1 . 6  x 10- 7 

7 . 7  x 10-6 1 . 4 x 10- 7 

( a ) Mark I V  fuel ( 0 . 947 percent 235U i n i t i a l enr i chmen t )  i rrad i ated at 11 MWd/t to 2435 MWd/t . coo l ed 180 days after 
d is charge from reactor . 

( b )  I nventory of rad i on uc l i des  i n  8330 t of h i gh- l evel  aqueous  waste from the fi rst extract i on co l umn .  
( c )  Sum of the exp l o s i on .  evaporat i on .  and entrai nment re l ea se f actors for the 0 to 4 . 0  hour t ime span . 



• spec i f i c  grav i ty contro l s , w h i ch wou l d  al l ow the evaporator bottoms product to become 
substan t i a l l y  over concentrated ; 

• steam pressure and temperature i nter l ock s ,  caus i ng the evaporat i on l evel to exceed 
135 ° C  and enab l i ng an ex p l o s i ve reac t i on to occur . 

The fol l ow i ng barr i ers  aga i nst a hydrogen exp l o s i o n  wou l d  have to fa i l : 

• admi n i s trat ive contro l s  to prov i de a i r  d i l ut i on to the tank atmosphere , wh i c h  
wou l d  al l ow the hydrogen concen trat i on t o  reach a n  exp l o s i ve l evel ; 

• measures to prevent spark i ng of equ i pment , wh i ch wou l d  prov i de a source of 
i gn i t i on .  

B . 2 . 4 . 2  So urce Term of Acc i dent 

The source term i s  postu l ated to have three component s :  1 )  re l ease o f  
radi oact i v i ty resu l t i ng from the exp l o s i on ,  2 )  re l ease o f  rad i oact i v i ty resu l t i ng from 
evaporat ion of the sp i l l ed l i qu i d ,  3 )  re l ease of rad i oact i v i ty res u l t i ng from 
entrai nment i n  the c i rcu l at i ng a i r .  

The expl os i on re l e ase factor i s  def i ned a s  the fract i on o f  rad i o act i v i ty i n  the 
aeroso l resu l t i ng from the exp l os i on and has a v a l ue of 2 . 4  x 10-5 for al l 
rad i onuc l i des .  

It i s  assumed that the  sp i l l ed l i qu i d  i s  i n i t i a l l y  at  100 ° C  and  coo l s  down to  2 5 ° C  
dur i ng the f i r st hour . The evaporat i on re l ease factor i s  esti mated to b e  1 . 34 x 10-5 
for nonvo l at i l e  rad i onuc l i des ,  1 . 34 x 10-3 for ruthen i um ,  and 1 . 34 x 10-1 for 
tri t i um .  

The entrai nment re l ease factor appl i e s  between 1 and 4 hours after the acci dent 
when c l ean i ng wi thout d i l ut i on i s  used by f i rst vacuumi ng up  most of  the so l ut i on . 
Th i s  act i v i ty causes sma l l dropl ets of so l ut i on to be entra i ned i n  the ce l l a i r .  The 
re l ease factors per hour are est imated to be 1 . 92 x 10-6 for nonvo l at i l e  
rad i onuc l i de s ,  1 . 92  x 10-4 for ruthen i um,  and 1 . 92 x 10-2 for tri t i um .  The 
entrai nment re l ease factors for c l ean i ng d u r i ng 4 to 8 hours after the acc i dent assume 
a 10 : 1  d i l ut i on of the so l ut i on rema i n i ng i n  the ce l l .  

The i n i t i a l  re l ease factors l i sted i n  Tab l e  B . 7  are the sum of the exp l o s i o n ,  
evaporat i o n ,  and entra i nment rel ease factors for the 0 t o  4-hour t i me span . The 
d i l uted entrai nment rel ease factors for the 4 to 8 hour t ime span are al so l i sted a l o ng 
w i th the frac t i on re l eased from the p l ant and the total quant i ty of rad i oact i v i ty 
rel eased d u r i ng the two t ime span s .  

B . 2 . 5 Cri t ica l i ty Acc i dents 

In th i s  acc i dent ,  it i s  assumed that a cr i t i cal i ty occurs w i th i n  a process  
vesse l . 

B . 2 . 5 . 1  Cause of Acc i dent 

C r i t i c a l i ty acc i dents cou l d  occur i n  several proce ss  vesse l s ;  these have been 
l i sted in Tab l e  B .8 a l ong w i th the cause of the acc i dent and the barri ers ag a i nst such 
an acc i dent occurri ng . 

B . 2 . 5 . 2  Source Term for C r i t i c al i ty 

The ent i re cr i t i cal i ty event i s  assumed to con s i st of three 0 . 5  sec bursts of 
1018 f i s s i ons  each , occurr i ng w i th i n  a 30-m i nute period . I n  a c r i t i ca l i ty acc i dent , 
the rad i oact ive  nuc l i des  of importance are the nob l e  gases and the iod i ne s .  The 
amounts of these nuc l i des  ch ange rap i d l y  dur i ng the f i r st h a l f-hour after f i ss i o n ,  
grow i ng i n  some c ases and decay i ng i n  other s .  The quanti t i es wh i ch wou l d  b e  re l eased 
duri ng th i s  i nterval are est i mated to be 50 percent of the i od i nes and 100 percent of 
the nob l e  gases ca l c u l ated to be present at 1 5-mi nutes decay t i me .  Of the i o d i n e ,  
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TABLE B . 8 .  S i gn if i c ant Postul ated Cri t i c a l i ty Acc i dents 

Cri t i c al i ty Locat i on 
Acc i dent 
P l utoni um 
Col umn Extracti on 

Fuel D i ssol vers 

Dec l ad Fuel  
Storage Tank  

Met al  So l ut ion  
Feed Makeup Tank 

Waste Rece i ver Tank 

Cause of Acc i dent 

P l utoni um concentrat i on 
has to i nc re ase  acc i den
ta l l y  by a f actor of 9 
above normal f l ow sheet 
concentrat i o n .  

Cri t i cal i ty i s  postu
l ated to occur  i n  these 
tanks vi a p rec i p i tation 
of p l utoni um.  The pre
c i p i t ated p l utoni um i s  
not transferred to other 
t ank s .  E ventua l ly,  
enough p l uton i um accumu
l ates to form a c ri t i c a l  
mas s .  

Same a s  for d i sso l vers . 

Same as for d i sso l vers . 

Waste recei ver t ank co l 
l ects l i qu i d  waste from 
vari ous sump s .  If there 
i s  a s i gn i f i cant amount 
of p l uton i um l eakage i nto 
these sumps coup l ed w ith  
excessi ve sod i um hydrox
i de i n  the recei ver  tank ,  
prec i p i t at i o n  and  subse
quent c ri t i c a l i ty of the 
p l uton i um cou l d  occ u r .  

B . 1 7 

Barri er Agai nst  

1 .  Proces s  stream f l ow rates and 
p l uton i um concentrat i on are 
cont i nuou s l y  adj usted and 
contro l l ed .  

2 .  Chemi cal  sol ut i on prep arat i ons  are 
under admi n i strat i ve and l abora
tory contro l s .  

3 .  Three externa l , vert ica l l y  
arranged neutron  moni tors are i n  
p l ace t o  survey 1BX co l umn.  

1 .  Admi n i strat i ve and  l aboratory 
contro l s  are i n  p l ace . 

2 .  Dou b l e  l ock  and key system i n  
p l ace for potass i um hydrox i de 
add i t i on to d i ssol ver . 

1 .  Admi n i strat i ve and l aboratory 
contro l s  are i n  p l ace . 

2 .  Dou b l e  l oc k  and key system i n  
p l ace for add i t i on of so l ut i o n .  

1 .  P rocedures l im i t  transfers of P u  
rework sol ut i ons  t o  feed makeup 
tank p l us a l aboratory ana l ys i s  
i s  requ i red . 

2 .  Cri t i c al i ty l im its  for tanks  
requ i re at  l east doub l e  batch i ng 
to c reate a c ri t ic a l i ty .  

3 .  Cadm i um n i trate i s  requ i red for 
transfer of concentrated p l uto
n i um so l ut i on from Pu rework tank 
to feed makeup t ank .  

1 .  Contro l l eaks i n  the samp l e  p i p
i ng by mai ntenanc e .  

2 .  Caust i c  add it i on t o  t h e  waste 
recei ver tank i s  prohi b ited 
unt i l  l aboratory analyses 
are known . 



50 percent wou l d  be depos i ted on surfaces contacted and i n  the exhaust and vent f i l ters . 
Thus,  o n ly  25 percent of the i od i nes formed i n  the three bursts wou l d  be re l eased to the 
envi ronment . 

The source  term for th i s  acc i dent was deri ved by summi ng the quant i t i es re l eased for 
the three 0 . 5  sec burst s .  The resu l t i ng amounts are l i sted in Tab l e  B . 9 .  

TABLE  B . 9 .  Source Terms for Post u l ated Nuc l ear Cri t i ca l i ty 

Rad i onuc l i des Quant i ty Re l easrd 
Re l eased to E nv i rons ,  C i  a ) 

83mKr 1 . 1  x lUI 
85mKr 4 . 8  x lUI 
85Kr 4 . 6  x 10-4 
87Kr 3 . 0  x lU2 
88Kr 1 .  9 x 102 
89Kr 1 . 2  x 104 
129 r 1 .  7 x 10-10 
13 1 r 5 . 5  x 10-1 
132 r 2 . 0  
133 r 1 . 1  x 10 1 
134 r 1 . 4  x lU2 
135 r 3 . 7  x 10 1 
1 31mXe 1. 2 x 10-3 
133mXe 1 . 6  x 10-1 
133Xe 3 . 9  
135mXe 3 . 3  x 10 1 
135Xe 4 . 7  x 10 1 
1 37Xe 1 . 1  x 104 
138Xe 3 . 6  x 103 

( a ) Tota l  from three , 0 . 5  sec bursts 
of 1018 f i s s i ons  eac h  occ urri ng 
in 30 mi n ,  assumi ng 100 percent 
re l ease of nob l e  g ases and 25  per
cent re l ease of i od i nes from the 
pl  ant . 

B . 2 . 6  Ons i te Transportat i on Acc i dent 

rn t h i s  acc i dent , a l oaded N-Reactor fue l  c ask c ar is h i t  broad s i de by a petro l eum fue l  
transport truc k at  the rai l c ross i ng near the northwest corner of the 200 E ast Area.  

B . 2 . 6 . 1  Cause of On s i te Transportat i on Acc i dent 

For t h i s  acc i d ent to occ ur ,  adm i n i strat i ve contro l s  wou l d  have to be e i ther consc i o u s ly  
contravened , i gnored , or  m i s i nterpreted . Contro l s  are s uch  th at t h i s acc i dent i s  extreme ly 
u n l i ke ly .  

The  assumpt i on i s  made that the  broad s i de impact of  the  truc k wou l d  derai l t he  c ask 
car,  c au s i ng the c ask to overturn .  Resu l t ant  forces  have been est imated to be g reat enough  
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to cause at l east one of the l i d hasps on the c ask to fai l .  The l i d wou l d  be l ost and fuel  
e l ement s wou l d  be spi l l ed to the ground . Al l of the fuel  e l ements sp i l l ed to the ground 
wou l d  contri bute to a d i rect rad i at i on dose to onsite personnel in the immed i ate v i c i n i ty of 
the acc i dent . Some of the fue l  e l ement s are assumed to burn as a res u l t  of l oss  of the 
water from the c ar we l l  and c ask ,  fo l l owed by immer s i on i n  burn i ng gaso l i ne or d i esel  fuel  
f rom the truc k .  

B . 2 . 6 . 2  Sourc e  Term for the Ons i te Transport at i on Acc i dent 

The assumpt i on i s  made that d u ri ng the acc ident , 0 . 09 MT ( 0 . 1  ton ) of Mark I-A ISO-d ay 
c oo l ed fuel  wou l d  be consumed duri ng the one hour burn before the f i re wou l d  be 
ext i ng u i shed . The source term for the rad i onuc l i des  re l eased i s  g i ven i n  Tab l e  B . 10 .  

TABLE B . 10 .  Source Term for Onsi te Transport at i on Acc i dent 

Nuc 1 i de 
9SNb  
144pr 
144Ce 
9SZr 
91y 
89Sr 
103mRh 
103Ru  
147pm 
106Rh 
1 37Cs 
1 37mBa 
90Sr 
95mNb 
1 34Cs 
129mTe 
127mTe 
127Te 
8SKr 
14&npm 
2 38pu 
239pu 
240pu 
241pu 
242pu 
241Am 
242Cm 

Tota l  Quant i ty 
Avai l ab l e ,  C i l a )  

2 . 8  x 104 

1 . 9  x 104 

1 . 9  x 104 

l o S  x 104 

1 . 1  x 104 

7 . 2  x 103 

3 . 9  x 103 

3 . 9  x 103 

3 . 4  x 103 

3 . 3  x 103 

1 . 1  x 103 

9 . 9  x 102 

9 . 4  x 102 

1 .  9 x 102 

1 . 6  x 102 

1 . 3  x 102 

1 . 3  x 102 

1 . 2  x 102 

1 . 1  x 102 

1 . 1  x 102 

3 . 4  x 100 

1 . 1  x 10 1 

6 . 4  x 100 

7 . 2  x 102 

2 . S  x 10 1 

1 . 3  x 100 

l o S  x 101 

Re lease 
Factor 

0 . 01 

0 . 01 
0 . 01 
0 . 0 1  
0 . 0 1  
0 . 0 1  
0 . 0 1  
0 . 1  
0 . 0 1 
0 .01 
0 . 1  
0 . 01 
0 . 01 
0 . 01 
0 . 1  
0 . 1  
0 . 1  
0 . 1  
1 . 0  
0 . 01 
0 . 0 1  
0 . 01 
0 . 01 
0 . 01 
0 . 0 1  
0 . 0 1  
0 . 01 

Quant i ty Rel eased 
to Env i rons ,  C i  

2 .8  x 102 

1 .  9 x 102 

1 .  9 x 102 

l o S  x 102 

1 . 1  x 102 

7 . 2  x 101 

3 . 9  x 101 

3 . 9  x 102 

3 . 4  x 10 1 

3 . 3  x 10 1 

1 . 1  x 102 

9 . 9  x 100 

9 . 4  x 100 

1 .  9 x 100 

1 . 6  x 10 1 

1 . 3  x 10 1 

1 . 3  x 101 

1 . 2  x 10 1 

1 . 1  x 102 

1 . 1  x 100 

3 . 4  x 10-2 

1 . 1  x 10-1 

6 . 4  x 10-2 

7 . 2  x 100 

2 . S  x 10-1 

1 .  3 x 10-2 

l o S  x 10-1 

( a )  Mark I -A f ue l , i rrad i ated at 1 1  MW/MT to 3 , 000 MWd /MT 
coo l ed ISO days after d i scharge;  0 . 09 MT of fuel i s  
assumed to be burned i n  one hour . 
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R e l ease f ac tors from the burni ng i rrad i ated fuel  are est imated to be 1 . 0  for the nob l e  
gases ,  i od i ne ,  and tri t i um ;  0 . 1  for i sotop es of ruthen i um ,  c es i um ,  and tel l uri um ;  and 0 . 01 
for al l other s .  The i sotopes are re l eased d i rec t l y  to the atmosphere i n  the p l ume c aused by 
the burn i ng fue l ,  and contri bute to an i n hal at i on dose.  

B . 2 . 7  Offs i t e  Transport at i on Acc i dent 

In t h i s  acc i dent a truck or rai l c ar transport i ng a c ask  of Mark I -A,  1 50-day c oo l ed 
N-Reactor fuel  i s  i nvol ved i n  a severe acc i dent , and the c ask  i s  i n vo l ved i n  ext reme thermal 
c ond i t ions  c aused by burn i ng petro l eum fue l . However , the N-Reac tor fuel  does not i g n i t e  
and burn .  

B . 2 . 7 . 1 C ause  of Off s i t e  Transport at i on Acc i dent 

Bec ause sh i pment s of fuel s off s i t e  c annot be adm i n i strat i ve l y  contro l l ed to  the s ame 
degree as onsi te shi pments,  c ask des i gns  are more stri ngent . E ven i n  extremel y  severe 
acc i dent cond i t i on s ,  the cask  wou l d  not susta i n a major breac h that wou l d  permi t fue l rod s 
to sp i l l  to the ground.  The assumpt i on i s  made for th i s acc i dent that a val ve or 
penetrat i on to  the cask i nterior fa i l s  duri ng the acc i dent . The c ask  seal  al so fa i l s , and a 
sma l l breach  occ urs . A severe breac h  i s  not cred i b l e .  Some of the fuel  rod s  wou l d  rupture 
f rom i mp ac t .  Bec ause  of thermal cond i t i o n s ,  some o f  t h e  fue l  c l add i ng wou l d  ba l l oon and 
rup ture . These ruptures wou l d  perm i t  d i ff u s i on of nob l e  g ases i nto the c ask i nteri or and to 
the envi ronment through  the c ask  breac h .  Wat er, used to coo l the c as k ,  wou l d  a l so l eak and 
l eac h some rad i onuc l i des from the ruptured fuel rod s .  Some of th i s contam i nat ed water wou l d  
l eak through t h e  c ask  breac h i nto the envi ronment . No ox i d at i on of the fuel  wou l d  occ ur .  

B . 2 . 7 . 2  Sourc e  Term for the Off s i t e  Transport at i on Acc i dent 

The assumpt i on i s  mad e that truck c asks  can  transport 1 MT of N-Reactor fuel  and that 
rai l c asks  c an transp ort 10 MT of fue l . The sourc e  term for the rad i onuc l i des re l eased i s  
g i ven i n  Tab l e  B . l 1 .  A l l nob l e  g ases are assumed t o  be rel eased from the fue l ,  and 0 . 1  of 
their  i nventory i s  rel eased to the envi ronment . Rel ease factors are al so l i sted i n  
Tabl e B . 1 l .  

TABLE  B . 1 1 .  Sourc e  Term for Off s i te Transport at ion  Acc i dent 

Tot al  Quant i fY Qu ant i ty Rel eased to 
Avai l ab l e! C i  a )  __ Re l ease the Env i ronment , C i  

Nuc 1 i de Truc k Tra i n  Factor Truc k Trai n 
8\r 1 . 2  x 10 3 1 . 2  x 104 1 . 0  x 10-1 1 . 2  x 102 1 . 2  x 103 

134Cs  1 . 8  x 103 1 . 8  x 104 3 . 0  x 10-4 5 . 4  x 10-1 5 . 4  x 100 
137C s  1 . 2  x 104 1 . 2  x 10 5 3 . 0  x 10-4 3 . 6  x 100 3 . 6  x 101 
129 I 2 . 8  x 10-3 2 . 8  x 10-2 4 . 0  x 10-4 1 . 1  x 10-6 1 . 1  x 10-5 
90Sr l . O x 104 1 . 0  x 10 5 4 . 0  x 10-6 4 . 0  x 10-2 4 . 0  x 10-1 

Ru and 2 . 0  x 106 2 . 0  x 10 7 1 . 0  x 10-6 2 . 0  x 100 2 . 0  x 101 

other f . p .  
Ac t i n i des 8 . 6  x 103 8 . 6  x 104 3 . 0  x 10-6 2 . 6  x 10-2 2 . 6  x 10-1 

( a )  Mark I -A fuel , i rradi ated at 1 1  MWd /MT to  3 , 000 MWd /MT cool ed 150 d ays after 
di scharg e .  
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AP PEND I X  C 

METHOD FOR CALCULATI NG RAD I AT ION DOSE AND CONVERTI NG TO HEALTH EFFECTS 

The computer programs and i nput data used i n  c a l c u l at i ng potent i a l  rad i at i on doses to 
members of the general publ i c  from startup and operat i on of  the PUREX fac i l i ty are d i scussed 
bel ow .  Al l o f  these programs have been separate l y  documented and o n l y  a br ief s ummary w i l l  
be presented here . No d i rect re l e ases of rad i oact i ve l i qu i d  eff l uents from PUREX to 
acces s i b l e  surface water are p l anned . Therefore , the fol l ow i ng d i scuss ion  w i l l  address on ly  
re l ease of  gaseous eff l uent s to the  atmosphere . 

Re l eases of rad i onuc l i des  to the atmosphere from the PURE X f ac i l i ty c an be e i ther 
l ow-l evel re l eases that cont i nue for a re l at i ve l y  l ong period of t i me ,  as occur duri ng 
normal  operat i on s ,  or as abrupt , usua l ly  acc i denta l ,  re l eases . I n  add i t i on to d i rect 
exposure to a i rborne mater i a l and to food s contami nated duri ng the period of re l ease , 
exposure w i l l  resu l t  from res i du a l  soi l contam i n at i on .  

I nformat i on i s  a l so provi ded i n  th i s  append i x  to enab l e  the reader to convert 
c al cu l ated dose to heal th effect s i n  the popu l at i on surround i ng Hanford . 

COMPUTER PROGRAMS 

The computer programs used to ca l c u l ate potent i a l  rad i at i on doses from atmospher i c  
re l e ases a t  PUREX are summari zed  i n  Tab l e  C . 1 ;  the i r  i n terre l at ion i s  i l l ustrated i n  
F i gures C . 1  and C . 2 .  

Computer programs used t o  c a l cu l ate dose t o  a max imal l y-exposed i nd i v i dua l  and t o  the 
reg i ona l  popu l at i on from a chron i c  atmospheri c re l ease are shown in F i g ure C . 1 .  The 
programs KRON I C  ( Strenge and Watson 197 3 ) and DACR I N  ( Houston et a l . 1974 , Strenge 1975 ) 
take  i nformat i on about meteoro l ogy and popu l at i on d i str i b u t i on and c a l c u l ate a i r  submers i on 
and i nhal at i on doses , respect i ve l y ,  for a g i ven re l ease term . A popu l at i on we ighted va l ue 
of the annual  average a i r  concentrat i on per un i t  re l ease of rad i onuc l i des  (X/ Q ' )  c a l c u l ated 
as  a byproduct of KRON I C  i s  used by the program PABLM ( Nap ier  et a l . 1980 ) a l ong w i th 
i nformat i on on crops grown loca l l y  to c a l c u l ate an accumu l ated dose from terrestr i a l  
pathways . 

Fi gure C . 2  i l l ustrates the programs used to c a l cu l ate doses from acute atmo spher i c  
re l e ases o f  rad i onuc l i des .  The program HADOC ( Strenge and  Pe l oqu i n  1980 ) uses  meteoro l ogy 

TAB LE C . 1 .  Computer Programs Used to Cal cu l ate Potent i a l Rad i at i on 
Doses from Eff l uents Rel eased at P UREX 

Program Type of Do se 
KRO N I C  One-year a i r  submers ion  dose from chron i c  re l ease s ,  i n d i v i d u al 

and co l l ect i ve 

HADOC One-year i nd i v i dua l  and co l l ec t i ve a i r  submers i on and i nha l at i on 
dose commitments from acute re l eases ( sem i -i nf i n i te c l oud mode l 
for extern al  doses ) 

DACR I N  I nd i v i du a l  and co l l ec t i ve i nhal at i on doses from chron i c  o r  acute 
re l ease s ,  one-year doses , dose commi tment s ,  and accumu l ated 
doses 

PABLM I nd i v i du a l  and co l l ecti ve doses from contami nated farm products ,  
from e i ther a ir  depo s i t i on or i rr i gat i o n ,  one-year dose , dose 
c ommi tmen t ,  and accumu l ated dose 
I nd i v i dua l  and co l l ec t i ve doses from contam i nated water and 
aqu at i c  foods and aquat i c  recreat i on ,  one-year dose , dose 
commi tment , and accumu l ated dose 
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and popu l at i on data to c a l c u l ate a i r  submers i on and i nha l at i on doses . The i n hal at i on doses 
are based on dose c ommi tment f actors prec a l c u l ated u s i ng DACR I N .  The program PABLM 
c a l c u l ates the acc umu l ated doses res u l t i ng f rom an ac ute deposi t i on on c rops and from 
res i dua l  envi ronment a l  contami nat i o n .  

STANDARD HANFORD METEOROLOG I CAL PARAMETERS 

Meteoro l og i c a l  d at a  have been c o l l ected at t�e Hanf ord Meteoro l og i c a l  Stat i on ,  near 
200 West Area, for the p ast 30 years . V a l ues of X/ Q '  i n  sec /m3 are avai l ab l e  in Hanford 
Annual  Reports for the 61 m rel ease he ight .  Popu l at i on d i str i b ut i ons  around the Hanford 
meteoro l og i c a l tower are avai l ab l e  i n  the 1979  Hanford Annual  Report ( Houston and B l umer 
1 980 a)  and i n  Sommer et a l . ( 1981 ) . 

Bec au se the PUREX/U03 f ac i l i t i es are l oc ated a s i g n i f i c ant d i st ance from the nearest 
resi denc e,  a spec i a l set of assumpt i ons i s  usua l ly  used to determ i ne the l oc at i on of the 
max imal ly-exposed i nd i v i dua l  for acc i dent al  re l eases . For purposes of i nhal at i on and 
submers i on c a l c u l at i on s ,  the max i mum i nd i v i dua l  i s  assumed to be travel i ng on H i g hway 240 , 
8 . 8  km ( 5 . 5  mi l es )  southwest of the 200 Areas ; but for i ngest i o n  dose c a l c u l at i ons ,  he i s  
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as sumed to farm at R i ng o l d ,  24 km ( 15 . 5  mi l es )  downw i nd i n  the east-southeast d i rec t i on to 
t he 200 Areas . For chron ic  rel eases , the max i mum i ndi v i dua l  is assumed to l i ve cont i nuou s l y  
o n  the farm a t  R i ng o l d  for a l l p athway c a lc u l at i ons . 

For ac ute ground- l evel  rel eases , the E / Q  at the Hanford H i g hway 240 i s  
3 . 0 x 10-5 sec /m3 , and at R i ngo ld  i t  i s  7 . 6  x 10-6 sec /m3 . For ac ute e l evated 
re l eases the E / Q  i s  1 . 6  x 10-5 and 6 . 1  x 10-6 sec /m3 at the h i g hway and R i ngo l d ,  
resp ec t i ve ly .  The X/Q '  va l ues at R i ng o l d  from chron i c  re l eases are 7 . 4  x 10-8 sec /m3 
for ground l evel  and 4 . 5  x 10-9 sec /m3 for e l evated re l eases. 

STANDARD HANFORD EXPOSURE PARAMETERS 

Dat a requ i red for the dose programs i nc l udes d i etary and rec reat i ona l  preferenc es and 
hab its  i n  the general  popu l at i on ,  as we l l  as ag ric u l tural  pract ices  i n  the general reg i on .  
The  standard H anford terrestri a l  p athway d ata  are g i ven i n  Houston and B l umer 1980a.  The 
growi ng per iod ,  y i e l d ,  and i rri gat i on rate ref l ect  agri c u l t ural  pract ices i n  the Co l umb i a  
R i ver Basi n .  The parameters for the averag e member of the popu l at i on ,  ref l ect  the d i etary 
habi ts  of Tri -C i t i es '  res i dents . V a l ues used for the max i ma l l y-exposed i nd i v i dua l  were 
se l ected to represent a worst-c ase i ndi v i dua l  support i ng h i mse lf  and h i s  fami ly  w ith  a l arg e 
garden and farm an ima l s .  Standard i zed i nput  for Hanford Env i ronment a l  I mpac t  Statements i s  
summari zed i n  a rec ent pub l i c at i on ( Nap i er 1981 ) .  

RAD I OLOG I CALLY RELATED HEALTH EFFECTS 

The potent i a l rad i o l og i c a l  imp act  on persons res i d i ng i n  the envi rons of the Hanford 
Reservat i on from the operat i on of the PUREX/U03 fac i l i t i es i s  g i ven i n  th i s st atement as 
rad i at i on dose to  i nd i v i du a l  and pop u l at i on groups . These c al c u l ated doses were converted 
to hea l t h  effects  for rout i ne operat i on s ,  the worst c ase op erat i ng acc i dent for the 
PURE X / U03 p l ants and for background are provi ded i n  Tab l e  5 . 14 .  The fo l l owi ng i nformat i on 
i s  prov i ded i f  the reader desi res to make addi t i on a l  convers i on s .  Most of th i s d i sc u s s i on 
i s  t aken from the detai l ed d i sc uss i on of rad i o l og i c a l l y  re l ated hea l th effec ts found i n  
Append i x  E of the F i na l  Env i ronment a l  I mpac t Statement on Management of Commerc i a l l y  
Generated Rad i oac t i ve Waste,  DOE / E I S-0046 F ,  Vo l .  2 ( U S  DOE 1 980a) . 

The rad i at i on dose to man from i ngest i on ,  i nha l at i on ,  or external  exposure to spec i f i ed 
quant i t i es of rad i onuc l i des c an be c a l c u l ated w i t h  reasonab l e  conf i denc e .  The re l at i onsh ip  
of dose to so-c a l l ed " heal th  effects"  i s  l ess wel l def i ned . 

The usua l  prac t ic e  i n  mak i ng these est i mates i s  that if an error i s  to be made, i t  wi l l  
be made i n  a way t h at wi l l  over-est imat e the number of Hea l t h  Effects  that m i g ht occur .  

Bec ause expected re l eases of  rad i o ac t i ve materi a l s  are smal l ,  and the rad i at i on dose to 
any i nd i v i dua l  i s  sma l l ,  the eff ects  cons i dered are l ong-del ayed somat i c  and genet ic  
effects ; these wi 1 1  occ ur,  i f  at  a l l ,  in  a very smal l frac t i on of  the persons exposed . 
Except as a c onsequenc e of the unusual l y  severe acc i dent i nvo l v i ng l arg er doses , no 
possi b i l i ty ex i sts  for an ac ute rad i at i on effect . The effects  that must be consi dered are 
1 )  c ancers that may res u l t  from who l e-body exposures, and more spec i f i c a l ly ,  from 
rad i oac t i ve materi a l s  deposi ted i n  l u ng , bone, and thyro i d ;  and 2 )  genet ic effects  that are 
ref l ected i n  future generat i ons because of exposure of the germ c e l l s . 

Know l edge of these de l ayed effects  of l ow doses of rad i at i on i s  necessari ly i nd i rect .  
T h i s  i s  because the i r  i nc i dence i s  too l ow t o  b e  observed ag ai nst the much h i gher bac kground 
i nc i denc e of s i mi l ar effects  from other cau ses . Thus ,  for ex amp l e , it is not pos s i b l e  to 
att ri bute any spec i f ic number of human c ancers to the rad i onuc l i des present in everyone ' s  
body from weapons-test fa l l out , bec ause suc h  c ancers are k nown to be c aused by other 
materi a l s p resent i n  much more hazardous concentrat i o n s ,  and because  c anc ers occ urred before 
there were any man-made rad i onuc l i des . Even i n  contro l l ed stud i es w ith  experimenta l  
an ima l s ,  one reac hes a l ow i nc i denc e of effec t that c annot b e  d i st i ng u i s hed from the l eve l 
of effect i n  unexposed an ima l s ,  at exposure l eve l s  f ar h i gher t h an those pred icted to res u l t  
from PUREX /U03 act i v i t i es . Hence ,  one c an on ly  est i mate a re l at i onship  between heal th 
effect and rad i at i on dose , bas i ng t h i s  esti mate upon observat i ons made at very muc h h i g her 
exposure l evel s ,  where effects  have been observed i n  man , and c aref u l ly stud i ed animal  
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exper i ment s .  I n  th i s context the  Nat i ona l  Counc i l  o n  Rad i at i on Protect ion  and Measurements 
has s a i d  "The  NCRP w i shes to caut i on government al  po l i cy-mak i ng agenc i es of the 
unreasonab l eness of i nterpret ing  or assumi ng ' upper l im i t ' est imates of carc i nogen i c  r i s k s  
at l ow rad i at i on l evel s deri ved by l i near extrapol at i on from data obt a i ned a t  h i g h  doses and 
dose rates , as actua l  r i sk s ,  and of b as i ng und u l y  restr i ct i ve pol i c i es on such 
i nterpretat i on or assumpt i on" ( NCRP 197 5 ,  p .  4 ) . 

A r ange encompas s i ng common l y  used c ancer r i sk factors i s  g i ven i n  Tab l e  C . 2 .  At the 
same t i me the poss i b i l i ty of z ero r i sk at very l ow expos ure l evel s i s  not exc l uded by the 
avai l ab l e  d at a .  T h e  l ower range o f  r i sk  est i mates i n  Tab l e  C . 2  may b e  con s i dered more 
ap propri ate for compari son with other r i s k s . The upper part of the range may be more 
appropri ate for rad i at i on protection  con s i derat i on s .  

A range o f  5 0  t o  300 spec i f i c  genet i c  effects t o  a l l generat i ons  per mi l l i on man-rem i s  
a l so l i sted i n  the tab l e .  As i n  the c ase  o f  the somat i c  ( pri nc i pa l l y  c ancer)  r i s k  
est i mate s ,  the l ower end o f  the range may be con s i dered more appropri ate for comp arat i ve 
r i sk eva l uat i o n s ,  wh i l e  the upper end of the r ange may be appropri ate to rad i at i o n  
protect i on con s i derat i on s .  

TABLE C . 2 .  He a l th Effects R i sk Factors Recommended i n  DOE/ E I S-0046F ( US DOE 1980 a)  

Type of R i sk 
F ata l  cancers from : 

Total body exposure 
Lung exposure (5 to 50 ) 
Bone expos ure ( 2  to 10 )  
Thyro i d  exposure ( 3  to  1 5 )  

Spec i f i c  genet i c  effect s 
to a l l generat i ons from 
total body exposure 
Total  

Pred i cted I nc i dence 
per 106 man-rem 

50 to 500 

50 to 300 
100 to 800 

The range of 10D-800 heal th effects per 106 man-rem for total -body exposure from 
Tabl e C . 2 was used to est i mate potent i a l  heal th effects from the proposed act i on and 
a l ternat i ves ( Tabl e 5 . 1 4 ) . The conver s i o n  f actor was app l ied to c o l l ect i ve ( worker and 
pub l i c )  total -body doses from rout i n e  operat i o n  and acc i dent s i tuat i ons  d i scussed i n  
Ch apter 5 .  Other conver s i on f actors may be found i n  the l i terature . Some wou l d  i n d i cate 
more effects and others l es s ,  not exc l ud i ng zero heal th effect s .  
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APPENDI X  0 

COMPAR I SON OF PROCESS EFFLUENTS AND CONSEQUENCES AT VAR Y I NG PROCESS I NG RATES 

In th i s E I S  the envi ronmental  c onsequences of p roc ess i ng i rradi ated reactor f ue l  in  the 
PURE X / U03 f ac i l i t i es at Hanford at three d ifferent p roc es s i ng rates are cons i dered . The 
l ow rate,  1050 MT/yr,  i s  reg arded as  the l owest probab l e  near-term rate ,  and ,  in  fac t ,  
app rox imates the rate a t  w h i c h  t h e  f ac i l i ty l ast operated i n  1972 ( 1013 MT ) .  Thi s rate  c an 
be con s i dered to bound the potent i a l env i ronment a l  effects  on the l ow s i d e .  

A n  i ntermed i ate  rate t w i c e  t h i s ,  2100 MT/yr, approac hes the  nomi na l  d e s i g n  c ap ac i ty of 
t he ex i st i ng PUREX p l ant w i t hout mod i f i c at i o n ,  and i s  a second possi b l e  operat i ng rate .  

W ith  some equ i pment mod i f i c at i ons ( see Sec t i on 3 . 1 . 3 ) , the H anford PUREX  p l ant cou l d  
proc ess fuel  at a max i mum rate of up t o  3000 MT/yr,  and t h i s rate has a l so been eva l u ated i n  
order to estab l i s h the upper boundary of potent i a l envi ronmental  effects . These 
c a l c u l at i ons  assume the process i ng of 3000 MT/yr of i rrad i ated N-R225tor f ue l , coo l ed 
180 days,  and w i t h  a p l uton i um i sotop i c  c ompo s i t i on of 12 p erc ent P u .  Conservat i ve 
est imates of potent i a l rad i at i on doses resu l t  f rom assumi ng that th i s rate i s  cont i nued 
throug hout a 16-yr p roc ess i ng per i od ,  mi d-1984 to 2000 . Th i s  c ase  i s  extremely 
conservat i ve ,  and  does not necessari l y  rep resent act u a l  or p robab l e  operat i ng cond i t i on s ,  as 
do the 1050 and 2100 MT/yr c ases .  However,  t h i s c ase i s  broad enoug h to i nc l ude the 
pot ent i a l  env i ronmenta l  imp acts  of p rocess i ng ( at the Hanford S i te )  other a l t ernat i ve f ue l s  
of comparab l e  c haracteri st i c s .  

Comparat i ve d at a  f o r  t h e  2100 MT/yr c ase are avai l ab l e  f o r  t h e  ex i st i ng P UREX p l ant 
( p roposed act i on ) and are p resented , but for the a l t ernat i ve act i ons ,  on l y  the upper and 
l ower l i mi t i ng rates ,  1050 and 3000 MT/yr, have been eval uated . 

The sc enari o for  the 1050 MT/yr c ase assumes that the 1050 MT are comp ri sed of 350 MT 
eac h of 1 / 2-year, 1-1 / 2  year, and 3-year c oo l ed ,  12 p ercent 240P u  i rradi ated fue l . For 
t he 2100 MT/yr c ase,  the f eed i s  c ompri sed of 350 MT each  of 1 / 2 ,  2 ,  3 ,  4-1 / 2 ,  6, and 
7-1 / 2  year coo l ed fue l . 

0 . 1  RE SUMPT ION  OF PURE X / U03 OPERATIONS AT HANFORD ( P ROPOSED  ACTI O N )  

I n  t h e  operat i o n  o f  a comp l ex chem i c a l  process  p l ant suc h a s  P URE X ,  there are 
i nevi tab ly  proc ess  eff l uent s .  These may be tot al l y  nonrad i o ac t i ve ,  or they may vary from 
s l i g ht ly  to  h i g h l y  rad i o ac t i ve .  D i sc harges above permi ss i b l e  l evel s ,  w h i c h  cou l d  endanger 
off s i te popu l at i on s ,  are not permi tted ; rad i o ac t i v i ty l eve l s  of eff l uents are reduc ed to 
pract i c a l  m i n i mums before d i sc harge .  

0 . 1 . 1  Gaseous Eff l uents 

The PUREX proc ess vent i l at i on systems exhaust g aseou s wastes f rom p roc ess vesse l s ,  
remove conden s i b l e  vapors , and f i l ter out rad i oac t i ve p art i c u l at e  matter entrai ned i n  the 
exhaust a i r .  As descr i bed e l sewhere ( see Sec t i on A . 1 . 14 ) , i od i ne rad i o i sotopes are removed 
by p assage  through s i l ver reac tors . These g ases , aft er treatment ,  are d i scharged to the 
atmosp here through a 61-m ( 200-ft )  mai n vent i l at i on stac k  l oc ated adj ac ent to the PUREX 
p rocess bu i l d i ng .  The p r i nc i pa l  g aseous  d i sc harge po ints  f rom the PUREX f ac i l i ty are 
i l l ustrated i n  F i gure 0 . 1 .  A l l eff l uent streams norma l ly contai n i ng rad i onuc l i des are 
ana lyzed for rad i oac t i v i ty .  Eff l uent samp l es f rom the mai n stac k  are ana lyzed for spec i f i c  
radi onuc l i des.  

Dur i ng 1972 , the l ast year of p l ant operat i on ,  approx imate ly  3 . 4  x 109 m3 
( 1 . 2  x lO l l ft3 ) of gaseous eff l uents were d i sch arged f rom the PUREX p l ant and contai ned 
0 . 6  Ci of p art i c u l ate  f i ss i on p roduc ts  and transuran ic  nuc l i des ,  0 . 3  C i  of rad i o i o d i n e  
i sotopes , 0 . 7  C i  o f  14C ,  4 . 1  x 105 C i  of 85Kr,  p l us approximate ly  1000 C i  o f  3H .  

0 . 1  
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These d i scharg es were from proces s i ng 1013 MT of i rrad i ated fue l , of wh i c h  
ap prox imate ly  one-h a lf  c ontai ned o n l y  3 . 5  perc ent 240Pu ,  henc e rad i onuc l i d e  content was 
l ower than that c a l l ed for by the p resent scenar i o .  Est imated max imum annua l  gaseous 
d i sc harges for the  3000 MT /yr c ase are presented in  Tab l e  D . 1 ;  c omp arab l e  esti mates for the 
1050 MT/yr and 2100 MT/yr c ases are g i ven i n  Tab l e  0 . 2 .  

Gaseou s eff l uent s from the U03 p l ant for 1972 were est imated t o  be 3 . 6  x 107 m3 
( 1 . 2  x 109 ft3 ) .  They had the rad i onuc l i de content shown i n  Tab l e  0 . 3 .  Est i mated 
max i mum annual  d i sc harg es for the 3000 MT/yr c ase ( Tab l e  0 . 3 )  i nd i c ate that averag e 
c onc entrat i ons w i l l  be we l l  bel ow the l evel  perm i s s i b l e  i n  a i r  for offs ite  pop u l ated areas 
at Hanford S i t e  bound ary ( DOE 5480 . 1A Gu i de l i nes ) .  Est imat ed d i scharges for 1050 and 
2100 MT/yr are shown i n  Tab l e  0 . 4 .  

Chemi c a l  po l l utants expected i n  gaseous eff l uents for the 3000 MT/yr c ase are l i sted i n  
Tab l e  0 . 5 ;  anal ogous est i mates for the 1050 and 2100 MT/yr c ases are shown i n  Tab l e  0 . 6 . I t  
wi l l  b e  noted that max i mum est i mated c onc entrat i ons are t h e  same f o r  al l three c ases , for 
both the PUREX and U03 p l ants . Max imum emi s s i on c oncentrat i ons for PUREX are based on 
max i mum dai l y  throughput of 9 MT/day ;  at a l ower processi ng rate ,  c oncentrat i ons w i l l  be 
bel ow these. S i mi l ar ly,  i nc reased U03 output is atta i ned by l onger operat i ng campa igns  
rather than by  i nc reas i ng throughput ,  so that eff l uent concentrat i ons remai n  c onstant .  

Nei ther fac i l i ty produces su lfur  ox i des or photoc hem i c a l  ox i d ants . The gaseous 
c hem i c a l  po l l utant of pri nc i p a l  concern is NOx , generat ed duri ng PUREX fuel  d i sso l ut i on ,  
and from UNH deni trat i on at the U03 p l ant . A s i gn i f ic ant reduc t i on i n  NOx em i ss i ons 
from PUREX wou l d  be ac h i eved i n  future operat i ons by the add i t i on of hyd rogen p erox i d e .  
W i t h  thi s i mprovement a n  NOx conc entrat i on at t h e  stack of approx imately 200 ppm wou l d  b e  
ac h i eved . 

There wou l d  a l so be g aseous eff l uent s from the transportat i on assoc i ated w ith  the 
operat i on of the Hanford PUREX / U03 fac i l i t i es .  S h i pment s assoc i ated w ith  a proces s i ng 
rate of 3000 MT/yr were summari zed i n  Tab l e  5 . 7 .  U s i ng these esti mates , fue l  consumpt i on 
and a i r  po l l utant emi ss i ons have been esti mated . 

Ons ite transportat i o n  wou l d  i nc l ude ra i l  movement of i rrad i ated fue l  and truck movement 
of UNH . D i esel  fuel  consumpt i o n  from these total s 180 , 000 t/yr ( rai l )  and 9 , 300 t/yr 
( t ruc k ) . 

Offs ite  shi pments of U03 wou l d  cons i st of 60 rai l c ar shi pment s per year trave l i ng a 
tot al  of 230 , 400 km.  These sh i pment-k i l ometers wou l d  be i ns i gn i f i c ant when c ompared w ith  
the  total  rai l traff ic  throug hout the  nat i on .  I f  the  U03 sh i pment comp ri ses one-e i g ht i eth  
of  an  ent i re frei g ht trai n (fre i g ht trai ns average 80  cars one of  which  wou l d  c arry the  
U03 ) ,  one-e i g ht i eth of  the d i esel  fuel  used to pu l l  the tra i n  c an be attri buted to  the 
U03 ' A su rvey of operat i ng rai l roads pro v i ded data from which  the fuel  con sumpt i o n  
attri buted to sh i pment o f  U03 i s  1 , 290 , 000 t/yr , wh ich  WOu l d  b e  a n  i ns i g n i f i c ant frac t i on 
of the 1 x 10 10 t of fuel  consumed mov i ng fre i g ht i n  the cou ntry i n  1980 . 

The c hemi c a l  eff l uent s that wou l d  
( 9280 t ) ,  a l l of the ons i te trai n fuel  
( 1 , 290 , 000 t )  are g i ven i n  Tab l e 0 . 7 .  
( 19 76 ) . 

res u l t  from burn i ng the tota l  amount of truck fuel  
( 180 , 000 t) and  the  fuel  off s i t e  for  trai n sh i pment s 
These eff l uents are based on data g i ven i n  EROA-1541 

The envi ronmental  consequences of nonrad i o l og i c a l  po l l utants,  addressed i n  Chapter 5 . 0 ,  
are shown t o  b e  i n s i gn i f i c ant . 

0 . 1 . 2  L iqu i d  Eff l uents 

L i qu i d  eff l uent s from PUREX / U03 operat i on i nc l ude the fo l l ow i ng c ategor i e s :  
• process and scrubber waste 
• steam condensates 
• c oo l i ng water from heat exc hangers ( non-contac t )  
• c hemi c a l  sewer wast e .  

0 . 3  
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TABLE  0 . 1 .  Radi onuc l i de Content of Annua l Gaseous  Eff l uents from the PUREX P l ant , 3000 MT/yr P roc ess i ng Rate  

DOE Order 5480 . 1A, Chapter X I  1972  Act ual ( a )  3000 MT /�r Process i ng Rate ( b ) 
Average Con- Average Con- Concentrat i on 

Offsi te Onsite centrat ion  ft centrat i on ft at t he 
Concentrat i on Concentrat i on the Source ,  c )  Annual the Source,  c ) ( f )  Annual S i te Boundary 

Radi onuc l i des Gu ide! \lCi 1m '}. Gui de! \lCi /mt \lC i  1m t Curies \lCi 1m t Curies \lCi  1m t 

Total a ( as 239p u )  6 x 10-14 2 x 10-1 2  1 . 3  x 10-12  4 . 3  x 10-3 2 . 6  x 1O-12 ( g )  9 . 0  x 10-3 1 . 3  x 10-18 
Total a ( as 90Sr) ( d )  3 x 10-1 1  1 x 10-9 1 .  7 x 10-10 5 . 9  x 10 -1 3 . 5 x 10-10 1 . 2  x 100 1 .  7 x 10-16  
129 1 2 x 10-1 1  8 x 10-10 7 . 8  x 10-1 1  1 . 4 x 10-1 1 .  5 x 10-10 5 . 1  x 10-1 7 . 3  x 10-1 7  
131 1 1 x 10-10 4 x 10-9 1 . 2  x 10-10 -1 8 . 8  x 10-1 1  3 . 0  x 10-1 4 . 3  x 10-1 7  2 . 1  x 10 
85Kr 3 x 10-7 1 x 10-5 2 . 3  x 10-4 4 . 1  x 105 ( e ) 9 . 7  x 10-4 (9 ) 3 . 3  x 106 4 . 8  x 10-10 

3H 2 x 10-7 5 x 10-6 5 . 6  x 10-7 1 x 103 ( e ) 8 . 8  x 10-7 3 . 0  x 103 4 . 3  x 10-1 3  
14C 1 x 10-7 4 x 10-6 3 . 9  x 10-10 7 x 1O-1 ( e ) 2 . 6  x 10-9 9 . 0  x 100 1 . 4  x 10-1 5 

( a )  1972 emi ss i ons are based on process i ng a tot al of 101 3  MT of fuel i nc l ud i ng about 525 MT of 3 . 5 percent 240Pu  weapons 
grade i rradi ated fue l .  

( b ) E st imated projected emi ssi ons are based o n  process i ng 3000 MT of 180-day coo l ed 1 2  percent 240pu i rradi ated fue l ,  
20 percent of which i s  sp i ke fue l .  

( c )  These val ues were determi ned by d i v i d i ng the annual  cur ies by the tot al eff l uent vol ume ( 3 . 4  x 109 m3 /yr ) . These 
numbers are stat i stical ly deri ved and are g i ven for compari son purposes on ly .  

(d )  As  part ic u l ate materi al . 
( e ) Ca lcu l ated val ues ; gas streams were not samp l ed and analyzed for these e l ements .  
( f )  Source concentrat ion  i s  the concentrat i on at the stack ex i t  point  wh ich  i s  6 1  m ( 200 f t )  above g round leve l .  To 

compare these source concentrat i on val ues w ith  the concentrat i on g u i de va l ues ,  the effect of d i l ut i on by atmospheric 
d i spers i on shou ld  be consi dered . The average annual d i spers i on factor, x /Q ,  i s  4 . 5 x 10-9 sec 1m3 and is ca l cu l ated 
from meteoro l og ica l  data col lected at Hanford from 1955 to 1970 .  

( g )  A s  i nd icated i n  footnote ( f ) ,  these are the concentrat i ons at the stack  ex i t .  When the p l ume reac hes a n  "occ up ied 
area" such as the base of the stack,  the concentrat i ont wi l l  have dec reased through d i l ut i on and d i spersion .  The 
onsite concentrat i on g u i des are concerned with  those concentrat i ons  which reac h the occup i ed areas ( see Sect ion  6 . 1 ) . 



TABLE D . 2 .  Rad i onuc l i de Content of Annua l  Gaseous Eff l uents from the PUREX P l ant ,  
1050 and 2 100 MT/yr Proces s i ng Rates 

1050 MT /yr Process i ng Rate ( a )  2100 MT/yr Process i ng Rate (b ) 
Radi onuc l i des Total An nual  Curies  Total Annua l  Curies  

Total ex (as 239pu ) 3 . 1 x 10-3 6 . 3  x 10-3 

Total e ( a s  90Sr ) (c ) 2 . 7  x 10-1 4 . 6  x 10-1 
1 29 1 2 . 0  x 10-2 4 . 0  x 10-2 
13 1 1  2 . 9  x 10-1 2 . 9  x 10-1 
B5Kr L O x 106 1 . 3  x 106 
3H 1 .  3 x 103 2 . 2  x 103 
14C 3 . 5  6 . 9  

( a )  Based o n  proces s i ng 1050 MT o f  1 2  percent 240pu  i rradi ated fuel , 20 percent of 
wh i ch i s  sp i ke fue l .  The 1050 MT of fuel  i s  the sum of 350 MT of lBO-day coo l ed 
fuel , 350 MT of 1-1 / 2-year coo l ed fuel , and 350 MT of 3-year cool ed fuel . 

( b )  Based on process i ng 2 100 MT of 12  percent 240pu i rradi ated fuel , 20 percent of 
whi ch i s  sp i ke fue l . The 2 100 MT of fuel  i s  the sum of s i x  equal port i ons  
we i gh i ng 350 MT each w i th coo l i ng t i mes  of 1 / 2 ,  2 ,  3 ,  4-1 / 2 ,  6 ,  and 7-1 / 2  years . 

(c ) As part i c u l ate mater i a l . 

TABLE D . 3 . Rad i onuc l i de Content of Annua l  Gaseous Eff l uents from the U03 P l ant ,  
3000 MT/yr Proces s i n g  Rate 

Rad ionuc l i des 

Tot a l  a ( as uran i um 
p art i c u l ates ) 
Tot a l  B ( as 106Ru 
p a rt i c u l ate s )  

O O E  Order 5480 . 1A, C h .  X I  
Offs i t e  Ons i t e  

Conc entrat i o n  Conc entrat i o n  
G u i de, � C i /mt G u i de ,  �Ci /mt 

3 x 10-1 2  7 x 10-1 1  

3 x 10-9 8 x 10-8 

1972 Ac t u a l  
3000 HT/yr 

Process i ng Rate 
Average Con- Average Con-
c entrat i on ft c ent rat ion rt 
the Source, b )  Annual the Sourc e ,  b ) Annual 

p C i /mt Curies � C i /m l  C u r i e s ( a )  

2 . 6  x 10-1 2  9 x 10-5 8 . 2  x 10-16 1 .4  x 10-7 

1 . 8  x 10-10 6 x 10-3 5 . 3  x 10-13  9 .0  x 10-5 

( a )  These v a l ues were c a l c u l ated based on 1972 data and an assumed ef f i c i ency of 99 . 95 percent for p l anned 
f i l t e r  add i t i o n s .  They represent the proba b l e  annual max i mum assumi ng 3000 H T  f u e l  processed per year. 

( b )  These val ues were determi ned by d i v i d i ng the annu al c u r i e s  by the tot a l  eff l uent vo l ume , 1 . 7  x 108 m3 
for 105 operat i ng d ay s .  These numbers are stat i st i c a l l y  deri ved and are g i ven for c ompari son purposes o n l y .  

TABLE D . 4 .  Rad i on uc l i de Content o f  Annua l  Gaseous Eff l uents from the U03 P l ant ,  
1050 and 2 100 MT/yr Process i ng Rates 

Rad i on uc l i des ( a )  

Total a l ph a  ( a s  
uran i um part i c l e s )  

Total beta ( a s  
Ru�106 part i c l es )  

1050 MT/yr Process i ng Rate 
Total Annua l  Curies 

4 . 5  x 10-8 

3 x 10-5 

2100 MT/yr Process i ng Rate 
Total Annua l  Curies 

9 .0  x 10-8 

6 x 10-5 

( a )  These val ues were ca l cu l ated based on 1972  data and an assumed eff i c i ency of 
9 9 . 95 percent for pl anned f i l ter add i ti o n s .  

D . 5  



TABL E 0 . 5 .  Est imated Annual  Nonrad i oact i ve Gaseous Eff l uents from P UREX / U03 P l ant s ,  
3000 MT /yr Process i ng Rate 

Wash i ngton 
State Annua l  

Standard Quant ity Concentrat i on Annual  
( Off s i t e )  L im i t  a t  S i te Qu ant i ty 

Po 1 1  utant Source ( a) ( j.lg/m3 ) ( MT )  Boundar� ( j.lg/m3 ) ( m )  
N i trogen Ox i des P UREX 100 424 2 x 10-2 385 

U03 50 5 x 10-3 50 

Hydrocarbons PUREX  160 6 x 10-4 12  
U03 4 x 10-5 0 . 4  

Carbon Monox i d e  P UREX 10  mg/m3 1 x 10-4 2 

Ammon i a  PUREX 60 1 x 10-3 18 

Total Suspended PUREX 150 1 x 10-6 0 . 02 
Part i c u l ates U03 6 x 10-7 0 . 006 

( a ) D i scharged from 6 1-m mai n vent i l at i o n  and 26-m ammon i a  stac ks  at P UREX ; from 26-m mai n  
stack at U03 p l ant . 

TABLE  0 . 6 .  Est i mated Annual  Nonrad i oact i ve Gaseous Eff l uents from PURE X / U03 P l ants , 
1050 and 2 100 MT/yr Process i ng Rate 

1050 MT/yr 2100 MT/yr 
Proces s i ng R ate Proces s i ng R ate 

Source ( a )  
Ann u a l  Quant i ty Annual  Quant ity 

Po l l utant (MT )  ( tvlT ) 
N i trogen Ox i des PUREX 135 270 

U03 16 30 

Hydroc arbons PUREX 4 8 
U03 0 . 1 0 . 2  

C arbon Monox i de PUREX 0 . 6  1 

Ammon i a  PUREX  6 12  

Total  Su spended PUREX  0 . 006 0 . 01 
Part i c u l ates U03 0 . 002 0 . OU4 

( a )  D i sch arg ed from 61-m mai n vent i l at i on and 26-m ammo n i a  stacks  at 
PUREX ;  from 26-m mai n stack  at U03 p l ant . 

TABLE 0 . 7 .  Gaseous Eff l uents from Transportat i on of Major P UREX 
Mater i al s ,  3000 MT /yr Process i ng R ate  

Annua l  Quan t i t� Rel eased ( t>1T )  
P o  1 1  utant R a i  1 (1 . 4  x 106 �7yr) Truck ( 9 . 3  x 103 �7 �r) 

Part i c u l ates 5 . 4 1 . 8 x 10-2 

S02 1 3 . 9  -2 3 . 8  x 10  

CO  1 5 . 0  3 . 1 x 10-1 

Hydrocarbons 10 . 7 5 . 3  x 10-2 

N i trogen Ox i d es 1 6 . 1  5 . 3  x 10-2 

0 . 6  



Current ac i d  waste ( CAW ) wou l d  be d i rect ly  neutra l i zed before goi ng to i nterim storage 
i n  underground tan k s ,  and i s  not cons i d ered an eff l uent . 

Tab l e  0 . 8  l i sts  the rad i onuc l i de c ontent of the l i qu i d  eff l uents generated i n  1972 and 
esti mated max i mum annu a l  d i scharge s  for the 3000 MT/yr c ase ; anal ogous estimates for the 
1050 and 2 100 MT/yr c ases are pre sented i n  Tab l e  0 . 9 .  

I t  shou l d  b e  noted that even thoug h the scenari os used are based on h i gher burnup of 
the fue l than that processed i n  1972 ,  mod i f icat i on s  wh ich  have been i ncorporated i nto the 
PUREX p l ant A red uc i ng the rad i onuc l i de content of condensates ,  wi l l  measurab l y  red uc e the 
amounts of �OSr, 106R u ,  and 137Cs d i sc harged to the cri bs .  

Heat exc hanger coo l i ng water and  the  c hem ica l  sewer are a l so consi dered l i qu i d  
eff l uents from the PUREX operat i on .  Bec ause the rad i onuc l i de content of these l i qu i d s  i s  
very l ow, they are d i sc harged to man-made pond s .  The  rad i onuc l i de  content of  these 
d i sc harges to the pond s i s  a l so l i sted in Tab l e s  0 . 8  and 0 . 9 . 

L i qu i d s  d i sc harged from the U03 pl ant i nc l ude coo l i ng water, steam c ondensate,  
chem ica l  sewer waste ( c ompressor coo l i ng water,  sp i l l ed c hem i c a l s ,  etc . ) ,  and  process 
condensate.  The f i rst three eff l uent streams are sent to a pond whi l e  t he l ast i s  sent to a 
cr i b .  Rad i onuc l i de contents of these d i scharges  are shown i n  Tab l e  0 . 10 ;  est i mates for the 
1050 and 2100 MT/yr cases are shown i n  Tab l e  0 . 1 1 .  The total  l i qu i d  eff l uents from the 
U03 p l ant contai n l ess than 10 percent of the act i n i des and l ess  than 50 percent of the 
tot al  a cur ies  rout i ne l y  d i scharged to the pond s/cr ibs  i n  the 200 West Area.  ( Other l i qu i d  
d i scharges are from waste management fac i l t i es . ) These contri bute essent i a l ly  zero 
rad i at i on dose to the general pub l ic ( RHO 1979 ) . 

Tab l e  0 . 12 l i sts  the compos i t i on of a l l l i qu i d  eff l uents from the PUREX /U03 
fac i l i t i e s  conta i n i ng nonrad i o l og i c a l pol l utants for the 3000 MT/yr c ase .  The 
proport i onal l y  smal l er quant i t i e s  for 1050 and 2 100 MT/yr proces s i ng rates are summari zed i n  
Tab l e  0 . 13 .  The c hemi c a l  content of sewer eff l uent i s  based o n  an esti mated l oss of one 
percent of the c hemica l s u sed i n  the PUREX/U03 fac i l i t i e s .  

0 . 1 . 3  Rad i at i o n  Dose Compari son 

Est i mated average annual  occ upat i ona l  dose rates for emp l oyees for an assumed 
process i ng rate of 3000 MT/yr are s hown i n  Tab l e  0 . 14 .  These are proport i onal l y  l ower for 
1050 and 2 100 MT/yr proces s i ng rates ,  assum i ng the same s i ze l abor forc e ,  as summari zed i n  
Tab l e  0 . 15 .  A s  the tabl e i nd i cates,  these doses  wou l d  be w i th i n  DOE Order 5480 . 1A 
Gu i de l i ne s .  

E st imated annual  average rad i at i on doses f o r  t h e  max imum i nd i vi dua l  and f o r  t h e  general 
pub l i c  for an assumed 3000 MT/yr proces s i ng rate were p resented i n  Sect ion 5 . 1 . 1 . 2  
( Tab l e s  5 . 4  and 5 . 5 ) for the PUREX and U03 p l ants.  Correspond i ng estimates for 1050 and 
2 100 MT/yr process i ng rates are s hown for PUREX i n  Tab l es 0 . 16 and 0 . 1 7 ,  and for the U03 
p l ant i n  Tab l es 0 . 18 and 0 . 19 .  

The doses whi c h  wou l d  b e  recei ved from potent i a l acc i dents wou l d  b e  unc hanged bec ause 
the amount of rad i oact i ve materi a l  avai l ab l e  for rel ease f rom the fac i l i t i e s  at any one t i me 
wou l d  not c hange .  The poss i b i l ity of a n  ons ite t ransportat i on acc i dent occurri ng wou l d  
remai n  very smal l .  Non-rad i o l og i c a l  occ upat iona l  hazard s for t he PUREX /U03 fac i l i t i es 
wou l d  be s imi l ar to other chemi ca l  and al l i ed i ndustr ies .  

0 . 7  
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TABLE D . 8 .  Rad i on uc l i de Content of Annual  L i q u i d  D i scharges from t he PUREX P l ant 
to Cri bs  and Pond s ,  3000 MT/yr Process i ng Rate 

DOE Order 
54S0 . 1A 
chagter X l  

Ta  I e  I ,  
1972 Actual ( a ) 3000 MT /xr Proces s i ng Rate( b) 

Co l umn 2 (c ) 
Average Con- Average Con-

Ons ite centrat ion ft centrat i on at 
Concentrat ion the SOllrce, d ) Annual t he Source, ( d , e) Annual 

Radionuc I ides Gu i de,  �Ci /m� �C i /m� Curies �C i /m9, Curies 

D i scharges to Cribs 
3.9 x 10

-1 239pu 1 x 10-4 1 .  9 x 10-5 4 . 3
( t )  

6 . 3  x 10-7 
23SU 1 x 10

-3 6 . 1  x 10-9 1 . 4  x 1O-3( t ) 
3 . 2  x 10-9 2 . 0  x 10-3 

3H 1 x 10-1 1 . 4  x 10-1 7. 0  x 103(g ) S. l  x 10-2 5 . 0  x 104 ( h ) 

90Sr 1 x 10-5 6 . 5  x 10-4 1 . 5  x 102 7 . 7 x 10
-6 4 . 8  

1 37Cs 4 x 10
--4 

7. 4  x 10-4 1 . 7 x 102 5 . 3  x 10-6 3 . 3  
106Ru 3 x 10-4 3 . 5  x 10-3 8 . 1  x 102 2 . 1 x 10-5 1 . 3  x 101 
60Co

(f ) 
1 x 10-3 S. 3  x 10-5 1 . 9  x 101 ( t ) 

2 . 9  x 10
-7 1 . 8  x 10

-1 

D i scharges to Ponds 
239pu 1 x 10-4 2 . 6 x lO-S 

4 . 4  x 1O-1 (t ) 
1 . 4  x 10

--8 
4 . 0  x 10

-1 
238U 1 x 10-3 1 . 1  x 10-9 1 . 9  x 1O-2 (t ) 

1 . 1  x 10-9 3 . 0  x 10
-2 

3
H 1 x 10-1 2 . 9  x 10-6 8.0 x 101 Not Ana lyzed Not Ana lyzed 

90Sr 1 x 10-5 1 . 8  x lO-S 
0 . 3

(f ) 
1 . 2  x lO-S 

3 . 3  x 10-1 
1 37Cs 4 x 10-4 1 . 1  x 10-7 1 .S(f ) 

4 . 9  x lO-S 
1 . 6 

106Ru 3 x 10-4 2. 9 x 10-7 4 . 9
(f ) 

7 . 2  x lO
-S 

2 . 4  
60Co 1 x 10-3 5 . 9  x lO-S 

1 .0
( f ) 

4 . 3  x 10-8 1 . 2  

( a )  1972 emissions are based on process i ng a tota l  of 1013 MT of fuel i nc l ud i ng about 5 2 5  MT of 3 . 5  percent 240pu 
weapons grade i rrad i ated fue l .  ( b ) Projected emi ss i ons are based o n  process i ng 3000 MT of 1 2  percent 240pu i rradi ated fue l ,  20 percent of whi c h  i s  
sp ike fuel ; the f ue l  i s  assumed t o  be cooled only ISO days. (c ) Table I, Column 2 concentrat i on gu ides are set forth here for compari son purposes only.  They set forth 
concentrat i ons of radi onuc l ides which may be d i scharged d i rect ly to a publ ic san i tary sewer system ( see Sec t i on 6 . 1  
and DOE Order 54S0 . 1A) . ( d ) These val ues were determi ned by d i v i d i ng the annual curies by the total eff l uent vol ume 6. 2  x 105 m3/yr to c r i bs 
and 2 . S  x 107 m

3
/yr to ponds • •  These numbers are stat i st i c a l ly deri ved and are g i ven for compari son purposes 

only.  ( e) The PUREX eff l uent is d i scharged to an onsite rad i at i on d i sposal fac i l i ty, but the compari son with Tab l e  I,  C o l umn 2 
values shows that the concentrat ions of a l l the radi onuc l i des wou ld  meet c r i teri a  for d i rect d i scharge to a pub l ic 

( f )  
( g )  ( h )  

san i t ary sewer system. 
Va l ues are the sum of 12 compos i te samp les .  The  detect i on l im i t  var i ed depend i ng on t he samp l e  s i ze and count i ng 
t ime. 
Calc u l ated from prev i ous samp l e  resu l t s .  
Estimates h igher than 1972 data are based o n  hi yher exposure rates, i . e . ,  12 percent 240Pu,  and correspond i ng l y  
hi gher 3H content. 



TABLE  0 . 9 .  Radi onuc l i de Content o f  Annua l  L i qu i d  D i scharges from t he PUREX P l ant 
to C r i b s  and Pond s ,  1050 and 2100 MT/yr P rocessi ng R ates 

Radionucl ides 
1050 MT/yr Processing Rate(a) 

Total Annual Curies 
2100 MT/yr Processing Rate(b) 

Total Annual Curies 
Discharges to Cribs 

239pu 
23BU 

3H 
90Sr 
137Cs 
106Ru 
60Co 

Discharges to Ponds 
239pu 
23BU 
3H 
90Sr 
137Cs 
106Ru 
60Co 

1 . 3  x 10-1 

6 . B  x 10-4 

1 .  9 x 104 

2 . B  
1 . 0  
1 . 7  

5 . 5  x 10-2 

1.4 x 10-1 

1 . 0  x 10-2 

3.4 x 101 

2 . 0  x 10-1 

5 . 4  x 10-1 

B . O  x 10-1 

3. 7 x 10-1 

2. 7 x 10-1 

1 . 4  x 10-3 

3 . 4  x 104 

6 . 0  
l o B  
2 . 4  

B . 4  x 10-2 

2 . 7  x 10-1 

2 . 0  x 10-2 

6 . 1  x 101 

4 . 3  x 10-1 

1 . 0  
1 . 1  

5 . 7  x 10-1 

(a ) Based on processing 1050 MT of 12 percent 240Pu irradiated fuel, 20 percent of 
which is spike fuel. The 1050 MT of fuel is the sum of 350 MT of lBO-day cooleo 
fuel, 350 MT of 1-1 /2 year cooled fuel, and 350 MT of 3-year cooled fuel. 

(b)  Based on processing 2100 MT of 12 percent 240pu irradiated fuel, 20 percent of 
which is spike fuel. The 2100 MT of fuel is the sum of six equal portions 
weighing 350 MT each with cooling times of 1/2, 2, 3, 4-1/2, 6, and 7-1/2 years. 

TABLE 0 . 10 .  Radi onuc l i de Content of Annua l  L i qu i d  D i sc harges from the U03 P l ant, 
3000 MT/yr P rocess i ng Rate 

Radionuclides 

Total uranium 

Total 8 

DOE Order 
5480. 1A 
Chapter X I  

Table I ,  
Co 1 umn 2 l a)  

Onsite 
Concentration 
Guide, �Ci/m£ 

5 x 10-4 

1 x 10-5 

1972 Actual 
Average Con

centrat i on �t
) the Source, \ b 

�Ci /m� 

4. B x 10-9 

3. 5 x 10-6 

Total 
Annua l 
Curies 

2 . 2  x 10-3 

1 . 6 (b) 

3000 MT/yr Processing Rate 
Average Con
centration at 

the Source, (b)  
�Ci /m� 

2 . 5  x lO-B 

2.6 x 1O-5(d) 

Total 
Annual 
Curi es 

4 . 2  x 10-3 

4 . 5 

(a) Table I ,  Column 2 concentration guides are set forth here for comparison purposes only. They 
set forth concentrations of radionuc lides which may be d i scharged direc t l y  to a pub l ic sanitary 
sewer system (see Secti on 6 . 1  and DOE order 54BO. 1A) . 

(b)  These values were determined by dividing the annua l curies by the tota l eff l uent volume, 1 . 9  x 
105 m3/yr . These numbers are stat i stically  derived and are given for comparison purposes 
onl y .  

(cl This va l ue i s  the sum o f  1 2  composite samp l es.  The detection l im i t  varied depend ing on the 
sampl e  s i ze and counting time. 

(d) This concentration w i l l  not exceed the radiat i on protection standards of DOE Order 54BO.1A, see 
d iscussion in Section 6 . 1  
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TABLE  0 . 11 .  Rad i onuc l i de Cont ent of Annual  L i qu i d  D i sc harges from the U03 P l ant , 
1050 and 2 100 MT /yr P rocess i ng  Rates 

Rad i onuc 1 i des 
Total  uran i um 
Tot a l  e 

Total  Annual 
1050 MT/yr 

Process i ng R ate 
1 . 4  x 10-3 

1 . 5  

Curi es 
2100 MT/yr 

Processi  ng R ate 
2 . 8  x 10-3 

3 . 0 

TABLE 0 . 12 .  Non rad i oact i ve Chem ical s i n  L i qu i d  Eff l uents from PURE X and 
U03 P l ant s ,  3000 MT/yr Proces s i ng Rate ( a ) 

E f f l uent Stream Annua 1 Concentrat ion Annua 1 
Source Vo l ll11e !m31 Po 1 1  utant (mo l e s / l i terl Quant i tl !MTl D i scharge S i te 

PUREX P l ant 
Process condensate 2 . 7  x 104 N i t r i c  ac id  0 . 0 1  1 . 8  x 101 C r i b  
Steam condensate 5 . 4  x 105 Dearborn chemic a l  10-15 ppm 6 . 9  C r i b  

Super F i lmeen 14 
( Octy ldecy l am i ne) 

Anmoni a condensate 6 . 6 x 104 Ammon i um  hydrox i de 0 . 3  6 . 9  x 101 C r i b  

Coo 1 i n g  water 2 . 7  x 10 7 None Gab Ie Mounta i n Pond 
and B-P l ant Pond 

Chemical sewer ( b )  2 . 7  x 106 Ammon i um  f l uoride! 3 . 6 x 10-6 7 . 8  B-P 1 ant Pond 
Anmon i um  n i trate 

Potassium hydroxide 1. 9 x 10-5 3 . 0  B-P 1 ant Pond 
Ni tric ac i d  5 . 3  x 10-5 9 . 3  B-P 1 ant Pond 
Ferrous su 1 f amate 6 x 10-6 4 . 2  x 10-1 B-P I ant Pond 
Sulfamic ac i d  2 x 10-6 5 . 4  x 10-1 B-P 1 ant Pond 
Sugar ( sucrose) 1 . 6  x 10-5 1 . 5 B-P 1 ant Pond 
Sod i um hydrox i de 8 x 10-5 8 . 7  B-P lant Pond 
Sod i ll11 carbonate 9 . 4  x 10-5 2 . 7  x 10-1 B-P 1 ant Pond 
A l ll11 i n um  n i t rate 1 . 0  x 10-5 5 . 7 B-Plant Pond 

U03 P l ant 

Process condensate 1 . 8  x 103 Nitric ac i d  0 . 0 7 7  8 . 7  Cr i b  

Coo 1 i ng water 1. 7 x 105 None 
Chem i c a  1 sewer 1 . 1  x 104 N i tric ac i d  -0 .001 M 7 . 2  x 10-1 U Pond 

S u l f u r i c  ac i d  - 7 . 0  x 10-6 7 . 8  x 10-3 U Pond 

( a )  Under normal operat i ng cond i t i on s .  
( b )  Based o n  esti mated l oss of one percent o f  chemic a l s  used i n  the PUREX p l ant. 
Source s :  Hawk i ns 1980 a . e .  1981b. 
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TABLE 0 . 13 .  Nonrad i oac t i ve Chem i c a l s i n  L i qu i d  Effl uents from PUREX and U03 P l ants ,  
1050 and  2 100 MT/yr Proc es s i ng Rates { a)  

1050 MT/lr Proces s i ng Rate 2100 MT /lr Proces s i ng Rate 
Average Average 

Concentrat ion Annua 1 Concentrat i on Annu a l  
at Source Quant i ty at Source Quant ity 

Pol lutant Source (mo les / l  i ter) (MT) (moles / l i ter) ( MT! 

PURE X P l ant 

N i t r i c  Ac id Process Condensate 0 . 0 1  5 . 9  0 . 0 1  1 1 . 8  

Dearborn Chemic a 1 Steam Condensate 10-15 ppm 
Super F i lmeen 14 

2 . 3  10-1 5  ppm 4 . 6  

Anrnon i um  Hydroxide Arrmon i a  Condensate 0 . 3  23 0 . 3  46 

Arrmo n i um Fl uori de/ Chem i c a l  Sewer( a ) 3 . 6  x 10-6 2 . 6  3 . 6  x 10-6 5 . 2  

Anrnonium Ni trate 

Potassium Hydrox i de Chemical sewer1 a l 1 . 9  x 10-5 1 . 0  1 .  9 x 10-5 2 . 0  

N i t r i c  Ac i d  Chemica 1 Sewer a 5 . 3  x 10-5 3 . 1  5 . 3  x 10-5 6 . 2  

Ferrous S u  If amate Chemi c a l  sewer 1a l 6 x 10-6 0 . 1 4  6 x 10-6 0 . 28 

Sulfamic Ac i d  Chemi c a l  Sewer a 2 x 10-6 0 . 18 2 x 10-6 0 . 36 

Sugar ( sucrose) Chemical  Sewer( a ) 1 . 6  x 10-5 0 . 51 1 . 6  x 10-5 1 . 02 

Sod i um  Hydrox i de Chem i c a l  Sewer ( a )  8 x 10-5 2 . 9  8 x 10-5 5 . 8  

Sodium Carbonate Chem i c a l  sewer1 a l 9 . 4  x 10-5 0 . 09 9 . 4  x 10-5 0 . 18 

A l um i num Nit rate Chemi c a  1 Sewer a 1 . 0  x 10-5 1 . 9  1 . 0  x 10-5 3 . 8  

!!Q3 P l ant 

Nitric Ac i d Process Condensate 0.077 2 . 9  0 . 0 77 5 . 8  

N i t r i c  Ac i d  Chemic a 1 Sewer 0 . 00 1  0 . 24 0 . 00 1  0 . 48 

Sulfuric Ac i d  Chem i c a l  Sewer 7 x 10-6 0 . 003 7 x 10-6 0 . 005 

( a) Based on est imated loss of one percent of chemic a l s  used i n  the PUREX p l ant.  

TABLE 0 . 14 .  Average Annua l  Occupat i onal  Doses for Emp l oyees i n  the PUREX and 
U03 P l ant s ,  3000 MT/yr Process i ng Rate 

S k i n Dose Tot a l  Body G amma 
Number of Workers ( rem/,i:r ) ( rem/yr) 

For PURE X ( exc l ud i ng PU02 Workers ) 

Rad i at i on Zone Workers 190 3 . 6  2 . 4  
Non-rad i at i on Zone Workers 90 0 . 6  0 . 3  

For PURE X PU02 Workers 

Rad i at i on Zone Workers{ a )  30 4 . 5  0 . 7  
Non-rad i at i on Zone Workers 20 0 . 6  0 . 3  

For U03 Fac i l i t i es 

Rad i at i on Zone Workers 28 2 . 4  1 . 5 
Non-rad i at i on Zone Workers 16 0 . 6  0 . 3  

Standards ( 5480 . 1A)  

Rad i at i on Zone Workers 15 5 . 0  
Members o f  the General  Pub l i c  1 . 5 0 . 5 

( a ) These rad i at i on zone workers c ou l d  rece i ve a dose up to 0 . 4  rem/yr f rom neutrons f rom 
p l uton i um .  

0 . 1 1 



TABL E  0 . 1 5 .  Average Annual Occ upat i onal  Doses for Emp l oy�e� i n  the PUREX and U03 
P l ants,  1050 and 2 100 MT/yr P rocessi ng R ates t a ) 

For PUREX (exc l ud i ng  PuO? workers) 

Rad i at i on Zone Workers 
Non-rad i at i on Zone Workers 

For PUREX PU02 Workers 

Rad i at i on Zone Workers( b) 
Non-rad i ati on Zone Workers 

For U03.!.l!!!!.... 

Rad i at i on Zone Workers 
Non-rad i at ion Zone Workers 

DOE Order 54SO. 1Aa Chapter Xl  
Skin Dose ho le Body 

( rem) ( rem) 

15.0 
1 . 5  

15 .0  
1 . 5  

15 .0  
1 . 5  

5 .0 
0 . 5  

5 .0  
0.5  

5 . 0  
0 . 5  

1050 HT/yr 
Processi na Rate 

Skl n Dose hole Body 
( rem) (rem) 

1 . 2  
0 . 2  

1 . 5  
0 . 2  

O . B  
0 . 2  

O . B  
0 . 1  

0.2  
0.1  

�. 5 
0 . 1  

2100 HT/yr 
Processing Rate 

Skin Dose Whole Body 
(rem) ( rem) 

2 . 4  
0 . 4  

3.0 
0 . 4  

1 . 6 
0 .4  

1 . 6 
0 . 2  

0 . 5  
0 . 2  

1 . 0  
0 . 2  

( a )  The doses are based on the expected rat i o  o f  6 percent 240pu t o  1 2  percent 240pu processed by PUREX. 
The doses shown are per worker and assume no i nc rease i n  work force. 

( b )  These rad i at i on zone workers cou l d  receive a dose of up to 0 . 4  rem/yr from neutrons from p l utoni um. 

0 . 12 
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TABLE D . 1 6 .  Rad i at i on Doses t o  Members of the General P ub l i c  from Rout i ne Rel eases 
from the PUREX P l ant , 1050 MT /yr Process ing  Rate 

Maxi mum I nd iv idual  Dose ( rem) Popu l at i on Dose (man-rem) ( d )  
Pathway and 
Organ 

Air Submersion 

l-yr Release/(al l-yr Release/(6l 16-yr Release/(c ) l-yr Release/ l-yr Release/ 16--y-r�R�eTle-a�s�e�/ 
1-yr Accumu l at i on 70-yr Accumu l ation  70-yr Accumu l ation  1-yr Accumu l at ion 70-yr Accumu lation  70-yr Accumu l ation  

Al l Organs 

I nhal at i on 

Total Body 
Bone 
Lung 
Thyroi d  
G I-L L I  

Ground Depos it ion 

Al l Organs 

I ngestion 

Total Body 
Bone 
Lung 
Thyro i d  
G I -LL I  

Total from a l l  Pathways 

Total Body 
Bone 
Lung 
Thyro i d  
G I-L L I  

1 . 0  x 10-5 

1 . 0  x 10-7 
3 . 2  x 10-7 
4 . 2  x 10-7 
4 . 6  x 10-7 
4. 7 x 10-9 

1 .8 x 10-9 

1 . 2  x 10-6 
1 . 4  x 10-6 
1 . 1  x 10-6 
2 . 8  x 10-5 
1 . 2  x 10-6 

1 . 1  x 10-5 
1 . 2  x 10-5 
1 . 2  x 10-5 
3 .8  x 10-5 
1 . 1  x 10-5 

1 . 0  x 10-5 1 . 6  x 10-4 

6 . 9  x 10-7 1 . 1  x 10-5 
9 . 7  x 10-6 1 . 5 x 10-4 
1 . 6  x 10-6 2 . 6  x 10-5 
5 . 1  x 10-7 8 . 1  x 10-6 
4 .8  x 10-9 7 . 6 x 10-8 

1 . 8  x 10-9 1 . 8  x 10-6 

3. 1  x 10-6 4 . 0  x 10-4 
8 5 x 10-6 1 . 4  x 10-3 
1 : 1 x 1O=-6 1 . 8  x 10-5 
3. 4  x 10-5 1 . 1  x 10-3 
1 . 3  x 10-6 4 . 9  x 10-5 

1 . 4  x 10-5 5 . 7  x 10-4 
2 .8  x 10-5 1 .  7 x 10-3 
1 . 3  x 10-5 2 . 1  x 10-4 
4. 5 x 10-5 1 .  3 x 10-3 
1 . 1  x 10-5 2 . 1  x 10-4 

1 . 2  x 100 1 . 2  x 100 1 . 9  x 101 

1 . 6  x 10-2 1 . 1  x 10-1 1 .  7 x 100 
5 .0  x 10-2 1 . 6  x 100 2 . 4  x 101 
6 . 7  x 10-2 2 . 6 x 10-1 4 . 2  x 100 
7 . 4  x 10-2 8 . 1  x 10-2 1 .  3 x 100 
7 . 6 x 10-4 7 . 6  x 10-4 1 . 2  x 10-2 

1 . 9 x 10-4 1 . 9 x 10-4 1 .  9 x 10-1 

8 . 9  x 10-2 2 . 2  x 10-1 2 . 4  x 101 
1 . 0  x 10-1 6 . 0  x 10-1 8. 5 x 101 
7 . 9  x 10-2 8 . 2  x 10-2 1 . 3 x 100 
2 . 5 x 100 3 . 1  x 100 9 .0  x 101 
9 . 1  x 10-2 9 . 4  x 10-2 3 . 2  x 100 

1 . 3  x 100 1 . 5 x 100 4. 5 x 101 
1 . 4  x 100 3 . 4  x 100 1 .  3 x 102 
1 . 3  x 100 1 . 5 x 100 2 . 5 x 101 
3 .8  x 100 4 . 4  x 100 1 . 1  x 102 
1 . 3  x 100 1 .  3 x 100 2 . 2  x 101 

( a )  A 1-yr Re l ease / 1-yr Accumu l at ion i s  the dose rece i ved i n  the fi rst year from exposure i n  that year . 
( b )  A 1-yr Re l ease / 70-yr Accumu l at i on i s  the dose received over a 70-year l i fetime from exposure i n  the fi rst year. For external 

exposure , it is equal to the 1-yr Re lease / 1-yr Accumu l at ion dose . 
( c )  A 16-year Rel ease / 70-yr Accumul ation i s  the total dose accrued over a l i fetime of conti nuous exposure to res i dual  rad i at i on both 

dur i ng and after the 16  years of PUREX p l ant operat i on .  
( d )  The popu l at i on dose i s  for an estimated popu l at ion ( 1990) of 417 ,000. Al l l ocal popu l ation doses i n  t h i s  E I S  are based o n  th i s  

popu l at i on d i stribution w ith in  a 80-km ( 50-mi l e )  rad i us from the Hanford Meteoro logical Stat ion l ocated at about the center of the 
Hanford Si te .  
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TABLE  0 . 1 7 .  Poten t i a l  Rad i at i on Doses t o  Members of the  General Pub l i c  from Rou t i ne Re l eases from the  
PUREX P l ant , 2 100 MT/yr Process i ng Rate 

Pathway and 
Or� 

Air Submers ion 

Al l Organs 1 .  3 x 10-5 1 . 3  x 10-5 2 . 1  x 10-4 1 . 5 x 100 1 . 5 x 100 

I nhal ation 

Total Body 2 . 0  x 10-7 1 . 2  x 10-6 1 . 9  x 10-5 3 . 2  x 10-2 2 . 0  x 10-1 
Bone 5 . 4  x 10-7 1 . 7  x 10-5 2 . 7  x 10-4 8 . 6  x 10-2 2 .8  x 100 
Lung 8 . 5 x 10-7 3 . 3  x 10-6 5 . 3  x 10-5 1 . 4  x 10-1 5 . 3  x 10-1 
Thyro id  6 . 0  x 10-7 6 . 8  x 10-7 1 . 1  x 10-5 9 . 6  x 10-2 1 . 1  x 10-1 
GI-LL I  8 .3  x 10-9 8 .4  x 10-9 1 . 3  x 10-7 1 . 3  x 10-3 1 . 3  x 10-3 

Ground Depos i t ion 

Al l Organs 3 . 6  x 10-9 3 . 6 x 10-9 3 . 6  x 10-6 3 . 8  x 10-4 3 .8  x 10-4 

I ngestion 

Total Body 2 .4  x 10-6 5 . 6  x 10-6 6 . 8  X 10-4 1 . 7  x 10-1 4 . 0  x 10-1 
Bone 2 . 6  x 10-6 1 . 5 x 10-5 2 .4  x 10-3 2 . 0  x 10-1 1 . 0  x 100 
Lung 2 . 2  x 10-6 2 . 2  x 10-6 3 . 6  x 10-5 1 . 6  x 10-1 1 .6 x 10-1 
Thyro id  3 .9  x 10-5 5 . 0  x 10-5 1 . 8  x 10-3 3 . 6  x 100 4 .8  x 100 
GI-L L I  2 .4  x 10-6 2 . 5 x 10-6 8 .9  x 10-5 1 . 8  x 10-1 1 . 8  x 10-1 

Total from al l Pathwa� 

Total Body 1 . 6  x 10-5 2 . 0  x 10-5 9 . 1  x 10-4 1 . 7  x 100 2 . 1  x 100 
Bone 1 . 6  x 10-5 4 . 5 x 10-5 2 . 9  x 10-3 1 . 8  x 100 5 . 3  x 100 
Lung 1 .6 x 10-5 1 . 9  x 10-5 3 .0  x 10-4 1 . 8  x 100 2 . 2  x 100 
Thyro i d  5 . 3 0  x 10-5 6 . 4  x 10-5 2 . 0  x 10-3 5 . 2  x 100 6 . 4  x 100 
G I-LL I  1 .  5 x 10-5 1 . 6  x 10-5 3 .0  x 10-4 1 . 7  x 100 1 .  7 x 100 

( a )  A 1-yr Re l ease / 1-yr Accumu l at ion i s  the dose rece ived i n  the fi rst year from exposure i n  that year . 
( b )  A 1-yr Rel ease/70-yr Accumu l ati on i s  the dose rece ived over a 70-year l i fetime from exposure i n  the f irst year. For 

external exposure , i t  i s  equal to the 1-yr Re l ease / 1-yr Accumu l ati on dose . 

2 . 4  x 101 

3 . 0  x 100 
4 . 3  x 101 
8 . 5 x 100 
1 . 7  x 100 
2 . 1  x 10-2 

3 .8  x 10-1 

4 . 1 x 101 
1 . 5 x 102 
2 . 6  x 100 
1 .  5 x 102 
5 .8  x 100 

6 . 8  x 101 
2 . 2  x 102 
3 . 5 x 101 
1 . 8  x 102 
3 .0  x 101 

( c )  A 16-year Rel ease/70-yr Accumu l at ion i s  the total dose accrued over a l i fet ime of conti nuous exposure to res i dual 
rad i at ion both duri ng and after the 16  years of PUREX p l ant operati on .  

( d )  The popu l ati on dose is  for an esti mated popul ation ( 1990) of 417 , 000. Al l l ocal popu l ation doses i n  t h i s  E I S  are based 
on th is  popu l ati on d istribution with i n  a 80-km ( 50-mi l e )  rad i us from the Hanford Meteoro log i cal Stati on l ocated at 
about the center of the Hanford Site.  
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TABLE 0 . 18.  Poten t i a l  Rad i at i on Do ses to Members of the General Pub l i c  from Rou t i ne Re l eases from the 
U03 P l an t ,  1050 MT/yr Process i ng Rate 

Pathway and 
Organ 

Air Submers i on 

Al l Organs 1. 4 x 10-14 1 . 4  x 10-14 2 . 2  x 10-13 1 . 6  x 10-9 1 . 6  x 10-9 

I nhalat i on 

Total Body 1 . 6  x 10-13 1 .8 x 10-13 2 . 8 x 10-12 2 . 6  x 10-8 2 . 8  x 10-8 
Bone 1 . 2  x 10-12 1 .  5 x 10-12 2 . 4 x 10-1 1  2 . 0  x 10-7 2 . 4  x 10-7 
Lung 5 . 0  x to-12 2 . 2  x 10-1 1  3. 5 x 10-10 8 . 1  x 10-7 3 . 5 x 10-6 
Thyro i d  ___ e )  
G I-LL I  9. 1  x 10-13 9 . 1  x 10-13 1 . 5 x 10-12 1 . 5 x 10-7 1 . 5 x 10-7 

Ground Depos i t i on 

Al l Organs 6 . 4  x 10-13 6.4 x 10-13 2 . 1  x 10-1 1  6 . 9  x 10-8 6 . 9  x 10-8 

.!.!!.!!estion 

3. 9 x 10-14 4 . 4  x 10-14 7 .8 x 10-13 2 . 7 x 10-9 2 . 7 x 10-9 Total Body 
Bone 3. 1 x 10-13 4.2 x 10-13 8 .0  x 10-12 1 .9 x 10-8 2 . 7 x 10-8 
Lung 
Thyroi d  
GI-L L I  2 . 0 x 10-1 1  2 . 0  x 10-1 1  3 . 2  x 10-10 1 .  2 x 10-6 1 . 2  x 10-6 

Total from al l Pathwa� 

Total Body 8 . 5 x 10-13 8.8 x 10-13 2 . 5 x 10-1 1  9 . 9  x 10-8 1 . 0  x 10-7 
Bone 2. 2 x 10-12  2 . 6 x 10-12  5 . 3  x 10-1 1  2 . 9  x 10-7 3 . 4  x 10-7 
Lung 5 . 7 x 10-12 2 . 3 x 10-1 1  3. 7 x 10-10 8 .8  x 10-7 3 . 6  x 10-6 
Thyroi d  6. 5 x 10-13 6. 5 x 10-13 2 . 1 x 10-1 1  7 . 1  x 10-8 7 . 1  x 10-8 

2 . 6  x 10-8 

4. 5 x 10-7 
3 . 9  x 10-6 
5 . 6  x 10-5 

2 . 3  x 10-6 

2 . 2  x 10-6 

4 .9  x 10-8 
5 .0 x 10-7 

2 . 0  x 10-5 

2 . 7 x 10-6 
6 . 6 x 10-6 
5 .8  x 10-5 
2 . 2  x 10-6 

GI-LL I  2 . 2  x 10-1 1 2 . 2 x 10-1 1 3 .4  x 10-10 1 . 4  x 10-6 1 . 4  x 10-6 2 . 5 x 10-5 

( a )  A 1-yr Re 1 ease / 1-yr Accumu l at i on i s  the dose recei ved i n  the fi rst year from exposure i n  that year . 
( b )  A 1-yr Re1 ease/ 70-yr Accumu l at i on i s  the dose recei ved over a 70-year l i fetime from exposure i n  the f irst year. For 

external exposure , i t  i s  equal to the 1-yr Re 1 ease / 1-yr Accumu l at ion dose . 
( c )  A 16-year Re 1 ease/ 70-yr Accumu l at i on i s  the total dose accrued over a l i fetime of cont i nuous exposure to resi dual 

radiation both dur i ng and after the 16 years of PUREX pl ant operat ion .  
( d )  The popul at i on dose i s  for an  estimated popu l at i on ( 1990) of  417 , 000. Al l local popu l at ion doses i n  th i s  E IS  are based 

on th i s  popu l ation d i str i but i on with i n  a 80-km ( 50-mi 1 e )  rad i us from the Hanford Meteorolog i cal Stat ion located at 
about the center of the Hanford Site . 

(e ) Dash (--) i nd i cates nuc l i des do not contri bute s i gn if i cant ly  to th i s  organ . 
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TABLE 0 . 1 9 .  Poten t i a l  Rad i at i o n  Doses  t o  Members of the General Pub l i c from Rou t i ne Re l eases from the 
U03 P l an t ,  2100 MT /yr Proce s s i ng Rate 

Pathway and 
Or� 

Air Submersion 

Al l Organs 2.B x 10-14 2 .B  x 10-14 4. 5 x 10-13 3.2 x 10-9 3 . 2  x 10-9 

I nhal at ion 

Total Body 3. 2 x 10-13 3. 5 x 10-13 5 . 7  x 10-12 5 . 2  x lO-B 5 . 7  x lO-B 
Bone 2 . 5 x 10-12 3. 0 x 10-12 4 .B  x 10-11 4 . 0  x 10-7 4 . B  x 10-7 
Lung 9 . 5 x to-12 4 . 1  x 10-1 1  6 .6 x 10-10 1 . 5 x 10-6 6 . 6 x 10-6 
Thyro i d  ___ e ) 
GI-L L I  1 . B  x 10-12 1.B x 10-12 2 .9  x 10-11  2 . 9  x 10-7 2 . 9  x 10-7 

Ground Deposit ion 

Al l Organs 1. 3 x 10-12 1. 3 x 10-12 4. 1 x 10-11  1 .4  x 10-7 1 . 4  x 10-7 

I ngest ion 

Total Body 7 . B  x 10-14 B. 6 x 10-14 1 . 5 x 10-12 4.B x 10-9 5 . 4  x 10-9 
Bone 6 . 0  x 10-13 B. 3 x 10-13 1 . 6 x 10-11  3 .7  x lO-B 5 . 3  x lO-B 
Lung 
Thyroi d  

3 .9  x 10-11 3 .9  x 10-1 1  6 . 5 x 10-10 2 . 4  x 10-6 2 . 4  x 10-6 G I-L L I  

Total  from al l Pathwa� 

Total Body 1 .  7 x 10-12 1 . B  x 10-12 4.9 x 10-11  2 .0  x 10-7 2 . 1  x 10-7 
Bone 4 . 4  x 10-12 5 . 2  x 10-12 1 . 1  x 10-10 5 .B  x 10-7 6 .B  x 10-7 
Lung 1 . 1  x 10-11 4 . 2  x 10-1 1  7 . 0  x 10-10 1 . 6 x 10-6 6 . 7  x 10-6 
Thyro i d  1 .  3 x 10-12 1 . 3  x 10-12 4. 1 x 10-11  1 .4  x 10-7 1 . 4  x 10-7 
G I-L L I  4 . 2  x 10-11  4 . 2  x 10-1 1  7 . 2  x 10-10 2 . B  x 10-6 2 . B  x 10-6 

( a )  A 1-yr Re l ease/ 1-yr Accumu l ation i s  the dose recei ved i n  the f i rst year from exposure i n  that year . 
( b )  A 1-yr Rel ease/70-yr Accumul ation i s  the dose rece ived over a 70-year l i fetime from exposure i n  the f i rst year. For 

external exposure , i t  i s  equal to the 1-yr Re l ease/ 1-yr Accumu l at ion dose . 

5 . 1  x lO-B 

9 . 1  x 10-7 
7 . 7  x 10-6 
1 . 1  x 10-4 

4 . 7  x 10-6 

4 . 4  x 10-6 

9. 5 x lO-B 
9 . B  x 10-7 

3 .9  x 10-5 

5 . 5 x 10-6 
1 . 3  x 10-5 
1 . 1  x 10-4 
4. 5 x 10-6 
4 . B  x 10-5 

(c )  A 16-year Rel ease/70-yr Accumu l ation is the total dose accrued over a l i fetime of conti nuous exposure to res i dual  
radiation both duri ng and after the 16 years of PUREX p l ant operat ion .  

( d )  The popu l ation dose i s  for an  esti mated popu l at i on ( 1990) of  417 , 000. Al l local popul ation doses i n  th is  E I S  are based 
on th i s  popu l ation d i stri bution wi th i n  a BO-km ( 50-mi l e )  rad i us from the Hanford Meteoro l og i cal Stat ion l ocated at 
about the center of the Hanford S ite .  

(e ) Dash (--) i ndicates nuc l ides do not contri bute s i gn if icantly t o  th i s  organ . 



0 . 2  CONSTRUCT NEW FUEL PROCESS I NG PLANT AT HANFORD 

Eff l uents f rom a new PUREX p l ant wou l d  be cons i d erab ly  d ifferent than those f rom the 
ex i st i ng p l ant , as i nd i c ated by the f o l l ow i ng d i sc us s i o n .  

0 . 2 . 1  Gaseous  Eff l uents 

I nc orporat i on of 85Kr  recovery i nto the process  f l owsheet wou l d  reduce 85Kr  
emi s s i ons  dramat i c a l ly .  Est imated concentrat i ons  and quant i t i es for both a 3000 and 
1050 MT/yr process i ng rate are summari zed i n  Tab l e  0 . 20 .  Cal c u l at i ons of s i te bound ary 
conc entrat i on s  wou l d  req u i re i dent i f i c at i on of a def i n i te  s i t e ;  assumi ng a s i t e  l oc ated 
s i m i l ar ly  to the ex i st i ng p l ant , s i te boundary c oncentrat i ons  c an be a�prox imated f rom those 
i n  Tab l e  0 . 1  by a rat i oi ng p rocess ,  after c orrect i on for the reduced 85Kr  c ontent . 

The on l y  s i gn i f i c ant ly  l arge nonrad i oact i ve gaseous p o l l utant emi tted f rom the PUREX 
p rocess ,  NOx , wou l d  be essent i a l l y  e l i m i nated as a byp roduct of 85Kr  recovery,  s i nce  
th i s has  to be  removed from the d i ssol ver gas eff l uent stream before the  85Kr  can be 
rec overed .  Other nonrad i oact i ve PUREX emi s s i ons wou l d  be expected to be muc h the same as 
i nd i c ated by Tabl es 0 . 5  and 0 . 6 .  

0 . 2 . 2  L iqu i d  Effl uents 

No l i qu i d  process  eff l uents wou l d  be rel e ased from a new p l ant .  Any excess water above 
that wh ich  can be recyc l ed i n  the p l ant i s  rel eased by evaporat i on ( see Sect i on 3 . 2 . 6 ) . It  
is  assumed that  there wou l d  be the same nomi nal re l eases to a t i l e  f i e l d  of  ( non-process ) 
san i t ary wastes,  as i n  the p resent p l ant . 

0 . 2 . 3  Rad i at i on Dose Compari son 

No e st i mates of occ upat i onal  dose are avai l ab l e  for a new PUREX p l ant at Hanford ; as an 
app rox i mat i on it c an be assumed that they wou l d  not exceed those g i ven in Tab l e s  0 . 14 and 
0 . 15 ,  and wou l d  probab l y  be s l i ght ly l ower .  

E st imated annual  rad i at i on doses f o r  the max imum i nd i v i d ua l  and f o r  t he general pub l ic  
f rom a new PURE  X p l ant  are p resented in  Tab l e 5 . 16 for an assumed 3000 MT/yr process i ng 
rate;  anal ogous doses for a 1050 MT/yr p rocess i ng rate are g i ven  i n  Tab l e  0 . 21 .  

TABLE 0 . 20 .  Est imated Rad i onuc l i d e  Content of Annual Gaseous  
Re l eases f rom a New PUREX  P l ant ,  3000 and 1050 MT/yr 
P roces s i ng Rates 

Concentrat ion , ( a ) 
Nuc l i d e  C i /m3 
3H 1 . 2  x 10-3 

14C 4 . 2  x 10-8 

8� r 1 . 5  x 10-1 

106Ru  4 . 1  x 10-7 
129 I 3 . 3  x 10-9 

Other B 3 . 4  x 10-12 

Tota l  a 1 . 8  X 10-1 7  

( a )  Th i s  concentrat i on does not 
the vent i l at i on a i r .  

Annual Quant i tf! C i  
3000 MT/yr 050 MT/yr 

P roc es s i ng Rate  P rocessi ng Rate 
6 . 9  x 104 2 . 4  x 104 

9 . 3  x 10-2 3 . 5  x 10-2 

3 . 3  x 105 1 . 0  x 105 

8 . 6  x 10-1 3 . 0  x 10-1 

7 . 2  x 10-3 2 . 6  x 10-3 

1 . 0  x 10-5 5 . 0  x 10-6 

3 . 9  x 10-1 1  1 . 3  x 10-1 1  

take i nto account any d i l ut i on by 

0 . 17 
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TABLE 0 . 2 1 .  Poten t i a l  Rad i at i on Doses to Members of the Genera l  Pub l i c from Rou t i ne Re l eases from a 
New PUREX P l ant , 1050 MT/yr Proces s i ng Rate 

Pathway and 
Or� 

Air Submers i on 

Al l Organs 1 . 0  x 10-6 1 . 0  x 10-6 1 . 6  x 10-5 1 . 2  x 10-1 1 . 2  x 10-1 

I nhal at ion 

Total Body 1 . 8  x 10-6 1 . 8  x 10-6 2 . 9  x 10-5 2 . 8  x 10-1 2 . 9  x 10-1 
Bone 1 . 2  x 10-8 1 . 3  x 10-8 2 . 1  x 10-7 2 . 0  x 10-3 2 . 1  x 10-3 
Lung 1 . 8  x 10-6 1 . 8  x 10-6 2 . 9  x 10-5 2 . 8  x 10-1 2 . 9  x 10-1 
Thyroid 1 . 8  x 10-6 1 . 8  x 10-6 2 . 9  x 10-5 2 . 8  x 10-1 2 . 9  x 10-1 
G I-LL I  9 . 1  x 10-9 9 . 1  x 10-9 1 . 5 x 10-7 1 . 5 x 10-3 1 . 5 x 10-3 

Ground Deposit ion 

Al l Organs 6 . 7  x 10-9 6 . 7  x 10-9 4 . 4  x 10-7 7 . 1  x 10-4 7 . 1  x 10-4 

I ngestion 
1 .8 x 10-5 1 .  9 x 10-5 3 . 1 x 10-4 1 . 3  x 100 Total Body 1 . 4  x 100 

Bone 1 . 4  x 10-8 1 . 6  x 10-8 2 . 9  x 10-7 1 . 1  x 10-3 1 . 2  x 10-3 
Lung 1 .8 x 10-5 1 .  9 x 10-5 3 . 1  x 10-4 1 . 3  x 100 1 . 4  x 100 
Thyroi d 2 .0  x 10-5 2 . 1  x 10-5 4 . 0  x 10-4 1 . 5 x 100 1 . 6 x 100 
G I -L L I  1 . 9  x 10-5 1 . 9 x 10-5 3 . 1  x 10-4 1 . 3  x 100 1 . 4  x 100 

Total  from al l Pathwa� 

Total Body 2 . 1  x 10-5 2 . 2  x 10-5 3 . 6  x 10-4 1 .  7 x 100 1 . 8  x 100 
Bone 1 . 0  x 10-6 1 . 0  x 10-6 1 .  7 x 10-5 1 . 2  x 10-1 1 .  2 x 10-1 
Lung 2 . 1  x 10-5 2 . 2  x 10-5 3 . 6  x 10-4 1 .  7 x 100 1 . 8  x 100 
Thyroid 2.3 x 10-5 2 . 4  x 10-5 4. 5 x 10-4 1 . 9 x 100 2 .0  x 100 
G I-LL I  2 .0  x 10-5 2 . 0  x 10-5 3 . 3  x 10-4 1 . 4  x 100 1 .  5 x 100 

( a )  A l-yr Re l ease / l-yr Accumu l at i on i s  the dose recei ved i n  the f i rst year from exposure i n  that year . 
( b ) A l-yr Rel ease / 70-yr Accumu l at ion i s  the dose rece ived over a 70-year l i fet ime from exposure i n  the f i rst year . For 

external  exposure , i t  i s  equal  to the l-yr Re l ease/ l-yr Accumu l at ion dose . 
(c )  A 16-year Re l ease / 70-yr Accumu l at i on i s  the total  dose accrued over a l i fetime of cont i nuous exposure to res i dual  

radi ation both dur i ng and after the 16 years of PUREX p l ant operation . 

1 . 9  x 100 

4 . 7  x 100 
3 . 4  x 10-2 
4 . 7  x 100 
4 . 7  x 100 
2 . 3  x 10-2 

4 . 7  x 10-2 

2 . 2  x 101 
2 . 2  x 10-2 
2 . 2  x 101 
3 .0  x 101 
2 . 2  x 101 

2 . 9  x 101 
2 . 0  x 100 
2 . 9 x 101 
3 . 7  x 101 
2 . 4  x 101 

( d )  The popu l at ion dose i s  for an estimated popu l at i on ( 1990 ) of 417 ,000. Al l l ocal popu l at ion doses i n  th i s  E I S  are based 
on th i s  popu l at ion di stri but ion w ith in  a 80-km ( 50-mi l e )  radi us from the Hanford Meteoro logica l  Stat ion l ocated at 
about the center of the Hanford Site.  



D . 3  SH I P  FUEL OFFS I TE FOR PROCESS I NG 

The esti mates of g aseous  and l i qu i d  effl uents and the concomi tant rad i at i on doses for 
the al ternat i ve i nvo l v i ng sh i pment of fuel  to SRP for process i ng are consi derab l y  more 
specu l at i ve .  The est i mat i on i s  comp l i cated by the fact that other process i ng operat i on s ,  as 
l arge or l arger are carried on at SRP ,  and ch aracter i zat i on of i rrad i ated fuel  proces s i ng ' s  
contr i buti on to the total i mpact i s  d i ff i c u l t  i n  the ab sence of spec i f i c  data .  However , 
s i nce the PUREX process i s  a l so empl oyed at SRP i t  c an be assumed , as an appro x i mat i o n ,  that 
emi s s i ons  wou l d  be reason ab l y  comparab l e ,  for a g i ven process i n g  rate . 

D . 3 . 1 Gaseous Effl uents 

Esti mated rad i onuc l i de emi s s i ons  in gas streams are shown in Tab l e  D . 22 , for 3000 and 
1050 MT/yr process i ng rates . 

D . 3 . 2 L i qu i d  Eff l uents 

Esti mated rad i onuc l i de content of l i qu i d  d i scharges res u l t i ng from the process i ng of 
N-Reactor fuel at SRP at processi ng rates of 3000 and 1050 MT/yr are presented in Tab l e  D . 2 3 .  

D . 3 . 3  Rad i at i on Dose Compari son 

No esti mates of occupat i ona l  dose are avai l ab l e  for fuel  process i ng at SRP ,  but, as i n  
the new PUREX p l ant a l ternat i ve ,  these wou l d  b e  expected to be comparab l e  to those 
associ ated w i th process i ng in the ex i st i ng Hanford PUREX/U03 fac i l i ty ( see Tab l e  D . 14 ) . 

Esti mated i ncrement al  ann ua l  rad i at ion  doses for the max i mum i nd i v i dua l  and for the 
g eneral  pub l i c  from the process i ng of N-Reactor fuel at SRP ( 1050 MT/yr ) are presented i n  
Tab l e  0 . 24 .  As i nd i c ated i n  Sect i on 5 . 2 . 2 . 1 ,  these are comparat i ve l y  somewhat greater than 
th ose for process i ng at Hanford due to the fact that there i s  a d i rect l i qu i d  d i scharge to 
l oca l  s urface waters and the l arger total popu l at i on affected . 

Nu c l i de 
3H 
14C 
85Kr 
1 29 1 
1 3 1 1 

Ot her B 
Total ex 

TABLE D . 22 .  Esti mated Rad i onuc l i de Content o f  Annua l  
Rel eases from Process i ng N-Reactor Fue l s  
3000 and 1050 MT/yr Proces s i ng Rates 

Annua l  Re l ease , 
Processin9 N-Reactor �ueis  

3000 MT/yr 1050 MT/yr 
Proces s i ng Rate Proces s i n9 Rate 

6 . 9  x 104 2 . 4  x 104 

9 . 3  x 100 3 . 5  x 100 

3 . 3  x 106 L O x 106 

7 . 2  x 10-1 2 . 7  x 10-1 

5 . 0  x 10-3 5 . 4  x 10-2 

4 . 3  x 10-1 1 . 5  x 10-1 

1 . 4  x 10-2 4 . 8  x 10-3 

D . 1 9  

C u r i es 

Process i ng 
SRP Fue l s  

6 . 5  x 103 

1 . 3 x 10 1 

2 . 6  x 105 

7 . 0  x 10-2 

1 . 4  x 10-2 

4 . 0  x 10-2 

4 . 8  x 10-3 

Gaseous  
at  SRP ,  

Other 
SRP Re l eases 

4 . 8  x 105 

5 . 3  x 101 

2 . 6  x 105 

7 . 0  x 10-2 

1 . 1  x 10-1 

L O x 10-1 

2 . 4  x 10-3 



TABLE 0 . 23 .  Est i mated Rad i onuc l i de Content o f  L i q u i d  D i s charges 
from Proces s i ng N-Reactor Fue l s  at SRP ,  3000 and 
1050 MT/yr Process i ng Rates 

Annua l  Re l ease , Curies  
Process l ng �-Reactor Fuels  

3000 MT/yr 1050 MT/yr Process i ng Other 
Nuc l i de Process i ng Rate Proces s i ng Rate SRP Fue l s  SRP Rel ease s 
3H 1 . 7  x 103 6 . 1  x 102 1 . 6  x 102 9 . 2  x 104 
90Sr 1 . 3  4 . 6  x 10-1 1 . 2  x 10-1 1 . 9  
137Cs 1 . 1  x 101 3 . 8  9 . 9  x 10-1 7 . 1  
106Ru  4 . 3  x 10 1 1 . 5  x 101 4 . 0  2 . 4  
Other e 2 . 0  x 101 6 . 9  1 . 8  1 . 1  x 101 
239pu  6 . 0  x 10-2 2 . 1  x 10-2 2 . 1  x 10-2 2 . 8  x 10-2 
2 38U 3 . 4  x 10-1 1 . 2  x 10-1 1 . 2  x 10-1 4 . 6  x 10-1 

TABLE 0 . 24 .  Potent i a l Rad i at i on Doses t o  Members o f  the General  Pub l i c  from Process i ng 
1050 MT/yr of N-Reactor Fue l  at SRP 

Pathway, Dominant 
Nuc I i de and Organ 

Air Submers ion (85Kr)( a )  

A l l  2 . 2  • 10-5 2 . 2  • 10-5 

Inhal at ion (9OSr,239pu)(a )  

Total Body 
Bone 
Lung 
Thyroi d 
G I -L L I  

Ground Oeeos H ion ( 1291 

A l l  

Ingestion of Farm Croes 
Total 80dy 
Bone 
Lung 
Thyroid  
GI-L L l  

3 . 9  • 10-6 5 . 1  • 10-6 

4. 0  • 10-7 1 .8 • 10-5 

5.0  • 10-6 9 . 4 • 10-6 

5 . 7  • 10-6 6.9  • 10-6 

7 . 1 . 10-9 7 . 2  • 10-9 

)( a )  

7 . 6  • 10-8 7 . 6  • 10-8 

(9Osr, 12g
I)( a )  

1 . 7  • 10-6 2 . 0  • 10-5 

2.0  • 10-6 6 . 9  • 10-6 

1 . 7  • 10-5 1 .8 • 10-5 

2 . 7  • 10-4 
4. 2  • 10-4 

1 . 7  • 10-5 1 . 8  • 10-5 

I ngestion of F i s h  and Drink ing Water (3H, 137Cs)( a )  

4 . 2 . 10-4 7 . 2  • 10-4 Tota I Body 
Bone 4. 3  • 10-4 8 . 7  • 10-4 

Lung 6.8 • 10-5 1 . 2  • 10-4 

Thyroid 1 . 7  • 10-6 1 . 8  • 10-6 

GI-L L l  1 . 8  • 10-4 1 . 8  • 10-4 

Tclals From Al l Pathwa1.s 
Total Body 4. 7  • 10-4 7 . 8  • 10-4 

Bone 4 .6 • 10-4 9 . 3  • 10-4 

Lung 1 . 2  • 10-4 1 . 8  • 10-4 

Thyroid 3 . 1  • 10-4 4. 6  • 10-4 

GI-LLl 2.3 • 10-4 2 . 3  • 10-4 

(a) Major radionuc l ide contributing to dose. 

l-yr Releasel 
Poeu l ation (man-rem) l-yr Re leasel 16-yr Releasel l-.lr AcculIl.I l ation 70-1.r Accumu l at i on 70-yr Accumu lation 

3.5 • 10-4 4 . 3  • 10° 
4. 3  • 10° 6 . 9  • 101 

8.0 • 10-5 1 . 0  • 10° 1 . 3  • 10° 2 . 1  • 101 

2 . 7  • 10-4 1 . 0  • 10-1 
4. 6  • 10° 7 . 0 . 101 

1 . 5  • 10-4 1 . 3  • 10° 2. 4 • 10° 3.9  • 101 

1 . 1  • 10-4 1 . 5  • 10° 1 . 8 • 10° 2 . 9  • 101 

1 . 1  • 10-7 1 . 8  • 10-3 1 . 9  • 10-3 3 . 0  • 10-2 

7 . 6  • 10-5 1. 4 • 10-2 1 . 4 • 10-2 1 . 9  • 10° 

4. 5  • 10-4 1 . 9  • 10° 2 . 2  • 10° 3 . 8  • 10 1 

5.9  • 10-4 2. 4 • 10-1 7 . 5 . 10-1 2 . 3  • 101 

2 . 8  • 10-4 1 .9 • 10° 2 . 0  • 10° 3 . 2  • 101 

1 . 4 • 10-2 2 . 9  • 101 
4.4 • 101 8 . 1  • 102 

3 . 0  • 10-4 1 .9 • 10° 2 . 0  • 10° 3 . 2  • 101 

5 . 3  • 10-3 5 . 3  • 10-3 1 . 2  • 10° 

1 . 2  • 10-2 2 . 2  • 10° 3.8 • 10° 6 . 1  • 101 

1 . 4 • 10-2 2 . 2  • 10° 5 . 2  • 10° 8 . 2  • 101 

2 . 0  • 10-3 
4 . 1  • 10-1 6 . 9  • 101 1 . 1  • 101 

2 . 8  • 10-5 8 . 3  • 10-2 8 . 7  • 10-2 1 . 4 • 10° 

2.9  • 10-3 5 . 5  • 10° 5 . 5  • 10° 8 . 7  • 101 

1 . 6  • 10-2 9 . 4 • 10° 1 . 2  • 10 1 1 . 9  • 102 

1 . 8  • 10-2 6 . 9  • 10° 1 . 5  • 10 1 2 . 5  • 102 

5. 4 • 10-3 7 .9 . 10° 9 . 4 • 10° 1 . 5  • 102 

1 . 7  • 10-2 3 . 5  • 10 1 5 . 0  • 101 9 . 1  • 102 

6 . 1  • 10-3 1 . 2  • 101 1 . 2  • 10 1 1 . 9  • 102 

0 . 20 
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