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anti cl i ne - an unpa rched fol d i n  wh i ch the ro ck stra ta di p away from the fol d1s 
axi s; the oppos i te of syncl i ne 

anti theti c - as appl i ed  to fau l ts , i nd i cates faul ts wi th di ps i n  the oppos i te 
di recti on from the di p of the encl o s i n g rocks 

cai sson - a verti cal l y  ori ente d cyl i n dri cal structure used for the s ubs urface 
di sposal  or storage of materi al s 

c l addi ng  - metal co a ti n g  bonded to a metal core 

co l i form - a measure of the ba cteri al content of water  

concen tra ti on gui de - the average concentration of a rad ionucl i de i n  a ir  or  
water  to  wh i ch a worker or member of the  general popu l at ion may be 
conti nuous l y  expo sed wi thout exceedi ng  appropri ate ra di at ion do se 
s tanda rds (s ee maxi mum permi ssi bl e  concentration ) 

curi e (Ci ) - a uni t of radi oacti vi ty de fi ned as the amount of  a radi oacti ve 
ma teri a l  tha t has an acti vi ty of 3. 7 x 1 010 di s i ntegrati ons per second ( d/s ) 

decontami nati on - the sel ecti ve removal of radi oacti ve materi al  from a s urface 
or from w i th i n  another materi al 

decommi s s i on i n g  - the process of remov i n g  a faci l i ty or area from operati on and 
decontami nati n g  and/o r di spos ing  of i t  or pl aci ng  i t  i n  a condi ti on of 
s tandby wi th appropri ate control s and safeg uards 

de uteri um - an i sotope of hydrogen , hav i n g  twi ce th e mass of ordi nary hydrogen 

de uteron - a pos i ti vel y charged parti cl e cons i sti ng  of a proton and a neutron , 
equi val ent to the n ucl eus of an atom of de uteri um 

dose - a general term i n di ca ti ng the amount of energy absorbed from i n ci dent 
radi ati on by a s peci fi ed mas s  

dose commi tment - the i ntegrated dose whi ch resul ts from a n  i ntake of rad io
acti ve ma teri a l  when the dose i s  eval uate d from the beg i nn i n g  of i ntake 
to a l ater ti me ( usual l y  50 years );  a l so used for the l ong term i ntegrated 
do se to whi ch peopl e are cons i dered commi tted beca use radi oacti ve materi al 
h as been rel eased to the envi ronment 

do si meter - an i ns trument us ed for measuri ng  or eval ua ti ng the absorbed dose , 
exposure ,  or s i mi l ar rad i ati on quanti ty 

dump heat exchanger ( DHX ) - a s tructure to remove heat an d rel ease i t  to 
the atmosphere 
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fus i on - a thermonucl ear reacti on i n wh i ch nucl e i  of l i ght atoms j o i n  to 
form nucl ei  of heav ier  atoms 

fus i on reactor - an apparatus i n  wh ich the fus i on reacti on i s  i n i t i ated, 
contro l l e d and sustai ned 

getter - a uni t  us ed to remove i mpuri t i e s th roug h a chemi cal combi nati on 
p rocess 

graben - a geol o g i cal structure wh ich i s  a general l y  l i near bl ock boun de d by 
faul ts on each s i de ,  al ong  wh ich the bl ock has dro pped, rel ati ve to th e 
s i des 

hydri de - a compoun d of hydrogen 

i sotope - nucl i des wi th the same atom ic  number , ( i .e . , th e same ch emical 
e l ement )  but wi th di fferent atomi c mass es ; al though chemi cal properti es 
are the same, radi oacti ve an d nucl ear properti es may be qui te di fferent 
for each i s otope of an e l ement 

l each i n g  trench - an excavati on us ed for the di sposal of  l i qui ds s o  that th e 
s o l i d  wi l l  remove contami nants wh i l e  al l owi ng water an d other s olvents 
to pas s  through 

l i near accel erator - an accel e rator in  whi ch parti cl es are propel l ed i n  
strai ght path s by the us e o f  al ternati ng  el ectri c vol tages s o  t imed 
that the parti cl es rece i ve i ncreas i n g  i ncremen ts of  energy 

magneti c fus i on - the fus i on process whereby magnets are us ed to hol d th e 
p l asma i n  p l ace 

maxi mum permi ss ibl e concent rati on (MPC ) - the average concentrati on of  a radi o
nucl i de i n  ai r or wate r to wh i ch a worker or member o f  th e general pop
ul ati o n  may be cont i n�ous l y  expos ed wi thout excee di ng  an es tabl i s hed 
s tan dard of  radi ati on dose l i mi tati on 

mrem - one thousan dth of  a rem 

neutron - a parti cl e exi sti ng  i n  or emi tted from the atomi c nucl eus; i t  i s  
e l ectri cal l y  neutral an d has a mas s approxi mate l y  equal to that of  a 
s tabl e hydro gen atom 

nucl i de - a speci es o f  atom havi ng a s peci fi c mass , atom ic  number an d nucl ear 
energy state 

person- rem - us ed as a un i t  of po pul ati on do s e ,  often the average do se per 
i n di v i dual exp res sed i n  rems ti mes the popul ati on affecte d 

pH - a meas ure o f  the re l at i ve aci d ity or  al kal i n i ty of  sol ution;  a neutral 
so l uti on has a _pH o f  7 ,  aci ds have pH ' s  of 7 to 1 ,  bas es have pH's of  
7 to  1 4  
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photon - a q uantum of e l ectromagneti c radi ati on ,  usuall y con s i dered as an 
el ementary parti cl e that i s  i ts own anti parti cl e an d that has zero mas s  
a n d  charge , an d  a s p i n  of one 

p l asma - an i on i zed gas conta i n i ng  about equal n umb ers i f  po s i t i ve i ons and 
e l ectrons 

popul ati on dos e  ( popul ati on expo sure ) - the summati on of i n di vi dual radi ati on 
do ses recei ved by al l those exposed  to the source or event bei ng con s i dered 

radi o i sotope - a radi oacti ve i s otope 

radi on ucl i des - a radi oacti ve n ucl i de 

rem - the q uanti ty of i on i z i ng  rad i ati on who se b i ologi cal effect i s  eq ual to 
that produced by one roen tgen of x- rays 

tecton i c  - of, pertai n i ng to , or  des i gnating the rock structures res ul ti ng 
from de formati on of  the earth's crust 

thermol umi nescent - the cha racteri sti c of certa i n  mi neral s to rel ease pre
v i o us l y  absorbed radi ati on as l i ght upon bei ng mode ra te l y  heated 

th ermo n ucl ear - of or  rel a ti ng to th e trans formati on i n  the nucl eu s of  atoms 
of  l ow atomic  wei ght that requi re a very h i gh temperature for th ei r 
i nception  

tokamak reactor - a type of fus i on reacto r 

To rr - a uni t of pres sure ,  bei ng the pres s ure necess ary to support a col umn 
of mercury one mi l limeter h i gh at 0°C and stan dard gra v i ty 

tri ti um - an i s oto pe of hydrogen having an atomic  weight of three 

troph i c  l evel s - pertai ns to groupi ngs of organ i sms acco rd i ng to ch aracteri sti cs 
o f  thei r i ntake o f  nutri ti on 

turb i di ty - a meas ure of the degree to wh i ch sedi men ts and other forei gn matte r 
are s us pended i n  water (cl oudi ness ) 
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1. 0 SUMMARY 

Fusion reactor technology is of major importance to the United States' goal 
of continuing to provide energy at reasonable costs. Development of commer
cial fusion power cannot be achieved, however, without additional testing 
of candidate materials for fusion reactors. Tests must be perfonned on 
candidate materials to examine the mechanical property changes caused by 
high energy neutrons, basic effects of a high energy neutron spectrum on 
materials, and materials surface effects. The Deuterium-Lithium High Flux 
Neutron Source (HFNS) Facility is intended to provide the means for per
forming these tests. 

The HFNS site is located in the 300 Area of the 559-square mile, federally
owned Hanford Reservation. The Reservation is part of the Columbia Basin 
geologic province which encompasses about 50,000 square miles. This pro
vince is underlain by the vast field of Columbia River Basalt Group flood 
lavas. Late in the Pleistocene epoch, large floods scoured and carved the 
Ringold fonnation surface beneath the Hanford Reservation. These floods 
deposited the sediments now found on the site. The sands and gravels under
lying the Reservation provide excellent protection against seismic damage. 
On the basis of the damage experienced since 1840; the U.S. Coast and 
Geodetic Survey assigned the area a Zone 2 seismic probability, implying 
the potential for moderate damage from earthquakes. The HFNS Facility will 
be designed to withstand all credible earthquakes as needed. 

The 300 Area is about 0. 3 of a mile from the Columbia River. Although water 
needed for the HFNS will mainly come from this source, water requirements of 
tpe HFNS are insignificant compared to the river volume. Also, most of the 
water withdrawn from the river will be returned via the groundwater. Thus, 
the impact on the Columbia River will be minimal. 

The climate on the Reservation is mild and dry. While occasional periods 
of high wind are characteristic of the region, tornados are rare in Washington 
and tend to be small with little damage when they do occur. The HFNS Facility, 
however, will be designed to withstand the effects of credible tornados thus 
assuring public and employe safety, and protection of the environment. 
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Es senti al l y  al l of the l an d  wi th i n  the 300 Area has been removed from i ts 

natura l  habi tat by acti v i t i es i n  the Area . Amon g mammal s on the Res ervati on , 

the mul e deer i s  the o n ly  b i g  game mammal normal l y  foun d on the Reservation , 

whi l e  the cottontai l rabb i t  i s  the on l y  smal l game mammal .  Smal l mammal s 

are abundant ,  parti cu l arly the great bas i n  pocket mouse .  

On the  Hanford Reservati on l an d  use i ncl udes nucl ear fue l reprocess i n g and  

waste management acti vi t i e s , nuc l ear fuel fabri cati on an d l aboratory fac i l i 

ti es , a p l utoni um producti on reactor , the Fast  Fl ux  Test Fac i l i ty ( F FT F )  

a n d  eco l ogi ca l  studi es . Two commerc i a l  reactors are present l y  bei ng bu i l t  

on  the Reservati on , and more are pl anned .  

Adjacent to the Reservati on are res i dent i a l  s uburban , corporate c ity ,  agri 

c u l tural , i n dustri al  and commerc i a l , s ceni c ,  recreati onal , and general use 

l and  area s .  Th e predomi nant l an d  use wi th i n  a 50-mi l e  radi us  of the 300 

Area i s  agri cu l tural . Th e projected year 2000 popu l ati on wi th i n  th i s  50-mi l e  

radi us of the H FNS s i te i s  256 , 000. 

Duri ng normal H FNS operati ons  it i s  anti c i pated  that smal l quanti t ies  of 

noxi ous s ubstances may be rel eas ed i nto the atmosphere .  Rel eases o f  non

radi oacti ve noxi ous s ubstances i nto th e atmosphere wi l l  be wel l be l ow accept

ab l e l i mi ts and are not expected to cause any heal th e ffects . The ca l cul a ted 

dos es to the popu l a ti on res u l t i n g  from rad i oacti v i ty re l eases are negl i g i b l e .  

Fo r examp l e ,  the 50-year whol e- body do se commi tment rece i ved by the 

esti mated 256 , 000- person , year 2000 po pul ati on l i vi n g wi th i n  50 mi l es of the 

HFNS s i te i s  0 . 01 2  person- rem for one year of pl ant operati on . When 

compared to the estimate d  50-year whole-body po pul ati on dose commi tment 

for the popul ati on wi thi n 50-mi l es of the 300 Area of 0 . 2 3  person- rems for 

1 9 76 from a l l Ha n ford operati ons and of about 26�000 pers on- rems from natural 

rad ioacti vi ty for the yea r 2000 popu l a ti on , the exposure from the HFNS opera

ti on i s  i ns i gn i fi cant .  Th e 50-year dose commi tment for the res t of the Uni ted 

States popul ati on woul d be 0 . 061 person- rem. A convers i on of  the popu l ation 

dose  to heal th effects us i n g  the data from the Nat iona l  Academy of S c i en ces 

Bi o l og i cal E ffects of !oni zi ng Radi ati on ( B I ER )  Report res u l ts in the con

c l us i on that no i denti fi abl e hea l th effects can be anti ci pated .  
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Rad i oacti ve ly  contami nated waste w i l l be co l l ected for transfer to the 

Department of Energy waste d i s posal  contractor . Concentrat i ons  of other 

nox i ou s  s ubstances wi l l  be at  l evel s that pose no threat to the envi ronment 

when rel eas ed. 

Under postu l ated acc i d ent  cond i ti ons the max imum envi ronmental  consequences 

are 50-year dose commi tments of 0 . 37 rem to the  l ungs of a max ima l l y  exposed 

i nd i v i dua l  and 2 . 9  person-rems whol e- body to the  s urround i n g popu l at i on .  

To eval uate the overa l l envi ronmental dose  r i s k  represented by acc i dental 

cond i ti ons , both the  consequences of an acc i dent and i ts probabi l i ty ,  the 

" re l a t i ve annua l r i s k" , have been cons i d ered . Rel at i ve annual  r i s k  to i n d i 

v i d ua l s from acci dental cond i ti ons  i s  3 . 3 x 1 0-4 rem/yr . Th i s  i s  s een  t o  be 

very l ow when compared to the dose equ i va l ent recei ved from natural  bac kground 

rad i ati on ( l es s  than 0 . 02% of backg round ) and when compared to re�u l atory 

gu i dance ( 5.0 x 1 0- l rem/yr ) for rout ine  releases .  

Numerous s tud i es have been and are be ing  conducted to character i ze the Hanford 

env i ron s . These s tud i es document the phys i ca l , ecol og i ca l , and rad i o l og i ca l  

cond i ti ons  of t h e  Reservati on . There a re a l so cont i n u i ng s pec i a l  a n d  rout ine  

s tud i es of exposure paths a nd rad i oacti v i ty i n  t he  Hanford env i rons . These 

efforts wi l l  be s en s i ti ve to HFNS impacts . To a s sure early detect i on i n  

order t o  mi n im i ze envi ronmental  i mpacts , effl uents ( a i rborne and l i qu i d )  from 

the HFNS wi l l  be mon i to�ed for rad i oact i ve and c hemi ca l  pol l utants to a s s ure 

that they do not exceed a ppropri ate concentrati on gu i des for uncontrol l ed 

a reas and that they are kept a s  l ow a s  practi ca bl e (ALAP ) . 

The HFNS wi l l  be bu i l t  i n  the 300 Area of the Hanford Reservati on .  As a 

res u l t ,  l i ttl e add i ti onal  i mpact  i s  ant i c i pated dur i ng  HFNS construct i on . 

Loca l  mammal and bi rd popu l ati ons not a l ready d i sp l aced wi l l  be d i sturbed . 

Return of these popu l at i ons  wi l l  occur i n  proporti on to the reestabl i s hment 

. of p l ant  commun i ti es . No endangered s pec i es wi l l  be affected by the faci l i ty .  

The constructi on and  operati on o f  the HFNS Fac i l i ty wi l l  res u l t i n  the  

i rretr i evabl e commi tment of on l y  moderate amounts of mater i a l s and s u pp l i e s . 

The fac i l i ty i s  bei ng des i gned to fac i l i tate decontami nati on of the bu i l d i n gs 

and equ i pment .  Some of the  H FNS Fac i l i ty coul d be  reu sed or recycl ed after 

appropr i ate decontami nati on . 
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Because of i ts ti mi n g ,  H FNS  cons tructi on wi l l  tend to prov i de an oppo rtun i ty 

fo r conti nued empl oyment as the major Hanford constructi on projects approach 

compl eti o n .  Es senti al l y  al l of the operati onal jobs at  the H FNS co u l d be 

fi l l ed by reas s i gnment of Han ford En g i neeri ng Deve l o pment Laboratory ( HEDL ) 

personnel  from e l sewhere i n  the l a boratory.  The effect of H FNS constructi on 

and operati on wi l l  be rel ati vel y smal l yet l a rge ly  po s i ti ve s i n ce the H FNS 

project wi l l  ai d i n  mai ntai n i n g  economic  stabi l i ty i n  the Tri - Ci ty area 

( Ri ch l and , Kennewi ck and Pas co ) . 

Al ternati ves to be consi dered  for the H FNS  are :  

• Ab andoni ng  the project 

• Po stponi ng the project  

• Al ternati ve des i gns 

• Al ternati ve s i tes 

• Us e of exi sti ng  faci l i ti es 

Wi tho ut the cons tructi on and  operati on of the H FNS  or a s i mi l ar fac i l i ty ,  

i t  wo ul d b e  extreme l y  di ffi cul t to generate the test  data on beh avior o f  

materi al s un der fus ion  reactor  i rradi ati on condi ti ons requ i red for the deve l o p

ment of commerci al fus ion  powe r. No oth er s i te was found at wh i ch the net 

i mpact of pl ant constructi on and operati on wou l d  be l es s  than at the 300 Area 

on the Hanford Reservati on . The 300 Area s i te offers a l o cation wi th some 

i s ol ati on from the s urro un di ng  popul ated  areas and res erved for nucl ea r 

faci l i ti es .  

On bal ance ,  i t  i s  con cl uded that the H FNS project represents a s u bstant i al 

benefi t for the nati on and the Hanford reg i o n .  The program wi l l  prov i de 

the tes ti ng capab i l i ty requi red to mee t th e mater i a l s  des i gn data neces s ary 

fo r devel opment of fus i on rea ctors . A Han ford l o cati on  for the faci l i ty 

means that i mpa cts on l i vi ng th i n gs are negl i g i bl e  and that  ri s ks of natural 

di s as ter ( an d  co nsequent rel eases of hazardo us s ubstan ces to the envi rons ) 

are mi n i mal . Fo r the Hanford reg ion the project means s tab i l i ty an d conti nued 

di vers i ty of the economy . S i nce the project ai ds in s tabi l i z i n g  the l o cal 

l abor fo rce , i mpa cts on hous i n g ,  communi ty s ervi ce s ,  and l ocal merch ants 

w i l l be mi n imi zed .  
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2 . 0  OBJECTIVES OF  THE PROPOSED FACILITY 

Thi s proj ect wi l l  prov i de an i rradi at i on test fac i l i ty to generate test 

data on the behavi or of materi al s under fus i on reactor i rradi ati on 

cond i t i ons . 

2 . 1  Proposed Acti on 

The Department of Energy i s  propos i ng the construction and operati on of 

an irradiat i on test fac i l i ty ,  the Deuteri um-L i thi um H i gh F l u x  Neutron 
Source (HFNS) Fac i l i ty .  It wi l l  cons i st of a Test Bu i l di ng and an 

Acce l erator Bu i l di ng wi th an i nterconnecti ng transport tunnel for the 

deu teron (deuteri um i on )  beam . A l i near accel erator wi l l  generate 30 MeV 

deuterons to produce neutrons u s i ng the deuteron- l i thi um s tri p p i ng 

reacti on i n  a l i qu i d  l i thi um target . These neutrons wi l l  have a mean 

energy of about 14 MeV .  Thi s  system wi l l  provi de a maxi mum fl ux dens i ty 

of approximate ly 1015 n/cm2/s , a one-l i ter test vol ume , and the neutron 

spectrum representati ve of fus i on reactor condi ti ons . 

Test speci mens wi l l  be fabri cated i nto i rradiati on assembl i es i n  
ex i st ing Hanford Engi neeri ng Deve l opment Laboratory (HEDL ) fac i l i t i es . 

Irradi ated test specimens wi l l  be transferred to exi st i ng H EDL fac i l i 

t i es  for exam i nat i on .  

2 . 2  Major Obj ecti ves 

The maj or objecti ves of thi s  proj ect are to determ i ne the effects of 

h i gh energy neutrons on the mechani cal properti es of materi al s ,  bas i c  

bu l k i rradi ati on effects , and surface effects . Testi ng may al so i nc l ude 

areas such as e l ectri cal i nsu l ators , fundamental radiati on damage , and 

tri t i um contro l and handl i ng .  

The structural components of contro l l ed thermonucl ear fus i on reactor 

bl ankets wil l be subj ected to a severe , hi gh temperature i rradi ati on 
envi ronment. The safe and economi cal operat i on of Magneti c Fus i on 

Energy (MFE ) fac i l i t i es wi l l , to a l arge degree , depend on choos i ng 

metal s and al l oys that can retai n adequate strength , ducti l i ty , and 

di mens i onal stabi l i ty under such condi t i ons . 
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Therefore , obj ecti ves for mater i al s  properti es studi es i n  th� HFNS are to : 

1 determ i ne the effects of a fus i on reactor env i ronment on the 

mechani cal properti es of candi date materi al s ,  

1 perform screeni ng tests on candi date mater i als , 

1 compare properti es of  mater i als i rradi ated i n  fi s s i on reactors and 

other MFE fac i l i t i es wi th tests i n  HFNS , 

• analyze and evaluate resul ts , recommend l im i ts of operati ng 

condi ti ons , and develop other des i gn i nformati on for candi date 

mater ial s ,  

• prepare a comprehens i ve materi als test program based on H FNS resu l ts. 

2. 3 Proj ect Bac kground 

The potenti al shortage of U. S .  and world energy suppl i es i n  the near future 

prec i pi tated the recogni ti on of the need for a concerted effort to evaluate 

and develop al l energy sources for both the short- and l ong-term . The 

HFNS i s  one o f  the f i rst  maj or steps i n  the fus i on reactor dev e l o pment 
program whi ch wi ll lead to commerci al fu s i on power p l ants by the year 2000. 

A revi ew of the overall fus i on program req u i rements bas ed on the pas t 20  

years of fi s s i on devel o pment i ndi cates the need to  obtai n materi als des i gn 

data very ear l y  i n  the program .  Knowl edge of detai l ed materi al  behavi or 

under i rradi ati on wi l l  penni t reactor development to proceed wi thout the 

conti ngenci es ,  extra al l owances or al ternati ve des i gns necessi tated by 

uncertainti es i n  materi al s  properti es .  Indeed , mater i al s  l imi tat i ons 

have di ctated des i gn l i feti mes for components of other nuc l ear systems 

and appear cr i ti cal to fu s i on reactor systems as wel l . Thu s ,  materi als 

i nformati on i s  needed both to conduct dev e l o pment efforts more eff i c i ently 

and to ass ure practi cal l i fet imes for the devel oped sys tem. 

2.4 Re l ati onshi p to Other Projects 

The proposed H FNS i s  the second of two faci l i t i es needed to accompl i sh 

materi als tes ting for the fu s i on program . The first  i s  the Rotati ng 

Target Neutron Source-II (RTNS-II) at Lawrence L i vermore Laboratory . 
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RTNS-II wi l l  be the fi rst hi gh energy , hi gh i ntensi ty ,  neutro n i rradi 

ati on  faci l i ty dedi cated to the fus i on reactor material s program . It i s  

schedu l ed for comp l eti on i n  1 978 and wi l l  hav e a maxi mum source strength 

of 4 x 1 01 3  n/ s .  Thus , i t  wi l l  prov i de hi gh energy damage i nformati on at 

l ow fl uences requ i red for veri fi cat i on of theori es of fi s s i o n  reactor data 

extrapol at i o n . 

The HFNS wi l l  have a source strength of 1 01 6  n/ s ,  a maximum fl ux dens i ty 

of 1 01 5  n/ cm2/ s ,  and pro v i de the hi gher fl uences and l arger test vol umes 

needed to generate eng i neeri ng data requ i red for the speci fi cat ion  of  
reactor materi al s .  Cancel l ati on of  a compl ementary neutron source faci l i ty 

due to budgetary l imi tati ons (the Intense Neutron Source , INS ) has s i gni 

fi cantl y  i ncreased the i mportance of t i me l y  compl eti on of HFNS to the fus i on 

program .  

2 . 5  Need for the Faci l i ty 

Thi s faci l i ty wi l l  i rradi ate fu s i on reactor candi date materi al s  and pro v i de 

eng i neeri ng data for the devel opment of economi cal fu s i on power as a v i abl e 
opti on for l o ng -term energy i ndependence, 

The mai n candi date for fus i on power reactors  i s  the deu teri um-tri t i um (D -T )  

reacti on ,  whi ch i mpo ses the l east severe pressure , pl asma temperature , and 

confi nement t ime requ i rements. However ,  the 0-T reaction generates 1 4-MeV 

neutrons whi ch bombard the components s urro undi ng the pl asma , such components 

as the vacu um wal l ,  cool ant channel s ,  bl anket el ements , neutron shi el ds ,  

cryogen i c  i nsu l ators , �u perconductors and structural supports . 

Ini t i al eng i neeri ng des i gns  of MFE l arge s cale fac i l i t i es i ndi cates one 

of the major  radi at i on damage probl ems i s  the l oss  of ducti l i ty i n  the 

fi rst wal l ;  e . g . , un i form el ongat i on may be <0 . 5% after 1 -2 years of 

operati on .  A maj or related probl em area affecti ng material s pro pert i es 

i s  voi d- i nduced swel l i ng , e . g . , estimated to exceed 1 0% �V after <5 years 

operat i on .  L i kewi se , wal l erosi on due to sputter i ng and bli ster i ng can 
cause  fi rst wal l degradati on as wel l as l ead to pl asma contam inati on .  The 

potenti al hi gh temperature gradi ents wi l l  l ead to stress effects , cycl i c  
l oadi ng; and , i n  pul sed MFE des i gns , pos s i bl e  fati gue probl ems . Thus , 
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ear l y  assessment of the mechani cal properti es of materi al s  i s  a maj or goal 

for the HFNS . 

The bombardment of the fi rst wal l i n  a bl anket or the di vertcr surface 

wi th neutral and charged parti c l es can al so cau se bl i steri ng and sputteri ng. 

Both of these effects can have seri ous  consequences i n  terms of wal l eros i on 

and pl asma contam i nati on i f  the fl ux dens i ty of parti cl es i s  greater than 

1 01 5  parti cl es/ cm2 s .  Bl i s teri ng can even be a probl em i f  the hel i um i on 

fl ux dens i ty i s  l ess  than 1 01 2  He++/cm2 s .  Spal l at i on of l arge chunks of 

material due to the agg l omerat i on of the bl i sters cou l d  resu l t  i n  unaccep

tabl e wal l ero s i on rates . Both sputteri ng and bl i steri ng can cause p l asma 

contam i nati on . A number of exper iments i n  the near-term must be performed 

uti l i zi ng current f i s s i on reactor and accel erator faci l i t i es . In order 

to proper l y  i nterpret these experi ments , i t  i s  necessary to correct ly  

as sess the damage produced by 14-MeV and fi s s i on spectra neu trons as  wel l  
as by hi gh energy heavy i ons. 
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3. 0 DESCRIPTION OF THE PLANNED FACILITY 

3. 1 General Des cript i on 

Thi s descri pti on i s  bas ed on the Deuteri um- Li thi um H i gh Fl ux N eutron Sou rce 

(H FNS ) Faci l i ty i n i t i al conceptual des i gn. The propos ed H FNS wi l l  u ti l i ze a 

l i near accel erator ·to prov i de a hi gh energy beam of deuterons whi ch produce 
neutrons by a stri pp ing react i on wi th f l owi ng l i qu i d  l i thi um metal . The 

neutrons s u bs equently s tri ke materi al test speci mens. Thi s  system wi l l  pro

v i de a peak neutron fl ux  of approx imately 1 0 1 5  n/ cm2s ,  in  a one-l i ter tes t 

vol ume ,  wi th a neutron s pectrum repres entati ve of fus i on reactor condi t i ons. 

The H FNS cons i s ts of  a s i ngl e s tory Accel erator Bu i l ding and a Test Bui l di ng ,  

wi th an i nterconne ct i ng beam trans port tunnel .  Fi gu res 3. 1 - 1 and 3. 1 - 2 

pres ent p l an and e l evat i on v i ews of the faci l i ty. The overal l faci l i ty i s  

approxi mately 450 x 1 40 feet. The Accel erator Bui l di ng wi l l  have an area 

of about 23 , 500 square feet. There wi l l  be about 1 0 , 600 square feet i n  the 

Test Bu i l di ng ,  of whi ch approx imate ly 2 , 1 00 square feet i s  for the l i thi um 

s upply sys tem equ i pment. The Accel erator Bu i l ding and Tes t Bu i l di ng wi l l  

be constru cted of cas t- i n-p l ace concrete wal l frames and precast concrete 

wal l pane l s. The roof wi l l  be of bui l t- up compos i ti on over concrete tee 

pane l s  whi ch i nc l ude i ntegral beams. 

The H FNS Faci l i ty wi l l  be des i gned for a s erv i ce l i fe of 20  years and con

s tru cted i n  ac cordance wi th DOE Manual Appendi x 6301 , Part 1 ,  "General Des i gn 

Cri ter ia11• It w i l l  be des i gned to wi ths tand the effects of credi bl e earth

qu akes , acci dents , and tornados to as sure publ i c  and emp l oye safety , and 

protecti on of the env i ronment. 

Test speci mens wi l l  be fabri cated i nto i rradi ati on assembl i es in ex i s t i ng 
' 

300 Area faci li ti es. The operat ing staff wi l l  recei ve the fabri cated 

experi mental as sembli es , i rradi ate them and l oad them i nto cas ks for tru ck  

trans port to exi s ti ng 300 Area examinati on facil i t i es where posti rradi ation 

handl i ng ,  exami nat i on and test ing wi l l  be performed. Offi ces for the Facil 

i ty Manager and hi s s taff wi l l  be prov i ded in  ex i s t ing relocatab l e  buil di ngs. 
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Bas ed upon HFNS approva l  as an DOE Constructi on L i ne Item Proj ect for FY 
1 978 , constructi on of the  HFNS Faci l i ty i s  s ch edu l ed to beg i n  i n  Apri l 1 979 

and be  comp l eted in  March 1 981 . I n sta l l ati on of the  accel erator and l i th i um 

system equ i pment wi l l  beg i n  i n  October 1 980 . Fu l l  beam-on -target tes t i ng 

wi l l  beg i n  i n  Ap ri l 1 982 , wi th the fa ci l i ty to be operat i ona l  by October 1 982 . 

3 . 2  Accel erator B u i l d i ng 

The  Accel erator B u i l d i ng wi l l  be  a s i ng l e  story stru cture , approx i mately 

220 x 1 1 0  x 30 feet . It  wi l l  hou s e  the  i on sources , the  30-MeV l i near 

acce l erator , rad i o frequen cy ( RF ) system , vacuum sys tems and power s upp l i es .  

Pers onne l  change rooms are prov i ded . The  fac i l i ty con trol room for operat ing  

the  accel erator and l i th i um sys tems , as wel l as for test data acqu i s i t i on ,  

i s  a l s o  l ocated i n  the  Accel erator Bu i l d i ng .  Support serv i ces prov i ded 

i n c l ude : an e l ectri ca l l oad center and h i g h  vo l tage d i s tr i bu t i on center ; 

heat i ng , v ent i l at i on and a i r  condi t i on i ng equ i pment for the  Ac ce l erator 

Bu i l d i ng ;  and the acce l erator coo l i ng sys tem .  S h i e l d i ng wi l l  be prov i de-0 

for the  i nj ector rooms due  to the  pres en ce of X-rays and n eu trons duri ng 

operat i on .  A sma l l fract i on of the deuteron beam wi l l  s tri ke the l i n ear 

a cce l erator and beam tran s port sys tem s tru ctures produ c i ng h i g h  energy 

n eutrons and gamma rays . Consequently , h eavy s h i e l d i ng must be  prov i ded . 

T h e  concrete s h i e l d i ng of the a ccel erator room wi l l  vary from two feet th i ck 

at the l ow en ergy end up  to four feet th i ck  at the  h i g h  en ergy end , enab l i ng 

unrestri cted a ccess to the  RF equ i pment room and other adj acent  areas du ri ng 

operat i on .  A 1 0- ton overhead cran e wi l l  be  prov i ded i n  the  accel erator 

room , and a f i v e-ton h o i s t  i n  the  RF equ i pment room . 

The  beam transport tunn e l  i s  approximately 1 80 x 7 x 7 feet . An ev acuated 

tube wi l l  ext en d from the l i near a ccel erator to the deuteron beam di verter 

swi tchyard i n  the  Test B u i l d i n g .  T h i s  tube wi l l  a l l ow for the neces s ary 

debun c h i ng of the  deuteron pu l s es from the  l i near a cce l erator to i ntroduce 

a s teady beam of deuterons i nto the  l i th i um target . Beam transport mag n ets 

and vacuum systems are l ocated a l ong the l ength of the  beam trans port tunnel . 

The  beam transport tun n e l  wi l l  be  s h i el ded by two feet of con crete , s up p l e

mented by an earth berm wit h a mi nimum th i c kn ess  of e i g ht feet . 
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3 . 2 . 1 Accel erator System 

The a ccel erator system
.

wi l l  generate a O . l A  beam of 30-MeV deuteron s  bombard

i n g a target fi l m  of l i q u i d l i th i um wi thi n one of two i rrad i ati on test cel l s  

l ocated i n  the Tes t  Bu i l d i ng .  These p rodu ce a bout 2 x 1 01 6  n / s  for materi a l s 

testi ng. The accel era tor sys tem i s  compri sed of four  maj or el ements : 1 ) 

the  i nj ector system i n  wh i ch the deuteri um i on s  are formed and g i ven an i n i 

t i a l accel erati on to 750  keV; 2 ) the i nj ector beam tran sport system wh i ch 

tran sfers the deuteron beam to the l i near accel erator ( l i nac ); 3 ) the Al varez

type l i nac i tse l f ,  wh i c h i s  an evacuated cav i ty system where rad i o  frequ ency 

fi e l ds  acro s s  a seri es of gaps between el ectrodes  ( dri ft tu bes ) produce 

h i g h-poten t i a l  grad i ents accel erati ng the beam to 30 MeV; 4 ) the ex i t  beam 

tran sport system whi ch tran sfers the deu teron beam to the sel ected test cel l 

and l i th i um target .  Eac h of these systems ha s i ts own vacuum pump i n g equ i p

ment and can be i so l ated by qu i ck-c l o s i ng valves . 

I n  the i nj ector system , deu teri um i s  fed i nto a l ow-pressure chamber i n  

whi c h  e l ectr i ca l  currents  produce a gaseous p l a sma of free el ectron s ,  charged 

mol ecu l ar  deuter i um ,  and deuteri um i on s . The deuteron s are focu sed i n to a 

conti nuous  beam and accel era ted by annu l ar  e l ectrodes su pported i n  a ceram i c  

vacuum tube . The i n j ector system operates at  a d i rect-current potenti a l  

of 750 kV , pos i ti ve wi th respect to ground potenti a l  a s  req u i red to accel erate 

the pos i t i ve deuteri um i on s .  The i on source , i ts contro l s ,  vacu um pumps , 

power supp l i es and anc i l l ar i e s  are hou sed i n  a l arge , pol i s hed a l umi num el ect

rode , approx i mate l y  an e i g ht-foot cube , supported on i n su l ati ng  co l umn s .  

About  5 0  kW of e l ectri cal  power i s  req u i red by the i on source sys tem and i s  

generated wi t h i n  the e l ectrode by an a l ternator dri ven by a motor at  ground 

potent i a l  through  a l ong  i n s u l ati ng s haft . A 1 50 kW vol tage mul ti p l y i n g  

system s uppl i es the h i g h-vol tage e l ectrode w ith  200 mA of current .  The 

enti re h i gh-vol tage system i s  enc l o sed i n  a room wi t h  wa l l s  spaced s uffi 

ci entl y far from the h i gh  potenti a l  surfa ces to prevent el ectri cal spark i n g .  

Vacuum pumps are l ocated a t  each  end o f  t h e  accel erati ng tube to remove non

i on i zed deuteri um escap i ng from the i on source and to ma i n ta i n  a s uffi ci ent ly  

h i g h  vacuum to  prevent sparki ng wi th i n  the  accel era t i n g  col umn . Two such  
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i njector systems are prov i ded, each wi th i n  i ts separate encl osure, and 

pl aced wi th the beam exi ts faci ng each othe r .  A drawbri dge l owe red across 

the gap between the wa l l  and the e l ectrode prov i des access for serv i ci ng 

the i on source sys tem wi th i n  the e l ectrode . Serv i c i ng of one i nj ector can 

be done wh i l e  the other i njector i s  i n  operat ion . 

The i njector beam tran sport system i s  l ocated between each i nj ector beam 

ex i t  connect i on and the l i nac  beam entrance connect i on .  I t  performs several 

funct i on s  i n  add i t i on to that of transporti ng  the beam . The deuteron beam 

enter i ng the l i nac mu st  sati sfy a number of requ i rements for opti mum system 

performance . I t  must be accurate l y  a l i gned wi th the l i nac  axi s .  Al so, i t  

mu st  be preci se ly  focu sed (matched ) to avo i d  i nc i dence on the dr i ft tube 

bore s and i t  shou l d  arri ve i n  bunches t imed to match w i th the acce l erati ng 

p hase of the l i nac rad i o  frequency f i e l d .  To accomp l i sh th i s, the i nj ector 

beam transport sys tem prov i des a bunc h i ng system that i nc l udes a separate l y  

exc i ted rad i o  frequency cav i ty .  Th i s bunch i ng sys tem modu l a tes t h e  vel oci ty 

of conti nuous  current beam from the i njector by app l y i n g  a smal l a l ternati ng 

acce l erat ing  vol tage acros s  a gap throug h wh i c h the beam pas s e s .  By the 

t ime the i on s  have rea ched the fi rst dri ft tube gap i n  the l i nac, the i ons  

wi l l  be  i n  bunc hes and  i n-phase wi th the  gap  accel erati ng vol tage, thereby 

m i n imi z i n g  beam l oss . Deuterons l os t  from the beam wou l d stri ke the dri ft 

tu be s and produce unde s i rabl e acti vat i on . Two 45-degree bendi ng magnets i n  

the beam path turn the beam 90 degrees from e i ther i nj ector i nto a l i gnment 

wi th the l i nac axi s .  The f i rs t  bend i n g  magnet i n  each beam- l i ne a l so serves 

as  an ana lyzer to separate unacceptabl e i ons . The second bend i ng magnet i n  

the beam- l i ne  i s  common to both i nj ectors ; by means  of revers i bl e  pol ari ty, 

i t  can accept a beam from e i ther i nj ector . I n  add i t i on to the bend i n� mag

nets, the tran sport system i nc l udes quadrupo l e transport magnet sets and 

othe r magnets to correct aberrati ons  produced by the bend i ng, steeri ng and 

focu s i n g  magnets . 

The l i nac i s  a seri es  of evacuated, cyl i ndri cal  tan ks, approxi ma te l y  1 3  

feet i n  i ns i de d i ameter, wh i ch form a rad i o  freq uency re sonant cav i ty s tru c

ture operati ng at  50 MHz . The cav i ti e s  have an esti mated tota l i n ternal 
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l ength of  1 37 feet and are fabr i ca ted i n  three separate secti ons of approx i

matel y equa l l ength . Th e tan ks are desi gned as ri ng- sti ffen ed vac uum vessel s 

and  are made from copper-c l ad steel as  a l l surfac es exposed to the rad i o  

frequ ency e l ectri ca l  f i e l ds must  have hi g h  el ec tri ca l  cond ucti v i ty to mi n i 

m i ze power l os ses . A tota l of 69 copper dr i ft tubes are sus pended i n  the 

cav i ty on hol l ow i n s u l ati ng s tems . Th ese dri ft tubes are about two feet i n  

outs i de d i ameter w i th cyl i ndri ca l  bores vary i ng from 1 - 1 / 2 i nc h  d i ameter 

at  the beam entrance to the fi rst ta n k  to 3- 1 / 2 i nches at the ex i t  end of the 

th i rd tan k .  Th e i r  l engths i ncrease  from 5 to 31 i nc hes to accommodate the 

i ncrea s i ng vel oc i ty of  the deu teron bunc hes . Eac h dr i ft tube hou ses  a 

q uadrupol e ma gnet . Th e fi rst few dr ift  tube magnets d i ffer ,  but farther 

a l ong the beam- l i ne  the magnets become s i mi l ar en ough in c haracteri sti cs 

that they can be grouped i nto i d ent ica l  sets wi th coTJ1llon power suppl i es .  The 

overa l l k i n et i c  energy ga i n  i n  the accel erator system i s  30 MeV . Trans

verse d i a phragms i n  the l a st  two tanks  permi t opera ti on at l ower energ i es 

i n  about fi ve MeV s teps down to 1 0  MeV mi n imum .  When the rad i o  frequency 

power i s  turned off i n  a parti cu l ar sec t i on of the l i nac the dri ft tube 

magnets rema i n  energ i zed to conti nue trans porti ng the beam throug h  the 

sect i on . 

Th e l i nac tan ks are ma i n ta i n ed at  a vacuum better than 1 0
- 7  Torr by hel i um

refri gerated s urfaces whi c h  trap the atmospher i c  gas e s .  The h i gh vacuum i s  

necessary to keep i on i za t i on at a mi n i mum i n  order to have the requ i red hi gh  

grad i ents i n  the gaps  between dr i ft tube s .  H i g h  vacuum a l so  m i n im i zes growth 

of the deu teron beam and los ses due to scatter ing  by res i dual ga s ,  thus re

du c i ng activa ti on of l i nac components . Power i s  suppl i ed to the l i nac  tan ks 

through coax i a l  transmis s i on l i nes from radio freq uency ampli f i ers fed , i n  

turn , from a mas ter crysta l osc ill ator . Sensors i n  ea ch  tan k supply i nforma

t i on to a p hase  compa rator wh i ch control s ou tpu t of the ampli f i ers main ta i n i ng 

p ha se sync hron i zati on among a l l tan ks .  

The tota l e l ectri cal power con s umpt i on of the accel erator system i s  est imated 

to be nine MW . The deuteron beam dis s i pates three MW i n  the l i th i um target . 

Most  of the rema i n i ng wa ste heat i s  removed from the l inac vacuum tanks  and ot her 

accel erator system components by a c l osed cooli ng water system . A ll  surfaces 

of the l i nac vacuum tan k s  mu st be cool ed to remove the heat generated i n  the 
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copper c l add i n g  i n  order to ma i nta i n  an  accu rately  con trol l ed tempe ra ture , 

s i nce  d i men s i ona l  c hanges  of the tan ks wou l d  s h i ft the operati ng frequency 

and resu l t i n  l o s s  of the beam . Lon g i tud i na l  s tee l  channe l s wel ded to the 

outs i de surfaces of  the tan ks wi l l  form coo l i ng water pa ssage s . Man i fo l d s  

at  eac h  end wi l l  provi de para l l e l fl ow to g i ve  un i form temperatu res around 

t he cav i ty c i rcumference .  Water cool i ng for the dri ft tube surfaces and 

for the  magnet coi l s ,  p l u s  power for the magnets i s  carri ed to the i nter i ors 

of the dri ft tubes through the dri ft tube supporti n g  stems . The approxi mately 

six  MW of wa ste heat  wi l l  be transferred to an evaporati ve coo l i ng tower 

ci rcu i t  and d i s s i pated to the atmosphe re . 

The beam exi ti ng the th i rd l i nac  tan k  wi l l  pas s through  one or more debunchi ng 

cavi ti es . These cav i ti es  perform the reverse functi on of the bunchi ng cavi ty 

fol l owi ng the i njectors . They produce an e ne rgy spread wi thi n ea ch tleuteron 

bunch s uch  tha t ,  by the t ime the beam traverses the l ength of the exi t  beam 

transport sys tem , the beam wi l l  be  conti nuous due to spread i ng of the bunche s . 

Thi s i s  a h i gh ly  des i rab l e  feature from a materi a l s tes ti ng s tandpoi nt  and 

a l s o  reduces temperature pea k i ng  i n  the l i th i um target .  

The ex i t  beam tran sport sys tem con s i s ts of a seri e s  of magnets spaced a l ong  

the l ength  of an evacuated transport tube . Quadrupol e  magnets are spaced 

at regu l ar i n terva l s between  the  debunc h i ng sys tem and a d i verter magnet wh i ch 

di rects the deute ron beam onto one of the two l i th i um targets or permi ts  i t  

to pass  through  to a beamstop pos i ti on .  Mu l t i -po l e  focu s i ng magnets are 

l ocated near the l i th i um target to i n sure proper beam s hape and u n i formi ty 

at the  target s urface . The ex i t  beam tran sport system vacuum enve l ope i s  

compri sed of secti ons  of evacuated sta i n l es s  s teel  tu b i ng and expan s i on 

bel l ows . Severa l smal l pumped apertures serve to i so l ate the accel erator 

vacuum system from a l ow pressure he l i um b l an ket ma i nta i ned i n  front  of  the 

l it h i um target . The ma gnets are pos i t i on ed outs i de the tubes and are sup

ported on i nd i vi d ua l  stands for adj u s tment and a l i gnment . 
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3 . 3  Test Bu i l d i ng 

The Test Bu i l d i ng wi l l  be a bout 1 20 x 90 x 60 feet .  The deuteron beam 

d i verter swi tchyard , two i rradi at ion  test ce l l s  and an overhead s erv i ce 

cel l wi l l  be l ocated on the  grade- l evel , 1 1 0  x 50-foot operati ng f l oor . 

These s tructures wi l l  be constructed of h i g h dens i ty concrete and s teel . 

The i r  des i gn wi l l  prov i de s uffi c i ent s h i e l d i ng to permi t unres tri cted 

acces s to the operati ng fl oor and adjacent s upport areas duri ng operati on . 

The swi tchyard wal l and roof s h i e l d i ng wi l l  be fo ur feet th i c k  based on an 

as s umed 0 . 1 %  conti nuous beam l os s . Th i s  thi c knes s  wi l l  a l so  acconmodate 

po stul ated operati onal  events s uch  as an acci dental beam spi l l .  A 1 0  

foot-th i c k beams top secti on wi l l  provi de for accel erator commi s s i on i ng and 

d i agnos t i c  work . 

Acti v i ti es on the operati ng fl oo r wi l l  i nc l ude charg i n g  and d i scharg i ng 

of i rrad i ati on assembl i es ;  hand l i ng of tran sfer cas ks for i rrad i a ted 

experi ments , te st  hardware , and target assembl i es ;  moni tori ng out-of-ce l l  

experi menta l i ns trumentat ion  and equi pmen t ;  ma i ntenance of the beam swi tchyard . 

A s h i ppi ng and rece i vi ng area of the operati ng  fl oor wi l l  accommodate 

ord i nary s h i pments as  wel l as  s h i pments of i rrad i ated materi a l s cas ks . A 

35-ton overhead crane i s  prov i ded to move the transfer casks  from the 

charg i ng-di scharg i ng pos i ti ons  to the truck l oad i ng area . Th i s  crane can 

al so remove i rrad i ati on ce l l and beam swi tchyard roof s h i e l d pl ugs as  requ i red 

for access . Vesti bu l es  fo r truck and personnel access  wi l l  mi n i m i ze the 

i ntermi x i ng of bu i l d i ng and outs i de atmospheres . 

L i t h i um fl ow from the i n -cel l target assemb l i es d i s charges i nto the recei ver 

tan k of the l i th i um s upp ly  sys tem . The recei ver tan k , and a rad i oacti v e  

g a s  system t o  provi de hol dup a n d  decay of acti vated a i r  from t h e  i rradi at ion 

test ce l l s ,  are l ocated beneath the beam swi tchyard . The remai nder of the 

l i th i um sys tem equi pment and dump heat exchanger ( DHX) are l ocated in  two rooms 

of an adjacent s h i e l ded area , 1 2-fe et h i gh  and extend i ng approx i mately 35 feet 

bel ow grade . 
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A s upport faci l i ti e s  a rea provi des  for l o bby , hea l th phys i cs offi ce , s h i ft 

s u perv i sor offi ce , and change rooms . A mechan i ca l  and e l ectr i ca l  serv i ces 

and equ i pment  room , ad
_
j acent to the operat i n g  fl oor,  conta i n s  an el ectri ca l  

l oad center ;  the heati n g ,  vent i l ati ng  and a i r condi ti on i ng equ i pment for 

the Tes t  Bu i l d i n g ;  and the  pump and c h i l l er  un i t  s erv i ng the tes t cel l 

cool i ng sys tem . 

3 . 3 .  l I rrad i ati on Test Ce l l s  

The des i gn of the i rrad i ati on tes t cel l s  i s  based on an  a s ses sment of 

tes t ing  requ i rements anti ci pated for the .fu s i on program , and on con ceptu a l  

9es i gn s  of t h e  experi mental a s sembl i es .  The  ana lys i s  i nd i cated that 7 0 %  of 

the i rrad i ati on s  can uti l i ze se l f-conta i n ed i rradi a t i on a s sembl i es whi ch  

are  amenabl e to  s trai ghtforward handl i ng a s  encapsu l ated modu l es .  However , 

30% of the i rrad i ati ons  wi l l  i nvol ve more compl ex tes t assemb l i es wi th 

req ui rements to prepare and d i sas semb l e tests i nvo l v i n g  s peci a l  i n- ce l l 

hardware . Th i s  requi rement i mpl i es a need for remote handl i ng of i rrad i ated 

test hardware . A s h i e l ded serv i ce cel l i ITTTiedi ate l y  a bove the i rrad i at i on 

tes t  cel l s  and l a rge i nterconnect i n g  ports wi l l  provi de that capabi l i ty .  

The s erv i ce cel l wi l l  a l so be u sed for requ i red i rradi ation  ce l l ma i n te

nance  such  a s  cha ngeout of the l i th i um target a s sembl y .  

The i rrad i at i on tes t cel l s  wi l l  provi de a 5 x 5 x 6-foot i n teri or cav i ty .  

The i r  des i gn wi l l  permi t the rapi d chargi ng and d i s charg i n g  of modu l ar ,  

encapsu l ated tes ts from the  operat i ng f l oor throug h  hori zonta l  s i de ports 

i n  the test cel l wal l s ,  and verti cal l y  downward from the s ervi ce ce l l 

throifgh  the  l arge s h i el d p l ug  norma l l y  pos i ti oned i n  the overhead port i n  

the top of each of the test cel l s .  Thi s  overhead s h i e l d  pl u g  wi l l  be 

segmented to be comp l ete l y  remova bl e by a fi ve-ton overhead ho i st i nto the 

serv i ce ce l l . Th i s  wi l l  permi t ready access  to the test  cel l i nter ior  

for tests req u i ri ng remote handl i ng ,  or for mai ntenance operati ons . 

The s i de wal l s  of the i rradi at ion test cel l s  wi l l  be a mi n i mum th i c kness  of 

s i x  feet of h i gh dens i ty concrete . The rear wa l l s ,  whi ch recei ve the mos t  

i n tense a n d  d i rect neutron beam , wi l l  be ten feet th i c k .  The test ce l l 

roofs wi l l  be four  feet th i c k .  A l l s h i el d pl ugs and acces s ports wi l l  

be s tepped to prov i de protect i on from rad i a t i o n  s treami ng . 
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The neutron beam wi l l  depos i t  25-35  kW of heat i n  the rear of the i rradi a

ti on tes t  cel l s . Neutrons wi l l  a l s o  depos i t  an addi ti ona l 25-35 kW of heat 

i n  the other i nteri or wa l l s  of the cel l s .  The l i th i um target and s upply 

p i p i ng ,  tes t spec i mens  and f i xtures wi l l  contri bute a tota l of a bout fi ve kW . 

Heat transfer f l u i d  wi l l  be c i rc u l ated n ear  the i nn er wal l s urface of the 

ce l l wa l l s  and s h i e l d p l ugs by a c l osed- l oop tes t ce l l  cool i ng sys tem to 

mai n tai n concrete temperatures be l ow 1 50° F .  An i ntermed i ate heat exc ha nger 

wi l l  i s o l ate th i s  sys tem from a s econdary ch i l l ed water l oop . The hea t 

exc hanger and the pumps for the tes t ce l l  cool i ng sys tem wi l l  be l ocated 

wi thi n the serv i ce ce l l .  The ce l l  a tmos phere wi l l  be a i r ,  c i rc u l ated by 

fan� wi th i n the ce l l . Radi ators wi l l  be used to regu l ate the tempera ture 

of the cel l atmosphere , i f  neces sary .  

3 . 3 . l . l  Modul ar Tests 

The encaps u l a ted experi men ta l modu l es wi l l  be fa br i cated as an i ntegra l 

a s s embl y wi th a s tepped s h i e l d  pl ug wh i c h  wi l l  extend throug h an  i rrad i a

t i on ce l l wa l l  or overhead s h i e l d  pl ug . The s h i e l d pl ugs  wi l l  be s upported 

on a l i near beari ng  sys tem and wi l l  engage tapered a l i gnment p i ns at the 

ce l l i nner wa l l to pos i t i on the test spec i men rel ati ve to the neu tron beam.  

Moc kups  and j i gs wi l l  be u sed to chec k out the f i n a l  i rrad i ati on a s sembly 

d i mens i ons  pri or to  i ns erti on i nto the cel l .  Tes t  pl ugs  wi l l  be  u sed to  

mea sure and ma i nta i n  the d i men s i ons  of the s h i e l d  pl ug support s l eev es . 

Th e s h i e l d  p l ug wi l l  a l so accommoda te the tes t  spec i men i nstrumentat i on 

l eads as wel l as  el ec tr i ca l , gas or fl u i d  serv i ces  for spec i f i c  tests . 

D i sconnect  f i tti ngs wi l l  ena bl e the separati on of the s h i e l d p l ug/modu l e  

a s s embl y from the i n s trumenta ti on and support equ i pment l ocated outs i de of 

the  i rrad i ati on cel l .  

After i rrad i ati on ,  the  modu l ar tes ts wi l l  be pl aced i n to a s h i el ded transfer 

c as k .  The s upport s erv i ce connect i ons to the  s h i e l d  p l ug wi l l  be broken , 

and a mobi l e  s upport s ta nd or the Test  Bu i l d i ng overhead crane  wi l l  pos i 

t i on the  ca s k  adj acent to the cel l i nter i or .  The s h i e l ded trans port c a s k  

w i l l  b e  a bout ten feet l ong and wi l l  provide  rad i ol og i ca l  s h i el d i ng eq u i va

l ent  to e i g ht i nches of l ead . A s e l f- conta i n ed grappl e mec han i sm wi l l  

e xtract the s h i e l d  p l ug/modul e as sembl y from the cel l and pos i t i on i t  

3- 1 1  



wi thi n  the  transfer cas k .  Shutti ng an  end cl osure gate wi l l  s ea l  the cask  

and  permi t the safe transfer of  the test assembl y  to  an  exami nati on faci l i ty .  

Th i s  s h i e l ded cas k can a l so b e  u s ed to i ns ert modu l es contai n i ng test 

spec i mens acti vated duri ng  a previ ous  i rrad i at ion . 

3 . 3 .  1 . 2 Remotely Handl ed Tests 

The s ervi ce cel l i s  des i gned to provi de a capabi l i ty for accommodati ng  the 

more comp l ex tes ts whi ch req u i re remote handl i ng .  Two foot thi c k , h i g h  

den s i ty concrete wal l s  wi l l  s upp l ement t h e  tes t cel l s '  s h i e l d i ng  to permi t 

unrestri cted access to work s tati ons  duri ng  1 1 beam-o n 11 operati ons . The 

fl oor p l an for t h i s  servi ce cel l provi des for :  ( 1 ) l aydown spaces for the  

segmented test cel l s h i el ded pl ugs ; ( 2 ) the l arge access ports openi ng into 

the two i rrad i ati on tes t ce l l s ;  and ( 3 ) a tes t preparation  area . A work  

stati on wi th a s l ave man i pu l a tor and s h i el ded wi ndow wi l l  be prov i ded at  

the test preparati on  area for fi na l  a ss emb ly  of test fi xtures a nd chang i ng 

of spec i men s . Another work s tati on wi th a s h i el ded wi ndow and a s l ave 

man i pu l ator i s  provi ded bes i de each access port . A power man i pu l ator , 

track-mou nted on the  rear wa l l , can serv i ce each of the  work stati ons . 

After s etup and checkout i n  the  test preparation  area , the  fi ve-ton over

head ho i st i n  the servi ce ce l l wi l l  be used to l ower the test assembl y i nto 

pos i ti on on a support frame at the  top of a n  i rradi ati on cel l . Thi s frame 

wi l l  be machi ned and i ndexed u s i ng tapered pi n s  to prov i de i n i ti a l  l ocati on 

and a l i gnment  of the experi ment rel ati ve  to the  neutron beam . Screw adj ust

ments us i ng t he power man i pu l ator wi l l  permi t fi nal  pos i ti oni ng  wi th veri fi 

cati on by a remote readout  system . One candi date readout system , common l y  

used on  preci s i on mi l l i ng mach i nes , wou l d  i nc l ude a n  i n-cel l fi ber opti c 

l i ght  source and a pri smati c vi ewi ng  system . Th i s  sys tem wi l l  prov i de the 

prec i s i on reg i s teri ng  of fi duci a l  marks on the experi ment wi th references 

on the target as semb ly  or cel l wa l l . I nstrumentati on and tes t support 

equi pmen t  wi l l  be pos i ti oned outs i de the serv i ce cel l wi th  l eads penetrati ng 

the cel l wa l l s  at a s erv i ce panel . I n  turn , the  serv i ce l eads to the test 

apparatus penetrate the segmented s h i e l d p l ug through  a removab l e condui t 

or  i nstrument stal k .  The connections  between the  serv i ce panel and the  

i ns trument s ta l k wi l l  be made us i ng t he power mani pu l a tor . 
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Some tests requ i re the i rradi ati on of a s eri es  of specimens  i n  the same 

test a ssembl y .  The i rradi ated spec imens can be removed from the test  appa 

ratus i n  the  serv i ce ce l l  and pl aced i n  sma l l cas ks for s u bs eq uent transfer 

from the serv i ce ce l l for post i rradi ati on exami nati on e l s ewhere . Removab l e 

s h i e l d p l ugs  i n  the serv i ce cel l roof and a l arge bottom-l oad i ng transfer 

cask  wi l l  enabl e removal  of l arger test spec imens  or d i sassembl ed test 

apparatu s . T h i s cas k  wi l l  prov i de a 2 x 3 x 5-foot i nteri or cavi ty wi th 

s i x - i nch  l ead equ i val ent i n  s h i e l d i ng and wi l l  be pos i ti oned and handl ed by 

the Test Bui l d i ng crane . 

3 . 3 . l . 3 Other Test Capab i l i ty 

The test ce l l des i gn wi l l  i nc l ude other a cces s  ports . One wi l l  be l ocated 

throu gh the ce l l  rear wa l l  and wi l l  be pos i ti oned i n  d i rect l i ne  wi th the 

neutron beam center l i ne . Another i denti cal  port wi l l  be l ocated approxi 

mate ly  45 degrees from the beam d i recti on . These two ports  wi l l  accommodate 

s h i e l ded tubes extend i n g  outward from the cel l for time-of-fl i ght  measurements 

by i n struments such  as  the Madey-Waterman s e l f-cont a i n ed 
'
system . The  top 

reg i on of the  ce l l  wi l l  have two other experimental  ports for beam-moni tori ng 

system i n strumen tati on . Acti ve neutron l evel  mon i tors wi l l  g i ve rea l -t ime 

i nd i cat i on of fl ux magn i tude changes . The moni tors and dep l e ted uran i um 

fi s s i on chambers wi l l  be l ocated wi th i n  the cel l and/or i n  s h i el di ng  ports . 

Th i s  i nformati on wi l l  he l p mon i tor and con trol the accel erator beam . 

Other unass i gned sh i e l ded acce s s  port p l ugs i n  th e cel l wal l s  wi l l  permi t 

test i ng of compon ents , equi pment or mater i a l s wh i ch can be i rrad i ated 

advantageous l y  i n  l es s  i n tens e neutron fl uxes . 

3 . 3 . l . 4 L i th i um Target 

A target ass embl y  wi th i n  the i rradi ati on tes t  cel l s  wi l l  prov i de a hydrau 

l i ca l l y  stabl e ,  downward fl owi ng fi l m  of l i th i um for deuteron bombardment 

and n eutron product i on , an d for removal of the heat depo s i ted by the  

deuteron beam . The target conceptual des i gn contai n s  the fi l m  of l i th i um 

i n  a curved three-s i ded trough . The face of the l i th i um fi l m  s truck by the 

deuteron beam wi l l  be open to the vacuum of the beam tube . For optimum 

n eutron producti on and h eat  removal capac i ty the l i th i um fi l m  thi ckness  
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wi l l  be 1 . 5 cm . The  f i l m  w i l l  be 1 2  cm w i de to provi de some marg i n  for a 

1 0- cm w i de deuteron beam . Suffi c i en t  verti ca l  h e i g h t  w i l l  be ava i l ab l e to 

permi t a 1 0  x 1 0  cm beam pattern i f  desi red for some tests . The rear wal l 

of the target w i l l  be 0 .  1 25- i nch-th i ck s ta i n l es s  steel . 

The  i rradi at ion  target a ssemb l i es wi l l  requ i re c hangeout about  every n i ne 

months because of i rrad i ati on dama ge to the back  wal l .  Ta rget rep l ac ement 

wi l l  oe accompl i s hed through  the l arge s h i e l d p l ug  open i ng over the te st  

ce l l cav i ty .  The  i rrad i ated target a s semb ly  wi l l  be  wi thdrawn i n to the 

s erv i ce cel l u s i ng the s erv i ce cel l hoi s t  fo l l ow ing  remote di sas sembl y  of 

the vac u um c on necti on w i th the deu teron beam tube and the remote d i sa ssembly 

of the mechan i ca l  connec ti on s i n  the  l i th i um p i p i ng . The ta rget assembly 

wi l l  then  be  transferred to the bottom- l oadi ng  transfer ca s k ,  previ ous l y  

descri bed , for remova l  b y  truc k  and transfer t o  othe r  hot-ce l l faci l i ti es 

for target refurb i s h i ng or d i spos a l . A remotel y  operated , motori zed serv i ce  

f i x ture w i l l  be  pos i t i on ed i n  the  test cel l to prepare the  mec h an i ca l  j o i n t  

surfac es for reas sembl y .  Redundant  p i p i ng secti on s and j oi n ts can be 

rep l aced if necessary i n  the event that the seal i ng surface s  have been 

damaged i n  d i s assemb l y .  The  new or refurb i s hed target ass embly  wi l l  be 

i ns ta l l ed through the overhead ce l l open i ng .  F i xed a l i gnment devi ces i n  

the  ce l l f l oor  and wal l s  w i l l  a s s i st i n  the accura te pos i ti on i ng of the 

s erv i ce f ixture and targ et a s s embl y .  Retenti on brac kets wi l l  s upport the 

target as semb l y  duri ng opera ti on and accommoda te thermal expans i on i n  the 

target system . 

3 . 3 . 2  L i th i um Supply System 

The HFNS l i th i um s uppl y system w i l l be a c l osed l oop , rec i rc u l at i on system 

thqt p rov i des l i th i um f l ow of approx i matel y 320 gpm to the s el ected target 

a s semb ly . The  nomi na l  l i th i um target i n l et tempera ture wi l l  be 200° C .  The 

deuteron beam wi l l  depo s i t  three MW a t  ful l power a nd cause a tempera ture 

r i se of about 70°C i n  the l i th i um s tream . The heated l i th i um wi l l  fl ow down

ward from the target  throug h  a downs tream i s o l ati on va l ve i n to a 500-ga l l on 

recei ver tan k  l oca ted beneath the beam swi tchyard . The l i th i um s uppl y system 

equ i pment  a nd the l i qu i d  meta l -to-ai r  dump heat exchang er wi l l  be l oca ted 

bel ow grade i n  adjacent s h i e l ded rooms . Thi s arra ngemen t wi l l  prov i de the 

neces sary hydros tati c h ead  between the recei ver tan k  and the e l ectromagneti c 
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pump , and s impl i fi es sys tem fi l l i n g  and s tartu p .  Under norma l operat i ng con

d i ti ons , the recei ver ta nk wi l l  be approx i mate l y  one- ha l f fu l l .  L i th i um wi l l  

dra i n by grav i ty from the recei ver tank  to a s i x - i nch d i ameter s tandp i pe .  

The sys tem pump i s  i nmed i a te l y  adj acen t to the bottom of the s tandpi pe . The 

1 5  feet  of hydros tati c head i n  the s tandp i pe wi l l  s upp l y  approx i ma te ly  3 ps i  

of net pos i ti ve s ucti on head to  the  pump and e l i mi na te any pos s i bi l i ty of 

p ump cav i ta ti on . The pump w i l l di s charge l i th i um di rectly to the dump heat 

exc hanger , except for 1 5  g pm di verted through  l i qu i d  meta l puri fi cati on a nd 

characteri zati on sys tems . The dump heat exch anger wi l l  fea ture mul ti p l e ,  

s erpenti ne , fi nned-tu be bundl es wi th counterfl ow ,  forced- convecti on a i r  

cool i ng .  L i th i um wi l l  enter the heat exchanger a t  270°C and exi t  a t  220°C . 

A i r  f l ow wi l l  be nomi na l l y 200 , 000 l bs/hr to ach i eve the req ui red l i th i um 

tempera ture drop . After pas s i ng  thr ough the dump heat exchanger , the l i th i um 

wi l l  fl ow throug h an  up s tream i sol a t i on va l ve and re turn to the target i n l et 

nozzl e .  Radi oacti ve products w i l l bu i l d  up i n  the l i th i um sys tem , due to 

i nteracti ons between the deuteron beam and the f l owi ng l i q u i d l i th i um target 

s tream , to R/ hr  radi ati on l evel s near the l i th i um p i p i ng and eq ui pment  duri n g  

opera ti on . D uri ng ma i ntenance operati ons the l i th i um sys tem wi l l  be dra i ned 

i nto a 1 500- ga l l on dump tank  to m i n i m i ze radi ati on doses to the ma i n tenance 

crew . 

Tubul ar e l ectr i ca l  res i s tance heaters of s uffi c i ent  capaci ty to ma i nta i n  i so

therma l sys tem condi ti ons  up to 275 °C  wi l l  trace- heat a l l l i q u i d  metal pi p i ng 

and componen ts . Suffi c i ent  mi nera l fi ber therma l i ns u l a ti on wi l l  be appl i ed 

to a l l heated s urfaces to mai n ta i n  a max i mum heat l os s  of a bout  20 watts per 

s q uare foot of s urfa ce area at the sys tem des i gn temperatu re of 275° C .  

The l i th i um system des i g n and fa bri ca ti on wi l l  co nform to the ASME Code for 

Bo i l ers a nd Pres s ure Vesse l s ,  Secti on I I I ,  Cl ass  3 ,  Nucl ear Power Pl ant  Com

ponents . Wi th the excepti on of mecha n i c a l  s ea l s i n  the target i n l et and 

outl et p i p i ng to fac i l i tate routi ne  changeout of the ta rget , the sys tem wi l l  

featu re a l l -wel dec pres s ure boundary cons tructi on , us i n g Type 304 s ta i n l ess  

s teel throughout . Standard-wei ght p i p i ng  affords s uffi ci ent corros i on a l l ow

ance for conti nuous operati on of the l i th i um sys tem for 20 yea rs . Al l maj or 

components wi l l  have ri g i d  anchors to the bu i l d i ng s tructure . Sei smi c s nubbers 

wi l l  s upply dynami c res tra i n t  of other porti ons  of the l i th i um sys tem where 

necess ary .  
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3 . 4  UT I L IT I ES AND SERV I CES 

3 . 4 . 1 El ectri cal  

The HFNS Faci l i ty wi l l  cons ume about 1 1  MW of e l ectr i cal power s upp l i ed by 

the Bonnev i l l e  Power Admi n i strati on ( BPA ) . No  addi ti onal l and commi tment 

for transmi ss i on l i nes wi l l  be n ecessary s i nce  the e l ectri ca l power requi re

ment can be  met by mod i f i cat i ons to the ex i s t i ng primary el ectri ca l sub

s tati on i n  the 300 Area . The 300 Area i s  fed from the BPA 1 1 5  kV l i ne 

between Ri ch l a nd and the Benton Sw i tch i ng Stati on north of the 300 Area . 

Power can be s upp l i ed from e i ther di rect i on but under normal operati ng cond i 

ti ons the l i n e  i s  energ i zed stra i ght throug h from the Benton Stat i on to 

Ri ch l and . Temporary fau l ts s uch as a l i ghtni ng s tri ke are c l eared auto

mati ca l l y ,  and power i s  restored wi th i n  about one second . Permanent fau l ts 

i n  the BPA l i ne s uch as  broken conductors are cl eared through a system of 

ci rcu i t  brea kers and s e ct i ona l i z i ng swi tches , and power i s  automat4 ca l ly 

res tored to the 300 Area from the unfaul ted s i de .  Swi tch i ng wi l l  res u l t i n  

a temporary l oss  of power for about one mi nute . 

I n  the event of tota l l os s  of e l ectri cal power to the 300 Area , emergency 

generators i n  the 300 Area start up  automati cal ly , and the emergency d i stri bu

ti on sys tem i s  energ i zed automati ca l ly .  Each bu i l d i ng that is  prov i ded wi th 

emergency power has an  automat i c  n orma l - to- emergency power transfer system 

whi ch operates on l os s  of norma l  power .  Generati ng faci l i t i es cons i st of 

a 1 500 kVA d i ese l  gen erator , three 937 kVA di ese l  generators , and a 1 000 kVA 

s team tu rb i ne generator ( bas ed on namep l ate rati ngs ) . The HFNS backup power 

needs i ncl ude ma i nta i n i ng test cel l vent i l ati on ,  power to key i nstrumentati on 

and control c i rcu i ts , and emergency l i g hti ng . An emergency s ource wi l l  be 

prov i ded for the H FNS Faci l i ty from the ex i s ti ng 300 Area emergen cy system 

i f  the capaci ty i s  avai l abl e .  I f  not , a l oca l emergency generator wi l l  be 

prov i ded . Battery- operated l i g hts w i l l  be used for emergency l i ght i ng . 

3 . 4 . 2  Water 

The HFNS Faci l i ty operati ons wi l l  requ i re approx imately 45  gpm of potab l e  

and process water , p ri nci pa l ly for makeup to the evaporati ve coo l i ng 

towers serv i ng the  acce l erator sys tem . Th i s  requi rement wi l l  be met by 

i nterconnecti ons  wi th the ex i s ti ng 300 Area water sys tem . 
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Water for the 300 Area i s  obta i ned from the Col umbi a R i ver , wi th san i tary 

water from the C i ty of R i ch l a nd as  backup .  The r i ver pump house provi des 

raw water to the 300' Area F i l ter Pl ant . There are two s ubmers i b l e  pumps 

rated at  8000 gpm . The 300 Area Fi l ter Pl a nt provides  san i tary , proces s , 

a nd fi re protecti on water for the 300 Area . Thi s  p l ant  i s  a concrete s truc

ture w i th a nomi na l  rated capac i ty of 2400 gpm .  

3 . 4 . 3  Hea ti ng ,  Venti l ati on and A i r Condi ti oni ng 

The heati ng , venti l ati on and a i r cond i ti oni ng systems for the HFNS Faci l i ty 

wi l l  be l ocated i n  the two mechani cal servi ces wi ng s  of the Acce l e rator a nd 

Test Bui l d i ng s .  These systems are des i g ned to provi de fu l l  serv i ce , year-round 

envi ronmenta l contro l for a l l the ma i n  area s of the Accel era tor Bu i l d i ng/beam 

transport tunne l /Test  Bu i l d i ng comp l ex .  The l i th i um system equi pment rooms 

a nd p i peways a re venti l ated on l y ,  exhausti ng throug h h i gh effi c i ency fi l ters . 

The  outdoor s upp ly  of a i r to the fac i l i ty wi l l  be fi l tered . The bu l k of the 

condi ti oned a i r  w i l l  norma l l y  be rec i rcu l ated . 

The tes t  cel l s  and  s ervi ce cel l venti l ati on wi l l  be hand l ed by separate 

sys tems , whi ch wi l l  ma i ntai n them at  s l i ght ly  negati ve pressure to precl ude 

rel ease of radi oacti vi ty to other parts of the fac i l i ty .  The test  cel l s  wi l l  

exhaust i nto the rad i oacti ve gas system . Ai r from the servi ce ce l l  wi l l  be 

passed through  a HEPA f i l ter pr i or to di s ch arge to the Test Bui l d i ng exhaust .  

About s i x  MW o f  waste r a t  wi l l  be d i s s i pated by the a ccel erator cool i ng 

system duri ng fu l l -power operati on . The fea s i bi l i ty of u s i ng th i s  waste 

heat for fac i l i ty heati ng  wi l l  be i nvest i gated . 

3 . 4 . 4  Conmuni cati ons 

The HFNS te l ep hone system wi l l  be connected to the present system servi ng 

the 300 Area and  w i l l  prov i de voi ce conmuni cati ons between te l ephone s tati on s 

wi th i n  the faci l i ty a nd w i th outs i de tel ephones connected to the publ i c  

tel ep hone system . 

3 . 4 . 5  Control s and  Al arms 

Opera tors wi l l  control the accel erator system , l i th i um system and tes ti ng 

operati ons from a central control room . A di g i ta l  compute r  system w i l l  
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perform data a cqu i s i t i on ,  process i ng and d i s p l ay fun cti ons for manua l  control 

of the acce l erator sys tem . D i rect d i g i tal  control of the l i th i um system i s  

p l an ned . The computer wi l l  mon i tor vari ous s i gna l s  and a l arm out- of- l imi ts 

cond i ti ons for appropri ate operator acti on . The computer wi l l  a l s o  generate 

a utomati c  respons es , s u ch as faci l i ty s hutdown , if g i ven parameters exceed 

operati onal  l i mi ts . 

The HFNS Faci l i ty control room wi l l  be s taffed at  a l l ti mes duri ng operat i on .  

However , the faci l i ty wi l l  be i nterconnected wi th the exi s t i ng 300 Area s i gnal  

cabl e sys tem . Th i s  wi l l  permi t transmi s s i on of faci l i ty and process a l arm 

s i gna l s to the central i zed 300 Area bu i l di ng operati ons headquarters for mon i 

tori ng duri ng s hutdown o r  unusua l  condi ti ons . S i g na l s  requ i ri ng the res ponse 

of patrol pers onnel wi l l  be transmi tted to Patrol Headquarters . 

3 . 4 . 6  Fi re Protect i on 

Automat i c  fi re detecti on and s i gna l  transmi ss i on to the 300 Area fi re s tati on 

w i l l  be provi ded for the H FNS Faci l i ty .  An automati c wet-p i pe spri n k l er 

system wi l l  p rovi de protecti on to the areas of the faci l i ty that do not house 

l i q u i d  metal  equi pment .  E l ectr i cal equ i pment conta i n i ng f l ammab l e  fl u i ds , 

s uch as i ns u l ati ng oi l s ,  wi l l  be provi ded wi th catch bas i ns to contai n the 

f l u i ds i n  the event of a conta i ner rupture . The HFNS Faci l i ty operati on wi l l  

cons ume l es s  than 1 000 l i ters ( STP ) of deuteri um gas i n  a year of fu l l -power 

operat i on .  The deuteri um wi l l  be s u pp l i ed from a pres s ure bottl e system 

l o cated i n  the i njector termi na l . Care wi l l  be taken i n  faci l i ty des i gn to 

avo i d  expl os i ve burni ng i n  the un l i ke ly  event that the deuteri um i nventory 

i s  rel eas ed . 

Rad i oa ct i v i ty wi l l  be  i nduced i n  the l i th i um target stream by both deuteron 

and neutron i nteracti ons . Th i s  radi oacti v i ty poses a potenti al  radi ol ogi cal 

haza rd i n  l i th i um s pi l l  acci dents . The chemi ca l  tox i c i ty of l i th i um oxi de 

fumes wh i ch can be rel eased i n  a l i th i um fi re is al s o  a concern . Ass uri ng 

the h i gh i ntegri ty of the equi pment and p i p i ng contai n i ng the l i th i um wi l l  

be a pri n c i p a l  s afety requ i rement .  I n  add i t i on ,  the HFNS Faci l i ty wi l l  

prov i de s peci fi c protecti ve features to detect , control and mi n imi ze the 

effects of l i th i um l eaks s hou l d  they occur . 
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The  l i th i um s upp ly  system components wi l l  be encl osed i n  a i r-fi l l ed rooms 

a nd p i p i ng chase ways . These a reas w i l l  be s teel  l i ned to prevent l i th i um 

contact wi th the concrete and to confi ne the l i qu i d meta l i n  the event  of a 

l ea k .  Water sys tems w i l l  be exc l uded to avoi d the poss i bi l i ty of l i th i um

water reacti ons . The des i gn of the faci l i ty wi l l  penni t v i s ua l  i ns pecti on 

duri ng s h utdown of p i p i ng and equ i pmen t  for l ea k  detecti on . Al l l i qu i d  metal 

va l ves wi l l  be equ i pped wi th  bonnet l ea k  detectors for conti n u ou s  mon i tori ng 

for bel l ows rupture . I nd i vi dual  equ i pment rooms wi l l  be i so l ated from one 

a nother a nd p i pi ng penetrati on s  wi l l  be sea l ed to provi de encl os ure for argon 

p urge  i n  the un l i kely event of l i th i um l ea kage . Redundant i on i zati on and 

smoke detectors w i l l  p rov i de annunc i ati on of a fi re i f  i t  s h ou l d occur .  

Rece i pt o f  such  s i gnal s wi l l  i n i ti ate immedi ate , a utomati c s hutdown o f  the 

a ccel erator and l i th i um sys tems , dra i n i ng of the l i th i um supp ly  system , a nd 

i so l a ti on of the  eq u i pment rooms from the venti l ati on system . The affected 

room wi l l  then be f l ooded wi th argon gas , thereby exc l udi ng  a i r entry a nd 

quenc h i n g  the f i re .  The l i th i um eq u i pment rooms wi l l be ven ti l ated through 

h i gh  effi ci e ncy fi l ters duri ng  nonnal operati on . The exhaust from the room 

wi l l  a l so  be vented through a water s pray fume scrubber system of conventi onal  

des i gn in  the  event of a fi re to prevent rel ease of l i th i um ox i des to  the  

atmosphere . S imi l ar provi s i on s  w i l l be made to detect l ea ks a nd exti ngu i sh 

fi res i n  the i rrad i at i on cel l s .  

The dump heat exchanger ( DHX ) wi l l  be s peci a l l y  des i gned to permi t rap i d  

dra i n i ng , i so l ati on a nd conta i nment s i nce the wal l s  of the f i n ned- tu bes are 

th i n . The  l arge s u rface areas offer more poten t i a l  for l eaks  to deve l op ,  

and detecti on of sma l l l ea k s  i s  made di ffi cu l t  by the h i gh a i r fl ow rate . 

The DHX exhau st  s tack wi l l  be equi pped wi th i on i zat i on detectors and smoke 

detectors . A program of per i od i ca l l y  tak i ng a nd ana lyzi ng  s ampl es of the 

DHX exhaust  a i r for trace  q uanti t i e s  of l i th i um and rad i oacti vi ty i s  a l s o  

p l anned to i nd i ca te i nc i pi en t  l ea ks .  Upon rece i p t  of a s i gna l that a l ea k  

has occurred , operati on w i l l  b e  s h ut  down , and the un i t  wi l l  be i rrrnedi ate ly 

dra i ned and i so l ated . Sh utti n g  down the fan and cl os i n g  i so l a ti on gates on 

the a i r  i n l et ducts through the s h i el ded wal l s  of the DHX room and outl et  

dampers on the exhaust  s tack  wi l l  effect i ve ly  l ocal i ze the l i thi um s p i l l i n  
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a confi nement s i mi l ar to the other l i thi um equ i pment  rooms for i n i ti at i on 

of a rgon p urge and  vent i ng  through  the fume s crubber system . 

The  300 Area fi re s tati on i s  l ocated i n  the southwe st  corner of the 300 Area 

and  i s  manned on a rota ti onal  s hi ft bas i s  at a l l t ime s . 

T he  fi re appara tus  cons i sts of three 7 50 g pm p umpers , two 1 250 gal l on tan ke rs 

(each  equi pped w i th a 500 cfm h i g h  expans i on foam uni t ) , one rescue tru ck and  

one dry chemi ca l truck . Wate r  for f i re protecti on i s  obta i ned  from the  fi l 

tered water p l ant  and  from s torage tanks  of 600 , 000 gal l on s  capac i ty and i s  

d i s tr i buted through a gri dded system of underg round ma i n s  whi c h  exceed mi n i 

mum s i ze requi rements of t he Nati onal F i re Code . Pump i ng capab i l i ty i nc l udes 

two 4000 gpm pumps w h i c h  d i s charge to the gri d system at 1 25 p s i g ,  w i th fi ve 

s ta ndby pumps rated at 91 50 gpm total . Two water l i nes  from the C i ty of 

R i ch l and serve as a backup and e nter d i rectly i nto the s torage  tan k s .  The 

F i re Department i s  a l so equ i pped and tra i ne d  for l i q u i d  metal fi re fi ght ing . 

3 . 4 . 7  L iqu i d  Was te Systems 

There a re three l i qu i d  was te systems servi ng  the 300 Area that can be used 

to d i spose of  san i ta ry ,  un contami nated a nd rad i oacti ve  was tes from HFNS 

operati ons . H EDL  operates the 300 Area d i s posa l  s i te s  for s a n i tary a nd 

u ncontami nated proces s  waste s . The Hanford Was te Contrac tor operate s the 

200 Area  radi oacti ve  waste d i s posa l  fac i l i t i es such  as the was te evapora tors , 

s peci a l  fac i l i ti e s  for un l oad i ng l arge  s h i e l ded cas ks , and  the underground 

s tora ge tanks . It has bee n  ver i fi ed that evaporator operati on i s  s chedu l ed 

to 1 986 and  beyond , w i th HEDL 300 and 400 Area l i q u i d s  part of the a n ti c i 

pate d  evapora tor i nput .  Management of l i qu i d waste from the HFNS i s  s h own 

sc hemati ca l l y  i n  F i gure 3 . 4-1 . 

3 . 4 . 7 . 1  Sani tary L iqui d Wa s te s  

Sani tary was tes , approx i mately  1 000 gpd from the HFNS Fac i l i ty ,  wi l l  be 

col l ected i n  the san i tary sewer system whi c h  i s  conne cted  to a l l 300 Area 

b u i l d i n g s  w i th restrooms , c hange rooms and  toi l et fac i l i t i es .  The sewer 

p i pe s  form a network wh i c h  del i vers s ewage to s epti c tanks  wi th a tota l 

vol ume of 95 , 000 gal l on s . The  l i q ui d  from the septi c tanks  i s  c h l ori nated , 
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and s ubs equently f l ows to one of the two 600 x 1 0-foot l each i ng trenches . 

L i qu i d  percol ates i n to the g round from the trenches wh i ch are l ocated to the 

n ortheas t of the 300 Area wi thi n approx imate ly 500 feet of the Col umbi a Ri ver . 

F l ow through the s an i tary s ewer system v ari es from 350 , 000 gpd i n  the wi nter 

to 600 , 000 gpd i n  the s ummer .  

3 . 4 . 7 . 2  Proces s L iqu i d  Wastes 

Th e HFNS conceptual  des i gn p rovi des for evaporati ve cool i ng towers to di s s i 

pate the waste h eat from the accel erator coo l i ng system . I t  i s  anti ci p ated 

that the evaporati on rate from the cool i ng tower wi l l  be approximately 35 gpm 

duri ng fu l l -power operat i on .  

To control the l evel  of concentrated s ol i d s  i n  the water ci rcu l ati ng wi th i n  

the cool i ng tower , a sma l l q u anti ty of the c i rcu l at i ng water wi l l  be b l ed 

off , i n  a b l owdown stream . The b l owdown water wi l l  not conta i n  radi oact ive  

materi a l s .  Cons i stent wi th the  proposed operat i on of other evaporat i ve 

cool i ng towers i n  the v i ci n i ty of the proposed HFNS s i te ,  ( l , 2 ) i t  is  anti c

i pated that the requi red rate of b l owdown wi l l  be 1 0  to 1 5  gpm .  To control 

the pH  and mi n imi ze the depos i t s  of a l kal i ne s ca l e ,  sma l l amounts of s u l 

furi c ac i d ( 1 5-20  l bs/day ) wi l l  b e  added to the ci rcul ati ng cool i ng water . 

S imi l ar ly  smal l amounts of ch l ori ne  wi l l  be added i ntenni ttently to the 

ci rcu l ati ng water system j u st  i n  front of the ci rcu l at i ng water pumps to 

control a nd prevent a l gae and s l i me .  

The b l owdown water wi l l  b e  rel eased i nto the 300 Area process sewer system . 

As presently operated the  process s ewer system hand l es approx i mate ly 2 . 5  

mi l l i on ga l l on s  of waste dai ly . The b l owdown wi l l  be di l uted wi th thi s waste 
' 

s tream pri or to d i s charge i nto one of two 1 500x l 0- foot l each i ng trenches , 

l ocated to the north of the 300 Area about 1 000 feet from the Col umbi a Ri ver .  

Water percol ates i nto the  g round through penetrati on at the bottom of  the 

tren ches . 

3 . 4 . 7 . 3  Rad i oacti ve L iqu i d  Wastes 

The HFNS wi l l  uti l i ze the  300 Area Radi oact i ve  L i qu i d Waste Sys tem where l ow 

l evel rad i oact i ve  wastes a re s tored i n  tan ks , neutra l i zed wi th s od i um hydroxi de 
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and s h i pped to the 200 Area i n  rai l road tank  cars . Th i s  was te wi l l  be d i s 

posed of a s  des cri bed i n  the F i na l  Env i ronmental Statement Was te Management 

Operati ons , Hanford Reservat i on ,  Ri ch l and , Was h i ngton , ERDA- 1 538 , 1 97 5 .  

3 . 4 . 7 . 3 . l  Accel erator Cool i ng Water 

A smal l fracti on of the deuteron beam current ( ass umed to be 0 . 1 %  conti nuous 

l os s ) wi l l  be l os t  on the accel erator dri ft tubes and oth er structures , 

g i v i ng ri s e  to the product i on of h i gh- energy neutrons a l ong the l ength of the 

accel erator .  I n  turn , rad i oacti v i ty wi l l  be i ndu ced i n  the accel erator 

vacuum tanks and other equ i pmen t ,  and i n  the water wh i ch coo l s  them . The 

rad i at i on l evel s i nduced i n  the accel erator structures by beam l os ses are 

expected to be  i n  the range of tens of mr/ hr .  The pri nci pal  acti v i ty i nduced 

in the  cool i ng water i tse l f wi l l  be th e sh ort- l i ved 1 6N ( 7 . 1 1  s ) . The 

acce l erator cool i ng water wi l l  be comp l etely i s ol ated i n  c l osed systems 

l ocated wi th i n  s h i e l d i ng rooms . 

The i n i ti a l  ch arge of cool i ng water , approximately  2 500 ga l l ons , wi l l  be  

f i l tered and demi neral i zed . Cons equently , i nduced acti v i ty due to the pre

s ence of contami nants i n  the water wi l l  be l ow .  

Organ i c  s u l p h i de or  ami n e  cathod i c  i nh i b i tors wi l l  b e  us ed i n  t he  accel erator 

vacuum tank cool i ng sys tem to mi n imi ze  corros i on of the carbon s teel  ci rcu i ts .  

On ly  trace quanti ti es of radi oacti ve  corros i on products , s u ch as 54M ( 3 1 2d ) , 

s hou l d  be pres ent i n  th i s  cool i ng water sys tem . Certa i n  of the other acce

l erator cool i ng ci rcu i ts may requ i re on- l i ne demi nera l i zati on to mai nta i n  

very l ow conducti v i ty i n  the cool i ng water . Thes e c i rcu i ts wi l l  be made of 

corros i on- res i s tant copper . However , trace quanti ti es of 64cu ( 1 2 . 7 5  m ) and 
66cu ( 5 . 1 m ) i n  th i s  cool i ng water wi l l  be present .  Thi s radi oact i v i ty wi l l  

concentrate i n  the dem i n eral i zers . 

There wi l l  be no rel ease of rad i oacti ve cool i ng water from the c l osed cool 

i ng sys tems duri ng norma l operati on . The cool i ng sys tems wi l l  be  connected 

to one or more s h i e l ded s torage tan ks for drai n i ng the sys tems as necess ary .  

T h e  1 6N acti v i ty wi l l  decay rap i d l y .  If  i t  s hou l d prove neces sary t o  di s pos e 

of the cool i ng water ,  i t  wi l l  be  transferred to other tan ks or drums and 

del i vered to the 300 Area Radi oact ive  L i qu i d  Was te System . The was tes from 
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regenerat i ng the dem i n era l i z ers wi l l  a l s o  be  del i vered to the 300 Area Rad i o

act i ve  L i q u i d  Waste System .  Res i d u a l  res i n  from the demi neral i z ers operati on 

wi l l  be buri ed i n  the  200 Area as s o l i d  rad i oact i ve was te . 

3 . 4 . 7 . 3 . 2  Test Operati ons Cool ants 

Cand i date cool ants for the tes t cel l wa l l s and i rrad i at i on assembl i es i n c l ude  

water and org an i c  f l u i ds wh i ch can  become  rad i oact i v e .  Approx imately 200 

g a l l ons /year of rad i oact i ve  l i qu i d  waste cou l d  res u l t  from tes t operat i ons . 

Waste water wi l l  be he l d for decay and dem i n eral i z ed i f  neces s ary pri or to 

d i s charge to the  proces s s ewer system . Organ i c  f l u i ds are expected to con 

ta i n  on ly  s h ort- l i v ed rad i on u c l i des . These  fl u i ds wi l l  be hel d for radi oac

t i ve  decay ,  or stabi l i z ed on m i nera l abs orbants and bu ri ed i n  the 200 Area as 

so l i d  was te . 

L i qu i d  meta l s  may be u s ed to cool i rrad i at i on test a s sembl i es ,  i n vol v i-ng l es s  

than 50  g a l l ons/year of  was te . Act i v ated l i q u i d  meta l coo l ants wi l l  be s ea l ed 

i n  s teel  conta i ners and s tored . 

3 . 4 . 7 . 3 . 3  L i th i um Sampl es 

Sampl es of the  rad i oact i ve l i th i um cool ant w i l l  be ta ken peri od i ca l ly for 

characteri z ati on of impur i ty l ev el s .  Approximatel y  20 s amp l es/year ,  tota l i ng 

about one k i l ogram of contam i nated l i th i um ,  wi l l  be  transported i n  s peci al 

purpos e s h i e l ded cas ks . Th i s  rel ati v e ly sma l l  amount  of mater i a l  wi l l  be 

reacted wi th a l cohol and d i s carded through the Rad i oact i ve L i q u i d  Waste 

System . 

3 . 4 . 7 . 3 . 4  Other L iqu i d  Wastes 

A rel at ive ly sma l l  amount of l i qu i d  contami nated wastes ( approx imately 1 00 

ga l l on s /year )  i s  ant i ci pated from decontam i nat i on or c l ean i ng operat i ons . 

These was tes wi l l  be  co l l ected i n  carboys and del i vered to the Rad i oact i ve 

L i q u i d  Waste _ Sys tem . 

3 . 4 . 7 . 4  Chemi ca l Wastes 

A n umber of nonradi oacti ve chem i ca l s  wi l l  be u sed i n  HFNS operat i ons , pri n 

c i pa l ly  cl ean i ng compounds and org an i c  fl u i ds .  Tabl e 3 . 4-0 pres ents a 
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s ummary representat i on of these chemi ca l s ,  estimated yearly  u s age , d i s

pos i t i on and rel eas e  forms . 

TABLE 3 . 4-0 

H FNS CHEM I CAL I N FORMAT I ON 

AVERAGE 
AMOUNT USED 

CHEM I CAL PER  Y EAR D I SPOS IT I ON RELEASE FORM 

1 .  Wax Stri pper 30 ga l  San i tary Landfi l l  L i q u i d  

2 .  Soap 60 g a l  Sani tary Sewer L i qu i d  

3 .  Wax 1 20 g a 1 San i tary Sewer Suspended So l i ds 

4 .  Acetone 20  g a  1 Vent i l at i on Vapor 

5 .  Al cohol 50 ga l  Vent i l at i on Vapor 

6 .  Hydrau l i c  F l u i d  30 g a l  San i tary Landf i l l  Absorbed on So l i d  

7 .  H i -Vac Oi l 30  ga l  San i tary Landfi l l  Absorbed on Sol i d  

8 .  Other Lubri cants 50 ga l  San i tary Landf i l l  Abs orbed on Sol i d  

Faci l i ty cl ean i ng compounds wi l l  be  d i s charg ed to the san i tary s ewer system .  

Aceton e and a l cohol  wi l l  be u s ed to c l ean el ectr i ca l  and other equ i pment and 

wi l l  be  rel eas ed to the env i ronment as v apor through the faci l i ty vent i l at i on 

system . Organ i c  f l u i d  wastes wi l l  i n cl ude hydrau l i c  f l u i ds , vacuum pump 

oi l s ,  and cutt i ng o i l s . In  fac i l i t i es where s i gn i fi cant quant i t i es of 

org an i c  wastes are produ ced , s u ch as i n  mach i n e  s hop operat i on s , ho l dup 

tanks are prov i ded . Thes e  organ i c  wastes are then col l ected and s prayed on 

un paved roads wi th i n  the  Hanford Reservati on for dust control . I n  v i ew of 

the  l imi ted quanti t i es of s u ch f l u i ds that wi l l  be g enerated i n  HFNS opera

t i on s , however , a more p ract i ca l method of d i spos a l  wi l l  probably prove to 

be to s tabi l i ze thes e f l u i ds or m i n era l  absorbants for di s pos a l  as so l i d  

non rad i oact i ve waste i n  the  Hanford san i tary l andfi l l  ( s ee Sect i on 3 . 4 . 9 ) .  
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3 . 4 . 8  Gaseous Waste System 

Radi oacti ve  g ases wi l l  be generated duri ng HFNS operat i on by acti vati on of 

ai r i n  the i rrad i ati on test cel l s  and around the l i near accel erator and beam 

tran s port system and by product i on of tri ti um i n  the l i thi um target s tream . 

A rad i oacti ve  gas  system and other provi s i ons wi l l  be desi gned to as s ure that 

any re l eases to the envi ronment wi l l  be as l ow as practi cabl e ,  and w i l l  not 

exceed the maximum permi s s i b l e  l evel s s peci f i ed for un contro l l ed areas i n  

DOE Manua l  Ch apter 0524 ,  " Standards for Rad i at i on Protecti on . "  Radi oact i ve 

parti c l es i n ci dent to faci l i ty operati on wi l l  be removed by HEPA f i l ters . 

3 . 4 . 8 . l Test Cel l Ai r 

About 2 x 1 0 1 6  n / s  wi l l  be produced wi th i n  the i rradi ati on test  cel l as  the 

0 .  lA deuteron beam i nte racts wi th the f l owi ng l i th i um target stream . The 

normal atmos phere i n  the test cel l wi l l  be a i r  whi ch wi l l  become act i v ated . 

A radi oacti ve  g as system wi l l  prov i de a s ea l ed transfer compressor on the 

test  ce l l exh aus t ,  a H EPA fi l ter s tag e ,  and a pres s u ri zed tan k  to prov i de 

h ol d up for decay of the acti vated a i r .  The ai r wi l l  then be rel eased to the 

envi ronment in the dump heat exchanger s tack exhaus t  at  or bel ow the DOE 

Manua l  Chapter 0524 Gu i de l i nes for un control l ed areas . 

Th e producti on rate of radi oacti ve g ases i n  the test  ce l l  a i r duri ng ful l 

power operati on i s  g i ven i n  Tabl e 3 . 4- 1 , based on the fol l owi ng compos i ti on :  

n i trogen 78 . 1 % ,  oxyg en 2 1 . 0% ,  and argon 0 . 9% .  Cons i derati on was al s o  g i ven 

to the presence i n  the test cel l atmosphere of standard quant i t i es of carbon 

d i ox i de , neon , h e l i um ,  krypton , xenon , hydrogen , etc . H owever ,  becaus e of 

smal l abundance , s h ort h a l f- l i ves , and smal l producti on cros s secti ons , the 
< 

acti v i ti es produ ced were found to be neg l i g i b l e .  

The rel ease rate of radi oacti v i ty from the tes t ce l l  w i l l  depend on the 

average ai r change t ime .  The test cel l pres s u re wi l l  be mai ntai ned at about 

0 . 5 i n ches of water be l ow the operati ng fl oor pressure to el imi nate l eakage 

to other  areas of the faci l i ty .  Carefu l f i t-up and sea l i ng of cel l cl os ures 

and penetrat i ons wi l l  l imi t the net i n l ea kage of ai r i n to the ce l l  to about 

one SCFM .  S i n ce the test ce l l vol ume i s  about 1 50 cubi c feet ,  the average 

i n-cel l hol dup t ime i s  about 1 50 mi nutes . Consequently , the s horter- l i ved 
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TABLE 3 . 4- 1 

TEST C ELL A I R  ACT IVAT ION 

Radi oi s otope Reacti on H a l f-L i fe Producti on Rate 
Ci /s 

1 3N l 4N ( n , 2n ) 9 . 97m 1 .  1 x 1 0- 2 

l 4c l 4N ( n , p ) 5730y 3 . 5 x 1 0-9 

l 6N 
1 60 ( n , p ) 7 . 1 1  s 1 . 2 

41 Ar 40Ar ( n , .y ) 1 .  83h 1 . 4  x 1 0- 5 

39Ar 
40Ar ( n , 2n ) 269y 5 . 5  x 1 0- 1 0  

40C l  
40Ar ( n ' p ) 1 .  42m 2 . 2  x 1 0- 3 

375 40Ar ( n , a )  5 . 06m 3 .  1 x 1 0- 4 

3H l 4N ( n 'T ) 1 2 . 3y 2 . 0  x 1 0- 9 
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speci es w i l l  approach equ i l i br i um concentrat i ons ; the l onger- l i ved wi l l  be  

re l eased at about the  s ame rate  that they are p rodu ced . 

The  conceptua l  des i g n  of the  rad i oact i ve g as system i n c l udes a 200 cubi c 

feet tan k ,  w i t h  i nterna l  baffl es and operat i ng at ten atmospheres press u re , 

to hol d up  the  a ct i v ated a i r  for radi oact i ve decay .  The  ann ua l  rel eas es of 

the  vari ou s gases from the test cel l and from the faci l i ty are l i sted i n  

Tab l e 3 . 4- 2 .  These  rel eases are bas ed o n  a faci l i ty s chedu l e  of 2 0  s h i fts/  

week of fu l l -power operat i on for 50  weeks/year .  I t  is  s een that the  l im i t i ng 

factors on the  rad i oact i ve g as system des i g n  are the  1 3N and 41 Ar rel eases . 

Shorter l i ved s peci es decay to i n cons equent i a l  l eve l s pr i or to thei r rel ease ,  

wh i l e  the  l onger l i ved 1 4c ,  3 9Ar and 3H have much l ower product i on rates . 

3 . 4 . 8 . 2  Accel erator A i r 

The  h i gh energy neutrons res u l t i ng from deuteron beam l os s es and i nteract i on s  

wi th  t h e  a ccel erator and beam trans port system stru ctures wi l l  act i vat e  t h e  

a i r  atmosphere o f  t h e  s h i e l ded a ccel erator room , beam transport tunnel  and 

swi tchyard . These  beam l os s es wi l l  be  kept very l ow to prevent damage and 

to m i n im i z e  rad i oact i vat i on and cons equent rad i at i on expos ures duri ng ma i n

tenance .  A 0 .  1 %  beam l os s  has been assumed as a des i gn bas i s  for rad i at i on 

protect i on .  I t  has been estimated that a pprox imately 1 0 1 2  n / s  wi l l  be  pro

duced wi th i n  the s h i el ded rooms and tunnel hou s i ng the a ccel erator and beam 

transport system , wi th an average a i r  p ath  l ength  of about three meters . By 

compari s on , the  n eutron producti on i n  the test cel l i s  2 x 1 0 1 6  n / s  wi th  an 

a i r-act i v at i on path l ength of a pprox imately one meter . 

Therefore , the  product i on rate of rad i oact i ve  gases i n  a i r  w ith i n the  accel er

ator system structures i s  expected to be approx imately 1 . 5 x 1 0- 4 of the test 

cel l p roducti on rates presented i n  Tabl e 3 . 4- 1 .  These act i v i t i es are depos i ted 

i n  the rel at ive ly  l arge vol umes of a i r  a s soc i ated wi th  the accel erator room 

and beam transport tunnel  and swi t chyard . Correspond i ng ly , the  concentrat i on 

of radi oact i v i ty i s  expected to be v ery l ow .  The  bu l k  of cond i t i oned a i r  i s  

reci rcu l ated i n  normal pract i ce and i s  not rel eas ed immed i atel y .  The average 

hol dup t ime of the  ai r  wi l l  be  approx imately 40 mi nutes for 1 5  a i r changes /hour 

and 90% reci rcu l at i on .  Consequent l y ,  there wi l l  be con s i derabl e decay of the  
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TABLE 3 . 4- 2 

REL EASE RATES OF RAD I OACTIVE  GASES 

Rel ea sed From Rel ea sed From 
Rad i o i sotope Te st Cel l ( Ci /yr ) Faci l i ty ( Ci /yr) 

1 3N 27 , 000 1 3  

1 4c 0 .  1 0  0 .  1 0  

1 6N 38 , 000 0 . 0000 

41 Ar 
2 1 0 1 7  

3 9Ar 
0 . 02 0 . 02 

40Cl  
86 0 . 0000 

37s 420 0 . 003 

3H 0 . 06 0 . 06 
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s hort- l i ved radi oacti ve  speci es before they are exhausted . N o  other speci al  

requ i rements for retenti on duri ng operati on or hol dup after s hutdown are 

ant i ci pated i n  order to as sure that rel eases to the atmosphere are we l l  be l ow 

the g u i de l i nes s peci fi ed i n  DOE Manua l  Chapter 0524 for uncontrol l ed l eve l s .  

3 . 4 . 8 . 3  Tri ti um Generat i on i n  L i th i um 

Tri ti um wi l l  be  produced i n  the target stream by deuteron and neutron reac

ti ons wi th the l i ght  l i th i um i s otopes at  a rate of about 54 Ci /day .  The 

tri t i um wi l l  be  entra i ned a l ong wi th the i n ci dent deuterons i n  a 1 : 48 rat i o  

a s  l i th i um hydr i des . The  tri ti um w i l l  bu i l d u p  i n  concentrat i on to a n  equi l i 

bri um atom fracti on of tr i t i um i n  the c i rcu l at i ng l i th i um of about s i x  p pm 

after approx imate ly  three years of fu l l -power operat i on .  Th i s  concentrati on 

i s  es tab l i s hed by the co- prec i p i tati on of the entrai ned deuteri um and tri t i um 

as  the i r  concentrati on approaches the s o l ub i l i ty l im i t  of l i th i um hydri de i n  

the coo l es t  part of the system , i . e . ,  the col d trap operat i ng a t  1 90°C . 

A sma l l amount of tri ti um wi l l  escape from the HFNS Faci l i ty exhaust at ex

tremely  l ow l eve l s  of con centrat i on due to permeat i on of the sta i n l ess  s teel 

boundari es of the l i th i um system . The  tota l re l ease to the envi ronment ,  bas ed 

on fu l l  power operat i on at  the max imum concentrati on permi tted by hydri de pre

c i pi tati on ,  wi l l  be approx imate ly  0 . 06 C i /year . 

Vacuum system exhausts represent a potenti a l  re l ease  p ath for tri t i um of about 

1 8  C i /year . The grav i ty- dra i n  l i th i um system wi l l  have s everal free s urfaces , 

a l l at  l ow pres s u re because of the vacuum i nterface between the acce l erator 

beam tube and the l i th i um target stream .  The a ccel erator wi l l  operate in a 

hard vacuum of 1 0- 7 Torr . The HFNS conceptual  des i gn prov i des a l ow pres s ure 

( l o- 3 Torr )  h e l i um b l an ket immedi ate ly  i n  front of the l i th i um target to 

i nh i b i t  any atoms e scap i ng from the front s u rface of the target from m i g rat i ng 

i nto the beam tub i ng .  A d i fferent i a l  vacuum pump i ng system wi l l  s imu l taneou s ly  

mai ntai n t h e  pres s ure of he l i um a t  the target and the hard vacuum of the beam 

tube . A v acuum pump i ng s tati on wi l l  a l s o  mai nta i n  l ow cover-gas press u re at 

the l i qu i d  s urface i n  the rece i v er tan ks . S i nce tri t i um and other hydrogen 

s peci es  wi l l  be re l eased from the free l i th i um s urfaces , z i rcon i um-a l umi num 

a l l oy getter u n i ts wi l l  be i nsta l l ed u pstream of the rou g h i n g  pumps for these 

vacuum systems to control thi s po tenti al  re l ease path . 
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3 . 4 . 8 . 4  Test Operati ons Cool ants 

Gas mi xtures may be u s ed to coo l i rradi ati on as sembl i es .  The gas m i xtures 

wi l l  be hel d up  for radi ati on decay and d i s charged through the faci l i ty 

radi oact i ve  gas system . 

3 . 4 . 9  Sol i d  Was te System 

Sol i d  radi oacti v e  wastes res u l ti ng from HFNS operat i ons wi l l  cons i s t  l argely 

of the l i th i um target as s embl i es ,  mi s cel l aneou s test assembly hardware , the 

paper and rags u sed i n  control l i ng contami nati on , and a i r  f i l ters . There 

wi l l  be no  trans u ran i c  waste . C omponents wetted wi th rad i oacti v e  l i qu i d 

meta l s  wi l l  be c l eaned , pri or to refurbi s hment or d i s p os a l , i n  the s od i um 

remova l /decontami nati on faci l i ty under constructi on i n  the 300 Area . 

Al l s o l i d radi oact i v e  wastes wi l l  be packaged and mon i tored to comp ly wi th 

Hanford Was te Management procedures . About 1 000 cubi c feet of radi oact ive  

s ol i d  waste wi l l  be trucked from HFNS to  200 Area bu ri a l  g rounds for d i spos a l  

annua l ly .  

Repl acement of l i th i um system components and eventua l  decommi s s i on i ng , wi l l  

generate tri t i um and bery l l i um ( 7Be ) - contami nated l i th i um wastes . The max i 

mum i nventory of thi s waste wi l l  b e  present at  the end of l ong term HFNS 

operati ons . It i s  expected to be about 237 , 000 C i  of tri t i um and 70 , 000 Ci 

of 7se . The f i na l  form wi l l  be as l i th i um tri ti de and el ementa l beryl l i um i n  

bu l k  l i thi um cool ant;  pre _ i p i tated on the steel  mes h of the l i th i um system 

col d traps ; on wetted s urfaces and pos s i b l e  heel areas of l i th i um system 

pi p i ng and components whi ch cannot be comp l etely drai ned .  Tes ti ng i s  i n  

progress t o  characteri ze  the transport of rad i oact i ve  p roducts i n  the 

system . Mos t of the tri t i um waste  i s  expected to be prec i p i tated in the col d 

traps . After a trap i s  removed from the l i th i um system and the trap press ure 

boundary res ea l ed ,  the trap conta i n i ng the frozen l i th i um wi l l  be dou bly 

encas ed i n  s teel  drums f i l l ed wi th aspha l t  to  prevent  the  rel ease of radi o

acti v i ty .  Present p l ans  are to s tore the encased traps and other l i th i um 

was tes i n  one of several s u i tabl e s h i e l ded repos i tori es cu rrently ex i s ti ng on 

the Hanford Reservati on . Lesser amounts of tri ti um wi l l  be col l ected on the 

vacuum system getters whi ch wi l l  a l s o  be rout i nely rep l aced . These wi l l  a l s o  be 

s ea l ed but they wi l l  be buri ed as s ol i d radi oact i ve  was te i n  the 200 Area . 
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Conman tras h ( approx i mate ly 1 0 , 000 ft3 per year ) wh i ch i s  free of rad i oact i ve  

contami nants w i  1 1  b e  co  1 1  ected and transported to  a centra 1 s an i tary 1 andfi 1 1  

mai nta i ned near the 200 Area for Hanford operat i ons . 

3 . 4 . 1 0  Radi ati on Protecti on 

Operati on of the H FNS  Faci l i ty wi l l  fol l ow the bas i c rad i at i on protecti on 

pol i cy that rad i ati on exposu re to emp l oyees , v i s i tors , and the general pub l i c  

be h e l d to the mi n imum practi cabl e .  Rad i at i on protecti on i s  a key consi dera

t i on i n  establ i sh i ng the p hys i ca l  features of the HFNS Faci l i ty for s afe and 

eff i c i ent  operat i on and mai ntenance w i th i n  the rad i at i on expos ure l im i ts 

s peci fi ed i n  DOE Manu a l  Ch apter 0524 . 

One of the underlyi ng  concepts i n  the control of rad i ati on i s  the u se  of mu l 

t i p l e  zones and barri ers between areas that are free of radi at i on and those 

conta i n i ng the h i g hest l ev e l s  of rad i oact i v i ty .  The faci l i ty wi l l  be d i v i ded 

i nto a number of d i fferent zones i n  a ccordance wi th Tab l e 3 . 4- 3  to estab l i sh 

a des i gn bas i s  for s h i e l di ng to permi t neces sary access to a l l  l ocati ons . 

Sh i e l di n g  wi l l  be  prov i ded for the i on s ou rces , acce l erator , beam transport 

tunne l , i rradi ati on ce l l s , and for serv i ce systems and equ i pment that wi l l  

conta i n radi oacti v i ty .  The s h i e l d i ng des i gn wi l l  be bas ed on conti n uou s 

operati on at f u l l p ower , wi l l  prov i de for faci l i ty ma i ntenance and hand l i ng 

of target and i rradi ati on a s semb l i es ,  and wi l l  i nc l ude provi s i ons  for postu

l ated operati ona l events s u ch a s  acci dental beam sp i l l s  due to equ i pment 

fa i l u re . 

I n  the Acce l erator Bu i l d i ng ,  the i nj ector room wi l l  be i nacces s i b l e  duri ng 

operati on due to the presen ce of X- rays and neutrons . The a cce l erator room 

and beam transport tunnel wi l l  a l s o be i nacces s i b l e  duri n g  operat i on .  Rout i n e  

access  to  the mechan i ca l  s erv i ces a nd  RF equi pment areas wi l l  b e  penni tted 

at  a l l t imes . Access to the accel erator room and beam transport tunne l  and 

swi tchyard wi l l  be l im i ted after s hutdown dependent on the l ev e l s  of i nduced 

radi oact i vi ty .  
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Zone 

I 

I I  

I I I 

I V  

v 

V I  

TABLE 3 . 4-3 

RAD IAT I ON SHI ELD ING  - ZON I NG CRITERIA 

Zone Des cr ipt i on 

Un contro l l ed area rou t i ne ly  
occu pi ed 

Control l ed area rout i n e ly 
occup i ed 

Control l ed area nonrout i ne ly  
occup i ed 

Control l ed area l imi ted 
access for rout i n e  tas ks 

Contro l l ed area l imi ted access 
for nonrout i ne tas ks 

Normal ly  i nacces s i b l e  

Max imum Des i gn 
Dos e  Rate 

0 . 02 mrem/hr  

0 . 2  mrem/hr 

2 . 0  mrem/ hr 

20 . 0  mrem/hr  

200 . 0  mrem/hr  

> 200 . 0  mrem/hr 

The i nteri ors of the  i rrad i at i on test cel l s  i n  the Test Bui l di ng wi l l  become 

h i gh ly a cti vated and wi l l  be i n acces s i b l e  at a l l t imes . The cel l des i gn wi l l  

prov i de h eavy s h i e l d i n g  to perm i t  routi ne  access to the operat i ng fl oor and 

adj acent support areas duri ng operat i on .  The operat i ng f l oor wi l l  be treated 

as l i mi ted access duri ng i nsert i on and wi thdrawa l of i rrad i at i on a s sembl i es 

through the access ports i n  the test cel l wa l l s and duri ng any other opera

ti on s  where a cel l i n teri or i s  potenti a l ly exposed .  

The rad i oact i ve g as i nventor i e s  of  the i rradi ati on test  ce l l s  and  the rad i o

act i ve gas  system treat i n g  the test cel l s  exhaust a i r  repres ent potent i a l ly  

s i g n i fi cant s ou rces of  rad i at i on .  The  test  cel l atmos phere wi l l  be  vent i l ated 

to s afe l ev e l s  after s hutdown before they are opened .  The rad i oact ive  gas 

system wi l l  be l ocated i n  a separate ly  s h i e l ded area of the equ i pment room 

beneath the beam s �i tchyard . 

Sh i e l di ng of the l i th i um equ i pment and the dump heat exchanger i s  an important 

des i gn cons i derat i on .  The radi at i on l eve l  i n  the l i th i um l oop due to bu i l dup  

of  radi oact ive  corros i on products from the  target assembl i es i s  negl i g i b l e .  
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Howeve r ,  a cti vat i on of the l i thi um coo l ant and i ts impur it i es resu l ts i n  

cal cu l ated radi ati on dose l evel s i n  the R/ hr range i n  the immedi ate vi ci n i ty 

of uns h i e l ded equi pment .  The  l argest s ou rce of rad i oact i v i ty i s  7Be , wh i ch 

emi ts a 0 . 477-MeV p hoton 1 2% of the t ime .  The 7Be has a 53 . 3- day hal f- l i fe 

and bu i l ds up to a 7 0 , 000-C i  max imum expected , equ i l i bri um i nventory i n  the 

l i th i um system . Conseq�ently , the l i thi um s upp ly  system wi l l  be i n acces s i b l e  

d uri ng  operati on . The  faci l i ty conceptu a l  des i gn prov i des  two feet of ord i 

nary concrete s hi e l di ng over the equ i pment rooms . The exhaust s tack of the 

dump heat exchanger is a l s o  to be s h i e l ded to a he i g ht of ten feet by concrete 

one foot th i c k .  The l i th i um s u pp ly  system dump tank i s  l ocated at the l owest 

e l evat i on i n  a s eparate compartment  s h i e l ded by three feet of concrete . Thi s 

feature permits the drai n i ng  of the l i th i um system and reduct i on of rad i ati on 

i n  the equi pment  p i ts to l eve l s necessary for the desi red contact mai ntenance . 

Separate ly s h i e l ded areas wi l l  be prov i ded for the l i thi um p uri f i cat i on system 

col d trap and for the l i th i um characteri zati on system ( LCS ) equ i pment . The 

l imi ted- acces s LCS s erv i ce room wi l l  be prov i ded wi th  l ocal s h i e l d i ng for 

removal of l i th i um s amp l es for ana lys i s .  The faci l i ty des i gn wi l l  a l l ow 

cutt i ng and cap we l di ng of the l i thi um system p i p i ng for col d trap rep l acement 

wi thout undue pers onnel  exposu re .  I f  an a ppreci ab l e  amount  of 7Be i s  con

centrated in the trap , at l east 1 2  months decay time wi l l  be a l l owed before 

attempti ng  trap remova l .  An a l ternate col d trap i s  prov i ded to enab l e  con

ti nued faci l i ty operati on . 

3 . 5  DECOMM ISS I ON IN G  

A mi n i mum of contami nati on wi l l  resu l t  from operat i on of the H FNS  Faci l i ty .  

The primary concern i s  wi th components whi ch wi l l  become rad i oact i ve due to 

neutron bombardment . Under DOE reg u l at i ons , procedu res for decomm i s s i on i ng 

of H FNS •wi l l  be  s u bj ect to s peci fi c DOE approv al and wi l l  be requ i red to 

meet t he s tandards for p rotect i on of workers and the general publ i c . 

I t  i s  doubtful  that th i s  faci l i ty wi l l  be used for any funct i on other than 

i ts ori g i na l  des i gn purpos e .  Therefore , d i smantl i ng of the faci l i ty i s  the 

most probabl e decommi s s i on ing  a pproach . At present ,  the most probab l e  d i s

mant l i ng p rocedu re i s  to proceed i n  two steps : 
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1 .  I so l ati on of the faci l i ty for a t ime to a l l ow the s horter l i ved 

acti v i ti es to decay .  

2 .  D i smant l e and remove act i v ated hardware to the Hanford Radi oact i ve 

Waste Di spos a l  Area for buri a l . Materi a l s  not s u i tabl e for d i rect 

buri a l  wi l l  be  processed for di s posal  by pres ently known techn i ques . 

The H FNS w i l l  meet des i gn cri teri a for decomm i s s i oni ng s peci f i ed i n  DOE 

Manua l  Chapter Part 6301 , 1 1 General Des i gn Cri ter i a 11 • 
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4 . 0  THE S I TE 

The proposed s i te for the Deuterim-L i th i um H i gh F l ux Neutron Source ( HFNS ) 

Faci l i ty i s  i n  the 300 Area of the Hanford Reservati on ( F i gure 4 . 1 - 1 ) .  The 

559-square mi l e ,  federa l l y-owned Hanford Res ervati on i s  l ocated i n  parts of 

Benton , Gran t ,  Adams , and Frank l i n  Count ie s  i n  south -cen tra l Wa s h i ngton 

State . The 300 Area i s  i n  the southeast corner of the Reservati on . 

B u i l di ngs and  faci l i ti es wi th i n  the 300 Area are used pri mari l y  for conduct

i ng nuc l ear research and  deve l opme n t ,  i nc l udi ng reactor fuel s devel opment ,  

l i q ui d meta l technol ogy ,  Fast Fl ux Test  Reactor s upport , and  l i fe s c i ences 

programs . Faci l i t i es on the Reservat ion c l osest to the 300 Area are the 

Fast F l ux Test  Faci l i ty ( FFTF ) about s i x  mi l es northwes t  and  nuc l ear power 

p l ants be i ng bui l t  by the Was h i ngton Publ i c  Power Supp ly  Sys tem ( WPPSS ) 

about seven mi l es northwest . Fi gure 4 . 1 -2 s hows the fac i l i t i es on , and  the 

l an d  use of , the Hanford Reservati on . 

The Ri c h l an d ,  Wash i ngton ci ty l imi t i s  approxi mate l y  one mi l e  s outh , wi th 

the c i ty center  about s even mi l es s outh of the 300 Area . The northern 2- 1 /2 

mi l es of Ri c h l and  i s  zoned as  an i nd us tri a l  park . The neares t dwel l i n g  to 

the 300 Area i s  a farm house approximate ly one mi l e  east  acros s the Col umbi a 

Ri ver .  

4 . 1 S i te Features  

A more compl ete descri pti on of the  Hanford Reservati on s i te features may be 

found i n  the Appendi x .  

4 . 1 . l  Geol ogy 

The Hanford Reservat i on l i es i n  the Pasco Ba s i n , a s tructural and  topograph i c  

l ow poi n t  o f  Eastern Was h i n gton and  the Col umbi a Ri ver Basa l t P l a teau . The 

regi on i s  underl a i n  by three major geol ogi c uni ts : ( 1 )  the basal ti c l avas 

and  i nterca l ated sed i ments of the Col umbi a Ri ver Basa l t Group at the base ; 

( 2 )  the P l e i s tocene-age R i n go l d Formati on ; and  ( 3 )  the Pasco ( gl ac i o- fl uvi a l ) 

g ravel s and  associ ated sed iments of the l a te P l e i s tocene age at  the s urface . 

The s urface geol ogy of the s i te i s  characteri zed by a one to three foot 

l ayer of l i gh t  brown , fi ne , s l i ght ly  s i l ty eol i an san d ,  sparse ly  covered by 

� l  
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vegetat ion . Al tho ugh  the s urface so i l  i s  ferti l e ,  i t  has no agr i cu l tura l 

va l ue wi thout i rr i gat ion .. Under ly i ng  the surface sands i s  a mi xture of 

s and and gravel rang i n g  in depth to about 200 ft. Basa l t i c bedroc k starts 

a t  a depth of approximate ly  200 ft and extends  downward over 1 0 , 000 feet . 

Al ti tudes range from a l ow of about 345 above mean sea  l evel ( ms l ) i n  the 

s o utheas tern part of the Hanford Re servati on to a max imum a l t i tude of 3 , 586 

feet a t  the  cres t of Rattl esnake Mounta i n  to  the  west .  

Numerous geol og i ca l  fa ul ts have been hypothe s i zed through  topograph i c  expres 

s i on and aer i a l  photo i nterpretat i on bases . The most important  fau l t postu

- l ated i s  the Rattl esnake-Wal l u l a- Mi l ton Freewater segmen t and the Rattl es nake

Wal l u l a  segment of the O lymp i c-Wa l l owa L i neament .  To  date , no s tri ke-s l i p  

fau l ts of  any magn i tude have been demon strated i n  the Pasco Bas i n .  

4 .  1 . 2 Se i smol ogy 

Ea s tern Wa s h i ngton i s  i n  a reg i on of l ow to moderate s e i smi c i ty that l i es 

between the wes tern Wa s h i n gton and wes tern Montana zones of con s i derably 

greater s e i smi c i ty .  O n  the ba s i s  of  t he  damage that h a s  occurred s i nce  

1 840 , the U . S .  Coas t  and Geodet i c  Survey des i gnated eastern Was h i ngton as  

Zone 2 s e i smi c probabi l i ty ,  imply i n g  the  potenti a l  for moderate damage from 

earthqua kes .  

The  max i mum earthquake i n ten s i ty recorded i n  h i s tori c times wi th i n  the sur

roun d i n g  a reas of Wa s h i n gton and Oregon occurred i n  1 893  when the Umati l l a ,  

Oregon area exper i en ced a s hock  tha t  measured MM- V I I and i n  1 936 an tv'M-V I I  

was experi enced i n  the area o f  Wal l a  Wa l l a ,  Was h i n gton and Mi l ton- Freewater ,  

Oregon . Ea stern Wa s h i n gton earthquakes that have occurred i n  h i s tori c times 

have not been as i ntense  or as  frequent as tho se in Western Was h i ngton . The 

s tronges t earthquakes at H an ford w i th i n h i s tor i c t ime have not been greater 

than four on the Modi f i ed Mercal l i  S ca l e  ( MM- IV ) . 

Th e des i gn bas i s  for the H FNS of 0 . 25g on the Hanford Re servation a l l ows 

for an MM-V I I I  i n ten s i ty quake ep i centered at the s ame l ocat i on .  

4 . 1 . 3  Hydrol ogy 

The Hanford Re servation  l i es a l on g  the Col umb i a  Ri ver j ust  up stream of the 

confl uence wi th the Yak ima Ri ver. S urface runoff i s  mi n ima l . The average 
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annual  preci p i tati on of 6 . 5 i nches most ly  evaporates resu l ti ng i n  smal l 

amounts of water avai l abl e for runoff or i nf i l trat i on .  

The Col umbi a Ri ver , wh i ch prov i des the eastern border of the 300 Area , has 

a l ong term ann ua l  f l ow of about 1 20 , 000 cub i c  feet per second ( cfs ) . The 

Y a kima Ri ver i s  approx i mately 4- 1 /2 mi l es to the wes t  wi th a mean f l ow of 

3240 cfs . The f l ow rates of the Col umbi a are i nf l uenced by water u sag e  and 

upstream reservo ir  proj ects . The reservoi rs prov i de act i ve storage of more 

than 37 , 000 , 000 acre feet of water . 

The ground water bel ow the Pasco bas i n  i s  i n  an unconf i ned aqu i fer that 

ranges between 340 feet above ms l ( r i ver l eve l ) to 350 feet above ms l at the 

wes t  boundary of the Hanford Reservat i on .  The depth of the water tabl e 

vari es great ly  from p l ace to p l ace , dependi ng chi efly on l oca l  topography , 

and ranges from l es s  than one �oot to more than 300 feet bel ow the l and s u r

face . Current est imates of the max imum s aturated thi c kness of the unconfi ned 

aqui fer i s  about 230 feet . The water tab l e at  the 300 Area i s  approxi mate ly 

1 60 feet bel ow ground s urface . 

4 . 1 . 4 Meteorol ogy 

The Hanford Reservati on l i es east of the Cascade Mountai ns  and , as a resu l t ,  

has a s emi - ari d c l imate ref l ect i ng the rai n s hadow effect that the mountai ns 

have i n  bl ocki ng mos t of the moi s ture carr i ed in from the Pac i fi c  Ocean by 

the prevai l i ng westerly wi nds . The surrmer s eason i s  characteri z ed by hot , 

c l ear , dry weather w i th occas i ona l  s trong wi nds and s ome c l ouds associ ated 

wi th mi l d  d i s turbances movi ng i n  from the Pac i fi c .  I n  the wi n tertime , the 

i ntru s i on of c l ouds and l im i ted rai nfa l l i s  associ ated wi th the rel at i vely f 

i nten se  weather d i s turbanc es movi ng eastward over the Pac i f i c  Northwest .  

These are occas i ona l ly i nterrupted by i ntrus i ons  of conti nental pol ar  a i r 

mas s es mov i ng s outhward from Canada whi ch bri ng col der , dryer a i r to the 

Hanford Reservat i on .  

The l oca l  topography a l so affects the area ' s  c l imate . Due to the d i s tr i bu 

ti on of h i l l s ,  r i dges , a nd  t he  va l l eys lyi ng between them feedi ng i nto the 

Reservat i on ,  the wi nds i n  vari ous parts of the reservat i on have preferred 

d i rect i ons . The topography not on ly  channe l s  l i g ht wi nds res u l t i n g  from 
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l arge- sca l e  pres s ure pattern s ,  but a l so funne l s  dra i n age winds  fl ow ing  up or 

down the s l op i ng  va l l eys  in res ponse to di fferen t i a l  groun d heati n g  and 

coo l i n g .  

On the average ,  January i s  the col des t mon th wi th an average temperature of 

29 . 4° F ;  whereas J u ly  i s  the warme st  month of the year wi th an average tem

perature of 76 . 6 ° F .  The co l dest  temperature recorded was -2 7 ° F  i n  December 

of 1 9 1 9 .  The max imum temperature recorded was l l 5 °F i n  Ju ly  of 1 939 .  I n  

the s ummer max i mum temperatures  of over 1 00°F  may be expected for 1 3  days 

and wi nter m i n imum temperature s  of or be l ow 32 °F wi l l ,  on the average , occur 

for 1 1 5 days  of  the year .  

The rel a t i ve humi d i ty of the area i s  l ow, averag i ng  75 . 7% i n  Jan uary and 

3 1 . 8% in  J u ly .  Va l ues a s  l ow as  6% were recorded i n  Ju ly  of 1 95 1 . 

The a verage annual  prec i p i tation for the Hanford Reservati on meas ured at  the 

Hanford Meteoro l o g i ca l  Stati on ( HMS ) i s  6. 25  i n che s .  Ten percent of th i s  

amount fal l s  from J u ly  through September , wh i l e  forty-two percent fal l s  from 

November through  Jan uary .  The greates t amount of ra i n fa l l recorded i n  a 1 2  

hour  period was 1 . 88 i nches .  

Tornado s are rare in  the  a rea , averag i ng  l es s  than one per  year  for the  en 

t i re s tate . Th i rteen tornados have been confi rmed wi thi n 1 0 0  mi l es of the 

HMS s i n ce 1 91 6 ; no l os s  of l i fe or maj or damage was a s soc i ated wi th them . 

The maxi mum wind s peed for the Hanford s i te i s  est imated a s  1 75 mph .  

The predomi n an t  wind  d i rection  a t  the HMS i s  northwe ster l y ,  however ,  because  

of l oca l  topograph i c  i nf l uences the predomi nant wind  d i rect i on i n  the 300 

Area i s  so uthwes ter ly .  

4 .  1 . 5  Eco l ogy 

The Han ford Res ervation i s  an i s o l ated, contro l l ed access  area and has been 

used for production and tes t  reactor  operat ions  and rel ated acti v i t i es for 

over two decades . Es sent i a l l y  a l l  of the 300 Area has been d i s turbed from 

i ts natural s tate . However ,  the proposed s i te wi th i n  the 300 Area  i s  dom i 

n ated by b i g  s agebrus h a n d  bi tterbrus h  wi th an understory dom inated by cheat

grass  and sandberg bl uegrass . 
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The 300 Area s o i l  may be des cr i bed as  dark- col ored , coarse  or medi um textured 

s o i l genera l l y  about  30 i n ches  th i c k and under l a i d  by gravel . The s parse 

vegetat i on s upported by these s o i l s  can be used for graz i n g ,  but i s  severe ly  

l im i ted by the  s ha l l ow so i l , eroded,  rough , stony or very dry sandy cond i ti on s .  

Th e mu l e  deer ,  racoon , beaver ,  mus krat and m i n k  are pre sen t  wi th i n the Han 

ford Res ervat ion and a re usua l ly  found i n  the areas  adjacen t to the Col umb i a  

Ri ver . Coyotes and j ackrabb i t  are wi del y  d i stri buted throughout  the Reser

vation . Sma l l marruna l s  are abundan t wi th the great bas i n  pocket mou se  bein g  

the  most  p l ent ifu l . 

The  ch u kar  partr i dge , Ch i nese r i n gneck  pheasan t ,  Cal i forn i a  quai l ,  duc ks , 

and Canad i an geese may be found duri n g  the year wi th i n  the conf ines  of the 

Hanford Res ervation . Mi gratory b i rd s  are usua l l y  found a l on g  the Col umbi a  

Ri ver . 

The an ima l  and btrd popul ation of the propos ed HFNS s i te i s  m i n ima l  due to 

the ex i s t i n g  d i s turbed s tate and the da i ly inf l ux  i n  tran s i e nt  human popu l a

t i on to the 300 Area .  

The Col umb i a  Ri ver ( f i fth l argest r i ver i n  North Amer i ca )  i s  the dom inan t  

aquati c eco system o n  t h e  Hanford Reservat i on .  Numerous dams have been bu i l t  

on the r i ver ,  wi th the on ly  free- fl owi n g  U . S . s ect i on occurri n g  between 

Pr i e st  Rap i ds Dam and McNary Reservo i r  ( a l on g  the Han ford Reservati on ) .  No 

s i gn i fi can t tri b utar i es enter the stream in th i s  sect i on .  The ent i re Col um

b i a  Ri ver i s  except i ona l l y  c l ean for a r i ver  of i ts s i ze .  

4 .  1 . 6  Rad i o l ogi cal Cond i ti on 

The rad i o l og i cal  cond i t i on of the 300 Are a ,  a s  part of the Han ford Reserva

t ion , has been stud i ed s i n ce the beg i nn i ng of operat ion s  at Hanford . An 

extens i ve env i ronmental  s urve i l l an ce and eva l uat ions  program prov ides  mea

s urement and i n terpretation of Han ford operat ions  rad i o l og i ca l  impact upon 

i ts env i ron s ,  both on s i te and offs i te .  Al l s i gn i fi cant potent i a l  pathways 

are eval uated , i n c l ud i n g  p arti cul arly tho se res u l t i n g  i n  d i rect exposure to 

the publ i c  and tho se  where i n  env i ronmental  recon centrati on i s  l i ke l y  to occu r .  

Envi ronmental  d ata co l l ected duri n g  1 975  s howed comp l i an ce o f  Hanford opera

ti ons w i th the app l i cabl e State and Federal regu l ati on s .  Level s of 
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rad i oact i v i ty i n  the atmosphere from Hanford operati ons at a l l offs i te s am; 

p l i ng l oca tions  were i nd i s t i n g u i s habl e from l eve l s  due to natura l causes and 

worl d-wi de fal l o ut from the atmosphere . Routi ne rad i o l og i ca l  ana l yses of 

Col umb i a Ri ver water upstream and downs tream of the Han ford Res ervat i on have 

not s h own any i dent i f i abl e effect due to Hanford operat i on s .  

4 . 2 The Surround i ng Regi on 

The Han ford Res ervat ion  i s  a res tr i cted acce s s  area;  l and  south of the 

Col umb i a  Ri ver i s  under DOE control and l and  north of the Col umb i a  Ri ver i s  

control l ed by the Bureau of Sport F i s heri es and Wi l d l i fe a s  a game refuge . 

4 . 2 .  1 Land Us e On The Reservat i on 

The present use of Reservat i on l ands s urround i n g  the 300 Area  i s  i n d i c ated 

i n  F i gure 4 .  1 -2 .  Curren t operat ion i n c l udes a p l uton i um producti on reactor , 

fue l reproces s i ng and wa ste management act i v i t i e s , the Fast Fl ux Test Fac i l i ty 

( FFTF ) and s upport faci l i t i e s .  Al so , WPPSS i s  bu i l d i n g  commerc i a l  nuc l ear 

p l ants  on the Res ervat i on .  

The 77 , 000-acre area i n  the so uthwest  corner o f  the Hanford Reservat i on i s  

s et a s i de for l on g-term eco l o g i ca l  stud i es .  W i th the except ion of the Arid 

Lands Ecol ogy ( AL E )  Reserve and the Col umb i a  Ri ver I s l ands Reserve , other 

a reas  of eco l og i cal  s tudy s hown on F i gure 4. 1 - 2 are on ly  temporari l y  re

s tri cted .  I s l ands i n  the upper portion of the Col umb i a  Ri ver adj acen t to 

the Han ford Res ervati on are excl uded from p ubl i c  use by the [X) E  and are used 

for wi l d l i fe refuge and DOE envi ronmen ta l research . 

The 300 Area i s  bo unded on the west by a DOE- con structed four- l ane h i g hway 

connect i ng  to the publ i c  h i ghway system at Ri ch l and ,  Wash i n gton . The [X)E

owned ra i l road system i nc l udes the 300 Area. 

The 300 Area i s  about four m i l es north of the Ri ch l and Ai rport and 1 1  m i l es 

northwes t of V i s ta Fi e l d  n ear Kennew i c k  and the Tri - Ci t i es Ai rport near Pa sco .  

4 . 2 . 2  Land Us e Adjacen t to the Reservat i on 

Land use  wi th i n a 30-m i l e  rad i us of the s i te i n c l udes res i den t i a l , s uburban , 

corporate c i ty ,  agr i cul tura l , i ndustr i a l and commerc i a l , s cen i c , recreat i ona l , 

and general use  l and  area s .  The predom inant use of  l ands  wi th i n  the 30-mi l e  
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rad i u s  of the 300 Area i s  agri cu l tura l , w i th the nearest fanns l ocated a l ong 

the east ban k of the Co l umbi a R i ver i n  Fran k l i n  County .  

4 . 2 . 3  Reg i onal  Demography 

Popu l at i on i n  the  area s urround i ng the  Hanford Reservat i on i s  s pars e , con

s i s t i ng primar i ly  of fanns and farm i ng commun i t i es to the north , east , and 

west  of the  Reservat i on .  The  Tri -C i t i es ,  l ocated to the south and s outheast 

of the  Reservat i on ,  repres ent the  maj or popu l ati on concentrati ons  i n  the  area . 

I n  the year 2000 , an estimated 67 , 000 peop l e  w i l l  be l i v i ng wi th i n  a 1 0-mi l e  

rad i us of H FNS and 2 56 , 000 peop l e  wi th i n  a 50-mi l e  rad i us . 

4 . 2 . 4  H i s tor i c  and N at i on a l  Landmarks 

T here  are no h i s tori ca l s tructures or archaeol og i ca l  s i tes in the  immedi ate 

v i c i n i ty of the  H FNS . The  n earest h i s tori cal s i te to the  H FNS i s  the  Wooded 

I s l and Archaeo l og i ca l  D i s tri ct wh i ch i s  l ocated approx imately 4- 1 / 2  mi l es 

north . Severa l  h i stor i c s i tes are entered on the Was h i ngton State and/or 

Nati onal  Reg i sters of H i stor i c  P l aces or Nati ona l  Reg i ster of H i s tor i c Land

marks that are wi th i n  approximate ly  50 m i l es of the  H FNS s i te ( s ee Append i x ) . 

The  Co l umbi a R i v er s hore l i n e ,  from Vantage i n  the north downstream to Umati l l a ,  

i s  r i ch wi th I nd i an art i facts . The  constructi on and operati on of the  H FNS 

is not expected to have any impact on any of the  exi st i ng or potenti a l  h i s to

r i c s i tes or d i s tri cts . 

4 . 2 . 5  W i l d  and Scen i c  R i v ers 

The  s tretch of the Co l umbi a Ri ver from the headwaters of the McNary Reservoi r 

upsteam to Pr i es t  Rap i ds Dam h as been n amed under the  prov i s i ons of Secti on 

5 ( d ) of the  W i l d  and Scen i c  Ri vers Act as amended throug h Pub l i c  Law 94-486 

( Oc1:ober 1 2 ,  1 976 ) .  T h i s  s tretch f l ows throug h and adj acent to the  Hanford 

Reservat i on and from the eastern reservati on boundary i n  the  s outhea stern 

corner . The  H FNS  faci l i ty wi l l  be l ocated approx imately 1 /3  mi l e  west of 

the Co l umb i a  R i v er .  T he  faci l i ty wi l l  not  n eces s i tate construct i on of any 

addi t i ona l  water i ntake or d i s charge  structures . The s i te ,  bei ng enti rely 

w i t h i n  the exi s t i ng 300 Area of the Hanford Res ervat i on , wi l l  not have any 

impact on the s cen i c  and recreat i onal  v a l ues of the Col umb i a  R i v er .  
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5 . 0  EXPECTED ENV I RONMENTAL IMPACTS OF FAC I L ITY CONSTRUCT ION AND OPERAT I ONS 

The Deuter i um-L i t h i um H i g h F l ux Neutron Source ( HFNS ) Fac i l i ty i s  i n  a pre

l im i nary des i gn stage . Thu s , v ery con servative  estimates were u sed i n  

eva l uati ng the  env i ronmental effects  of the HFNS duri ng constructi on and 

normal operat i ons . 

5 . 1 Summary 

The proposed s i te for HFNS construct ion  i s  i n  the  300 Area of the  Hanford 

Reservati on . As a resu l t ,  l i ttl e add i ti onal  impact i s  expected at the con

structi on s i te .  The  i so l at ion  of the  H FNS s i te wi l l  prec l ude  the  detecti on 

of any i ncrement i n  atmospher i c  l evel s of dusts , heavy equ i pment  exhau st  

fumes , or  other temporary atmospher i c  contam i nants beyond t he  Hanford Reser

vat i on . Al s o ,  the remoteness  of the s i te prevents any s i gn i fi cant impact 

from constructi on noi ses  or l i g hts for n i ght work  beyond the Reservati on 

boundari es . Al l of the l and requ i red for the HFNS has been removed from i ts 

natura l  ha b i tat and i s  wi t h i n  the 300 Area p erimeter fence .  Thu s , impacts 

on l oca l  b i ota wi l l  be m i n ima l and on l y  temporary . 

Al l H FNS operati ons wi l l  be  condu cted i n  accordance wi th a ppropr i ate Depart

ment of Energy ( DOE ) requ i rements . Consumpti on of resources wi l l  be 

m i n imi zed . The des i gn fac i l i tates d econtami nat i on of equ i pment and s tructures 

to a l l ow max imum sa l vage a nd recyc l e  and to a l l ow d ecommi s s i on i ng of the 

fac i l i ty and the  s i te i n  the  future .  Env i ronmenta l acceptabi l i ty i s  a 

major d es i gn goal  of the H FNS program . 

Dur i ng rou t i n e  HFNS operati ons  there wi l l  be  a potenti a l  for rel eas es of 

sma l l amoun ts of rad i oacti ve  gases , but the cal cu l ated doses to the popu l a

t i on resu l t i ng from these potenti a l  rel eases  are very l ow .  For examp l e ,  

the estimated max imum dose  rate at the H FNS s i te boundary i s  1 . 2 x 1 0-B rem/ hr 

to the whol e body , as compared to natural  bac kground rad i ati on of a bout 

l x 1 0-5 rem/ hr . ( l ) The 50-year who l e- body dose comm i tment to the  n earest 

res i dent , approx imately 1 . 5 mi l es s outheast  of the HFNS , i s  a bout 6 x 1 0-6 

rem .  For compari son , thi s same i nd i v i dua l  wi l l  recei ve  a who l e- body dose  of 

a bout 5 rem ( 2 )  from bac kground rad i ati on exposure dur i ng t h i s  50-year per i od .  

Ba s ed o n  the  fi rst year o f  operat i ons , the who l e-body 50-y2ar dose  conm i t

ment to the  year 2000 popu l ati on wi thi n  a 50-m i l e rad i u s  of the HFNS s i te ,  i s  

5- 1 



approx imate ly  1 . 2  x 1 0-2 person-rem from a i r  s u bmers ion  and i n ha l ati on . The 

dose rece i ved by the s ame popu l at i on dur i n g  that year from rad i ati on due to 

natura l causes  i s  e stimated to be 26 , 000 person- rem . 

5 . 2  Impact of S i te Preparati on  Acti v it i e s ,  Constructi on and  Resource  

Commi tments 

Constructi on of the H FNS  w i l l  enta i l certa i n  unavoi dabl e i mpacts upon l and 

use  and eco l ogy of  the s i te envi rons . 

5 . 2 . l  L and  Use Impacts 

The proposed s i te for the HFNS i s  essent i a l ly  devo i d  of nati ve vegetati on a s  

a res u l t  of acti v i t i e s  i n  the 300  Area . A s  a resul t ,  l i tt l e addi t i ona l 

i mpact i s  expected on the actual  con s tructi on s i te .  I t  i s  ant i c i pated that 

an addi t i onal s i x  acres wi l l  be temporari ly  requ i red for worki ng and s torage 

areas . Al l of  th i s  add i t i ona l  area has a l ready been affected by 300 Area 

a ct i vi t i e s . I t  i s  h i gh l y  probabl e that thi s add i ti ona l  l and  area w i l l  e i ther 

be i ntenti onal ly  or i nadvertently denuded temporari ly  of i ts groun& cover. 

Ro ut i ne  dust control meas ures w i l l  be appl i ed duri n g  constructi on . 

Approxi mate ly  four a cres of l and w i th i n  the 300 Area wi l l  be requ i red to 

acconmodate the H FNS  bu i l d i ngs a nd grounds . Al l of th i s  l and i s  presen tl y  

wi th i n  the 300 Area peri meter fence  and h a s  been removed from i ts natu ral 

hab i tat  ( see F i g ure 4 . 1 - 1 ) . H i g hway , ra i l  and el ectr i ca l  transmi s s i on l i nks  

to  the 300 Area have a l ready been furn i s hed for 300 Area acti vi ti es . 

Excavat ion  of s ubso i l  materi a l  wi l l  be requ i red for construct i on  of founda

t i on s  and s ubg rade areas of bu i l d i ngs  for the HFNS . Thi s materi a l  wi l l  be 

requ i red for s ubsequent backfi l l i ng of bui l d i ng areas w i th the rema i n i ng 

materi a l  bei n g  u s ed a s  a s h i el d i ng earth benn . 

5 . 2 . 2  Impact on P l ant  Commun i t i es 

The i nmed i ate l os s  of ground cover from excavati on and grad i ng at the con

s tructi on s i te and s urround i ng area wi l l  resu l t i n  s ome l oca l i zed i n crease  

in  dust  from so i l ero s i on .  Early i nvas i on of p l ant s pec i es w i l l  cons i st of 

cheatgrass  and tumbl eweed . ( l ) Cheatgrass  i s  an annual  p l ant that must reseed 

i tsel f each yea r , but i t  i s  extremel y wel l adapted to the c l i mati c cond i t i on s  
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of the are a .  ( 3 ) I t  a l so i s  effecti ve i n  p revent i n g  w i nd  e ros i on due to the 

exten s i ve s ha l l ow root system and a bundance of s tand i ng l i tter wh i c h  he l ps 

reduce w ind  s peed near the s u rface of the so i l . An abundance of cheatgra s s  

i s  expected to become reestabl i s hed n atural l y  i n  the di s tu rbed a rea  d u e  t o  

t h e  c l ose  p rox imi ty t o  a seed sourc e .  

5 . 2 . 3  Impact on An i ma l  Commun i ti es 

There are few b i rd s pec i es that actua l ly  use  the shrub- steppe habi tat a round 

the 300 Area for nest i ng  a rea s . (4 ) The use of the 300 Area for nes ti ng  a reas 

ha s a l ready been affected by 300 Area acti v i t i es . Thu s , thi s faci l i ty wou l d  

have on l y  a m i n i ma l  effect on the b i rd s .  The effect on smal l mammal s  from 

th i s p roject wi l l  be mi n ima l  s i nc e  most of the affected area has previ ous ly  

been d i s turbed . Both the great bas i n  pocket mous e  and deer mous e  popu l at ions  

wou l d probab ly  be adversely affected l oca l ly by vegetati on remova l .  The mu l e  

deer i s  the on l y  l arge a n ima l  on the Hanford Reserva t i on . Deer  u sage of thi s 

s i te has been prevented by the 300 Area perimeter fence .  The deer herd tends 

to rema i n  near the r i ver and other water bod i es , p roba bl y  due to the avai l 

abl  i ty of rel a t i ve l y  l us h  r i pari a n  vegetati on . (5 ) Coyotes and b l ac k- ta i l ed 

hares are res i dents of the sagebrush-bi tterbrus h vegetati on type . The hares 

s eem to p refer the s hrub canopy over more open area s . The perimeter  fence  

about the 300 Area excl udes both medi um and  l arge s i zed mamma l s  but  does not 

i nterfere wi th sma l l mammal movements . There a re no rare or endangered 

spec i es that  wi l l  be affected by cons truct i on of the faci l i ty .  

5 . 2 .4 Impact on A i r  and Water Qua l i ty 

Des p i te dust contro l  mea sures  (wa teri n g ) , l oca l i zed atmospheri c dust l oad i ngs  

wi l l  occur duri ng  construct i on , espec i a l l y  duri ng  w indy peri ods . However ,  

the i s ol ati on of the s i te w i l l p revent any di st i ngu i shabl e i n crement i n  a i r

born e  d usts beyond the Hanford Reservati on .  The s ame benefi t of i so l at ion 

wi l l  a pp l y  to heavy equ i pment exhaust fumes or other temporary atmos pheri c 

contam inants from con struct i on acti v i ti es . Con s tructi on traffi c wi l l  con

tri bute at  mos t  a smal l i ncrement to exi s ti ng impacts from normal Hanford 

pl ant  and Was h i ngton Publ i c  Power Suppl y System ( WPPSS ) traffi c .  
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Both prec i p i tat i on at the s i te and wa ste water from construct i on act i v i ti es 

wi l l  seep i nto the  so i l i n  the  immed i ate v i c i n i ty of the  s i te ,  wi th no ru noff 

to surfac e  streams . Perco l ati on to groundwater shou l d  be m i n ima l  and wi l l  

have no s i g n if i.cant impact on groundwater qua l i ty .  

5 . 2 . 5  Other Potenti a l  Impacts 

The i so l ati on of the s i te prevents any s i gn i fi cant impact beyond the Reserva

t i on from construct ion  noi ses  or l i g hts for n i ght work except for the very 

l oca l i zed b i rd and rodent popu l at i on ,  d i scu ssed prev i ou s l y .  

Excavati ons requ i red for compl eted fac i l i ti es that are i n  the  immed i ate 

v i c i n i ty of the proposed s i te have not revea l ed any prev i ou s l y  un known 

cu l tural resources . Thu s ,  d i scovery of prev i ou s ly  u n known cu l tural re

sources i s  not deemed to have a h i g h  probabi l i ty .  Neverthel ess , cogn i zant  

construct i on personnel wi l l  be  made aware of  the  requ i rement that  s hou l G  a 

prev i ou s ly  u n known cu l tural resource be i denti fi ed dur i ng con structi on , 

wh i c h  are el i g i bl e  for i nc l u s i on i n  the Nati onal Regi ster of H i stor i c  Pl aces , 

the  Adv i sory Counc i l on H i stor i c  Preservati on mu s t  be afforded the  oppor

tun i ty to comment i n  accordance wi th  the 1 1 Procedures for the Protecti on of 

Hi s tori c and Cul tura l Properti es " , C36C . F . R .  Part 800 , as appropr i ate . 

5 . 3  Expected Rad i ol og ica l  Impact of Operat ion  

Man k i nd has rece i ved rad i at ion dose  conti nuou s ly  s i nce the  beg i nn i ng of  t ime . 

Rad i oacti v i ty from natural  sources i s  present i n  the  a i r  we breath e ,  the food 

we eat , and the  so i l we wal k on . The  magn i tud e  of th i s dose  rate from 

natural s ources i n  the  Hanford env i rons i s  approx imately 0 . 1  rem/yr . ( l ) 

Sc i enti fi c commi ttees , such  a s  the I n ternat i onal  Comm i s s i on on Rad i at i on 

Protect i on ( I C RP ) , Nati onal  Counc i l  on Rad i at i on Protecti on and Meas urements 

( NCRP ) , and the Un i ted Nati ons Sc i enti f i c  Commi ttee on the Effects of Atom i c  

Rad i ati on ( UNSCEAR) have eva l uated t h e  effects o f  rad i ati on exposure on 

man k i nd and proposed measures for control of man-made rad i at i ons . Exposure 

gu ide l i nes adopted by the  Federal government , ba sed on recommendati ons s et 

forth by the vari ous commi ttees , a re i ntended to a l l ow benefi c i a l u s es of 

radi at i on whi l e  preventi ng u nacceptabl e publ i c  hea l t h  effects . Exi st i ng DOE 
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rad i at i on standards ( 6 )  impose a n  annual  l i m i t  on the whol e-body dose of 0 . 5  

rem to i nd i v i dua l s at  po i nts of max imum probabl e exposure and 0 . 1 7  rem aver

age to a su i tab l e s ampl e of the exposed popu l at ion from DOE operati ons . 

Annua l  dose rece ived by part icu l ar  organs such  a s  the l u ng , l i ver , and bone 

i s  l im i ted to l . 5  rem for i nd i v i dua l s .  DOE i s  commi tted to keepi ng rad i a

ti on a s  l ow a s  pract i cabl e (ALAP ) and a l ways wi th i n  DOE Manua l C hapter 0524 

gu i del i nes . I n  pract i ce , doses resu l t i ng from DOE fac i l i t i es are a sma l l 

fracti on of thes e gu i del i nes  and wel l w i th i n  the Envi ronmental Protect ion 

Agency standards
( ? ) for popu l ati on doses from the uran i um fuel  cycl e of a 

max imum annua l dose of 0 . 02 5  rem to any member of the publ i c .  

Tabl e 5 . 3 - 1 s ummari zes the ca l cu l ated whol e- body doses to various  s egments of 

the popu l ati on from HFNS operati ons . Background , DOE gu idel i nes and pu bl i c  

dose from 1 97 6  operati ons o n  the Hanford Reservat i on are a l s o  g i ven for com

pari son . 

5 . 3 . l  Exposure Pathways and Dose Model  Used 

Dur i ng norma l operati ons , ex haust  a i r  from HFNS test  cel l s  wi l l  be hel d u p  to 

prov i de  for d ecay before i t  i s  rel eased to the atmosphere . However , i n  order 

to estimate potent ia l  popu l at i on doses resu l ti ng from rout i ne H FNS operat i ons , 

i t  i s  assumed the max imum expected amounts of rad i oact i v i ty l i s ted i n  Tabl e 

3 . 4-2 are rel eas ed to the atmosphere v i a  the pl ant vent i l ati on system . Rou 

t i n e  wastes from the HFNS w i l l have no s i gn i f i cant effect on waste d i s posa l  

procedu res d i s cu s sed i n  the "Wa ste Management Operati ons Envi ronmental Impact 

Statement . " ( l ) The dose from a i r  s u bmers i on was eva l u ated at  the nearest 

Reservat ion boundary ( Col umbi a Ri ver s hore ) .  The dose to the "maximum i nd i 

v i dua l " from a i r  s u bmers i on ,  i nhal a ti on , ground contami nat i on , and the con

sumpt i on of l oca l l y grown foods and an ima l  products was estimated . (The  

" i nd i v i dua l " i s  one whose  res i denc e ,  l i fe s tyl e ,  or d i etary habi ts resu l t  i n  

the h i ghest exposure to rad i oact ive  pl ant emi s s i ons . )  Doses to the 50-m i l e  

and U . S .  popu l at i on v i a  a i r  su bmers i on and i nha l at i on were eva l uated for the 

estimated year 2000 popu l ati on . Al s o ,  the dose from a i r  submers i on and d i rect 

exposure was estimated for 300 Area workers . 
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TABLE 5 . 3-1 

ESTIMATED F IRST YEAR WHOLE-BODY DOSE COMMI TMENT 
FROM HFNS OPERATIONS 

Individual 

Site Boundary 
Nearest Resident 

Population 

50-mile (Annual 
Average per Person) 
U.S. (Annua 1 
Average per Person ) 

300 Area Worker 

Maximum 

HFNS 
0Eerations 

6 x lo-6 (a) 

6 x 10-6 

5 x 10-8 

2 x 10-10 

2 x 10-5 (c) 

(a) Air submersion, 500 hrs/yr 
(b) 500 hrs/yr exposure 
( c )  Air submersion 45 hrs/week, 50 weeks/yr 

(rem) 

Bac kground 

6 x 10-J (b) 

1 x 10-1 

1 x 10-1 

1 x 10-1 

1 x 10-1 

ERDA 
Guidelines 

5 x 10� 1 

5 x 10-1 

1.7 x 10-1 

5 

Hanford ( l) 0Eerations 1976 1 

(Dose from airborne 
effluents. ) 

4 x lo-6 (b )  

1 x 10-5 

<6 x 10-8 



The mode l s ( 9 , l O ) u sed for the fol l owi ng est imates are those prev i ou s l y  

emp l oyed t o  eva l uate rad i o l ogi ca l  impacts from vari ou s fu el  cyc l e fac i l i ti es 

for i ndustry , NRC a nd DOE a s  wel l a s  the env i ronmental i mpact statement( l )  

for Hanford waste  management operat i ons a nd rou t i ne Hanford env i ronmental  

s urv e i l l ance reports . ( l l ) Ta bl e 5 . 3- 2 g i ves  the est imated food consumpti on 

for the max imum i nd i v i du a l ; References 9 a nd 1 0  descr i be i n  fu l l  the a ssump

t i ons  and paramenters  u sed .  The i n ha l a t i on dose est imate was ca l c u l ated 

emp l oy i ng the methodol ogy of the I n ternati onal Commi s s i on on Rad i ol og i ca l  

Protect i on ( I C RP ) . ( l 2 ) Av erage  overa l l atmospher i c  d i l u t i on factors ( x/Q )  

( see Append i x  Tabl e A . 1 - 5 )  were cal cu l ated u s i ng c l i mato l og i ca l  data from the 

33  ft l eve l  of the WNP- 2 meteorol ogy tower a pprox imately seven m i l es north

west of the H FNS s i te .  A ground l evel  rel ease  was a ssumed . The atmospher i c  

d i s pers i on model  i s  d escr i bed i n  Reference  1 3 . The dose from i n hal ati on i s  

ca l cu l ated as sum i ng no c l oud depl et i on whatsoever between the rel eas e poi nt  

and  the  receptor . 

For the dose  ca l cu l ati on s , the foods consumed by the expos ed popu l at i on were 

as sumed to be produced on l and contami nated by rel eases du r i n g  20 years of 

H FNS operati on , a l l owi ng for accumu l ati on and d ecay i n  the s o i l bu t not 

l each i ng . The doses rece i ved dur i ng the twenti eth year of operati on from 

that year ' s  i ngesti on of such  foods and the  resu l t i ng 50-year dose commi tments 

were ca l cu l ated . The dose from externa l rad i at i on due to prev i ou s  depos i t i on 

was estimated for the s ame year .  

5 . 3 . 2  Impact of Ai rborne Rel ea s es 

Ai rborne rel eas e  of H FNS  materi a l s i s  a s sumed to occur v i a  an  80-ft h i gh dump 

heat exchanger stac k l ocated northeast  of the Test Bu i l d i n g .  However , to be 

con servat i v e ,  a ground l evel  rel ea s e  was a s sumed for the dose  ca l cu l at i ons . 

5 . 3 . 2 . l  Max imum Ind i v i dua l  

S i te Boundary 

For the a i rborne rel eas e  rates g i v en i n  Tabl e 3 . 4- 2 ,  the max imum exposure at  

the Hanford Reservat i on boundary wou l d  occur at  a l ocati on approx imately 0 . 3 

m i l e  s ou thea st of the H FNS  s tack ,  where x/Q i s  1 . 5  x 1 0- 5 s /m3 . Th i s  i s  a 
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TABLE 5 . 3- 2  

FOOD CONSUMPTION RATES FOR MAX I MUM I N D I V I DUAL ( g ) 

Pathwa:l'.'. Consumption Rate 
( kg/,l'.r }  

Produce and Cereals 

Leafy vegetables 30 (a ) 

Other above ground vegetables 30 (a ) 

Potatoes 1 1 0  

Root vegetables 72  

Berries 30 

Melons 40 

Orchard fruit 265 

Wheat 80 

Other grain 8 ( a ) 

� 30 

Milk 274 ( b ) 

Meat 
Beef 40 

Pork 40 

Poultry 1 8  

(a) Only fresh vegetables considered ; grown locally five months of the year. 
(b) Cows grazed on pasture nine months of the year. 
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l ocat ion on the Col umb i a  R i ver j u s t  offs hore from the 300. Area where an  ang l er 

m i g ht f i s h  from a boat .  There i s  n o  other poi nt  outs i de the Hanford Res erva

ti on ( to wh i c h  the pu bl i c  m i g ht have acces s )  wh i c h  has a h i g her x/Q .  From a i r  

su bmers i on ,  the average  dose rates t o  the whol e- body and s k i n  of a f i s herman 

at  th i s po i n t  wou l d  be 1 . 2 x 1 0-8 rem/hr and 1 . 8 x 1 0-8  rem/ hr ,  res pecti vely , 
at  th i s n ear s hore l ocati on . An av i d  f i s herman s pend i ng 500 hr/yr here wou l d  
rec e i v e  a n  annual  dose of 6 x 1 0- 6 rem to the whol e- body a nd 9 x 1 0-6 rem to 

the s ki n .  

Nearest Res iden t  

T h e  poi n t  at w h i c h  peopl e l i ve  w ith  t h e  h i g hest x / Q  for t h e  H FNS i s  o n  the 

east s i de  of the r i ver ,  approx imately  1 . 5 mi l es southeast of the fac i l i ty .  

Here the cal cul a ted x/Q wou l d  be 9 . 8  x 1 0-7 s/m3 . 

Ta bl es 5 . 3-3 and 5 . 3-4 summari ze the doses ca l cu l ated for the max imum res i dent 

i nd i v i dua l  from the  rad i oactive  materi a l s rel eased duri ng nonnal operati ons of 

the H FNS  for a one-year i ntake and the 50-year dose conmi tment from that year . 

5 . 3 . 2 . 2  Popu l a t i on Dose 

Ta bl e 5 . 3-5 g i ves the estimated annual dose commi tment from a i r  s ubmers i on to 

the popu l ati on l i v i ng w i th i n  50 mi l es of the H FNS i n  the year 2000 . The 50-year 

dose coITTTii tment for the estimated 256 , 000 peopl e from one year of operati on i s  

g i ven i n  Ta bl e 5 . 3-6 .  None of these estimates i ncl ude  occu pat i ona l  doses whi ch  
may be  recei ved by the  HFNS  work force .  

The 50-year dose commi tment to the popu l at i on of the conti nenta l USA ( i nc l ud i ng 

those res i d i ng wi t h i n  50 mi l es of the fac i l i ty )  from one year of operat ion was 

estima ted from nonnal i zed a i r  concen trati ons d eri ved from a vari abl e traj ectory , 
pu ff advecti on model , ( l 4 , l 5 ) a nd the 1 97 0  Bureau of �ensus data ( l 6 ) i ncreased 
by 40% to correct for popu l ati on i ncreases by the year 2000 . Ta bl e 5 . 3-6  shows 

the U .  S .  popu l ati on dose commi tment i n  person-rem from i n ha l ati on a nd a i r  sub

mer s i on .  

5 . 3 . 2 . 3  On -s i te Exposures 

The maxi mum a nnual  doses to a 300 Area worker ( exc l ud i ng H FNS workers ) were 

estimated . Doses were cal cu l ated for 2550 hrs of exposure per year ( 9  hrs/day , 
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TABL E 5.3-3 

ESTIMATED F I RST -YEAR DOSE  COMM ITMENT TO A MAX IMUM RES IDENT 

FROM GASEOUS EFFLUENTS RELEASED FROM H FNS ( a )  

( rem ) 

ANNUAL 
PATHWAY USAGE S K I N  BODY G I - L L I  THYRO I D  BONE L I V E R  LUNG K I D N E Y  

A i r  S u bme rs i o n  8 7 66 h r  7 x 1 0- 6 4 x l o-
6 4 x l o- 6 4 x 1 0 - 6 4 x 1 0- 6 4 x l o-

6 4 x 1 0 - 6 4 x 1 0 -
6 

, A i r  I n h a l a t i o n  8 766 h r  - -
3 x l o- 8 3 x l o-

8 3 x 1 0 -8 6 x 1 0 - 8 3 x 1 0 -
8 6 x l o -8 3 x 1 0 -8 

G r o u n d  E x p o s ure 4383 hr l x l o-
8 l x l o-

8 l x 1 0 -
8 l x 1 0-

8 
l x 1 0-

8 l x 1 0-
8 l x 1 0 -

8 l x l o -
8 

Food C r o p s  

Produce 6 6 5  kg --
l x 1 0-

6 l x l o- 6 l x 1 0- 6 5 . x  l o-
6 l x l o-

6 l x 1 0 -
6 l x 1 0 - 6 

M i l k  2 74 l i te rs - -
2 x 1 0 -

7 2 x 1 0- 7 2 x 1 0- 7 9 x 1 0-
7 2 x 1 0- 7 2 x l o -

7 2 x 1 0 - 7 

(.11 E g g s  3 0  k g  -
- 5 x l o-

8 5 x l o-8 5 x l o-8 2 x 1 0 - 7 5 x l o -8 5 x 1 0-
8 5 x 1 0-

8 

I 
__, 

3 x 1 0-
7 3 x l o-

7 3 x 1 0 - 7 l x l o-
6 3 x 1 0-

7 3 x l o- 7 3 x l o - 7 
0 Me a t  9 8  k g  - -

TOTAL 7 x l o-
6 6 x l o- 6 6 x l o - 6 6 x 1 0 - 6 l x l o - 5 6 x 1 0-

6 6 x 1 0-
6 6 x 1 0 - 6 

( a )  Res i d i ng a l l y e a r  l . 5  mi l e s  s o u th o f  fac i l i ty ,  x / Q  = 9 . 8  x l 0 - 7 s/m
3

. 



TABLE 5 . 3-4 

EST I MATED 50 -YEAR DOSE COMMITMENT TO A MAX I MUM RES I DENT 

FROM GASEOUS EFFLUENTS RELEASED FROM H FNS ( a )  

(mrem )_ 

ANNUA L  
PATHWAY U SAGE BODY G I - L L !  THYRO I D  BONE L I V E R  LUNG K I D N E Y  

A i r  S u bme r s i or: 8766 h r  4 x i o- 6 4 x i o-6 4 x i o- 6 4 x i o-
6 4 x i o-6 4 x 1 0 -6 4 x 1 o- 6 

A i r  I n  ha 1 a t  i o n  8766 h r  3 x 1 o- 8 3 x 1 o- 8 3 x 1 0-8 
7 x 1 0-8 3 x 1 o- 8 

6 x 1 0 -8 3 x l o-
8 

Gro u n d  E x po s u re 4 383 hr 1 x 1 0-8 1 x i o-8 1 x 1 0- 8 1 x i o-8 1 x 1 0-8 1 x 1 o-8 1 x 1 0-
8 

F o o d  C ro p s  

P r o d u ce 665 kg 1 x 1 o-6 1 x 1 0-6 1 x 1 0 -6 6 x 1 0- 6 1 x 1 0-
6 1 x 1 0-6 1 x 1 o-6 

U1 M i l k  27 4 1 i ters 2 x l o-7 2 x 1 0-
7 2 x 1 0 -7 1 x i o-6 2 x 1 0- 7 2 x 1 0- 7 2 x 1 0 -7 

I 
5 x 1 o- 8 5 x 1 0- 8 5 x 1 0 -8 3 x 1 0 -7 5 x 1 0 -8 5 x 1 0-8 5 x 1 0-8 __, E g g s  30 kg 

__, 

Mea t 98 kg 3 x 1 0- 7 3 x 1 0- 7 3 x 1 o- 7 2 x i o-6 3 x 1 0- 7 3 x 1 0- 7 3 x 1 0- 7 

TOTAL 6 x 1 o- 6 
6 x i o-6 6 x i o-6 1 x i o -

5 
6 x 1 0-6 

6 x i o- 6 
6 x 1 0- 6 

( a ) Res i d i ng a l l year 1 . 5  m i l e s s o u t h  of fac i l i ty ,  x/Q = 9 . 8 x 1 0 -7 s/m
3

. 



TABLE 5 . 3- 5 

ANNUAL A I R  SUBMERS ION WHOLE- BODY DOSE TO THE 50-M ILE  POPULAT ION 

Cumu l ati ve Cumu l a ti ve Cumul ati ve Average 
Rad i us Dose Ann ual Dose  

(Mi l es )  Popul ati on* ( Pe rson-Rem) (rem ) 

l 0 0 0 

2 1 00 3 . 7 x 1 0- 4 3 . 2  x 1 0-6 

3 500 9 . 4  x 1 0-4 1 .  7 x 1 0-6 

4 3 , 600 2 . 8  x 1 0- 3 8 .  x 1 0-7 

5 1 4 , 000 6 . 2  x 1 0- 3 4 . 4  x 1 0-7 

1 0  67 , 000 1 .  l x 1 0- 2 1 .  7 x 1 0- 7 

20 1 21 , 000 1 . 2 x 1 0  - 2 1 .  x 1 0-7 

30 1 39 , 000 1 . 2 x 1 0  -2 8 .  9 x 1 0  -8 

40 1 93 ,000 1 . 2 x 1 0  -2 6 . 4 x 1 0-8 

50 256 , 000 1 . 2 x 1 0  - 2 4 . 8  x 1 0-8 

*Fi gures rounded to nearest 1 00 .  
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TABLE 5 . 3- 6 

50-YEAR WHOL E-BODY DOSE COMMITMENT TO THE 50-M I LE POPULATI ON AND UN ITED STATES 

Pathway 

0-50 Mi l es 

A i r  Su bmers i on 

I nha l at i on 

Tota l 

Tota l U . S .  

Ai r Submers i on 

I n ha l at i on 

Total 
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Who l e-Body 
( Person-rem) 

1 . 2 x 1 0  -2  
. 

-4 2 . 9  x 1 0  

1 . 2 x 1 0  -2  

6 .  1 x 1 0-2 

4 .  1 1 -4  x 0 
6 .  1 x 1 0-2 



5 d ays/week , 50 weeks/yr ) .  A max imum worker wou l d  be l ocated i n  a bu i l d i ng 

a bou t 800 ft north of the H FNS s tac k .  From a i r  s ubmers i on th i s  i nd i v i dual  

wou l d  rec e i ve a n  annual  whol e-body dose  of approx imate ly 2 . 2 x 1 0- 5 rem a nd an 

annual s ki n  dose  of a bou t 3 . 4 x 1 0- 5  rem . The dose from d i rect exposure wou l d  

b e  approx i mately 2 x 1 0-2 rem/yr . 

5 . 3 . 3  Postul ated Heal th Effects 

The B E I R  Report ( 2 )  recommends a method for estimat i ng " h ea l th effects " from 

rad i a t i o n  exposure at very l ow doses a nd dose rates . There are res pons i bl e  

v i ews to the effect that assumpti ons used i n  cal cu l at i ng such  heal th effects 

are not correct ( l 7 )  a nd even the B E I R  Report conced es that " s u c h  est ima tes . . . .  

are fraught  w ith  unc erta i nty . "  However uncerta i n  these estimates are , thou g h , 

they are conservat i ve and they do  prov i de a bas i s  for estima t i n g  the impact  

of  one  as pect of  H FNS operati on .  Ca l cu l ated popu l at i on doses resu l ti ng from 

operat i on of the fac i l i ty ( s ee Ta bl e 5 . 3- 5 )  are so l ow that the proba bi l i ty 

of even one hea l th effect i s  extremely sma l l . 

As a not her approac h ,  the E PA has  d evel oped a concept cal l ed the " envi ronmental 

dose comm i tment"  to as sess the tota l impact of a nucl ear fac i l i ty on the 

env i ronment .  " The  concept encompasses the tota l proj ec ted rad i at i on dose to 

popu l at i ons commi tted by the i rrevers i b l e  rel ease of l ong- l i ved rad i onuc l i d es 

to the envi ronment , and fonns a bas i s  for estimati ng the total  potenti a l  con

sequ enc es on publ i c  hea l th  of such env i ronmental rel ease . " ( l 8 ) Becau s e  of 

the d i ffi cu l ty of ma k i ng proj ec t i ons  of radi onuc l i de  trans port on the bas i s  

of pres ent knowl ed ge , E PA has . ca l cu l ated these poten t i a l  consequ ences on l y  
for the fi rst 1 00-year per i od fol l ow ing  rel ease . Of rad i onuc l i d es con s i d ered 
by EPA,  only tri t i um i s  rel eased from HFNS . For pess imi st i c  assumpt i ons used 

i n  Referenc e 1 8 ,  a tota l of 440 hea l th effects ( as  d ef i ned i n  the B E I R  Report ) 

for the enti re U . S .  popu l at i on of 300 , 000 , 000 i n  the year 2000 was ca l cu l ated 

from a total  postul a ted rel ease of 200 mi l l i on cur ies of tri t ium escapi ng to 

the env i ronment from year 1 97 0  to 2000 . For compari son , the tota l rel eas e 

from rou t i ne HFNS operat i ons u s i ng the rel ease quant i ty g i ven i n  Ta bl e 3 . 4-2 ,  

wou l d  amou nt to l . l  curi es of tr i t i um for the ent i re proj ected fac i l i ty l i fe 

to the year 2000 . By s impl e rat i o  to the preceed i ng numbers , aga i n the occur

rence of even one hea l t h  effect ( l ess  than 3 x l o-6  from tri t i um )  from H FNS  

rel ea ses i s  not probabTe . 
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5 . 3 . 4  Other Potent i a l  Rad i o l ogi ca l Impacts 

The HFNS wi l l  genera te o� ly  sma l l vol umes of rad i oact ive  waste . I t  i s  expected 

that l ess  than 500 ga l l ons/yr of l i qu i d  rad i oa cti ve wa ste ( Sect i on 3 . 4 . 7 . 3 ) 

and a bou t 1 000 cub i c feet/yr of sol i d  rad i oacti ve  waste ( Sec tion  3 . 4 . 9 ) wi l l  

be generated . Th i s  waste wi l l  be d i s posed of a s  descri bed i n  the impact 

statement on Hanford Was te Managemen t Opera t i ons . ( l ) The effects of waste 

managemen t due to the HFNS are not to be expected to be s i gn i fi cant from a 

rad i o l og i ca l  s ta ndpo i n t .  

The env i ronmen ta l cost a nd rad i a t i on exposure assoc i ated wi th decomm i s s i on i ng 

_ the HFNS wi l l  d epend on DOE cr i teri a  app l i ed at that t ime . Und er DOE regu 

l at i ons , procedures for d ecommi s s i on i ng wi l l  be s ubj ect  to s pec i fi c  DOE ap

prova l a nd wi l l  m i n im i z e  both env i ronmen ta l impact  and  rad i a t i on exposure . 

The H FNS Constructi on Proj ect Da ta Sheet i d enti fi es a budgetary estimate of 

$5 m i l l i on for decorrm i s s i o n i n g  costs as part of the tota l proj ect fund i ng .  

5 . 4  ANT I C I PATED NONRADI OLOG I CAL I MPACT OF  OPERAT I ON 

The H FNS wi l l  u ti l i ze on ly  sma l l quant i t i es of nonrad i oact i v e  nox i ous  c hemi 

ca l s ,  such  a s  c l ea n i n g  compound s  a nd o i l s  for pumps . Some wi l l  be d i scharged 

to the a tmosphere v i a  the fac i l i ty s ta c ks . Some wi l l  be d i scharged to the 

process s ewer trenches and sani tary sewer trenches and some wi l l  be p l aced i n  

the Hanford sani tary l and fi l l .  

5 . 4 . l  Impact  on Humans 

Sma l l  quanti ti es of nonrad i oactive  nox i ou s  c hemi ca l s ( s ee Tabl e 3 . 4 - 1 )  wi l l  

be consumed i n  operati ons a t  H FNS . However , concentrati ons a t  the stac k 

wi l l  be far be l ow thres ho l d  l im i t  val u es ( TLV ) ( l g ) due  to the sma l l  quanti ti es 
rel eased , and  the  exhau s t  fl ow rates . Thres ho ld  l im i t va l u es a re i ntended 
for use i n  wor kroom env i ronments and not ambi ent a i r .  Concentrati ons at 

grou nd l evel  beyond the fac i l i ty fenc e  wi l l  be even l ower due  to rap i d  

atmos pheri c d i s pers i on .  
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The prox i m i ty of the waste trenc hes to the Col umbi a  R i ver from w h i c h  300 Area 

draws i ts water supply warrants control of chem i ca l  rel eases to these trenches 

to near recommend ed
_
dri n k i ng water l i m i ts . The C i ty of R i ch l and ta kes a major 

port i on of i ts wa ter from the Col umbi a Ri ver approx imate ly  four mi l es south  

of  the wa ste trenches . Exten s i ve programs that eva l uate the water qua l i ty of 

both the grou ndwater and Col umb i a  R i ver have never ev idenced an  impact  from 

use  of proces s a nd sani tary d i s posa l ponds a nd trenches . No effect i s  expected 

from operat i on of the HFNS Fac i l i ty .  

5 . 4 . 2  Impact on Other B i ota 

Nox i ous  chem i ca l s rel ea sed ( s ee Tabl e 3 . 4-4 )  to the atmos phere wi l l  be i n  

such  sma l l  quanti t i es a nd a t  such  l ow concentrati ons that no i mpact on other 

bi ota i s  anti c i pated . 

San i tary waste water wi l l  be d i scharged i nto the ex i sti ng sani tary l eac h i ng 

trenches . Norma l process waste wa ter wi l l  be d i s posed of v i a  two ex i s t i ng 

trenc hes , eac h  a bout 3 0 , 000 ft2 i n  s i ze .  Some chemical  su bstances wi l l  be 

rel ea sed to the trenches ( s ee Secti on 3 . 4 . 7 . 2 ) . HFNS represents such  a sma l l 

fracti on of the d i scharge to the trenches a nd the nox i ou s  chem i ca l s  i nventory 

at HFNS i s  so sma l l that i t  i s  not ant i c i pated the waters i n  the trenches 

wou l d  ever conta i n  conc entrat i ons of wa ste prod ucts harmfu l to b i ota a s  a 

resu l t  of even unusual  occurrenc es i n  the HFNS . Large an ima l s are prevented 

access by the fenc e that  surrou nds the trenc hes . The sma l l trenc h s i ze  s hou l d  

prec l ud e  a l l but i n c i dental use  by most waterfowl . 

5 . 5  TRANSPORTAT I ON 

S h i pments of hazardous su bstances to a nd from the HFNS wi l l  be afforded a 

degree of protec t i on that i s  equ i va l ent  to that prov i ded by Department of 

Transportat ion reg u l a t i ons . Most s h i pments of rad i oact i ve mater i a l s wi l l  be 
on the Hanford Reservat i on w i th off-s i te s h i pments l imi ted to metal test 

assembl i es s h i pped i n  Department of Transportati on approved s h i ppi ng casks . 

Al l s h i pmen ts of rad i oacti ve mater i a l s  from the HFNS wi l l  compl y  wi th DOE 
Manual  Chapter 0529 . As suc h , no i mpact resu l ti ng from rel eases of s h i pped 

mater i a l i s  ant i c i pated . The number of s h i pments wi l l  be very sma l l compared 

to the vol ume for the Hanford Reservat i on . Thus , traff ic -connected effec ts 

from H FNS operati ons wi l l  be neg l i g i b l e .  
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6 . 0  UNAVOI DABLE ADV ERSE I MPACTS 

The unav oi dabl e adverse effects of the Deuteri um- L i th i um H i gh Fl ux N eutron 

Source ( H FNS ) Faci l i ty constructi on and operati on are very few and l argel y 

temporary . 

The  l ocal  mammal and bi rd habi tat wi l l  be d i sturbed i n  onl y  a mi nor way 

d uri ng the construc t i on phase because  the s i te and surroundi ng area have 

a l ready been d i sturbed by 300 Area acti v i ti es .  I t  i s  anti c i pated that the 

smal l mamma l and b i rd popu l ati on wi l l  return to near norma l s hortly after 

the fac i l i ty i s  o perati ona l and the reveg etati on proces s i s  underway . No  

endangered spec i es are  affected by thi s fac i l i ty .  

The vegetati ve  cover that i s  destroyed duri ng constructi on wi l l  be restored 

by natural proces ses to near normal  l evel s w i th i n a few years . The fi rst 

of the v egetati ve spec i es to be natura l l y  rei ntroduced are c heatgras s  and 

tumb l eweed . 

The l oss of the ground cover due to constructi on acti v i t i es wi l l  resu l t  i n  

an i ncreased potenti a l  for wi nd erosi on . Th i s wi l l , i n  s p i te of rou ti ne 

du st c on trol mea sures , be a source for an  i ncrea sed dust l oadi ng of the 

atmosphere duri ng h i g h  w i nd epi sodes . Th i s  cond i ti on wi l l  be temporary and 

wi l l  return to n ear normal soon after compl eti on of constructi on . 

Th ere i s  a potenti a l  for an  adverse ecol ogi cal  effect due to the presence of 

c h emi cal s i n  the san i tary and process wa ste water d i sposal  trenches . However , 

the HFNS represents such  a smal l fracti on of the total effl u ent  to the trenches 
that no di scerna bl e impact from HFNS operati ons can be anti c i pated . Nonethel ess , 
waste management procedu res wi l l  be devel oped to reduce thi s very l ow poten-
t i al  for harmfu l effects to an  as  l ow as  practi ca l  (ALAP ) l evel . 

The probabi l i ty of an  adverse env i ronmenta l effect due to rel ease  of vol ati l e  

organ i c  sol vents to the atmosphere throug h  the HFNS stacks i s  very remote 

because  the concentrati on s of chemi cal s from thi s faci l i ty wi l l  be extremely l ow .  

Rad i ol og i c a l  effects resu l ti nq from operati on of the H FNS wi l l  be negl i g i b l e .  

The predi cted dose val ues  a t  the Hanford Res ervati on boundary and nearest res i 

dent l ocations  are a very smal l fracti on of that due to the natural background 

rad i ati on . 
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7 . 0  ECONOM I C  AND SOCIAL IMPACTS OF FACI L ITY CONSTRUCT ION AND OPERAT I ON 

7 . 1  I rrevers i bl e  and Irretri evabl e Commi tments of Res ources 

Constru cti on and oper�ti on of the Deuteri um- Li th i um H i g h  F l u x  Neutron 

Source ( HFNS ) faci l i ty wi l l  res u l t  i n  the i rretr i evab l e  commi tment of moder

ate amounts of res ources . Pri nci pal  construct i on mater i a l s  for the Acce l e

rator and Test  Bu i l di ngs  wi l l  comm i t  approximate ly 400 tons of rei nforci ng 

s teel a nd 6 , 000 cubi c yards of concrete . I n  add i t i on ,  quant i ti es of we l di ng 

rods , i nert g as es and m i s cel l aneous construct i on mater i a l s  wi l l  be cons umed , 

as wel l as the petrol eum base fuel s requ i red to power construct i on mach i nery .  

Th e maj or i tems of equ i pment , the l i near accel erator and the l i th i um supply 

and target system , wi l l  commi t approx imately 1 20 tons of carbon steel , 25  

tons of  copper , and  10  tons of  stai n l ess  s teel . 

Materi al s and supp l i es consumed d uri ng faci l i ty 1 s  operati on wi l l  i n cl ude test 

and l i th i um target as sembl i es .  Th ere wi l l  a l s o  be mi s ce l l aneous s upp l i es 

us ed i n  operati n g and mai ntai n i ng the accel erator and test equ i pment and for 

c l ean i ng a nd decontami nati on . About 45 ga l l ons per mi nute of wa ter from the 

300 Area water sys tem and 250 , 000 kWh of e l ectri ca l  energy per day of opera

ti on wi l l  be u sed .  Th e el ectri cal  energy wi l l  be drawn from the Bonnevi l l e  

power pool and wi l l  be supp l i ed from an i ndetermi nant mi x of hydroel ectri c ,  

foss i l  and nuc l ear generat i ng p l ants , resu l ti n g  i n  s ome foss i l  and nuc l ear 

fuel consumpti on .  Th e e l ectri cal energy d i s tri bu ted by the Bonnev i l l e Power 

Admi n i s trati on i s  g enerated predomi nately by hydroel ectri c generat i ng p l ants . 

The proporti on th at each power generati ng s ource contri bu tes i s  i ndetermi nate 

due to the e l ectr i c  power wheel i ng arrangements w i th i n  the Northwes t Power 
� 

Pool . Th e H FNS Faci l i ty i s  bei ng desi gned to faci l i tate decontami nati on of 

bu i l di ngs and eq u i pmen t .  However , the i rradi ati on test cel l s  wi l l  be h i g h ly 

a cti vated and the recovery of res ources commi tted for i ts constructi on or 

for a l ternat i v e  use  of the tes t cel l s  may not be economi ca l l y feas i b l e .  

Al ternat i ve use  may be feas i b l e  for the l i near accel erator and the beam 

trans port tu nnel  but cou l d  req u i re extens i ve decontami nat i on and mod i f i cat i on 

wou l d  be req u i red pri or to commenci ng the a l ternati ve us e .  Approx imately four 

acres of l and i s  expected to be u ti l i zed as the s i te for the H FNS bu i l d i ngs , 
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park i n g  areas and s h i ppi ng and rece i vi n g area s .  The proposed s i te i s  wi th i n  

the 300 Area on the Hanford Res ervati on . Es senti a l l y  a l l of the l and  a ffected 

by the H FNS has a l ready been di sturbe d by other 300 Area acti v i ti es and wo ul d 

conti nue to be peri o di ca l l y  di s turbed i n  the normal cours e of  300 Area us age . 

Tempo ra ry rerouti ng  of  the normal traffi c fl ow or park i n g  may be requ i red 

duri ng  the co ns tructi on phase and i s  not expected to req ui re permanent 

commi tment of 300 Area res ource s .  

7 . 2 Re l a ti on s h i p  between Sh ort- Te nn Uses and Long-Term Producti vi ty 

The proposed s i te i s  wi th i n  the 300 Area of the Han ford Res ervat ion , an area 

devoted to nuc l ear- re l ated  a cti vi ti es for over 30 yea rs .  Cons equentl y ,  the 

HFNS Faci l i ty harmoni ze s wi th the exi s ti ng fa ci l i ti e s .  The ent i re Han ford 

Res ervati on i s  s e t  as i de for nucl ear a cti v i t i es wi th no competi ng  l and  use 

contemp l a ted .  The 3 0 0  Area l o cati on and the H FNS des i gn i mpl i es maximum 

uti l i zati on o f  current ly  exi sti n g  faci l i ti es .  I t  i s  ant i c i pated tha t  the 

exi s ti ng  fac i l i ti es w i l l be used to fabri cate the i rradi ati on assembl i es 

and to perfo rm the necessary post- i rradi ati on handl i n g ,  examin ati on an d 

tes ti ng . The avai l ab i l i ty o f  these faci l i ti es wi l l  a l l ow i n creas ed uti l i za

ti on of thei r capab i l i ti es .  

Requi red s upport s ervi ces s uch a s  securi ty ,  fi re protect ion , water s uppl y ,  

and wa s te san i tary di s posal  systems pres ent l y  ex i s t  wi th i n  the 300 Area wi th 

s u ffi ci ent ca paci ty to abs orb the HFNS Fac i l i ty re qui rements . I n  most 

i ns tances provi s i ons are neces sary o n l y  for i nterconnecti on i n to these 

systems . I n  the cas e o f  the e l ectri cal system , th e HFNS re qui rements can be 

met by modi fi cati ons to the exi sti ng  300 Area s ubstati on . There fore , the 

HFNS s ervi ce support re qui remen ts wo u l d  not cause addi ti onal envi ronmental  

b urde n to the exi sti n g  300 Area s upport s ervi ce systems . 

The  HFNS wi l l  provi de the neces sary i rradi ati on tes ti n g  capab i l i ty for the 

devel opment of  materi a l s and the generati on of  en g i neeri ng test data on the 

b ehavi or  of  those ma teri al s under fus i on reactor i rradi ati on condi ti ons . 

Long- term l osses  of  res ources that may occur due to constructi on and opera

t ion  of the HFNS Faci l i ty appear to be mi n i s cu l e by compari son to potenti al 

l on g- term nati onal  an d s hort-term reg i onal benefi ts . E ffects on the nearby 
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communi ti es are bene fi c i a l  due to the compl ementary ti me- ph as i ng of the 

cons tructi on manpower demand.  Th i s  deman d wi l l  prov i de conti nued con s truction 

emp l oyment for approxi mately 1 00 worke rs at  a time when manpower req ui rements 

for other major cons tructi on acti vi t ies on the Hanford Res erva ti on are 

decl i n i n g ,  as projects are compl eted .  Other en vi ronmental  effects of  HFNS 

cons tructi on  and operati on  wo u l d  appea r to be pri mari l y  those associ ated 

wi th the human occupati o n  of the s i te an d are expected to be es senti a l l y  

ful l y  contai ned w i t h i n  the 300 Area l o cati on . The addi ti on a l  burden , i f  

any , wi l l  occur wi th i n  an area that i s  present l y  bei ng uti l i zed for nuc l ear 

rel ated acti vi ti es . 

7 . 3 Rel ati ons h i p  o f  Proposed Acti on to Land Use P l ans , Pol i c i es and Control s 

The cons tructi on  an d operati on  of  the H FNS does not  appear  to con fl i ct wi th 

the appl i cab l e  reg u l ati ons of th e Un i ted States , the State of Wash i n gton , 

o r  Benton Co unty . The proposed s i te on the Han ford Res ervati on l i es wi thi n 

an area des i gnated by both the State and the Co unty as bei ng  s u i tabl e for 

nuc l ear faci l i ti e s .  Co unty zoni ng  i s  for i n dus tri al us e wi th nuc l ear 

faci l i ti es s peci fi ca l l y  permi tted . 

Cons tructi on  and operati on  of th e faci l i ty wi l l  be p l anned an d exec uted i n  

a manner that con fo rms to federa l , state and l ocal regu l ati ons , i n cl udi ng  

those concerni ng ai r and  water  q ua l i ty ,  i n dustri a l  and  occupati ona l safety 

and trans portati on . 

I n di rec t effects on hous i n g requi rements , commerci al acti vi ty and communi ty 

s ervi ces are expected to b e  bene!i ci al  to the nearby ci ti es  beca use 

empl oyment of cons tructi on and ope rati ons personnel  w i l l contri bute to th e 

re g i ons economi c base . 

7 . 4  Cons tructi on and Operati on  Costs 

The constructi on  an d operati on of  the H FNS w i l l have a pos i t i ve impact on 

the economi c and s oci etal  val ues of  th e surroundi n g  areas . Th e cons tructi on  

workers req ui red for H FNS woul d not caus e an  i ncreas e i n  the total n umber of 

cons tructi on worK�rs empl oyed on maj or projects wi th i n  thE� Hanford Res erva

t i o n . Rather , cons tructi on  of th e H FNS wo u l d ten d to prov i de an opportun i ty 

for conti nued emp l oyment as the maj or Hanford cons truct i on p rojects approach 

comp l eti on . 
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Essenti a l l y ,  a l l of the j obs req u i red for the operat i ona l  phase  cou l d  be 

fi l l ed by reas s i gnment of Hanford Engi neeri ng Devel opment Laboratory ( HEDL ) 

pers onne l from wi th i n  the l aboratory . I f  add i ti onal pers onne l  are h i red , they 

wou l d  be rep l ac i ng emp l oyes who h ad accepted empl oyment outs i de of the area 

due to the forecasted decl i n i ng trend i n  s taff ing  needs for Breeder Reactor 

Program ( BRP ) efforts . 

7 . 4 . l  Cos ts of Constru cti on 

Based on H FNS approv al as an DOE Cons truct i on L i ne I tem Proj ect for FY 1 97 8 ,  

cons tru cti on i s  s chedu l ed t o  beg i n  i n  1 979 wi th comp l eti on by mi d- 1 982 . The 

con s tructi on l abor force i s  esti mated to averag e about 75  work ers wi th the 

peak emp l oyment of approx imately 1 1 0 duri ng cal endar year 1 981 . HFNS 

cons tru cti on i s  s chedu l ed to beg i n  dur i ng a peri od when constructi on man

power n eeds are l es s en i ng for major Hanford area proj ects . These  proj ects 

are the Fas t F l ux Test Faci l i ty ( FFTF ) , H i gh  Performance Fue l s  Laboratory 

( H PFL ) , Fuel s and Mater i a l s  Exami nat i on Faci l i ty ( FMEF ) , and the Was h i ngton 

Pub l i c  Power Su pp ly  Sys tem ( WPPSS ) nuc l ear power p l an proj ects Was h i ng ton 

Nuc l ear P l ant WNP- 1 , WNP- 2 and WNP- 4 .  The tota l peak manpower demand , F i g u re 

7 . 4- 1 , i s  expected to occur i n  early 1 97 7  as  the WPPSS constru ct i on acti v i ty 

i s  r i s i ng and before the  FFTF manpower requ i rements begi n to ramp  down i n  

l ate 1 977 , refl ecti ng proj ect comp l eti on i n  the l atter ha l f of 1 978 .  The 

HPFL and FMEF manpower req u i rements tend to paral l e l the H FNS , but are 

re l ati vely smal l and s erve to a i d  i n  l eve l i ng the Hanford area constru cti on 

manpower req u i rements . 

The proj ect dol l ar cos t  of cons tructi on i s  esti mated to be approx i mately $70 

mi l l i on based on the i n i t i a l conceptu a l  des i gn presented i n  Chapter 3 . 0  

Cost estimates were made of the eng i neer i ng ,  materi a l  and l a bor cost compo

n ents for each of the  bu i l d i ngs , the uti l i ti es ,  and eng i neered sys tems . A 

propos ed s ch edu l e  was dev e l oped based on real i sti c t ime  spans for the vari ous 

proj ect a cti v i t i es , and the timi ng of actua l  expend i tures was est imated . 

Esca l ati on rates , a ppropri ate for the Hanford area , were then appl i ed to the 

eng i neer i ng ,  materi a l , and l abor cost components . F i n a l ly , conti ngency 

factors were a pp l i ed ,  con s i s tent wi th the degree of des i gn maturi ty ,  to 

arr i ve at  the tota l est imated cos t .  
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Th e esti mated cost wi l l  agai n be eva l u ated i n  the reference concept phas e of 

the H FNS  eng i n eeri ng des i g n  pri or to commi tment of the proj ect as a DOE 

Cons tru cti on L i ne  I tem . 

7 . 4 . 2  Costs of Operat i on 

Th e faci l i ty i s  expected to operate on a fou r- sh i ft ,  seven-day week  and 

empl oy an  operat i ng  s taff of about 33 peop l e for faci l i ty operati ons , tes t i ng , 

mai ntentance and management . 

Operat i ng cos ts , i nc l ud i ng s upporti ng research and devel opment cos ts , are 

estimated at approx imately  $9 . 9  mi l l i on annu a l ly throughout the faci l i ty ' s  

1 5- to-20 year usefu l  l i fe .  Al s o  i n c l uded i n  the annu a l  operati ng cos t  i s  

th e expens e  of s peci a l  tes t  fi xtures and i ns trumentati on to meet experimental 

needs . ( Operati ng cos ts are g i v en i n  1 976  do l l ars . ) 

7 . 5  Empl oyment , I n come a nd Staff Ma i n tenance 

The H FNS constructi on and operati on emp l oyment wi l l  benefi t the n earby urban 

areas , provi d i ng conti nued emp l oyment for cons tru cti on manpower . Mai ntai n i ng 

of emp l oymen t i n  the primary j ob s ector enab l es conti nued emp l oyment i n  the 

s econdary j ob s ector . Secondary j obs  are thos e  that are mai n ly  i n  the 

s erv i ce and reta i l trade areas s u ch as g as ol i ne s tati on operators and atten

dants , grocery s tore c l er ks , TV repai rman , etc . 

Cons truct i on of the H FNS w i l l  requ i re peak emp l oyment of approx imately 1 1 0  

workers wi th an averag e  of a bou t 7 5  wor kers ov er the three-year constru cti on 

and i nsta l l a ti on peri od.  A l arg e per centag e ,  i f  not a l l ,  of the constru ct i on 

work force wi l l  have been previ ous ly emp l oyed i n  the Tri - Ci ty area pri or to 

the s tart of H FNS constru cti on ( R i ch l and , Pas co , Kennewi ck l ocated on the 

Co l umb i a Ri ver i n  s outheas �ern Was hi ngton State ) . A s oci oeconomi c s tudy 

conducted by Woodward- C lyde  Consu l tants
( l ) 

for the WPPSS reports on a s urvey 

by Woodward-C lyde  cons u l tants
( l ) 

for the WPPSS reports on a s urvey by the 

Fi e l d  Research Corporat i on of the bu i l d i ng trades workers emp l oyed at the 

WNP- 2 constru cti on s i te on the H anford Res ervati on . The survey reported that 

85% of the cons truct i on workers i ndi cated that they wou l d  attempt to seek  

s i mi l ar work i n  the  Tri - Ci ty area when the i r  wor k at  WNP- 2 termi nated . 
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Ass umi ng the WNP- 2 workers s u rvey i s  i nd i cat i v e  of the atti tude of a l l the 

constructi on workers emp l oyed on maj or proj ects wi th i n the Hanford Res erva

ti on ,  a suff i ci ent  n umber of wor kers may be expected to remai n i n  th e Tri - C i ty 

area to fi l l  the proj ected l abor requ i rements for constru cti on of the HFNS 

Faci l i ty .  HFNS cons tru cti on wi l l  beg i n  i n  early 1 97 9 ,  when Hanford construc

ti on manpower req u i rements wi l l  h av e  dec l i n ed from a 1 977  l eve l  of about 4200 

workers to approximately 3 1 00 i n  early 1 978 .  Therefore , constru cti on of the 

HFNS Faci l i ty has the benef i c i a l  effect of prov i d i ng emp l oyment for Tri - C i ty 

constructi on craft wor kers . The  p ers onn el  req u i red for proj ect management 

respons i b i l i ty ,  approx imately 1 8  profess i ona l s  and four nonexempt pers onnel , 

may be trans ferred from H EDL FFTF constru cti on management to HFNS proj ect 

management .  Th i s  wou l d  be accomp l i s hed as FFTF needs are decreas i ng .  Though 

rel at ive ly  mi nor , th e s u sta i n i ng effect on the overa l l  Hanford proj ect 

emp l oyment outl ook i s  benefi ci a l  to the s u rround i ng urban areas . 

Operat i on of the HFNS wi l l  prov i de emp l oymen t for approx imately 33 profes

s i ona l  and  nonexempt pers onnel compri s i ng the  Operat i ons , I rradi ati on Tes t i ng , 

and Mai ntenance and Serv i ce groups . I n  add i ti on ,  s taffi ng req u i rements for 

eng i n eeri ng deve l opmen t pers onne l  to p l an , des i gn ,  condu ct and eva l u ate  the 

test program wi l l  beg i n  b u i l dup duri ng the pre- operati ona l  peri od , reach-

i ng approx imatel y  44 pers onnel  in  f i s ca l  year 1 988 . Th i s  wi l l  dec l i ne after 

FY 1 990 to approx imately  24  pers onne l  i n  the fi na l  year of operat i on .  I t  i s  

expected that these  s taff i ng requ i rements wi l l  be met by transferri ng  s u i t

ab l e pers onne l  to the HFNS pr.oj ect as  they comp l ete the i r  respons i bi l i t i es 

to the LMFBR program . The  H FNS  d i rect emp l oymen t i s  i l l us trated i n  F i gure 

7 . 5- 1 . The s u stai n i ng of emp l oymen t l eve l s resu l t i ng from the HFNS  proj ect 

benefi ts the s u rround i ng urban areas . 

The  i ncome earned duri ng the constru cti on and operat i on p hases  of the HFNS 

wi l l  con tri bute toward ma i n ta i n i ng the l evel  of economi c acti v i ty of the n ear

by are a .  Expend i tu res duri ng constru cti on for l abor a n d  materi a l s ,  eng i neeri ng  

s u pport and proj ect management are  proj ected to  tota l approx imately $25  mi l l i on 

to the l ocal  economy . Th i s  represents a bout 35% of the tota l proj ect cos t .  

Howeve r ,  s i nce  the wages and s a l ari es pai d duri ng the cons tructi on and opera

t i ona l  p has es are not attri bu tabl e to i n creased emp l oymen t ,  the amounts are 
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cred i tab l e a s  pro l ongati on of prev i ou s l y  ex i s ti ng econom i c  su pport l eve l s for 

the area . 
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Cons u l tants , 1 975 . 

7-9  





8 . 0  EFFLUENT AND ENV I RONM ENTAL MEASUR EMENT AND MON I TOR I NG PROGRAMS 

8 . 1  Preopera ti onal  Envi ronmental  Program 

Numerous s tudi es
( l ) 

h ave been conducted whi ch doc ument the phys i ca l , ecol og i 

ca l  and rad i ol og i ca l  ch ara cteri s ti cs of the Hanford Reservati on , i nc l ud i ng  

the  300  Area . These  s tudi es h ave i nc l uded genera l observa ti ons and deta i l ed 

ana lyses of the effects of nuc l ear reactor operati on , fuel  rep roces s i ng ,  fue l 

fa bri cati on and rel ated acti vi ti es i n  the Hanford env i rons . Thi s exi s ti ng 

program i s  s u ffi c i entl y broad i n  s cope to be sens i ti ve to i ncrementa l  i mpacts 

due to HFNS operati ons wi thout mod i fi cati on of the program . 

8 . 1 . l  Ai r 

8 . 1 . l . l  Meteorol og i c a l  Data Base 

Severa l s ources of meteorol ogi ca l  data are avai l ab l e  wi thi n the Hanford 

Reservati on . The pri n c i p a l  s ource i s  the 622R meteorol ogy tower ,  a l s o  known 

as the Hanford Meteorol ogy Stati on ( HMS ) tower . Thi s i s  a 408-foot tower 

that has  been i n  opera ti on s i nce the mi d - l 940s to record tempera ture , h umi d

i ty and wi nd ve l oc i ty .  The tower i s  l oc ated i n  a p l ateau near the center of 

the Hanford Res ervati on adj acent to the 200 Wes t Area and about 1 9  mi l es 

northwes t of the 300 Area . 

From March 1 974 to Apri l 1 97 6 ,  meteorol ogi ca l  data have been col l ected at 

the Was h i ngton Pub l i c  Power Supp ly  Sys tem Nuc l ear Pl ant No . 2 ( WNP - 2 ) s i te ,  

approx i mate ly  seven mi l es north -northwest  of the 300 Area , u s i n g  a 240-foot 

towe r .  A temporary me teorol og i ca l  sys tem began  col l ecti ng data at the s ame 

l ocati on duri ng March  1 972 . 

Si nce 1 969 , s u rface meteoro l og i ca l  da ta h ave been ob ta i ned for the 400 Area 

about s i x  mi l es northwest  of the 300 Area at 1 3  feet above the ground s urface . 

I n  addi ti on , there i s  a 300-foot tower at  N-Reactor , b u i l t  i n  1 968 , and a 

remote network of s tat i ons arou nd the Reservat i on th at  measure wi nd ve l oc i ty 

at about 1 5  feet above the g round s urface .  
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8 . 1 . 2  Wa ter 

8 . 1 . 2 . l  Su rface Water 

Samp l es of s urface  water have been co l l ec ted from the Co l umbi a  Ri ver at sev

era l l ocat i on s ,  as wel l as from was te wa ter ponds and d i tches a t  the Hanford 

Reservat i on , s i nce the beg i nn i ng of opera ti ons at Hanford . I ntegrated ri ver 

water s ampl es were ana lyzed to determ i ne 
3

H ,  gross a l pha , gros s beta , 
1 3 1

I ,  
239

Pu , and gamma em i tter acti v i ty l evel s .  
( 2 , 3 ) 

Wa ter qua l i ty mea surements 

on r i ver water i nc l uded pH , d i s so l ved oxygen , turbi d i ty ,  co l i form , fec a l  

col i forms , b i o l og i ca l  oxygen demand a nd n i tra te i on .  Gross  a l pha , gros s 

beta and gamma s pectros copy ana l yses were genera l l y  run on the pond and d i tc h  

s ampl es .  

Ri ver f l ow rates are obta i ned from cont i nuou s U . S .  Geol og ica l  Survey ( USGS ) 

r i ver s tage measurements a t  a gauge s tati on immed i a tel y downs tream from ,Pri es t  

Rap id s  Dam . ( l ) T h e  r i ver e l evati on s  are ava i l ab l e i 1J111ed i a tely o n  s i te v i a  

tel emeter i ng . Con t i nuous  temperature mon i tori ng i s  a l s o done at  the Pr iest  

Ra p id s  gauge s ta t i on and at  Ri c h l and . 

8 . 1 . 2 . 2  Grou ndwater 

Approx i ma tely 1 500 wel l s  have been d ri l l ed at the Hanford Reservati on to mon i 

tor grou ndwa ter . More than 30 wel l s  are l ocated wi th i n  five mi l es of the 300 

Area and another 22 wel l s  are i n  the 300 Area . 

Extens i ve env i ronmenta l mon i tor i ng programs concerned wi th s tudyi ng the 

phys i ca l , chem i ca l ,  and rad i ol o g i c a l  c haracteri st i c s  of the groundwa ter have 

been c onducted . 
( l ) 

I t  i s  expected that these programs wi l l  be conti nued 

routi ne ly  as part of the DOE program . 

8 . 1 . 3 Land 

Extens i ve data are ava i l ab l e wh i c h  descr i be i n  deta i l the geol og i ca l  forma

t ion , s e i smi c propert i e s , so i l c haracter i s t i c s , and terrestr i a l  ecol ogy of 

the Hanford Reserva t i on .
( l ) 

8 . 1 . 3 . l  Sei smo l ogy 

USGS has  been acti vely Bngaged i n  perform i ng sei smi c researc h on and s ur

round i ng the Hanford area s i nce 1 968 . 
( l ) 

The mon i tori n g  dev i ces prov ide  
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meani ngful  data for earthq uake predi cti on , i nc l udi ng mea surement of s tra i n  

bu i l dup . 

8 . 1 . 3 . 2  Terre s tr i a l  Eco l ogy 

N umerous s tudi es  h ave been condu cted to c l a s s i fy the Hanford Reservati on 

s oi l s
( 2 ) 

( i nc l udi ng  the p hys i ca l  and chemi ca l characteri sti c s  of the maj or 

seri es of s oi l s
( 3 )

) , the vegeta ti on types present  on the Reservati on , 
( l ) 

and the d i fferent  spec i es of mamma l s ,  bi rds , sna kes , and i ns ects to be found 

on th e Reserva ti on . Stud i es of the 300 Area , as  part of the Hanford Reser

va ti on , were i nc l uded i n  the above s tud i es . 

8 . 1 . 4 Radi o l ogi ca l  Surveys 

Numerous s pec i a l  and routi ne s tudi es of radi oacti v i ty i n  the Hanford envi rons 

h ave been conducted s i nce the beg i n n i ng of Hanford opera ti ons . Studi es have 

been conducted of the exposure pathways i n  the Hanford envi ronmen t .  
( 4 ) 

The 

resu l ts of these  s tudi es  const i tute an unus ua l l y l arge amount of data whi ch 

i s  avai l ab l e  for revi ew .  

Preoperati onal  da ta avai l ab l e  i nc l ude :
( l , S )  

A . G b t 1 h " tt ·  d "  1 " d  90s 1 3 1 1 1 r  - ros s e a ,  gross a p a ,  gamma em1 1 ng ra 1 onuc 1 e s , r ,  , 

and 
2 39

P u . 

3 
Wa ter - Gross beta , H ,  N03 , and gamma emi tti n g  radi onuc l i des . 

Land - Garrnna emi tti ng rad i onuc l i des , 90sr , and 239
Pu  i n  s oi l and vege

tati on s amp l es .  

Foodstuffs - Gamma emi tti ng radi onuc l i des and 
90

sr , and 
1 3 1

1 i n  corrnner

ci a l  and l oca l l y g rown s amp l es .  

Wi l d l i fe - Garrma emi tti ng rad i onuc l i des and 
90

sr i n  mus c l e ti s s u e  

s amp l es  o f  deer a n d  gamebi rds . 

Externa l Radi ati on - Month l y  measurements of the externa l  radi ati on 

exposure wi th thermol umi nescent dos i meters . 

The  res u l ts avai l a bl e provi de a des cri pti on of the pres ent l evel s of radi o

a cti vi ty i n  the envi ronmen t and a basel i n e  to wh i ch future  l evel s can be 

compared . 
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8 . 2  P l anned Effl u ent Mon i tor i ng Programs 

8 . 2 . l  Exhaust  A i r Mon i tori ng 

Rad i oact i v i ty ( s ee Ta b l e 3 . 4-2 ) i n  a i r  exhaus ted from the H i gh Fl ux Neutron 

Source ( H FNS ) wi l �  be measured and recorded conti nuou s ly by means  of cont i nu

ou s a i r  moni tors ( CAM ) . As say of  the amou nt  of these rad i onuc l i des d i scharged 

i nto the  a tmos ph ere wi l l  be determi ned by ana lys i s  of a conti nuou s l y  drawn 

i sok i n et i c s amp l e of the effl u ent s tream . I dent i f i cati on of gaseous rad i o

nuc l  i des and chem i c a l  contami nants wi l l  be based on grab samp l es  obta i n ed i n  

a manner a ppropr i ate to the  mater i a l  mea sured . 

On l y  i n  the  i rrad i ati on s  test cel l a i r  are s i gn i fi cant l evel s of rad i oacti v i ty 

anti c i pated . Th i s  atmos phere wi l l  be exhaus ted v i a  the  dump heat exc hanger 

( DHX ) s ta c k  a fter s u i tabl e ho l dup  to a ssure that rema i n i ng rad i onuc l i de 

acti v i ty concentrati on s  are wi th i n  the  l im i t s  spec i f i ed for uncontro l l ed areas 

i n  DOE Manua l Append i x  0524 , " Standards  for Rad i at i on Protecti on . "  Shou l d  

the CAM un i t  on the DHX s ta c k  i nd i cate a bnorma l acti v i ty l evel s i n  the effl u

ent , i mmed i ate s teps  wi l l  be ta ken to confi rm the act i v i ty and to i denti fy the  

source  a nd ta ke correcti ve acti on or cease  opera t i on s .  

The atmosphere o f  the l i th i um equ i pment rooms wi l l  be mon i tored w i th a CAM 

before rel ease from the fac i l i ty .  Detecti on of rad i oact i v i ty i n  th i s  effl uent 

s tream wi l l  requ i re act i on to confi rm the acti v i ty and to l ocate the s ource 

and take correcti ve a ct i on or cease o perati on s .  Th i s  CAM wi l l  mon i tor beta

emi tt i ng parti cu l a te a nd gas acti v i t i es .  

The bu l k of the  cond i t i oned atmos phere of the  Test Bu i l d i ng operati ng f l oor 

wi l l  be rec i rc u l ated . To a s sure that contami nated a i r  i s  not returned to the 
f 

brea th i ng a i r ,  a CAM u n i t  w i l l  moni tor the a i r  j u st a h ead of the return gri l l .  

Shou l d  acti v i ty be d etected , the  a i r  wi l l  be d i scharged to the atmosphere and 

s teps wi l l  be ta ken to confi rm the read i ng and to i dent i fy the s ource of the 

acti v i ty and take correc t i v e  act i on . Th i s  CAM un i t  wi l l  mea sure beta-emi tti ng 

parti c u l ate act i v i ty and gaseous act i v i ty .  

Samp l e probes i n  the d ucts wi l l  be  des i gned to meet Ameri can Nat i ona l  Standards 

I n sti tute ( ANS I ) Standard N l 3 . l - 1 969 ,  " Gu i de to Sampl i n g  Ai rborne Rad i oacti ve 

Mater i a l s i n  Nuc l ear Fa c i l i t i es . "  
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I n  addi ti on to the CAM u n i ts whi ch  wi l l  prov i de early warn i ng of abnormal  

cond i ti ons , d i s charges wi l l  be s amp l ed downstream of a l l exhaus t  ai r treat

ment . The a i r  wi l l  be pas s ed throug h  appropri ate col l ectors and analyzed 

weekly  to detenTii ne beta-emi tti ng  parti cu l ate acti v i ty and tri t i um l ev el s .  

These meas urements , a l ong wi th radi oact i v e  gas  measu rements from the CAMs , 

wi l l  become the offi ci a l  record of HFNS radi oact i v i ty rel eases  and wi l l  be 

u s ed to meet d i s charge reporti ng requ i rements of DOE Manual  Chapter 051 3 ,  

1 1 Effl u ent and Env i ronmental Mon i tori ng and Reporti ng . 1 1 

Exhaus t from the vacuum p umps on the accel erator and l i th i um s upp ly systems 

w i l l  be s ampl ed rout i ne ly  to eva l u ate tri t i um be i ng d i s charged . Once steady

state cond i ti ons  are achi eved , tri t i um d i s charge wi l l  be constant so that 

peri odi c confi rmati on of tri t i um act i v i ty wi l l  be s uffi c i ent  to detenTii ne 

rout i ne  tri ti um rel eas e  l evel s .  Samp l es of the s tack  effl u ent wi l l  be col 

l ected occas i ona l ly for detenTii n at i on of chemi cal  contami nant concen trat i ons . 

Thes e  data wi l l  a l s o  be used to meet report ing  requ i rements of DOE Manua l  

C hapter 05 1 3 .  

8 . 2 . 2  Was te Water 

The bul k of the was te water generated at the HFNS wi l l  be s an i tary water and 

b l owdown from the acce l erator sys tem cool i ng tower . Radi oact i ve l i qu i d  waste 

wi l l  be col l ected and d i s pos ed of in  the 200 Area by evaporat i on and storage 

i n  waste tanks ( see  Reference 1 ) .  Radi oact i v i ty wi l l  not nonTial ly be pres ent 

i n  the cool i ng tower wa ter . Th i s  or any other was te w i th a potenti a l  for 

contami nat i on wi l l  be mon i tored pr� or to rel eas e from the HFNS . Shou l d  the 

mon i tor i nd i cate rad i oact i v i ty ,  the was te water wi l l  be reta i ned for d i s posal  

as rad i oact i ve l i qu i d  was te and operat i ons wi l l  cease unti l the s ource i s  

l ocated and the s i tuati on corrected . 

300 Area San i tary and Proces s s ewers are presently mon i tored and wi l l  conti nue 

to be duri ng the operat i on of the H FNS . Data from these  mon i tors are us ed to 

meet reporti ng req u i rements of DOE Manual  Chapter 05 1 3 .  

8 . 3  P l anned Envi ronmental I mpa ct Meas urement  Programs 

A comprehens i ve envi ronmenta l s urvei l l ance  program des i gned to eva l u ate a l l 

s i gn i fi cant potenti a l  pathways i nc l u d i ng , i n  parti cu l ar ,  those res u l ti ng i n  
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di rect exposure to the pub l i c  and those wherei n  envi ronmenta l  reconcentrati on 

i s  l i ke l y  to occur has  been condu cted for several years under the ausp i ces of 

the DOE throu g h  i ts contractors . Summari es of the data and i nterpretati on s  

are pub l i shed  i n  a s eri es  o f  annua l  reports . Groundwater data and eval u at i ons 

are reported i n  the s e ri es ,  11 Env i ronmental  Moni tori ng Report on Radi o l og i ca l  

Status  o f  the Groundwater Beneath the Hanford S i te . . .  11 the l ates t i ss u e  bei ng 

BNWL- 2 1 98 for 1 976 . ( 5 )  Data from l ocati ons wi th i n  the p l ant bou ndar i e s  are 

pres ented i n  the annua l  " En v i ronmental  Status of the H anford Res ervat i on 

for . . .  11 report s eri es , the most recent report bei ng BNWL-2246 for 1 97 6 .  ( 7 ) 
Data from off- p l ant l o cati ons are presented i n  the ann u a l  11 Env i ronmental  

Surve i l l ance at Hanford . . .  1 1  s er i es of reports , the l ates t be i ng BNWL- 2 1 42 for 

1 97 6 .  (5 ) 
8 . 3 . l  A i r Eva l uat i on 

Present s amp l i ng efforts for a i r  eva l uati on i nvo l ve  col l ect i ng parti cu l ate 

fi l ters and i od i ne charcoal cartri dges at  44 ons i te and offs i te l ocati ons . 

These provi de 360° d i rect i ona l  coverage  at s ev eral d i s ta nces p l u s  background 

s amp l es . S i l i ca-Gel  cartr i dges for col l ecti on of tr i ti ated wa ter vapor are 

s i tuated at two ons i te a nd two offs i te l ocati ons . The frequency of s amp l e  

col l ecti on and ana lys i s  i s  g en er�l ly  b iwee k ly . Mos t of the i od i ne cartr i dges 

are not routi ne l y ana l yzed but prov i de 1 1 i n- p l a ce1 1 s amp l i ng for emergency 

eva l u at i on .  

8 . 3 . 2  Water Eva l uati on 

Pres ently , two week ly a nd two b iweek ly  i ntegrated s amp l es of ri ver water , 

three week ly  i ntegrated s amp l es of r i ver s an i tary water , and one week ly and 

two month ly  grab s amp l es are co l l ected from the r i ver for an a lys i s  for rad i o

acti v i ty .  Al s o ,  a conti n uous mon i tor of radi oacti v i ty i n  the ri ver i s  mai n

ta i ned wi th an  automat i c a l arm sys tem and s amp l i ng capabi l i t i es .  

8 . 3 . 3  Grou ndwater Ev a l u at i on 

The  grounawater i s  rou t i ne ly  meas ured at  about 220 d i fferent we l l s  for tri t

i um ,  n i trate i on ,  a nd g ross beta concentrati ons . Other speci fi c rad i oanalyses 

are made at s everal  l ocati ons . Samp l i ng frequency var i es from month ly  to 

s emi annu a l ly dependi ng on the l ocati on of the we l l .  I n  genera l , on ly  the 
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s ha l l ower ,  unconfi ned aqu i fer i s  s amp l ed ,  but the deeper , conf i n ed aqu i fers 

are s amp l ed at a few wel l s  rou t i ne ly . 

8 . 3 . 4  Mi s ce l l aneous Eva l uati ons 

Several programs ca n be combi ned u nder the general  categor i'es of a ) moni tori ng 

the radi ol og i ca l  qua l i ty of the Hanford s i te and v i c i n i ty and b ) the meas ure

ment of l eve l s  of rad i oacti v i ty i n  vari ous foods tu ffs . The prog rams i n  the 

fi rs t  category (wh i ch i nc l ude s oi l and vegetati on s ampl i ng ,  control pl ot 

s urveys , road and rai l road s u rveys , thenno l umi nescent dos i meter (TLD ) pene

trati ng dose measuremen ts , was te water and buri a l  ground aud i ts , and aeri a l  

s urveys ) are pri mari ly i ntended to  meas ure the present  l ev e l s  of rad i oact i v i ty 

i n  the env i ronment and to determi ne whether conta i nment and control of s i te 

operat i ons a re functi on i n g  as p l anned . Programs i n  the s econd categ ory are 

primari ly the measu rements of radi oact i v i ty l eve l s  i n  mi l k ,  meat , eggs , pou l 

try , vegetab l es ,  dee r ,  g ame b i rds , and f i s h  i n  the v i c i n i ty of Hanford and i n  

oys ters from Wi l l i pa Bay .  Addi t i ona l  surve i l l ance prog rams are conducted on 

a year- to-year bas i s  as they become of i nteres t .  

I t  i s  expected th at i nformati on avai l ab l e  from the rout i ne  env i ronmenta l s u r

ve i l l ance  prog ram condu cted under the aus p i ces of DOE wi l l  prov i de s uffi ci ent 

envi ronmental data to determ i ne any obs ervab l e env i ronmental impacts from HFNS 

operati ons . Th e program i s  s u bj ect to mod i fi cati ons to p l ace greater emphas i s  

on potenti a l  prob l em areas and l es s er emphas i s  on areas of l es s er concern as 

warranted by Hanford ongoi ng and p l anned a cti v i t i es and by the data obta i ned 

from th e program . 
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9 . 0  H FNS ACC I DENT ANALYS IS 

The envi ronmenta l consequ ences a nd proba bi l i ty of  conce i va b l e acc i denta l 

cond i t i ons i n  the Deuter i um-L i th i um H i g h F l ux  Neutron Source ( H FNS ) Fac i l i ty 

were ana lyzed . The c a l c u l a ted max i mum envi ronmenta l consequences of postu

l ated acc i d ents wou l d  be l ow rad i a t i on doses to the l un g ,  3 . 7  x 1 0
- l  

rem 

50-year dose c omm i tment max imum to an i nd i v i dua l  and 2 . 9  person-rem whol e 

body 50-year d o s e  c omm i tment t o  t h e  surround i ng popu l at i on . 

I n  add i t i on ,  the ca l cu l a ted tota l i mposed envi ronmental ri s k  to i nd i v idua l s  

from a l l pos tu l a ted acc i d enta l  c ond i ti ons  ( 3 . 3  x 1 0
-4 

rem/year ) i s  very l ow 

when compared to that recei ved from natural  bac kground rad i ati on ( a p proxi 

mate l y  1 . 0 x 1 0- l  rem/year) ( l ) 
and when c ompared to current regu l a tory gu id

a nce for routi ne rel eases ( 5 x 1 0
- l  

rem/year ) . ( 2 ) Therefore , t he  des i gn and 

operati ona l p l ans  for the HFNS a re j udged not to represent an  undue env i ron 

menta l r i s k  from acc i dental  c ond i t i ons . 

9 . 1  Acc ident  Ana lys i s  P h i l osophy 

The  H FNS i s  be i ng des i gned to m i n imi ze the effect of cred i b l e acci denta l  

c ond i ti ons . Th i s  s afety des i gn effort i nc l udes carefu l defi n i t i on of the 

genera l scope and nature of the fac i l i ty ,  the prov i s i on of s pec i fi ca l ly 

engi n eered s afety features , a nd the i ns ti tuti on of procedura l  and operati ona l  

control s .  

Even t houg h  s a fety i s  a des ign  goa l , fac i l i ty operati on s  may i nvol ve  a 

sma l l but fi n i te potenti a l  for acc i dents i n  s uch  area s a s  d i rect rad i a t i on , 

and the s pread or rel eas e  of rad i oactive contami nat i on . Pos s i b l e  sa fety 

probl ems of a more c onvent i ona l  i ndustr i a l  s afety nature ( e . g . , fi re , exp l o

s i on , rel ease of tox i c  c hemi ca l s  or gases ) may i nvol ve a potent i a l  for 

p ersona l i nj ury , property damage or may resu l t  in rad i ol og i ca l  consequences . 

The purpose of  t h i s  s ect i on i s  to presen t an ana ly s i s  of the HFNS des i gn to 

a s s ure that a cc i dental  cond i ti ons  wi l l  not l ead to undue ha zards to i nd i v i 

dua l s and the  general popu l at i on near the fac i l i ty .  Thi s a s s urance wou l d  

be g i ven by d eterm i n i n g  that a postu l ated acc i dent  was i ncred i b l e  ( d ue  to the  

na ture of the fac i l i ty or i ts eng i n eered s afety fea tures ) or by determ i n i ng 
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that the conseq uences of  tha t acc i dent  wo ul d be negl i g i bl e . Whenever th e 

ana l ys i s  i ndi ca ted tha t  an acci dent co u l d ha ve s i gn i fi cant en v i ronmental 

con s eq uences and a h i gh proba bi l i ty of  occ urri n g ,  a des i gn change was made 

wh i ch wo u l d  reduce tha t acci dent 1 s  proba b i l i ty or  consequen ces . 

Th e k i nds  o f  acci dents co ns i dered i n  the ana lys i s  i n cl uded proces s fa i l ures , 

equ i pment fa i l ures , fa i l ure to fol l ow procedures , fai l ure of eng i neered 

s afety fea tures , and effects of natural  forces . To be certa i n  tha t  a l l 

a c c i dent condi t ions  and consequences were adequately cons i de red , the analys i s  

began w i th a l i s t i n g  o f  acc i den ts concei va bl e for th e HFNS . A deta i l ed 

. cause  and  effect s cenari o was then devel oped for ea ch  acc i dent .  Usi ng th i s  

s cena ri o , the credi b i l i ty ( probab i l i ty ) of each  acci den t was then ana l yzed . 

F i na l l y ,  the  con s eq uen ces of any credi b l e acc i den t were ana l yzed .  Radi ati on 

dos es to man were used a s  the mos t  s i gn i fi cant reference for th i s  analys i s .  

Methods of ana l ys i s  were perti n ent  to the technol o g i ca l  con s i derat i on s  of 

each s cenari o .  They ranged from frequent ly  used i n dustr i a l  rel i ab i l i ty and 

pro ba bi l i ty cal cu l ati on s  ( often ba s ed on  prev i o u s  exper i ence ) to comp uter 

ca l c u l ati on s  of  the movement of radi oacti ve materi a l s throug h envi ronmen ta l 

pathways . I n  the devel opmen t of scenar io  deta i l s ,  and whenever a j udgmen t 

n eeded to b e  made regardi ng a va ri a bl e i n  the ana l ys i s ,  due to an  uncerta i n  

techn i ca l  bas i s ,  s e l ecti ons  were made wh i ch l ed  to maxi mum proba b i l i ty or 

con s eq uences . Th i s  conservati ve approach assures tha t  1 1wors t cas e 11 cond i 

t i on s  have been ana lyzed and tha t ,  s hou l d  any of th e pos tul ated a cc i den ts 

a ctua l l y  occur ,  thei r consequences wo ul d be no greater than  es t i mated h ere . 

Once  the ana lys i s  of a l l the acci den ts wa s compl eted , th e en v i ronmen ta l ri s k  

from an acc i dent wa s defi n ed from prev i ous  res earch as the product of 

the con s eq uen ce from that acc i dent and the proba bi l i ty of i ts occurren ce . 

By u se  of  th i s  defi n i ti on of ri s k , th e acci den ts were compa red on more or 

l es s  the  s ame bas i s ,  and thei r rel ati ve ri s ks were determined .  Further , 

the i nd i v i dual  ri s k  val ues were summed to g i ve a total  i mposed ri s k  to the 

pub l i c  from poss i b l e  HFNS acci den ts . Th i s  total imposed ri s k  from acci den ts 

then y i e l ds a quanti ta ti ve compari s on to other ri s ks s uch as those  imposed 

by routi n e  rel eas es : 
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9 . 2  Sel ecti on of  Acc i dents to be Ana l yzed 

Acc i dent condi ti ons  were se l ected for ana l ys i s  by a carefu l revi ew of the 

i n i t i a l  conceptua l des i gn of  the H FNS . The revi ew was di rec ted towa rd the 

goa l of ass uri ng  that no acci dent wh i ch cou l d ever occur i n  H FNS ' ope rati ng 

h i story wou l d have worse consequences than acc i dents ana lyzed here . Al so , 

the rev i ew was di rected towa rd assuri ng that a l l k i nds and numbers of acc i dents 

pos s i bl e  i n  the H FNS were con s i dered . Previ ous res earch on s afety i n  the de

s i gn of accel erators and past safety experi ence i n  th e nucl ear i ndustry were 

used extens i vel y i n  the revi ew . 

S i nce  the des i g n of the H FNS i s  not yet fi nal , the acci dent con di ti ons have 

been purpose ly  kept broa dl y scoped i n  nature . To pl ace these condi ti ons  i n  

a manageabl e form for ana lys i s , a cause  and effect s cenari o was devel oped 

based on the revi ew descri bed above . The scenari os are mo re generi c than 

deta i l ed .  Therefore , a l l a ss umpt i ons  were made very conservati vely towa rd 

maxi mum consequences and proba bi l i ty .  Whenever regul atory gu i dance was 

avai l a bl e on acci dent condi ti ons for use  i n  s afety ana lys i s ,  th i s  gu i dance 

was cons i dered i n  se l ecti ng the acci dents and devel opi ng the scenari os . 

I n  rev i ewi ng  potenti a l  acci dents , as pects of  the fac i l i ty des i gn were studi ed 

wi th respect to potenti a l  offs i te haza rds . Hazards judged to be exces s i ve 

were revi ewed a s  to methods of reduc i ng thei r consequences to man . Des i g n 

cri teri a were made to accompl i s h th i s  reducti on .  An exampl e of such  a ha zard 

was an occurrence i nvol vi ng a compl ete rel ease of a l l of the radi oacti vi ty 

i n  the l i th i um s uppl y system to the outs i de envi rons . The on ly  credi b l e 

events wh i ch cou l d cause  s uch  a rel ease were fou nd to be ea rthquakes or 

tornados . Therefore , the fac i l i ty wi l l  be des i gned to wi ths tand al l 

credi bl e earthqua kes and tornados to the degree neces sary to ensure publ i c  

a nd empl oyee s afety and protecti on of the envi ronment . 

Several other acci dents were i denti fi ed , con s i dered , and then dropped from 

th i s  d i scus s i o n  because  of l ) i ncredi bi l i ty of occurrence , 2 )  no i denti fi 

cati on of envi ronmental consequences , or 3 ) coverage of thei r occurrence 

and consequ ences by analys i s  of another acci den t .  Some acci dents i n  th i s  

group are : 
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• 

• 

Loss of  beam tube vacuum pump ( dropped on bas i s  of engi n eered 

safeguards ) 

We l d i ng gas  bottl e fa i l ure resu l t i n g  i n  rad i oacti ve rel eas e  ( dropped 

on bas i s  of i ncred i bi l i ty of occurrence ) 

• Val ve on beam tube c l oses  i nadvertently ( dropped on  bas i s  of no 

envi ronmental consequ ences ) 

• I ndustri a l  fi re ( dropped on  bas i s  of no envi ronmental cons equ ences ) 

Some occ urrences were rev i ewed and determi ned not to ca use  rel eases  of 

rad i oacti ve materi a l  to the envi ronment . Such  i nc i dents i nc l ude accel erator 

beam mi sa l i gnment wi th swi tchyard fa i l ure and brea ch of  the accel erator cool 

i n g  water sys tems and fa i l ure of el ectri cal system components . I n  rev i ewi ng 

t hese  acci dents a s  wel l as  others as soci ated wi th the accel erator i t  was 

found that mos t  accel erator acci dents are of  the common i ndus tri a l  types 

wh i c h  produce no envi ronmental hazards . The pres ence of  h i gh vol tages and 

rad i at i on consti tute hazards wh i c h are now wel l unders tood and protected 

aga i nst throughout the user commun i ty .  Ozone wi l l  be produced i n  s i gn i fi cant 

quanti ti es on ly  i n  the event of an equ i pment fa i l ure , and can be i mmed i atel y 

detected and safel y handl ed by venti l at i on . Radi oacti ve areas wi l l  be marked 

and the i r  acces s control l ed .  A fai l - safe i n terl ock  system w i l l prevent 

access to hazardo us  areas or fores tal l operati on i f  uns a fe condi t i ons i n  

occup i ed areas can be produced . 

Component fa i l ure or  phys ica l  damage i n  the i nj ector or i nj ec tor beam trans

port system woul d not  create a radi ol ogi cal  hazard to  the  envi ronment . 

Personnel  exposure to h i gh -vol tage and to phys i cal damage are safety probl ems 

�o be con s i dered i n  the fac i l i ty des i gn .  

Component fa i l ure i n  the l i near accel erator or exi t beam trans port system 

coul d be of rad i o l ogi cal  consequence i f  the fa i l ure res u l ted i n  a l arge 

fracti on of the accel erated beam s tri k i ng a mach i ne component ,  produci ng  

a h i gh s econdary fl ux . E l ectri cal  current , water fl ow moni tors and  i nter

l ocks  wi l l  anti c i pate an i mmi n ent brea kdown and s h ut  down the sys tem before 

an untowa rd i nc i dent occurs . Furthermore , radi at ion  mon i tors wi th i n  the 
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acce l era tor and ex i t  beam transport encl os ures wi l l  s h ut down the sys tem 

wi th i n  mi l l i s econds i f  a r i s e  i n  radi ati on l evel  occurs , thus  preventi ng 

exces s i ve radi ati on l eve l s outs i de the s h i e l d i ng or i n  the cool i ng and 

v enti l ati ng sys tems . 

Under operati ng condi ti ons , the accel erator and transport sys tems are c l osed 

a nd cryo- or getter- p umped , therefore , n o  evaporated or parti cu l ate matter 

can escape to the atmosp here . Any i nci dent res ul ti ng i n  t he producti on of 

trappabl e mater i a l  wou l d  permi t s ubseq uent decontami nati on of the trapp i ng 

s urfaces . 

P hys i ca l  dama ge res u l ti ng  from natural  or man- made ca uses  wo u l d  be ant i c i pated 

by s e i smometers , s hock  s ensors , or acousti c moni tors wh i ch w i l l be used to s hut  

down the sys tem the s ame as  wou l d  be  done  by the  rad i a t i on mon i tors . However ,  

p hys i ca l  damage  res ul ti ng  i n  the  rupture of  c l osed system cool i ng wa ter l i nes  

wo u l d  res u l t in  fl ood i n g  of  the  ba semen t areas under the accel erator w i th 

a pproximate ly  2 500 ga l l on s  of wa ter. Th i s  wa ter coul d be mi l dl y rad i oacti ve 

and wo u l d  be he l d un ti l the acti vi ty had decayed to l evel s accep tabl e for 

d i s charge to wa ste . There wou l d  be no rel ea se  of rad i oa cti ve ma ter i a l s to 

the  en vi  ran s .  

Several o f  the  a cci den ts cons i dered may ha ve roore than one pos s i bl e  s cen a r i o .  

I n  s uch  cases t h e  acc i dent/ s cenario  comb i nati on wi th the max i mum rad i ol og i ca l  

con s equen ces was cho sen and the proba bi l i ty for occurrence was adj usted for 

potenti a l  i n  s everal d i fferent  c i rcumstan ces . 

9 . 3  Methodol ogy 

I n  assess i n g  the  source terms for acci den ts pos tu l ated i n  th i s  sect i on i t  was 

n eces sary to i nvesti gate the ha zards i n vol ved wi th operat ion of the HFNS . 

Ope rati ons wi th i n  the H FNS a re chara cteri zed by h i g h  energy deuteron or n eu

tron beams and acti vati on p roducts res u l t ing  from those  beams . A l l of  the 

a cc i den ts were rel ated to rel eases of acti vat i on products to the env i ronmen t 

and  had associ ated ri s ks l i mi ted by the ava i l abi l i ty of so urce term ma teri al . 

I n  these  so  ca l l ed " so urce term l i mi ted" acc i dents , th e radi oact i v i ty ava i l 

ab l e for rel eas e  was postu l a ted to be rel eas ed by the mechan i sm d i s c u s sed 

for each ac c i dent .  In  each a cc i den t ,  the  tota l radi on u c l i de i n ventory of  
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the sys tem i n vol ved i n  the  a cc i dent was ana l yzed and a rel ease fracti on was 

cal c u l ated cons i deri ng  phys i ca l  and chemi ca l form of the materi a l  and 

contai nment chara cteri sti cs . Th e est imated a i rborne concentra ti on , vent i l a

t i on rate and durati on o f  the acci dent we re us ed to ca l cu l ate the q uant i ty 

o f  radi oacti vi ty avai l ab l e  for re l eas e .  Credi t for bu i l di ng a i r  cl ean up 

sys tems was ta ken i n  those cas es con s i de re d ap pl i cab l e .  Removal  effi c i enc i e s  

for these  sys tems are noted i n  the i n di vi dua l acci dent scenari o s .  

I n  the ca l cu l ati on o f  dos es for a l l a cci dent cases , th e maximum i n di vi dual  

was ass umed to  be  exposed to the rel ease duri n g  th e ent i re dura ti on of  the 

a cci den t .  Th i s  i n di vi dual was con servat i vel y assumed to be l o cated at  the 

s i te bo undary cl o sest to the H FNS  Fac i l i ty,  ( the  Col umb i a Ri ver 0 . 3  mi l e  

away ) . Thes e cal cu l ati ons  us ed meteorol o g i cal da ta from the Was h i n g ton 

Nucl ear P l ant No . 2 ( WN P- 2 ) meteo ro l o g i ca l  towe r .  The maxi mum i nd i vi dual  

dose  cal cu l ati ons were based on a 9 5% cumu l ati ve frequen cy o f  occurren ce 

centerl i ne x/Q for rel eas es of 1 - hour to 8- hours durati o n .  The po�ul ati on 

dos e  ca l cu l ati on used j o i n t  freq uency of occurren ce meteorol og i ca l  data . 

To i ns ure conservati sm on the dos e  ca l cu l ati on res u l ts , the form of  radio

n ucl i de caus i n g  the  h i ghest dose ( s ol ub l e  or  i ns ol ub l e ) per curi e i nh a l ed 

was ass umed .  Al l pa rti cu l ate acti vi ty that reached th e en v i ronment was 

ass umed to be of res pi rab l e  s i ze .  To tal  body doses i n  the tab l es i n c l ude 

both externa l  and i nternal  expos ure components .  

9 . 4 Acci dent Scen ari os 

9 . 4. l Radi oacti ve Gas System Fai l ure 

Ai r acti vated i n  the tes t cel l wi l l  be venti l ated to the ra di o a cti ve gas 

sys tem . Th i s  ai r wi l l  be retai ned i n  a hol dup tank unt i l th e ra di on ucl i des 

decay to a cceptab l e  l eve l s and th en wi l l  be re l eased to the env i ro nment . 

The maxi mum radi on ucl i de i n ventory the hol dup tank  w i l l  contai n i s  l i sted 

i n  Tab l e  9 . 4- 1 .  



TABLE 9 . 4- 1  

Equ i l i br i um Rad i onuc l i d e  Level s i n  the  H FNS Rad i oacti ve Gas 

System Hol du p  Tan k  

Rad i onuc l i d es I nventory ( Ci ) 

1 3N 0 . 80 

1 4
c 0 . 0004 

1 6
N 0 . 01 

4 1
Ar 0 . 06 

39
Ar 0 . 00006 

40
C l  0 . 004 

375 0 . 006 

3H 0 . 0002 

In t h i s acc i dent  the rel ease of  the enti re rad i onuc l i de content of the tan k 

i s  postu l ated . Th e enti re i nventory was a s s umed to l ea k  to the envi ronment 

over a peri od of one hour except for that part removed by decay . Dose 

poten ti a l s  for th i s  rel ea se  are  s hown i n  Ta bl e 9 . 4- 2 .  

A n  occurrence  proba b i l i ty o f  4 x 1 0
-4 

per year was esta b l i shed on the  bas i s  

of i ndustr i a l  equ i pment fa i l ure data . ( 3 ) 

9 . 4 . 2  Loss of Test  Cel l Vent i l a t i on 

Ai r i n  the test cel l i s  conti nua l l y  venti l ated to the rad i oac t i ve gas  sys tem 

for ho l du p  and decay . I n  the event that the vent i l a t i on were to fa i l ,  the 

rad i oacti ve gases  i n  the test cel l wou l d  s l owl y  l ea k  to other parts of the  

fac i l i ty a nd eventua l l y l ea k  to the envi ronment . The mos t  pro ba b l e fa i l u re 

of the venti l ati on system wou l d  be a l oss  of e l ectr i ca l  supp ly  to the  fac i l i ty .  

W i th a power outage to the fac i l i ty ,  the acce l erator wi l l  b e  i noperat i ve 
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TABLE 9 .  4- 2 

Potenti al Radi ati o n  Dose Commi tments Resu l t ing  From 

Rad i oacti ve Gas Sys tem Fai l ure 

Tota l Dose Commi tments 

Ma xi mum Ind iv i dual at 0.  3 Mi l e  50- Year Popu l ati on Dose Wi th i n  50 Mi l es 

One- Year Dos e  50-Y ear Dose Year 2000 Popu l a t i on (rem) (P erson- rem) 
3. 8 x lo- 6 3. 8 x 1 0-6 1 .  3 x 1 0-4 

3. 8 x 1 0  - 6 3. 8 x 1 0- 6 1 . 3  x 1 0-4 

3 .  8 x 1 0- 6 3. 8 x 1 0-6 1 . 3  x 1 0-4 

3. 8 x 1 0- 6 3. 8 x 1 0-6 1 . 4  x 1 0-4 

3. 8 x l o-6 3. 8 x 1 0- 6 1 . 4  x 1 0-4 

6 .  2 x 1 0-6 6. 2 x 1 0-6 2 .  1 x 1 0-4 



and  the producti on of rad i oacti ve gases wi l l  cease.  I f  the venti l a ti on system 

were to fai l for other reason s  the accel erator wo u l d be shut  down i n  order to 

s top  the prod ucti on of radi oa cti ve gases . 

As a res u l t of  a i r acti vation by h i g h  en ergy parti cl es , the tes t  cel l wi l l  

con ta i n  the max i mum radi oacti ve gas i nven to ry as s hown i n  Tabl e 9 . 4- 3.  

Ta b l e 9. 4- 3 

Ma xi mum Ra di oacti ve Gas I nv en tory i n  Tes t Cel l 

Ra di on uc l i de I nven tory ( C i ) 
l 3

N 8 . 4 

1 4
c o. 00003 

l 6
N 

1 1 .  9 

41
Ar 0. 7 

39Ar 0. 000005 

40
C l  0. 27  

375 o. 1 3  

3H 0. 00002 

These  radi onucl i des are ass umed to s l owl y  l eak  from the tes t  cel l i nto 

the envi ronmen t over a peri od  of ei ght  ho urs . Al l of the acti v i ty i s  pos tu-

1 ated to escape except for tha t wh i ch decays and no bu i l di n g c l ean up sys tems 

are a ssumed to be operab l e .  The res u l ti ng dos e  poten ti a l s a re shown i n  

Ta bl e 9 . 4-4 .  

Th e p robab i l i ty of  occurren ce was conservati vel y esta bl i sh ed to  be  1 0
-4 

per 

year based on previ ous  experi en ce w i th el ectri cal  supp ly  l os s es to emerg en cy 

power busses  at  the Han ford Res ervati on . ( 4 ) 
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Tabl e 9 .  4- 4 

Potent i a l  Rad i ati on Dos e  Commi tmen ts Res u l t i ng From 

a Los s of Tes t Cel l Ven ti l at i on 

Tota l Dose Commi tments 

Max imum I nd i vi dual at O. 3 Mi l e  50-Year Popu l ati on Dose Wi th i n  50 Mi l es 

One-Year Dos e  50-Yea r Dos e  Yea r  2000 Popu l at i on 
( rem) ( Person- rem) 

2 . 8 x 1 0-4 2 .  8 x 1 0-4 9 . 6 x 1 0- 3 

2 . 8 x 1 0-4 2 . 8 x 1 0 -4 9 .  6 x 1 0-3 

2 . 8 x 1 0-4 2 .  8 x 1 0 -4 9 .  6 x 1 0- 3 

2 . 8 x 1 0-4 2 .  8 x 1 0  -4 9 .  6 x 1 0- 3 

2 .  8 x 1 0-4 2 . 8 x l 0 -4 9 .  6 x 1 0- 3 

4. 6 x 1 0-4 4. 6 x 1 0-4 1 . 6  x 1 0-2 



9 . 4 . 3 Acc i dental Rel eases of Li th i um 

L i q u i d meta l system fa i l ures  and  s p i l l acc i dents i n  the HFNS pos e  poten t i a l  

hazards  d u e  to bu i l dup of a cti vati on products i n  the l i th i um system. Fa i l ure 

modes of sodi um sys tems have been i n ves ti gated exten s i vel y by the Hanford En

g i n eeri ng  Devel opment Laboratory ( HEDL ) and  others . Sod i um- a i r and sodi um

concrete reacti ons have been wel l - characteri zed for both smal l and l a rge s pi l l s .  

The con sequen ces of s p i l l s  i n  l a rge systems such as the Fast  F l u x  Test Faci l i ty 

( FFTF ) have been anal yzed i n  depth i n  a vari ety of safety stud i es .  (5 ) A com

parabl e depth of background of l i th i um experi ence does not exi st .  However,  

s everal compa ri son s can be drawn . For exampl e ,  one wo u l d expect a l i th i um 

f i re to be  more d i ffi cul t to s ta rt than a sodi um fi re ;  to be more exothermi c 

and  to poss i b l y  burn at  h i gher temperatures ; and to react wi th a w i der range 

of materi al s and be more d i ffi cul t to  exti ngu i s h .  The  l i th i um system for the 

H FNS Faci l i ty wou l d have a rel ati vel y l a rge sa fety marg i n  for l ea kage compared 

wi th most  l i q u i d meta l systems due to i ts l ow operati ng  temperatures and 

p res s ure . The re l ati vely smal l equ i pment s i zes and i n ventory of l i th i um i n  

the  H FNS compared to many other l i qu i d metal systems i n  operati on reduces 

the consequences of a s p i l l . 

Several protect i v e  features w i l l  control and mi n imi ze the effects of l i th i um 

s p i l l s . H i g h i ntegri ty of the s ta i n l es s  s teel p i p i n g  and vesse l , wh i ch 

p rovi de conta i nment for the l i th i um, w i l l  be a pri n c i pal  safety requ i rement.  

The l i th i um sys tem wi l l  be  des i gned and fabri cated i n  a ccordan ce wi th Ameri can 

Soc i e ty of Mechan i cal En g i neers (ASME ) Nucl ear Power Pl ant  component code c l a s

s i fi cati on and  wi l l  be s ubj ected to ri g i d  i nspect ions  and  qual i ty con trol pro

cedures . Th e extens i ve ana lyses and experi ments conducted on the FFTF proj ect 

have l ed to the concl us i on tha t  even if a p i p i ng defect es caped detect i on and 

wa s l arge enough to grow , i t  woul d fi rst penetrate the wal l ,  wou l d  l ea k ,  and 

the  l ea k  wo ul d be  detected l ong  before the pi pe cou l d pos s i b ly  rupture .  (5 ) 
The HFNS  Faci l i ty w i l l p rovi de redundant meas ures for earl y detecti on and con

tro l  of l i th i um l ea ks .  
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These des i gn features provi de for automati c s hutdown of the accel e rator and 

l i th i um systems , d ra i n i n g  of the l i th i um s uppl y ,  i sol ati on of  the affected 

equi pment room , an d floodi ng  with an i nert gas purge and vent i n g  through a 

fume s crubber sys tem . 

Becaus e  of the many s afeguards to dete ct and prevent l a rge l i th i um l eaks , 

concei v i n g  an a cci dent wh i ch co u l d l ead  to a rupture of the l i th i um system 

and  compl ete l o s s  of al l l i th i um i s  extremel y di ffi cu l t .  However ,  due to 

the po tenti a l  rad i on ucl i de i n ventory i n  the l i th i um system , the con seq uen ces  

o f  a breach of the  l i t h i um system were ana lyzed .  

The compl ete rupture of a pi pe i n  the l i th i um system was a s s umed to occur 

caus i n g a s pi l l  of the enti re contents of  the acti ve l i th i um l oo p  ( 750 

gal l ons )  contai ni ng  70 , 000 C i  of 7Be and 37 , 000 Ci of 3H ,  the expecte d 

maximum i nventori es . I t  i s  further as sumed tha t  the l i t h i um wo u l d i gn i te 

and  burn ( no credi t taken for i nert gas purge ) w ith  50% of  the l i th i um 

goi ng  off as an aerosol  conta i n i n g  7Be . ( 5 )  Ni nety percent of the aerosol i s  

a s s umed to p l ate out  on room wal l s  and exha ust ducts . ( 6 • 7 • 8 )  Al l tri t i um i s  

ass umed to be  rel eased from the l i th i um .  The bui l di ng tran smi s s i on factor for 
7Be and 3H i s  1 . 5  x 1 0- l ( s crubbers ) .  ( 9 , l O )  Us i ng these a s s umpti ons , 525 Ci  

of 7Be and  5550 Ci  of 3H a re rel eas ed to th e envi ronment by th i s  i nci dent .  

Dos e  potenti a l s res u l ti ng from th i s  occurrence are shown i n  Tab l e 9 . 4- 5 .  

The maxi mum consequences to an i ndi v i dua l  worki ng i n  the 300 Area of the 

Hanford s i te from thi s worst postu l ated acci dent ( total l os s  of l i thi um )  

wou l d  be a 2 . 1  rem 50-year  dose c ommi tment to the l ung s . T h i s a s sumes 

that the i nd i vi d ua l  i s  i n  the cl osest bu i l d i ng whi ch i s  l ocated 600 feet 

away . Thi s dose a s s umes no evacuati on and  that the i ndi v i dua l  rema i ns  i n  

the radi oacti v e  p l ume for the  durati on  of the acci dent .  I n  actua l i ty a l l  
' 

person s worki ng i n  the 300 Area wou l d be expected to evacuate immedi ately 

to a l ocati on not effected by the acci dent . 

More real i s ti cal l y ,  a l eak  i n  the l i th i um system woul d be expected to deve l o p  

s l owly a n d  woul d b e  detecte d  by l ea k  and smoke detectors . The l ea k  at  the 

expecte d  al arm l imi t for a l kal i metal i on i zati on detectors i s  l o- 1 1  g of  
3 7 7 3 l i th i um per cm of ai r. Th i s  l evel  i s  eq ui val ent to 4 . 8 x 1 0- mCi Be/cm 
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Tabl e 9. 4- 5  

Potenti al  Rad i ati on Dose Commi tments as  a Res u l t of 

Total Los s  of L ith i um 

Tota l Dose Commi tments 

Maxi mum Ind i vi dual at O. 3 Mi l e  

One- Yea r  Dose 50-Yea r  Dose 
(rem) 

8. 5 x l 0- 2 8. 5 x 1 0-2 

3. 7 x 1 0  - 1 3. 7 x 1 0  - 1 

2. 2 x 1 0  - 1 2 . 2 x 1 0- 1  

7. 5 x 1 0  - 2 7. 5 x 1 0  - 2 

50-Yea r  Popu l ati on Dose Wi th i n  50 Mi l es  

Y ear 2000 Popu l a ti on 
( Person- rem) 

2 . 9 

1 2 . 7 

7 . 4 

2 . 6 



of ai r and  2 . 5 x 1 0- 7 µCi 3H /cm3 of ai r at maxi mum expected radi on ucl i de con

centrati ons ( t he val ues compare wi th control l e d area rad i oacti vi ty concentra

t i on g ui des of 1 x 1 0- 6 µCi /cm3 for 7Be , and 5 x l o- 6 µCi / cm3 for 3H ) . The 

maximum ai r fl ow from the l i th i um s uppl y system i s  through the dump heat 

exchanger ( DHX ) s tack at 200 , 000 l b s/hr .  If  a mi ni mum detectab l e  l ea k  i n  

the  DHX occurs , the rel ease rate of radi oacti vi ty woul d be equi va l ent to 

0 . 87 x 1 0- 3 Ci /mi n of 7Be and 0 . 46 x 1 0- 3 Ci /mi n of 3H .  I f  i t  i s  as s umed 

that ten mi n utes el aps es before correcti ve acti on i s  i n i t i ated 8 .  7 x 1 0- 3 

Ci  o f  7Be  and 4 . 6 x 1 0- 3 Ci of 3H woul d be rel eased to the envi ronment . 

Upon detecti on of a l ea k ,  i mmedi ate automati c shutdown of th e accel erator 

and l i th i um systems w i l l  occur , wi th drai n i ng of the l i th i um s uppl y system 

i nto the d ump tank  and fl oodi ng of the DHX wi th argon gas . I f  i t  i s  as s umed 

that the l eak  can cont i nue  at i ts detected  rate for another 30 mi n utes , an 

addi ti onal  3 . 9 x 1 0- 3 Ci of 7Be and 1 3. 8  x 1 0- 3 Ci 3H wi l l  be vented to the 

envi ronment through the s crubber system ( t ran smi s si on = 1 . 5  x 1 0- 1 ) .  The 

do se  potenti al s for thi s occurrence are s hown i n  Tab l e 9 . 4- 6 .  

An occurrence probab i l i ty of 2 . 5  x 1 0- 2 per year for a l eak  i n  the system was 

estab l i s hed  on the bas i s  of a 1 9 66- 74 Hanford Summary of unpl anned rel eases 

t th 
. ( 1 1 )  o e envi rons . Due to the ri g i d  des i gn and qual i ty control procedures 

i n  the cons tructi on of the l i th i um system and the l ow temperatures and pres s ures 

at wh i ch i t  wi l l  operate , the probab i l ity of a rupture of the l i t h i um pi pi ng 

i s  es ti mated to be l ess than l o- 6 per year based on i nformati on  presente d 

i n  the FFTF FSAR.  ( 5 )  

9 . 4 . 4  �erimental Test Mo du le  Ma l fun cti on 

A s odi um- potas s i um ( Na K )  l i qui d metal coo l ant system may be uti l i zed to 

s upport experi mental tests . Th i s  equi pment wou l d be l o cated i n  the Test 

Bu i l di n g s ervi ce cel l .  De s p i te the des i gn and procedura l s afeguards 

as soci ated wi th the fabri cati on and us e of th i s  cool i n g  system , mi nor l eaks  

coul d devel op  duri ng  the  l i fetime of the  faci l i ty . 

Th ro ugh corros i on or s tres s crack i ng the coo l i n g system i s  postu l ated ' to 

l eak i ts contents i nto the servi ce cel l en vi ronment.  A fi re res u l ts and the 

radi oacti ve  acti vati on products i n  the NaK  are re l eased  to the room ai r .  

The NaK cool ant co u l d contai n u p  to  80 Ci , 22Na ; 2 Ci , 24Na ;  3 Ci , 38c1 ; 
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Tabl e 9 . 4-6 

Potent i a l  Rad i at i on Dos e  Commi tments a s  a Res u l t of 

L i th i um System Lea k 

Total Dose  Commi tments 

Maxi mum I nd i v i d ual  at  0 . 3 Mi l e  50-Year Popu l at ion  Dose  W i t�i n  50 Mi l es 

Organ of Reference One-Year Dose  50-Year Dose Year 2000 Popu l a t i on 
( rem) { Person-rem) 

Tota l Body 1 .  1 x 1 o-
6 1 .  1 x 1 o-

6 3 . 8  x 1 0- 5 

Lung  8 . 0  x 1 0- 6 8 . 0 x 1 0- 6 2 . 8  x 1 0-4 

Bone 4 . 2  x 1 0- 6 4 . 2  x 1 0-6 1 . 4 x 1 0-4 

G . I .  Tract 8 .  1 x 1 o- 7  8 . 1  x 1 0  - 7 2 . 8  x 1 0-5 



. 41 42 1 1  C1 ; Ar , 4 Cl , K .  Approximate l y  503 o f  the Na and K wou l d be  rel eased  

i n  the aeros ol form w i th 90% bei ng p l ate d  out  on  wa l l s  and venti l ati on 

ducts . ( 5 • 7 . B )  Th erefore , i t  i s  conservati vel y as s umed that 4 Ci of 22Na , 

1 x 1 0- l Ci  o f  2 4Na , a nd  2 x 1 0- l Ci  of  42K are rel eased to the envi ronment 

( no cre d i t  taken for the H EPA fi l ter on the servi ce ce l l  exhaust ) .  Al l of the 
41 Ar and 38c1 i s  as s ume d  to be rel eas ed to the envi ronment . The res u l t i n g  

dose po tenti a l s are s hown i n  Tabl e 9 . 4- 7 .  

The probab i l i ty of  occurren ce was estab l i shed  to b e  l es s  than 2 . 5 x 1 0- 2 per 

year based on i n dustri a l  e qu i pment fai l ure data for corros i o n  and stress 

c rack i n g ( 4 )  

A vi ewi ng wi n dow o i l fi re was a l s o  cons i dered  as a potent i al acci dent s cenari o 

for rel eas e of radi onucl i des from a NaK cool i n g system . Thi s acci dent wou l d 

h ave the s ame cons equences as are gi ven for the Experi mental Tes t Mo dul e 

Mal functi on and the probab i l i ty of occurrence i s  much l es s . 

9 . 4 . 5  Transportati on Ac ci dents 

Th i s  s ecti on di s cusses the potenti al  acci dental envi ronmental impact asso

c i ate d w i th transpo rtati on o f  materi al s to and from the HFNS . Env i ronmental 

i mpact from on- s i te acci dents i s  ana l yzed.  The tran sportati on  requ i rements 

used  i n  thes e acci dent ana l yses are representati ve for future years . Wh i l e  

the  exact n umbers of  any parti cu l a r  s h i pment may vary , no marked change i n  

the  overal l trans portati on requi rements i s  expected  i n  the foreseeab l e  future . 

Ope rati on of the H FNS req ui res that s ome radi oacti ve materi a l s be trans ported  

away from the  faci l i ty .  Thes e s h i pments wi l l  co ns i st of  l i th i um contami nated 

wi th 7Be and 3H ,  the waste 3H contai ned  i n  the Zr-Al gette r  un i ts , acti vated  

experi mental hardware and l i th i um targ et assembl i es .  
f 

Approx imate l y  20 l i th i um s ampl es w i l l be s h i pped between HFNS and 300 Area 

s upport faci l i ti es per year.  Each sampl e can be expected  to conta i n  abo ut 

2 . 5 Ci  of 7Be and 1 . 3  Ci  of  3H .  Fo ur Zr-Al getters wi l l  b e  transported each 
3 yea r .  These getters wi l l  contai n approxi matel y fi ve Ci each of H .  Acti vated 

experi mental assembl i es wi l l  con s i st of meta l s  s uch as steel i rradi ate d  by 

the neutron beam . A typi cal test  s peci men wi l l  contai n 50 00 Ci of rad i oacti vi ty ,  

mai n ly  5 1 cr , 5 5Fe , 5 7N i , an d 60co . Target as sembl i es wi l l  be s h i pped twi ce per 
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Tabl e 9. 4- 7 

Potenti a l  Rad i ati on Dose CoJTITii tments Resu l ti ng  From 

Experi menta l Tes t Modul e Mal function 

Total Dose Commi tments 

Maximum I nd i vi dua l at  0. 3 Mi l e  50- Year  Popul ati on Dos e  Wi th in  50 Mi l es 

Organ of Reference One-Year Dose 50-Year Dose Year 2000 Popul at ion (rem ) (Person- rem) 
Total Body 1 .  2 x 1 0- 2 1 .  2 x 1 0-2 4 . l x l O- l 

G . I .  Tract 1 . 2  x 1 0- 2 1 .  2 x 1 0-2 4 .  l x l 0- 1 

Thyroi d 1 . 2  x 1 0- 2 1 . 2  x 1 0-2 
4 . 1  x 1 0  - 1 

Bone 1 . 2  x 1 0  -2 1 .  2 x 1 0-2 4 .  l x 1 0  - 1 

Lung 1 . 2  x 1 0-2 1 . 2  x 1 0-2 4 . l x l O- l 

S k i n  l . 8 x l 0- 3 
1 . 8  x 1 0- 3 

6 . 2 x 1 0- 2 



year .  These targets wi l l  conta i n  approximatel y 500 Ci  of radi oacti v i ty .  Radi o

a cti ve materi a l s w i l l  be transported from th e HFNS by truck . Some po tenti al  

exi s ts for a fi re i n vol vi ng  the trans port ve h i cl e and i ts fuel . The worst 

trans portati on acci dent was as s umed to i n vol ve the col l i s i on of a gasol i ne 

transport veh i cl e  wi th a trans port veh i cl e  carry i ng  sampl es or Zr- Al getters 

from the H FNS . Gas ol i ne was as s ume d s pread over both veh i cl es , and  the 

veh i cl es and contents were as s umed to be burned.  

A rel ease fracti on  of 1 00% for radi oacti v i ty contai ned  i n  l i t h i um s ampl es 

and Zr-Al getters was a ssumed .  No rel ease i s  expected from the s ol i d  

experi ment or target as semb l i es ,  due to the nature of the mate ri al i rrad i ate d  

and the packa g i n g  requ i rements for s u ch h i ghl y radi oacti ve s ampl es . Thus , 

for an a cci dent i n vo l vi n g the yearl y  s h i pments of l i th i um s ampl e s  2 . 5 C i  of  
7se and 1 . 3 Ci  of 3H woul d be rel eased  to the  envi ronment wi thout fi l trati on . 

Fo r the a cci dent i n vol vi n g  Zr-Al getters , 20 Ci of 3H wo u l d be rel eased to 

the envi ronment . The res u l ti n g dose  po tent i a l s are s hown i n  Tabl es  9 . 4- 8 

and 9 . 4- 9 .  The probab i l i ty of  these  un l i kel y acci dents i s  cal cu l at�d by 

a s s umi ng  that each s h i pment travel s 25 mi l e s or l es s .  Mu l ti pl y i ng  the n umber 

of transportati on mi l es per year from the se data by the probab i l i ty of an 

a cci dent per mi l e ( l 2 )  y i el ds a probab i l i ty of 2 x 1 0- 8/year for acci dents 

i nvol vi ng  l i t h i um s ampl e s h i pments and 4 x 1 0- 9/per year for the acci dents 

i nvol vi ng  trans portati on of Zr-Al getters . 

9 . 4 . 6  Accel erator Beam Tube Fai l ure I n vol vi ng Ai r- Li th i um Reacti on 

The beam tube for the accel erator operates at  a pres s ure of approximate l y  

1 0- 7 To rr.  The  target for- the producti on of ne utrons w i l l conta i n  a hy

draul i cal l y  s tabl e ,  downward fl owi ng fi l m  of l i th i um exposed to de uteron s 

travel i ng i n  the beam tube . The beam tube w i l l  contai n a s eri es of gate 

val ves wh i ch w i l l  a utomati cal l y  cl o se  upon fau l t s i gnal s from radi ation  mon i 

tors , pres s ure o r  se i smi c sensors .  Th erefore , the smal l amo unts of ai r wh i ch 

co u l d l eak i nto the beam tube- ta rget i nterface woul d not be expected  to 

res u l t i n  s i gni fi cant ai r- l i th i um reacti ons at  the beam tube- target i nte r

face . However , i t  i s  poss i b l e  to hypothes i ze a catastroph i c  fai l ure of  th e 

beam tube w i th a rapi d i nfl ux of ai r to the l i th i um target. Thi s woul d res u l t 

i n  an a i r l i th i um reacti on and an a s soci ate d  rel ease of 7Be and 3H .  The 
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Tabl e 9. 4-8 

Poten t i a l  Ra d i a ti on Dose Commi tmen t Res u l t i n g  From 

Transporta ti on Acc i den ts ( Zr-Al Getters ) 

Tota l Dos e Commi tmen ts 

Maxi mum Ind i v i dual at 0 . 06 M i l e  50- Year Popu l at i on Dos e  Wi th i n  50 Mi l es 

Organ of Reference One- Yea r Do se 50- Year  Dose  Year  2000  Popu l a t i on 
( Person- rem) 

Tota l Body 1 . 3 x 1 0-3 

Lung 1 .  3 x 1 0- 3 

Bone 1 .  3 x 1 0-3 

Thyro i d  1 .  3 x 1 0-3 

( rem ) 

1 . 3 x 1 0- 3 

1 . 3 x 1 0- 3 

1 . 3  x 1 0- 3 

l . 3 x l 0- 3 

2 . 2 x 1 0-3 

2 . 2 x 1 0-3 

2 .  2 x 1 o-3 

2 . 2 x 1 0-3 
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Tabl e 9 . 4-9  

Potenti a l  Radi ati on Dose Corrmi tments Resu l t i ng From 

Tran sportation  Acc i dent ( L i th i um Sampl es ) 

Tota l Dose Corrmi tments 

Maxi mum Indi vi dual  at 0 . 06 Mi l e  

Organ of Reference One-Year Dose 50-Year Dose 

50-Year Popu l at i on Dose Wi thi n 50 Mi l es 

Year 2000 Popu l at i on 
{rem} 

Tota l Body 2 . 2  x 1 0-3 

Lung 3. 5 x 1 0-2 

Bone 1 . a x 1 0-2 

G .  I .  Tract 1 . o x 1 o-3 

2 .  2 x 1 0-3 

3 .  5 x 1 0-2 

1 .  a x 1 0-2 

1 .  0 x 1 0-3 

(Person-rem} 

3 . 7  x 1 0-3 

6 .  0 x 1 0-2 

3 . 1  x 1 0-2 

1 .  7 x 1 o-3 



target area woul d be automati cal l y  bypas sed  an d i sol a ted , l i m it i ng the total 

amo unt of l i th i um whi ch woul d be avai l abl e for reacti on .  The time i nvol ved 

to i n i ti a te i s ol ation  woul d al l ow approximatel y ten gal l ons of l i th i um to 

rea ct w i th ai r .  I n  addi ti on , another ten gal l ons of res i dua l l i th i um wi l l  

be avai l ab l e  for reacti on . Therefore , 20 gal l ons of l i th i um co u l d rea ct w i th 

a i r .  Maximum expected  radi onucl i de l e vel s i n  the l i th i um woul d be 1 880 Ci  of 
7Be and  1 000 Ci  of 3H .  One- ha l f  of  the l i th i um i s  as s umed to go  off as an  

contai ni ng 7Be and 90% of the  aerosol  is  as s umed to pl ate- out on  room wal l s  

and  exhaust ducts .  ( 5 • 7 . B)  Al l of  the 3H i s  as s umed rel eas ed . Us i ng these 

as s umpti ons 94 Ci of 7Be and 1 000 Ci of 3H woul d be rel eased  to the envi ron

ment . Dos e  potenti a l s res u l ti ng from th i s  occurrence are s hown i n  Tabl e 9 . 4- 1 0 . 

An occurrence probab i l i ty of  4 x 1 0- 4 per year ( 3 ) was establ i shed  on the 

bas i s that the on ly  credi b l e  mechani sm for the i n i ti ati on of s uch an event 

woul d be a l a rge magni tude earthquake ( >0 .  1 2 5 g) as s hown i n  Tabl e 4. 3- 2  

'' Ap proxi mate Rel ati on  Connecti ng E arthquake I ntens i ty wi th Accel erati on" . 

9 . 5  Cons i derati on of H FNS Acci dental Env i ronmental Ri s k  

To eval uate the overal l envi ronmental ri s k  rep resented by acci dental condi 

t i ons , both the consequences of an acci dent and i ts l i ke l i hood ( probab i l i ty )  

must  be cons i dered . Faci l i ty des i g n  o r  eng i neered s afeguards mus t b e  pro

vi ded to ass ure that a ny acc i dent havi ng s evere consequences s h ou l d  have a 

very remote c hance of occurri ng . Converse l y ,  a ny acc i dent ca l c u l ated to 

h ave a h i g h  probabi l i ty mus t  have i ns i gni fi cant consequences . Otherwi s e  

addi ti onal  des i gn or  procedura l control effort i s  req ui red . Ana l ys i s  of 

each of the credi b l e  acci dents demons trates that the maximum off- s i te con

sequences wou l d be l ow radi otox i c doses of 3 . 7  x 1 0- l rem 50-year dose 

comm i tment to the l ungs of an i nd i v i dua l a nd 2 . 9  pers on-rem whol e-body 

50-year dose commi tment to the s urroundi ng popu l ati on .  The  max imum on-s i te 

consequences wou l d be l ow  radi otoxi c doses of 2 . 1 rem 5 0-year dose commi t

ment to the l u ng of an i nd i v i dua l . 

A further pers pec ti ve to the two vari abl es of conseq uences and probabi l i ty 

i s  ga i ned by formati on of a ri s k  i ndex , the product of conseq uences ( i n  thi s 

cas e , dos e )  and probabi l i ty .  R i s k  i nd i ces for the pos tul a ted HFNS acci dent 
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Tab 1 e 9 .  4- 1 0  

Potenti a l  Rad i at ion Dose  Commi tmen ts Res ul ti ng From 

Accel erator Beam Tube Fa i l u re I nvol v i ng Ai r L i th i um Reacti on 

Total Do se Co111T1i tments 

Max imum Ind i v i d ua l  at 0. 3 Mi l e  50- Year Popu l at i on Dos e  Wi th i n  50 Mi l es 

Organ of Reference· One- Year Dose  50- Year Dose  Y ear  2000 Popu l a ti on 
(rem ) ( Person- rem) 

Tota 1 Body 1 . 5 x l 0 -2 l . 5 x l 0 - 2 5 . 2  x 1 0- 1 

Lung 6 .  6 x 1 0  - 2  6 .  6 x 1 0-2 2 . 3  

Bone 3. 9 x 1 0-2 3. 9 x 1 0  -2 1 .  3 

G .  I .  Tract 1 .  3 x 1 0- 2 1 .  3 x 1 0-2 4 . 5 x 1 0 - 1 



con di ti ons are g i ven i n  Tabl e 9 . 5- 1 for both the o ff- s i te maxi mum i nd i vi dual  

an d the s urroun di ng  pop u l ati on . 

A s ummati on of  al l the ri s k  i n di ces has been de fi ned by prev i ous  re search 

( con ducted for the N u cl ear Re gul atory Commi s s i on ) as the total i mposed 

envi ronmental ri s k  of the faci l i ty from acci dental con di ti on s .  ( l 3 )  Si n ce no 

regu l atory gu i dance i s  present ly  avai l ab l e  as to the abs ol ute ri s k  accept-

abl e from accel erator faci l i ti es ,  the fact that the  HFNS acci dental ri sk  

i n dex for the maxi mum i n d i v i dual ( 3 . 3  x 1 0- 4 rem/year )  i s  much l es s  than 

regul atory gui dan ce for ro uti ne  rel ease ri s k s  (5 x 1 0- l rem/year wi th a 

probabi l i ty of one ) ( 2 )  i s  used to i n di cate that acci dental con di ti on s  from HFNS 

operati on represent a very l ow envi ronmental ha zard . Al so the total impos ed 

ri s k  i s  l es s  than 0 . 02% o f  the  ri sk  caused by natural background do se ( 1 . 0  x 

1 0- l rem/year w ith  a probab i l i ty of  one ) ( l ) and the maximum i n di vi dua l  

expos ure from a s i ng l e a cci dent i s  l es s  than  gu i dan ce gi ven i n  10  C FR 1 00 

( 2 5 rem whol e- body , 300 rem thyroi d )  for reactor acci dents of very l ow 

p robabi l i ty .  

Based  o n  the cal cul ated maxi mum do ses an d s u pported by the con s i derati on  of 

ri s k  i n di ces , the i n i t i al con ceptual des i gn and pl anned  operation  of  the 

H FNS represent a very l ow envi ronmental ri s k  from acci dents at the faci l i ty . 
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Tabl e 9 . 5- 1 

Annual Env i ronmental  Ri sk  From Postu l a ted HFNS Acc i dents 

Rel a t i ve Annual  R i s k  
Max i mum I nd i v i dua l 50 Year Po�u l a t i on Re l ease . Popula t i on 

Cri t i cal Cri t i c a l  Dose ; 5 0  Probabi l i ty I n d i v i du a l  ( person- rem/ 
Acc i dent Contam i nant Organ Dose ( rem) Organ (�erson -rem) (j'ear- 1 )  ( rem/j'ear) � 
Rad i oact i ve Ga s System Ai r Ac t i vat i on S k i n  6 . 2  x 1 0-6 S k i n  2 .  1 x 1 0-4 2 . 5 x 1 0-2  1 .  55  x 1 0- 7 5 . 3  x 1 0- 6 
Fa i l ure Products 

Loss of Test Ce l l  A i r  Act1 vat i on Sk1 n 4 . 6  x 1 0-4 S k i n  1 . 6 x 1 0-2 1 o-4 4 . 6 x 1 0-8  1 . 6 x 1 0- 6 
Venti l at i on Products 

L i th i um  System Lea k  7se , 3H Lung 3 . 7  x l o-6 Lung 2 . 8 x 1 0-4 2 . 5  x 1 0-2 9 . 3  x 1 0-8 7 . 0  x l o-6 

Tota l Loss of L i th i um  7Be , 3 H  Lung 3. 7 x 1 0- 1 Lung 1 2 . 7  < l 0- 6 <3 . 7  x 1 0- 7 < l . 3  x 1 0- 5 

Expe r i menta l Test Modu l e  Acti vated Total l . 2 x l 0-2 Total 4 . l x l O- l 2 .  5 x 1 0-2 3 . 0  x 1 0-4 1 .  0 x 1 0-2 
Mal functi on NaK Body Body 

\.0 Transporta t i on Acc i dent 3H Total  1 .  3 x 1 0- 3 Total 2 . 2  x 1 0-3 4 x 1 0-9 5 x 1 0- 1 2 8 . 7  x 1 0- 1 2 
I ( Zr-Al getters ) Body Body N � Transporta tion Acc i dent 7Be , 3H Lung 3 . 5  x 1 0- 2 Lung 6 . 0  x 1 0- 2 2 x 1 o-8 7 x 1 0- 1 0  1 . 2 x 1 0- 9 

( L i th i um Samp l es )  

Acce l erator Beam Tube 7se , 3H Lung 6 . 6  x 1 0- 2 Lung 2 . 3  4 x 1 o-4 2 . 6 x 1 0- 5 9 . 2 x 1 0-4 
Fa i l ure Invol v i ng A i r  
L i thi um Reac t i on 

TOTAL Bone 1 .  4 x 1 0·4 1 .  0 x 1 0-2 
Lung 3 . 3  x 1 0-4 1 .  0 x 1 0·2 
Total Body 3 . 0  x 1 0-4 1 .  0 x 1 0-2 
S k i n  4 . 5  x 1 0- 5 1 . 6 x 1 0- 3  
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1 0 . 0  ALTERNAT IVES TO THE PROPOSED  FAC I L ITY 

T he  Deuter i um-L i thi um Hi g h  Fl ux  Neutron Source ( HFNS ) Faci l i ty wi l l  fu l fi l l  

a key m i s s i on i n  the p l a n  for atta i n i ng commerci al  fus i on power and prov i d i ng 

the  te st capabi l i ty for d eterm i n i ng the  adeq uacy of mater i a l s for fu s i on 

reactor constructi on . A number of a l ternati ves wi th env i ronmental  imp l i ca

ti ons were con s i dered  i n  devel opi ng the i n i ti a l  conceptual des i gn of  the HFNS 

faci l i ty .  These a l ternati ves  i ncl u ded con s i derati on of : 1 )  abandon i ng the 

project ;  2)  postpon i ng the proj ect ; 3)  al ternati ves to the fac i l i ty des i gn ; 

4 )  a l ternati ves to the  faci l i ty s i tes  and ; 5 )  mod i fi cati on of ex i sti ng faci l i 

ti es . However , thes e  a l ternati ves  wou l d  enta i l e i ther h i g her costs , greater 

env i ronmen ta l or  soci oeconomi c impact , or d ecrea s ed benefi ts compared to 

proceedi ng wi th  the  ba s i c HFNS Faci l i ty desi g n  s e l ected for the Hanford 

Reservati on ' s  3 00 Area . 

1 0 . l Abandon i ng the Project 

If the  H FNS project were abandoned , the sma l l s hort-term env i ronmenta l  

impacts a s soci ated w i t h  constructi on and  operat i on of  the  HFNS at Hanford 

wou l d  be avoi ded . However , fu s i on energy i s  con s i dered one of the best po

tenti a l  so l u ti ons  to the  probl em of meeti ng  the nati on ' s  and  the  worl d ' s  

l ong- term energy need s .  S i nce  the  HFNS i s  e s sent i a l  to meeti ng  the d e s i g n  

data n eeds of  t he  demon strati on fu s i on power reactors p l anned for a bout 1 990 ,  

a bandonment i s  n ot a r ea sonabl e a l ternati v e .  

T h e  U . S .  and wor l d fus i on programs are proj ecti ng l arge fu s i on exper iments 

i n  the l ate 1 970s  to resol ve  outstand i ng  p hys i c s  probl ems . An eng i neer i ng  

phase  w i l l  fol l ow,  w ith  exper imenta l  tes t  reactors and d emonstrati on p l ants 

l eadi ng to commerc i a l  fus i on power about the turn of the cen tury .  One cou l d 

cons i der des i gn i ng and  bu i l d i ng these reactors u s i ng materi a l s i rrad i ati on 

d ata from fi s s i o n  test reactors , compl emen ted  by data produced from other 

fu s i on neu tron s ource proj ects a l ready underway . However , fi s s i on reactor 

data cannot be u sed d i rectly ,  because  of the d i fferences  i n  the n eutron 

energy s pectra of f i s s i on and fus i on reactors , wi thout exten s i ve i rrad i 

ati on  data from H FNS  or other i rradi ati on s ources s i mu l at i ng fus i on env i ron

ments . The  1 4-MeV source neutron s from the deuteri um- l i th i um ( D-T )  reacti on 

may wel l cau se  marked d i fferences i n  mater i a l s behav i or from that exper i 

enced i n  fast or therma l f i s s i on reactors .  Con s eq uentl y ,  the adequacy 
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of mater i a l s for fu s i on reactor con structi on can be determi ned on l y  by test i ng  

under  cond i t i ons  s imi l ar to these encounte red through serv i ce i n  a fu s i on neu

tron envi ronment .  

The  fu s i on neutron s ources now ava i l abl e o r  p l anned for near-term operati on 

are l imi ted to sma l l sampl e i rrad i a t i on tests , and are not s u i tabl e for 

accel erated test i ng  of mater i a l s to component l i fetime fl uences . The h i s 

tory o f  the  d evel opment o f  both therma l a nd fast  fi s s i on reactors emphas i zes  

the need for  t ime l y  test  data concern i ng i rrad i ati on effects on component 

mater i a l s .  Data at l ow fl uence have prov i ded mi s l ea d i n g  i nformat i on ;  on l y  

i rrad i a t i on effects data at  component l i fetime fl uences c l early have defi ned 

the probl ems . Abandon i ng the  H FNS project wou l d prec l ud e  the  ga i n i ng of 

such  l i fetime fl uence data . 

A reason not to pursue the H FNS project wou l d  be the poss i b i l i ty that i ts 

tec hn i ca l  bas i s  i s  i ncorrect and that the des i gn goa l s wi l l  not be met .  

However , four Department  of Energy ( DOE ) l aborator ies  have conducted deta i l ed ,  

i ndependent i nvesti gat i on s  of a l ternate methods for meet i n g  the HFNS pro

gra1T1T1at i c  objecti ves . They are : Hanford Engi nee r i ng Devel opment Laboratory 

i n  a ssoc i a ti on wi th W i l l i am M .  Brobeck & As s oc i ates ; Brookhaven Nati ona l  

Laboratory ;  Oa k R i dge Nati ona l  Laboratory i n  a s soc i ati on wi th the Fermi  

Nat i ona l  Labora tory ; and the Lawrence L i vermore Laboratory i n  a s soc i ati on 

wi th the  Lawrence Berkel ey Laboratory .  They a l l agreed that t he  most pract i 

ca l method of  obta i n i ng the i ntense  neutron fl uxes req u i red i s  by u s i ng a 

h i g h  energy beam of deuterons produced by a l i n ear accel erator to generate 

neutrons through a s tr i pp i n g  reacti on i n  a fl owi ng l i q u i d  meta l target .  The 

H FNS d es i gn i s  bas ed on th i s  pri nc i p l e  of operati on . I n  add i ti on ,  two 

i nd ependent ad hoc panel s of techn i ca l  experts from other nati ona l l a borator

i es and  u n i vers i ti es i n :  1 )  accel e rator des i gn ,  operat i on and  l i qu i d  meta l 

technol ogy ; and 2 )  mater i a l s i rrad i a t i on tes ti ng techn i ca l ly eval uated the 

proposed H FNS concepts . These panel s reached several s i gn i f i cant  conc l u s i on s : 

1 )  that current l i near accel erator des i gn s  can be extended to the proposed 

operat i ng  cond i ti ons ; 2 )  that the  l i th i um system i s  wi th i n  the l im i ts of cur

rent technol ogy ( w i th the excepti on of the target a ssemb ly  where s u bstant i a l  

R&D i s  a l ready underway t o  confi rm extrapol ati ons from ex i st i ng  s tate-of-art ) ; 

and 3 )  that i rrad i a ti ons  i n  a deuteri um- l i th i um HFNS wi l l  i nd eed prov i de a 

good s i mu l ati on of the rad i at i on damage expected i n  fus i on reactors . 
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There are pre l i m i na ry i nd i cati ons of i nteres t i n  cons tru cti ng tes t i ng faci l 

i ti es s i mi l ar t o  the H FNS  i n  other countr i es . H owever , there are no f i rm 

p l ans . Thus no  fore i g n  faci l i t i es wi l l  provi de the tes ti ng capabi l i t i es 

afforded by the HFN S .  

T h e  s hort- term , s ocj o- economi c effects of n o t  bu i l d i ng the H FNS  wou l d  affect 

the s u rround i ng Tri - Ci ty a rea , whereas , the l ong-term effect wou l d  impact not 

on ly  our n ati on but the enti re wor l d .  Probab l e s hort- term effects wou l d  be 

an i ncrease i n  unempl oyment ,  and a decl i ne i n  the overa l l  economi c act i v i ty 

of the a rea . The  l ong- term effects wou l d  be fel t by the nati on and the wor l d  

through  i n creas i ng the cos t of , o r  de l ay i ng , a demonstrati on fus i on reactor 

and threaten i ng the promi s e  of a ch i ev i ng economi ca l  fus i on power . 

1 0 . 2 Postpon i ng the Project 

The H FNS  i s  an  i ntegra l part of DOE 1 s  p l an for the devel opment of fus i on 

power i n  whi ch demonstrati on reactors are p l anned for about 1 990 . The on ly  

opti on for  obta i n i ng n ecessary materi a l s  data pri or to  beg i n n i ng the  fi rs t  

demonstrati on p l ant  des i gn i s  the combi nati on o f  H FNS and fi s s i on reactors . 

De l ay of H FNS wou l d  res u l t  i n  e i ther commi tment of the demonstrati on p l ant  

des i gn wi thout the des i red des i gn data  bas e , or  a correspondi ng s l i p  to  the 

demonstrat i on program and the attai nment of commerc i a l  fus i on power .  The 

fi rs t  opti on cou l d  resu l t  i n  an overly conservati ve  p l ant des i gn and h i g h  

capi tal  cos ts . N e i ther th i s  r i s k  t o  commerci a l i zati on , nor a s l i p  i n  the 

overa l l fu s i on program whi ch wou l d  i mpact the nati ona l  g oa l  of s e l f-suffi 

c i ency , appears respons i b l e .  

The project cou l d  b e  de l ayed unti l comp l et i on of requ i s i te R&D i n  key areas , 

s uch a s  the a cce l erator i nj ector and l i th i um target assembly devel opment .  

The' des i gn of the i njector wi l l  be based on proved features of pri or dev i ces . 

The des i gn measu res wh i ch must be i n corporated to permi t the conti nuous mode 

of operati on n eces sary for the H FNS appear amenabl e to s tra i ght- forward eng i 

neeri n g  s o l ut i ons . Moreover , l imi ted tes t ing  of a prototype i nj ector i s  

p l anned to demons trate meeti ng of beam requ i rements . Ana lyti ca l  and experi 

menta l  programs are a l ready underway at  nati ona l  l aborator i es , un i vers i t i e s , 

and i ndustri a l  research centers address i n g  the therma l hydrau l i c performance 

of the l i th i um target a s s embl y .  Pre l im i nary overa l l  s copes and s chedu l es 
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for these programs have been prepared . I n  both area s . techn i ca l  m i l estones 

fu l l y  s u pport constructi on of the H FNS , a s  an  DOE Cons tructi on L i ne I tem 

Project for FY 1 978 . The resol uti on of key questi ons , then , can be assured 

pr i or to the commi tment to construct i on . Consequent ly ,  there appears to be 

no ga i n  i n  postpon i ng the projec t .  

I t  i s  anti c i pated that much o f  H EDL ' s ongo i ng  breeder reactor work wi l l  be 

transferred from the 300 Area a s  new fac i l i t i es are compl eted i n  the 400 
Area of the Hanford Reservati on . The H FNS Fac i l i ty des i gn a l ready benefi ts 

from the  max imum u s e  of ex i s ti ng 300 Area bu i l d i ngs  to su pport HFNS opera

ti ons . None of th i s  u se confl i c ts w i th breeder reactor acti v i t i es due to 

thei r s c hedu l ed avai l ab i l i ty .  Therefore , there appears to be no benefi c i a l 

env i ronmenta l cons equences to postpon i ng the proj ect , parti cu l ar ly  becau se  

a l l of  the  l and affected by H FNS con structi on ha s a l ready been d i s turbed by 

other 300 Area acti v i ti es .  

De l ay i n  the constructi on and operat i on of the HFNS for more than a pprox i 

matel y  two years wou l d  have a n egati ve  effect on the s oc i o- econom i c  system 

of the  s urround i ng Tr i - C i ty a rea . After approx imate l y  two years the ava i l 

abl e constructi on l abor force wou l d  have found other work  e i ther wi th i n  the 

surroundi ng area or outs i de of the  area . Thu s ,  the requ i red s k i l l ed l a bor 

pool wou l d not be  immed i atel y  ava i l abl e .  

1 0 . 3  Al ternat i ves to the  Fac i l i ty Des i gn 

The H FNS Fac i l i ty descri pti on i s  based on an  i n i t i a l  conceptual des i gn and 

refl ects features that i nvol ved a c ho i ce ' between a l ternati ve measures to 

m i n imi ze and conta i n  effl u ents that have the potenti a l  for a smal l degree 

of env i ronmenta l i mpac t .  The a l ternati ves i nvesti gated i nc l uded engi neered 

des i gn features and procedural safeguards to mi n i� i ze envi ronmental  hazards 

dur i ng  and after conce i vabl e natural occurrences and acc i dents , as wel l as 

dur i ng  n orma l operati on . 

Where a potenti a l  i mpact was j udged potent i a l ly  s i gn i fi cant ,  quanti tat i ve 

eng i neer i ng s tud i es were performed to scope the magn i tude of pol l utant source 

terms , the i r  rel ease fract i on s  and the consequences . W hen these analyses  

i ndi cated a s i gn i fi cant d i fference i n  envi ronmenta l  consequences or probab i l 

i ty of occurrency between a l ternati ve des i gn choi ces , the s e l ect i on of the 
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preferred so l uti on  was based on the p h i l os ophy of a s  near zero rel ease  to 

the envi ronment , or a s  l ow as practi cabl e (ALAP ) . 

Neverthe l es s , certa i n des i gn a l ternati ves were i denti fi ed by HEDL and the 

other three DOE l aborator ies  who conducted i ndependent concep tual  des i gn 

s tud i e s  of the HFNS Fac i l i ty wh i ch deserve further compara ti ve eva l uati on . 

Thi s i s  true parti cu l ar ly  w i th respect to thei r rel ati ve mer i ts i n  reduc i ng 

re l eases of rad i oacti v i ty or other pol l utants to the envi ronment  as compared 

wi th thei r costs . These des i gn a l ternati ves i nc l ude : 

- ·  

• 

• 

• 

• 

• 

• 

al ternati ve i rrad i ati on te s t  cel l atmosp heres s uch  as  ai r ,  i nert 

gas , vac uum ( to mi n i mi ze the mos t s i gn i fi cant acti ve pol l utants 

d uri ng norma l operat i on ) ; 

c hanges i n  the rad i oacti ve gas system s uch as  i n creas i ng i ts capac

i ty ( to provi de  add i ti onal decay of rad i oacti ve s pec i es pr i or to 

the i r rel eas e  to the envi ronment ) ; 

use of an  i ntermedi ate heat exchanger system ( to reduca the conse

quences of a l i th i um s p i l l  acc i dent by further i s ol ati ng the radi o

act i ve l i th i um sys tem from the env i ronment ) ; 

u se of i nert g as fi l l ed cel l s  ( to further reduce the probab i l i ty 

of a fi re fol l ow i ng  a pos tu l ated l i th i um s p i l l  acci dent ) ; 

provi d i ng a c l eanup system ( s ) for the l i th i um s upp ly  ( to mi n imi ze 

the amount of entrai ned radi oact i ve  tri ti um and 7Be ) ; 

sea l i ng the s h i e l ded accel erati on room ,  beam transport tunnel , and 

beam d i verter · swi tchyard duri ng  operat i on ,  and  res tri cti ng access 

after s hutdown ( to permi t decay of s hort- l i ved rad i oi s otopes i n duced 

i n  the a i r  i n  these  areas rather than permi tti ng conti nuous  rel ea se 

duri n g  operat i on ) ; 

al ternati ve methods of d i s si p ati ng HFNS wa ste heat { s pec i fi c  con

s i derati on w i l l  a l s o  be g i ven  to uti l i zi ng th i s  was te energy for 

faci l i ty s pace heati ng a�d pos s i b l y  cool i ng ) . 
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The program pl a n  for the H FNS Fac i l i ty s pec i f ica l l y  prov i des  an Advance 

Ti tl e I per i od dur i ng the H FNS pre l im i nary eng i neer i ng des i gn phase to exam i ne 

and eva l uate these a l ternati ves thorough ly .  These  cons i derat i on s  wi l l  be 

thorough ly  documented , and a l l  f i nd i ngs  wi l l  be reported i n  the Advance 

Ti tl e I Report for the H FNS Fac i l i ty .  

1 0 . 4  Al ternati ves to t he  Fac i l i ty S i te 

Al ternati ve  fac i l i ty l ocat i ons were exam i ned to determi ne  whether any other 

s i tes a re preferab l e to construct i ng  the HFNS Fac i l i ty in the Hanford Res 

ervat i on ' s  300 Area . A preferab l e s i te wou l d  be o n e  that offers the 

potenti a l  for reducti on of  env i ronmenta l i mpact  from fac i l i ty cons truct i on 

and o perati on . Al ternati ves con s i d ered i nc l ude other DOE na t i onal  l a bora 

tori es a n d  var i ous other l ocat i on s  wi th i n  the Hanford Reservat i on . 

1 0 . 4 . l S i te at  a Nati ona l Laboratory 

I n  the  s e l ec t i on process  for the H FN S  contractor/s i te ,  DOE eva l uated pro

pos a l s from four maj or DOE l aborator ies  as potent i a l  s i tes  for the HFNS 

Fac i l i ty .  These were the Hanford Eng i neer i ng Deve l opment Laboratory ( HEDL )  

a t  R i c h l and , Wa s h i ngton ; Brookhaven Nati ona l Laboratory ( BNL ) at  Upton , 

New Yor k ;  Oa k R i d ge Nati ona l Labora tory ( ORNL )  a t  Oak Ri d ge , Tennes see ;  and 

the Lawrence L i vermore La bora tory ( LLL )  a t  L i vermore , Cal i forn i a .  H EDL was 

se l ected primari ly  on t he ba s i s  of techno l og i ca l  cons i derat i ons ; however , 

the i ss u e  of s i te env i ronmental cons i dera t i ons wa s a l s o  addre s s ed .  I t  was 

found that i n  v i ew of l im i ted  potent i a l  for s i gn i f i cant  env i ronment impact 

due to the fac i l i ty constructi on and operat i on ,  the env i ronmental  effects 

of s i ti n g  the H FNS Fac i l i ty at any of the proposed l ocati on s  wou l d  be com

parat i vely sma l l .  

Eac h  of the four  s i tes  con s i dered have rel ati ve l y  sma l l popu l a t i on centers 

i n  the i r  immed i ate v i c i n i ty .  BNL and LLL have much h i gher  concentrat i ons 

of  peopl e wi th i n  a 50-mi l e  rad i u s . H EDL i s  by far the mos t  i so l ate d .  On 

the other hand , rad i a ti on exposure to the genera l publ i c  wi l l  be  extreme ly  

sma l l ,  cons ti tut i ng  a neg l i g i b l e add i t i on to  the norma l bac kground exposure 

of res i d en ts or persons temporar i ly i n  the v i c i n i ty .  Consequentl y ,  any 

further reduc t i on s  i n  exposure tha t one s i te wou l d  offer over another wou l d  

b e  o f  marg i na l  va l u e .  L i kewi se , s i n ce the fac i l i ty wa ste d i scharges are 
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m i n i mal , the presence of ri vers whi ch cou l d offer greate r d i l ut i on of l i qu i d  

process was tes was not cons i dered . The speci fi c s i tes p roposed by the 

vari ous l aboratori e s  were genera l ly  on l and whi ch  had bee n  affected or 

d i s turbed to some degree by other past or ongoi ng l aboratory acti v i ti e s . 

Corres pondi ngly , the j mpac t on l ocal f l ora and fauna was consi dered mi n ima l 

for a ny of the s i tes con s i d ered.  The HFNS des i gn i s  cons i dered i nhe rently 
11 hardened 11 and capabl e of wi th standi ng mos t cred i b l e  na tural phenomena , due 

to the heavy s tructures that s urround the radi oacti ve systems and equ i pment .  

Therefore , the p otenti al  d i fferences i n  earthquake a nd wi nd l oadi ngs  were 

not judged to be s i gn i fi cant factors i n  mak i ng the se lecti on . The number 

of peop l e  to be i nvol ved i n  the HFNS cons tru cti on ( about 1 1 0 peak ) ,  opera

t ion  (about 3 3 ) or s ci enti fi c use (about 44 peak ) i s  rel ati vely smal l .  I t  

was j udged that s i ti ng t h e  HFNS i n  any o f  t h e  cand i date reg i ons wou l d  e i ther 

prol ong empl oyment opportun i ti es  i n  the area , or create few probl ems i n  

a ttracti ng the necessary s ki l l s ,  thus havi ng l i ttl e i mpact on the corrmun i 

t i es affected . 

HEDL i s  currently conducti ng maj or p rograms on materi a l s  i rrad i ati on effects 

for the breeder reactor program and i s  beg i nni ng to conduct s imi l ar programs 

for the Magneti c Fus i on Energy (MF E )  program . Locati ng the HFNS at  Hanford 

wi l l  take  advantage of th i s  d epth of sc i enti fi c  experti s e .  HFNS cons tructi on 

i s  s chedu l ed to beg i n  when the constructi on manpower req u i rements wi l l  be 

decl i ni ng ,  ref l ecti ng comp l et i on of maj or Hanford area proj ects . Thi s wi l l  

assure the avai l abi l i ty of cons tructi on cra ft personne l . 

At the Hanford l ocati on  of the HFNS Fac i l i ty there are currently exi sti ng 

HEDL faci l i ti es for test  a s sembly fabricati on , pos ti rrad i ati on  exami nati on  
and offi ce  s pace . T hese  can b e  used  for fus i on power work wi thout confl i ct 

wi th breeder reactor p rograms . Havi ng a l l  of  the i rradi a ti on  tes ti ng and 

was te d i sposal capabi l i ti e s  at one s i te e l imi na tes or mi n imi ze s  offs i te 

i rrad i ated materi a l  s h i pments . T hu s ,  transportati on associ ated p otenti a l  

hazard s  are m i nimi zed . 
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1 0 . 4 . 2  Hanford Re servati on Locati ons 

Al ternate l ocati ons on the Hanford Reservati on for s i ti ng the HFNS Faci l i ty 

were exami ned .  No  s i gn i fi cant d i fferences i n  envi ronmenta l impact were 

found . 

The 300 Area was se l ected a s  the H FNS s i te s i nce thi s l ocati on p l aces the 

faci l i ty i n  c l osest proximi ty to ; 1 )  the ex i sti ng faci l i t i es i n  the 300 Area 

that wi l l  be u sed to support H FNS operati ons , 2 )  the HEDL and PNL u sers , and 

3 )  the Tri -Ci ti es fac i l i t i es for offs i te u sers and v i s i tors . 

The  300 Area i s  c l osest to the popu l ati on centers borderi ng the Hanford 

Re servat i on .  The Ri ch l and c i ty l im i t  i s  a bout one mi l e  south . However , the 

rad i at ion  doses to the g�nera l pub l i c  due to �FNS operati on and effl uents 

wi l l  be neg l i g i bl e .  Therefore , an a l ternate l ocati on such as  the 400 Area , 

s i x  mi l es north , offers no  i mprovement of any c.onsequence i n  rad i at i on 

exposure . 

Locati ng the H FNS i n  the  400 Area cou l d  resu l t  i n  an  i ncrea s ed d i sp l acement 

of desert fl ora and fauna a s  compared wi th the mi nimal impact to the 300 

Area . However , most of the candi date s i tes i n  the 400 Area are a l so ,  or 

wi l l  b e ,  i n  a d i sturbed s tate due  to constructi on acti v i ti es at adj acent 

s i tes  of on -goi ng or p l anned breeder reactor projects . 

1 0 . 5  Mod i fi cat i on of Ex i sti ng Fac i l i ti es 

Mod i f i cati on  of exi sti ng fac i l i t i es cou l d  be consi dered to prov i de the 

phys i ca l  p l ant equ i va l ent to the Accel erator Bu i l d i ng and/or the Test Bu i l d i ng .  

Thi s wou l d  reduce  the  commi tment of resources ( pr inc i pal ly  concrete and 

rei nforc i ng s teel ) ,  further reduc i ng the sma l l i mpact of s i t i ng n ew bu i l d i ng s , 

and  mi ght  offer a cost advantage to the project .  The ex i st i ng faci l i t i es i n  

the 300 Area were s urveyed a s  to thei r su i tabi l i ty and ava i l abi l i ty .  The 

309 Bu i l d i ng was i dent i fi ed as a potenti a l  cand i date to s erve a s  the H FNS 

Test B u i l d i ng .  

The  309 Bu i l d i ng wa s constructed i n  l ate 1 950s to hou s e  the P l u ton i um Recyc l e  

Te st Reactor ( PRTR ) . The  fac i l i ty cons i sted of an 80-foot d i ameter conta i n

ment v es sel  for the  PRTR w ith  a one- story attached bu i l d i ng whi c h  prov i ded 

s hops ,  l aborator i es and offi ce s pace .  The PRTR was decommi s s i oned i n  1 96 9 .  
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The  faci l i ty currentl y  hou ses offi ces and d evel opment l a boratori es . The 

P RTR con ta i nment v es sel  i s  u sed a s  a 1 1 c l ean room1 1  for fabr i cat i ng nucl ear 

systems hardware . Uti l i zi ng the 309 B u i l d i ng wou l d  en ta i l rei nforc i ng the 

ex i st i ng operati ng f l oor of the contai nment ves sel  to support the d i verter 

beam swi tchyard , and the i rrad i ati on test cel l s  and overhead serv i ce cel l . 

T he  exi sti ng po l ar  crane wou l d  be  rai sed and mod i f i ed to prov i de the neces sary 

c l earance for cask  hand l i ng .  Open i ng s  through the contai nment vesse l  wou l d  

b e  mod i fi ed or bu i l t  for the beam tunnel  and for a truck  entry vesti bu l e .  

The  l i th i um supp ly  system wou l d  be i nsta l l ed i n  a n  exi st i ng bel ow-grade 

annex and cel l s  bel ow t he l eve l  of the operati ng fl oor . The Accel erator 

Bu i l d i ng cou l d  be l ocated on a parki ng l ot west  of the 309 Bu i l d i ng .  
\ 

The  benefi t s  gai ned from mod i fyi ng the 309 Bu i l d i ng to serve a s  the H FNS  

Test  Bu i l d i ng wi l l  be offset by the cost of :  l )  mod i fyi ng the  bui l d i ng 

s tructure a s  n ecessary to support the h eavy test cel l s ;  2 )  remov i ng contami -
r 

nated equ i pment to make room for the l i thi um supp ly  system ; 3 )  restrai n i ng 

the d es i gn of equ i pment ( such  as  the d ump h eat exc hanger)  to conform to 

s pace l i mi tati ons ; and 4 )  d i sp l a c i n g  on-go i ng acti vi ti es i n  the faci l i ty .  

Further d eta i l ed s tud i es are req u i red to d etermi ne  i f  there i s  a cost advantage 

rel ati ve  to bu i l d i ng a n ew Te st Bu i l d i ng .  

A n ew Test B u i l d i ng wi l l  offer s i gn i f i cant  advantages to ach i eve the obj ecti ve s  

i d enti fi ed for t h e  H FNS . A super i or bu i l d i ng l ayout s hou l d be ach i eved 

wi thout the constra i nts  of exi st i ng s tructures whi ch s houl d enhance operat iona l  

f l ex i bi l i ty a nd l ower opera ti ng costs . A new bu i l d i ng s hou l d a l so have 

l ower ma i ntena nce co s t .  Therefore , a n ew test bu i l d i ng i s  proposed . 
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1 1 . 0  ENV I RONMENTAL TRADE- OFF ANALYS I S 

The costs and benefi ts . of the Deuteri um- Li th i um H i gh Fl ux Neutron Source 

( H FNS ) Faci l i ty constructi on and ope rati on have been di s cus sed  previ ousl y on 

an i temi zed bas i s .  Envi ronmenta l  costs were descri bed i n  Chapters 5 ,  6 ,  7 
an d 9 .  Soci a l  costs and benefi ts we re di s cus sed i n  Chapters 2 an d 6 .  Com

parati ve costs of al ternati ves to the proposed fac i l i ty an d benefi t s  of the 

Hanford s i te were di s cus sed  i n  Chapter 1 0. Th i s  cha pter wei ghs the s oci al  

an d envi ronmental co sts of the H FNS agai nst the bene fi ts of the project .  

1 1 . l Envi ronmental an d Other Co sts of Proposed Faci l i ty and A l ternati ves 

Soci a l  and  envi ronmental costs cannot eas i l y  be expressed in terms of dol l ars , 

but  the i mpacts can be  esti mate d and quanti fi ed i n  some cas es . The fore

cas ted decl i ne of cons tructi on empl oyment on major  Han ford area projects 

negates the mi nor effect that the H FNS constructi on empl oyment may have had  

on  the communi ty in  terms of a ddi ti onal traffi c ,  hous i n g  requ i rements , school 

s pace and p ubl i c  servi ces . Empl oymen t for H FNS cons tructi on acti v i t i es wi l l  

be a smal l fracti on of the tota l Han ford constructi on empl oyment .  E ffect of 

constructi ng  the  H FNS  wi l l  be  to  al l ow oppo rtuni ti es for conti n ued empl oyment 

to workers who otherw i se may be affected  by a dec l i n i n g  l e ve l  of construction 

acti vi ty occurri ng  on the Hanford Re servati on . 

Envi ronmental costs are s ummarized  i n  Tabl e 1 1 .  1 - 1 .  As menti oned  previ ous ly ,  

the HFNS  Faci l i ty s i te i s  w ith i n  the 300 Area of the Hanford Res ervati on 

res erved fo r n ucl ear fa ci l i ti es .  Th us , the H FNS l an d  use does not di sp l ace 

or  fore go other devel opment s uch as agri c u l t ural or res i denti a l . A l l s ervi ces 

(water , s ewer ,  and e l ectri ci ty )  are ava i l abl e from ex i sti ng  300 Area  systems 

and on ly requi re connecti on . Rel ati vel y mi nor modi fi cati ons wi l l  have to be 

made to the exi sti n g  300 Area e l ectri cal s ubstati on . The rad i a tion  do se 

commi tments to t he p ubl i c  from operati on of the H FNS  are i n s i gn i fi cant . The 

maxi mum ca l c ul ated dose i s  orders- of- magni tude be low permi s s i bl e  l eve l s  or 

backgro un d  do s es . 

So c i a l  costs are !xpected  to be neg l i g i bl e .  Duri ng  the H FNS Faci l i ty construc

t i on  peri od ,  constructi on emp l oyment in the region i s  expected  to be rap i d ly  

decl i n i n g .  
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Thus , the effect on the s urroundi ng  commun i ti es i s  expected to be benefi ci a l , 

by decreas i ng the l o cal unempl oyment l evel . The con structi on  an d operation of 

the H FNS  may caus e  a s l i ght i ncrease i n  traffi c dens i ty i n  and around  the 

300 Area of the Hanford Res ervati on . The expected s oci al  effects of  HFNS  

cons tructi on a nd  operati on are tabul ated i n  Tabl e 1 1  . 1 - 2 .  

The esti mated co s t? and programmati c e ffects of al ternati ves to the pl anne d 

HFNS Faci l i ty were di scus sed  i n  Chapter  1 0 .  A recapi tul ati on of these costs 

i s  gi ven i n  Tabl e 1 1 . 1 - 3 .  

1 1 . 2 S ummary of Benefi ts 

Benefi ts from the constructi on and operation of th e HFNS Fac i l i ty are 

expected to be  mu l ti faceted .  However ,  i n  some i ns tances , th e ul ti mate bene

fi t may not  be real i zed unti l e l ectri cal energy i s  genera ted by a fus i on 

reacto r .  The expected benefi ts di s c us sed i n  Chapters 2 a n d  6 are s ummari zed 

i n  Tabl e 1 1 . 2- 1 .  

Locati n g  the HFNS  at  Hanford wi l l  ta ke advantage of the depth of s c i ent i fi c 

e xperti se i n  materi a l s i rradi ati on effects both at  H EDL  and the Pac i fi c 

Northwest  Laborator i es , a l s o  l o cated at Hanford. Pers onnel  experi enced i n  

cons tructi on and operati ng  maj or engi neer te st faci l i ti es are al so  avai l 

abl e to s ta ff the H FNS proj ect .  S i gni fi cant capi tal co st savi ngs  are 

associ a ted wi th the Hanford l o cati on of the HFNS Faci l i ty ,  ach i eved through 

us i n g exi sti n g  Hanford Eng i neeri ng  Devel opment Laboratory ( H EDL ) faci l i ti es 

for tes t assemb ly  fabri cati on , posti rradi ati on exami nati on and offi ce s pace . 

Ex i sti ng  bui l di ngs can be  dedi cated to fus i on power work wi tho ut con fl i ct 

wi th B reeder Reacto r Program ( BRP ) programs .  Havi n g  al l of  the i rrad i ati on 

tes ti ng  and was te di s po sal  capabi l i ti es at  one s i te el im i nates or mi ni mi zes 

o ffs i te i rradi ate d  mater ia l  s h i pments . Th us , trans portati on costs and 

ass oci ated potent i a l hazards , and the ti me requi red for compl ete test  cycl e  

compl et i on  ( from program defi n i ti on to i rradi ation effects data eval uation ) 

a re mi n imi zed . 
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1 1 . 3  Concl us i on 

Devel opment of test  da ta concerni ng i rradi ati on effe cts on mate ri al s an d 

demonstrati ng the s ati sfactory performan ce of th es e materi al s w i l l  provi de a 

fi rm bas e for the eng i neeri ng phase  of the fus i on power program. The ul ti 

mate deve l o pment of fus i o n  energy i s  expected  to res u l t i n  a s a fe ,  envi ron

mental ly  attracti ve , competi ti vel y pri ced energy source that  may represent 

one of the best l on g- range sol uti ons to the worl dwi de energy shortage . 

Constructi on of the H FNS Fa ci l i ty wi l l  di re ctl y contri b ute about $24 . 5 mi l l i on 

to the l ocal  economy i n  the 1 9 79 to 1 982 ti me peri od .  The empl oyment oppor

tuni ti es wi l l  fa ci l i tate conti n ued empl oyment for workers affected by the 

forecast  decl i ne i n  Hanford Rese rvati on cons tructi on acti v i ty .  Al so , 

ope rati on of the H FNS w i l l prov i de conti n ued  empl oyment for approximate l y  

3 3  materi a l s  engi neers a n d  operati onal pe rsonnel . On ba l ance , the benefi ts 

of  H FNS constructi on and operati on more than offset  the economi c i n vestment 

and  the negl i g i b l e  s oci a l  and envi ronmenta l co sts . 
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TABLE  1 1 . 1 - 1  

SUMMARY OF  ENVI RONMENTAL COSTS 

Cos t  

CATEGORY 

Land Use  

Water Use  

E l ec tr i c i ty 

Resources  I rretr i evabl e 

a .  Manpower 

b .  Mater i a l s  

Ecol ogy 

a .  F l ora and Fa una 

b .  Ai r and  Water  
Qua l i ty 

Radi oacti ve  Dose 

a .  S i te Boundary 

b .  Neares t  Res i d ent  

1 . Annua 1 

ONS ITE OFFS ITE 

4 Acres None 

45  g pm None 

2 50 , 000 kWh/day I ndeterm i nate 

220  Man Years I nd eterm i nate 

400 Tons - Re i nforc i ng s tee l None 
6 , 000 Cu/yds -Concrete 

Present ly  i n  D i sturbed 
S ta te - No New Effec ts 

Negl i g i b l e  Impact  

None 

Negl i g i b l e Impact 

-8 1 x 1 0 rem/ hr 
( who l e-body ) 

7 x 1 0-6 rem/yr 
( s k i n  and  bone ) 

2 .  50-yr Corrmi tment  8 x 1 0- 6 rem 
( bone )  

c .  Max imum Acc i dent 
Ri s k  to an I nd i v i dua l  

1 1 -4 

3 x 1 0-4 rem/hr 
(whol e-body ) 



I TEM 

Area Popu l ati on 

Worker I nfl ux  

Mun i c i pa l  Faci l i t i es 

School s 
F i re and Pol i ce 
Water and Sewage 
Streets 

Hou s i ng 

Traffi c Den s i ty 

TABLE  1 1 .  1 - 2 

SUMMARY OF  SOC IAL COSTS 

E FFECTS OF 
CONSTRUCT I ON 

Reduce rate of decl i ne 

None expected 

Neg l i g i bl e* 

S l i g ht s u sta i n i ng 
of pri ce l evel s 

On Hanford Re servati on S l i ght i ncrea se 
wi thi n 300 Area 

I n  Commun i t i es S l ows decl i ne 

E FFECTS OF  
OPERAT ION 

Ai d i n  susta i n i ng 
present  l evel 

None expected 

Negl i g i bl e* 

S l i g ht susta i n i ng 
of pri ce l eve l s 

Pos s i bl e  negl i g i bl e  
I ncrease i n  300 Area 

Negl i g i bl e  

*May have s l i ght posi ti ve i mpact becaus e i t  wi l l  s l i g htl y i ncrease use  
of faci l i ti es .  
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TABLE  1 1 . 1- 3 

COST- BENEFIT COMPAR ISONS FOR HFNS ALTERNATI VES 

ALTERNATIVE 

Reference 

Abandon the Project 

Po stpone the Project 

Al ternati ve Des i gns 

Al ternati ve Si tes 

Modi fi cati ons of 
Exi sti n g Fa ci l i ti es 

ECONOM IC  

Bas e 

Local short-term 
downward push ; 
nati onal long-
term threat to 
fus ion program 
goal s 

Capi ta l Cost 
i ncreas e due 
to escal ati on 

Capi tal Cost 
i n creas e and/or 
s l i ght i ncreas e 
operati ng cost  

Capi tal Cost 
i n creas e i f  new 
s upport faci l i ti es 
requi red 

Pos s i bl e  Savi ngs 
i n  Cap i tal Co st 
operati ng cost 
probably h i gher 
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EFFECTS ON COSTS- BENEFITS 

ENVI RONMENTAL 

Bas e 
(Tabl e 1 1 . 1 - 1 )  

Avoi ds smal l s hort-
term impacts ; l ong-
tenn th reat to 
ach ieving  fus ion 
program benefi ts 

No change 

Reduced amo unt or 
probabi l i ty of 
radi on ucl i de 
rel eas e 

Pos s i b l e  i n crease 
i f  new s upport 
faci l i ti es requi red 

No change 

SOC IAL 

Base 
(Tabl e 1 1 . 1 - 2 )  

Short- term 
i n crease i n  
l o cal unempl oy-
ment ; no long-
term effect 

Short- term 
i n crease i n  
unempl oyment 

Sl i ght i n crease 
i n  con struction 
empl oyment 

Pos s i b l e  s l i ght 
i n crease i n  
construction 
empl oyment 

No change 



BENEF ITS 

Economi c 

Local 

TABLE  1 1 . 2- 1 

SUMMARY OF BENEFITS 

DURI NG  
C ONSTRUCTI ON 

Approximatel y $24 . 5  mi l l i on 
for wages a nd materi al s .  

Sustai n i n g  and/or s l owi ng  
decl i ne due  to  other maj or 
proj ect comp l eti on .  

Programmati c Negl i g i bl e  

Envi ronmental 

Loca l Negl i g i bl e  

Programmati c Negl i g i bl e  

Techn i cal  

Local Negl i g i bl e  

P rogrammati c Negl i g i bl e  
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DUR ING  
OPERAT I ON 

Approxi mate l y  $2 . 5-3 mi l l i on 
a nnual l y  for wages . 

Susta i n i ng  l eve l 
of empl oyment . 

U l t imatel y ,  h i gh benefi ts 
real i zed from ava i l abi l i ty 
of fus i on energy . 

Negl i g i bl e  

U l ti mate devel opment 
of fu s i on energy bel i eved 
to be envi ronmental l y  
attracti ve . 

I mprove use  factor of 
ex i st i ng fac i l i t i es . 

Ai d i n  materi al s devel opment 
for fus i on reactors . 





1 2 . 0  SUMMARY O F  CHANGES I N  RESPONSE TO COMMENTS RECE IVED ON THE DRAFT 

ENV I RONMENTAL IMPACT STATEMENT 

The draft envi ronmenta l i mpact statement for t h i s  proposed acti on was 

i s sued by the Energy Resea rch  a nd Deve l opment Admi n i strati on as ERDA- 1 556-D 

for rev i ew a nd comment i n  J u l y  1 977 .  Comments l etters were recei ved from 

the Departments of Agri cul ture ,  Heal th , Educat i on and Wel fare , a nd I nteri o r ;  

the Adv i sory Counci l o n  H i stori c Preservati on ;  the Envi ronmental P rotecti on 
Agency ; the Nucl ea r  Regul atory Commi s s i on ;  the Federa l Power Commi s s i on ; 

the States of  New J ersey a nd Wash i ngton ; the C i ty of R ich l and , Was h i n gton , 

a nd a pri vate i ndi vi dual . 

The techn i ca l  concerns iden t i f i ed i ncl ude : non radi o l ogi ca l  aspects of nor

mal opera t i on ,  radi ol ogi ca l  aspects of the exi sti ng  envi ronme nt , and 

decommi s s i on i ng .  The text h as been modi fi ed ,  as appropri ate , and i nd i v i dua l  

l etters have been sent to  each  commen ter respond i ng to  these con cerns . Copi es 

of  t he corrrnent l etters are i nc l uded i n  append i x B .  

1 2 . l Nonrad i o l ogi cal  Aspects of Nonnal Operati on 

Corrrnents on nonrad i o l og i ca l  aspects of normal operat ion were rece i ved from 

the Envi ronmental Protect i on Agency , the Advi sory Counc i l on H i stori c Preser

vati on ,  and the C i ty of Ri ch l and , Was h i ngton . Appropri ate changes i n  the 

text were made i n  secti on 1 . 0 and sect i on s  5 . 2 . 5 and 5 . 4 . l wh i c h  provi de 

addi t i onal  i nformat i on on use of  Col umbi a Ri ver water and excavat ion act i v i 

t i e s  associ ated wi th  the proposed fac i l i ty .  A new secti on 3 . 4 . 7 . 4  has been 

added to s urrrnari ze the chemi cal  wastes produced by the proposed faci l i ty each 

year .  

1 2 . 2  Rad i o l og i ca l  Aspects of Normal Operati on 

Corrrne nts on radi ol og ica l  aspects of  normal operati on were recei ved from the 

Envi ronmenta l Protecti on Agency and the Department of the I nteri or .  

Appropri ate changes in  t he text were made in  sect ion 3 . 4 . 7 . 3 . l  and  3 . 4 . 8 . 3 ,  
wh i ch expand the descri pt i on o f  radi onucl i des , i nc l udi ng  type , q uanti ty ,  a nd 

di spos i t i on ,  i n  coo l i n g  water and l i th i um systems . A new sect i on 5 . 3 . 4  has  

been added wh i ch i ncl udes addi t i onal  i nformati on on d i sposi ti on of rad i oact i ve 
waste from norma l operati ons . 
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1 2 . 3  Nonrad i ol og i cal  As pects of the Exi st i ng  Env i ronment 

Comments on nonrad i ol og i ca l  a s pects of the ex i sti ng envi ronment were 

rece i ved from the Department of the I nteri or . Appropri ate changes 

were made i n  a ppen d i x  A and s ecti on 4 . 2 . 5  has  been added , to eval uate 

potent i a l  effects on porti ons of the Col umb i a  Ri ver des i gnated i n  

the W i l d  and Scen i c  Ri vers Act and to correct m i n or errors of fact . 

1 2 . 4  Decommi s s i on i ng 

Comments on decontam i nat i on and decommi s s i on i n g  of the HFNS were rece i ved 

from the Envi ronmental Protecti on Agency . I n formati on has  been i nc l uded i n  

new sect i on 5 . 3 . 4  to prov i d e  add i t i ona l  dnta on decommi ss i on i n g , i nc l ud i n g  

pre l i mi nary cost est imates . 
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A.  THE  S ITE  

A .  l S i te Featu res 

APPEN D I X  A 

A deta i l ed descr i pti on of the Hanford s i te features can be found i n  the Fi na l  

Envi ronmental Impact Statement for the  H i gh Performance Fuel  Laborator i e s , 

ERDA- 1 550 ,  September 1 97 7 .  

A .  l . l Geol ogy 

Eastern Was h i ngton i s  d omi nated by the Col umbi a Bas i n  geol ogi c prov i nce , 

wh i ch encompas ses abo ut  50 , 000 square mi l es of s o utheastern Was h i ngton and 

adj acent parts of I d aho and Oregon ( F i gure A.  1 - 1 ) . The Bas i n  is underl a i d  

by the vas t fi e l d  o f  fl ood l avas of the Co l umbi a Ri ver Bas a l t Grou p .  Today 

those l a vas and the ground s u rface general ly d i p  radi al ly  i nward toward the 

Pasco Ba s i n ,  the s l i ght ly  off- cen tered phys i ograph i c  l ow of the l arger 

Col umb i a Bas i n . 

The Department of En ergy ( DOE ) Hanford Res ervati on overl i es the s tru ctu ra l 

l ow po i nt  of the Pasco Bas i n .  The Reservati on i s  bounded to the s ou thwes t ,  

wes t and n orth by l arge anti cl i nal  ri dges that trend eastward from the 

Cas cade Rang e ,  enter the Pas co Bas i n  and d i e  out  wi th i n  i ts conf i nes . The 

Col umb i a R i ver and the s teep and i mpos i ng ,  wes tfaci ng Whi te B l uffs on the 

R i n go l d formati on bound the Reservati on to the eas t .  Beyond the ri ver and 

bl uffs the gen tly  ri s i ng bas a l ti c  l ava fl ows l ead i n to the Pa l ou se  country 

of eas tern Was h i ngton . To the s o utheas t the Reservati on i s  bou nded by the 

conf l uence of the Yak ima and Col umbi a Ri vers and by the C i ty of Ri ch l and . 

The  Hanford Reservati on i s  on the l ow- lyi ng , part ly  d i s s ected and modi f i ed 

a l l uv i a l  p l ai n  of the Col umbi a Ri ver , wi th i n  the central  part of the Pas co 

Bas i n .  Al ti tu des range from a l ow of about 345 feet i n  the southeas tern part 

of the Reservati on to a h i g h  of 800 feet i n  the northwest  corner . Beyond 

the p l a i ns , the border i ng Wh i te B l uffs r i s e  to a max imum a l ti tude of 980 feet  

above sea l evel . The anti c l i n i cal  r i dges to  the  west ri se  to  a maxi mum 

a l ti tu de of 3 , 586 feet atop the crest  of the Rattl esnake H i l l s .  

The Hanford a l l uv i al  p l a i n  conta i ns a m i x  of aggradati ona l and degradati onal  

featu res that ref l ect part of the  compl ex geol ogi cal h i s tory and devel opment 

(Tab l e  A .  1 - 1 )  of the Pasco Bas i n .  
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TABLE A . 1 - 1 

GEOLOGI CAL H I STORY OF PASCO BASJI!_ 

S E R I E S  A G E  Y EAR B P *  

Hol ocene 1 2  , DO D  

I 
I 

P l e i s tocene I 2 - 3 , 000 , 000 

P l i ocene 

Mi ocene 

O l i gocene 

Eocene 

P a l eocene 

C" 0 -><  I- u <.!) ·� .s:: .µ 1-..... "' . V> .µ "' LL.  en 0 1- 0  <11 0 > • 

� �  
"' . ·� .CJ 

1 2 , 000, 000 

26 , 000, 000 

3 7 - 38 , 000, 000 

� 2 5 3 - 54 , 000 , 000 :> CL  ..... 0 u 
6 5 , 000 , 000 

GEO LOG I CAL UN I T  

Dunes a nd E o l i a n Sed i me n t s  
( 0- 4 0  F e e t  Th i c k )  

Al l u v i um ,  Co l l u v i um ,  Land s l i d e s  
( 0 - l DO Feet Thi c k )  

Pasco Grave l s and t h e  Touc h e t  
Bed s ( D- 4 00 F e e t  T h i c k ) 

P a l o u s e  Soi l s  
( 0-30 Feet T h i c k )  

R i ngo l d  

Fonna t i o n  ( 0 .  1 2 00 Feet Th i c k )  

Feet T h i c k )  

Y a k i ma  B a s a l t  Forma t i o n  
( P rob .  2 5 00 Feet Th i c k )  

P i c tu re Gorge Fonna t i o n 
Equ i va l e n t  ( ? )  
( P ro b .  1 500 Feet T h i c k )  

Roc k s  o f  Uncerta i n  Age Type 
and Structu re 

MAT E R I A L  

San d s ,  I n crea s i ng l y  F i n er a n d  Quartz - R i c h  t o  
T he Northeast 

Unsorted Rubb l e  and Deb r i s ,  Loca l l y  J n terfi nger 
wi t h  Ri ngol d Fonna t i o n  and P a s c o  Grave l s 

Sands and Grave l s  Occ u r r i n g  a s  G l a c i a l  F l ood 
Depo s i t s ,  Co111Tio n l y  Rou g h l y  Graded , Uncon
s o l i da ted b u t  H i g h l y  Compa c t  . 

W i nd-Transpo r ted and Depo s i ted S i l t ,  Loca l l y 
Weathered to C l ay 

Wel l - Bedded F l u v i a l  and F l ood - P l a i n  S i l t s ,  Sands 
a n d  Gra v e l  Poo r l y  Sorted , Compa c t  But Va r i a b l y  
Cemen ted . B a s a l  Port i o n  L a r g e l y  S i l t  a n d  C l ay 
of H i g h l y  V a r i a bl e Thi c k n e s s .  Rema i n der of Forma
t i o n is J n terbedded Grave l , Sand and S i l t .  
Gen t l y  Deformed . 

Vo l ca n i c l a s t i c  Roc k s  and T h e i r Wea the r i n g  
Produc t s ,  L a r g e l y  C l ays . Grades i n to and 
F i ngers wi th R i n go l d  Forma t i o n Sed i ment s .  
Fo l ded a n d  Fa u l ted . 

J n te r 
L o c a  l l y  

B a s a l t i c  Lava s wi t h  J n t erbedded S tream Sed i me n t s  
i n  Upper Pa rt , Loca l l y Fo l de d  and Fa u l ted . 

B a s a l t i c  Lava s 

B a s a l t i c  Lav a s  Po s s i b l y  Compa rabl e to the 
Tean away Basal t s  

P ro ba b l y  Sand stones Compa rabl e to the Swa u k  
a n d  Ro s l yn Forma t i o ns 

Proba b l y  Meta s e d i me n t s  and Metavo l c a n i c s 
I n truded by Gra n i t i c  Roc k s  

* U .  S .  Geo l o g i c a l  Su rvey , B u l l e t i n  1 3 5 0 ,  "Lexi con of Geo l og i c a l  Names o f  t h e  U n i ted State s ,  
1 96 1 - 67 , "  G .  C .  Ko ro h e r ,  1 97 0 ,  Was h . , D . C .  



The 300 Area has unconsol i dated s ands  an d grave l s of the fl uvi ati l e  seri es of 

s edi ments ( Pas co Gravel s )  underl yi ng  the s i te to a depth of abo ut 20 to 25  feet .  

Benea th thes e fl uvi ati l e  s e d iments , to a depth of  ap proximate l y  200 feet , a re 

the s emi consol i dated  to cons ol i dated or cemented s i l ts ,  sands , cl ays , an d grave l s  

o f  the  Ri ngo l d formati on . Basa l ti c bedrock starts a t  a depth o f  approxi mate ly  

200  feet  a nd  extends downward over 1 0 , 000 feet .  ( See Fi gure A . l - 2 )  

A .  1 . 1 .  l Anti cl i na l  Up l i ft and Fa u l t i ng  

Creati on of t he  anti cl i nes , wh i ch are major  structural features  of the 

Col umb i a  Bas i n , was primari l y  by upl i ft ,  probabl y  re l a ti ng  from lo ng- term 

bas i n i n g .  Some fau l ts may have devel oped as an ea r ly  phase , but fol d i n g  

i s  a predomi nant reacti on , w ith  renewal o f  fa ul t movement as  a n  a l ternati ve .  

General l y ,  the s tres ses that devel oped in  de formati on were rel i eved by 

s l i ppage al ong the many joi nts and bedd i n g  p l anes , oftent i mes on cl ay- ri ch 

s ed iments of the El l ensburg Fo rmati on , whi ch thereby g i ve th e impre s s i on of  

fau l t gouge and  major fa u l ts .  Fo l di ng of th e basal t s equence wi th no super

i n cumbent cover al so  res ul ted  i n  s i n uous  fol d axes at the groun d  s urface ;  

i n  s ome areas , en  eche lon  fol d axe s .  At other s i tes , cros s fol ds  comp l i cate 

the structures . I n  a l l i ns tan ces th e di vergen ce from s i n gl e ,  wel l - defi ned , 

regu l ar axes can be  attri buted to di fferi n g  res ponses to fo l d i ng of  the 

vari abl y-j o i nted ,  h i gh l y- l ayered  basal t sequence . The s i n uous i ty and en 

e che lon  nature of the fol d axes an d th e pres ence of cros s  fol ds have l e d 

i nves ti gators to as s ume the presence of cross  fau l ts wi th s tri ke s l i p  offset 

up  to one-thi rd of a m i l e .  Th i s  s i tuati on preva i l ed at Gabl e Mounta i n  on the 

H an ford Res ervati on . To date , no  stri ke- s l i p  fa ul ts of any magn i tude have 

been demonstrated i n  the Pa sco B as i n .  

The domi nant type o f  fa ul ti ng  i s  normal faul ti ng , i n  s ome i ns tances devel opi ng  

into graben- 1 i ke  s tructures as  i n ferred i n  the Badger Canyon area  and as  

o ccurs i n  parts of the S add l e  Mo untai n s .  Thrust faul ts l o ca l l y  are s i gn i fi 

cant , es peci al l y  where fol d i n g  h as been i nten se .  I n  some i nstance s  anti theti c 

fau l ti n g  deve l ope d ,  w i th porti on s of the upl i fted ant i cl i n es downdropped .  

Numerous faul ts are hypothe s i zed  on  var iou s  ba se s ,  i n cl udi n g  topograph i c  

e xp re s s i on  and aeri a l  p hoto i nterpretat ion .  The most i mportant fau l t postu-

1 a ted i s  that a l on g the Ol ymp i c- Wa l l owa Li neament , p arti cu l ar ly  the Ratt l e 

snake-Wal l u l a-Mi l ton Freewa te r  segment  and t he  Rattl e sn ake-Wal l ul a  segment .  
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FI GURE A . l - 2 . Map of the Basal t Surface i n  the Pasco Bas i n ,  I denti fyi ng  
Major Stru ctures . 
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One hypothes i s  attri bute s  gros s  amounts of stri ke- sl i p  movement to thi s 

hypothesi zed l i ne ament fau l t ,  anal ogou s  to the San Andreas  fau l t ,  but 

s peci fi c ev i dence for the fau l t or  i ts offset i s  l a cki n g .  Nei ther  the Oregon 

geol og i c map ( 1 969)  nor the Oregon g ravi ty map acknowl edge or  s ubmi t ev i dence 

i n  s upport of such a faul t i n  Oregon . 

Numero us  s i gns  of at  l east l ocal fau l t s  are pres ent  al ong the var ious  named 

s egments  of the O lymp i c-Wa l l owa L i neament.  The max imum i nferred strati 

graph i c  offset on a postul ated fau l t  i s  300 feet  i n  the Badger Canyon area , 

compared to a maxi mum of about  1 500  feet  of total strati grap h i c offset by 

comb i ne d  fol d i ng and fau l ti ng a l o n g  the same segment.  Th us , th i s  fau l t 

offset i s  l es s  than a major part of the tota l offset,  a s i tu at i on genera l l y  

p reval ent i n  southcentra l  Wa sh i n gton . I n  the same genera l area 500 fee t  

o f  strat i g raph i c  offset ,  a s  dete rmi ned  from dri l l ed wel l s ,  may be  l arge l y  

fau l t offset. I n  some s i te s  a l ong the O lymp i c- Wa l l owa Li neament fau l ts  are 

s pa ti a l l y  removed from the fol d axes , h en ce , are 1 1 prima ry1 1  in  o ri g i n .  

A . l .  1 . 2 The Ri ngo l d Format ion 

The Ri ngol d Formati on  ( F i g ure A .  l - 3 )  was depos i te d  i n  re spon s e  to a fl a tten i n g  

o f  t h e  gradi ent  of t h e  Col umb i a  Ri ver a n d  con sequent depo s i t i on o f  the sed i 

men ts i t  carri ed .  Previ ous  bas i n i ng was accompani ed by basal t f low ex

tru s i on i nto the topograph i ca l l y  and s tructura l l y  l ow areas .  Ces sation  of  

emi s s i on permi tted the  depo s i t i on of  a cont i n uous  sequence of  sed iments .  

S l i ght ly  pri or  to  the emi s s i on of the l atest  basa l t fl ows , the  beg i n n i n g  of  

a nt i cl i na l  upl i ft ,  e speci a l l y  to the  west , l o cked the Col umbi a  Ri ver i nto 

the Pasco Bas i n  and ha l ted i ts e a st-west mi grati on . Somewha t l a ter ,  upl i ft 

of the Horse Heaven Hi l l s  resu l ted i n  a conti nuous l y  ri s i ng base  l e vel  for 

the ri ver and cont i n ue d  depo s i ti on of sedi ment. Today the Ri n gol d Formati on 

i s  recogni zed on l y  upstream of the Horse Heaven Hi l l s , refl ect i n g  the con

trol of depo s i ti on by those H i l l s . The Ri ngol d Formati on ha s been arbi trari l y  

d i v i de d  i nto a l ower b l ue cl ays member , a grave l o r  con g l omerate member , 

and  a n  upper  sand- s i l t  member.  However ,  sand s , s i l ts ,  cl ays and  grave l s 

a re i nterbedded and i nterl ayered throughout the bas i n  i n  a manner  i n d i cati n g  

a nearl y conti n uous stream fl ow a n d  cont i n uous  fl uv ia l  depos i ti o n .  
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A. 1 . 1 . 3 So i 1 s 

Most of the  Hanford Re servati on i s  un derl a i d by sed i ments depo s i ted  by the 

g l ac i al La ke Mi ssou l a fl oods,  parti cu l arl y of 1 8 .000 to 20 , 000 years ago 

and abo ut 1 2 , 000 years ago. Th e fl ood depos i ts ,  a t  or near the ground 

s urface , range from : 1 )  coarse boul der and cobbl e gravel in the extreme 

northern reaches of the Hanford Re s ervati on ; 2 )  to sandy cobbl e to granul e 

gravel s i n  the central p art of the Re servat i on ;  3 )  to coarse sands  i n  the 

s outhern part. Adj acent to th e Ya k i ma and Rattl esnake H i l l s  the sed iments 

grade i nto s i l ts and fi ne  sands.  The d i stri buti on ref l e cts  the vel oc ity of 

the  f l ood  waters depos i ti n g the sed iment s :  greatest ve l oc i t i e s  where the 

fl oods debouched from the Col umb i a  Ri ver gorge upstream from Hanford ; l es s  

where the fl ood waters s pread out i n  the Pa sco Bas i n ;  and l east i n  the 

l ee of the ri dges and wi th the sha l l ow waters adj acent to the border ing  mas ses . 

As a res u l t of the s emi a ri d  to ari d envi ronment that p reva i l ed  for at  l ea st 

1 2 , 000  years , the enti re Re servati on was b l anketed by at l ea st a thi n veneer 

of wi nd-b l own (eo l i an )  s ed i ments .  These sediments were l a rge l y  deri ved 

l oca l l y from the fl ood depos i ts ,  b ut some were from as  far as  the l ower Yak i ma 

and  Co l umb i a  Ri ver Va l l eys , upwi n d  ( SW )  of the Hanford Reservati on .  The 

eol i an sediments thus range from very fine sands and s i l ts ,  that in some 

p l aces b l anket coa rse grave l s and ba sa l t bedrock , to coa rse sands  that were 

moved on ly  s hort d i stances and can s carce l y  be di st i ngu i s hed from the parent 

mater i al . 

A. 1 . 2  Se i smol ogy 

Ea stern Was h i ngton i s  i n  a regi on of l ow to mo de rate sei smi c i ty that l i es  

between the  western Wa s h i n gton and western Montana zones  of  con s i derabl y 

greater s e i smi c i ty .  On the bas i s  o f  the damage that h a s  occurred s i n ce 1 840 , 

the  U .  S .  Coast and  Geodeti c S urvey des i gnate d  eastern Was h i ngton a s  Zone 2 

s e i smi c probab i l i ty ,  impl y ing  the potent i a l for moderate damage from earth

q uakes  ( Fi g ure A. 1 -4 ) .  Peri od i c  rev i s ions  s i n ce 1 948 ,  the date of the fi r st 

i ss uance of the  r i s k  map , an d up to 1 969 ,  re su l te d  i n  no changes i n  the  

potenti a l  for eastern Wa s h i ngton ; al though other parts  of the  co untry were 

upgraded i n  the  damage potenti a l . Tabl e A . 1 - 2  gi ve s the approximate re l ati on

s h i p s  among ground acce l erati on , d amage potent i a l , an d i nten s i ty s cal e s .  
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Al though the  Hanford area has  n ot expe ri enced a damag ing  earthquake wi th i n  

h i stori c t ime , the area  i s  exposed t o  the po ss i b i l i ty of earthquake damage 

from two sources : 1 )  t he act i ve sei smi c zones  of western Wa sh i n gton and  

2 )  earthquakes o r i g i nati n g  in  the se i smi c zone that i n c l ude s  Wal l a  Wal l a . The 

s trongest earthquakes at Hanford w i t h i n  h i stor i c  t ime have not been greate r 

than  four on the Mod i fi ed Merca l l i  Scal e (MM- IV ) , al though i nten s i t i e s  as 

h i g h  a s  Mt4- V I I  h ave been observed near surround i n g  towns .  

Numerous  earthquakes o f  magni tude MM- V I  or  greate r  have occurred i n  western 

Was h i ngton . Th e strongest shock  of h i stori c record to occur  i n  western 

Was h i ngton wa s the 1 949 Ol ympi a-Ste i l acoom earthqua ke ori g i nat i ng  i n  the 

Puget Sound channe l , about 1 50 m i l e s  from Hanford . The earthquake was rated 

MM- V I I I ,  and i ntens i ti e s  from MM- I I I  to MM- V I I were experi enced at  d i stances 

of 1 50 mi l es .  In Ri ch l and  and the  Hanford area the s hock wa s on l y  s l i ght ly  

fe l t . The  great Al a s ka earthquake of  1 964 and  recent s hocks i n  western 

Wash i ngton and i n  Montana were not fel t as  strong ly  at  Hanford a s  i n  s ur

roundi ng l ocal i t i es .  Ei g ht  shocks i n  western Was h i n gton between 1 920 and 

1 965  were reported a s  havi ng max imum i nten s i ti es of MM-V I I  or  greater .  

Eastern Wa s h i ngton earthquakes occurri ng i n  h i stor i c t ime s  have n ot  been a s  

i nten se  or a s  frequent as  those i n  western Was h i ngton . I n  1 893 the Umati l l a ,  

Oregon area experi enced an Mt4- V I I ,  and i n  1 936 an MM- V I I occurred i n  the 

area of Wal l a  Wa l l a  and Mi l ton- F reewater .  I n  1 934 at E l l ensburg and  i n  1 957  

near Othel l o  a n umber of sma l l s hocks  occurred .  Some of these s hocks reached 

MM- V I ,  but  they were h i g h ly  l ocal i zed .  The  nearest earthquake to the  

300  Area occurred i n  1 91 8  at Corfu , 30  mi l es to the north .  The  Corfu earth 

q uake ( Mt4- I V  to V ) o r  the  Umati l l a earthquake of 1 893 probab l y  caused the 

max imum h i stori ca l  g round  mot ions  in the Hanford area of three percent of 

gtavi ty ( 0 . 03g ) . 

F i g ure A .  1 - 5 shows the acti ve faul t zone s i n  Wa s h i ngton deduced from earth

q uake acti v i ty .  No cl ear- cut rel ati on s h i ps of ep i centers to s pec i fi c  surface 

faul ts i s  recogni zed i n  eastern Wash i n gton .  A l ow rate o f  tecton i c  deforma

ti on i n  eastern Wa s h i ngton i s  i n d i cate d  for more than ten mi l l i on years .  

The  deformati ons  are much  l e ss  severe than  i n  the  acti ve se i smi c zone of  

western Montana and  in  western Wash i ngton . 
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Deformati on certai nty can be  conti n u i n g  s i n ce energy rel ease occurs a s  

s tres s accumu l ates . Be cause bas al t  fl ows contra ct s i gni fi cant l y  upon cool 

i ng to form the col umnar j oi nt i n g ,  or  other mo re i rreg u l ar  fracture s  charac

teri st i c of mas s i ve basa l t ,  the e st imated 1 2 , 000 feet  of basa l t  and i nterbeds 

i n  the Pasco Ba s i n  provi de a l arge potent i a l  for l ow l evel stre s s  re l ease . 

Commo n l y ,  the stres s i s  rel i eved by mi nor s l i ppage on the many j o i nts  i n  the 

basa l ts and ofte n i n  c l ay- ri ch i nterbeds between bas a l t  fl ows .  

Se i smi c i ty s eems to b e  typ i f ied  by swarms of smal l , s h a l l ow events . The 

Ri chter Magn i tudes are genera l l y  l es s  than  2 . 0 and the depths are unusual l y  

s ha l l ow ( l e s s  than 2 km) .  A s tudy of the foca l mechani sms for these earth

quakes has i nd i cated that fracturi ng  probab l y  occurred on more than one 

fau l t  s urface but i n  res ponse to general north- south hori z ontal compress i o n .  

The medi um i n  wh i ch these earthquakes occur i s  compri sed o f  a l ternati ng  

hori zontal l ayers of  compete nt and  weathered  basa l t . Th i s  i nd i cate s  that 

on ly  one or at  most a few competent basa l t  l ayers were i nvo l ved in any one 

eve nt , and that l arge s ca l e  through-go ing  fau l t zone s are un l i ke ly .  

Sparse e arthquake data and an i nadequate understandi ng of the  geol og i c  features  

of the reg i on precl ude a comprehens i ve tecton i c  mode l of  eas tern Was h i ngton . 

A model has been proposed that appears to e xp l ai n the orientat i on of the 

gro s s  tectoni c features of the North Ameri can Cordi l l era ( the  ma i n  mounta i n  

reg i on of the conti nent ) .  Al though overs impl i f i ed and i de a l i zed , i t  offers 

a potenti a l  for a better underst�nd i n g  of the tecton i c  features  one to another .  

Once the  nature of  the  feature s  is  bette r  unde rstood through reg iona l  studi es , 

thei r re l ati ons h i ps to each other can better be  a s se s s ed through the Wi se 

or  updated and mod i fi ed mode l s  for a more mean i ngful  sei smi c i ty determi nati on . 

A .. l . 2 .  l The Olympi c-Wa 1 1  owa Li neament 

The O lympi c-Wa l l owa Li neament i s  a topograph i c  feature that has  been ci ted 

as a pos s i b l e  maj or crustal rupture .  Fa ul ts  defi n i te l y  are present at l oca

ti ons wi th potent i a l l y  a cti ve s urface fa ul ts i n  the Pas co Bas i n .  Log i ca l l y  

then , they are the l ocati ons  for the maximum cred i b l e earthquake i n  the Pasco 

Ba s i n .  
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The l ocati on cons i dere d  to be  the l argest potent i a l earthq uake generator near 

Hanford i s  on the Ratt l e snake- Wa l l u l a  fa ul t at the northwest zone of i denti 

fi ed  faul ti ng at the south ea st end  of Ratt l e snake Hi l l s . Fi e l d i nvesti gati ons 

and  a detai l ed l i terature rev i ew i n di cate that there are n o  s i gn i fi cant faul ts 

c l o se r  to the s i te .  I f  an earthquake comparab l e  to the Umati l l a q uake ( MM-V I I )  

occurred at  t h i s l ocati on , wh i ch i s  about ei ght mi l es from the 300 Are a ,  

ground  accel erati on o f  about 0 .  1 3g at  t h e  300 Area wou l d  be  expected .  A 

S afe Shutdown Earthquake ( formerly cal l ed the Des i gn Bas i s  Earthquake ) of 

0 . 25g maxi mum hori zontal ground accel erati on accompan i ed by a vert i cal 

acce l erat ion of two- th i rds the hori zontal i s  current ly  used at H anford for 

des i gn i ng n ucl ear rea ctors and  faci l i t i e s  wh i c h  cont a i n  p l uton i um.  A des i gn 

bas i s  of 0 . 2 5g on the Hanford Re servati on al l ows for an MM- V I I I  i nten s i ty 

q ua ke epi centered at  the  same l o cati on ,  l a rger than any known i n  ea stern 

Oregon or Wa sh i ngton . An MM- V I I I  q ua ke i s  con s i stent wi th Zone 3 of the 

Sei smi c Pro ba bi l i ty Map ,  not the Zone 2 recommended by the map for th i s  area . 

A . 1 . 2 . 2 Li quefacti on 

The l i ke l i hood of l i q uefacti on of Hanford sed iments from earthqua ke s hocks  

i s  con s i dered very remote . Th i s  concl u s i on i s  bas ed on the type of subsur

face materi a l s ,  te st res u l ts , and h i stor i c  experi ence wi th s imi l ar soi l s . 

A .  1 . 2 . 3 Di fferenti al Compacti on 

Di fferenti al  compacti on from earthquake shocks i s  not uncommon in un consol i 

dated  a l l uvi um and  wa s a maj or cause of damage i n  the Al a s ka earthquake of 

1 964 . Sed iments at  Hanford , however , h ave a h i g h  degree of natural compac

ti on . The Pa sco Gravel s wh i c h  overl ay th e Ri ngol d Formati on have a h i g h  

l oad-bearing capac i ty wi thout undue settl ement . Val ues are genera l l y  i n  

e xce s s  of 6 , 000 l b/ft2 even for materia l s d i rectly a t  the ground s urface , 

and  1 0 , 000 to 1 2 , 000 l b/ft2 are common l y  mea sured .  Consequent l y ,  d i fferenti al 

compacti on wou l d  be negl i g i b l e . 

A .  1 . 2 . 4  S l ope Stabi l i ty 

The 300 Area i s  not affected  by l an ds l i de s  as  the i mmed i ate s urroundi ng l and  

i s  re l ati ve ly  fl at .  The  cl o sest s l o pes of  s i gn i fi cance are the Wh i te Bl uffs 

l ocated  acro s s  the  Col umb i a  Ri ver and of suffi ci ent d i stance to precl u de 

concern . 
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A recent s o i l  study determi ned the ang l e of i nternal fri cti on of typi cal 

Hanford soi l s  to be 39� at 80 percent rel ati ve den s i ty .  Soi l s  excavated at  

the  FFTF s i te approximatel y  s i x  mi l es from t he  300 Area woul d be expected to 

be s i mi l ar to 300 Area so i l s  and were found to exceed 80 percent rel ati ve  

dens i ty .  

A .  1 . 3  Hydrol ogy 

A .  1 . 3. 1 Regi onal Hydrol ogy 

As F i g ure A. 1 -6 ( a  map of the Col umb i a  Ri ver Dra i nage Bas i n )  s hows , the 

H anford Reservati on l i e s  a l ong the  Col umb i a  Ri ver j ust north of ( up stream from ) 

the  confl uence wi th the  Ya k i ma Ri ver.  The  surface dra i nage i n  the  H anford 

Reservati on i s  dep i cted i n  Fi g ure A .  1 - 7 .  Drai nage i n  t he  northeastern two

th i rds of the Re servati on i s  di rectl y to the Col umb i a  Ri ver �  whi l e  dra i n age 

of the s outhwestern th i rd i s  i nto the Ya k ima Ri ver .  

The  Yak ima Ri ver,  a major tri butary of the  Col umbi a Ri ver ,  has  an  overal l 

l ength of about  1 80 mi l e s  and a dra i nage area of about 6 , 000 square mi l es .  

The ri ver h eads i n  the  rugged eastern sl opes of the Cascade Mounta i n s  and 

fl ows southeastward i nto the s emi ari d reg i on of central Was h i ngton . I t  

j oi ns the  Col umb i a  Ri ver on l y  a few mi l es north of the conf l uence with the 

Sn a ke Ri ver . Al ti t udes i n  the Yaki ma Ba s i n  range from 8 , 200 feet at  Goat 

Rocks to 320 feet at  the mouth of the  Yak i ma Ri ver . 

Exami nati on of the geol og i c  map of Was h i ng ton revea l s that the Col umb i a  Ri ver 

Drai nage Bas i n  occup ies  two di sti n ct ly  different geol ogi c terra i n s .  The 

western terra i n  encompasses  the Cascade Moun ta i n s  where rel at ive ly  o l d sedi 

mentary ,  vol cani c ,  and i ntrusi ve rocks have been upl i fted and d i s l ocated by 

e ro s i on i nto the rugged mountai n s .  The eastern terrai n  der ives  from a th i ck 

s equence bf basa l t fl ows ( the Col urri:>i a  Ri ver Basal t Group ) fol ded i nto n umer

o u s  so utheast to east trend ing  ant i c l i na l  ri dges  and syncl i na l  val l eys . 

C l a st i c sedimentary rock s p artl y f i l l the  syncl i n a l  va l l eys to depths  exceed

i ng 1 , 500 feet i n  s ome of the l arger val l eys . The Hanford Reservat i on l i e s  

a l most  ent i re ly  with i n  t h e  Pa sco Bas i n ,  one of the l arger syncl i n a l  va l l eys  
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i n  the eastern terrai n .  The 300 Area l i es  i n  the s outheaste rn part of the 

Res ervat i on at  an e l evati on of a bout 400 feet above mean s ea l evel (ms l ) .  

Di rect prec i p i tat ion over the  Hanford Res ervati on most ly  eva pora te s  l eav i n g  

a mi n i ma l  amount of  water a s  l an d  runoff and  for i nf i l trati on .  The Yak i ma 

a nd the  Col umbi a Ri vers are the  on l y  two permanent streams i n  the  area . Col d 

and  Dry Creek s  carry water on l y  dur i n g  the  s pr i n g  season . 

The natura l  groundwater f l ow system underl yi n g  the Hanford Reservati on ha s 

been modi f i ed by effl uence from three area s :  ( 1 ) the 200 West Area , ( 2 )  the 

200  East Area , and  ( 3 )  Gabl e Mounta i n  Pond .  Approxi mate ly  one-th i rd of the  

l i qu i d  d i s posed at  Hanford i s  rece i ved by each  of the  fl ow systems throug h  

d i s posa l to pon d s ,  swamps and  underground l each  systems . 

Fi gure A .  1 - 8 i s  an i sometri c proj ect i on u sed i n  groundwa te r  stud i e s .  The 

fi gure s hows the Hanford groundwater tab l e wi th exaggerati on i n  the verti ca l  

d i men s i on . Such  a p rojecti on perm its v i sua l  i ns pecti on of  the  chang i ng  ground 

water grad i ents . Th e 200 ,  300 and  400 Areas are p l otted .  

The 300 Area l i e s  n ear the  Col umbi a Ri ve r ,  and  the  Yak ima Ri ver i s  4- 1 /2 

mi l es to the west .  The Col umb i a  Ri ver , wi th a l on g-term ann ua l  average fl ow 

of about 1 20 , 000 cubi c feet per s econd ( cfs ) , i s  exten s i ve ly  deve l oped for 

hydroel ectri c power and  i rri gati on s uppl y  ( F i g ure A. 1 - 9 ) . The Ya k i ma , wi th 

a mean fl ow of 3 , 240 cfs , i s  con s i derab ly  sma l l er than the Col umb i a  Ri ver . 

A n umber of dams have been con structed on the Co l umb i a  Ri ver and  on maj or 

upstream tri buta r i es . The reservo i rs prov i de an a cti ve storage of more 

t han 37 , 000 , 000 acre-feet ( a- f ) . The l argest reservoi rs are Mi ca 

( 1 2 , 000 , 000 a-f) and Arrow ( 7 ,  1 00 , 000 a- f )  i n  Canada , an d Li bby ( 5 , 000 , 000 a -f )  

H un gry Horse ( 3 , 000 , 000 a- f )  and  Grand Coul ee ( 5 , 200 , 000 a-f )  i n  the 

Uni ted State s .  These dams provi de i mproved regul ati on and have resu l ted i n  

a decreas e  i n  fl ood l eve l s . 

A. 1 . 3 . 2  Fl oods 

The normal l evel of the  McNary pool at  the 300 Area i s  a bout 340 feet .  (Al l 

l evel s i n  feet above mean  sea l evel ) .  Duri n g  an average s pri n g  fl ood of 

346 , 000 cfs peak  f l ow ( 1 960- 1 973 ) , the l evel  ri ses  to about 350 feet . 
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Fi gure A . l - 1 0  s hows p l ots of the Co l umbi a Ri ver fl ow for an average year and 

for 1 948 , the l argest  f l ood of record i n  the near pas t .  The 300 Area i s  

nomi na l ly at  an  e l eva t i on of a bout 400 feet and has  prov i ded adequate pro

tecti on from Col umbi a R i ver fl ood s . 

Maximum d i s charge measurements for the Co l umb ia  Ri ver have been ta ken s i nce 

1 859 ( The  Da l l es , Oregon gaug i ng  s tati on ) . The max imum fl ood of record i s  

that of June  1 894 , wh i c h  res u l ted i n  a pea k d i s charge a t  Hanford wh i c h  i s  

e st imated to be 740 , 000 c fs . The l argest recent fl ood occurred i n  June 1 948 

and had an observed pea k d i s charge of 693 , 000 cfs at Hanford . These fl oods 

resu l ted from mel t i ng  of a l arge snowpack combi ned wi th s pr i ng ra i n . Con

s tructi on of new dams a l ong the Co l umbi a Ri ver and i ts tr i butar i es s i nce  1 948 

has resu l ted i n  improved fl ow regu l ati on and fl ood contro l capab i l i ty .  

The est ima ted 1 00-year maximum f l ood of 440 , 000 cfs wou l d  res u l t i n  a 

r i ver l eve l  of 356 ± 2 feet at  the 300 Area based on U .  s . Corps  of Eng i neers 

proj ect i on s . Th i s  projecti on i s  ba sed on frequency ana lys i s  of actua l fl ood 

records for the Col umb i a  R i ver as adj u s ted for 1 97 5  fl ood con trol ca�ab i l i ty .  

The 1 00-year f l ood h a s  a magn i tude  that may b e  equa l ed or exceeded onc e  every 

hundred years , on the  average . Pea k e l evati ons for the 2 5-year and  50-year 

fl oods are about two feet and one foot bel ow the 1 00-year fl ood l eve l , 

respect i vel y .  

The  Proba bl e Max imum F l ood ( PMF )  h a s  been eval uated by the  U .  s .  Corps of 

Eng i n eers for 1 97 5  regu l ated fl ow cond i ti on s .  Accord i ng  to the  Corps of 

Engi neers projecti ons , the PMF wou l d  have a fl ow of 1 , 440 , 000 c fs and wou l d 

resu l t  i n  a r i ver l eve l  of .382 ± 4 feet at  the 300 Area . ( The  r i ver l eve l  

reported by the Corps of Eng i neers i s  for r i ver mi l e  348 . The i r  reported 

r i ver l eve l  was adj u s ted to the  300 Area , wh i ch l i e s  between r i ver mi l es 344 

and 345 . The correct i on a pp l i ed was two ft for fl ow of 440 , 000 cfs and 

four feet for a fl ow of l , 440 , 000 cfs , as  based on Corps of Eng i neers hydro

graphs . )  The PMF a s s umes the most  s evere fl ood cond i ti on s  con s i dered rea

s onab ly  poss i b l e .  These cond i ti on s  i nc l ude winter snow accumu l ati on , l ate 

and  rap i d  s pr i ng  mel t i n g ,  s torm ra i nfa l l , and hydrol og i c  cond i t i on s  through

out the enti re Col umb i a  Ri ver dra i nage system . 
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Lands l i des of  more than a m i l l i on cub i c yards  have occurred a l ong the Wh i te 

B l u ffs to the north wi th i n  the l ast  1 2 , 000 years and more may occu r .  However , 

i t  i s  not anti c i pated t hat  the r i ver wi l l  be impounded . 

S i gn i f i cant  fl ood i ng res u l t ing  from freez i n g  of the Col umb i a  Ri ver i s  not 

cons i dered a probl em .  The r i ver has  frozen c ompl etely  over a number of  t imes 

but has never experi enced c ompl ete fl ow s toppage or s i gn i fi cant fl ood i ng due  

to  i ce b l oc kage . Sheet i ce format i on compl ete ly  covering  the  ri ver is  very 

i nfrequent,  hav i ng l ast occurred 40 years ago during  the w inter of 1 936- 1 93 7 .  

The erec t i on o f  dams o n  the Col umb i a  Ri ver ha s reduced the potenti a l  for i c e  

bl oc kage and fl ood ing  because of  a s i gn i fi cant i nc rease i n  average w inter 

fl ow rates . 

Fl ood i ng on the Ya k ima Ri ver wou l d  not affect the 300 Area . The max i mum 

recorded fl ow of the Ya k i ma wa s 67 , 000 cfs meas ured i n  1 933 . 

Because of d i s tanc e ,  fa i l u re of  the 1 50- foot- h i g h  el evated water tan ks 

( 7 5 , 000 and 1 00 , 000 ga l l ons ) wou l d  not cause s i gn i ficant  damage to any ex i st

i n g  300 Area fac i l i ty w h i c h  conta i ns rad i oacti ve mater i a l . The probab i l i ty 

of fai l ure o f  the h i g h  tan ks i s  bel i eved to be accepta bly l ow but has  not 

been s pec i fi ca l l y  analyzed . 

Fl ood i n g  by rai nwater i s  not c on s i dered pro ba bl e .  The fl u v i ati l e  and g l ac i o

fl uv i at i l e  s ed iments ( sands and gravel s ) wh i c h  underl i e  the s i te to a depth 

of a bout 20  to 25  feet have very h i g h  permea bi l i ty and are capab l e of  stori ng  

vast quanti t i es of  water . 

A . 1 . 3 . 3  Groundwa ter 

The 300 Area has a water tabl e wh i c h  var ies  from 350 feet at the wes t  boundary 

to 340 feet ( ri ver l eve l ) on the east s i de . ( Land s urface el evati on i s  400 
• 

ft a bove sea l evel . ) The groundwater corrrnu n i cates d i rectly wi th  the r i ver , 

wi th  the vel oc i ty of  fl ow toward t he ri ver 1 5  to 80 ft/day ,
( 3 ) 

depend i n g  on 

l ocat i on . The water tabl e on the east s i de r i ses to a bout 350 feet during  

h i g h  wate r of the  Co l umb i a  Ri ver . 

The u nconfi ned a qu i fer u nderly i ng the Hanford Reservat i on i s  defi ned as  the 

saturated s ed i ment l y i n g  between the water tab l e  and the fi rs t  th i c k ,  i mper

meabl e bed bel ow the water tabl e .  The satu rated i nterval  l i es partly i 11 
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sed i ments of the Up per Ri n go l d  Formati on and i n  other p l aces i n  mostly 

fl uvfati l e  and g l ac i ofl uvi ati l e  sands  an d grave l s .  Ta bl es A . 1 - 3  and A . 1 -4 

s h ow the maj or geol ogi c  uni ts i n  the Hanford reg i on an d thei r water- beari n g  

properti es . 

Th e p resent el evati on of the uncon fined groundwater aqu i fer can be v i sua l i zed 

by l oo k i ng at th e contour map of the water tab l e  an d the i sometri c proj ecti on 

of the water tab l e  ( Fi gure A . 1 - 8 ) . The map for J an ua ry 1 975 i s  shown i n  

Fi gure A. 1 - 1 2 .  Th e wel l s  u sed i n  determi n i ng the water tabl e  are a l so s hown . 

The accura cy of the contouri ng i s  d i rectly  rel ated to the den s i ty of the 

mea surement po i nts , the l ocal  grad i ents and the accuracy of measuri n g  water 

l evel s and wel l e l eva ti on s .  Data are normal l y  taken to ± 0 . 01 feet. 

A geol og i c  cross  s ecti on , Fi gure A. 1 - 1 1 ,  shows th e wa ter tab l e  el eva ti on s at 

three t i mes duri ng  the h i story of the - Reservati on ( a verti cal  to hori zonta l  

WEST 

ALT I TUDE 

I N  FHT 

200 

100 

699-35-70 

WATER TABLI 

A - JANUARY 1975 

B - OCTOBER 1956 

C - JANUARY 1944 

699-36-61 
299-E -19- 1 

299-E -24-7 

VERTI CAL EXAGGERATION · 52X 

FI GURE A. 1 - 1 1 .  Geol og i c  Cross  Secti on - Han ford Reservati on . 
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System 

Q u a ternary 

Ser i e s  

P l e i sto
cene 

M i ocene 
a n d  

P l i o cene 

Tested 

G l a c i ofl u v i a t i l e  

G l a c i ofl u v i a t i l e  
and R i ngol d 

Tab l e A. 1 - 3  
MAJ OR GEOLO G I C  U N I T S  I N  THE HANFORD RE G I ON AND 

THE I R  WAT E R - B E AR I N G  PROPERT I E S 

Geo l ogi c Un i t  

F l u v i a t i l e  a n d  g l a c i o
fl u v i a t i l e  s e d i ments 
a n d  the Touc het forma
t i on . ( 0- 200 ft t h i c k )  

P a l ouse So i l  ( 0-40 ft th i c k )  

R i n g o l d forma t i o n  ( 200-1 , 200 ft 
th i c k )  

Col umb i a  R i ver ba s a l t  
seri es ( > 1 0 , 000 ft 
th i c k )  

Rocks o f  u n known a g e , 
typ e ,  a n d  structu r e .  

Mater i a l  

Sands a n d  grave l s  occurri n g  
c h i ef l y  a s  g l a c i a l  o u twa s h ,  
Unconso l i dated , ten d i ng 
toward coarseness and a n g u -1 a r i ty of g ra i n s ,  e s s e n 
t i a l l y  free o f  f i nes . 

W i nd depo s i ted s i l t .  

Wel l - bedded l ac u stri ne 
s i l ts and sands and l oc a l  
bed s o f  c l ay a n d  grave l . 
Poo r l y  sorted , l oc a l l y  
semi -conso l i da ted or 
c emented . Genera l l y 
d i v i ded i n to the l ower 
" bl u e  c l ay "  portion wh i c h 
conta i n s  con s i derabl e 
sand and g ra v e l , the m i d 
d l e  c on g l omerate porti on , 
and the upper s i l t s and 
fine sand porti on . 

B a s a l t i c  l av a s  wi th i n ter
bedded sedimentary rocks 
underl i e  t he uncons o l i dated 
s e d i ments . 

Proba b l e meta sed i ments 
a n d  metavo l ca n i c s .  

Tab l e  A . l - 4 

Wate r - B ea r i ng Properti es 

Where be l ow the water tabl e ,  s u c h  
depo s i ts have v e r y  h i g h  permea bi l 
i ty a n d  a r e  capabl e of stori ng v a s t  
amo u n t s  of wa ter . H i g hest permea
b i l i ty v a l u e  determi ned was 
1 2 , 000 ft/ d a y .  

O c c u r s  everywhere a bove the water 
tabl e .  

Has rel a t i v e l y  l ow permea b i l i ty ;  
v a l u e s  range from l t o  200 ft/ day. 
Storage capac i ty correspond i ng l y  
l ow .  I n  v e r y  mi nor p a r t ,  a few 
beds o f  gravel and sand are suf
fi c i en t l y c l ean that permeab i l i ty 
i s  modera t e l y  l a rg e ;  on the other 
han d ,  some beds of s i l ty c l ay o r  
o r  c l ay a re e s senti a l l y i mperme a b l e .  

Rocks are genera l l y  de n s e  except 
for numero u s  s h r i n kage crac k s , 
i n terfl ow scori a zones , and i n ter
bedded s e d i ments . Permeabi l i ty of 
rocks is sma l l ( e . g . , 0 . 002 to 
9 ft/ day) but transm i s s i v i ty of a 
t h i c k  sec ti on may be con s i de ra b l e  ( 70  to 700 ft7/day ) .  

AVERAGE F I E L D  HY DRAUL I C  CONDUCT I V I T Y  ( FT/ DAY ) MEASUREMENTS 

Pump i n g  
Tests 

1 , 200- 1 2  , 000 
1 20-670 

Spec i fi c  Tra c e r  Cyc l i d  Gra d i ent 
Capa c i ty Tests Tests F l u c t u a t i ons Method 

l , 300- 1 7 , 000 
1 30-530 

8 , 000 2 , 200-7 , 600 
1 30-800 

R i ngol d ( i n c l u d i ng c l ay s )  1 - 200 8-40 20-60 1 3-40 
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R ESERVATION HANFOR
T�BLE MAP WATER 

JANUARY 1 975 

A BOVE WATER TABll f" �> BASALT OUTCROP 

S IN FEET ABOVE , 1_ WATER TABll CONTOUR --
MEAN SEA liVH 

• l'tl:LL 

TH WATER SURFACE D POSAL PONO WI < l2li ��S
VATION IFT-MSU 

.. NATURAL PONO 

l ----
MILES 

F I GURE A . l - 1 2 .  f d Reservati on Han  or ��a ter Tabl e Map .  
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di storti on i s  noti ceabl e ) . The depth to the water tab l e  va r ies  greatly from 

p l a ce to p l ace ,  depen d i n g  c h i efl y on l ocal  topog raphy , and ranges from l es s  

than one to more than 300 feet bel ow the l an d  s urfa ce . The curren t esti mate 

of the max imum saturated t h i ckne s s  of the unconfined aqu i fer i s  abo ut 2 30 

feet .  Depth to the water tab l e  at  the 300 Area i s  approxi mate l y  1 60 feet.  

From 1 944 through  1 97 3  ( the l ast year for wh i ch data have been compi l ed ) , the 

chemi cal  proce s s i ng p l ants  in  the 200 Areas have d i s charged to ground over 

1 32 b i l l i on ga l l on s  (4 x 1 0
5 

a-f ) of waste wa ter and  cool i n g  water .  Such  a 

l arge vol ume of wate r has  had  a profound effect on the reg i on a l  water 

tabl e .  Water tabl e maps have been prepared over the years ; a representati ve 

s el ecti on of wa ter tab l e  maps  for the 30 years of Hanford operati on i s  

ava i l ab l e .  

Consti tuents wh i ch a re detectabl e  over a s i gn i fi cant area i n  the groundwater  

a re gro ss beta emi tters , tri t i um ,  and n i trate i on .  H i sto ri ca l l y ,  s i nce the 

gro s s  beta emi tter away from the d i s posal  s i te has  been pri mari l y  
1 06Ru , 

the g ross  beta mea s urement concentrati ons are cal cu l ated a s  
1 06Ru .  Tri ti um 

and n i tra te i on are a l so  poorly absorbed on the so i l  and thus  move pri mari ly  

by  con vecti on wi th the g ro un dwater .  They have formed the  p l umes  of contami na

t i on s h own i n  Fi g ures  A .  1 - 1 3 , 1 4 ,  a nd  1 5  drawn from the  average con centra

t i ons measured J u l y- December 1 973  from the vari ous  samp led  wel l s . 

Concentrat ions  of beta emi tters and tri t i um i n  300 Area groundwaters are both 

l es s  than the most restri cti ve con centrati on g u i de as found in ERDAM 0 524 .  

Ni trate concentrati on s  a re a pproxi mate l y  equal  to or l e s s  than Publ i c  Heal th 

Serv i ce Dri n k i ng Water Standards ( Revi sed 1 962 ) . 

A .  1 . 4 Meteorol ogy 

The Hanford Reservati on l i es  east of the Cas cade Mountai n s  and , a s  a res ul t ,  

h a s  a s emi -ari d c l i mate refl ect i ng  the ra i n  s ha dow effect that the mountai n s  

have i n  b l ock i n g  most o f  the moi sture carried i n  from the Paci fi c Ocean by 

t he preva i l i n g  westerl y w inds .  The summer season i s  chara cteri zed by hot , 

c l ea r ,  dry weather wi t h  occas i ona l  strong wi nds  and some cl ouds a s soci ated 

w i th mi l d  d i sturbances mov i ng i n  from the Pac i fi c . In the wi n tert i me ,  the 

i ntru s i on of cl o uds  and l i m i ted ra i n fa l l i s  a ssoci ated wi th the re l ati ve ly  

A-27 



GROSS BETA CONCENTRATIONS 
ICALCUlATED AS lll6fful 

DECEMBER 1974 

IIIIlIIl!ll Ql-lpCilml 

l!lllill!llil 1-IOpCilml 

- > !O pCilml 

� BASALT OUTCROP ABOVE WATER TABL£ 

WELL 

MILES 

F I GURE A .  l - 1 3 .  Average Gross  Beta ( a s  
( Concentrati on Gu i de :  

1 06
Ru ) Concentrati ons for 1 973 

1 0  pCi /ml ) . 
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TRITIUM <3Hi CONCENTRATIONS 

DECEMBER 1974 

IIIIIIIIIII 1-lllloCG 

h''"'''J 10-100'!> CG 

- ">lOO'l> CG 

(!ZlZJJ BASALT OUTCROP ABOVE WATER TABLE 

WELL 

CG FOR 3H IS 3000 pCi/ml 
l 2 3 4 

MILES 

F I GU RE A .  1 - 1 4 .  Average Tri t i um ( 3H ) Concentrati ons for 1 973 
( Concentrati on Gu i de :  3000 pC i /ml ) . 
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N ITRATE INOJl CONCENTRATIONS 
DECEM BER 1974 

C':J \-!()!, PHS DRINKING WATER STANDARD 
LZJ !D-\QIJ!, PHS DRINKING WATER STANDARD 

) c::::::J \QI)!, PHS DRINKING WATER STANDARD 
<llZZZJ BASALT OUTCROP ABOVE WATER TABLE 

WELL 
DRINKING WATER STANDARD IS 45 1TI9/I 

MILES 

F I GURE A . 1 - 1 5 . Average N i trate Ion  ( NO- ) Concen tra ti ons for 1 973 
( Dri nk i ng Water Standar� : 45 mg/ 1 ) . 
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i nten se wea th er d i sturba n ces  mov i n g  eastward over the Pac i f i c  Northwest .  

These a re occa s i ona l l y  i nterrupted by i ntrusi on s of continenta l pol a r  a i r  

masses  movi ng southward from Canada wh i ch bring col der ,  dryer a i r to the 

Hanford Re servati on . 

The l oca l  topography a l so affects the area ' s cl i ma te . Due to the d i stri bu

tion of h i l l s , r i dges , and the val l eys lying between them feed i n g  i n to the 

Reservati on , the winds  i n  vari ous parts of the reserva t i on have preferred 

d i recti on s .  T h e  topog raphy not on ly  channe l s l i ght  wi nds  res u l t i ng  from 

l arge- s cal e pressure pattern s ,  but a l s o  funne l s dra i na ge w inds  fl owi ng  up 

or down the s l o p i ng val l eys i n  res pon se  to d i fferen t i a l  ground heat ing  and 

cool i n g .  

A .  1 . 4 .  1 The Meteo rol ogy of the 300 Area 

Al though very deta i l ed meteorol og i cal  mea s urement s  and  o bservati on s have 

been ma de on a con t i n uou s bas i s  s i n ce 1 944 at  the Han ford Meteorol og i cal  

Stati on ( HMS ) l ocated near the center of the Hanford Reservati on , rel atively  

l i ttl e meteoro l og i ca l  data  mea s ured i n  the  300 Area are avai l abl e .  The HMS 

observat ions  h ave been ful l y  documen ted
( l )

, but a re not a comp l ete l y  accurate 

descri pti on o f  the 300 Area weather con d i t i on s ,  s i n ce the HMS i s  l ocated 

20 mi l e s  no rthwest of  th i s  Area . Th i s  i s  espec i a l l y  true of the meteorol og i cal 

parameters such as w inds  and temperature , wh i ch are kn own to be h i g hl y vari ant 

spaci a l l y on the Hanford Reservati on .  However , meteorol og i cal  observati on s 

t a ken at  the HMS can  g i ve extremPs , trends , an d ran ges  of wi nds , temperature ,  

and  other parameters c l osely approxi mati n g  those preval ent i n  the 300 Area . 

Furthermore , weather phen omen a wi th a hori zontal  l en gth s ca l e  comparati ve with  

that  of the  Hanford Re servati on , such  as  thunderstorms , or  bl owi n g  dust , cou l d  

a ccurate l y  be descri bed for the 300 Area by observati on s  made at the HMS . 

Therefore , the fol l owi ng  syn ops i s wi l l  d i scuss  condi t i on s  observed at  the 

HMS un l es s  stated otherwi se.  Emph as i s  i s  pl a ced on general trends , extremes 

and ranges of meteorol og i ca l  parameters whi ch may be observed i n  the 300 Are a .  
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A .  1 . 4 . 2  Temperature 

Tempe ratures observed on the Han ford Res erva ti on can be di s cus sed  on the 

bas i s  of l o cal reco rds from 1 9 1 2  to 1 9 70 . On the average , Jan uary i s  the 

col des t month wi th an average temperature of 29 . 4 °F .  Th e average maxi mum 

and  average mi ni mum tempe ratures for January are 36 . 7 °F  an d 22 . 1 ° F ,  fo r an 

ave rage January temperature range of 1 4 . 6 ° F .  The co l des t January on record 

had an average temperature of 1 2 . 1 ° F ,  and th e col dest recorded temperature 

s i nce 1 9 1 2  was - 27° F .  The greatest wi ntertime dai l y  tempe rature was 

42°F .  The  average number of days i n  a year wi th m i n i mum temperatures of or 

bel ow 32° F  i s  1 1 5 ,  and th e l ongest uni nterrupted per i od of freez i n g  tempera

tures was 23  days . 

The wa rmest month of the year on th e average i s  Ju l y ,  wi th an average tempera

ture of 76 . 6° F .  The average maximum and mi n imum temperatures for Jul y are 

9 l . 8° F  an d 61 . 0 ° F ,  wi th an average Ju ly  range of 30 . 8° F .  The wa rmest J u ly  

experi enced o n  the Han ford Res ervati on h a d  a n  average temperature of 8l . 8° F  

and  the warmest temperature reco rded was 1 1 5 ° F . The greatest summerti me dai l y  

temperature ran ge was 44° F ,  th e average number o f  days wi th maximum tempe ra

tures at  or i n  excess of 1 00°F  i s  1 3 , and the l ongest stri ng  of cons ecuti ve 

days wi th max imum temperatures greater than or equal to 1 00 ° F  was 1 1 . 

Several cha racteri st i cs of th i s  area res ul t i n  al l owi n g  th e temperature 

to change s i gni fi cant ly  over rel ati vel y  short peri ods of time . Fi rst , th e 

drynes s of th e ai r res u l ts i n  a much greater heat l o s s  by the ground to s pace 

at n i ght than area s wi th h i gher humi d i t i e s .  Th i s  ca uses s urface temperatures 

to fal l q u i te rapi d ly  after s undown on cl ear n i ghts , an d resu l ts i n  compara

ti vely l ow ni ghtti me temperatures .  Warm and  col d fronts pas s i n g  through the 

area can cause noti ceabl e temperature changes , and qui te s evere temperature 

drops are experi enced wh en the conti nental pol ar a i r  masses  make i ntrusi ons 

i n to the regi on . Fi na l l y ,  the l ocation on the l ee s i de of the mounta i n s  can 

often res ul t i n  the ch i nook  phen omenon , a warm wi nd  re s u l ti n g from downs l ope 

s ubs i dence of a i r hav ing  a decreas ed water vapor content due to ra i n  con dens i n g  

and fa l l i ng  out of i t  on the wes t s i de o f  the mounta i n s .  I n  an extreme case 

of  the ch inoo k ,  the temperature has i n creased by 24°F in an hour .  

A- 32 



A . 1 . 4 . 3  Humi di ty 

The re l ati ve h umi di ty of  the Hanford Re servations  vari es  wi th the s easons , 

most ly  because of temperature vari ati on . Th e average Jan uary rel ati ve 

h umi di ty i s  75 .  7% , whi l e  the average J u ly  val ue i s  31 . 8% .  The wi ntertime 

frontal  s torms can bri ng  i n  s ome moi sture caus i n g  most o f  the fog an d rai n 

experi enced i n  the wi nter month s .  

Beca use  the  300 Area i s  l ocated next to th e Col umb i a  Ri ver ( un l i ke the HMS 

from wh i ch the above val ues are taken ) , i t  i s  l i ke l y  to have s l i ght ly  h i gher 

re l ati ve h umi di ty val ues for the s ame ai r temperatures because of  ri ver water  

evaporati on . Th us , i t  i s  poss i b l e that  fog co u l d form i n  the  300 Area and 

not form at the HMS , even though the two l ocati ons reg i s ter the same tempera

ture . Th e di fferen ce i n  the n umber of days i n  whi ch fog i s  observed s hou l d 

be  few , however , s i nce both areas wou l d  normal l y  have val ues be l ow the near 

1 00% re l ati ve humi di ty requi red for fog formati on . 

A .  1 . 4 . 4  Wi nd  

Surface wi nd  observati ons have been reco rded i n  th e past  at th e 300 Area , 

and  a t ime di stri buti on st udy of the i r  di recti on an d s peed s how s i gn i fi cant 

di fferences from th e l ow- l evel wi nds recorded at  th e HMS .  Wh i l e  the pre

dom inan t  wi n d  d i recti on at the HMS i s  northwesterl y because of l ocal topo

graph i c  i n fl uences , the predom inant di recti on in the 300 Area i s  southwes t

er ly .  I n  both cases , however , t he  predomi nant di recti on for the  stron ges t  

w i n d� i s  s o uthwes terl y .  Th es e  wi nd  di recti on s are more often a res u l t  

o f  l a rge- sca l e pres s ure patterns ( the Paci fi c storms ) than from to pograph i c  

i n fl uen ce . Jo i nt w i n d  s peed and wi n d  di recti on frequen cy di stri buti ons have 

been tabul ated for both the HMS ( l ) and the 300 Area ( 2 ) . Al so , wi n d  ros es 

have been p l otted  fo r many l ocati ons on the Han ford Reservati on ( 3 ) _ 

Al tho ugh no verti cal p rofi l e  of wi nds have been measured i n  the 300 Area , 

tho s e  meas ured at  th e HMS s how how the rate of chan ge of wi nd  ve l oci ty w ith  

h ei ght vari es sea sona l l y  and  di urnal l y . I n  th e s ummerti me , general l y ,  very 

l i tt l e di recti on s hear occurs ; but duri ng the wi nte r ,  wi th i ts di sturbance

re l ate d  temperature changes , the wi n d  d i recti on tends to vary with  he i ght 

much of the ti me.  Th e vari ati on of wi n d  s peed wi th hei ght i s  al ways greatest 
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under the most stabl e con d i ti ons , wh i ch on a di urnal  s ca l e  occur at  n i ght .  

Th i s  va ri ati on i s  g reatest  duri n g  s ummer ni ghts . 

Strong wi n ds have occurred on the Hanford Reservati on , and are us ua l l y  

ass oci a te d  w ith  the strong press ure gradi ents connecte d  w i th the wi n ter  s torms . 

Al tho ugh the average w i n d  s peed i n  J une ( meas ured at a hei ght of 50 feet ) i s  

approximate l y  1 . 5  ti mes that fo r Decembe r ,  December has had fi ve ti mes as  

many occurren ces of  wind  s peed greate r  than  3 1  mph  as J une . On the other 

han d ,  De cember has many more i n stances of ca l m  and l i ght wi n ds than June 

norma l l y  has . Neverthel es s ,  the odds are that the strong wi n ds wi l l  come 

dur ing  the w inte r  months . The h i ghest wi n d  s peed ever reco rde d on the H an ford 

Re� ervati on at  a he i ght of 50 feet was a gust of 80 mph associ ated  wi th gal e 

force wi n ds .  Th i s  occurre d  beh i n d  a wi ntertime occl ude d  front . 

One funnel  cl o ud occurred on the Hanford Res ervation i n  1 948 that has not 

been con fi rmed  as a tornado .  Th i rteen tornados were con fi rmed  wi th i n  1 00 

mi l es of  the HMS i n  the l ast  60 years . There i s  s ome evi den ce ( 4 ) that  there 

may be prefe rred reg i ons of Oreg on , Was h i n gton , an d I daho for tornado fonna

ti on .  Even s o ,  the probab i l i ty of a tornado fanning  and then stri k i ng the 

Exxon N ucl ear  Company , I n c . , fo r exampl e ,  i s  esti mate d to be s i x  chances  i n  

a mi l l i on duri ng  a gi ven year ( 5 ) . The maximum wi n d  s peed for the Hanford 

s i te i s  esti mate d  in the  Fast  Fl ux Test  Faci l i ty Env i ronmental  Statement 

( WASH- 1 5 1 0 ) as 1 75 mph .  Th i s  ag rees wi th the best est imate of 1 74 mph i n  the 

s tati s ti cal tornado study made by Exxon Nucl ear Company , I n c .  ( l 5 ) ( formerl y 

Jersey N ucl ear Company. ) Th e occurrance of a typhoon ( Pac i fi c hurri cane ) , 

another s ource of strong w i n ds , can be vi rtua l l y  ru l ed  out i n  th i s  reg i on . 

A .  1 . 4 . 5 Prec ipi tati on 

The ave rage ann ual prec i pi tati on for the Han ford Res ervati on meas ure d  at 

the HMS i s  6 . 25 i n ches . Fo rty- two percent of th i s  amount fal l s  from November 

through Jan uary ,  whi l e  on l y  1 0  percent fa l l s  from Ju ly  through September . 

Preci pi tati on fal l s  on 1 32 days out of the average year , but onl y  24 of these 

days rece i ve O .  1 0  i n ches or more . The l a rgest number of cons ecuti ve days i n  

wh i ch s ome preci pi tati on fel l  i s  1 5 ,  and the l ongest per iod  wi thout meas ur

abl e preci pi tati on i s  1 0 1 days . The greatest ra i n fal l rate measured  ove r  a 

peri od  of 1 2  hours or more was 1 . 88 i n ches i n  1 2  hours . 



About 40 percent of  al l prec i pi tati on fal l i ng from December th rough  February 

i s  as s now .  On the average ,  w inte rs have on l y  fi ve days on whi ch s i x  or more 

i n ches of snow accumul ates . The l ongest conti nuous  peri o d  i n  whi ch the snow 

cover was s i x  i n ches or  more was 32 days . The greatest recorde d snowfa l l 

was 1 2 . l  i n che s . 

A . l . 4. 6  Mi s cel l aneous Phenomena 

Th understorms are recorde d ( l ) i n  Hanford Res ervation  records as th understorm 

days . A thunderstorm day i s  a cal endar day duri ng whi ch th under i s  heard .  

Vi rtual l y  a l l thun de rstorms occur duri ng  the months  of Apri l through September , 

averag i ng 1 1  days per year.  Though a severe th understorm i s  rare l y  experi enced 

i n  th i s  area ,  l i ghtn i ng s tri kes have set off grass  fi res on the Hanford Reser

vati on burn i ng thousands of acres of gras s .  

Ha i l  has  fa l l en i n  every month from February through October , a l though i t  i s  

norma l l y  more cl osel y as soci ated  w i t h  th un de rstorms . Ha i l  i s  a rare event , 

h av i ng  occurred on on l y  1 4  days of a 25- year record .  Hai l s el dom occurs 

because  i ts formati on requi res an abundance of s uper- cool e d  water dropl e ts 

i n  the cl ouds , a rar i ty i n  th i s  dry reg i on .  Hai l stones have ranged i n  s i ze 

from 0 . 2 i n ches to 0 . 4 i n ch es on the Hanford Reservati on . 

Fog has been observed i n  every month of the year at  the HMS ,  but 95% of  al l 

fog occurrences were d uri ng  the months  from November through February .  Fog 

i s  observed at  the HMS on the average of  38 days per year .  As ment i oned  

earl i e r ,  th i s  n umber cou l d be  s l i ght ly  l a rger for the 300 Area due to  i ts 

Col umbi a Ri ver proxim i ty .  Radi ati on fog ,  a res u l t of nocturnal  cool i ng near 

the gro und , i s  by far the most common type . I t  occurs i n  conj uncti on wi th 

l ow s urface w i n d  s peeds . When freezi ng temperatures occur duri n g  fog peri ods , 

th e water dropl ets come i n  contact wi th objects and freeze on them , res u l t i ng  
' 

i n  ri me i ce depo s i ts .  Occas i onal l y  s u ch depo s i ts have been heavy enough to 

� break some l ocal e l e ctri c l i ne s .  

B l owi ng  dust  a n d  s us pended dust are events restri cti ng  vi s i b i l i ty to s i x  

mi l es o r  l es s .  Wh i l e  b l ow ing  dust usual l y  occurs wi th wi n d  s peeds varyi ng  

from 1 9  to 60 mph , s us pended dust  can occur i n  wi nds as  l i ght as 4 mph . Wi n ds 

from any di recti on can caus e  b l owi n g  dust or suspended dust , but  by far the 
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most  common di recti on s o urce i s  so uthwesterl y .  I t  wi l l  be recal l e d th at 

th i s  i s  the " s trong  w i n d" di recti on fo r the Han ford Reservati ons . 

A . 1 . 4. 7 Po l l uti on Di spers i on Ch aracteri st i cs 

Li ght wi nds an d i n vers i ons  are the pri mary i n h i b i tors of di s pers i on of gaseous 

or  parti cu l ate pol l uti on . Because of th i s  area ' s dry , cl ear c l imate , noc

turnal  i n vers i ons occur regu l arl y ,  but  are most severe i n  th e s ummer month s .  

However ,  the  l ow- l evel i n vers i ons are al most al ways eradi cated duri ng  th e 

day by strong s urface heati n g .  Th us , wh i l e  fore i gn mate ri al may be trapped 

w i th i n  the  i n ve rs i on l ayer adjacent to th e ground  on a cl ear ni ght , i t  wi l l  

a lmost al ways be di s persed by the l ow- l evel turbul en ce caused by dayl i ght 

h eati n g .  Overal l ,  J une has the most unstabl e days ( s trongest decreas e of 

temperature w i th hei ght an d di s pers i on of pol l utants ) ,  whi l e  October has the 

most s tab l e  n i ghts ( s tronges t i n crease of temperature wi th hei ght an d 

trappi ng  of pol l utants ) .  

Norma l l y , l i ght w i n ds accompany the no cturnal  i n vers i ons . However , these  

i n vers ions can be  s ustai ned  in  the  presen ce of wi n ds up  to 20 mph as  l on g  

a s  t h e  wi n ds are s teady an d not gusty .  I n  th i s  case ,  pol l utants woul d b e  

trans po rted hori zonta l l y ,  but woul d un dergo very l i ttl e verti cal di s pers i on .  

Verti cal d i s pers i on can on ly  occur when th e i nvers i on i s  d i s s i pated .  Th i s  

happens duri ng  turbu l ent con di ti ons s u ch as gusty wi nds , the presence of 

l ocal obstructi ons to fl ow , or verti cal up drafts due to ground h eati ng . Si n ce 

comb i n ati ons of the turbu l ent condi ti ons  are more effi ci ent i n  th e di s pers i on 

of pol l utants than any s i ng l e  condi t i on , wi n dy days have better pol l uti on 

di s pers i o n  characteri sti cs than do w i n dy ni ghts . 

Stagnati on , the oppos i te of the wi n dy con d i t i ons  des cri bed above , can occur 

for extended peri ods of time.  It i s  defi ned as the pers i stence of a g i ven 

vol ume of a i r  over a reg i on characteri zed by a peri od  of dai l y  average w i n d  

s peed fi ve mph o r  l es s , w i t h  n o  gusts  greater than 1 5  mph . The months o f  

l i ghtest average w i n d  s peed ( November th rough February )  studi ed  over a 1 5- year 

peri od s howed one case of 1 9  and 20 days ' stagnati on peri ods back to back . 

Al though s uch extreme cas es can on ly  be  expected about once i n  20 years , a 

1 0- day s tagnati on peri od can be  expected every other s eason from probab i l i ty 

cons i derati ons . These s tagnati on peri ods re s u l t from · the  i nterruption  of 
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the  w i nterti me Paci fi c s torms propagati ng  eastward across  the reg i on bri n g i n g  

w i th them rel ati vel y strong wi n ds a n d  unstab l e  cond i ti ons . 

Al though comb i ne d  wi n d  and s tabi l i ty meas urements have never been conducted 

on a cont i n uous bas i s  i n  the 300 Area , s u ch measurements have been un dertaken 

over a peri od of one year at a meteo ro l og i cal tower l o cated  adjacent to th e 

constructi on s i te of the Was h i ngton Publ i c  Power Suppl y Systems ( WPPS S )  

No . 2 power pl ant . Th i s  tower i s  l ocated  about s even mi l es northwest of th e 

300 Area .  Be cause of i ts proximi ty and s i mi l ar s urroun di n g  topography , the 

WPPSS No . 2 tower data are con s i dered to be general l y  repres entati ve of the 

cond it i ons as  they mi ght be  meas ured i n  th e 300 Area .  They are certai n l y  

mo re rep resentati ve of average 300 Area meteo rol og i ca l  con di t i ons  than those 

meas ured  at  the di s tant HMS . 

Wi nd  vel oci ty an d a i r temperature meas urements made at the WPPSS No .  2 tower 

at  hei ghts of 33  feet and 245 feet have been anal yzed to produce val ues of 

the average atmospheri c di l uti on facto r ,  x/Q .  Th i s  i s  a meas ure of the 

average effi ci ency of pol l utants di s pers i on for a parti cul ar area bas ed on 

that area 1 s w i n d  and  s tabi l i ty cha racteri sti cs . For a gi ven d i s tan ce an d 

di recti on from the s ource , the smal l er the val ue of x/Q ,  the more effi c i ent 

the di s pers i on of pol l utants i s  at  that po i nt .  Tab l e A .  1 - 5 s hows the res u l ts 

o f  ca l cu l ati ons whi ch were made a s s umi ng  a ground  l evel  rel ease .  These  

val ues are u l ti matel y used for estimati ng radi ati on dose l evel s fo r a 

n ucl ear faci l i ty .  Th e l ow val ues throughout the tab l e  i n di cate that , on 

the average , the area i n  q uesti on has good a i r pol l uti on di s pers i on characte r

; s ti cs . 

A .  1 . 5  E co l ogy 

The Han ford Reservati on i s  an i so l ate d ,  control l e d access  area and has been 

us e9 for producti on and test  reactor operati ons for over two decades . Pl ants 

and ani mal s are , for the most part , natural l y  occurri ng s peci es . Agri cu l tural 

p roducti on  i s  l i mi ted to the peri phery of the Reservati on , the cl osest po i nt 

bei ng nearly one- ha l f mi l e  due east of the HFNS s i te .  
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A . 1 . 5 . l  So i l  

So i l s  of the Hanford Reservati on formed from fi ve k i n ds of  parent mate ri al , 

i n cl u di ng recent a l l uvi um , ol d al l uvi um { gl aci a l  outwas h ) , wi n db l own san d ,  

l acustri ne ( l a ke- l ai d )  depos i ts ,  and  l oess  ( w i n d- l a i d )  depo s i ts . Basal t 

bedrock under l i e s  al l of  these depo s i ts .  The mi neral ogy of the parent materi a l  

i s  vari ed , res u l ti ng jn  part from weatheri ng  of l o cal bas a l ts and  i n  part from 

weath eri ng  of  i gneo us and  metamorph i c  rocks to the north and east of the Han ford 

Reservati on . 

Th e s oi l s  of the Hanfo rd Re servat ion  have been mappe d ,  des cri bed , and  cl a s sed  

Phys i ca l  and  chemi cal characteri sti cs of major so i l se ri es o f  th e Hanford 

Reservati on  are al so avai l abl e .  The  so i l in  the vi c i n i ty of the 300 Area 

may be des cri bed as a dark- co l ore d ,  coarse or med i um textured so i l  underl a i d  

by grave l . The s urface s oi l  i s  general l y  a bout 36 i n ches th i ck .  Occas ional 

dunes of coarse w i n d  b l own s an d  are present.  The s parse vegetati on  s upported 

by these so i l s  can be  used for grazi ng , but  s u ch use i s  severel y l i m i te d  by 

the s h a l l ow s o i l , ero ded , rough , s tony or very dry sandy con di t i ons . 

A .  1 . 5 . 2 Vegetati on 

The vegetati on  mosai c of  the Hanford Reservati on con s i sts  of  ei ght major k i n ds 

of p l ant commun i ti es i denti fi ed  by the most cons pi cuous or most abundant pl ant 

s peci es : 

• Sagebrush /bl uebunch wheatgras s  

• Sagebrus h/ch eatgrass or  Sagebrus h/Sandberg ' s b l uegras s  

• Sagebrush- b i tte rbrush/cheatgras s 

• Greasewoo d/cheatgrass- sa l tgrass 

• Wi nterfat/Sandberg ' s b l uegras s  

• Thyme buckwheat/Sandberg ' s  b l uegrass  

• Cheatgrass-tumbl e mustard 

• Wi l l ow 
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The most broad ly  di stri b uted  vegetati on- type on th e Hanford Res ervati on i s  

the  s ageb rus h/cheatgrass  or s agebrus h/Sandberg ' s b l uegras s associ ati on . Th i s  

associ ati on i s  typi cal o f  the 300 Area except for th e add i ti on o f  bi tterbrus h 

i ntermi ngl ed amon g the s ageb rus h s h rubs . Large range fi res have occurred on 

the Hanford Reservati on ; the l argest covered over 1 9 , 000 conti guous acres i n  

1 970 but di d not affect the 300 Area . The fi re effecti vel y removed much of 

the s urface vegetati on . Th e most effi c i ent early i nvader of these burned  

areas was tumb l eweed .  

A . 1 . 5 . 3  Mamma l s 

The mu l e  deer i s  the on l y  b i g  game mammal normal l y  foun d on the Han ford Res er

vati on , a l though a wh i te- tai l deer has been reco rded .  A s i n g l e el k res i ded  

on the  Res ervati on for a few months i n  1 9 71 - 72 , probab ly a mi grant from the  

B l ue Mo untai ns 70  mi l es to  the east .  Most  of the mul e deer on the Hanford 

Res ervati on  occur al on g  the Col umb i a  Ri ver , wi th smal l er con centrati ons near 

Gab l e Mo unta i n  i n  the 200 Area , at  Rattl es nake Spri ngs , and on the Sni ve l y  

Ranch area i n  the Ratt l esnake Hi l l s . Over the past years , 1 80 fawns ( from 

near the Col umbi a Ri ver on l y )  have been tagged and rel eas ed .  Tagged ani mal s 

h ave been ta ken duri ng the l egal h unti ng s eason from as  far away as Pros s e r ,  

Wa s h i ngton ; a l ong  the Yak ima Ri ver , from Mattawa , i n  th e Sadd l e Mo unta i ns , 

and  near the Wa l l a  Wal l a  R i ver.  

The cottontai l  rabb i t  i s  the only smal l game mammal , with  sma l l popu l at i ons 

s cattered throughout the Res ervati on Area . Th e raccoon i s  probably the  most  

abundant fur beari ng mamma l o n  the Han ford Reservati on , mostly  con fi ned to 

s horel i ne areas of the Col umb i a  Ri ver and waste ponds i n  the 200 Areas . 

Beavers and  mus krats occur i n  ba ckwater area s of the Col umb i a  Ri ver ,  whi l e  

mus krats are found i n  waste ponds and di tches i n  the 200 Areas . M i n k s  occur 

a l ong the Col umb i a  Ri ver , and wea sel s are s cattered througho ut the Hanford 

area . Th e coyote i s  abundant on the Hanford Reservati on as compared wi th  

a djacent l and areas , a l though no accurate esti mate of popu l ati on den s i ty has 

been made. Th e bobcat and badger are present on the Res ervati on but i n  

l ow numbers . 
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The  jackrabbi t i s  wi del y di stri buted on the Han ford Reservati on ; however ,  i t  

i s  l es s  ab undant i n  the s agebrus h/b l uebunch wheatgras s  vegetati on than i n  the 

s agebrus h/cheatgras s and s agebrush- bi tterbrus h/cheatgras s vegetati on- types . 

The  j ackrabbi t i s  an i mportant food i tem for coyotes and raptors . Porcup i nes 

are w i dely di stri buted over th e Reservati on area but are es peci a l l y  ab un dant 

a l ong the Co l umb i a  Ri ver . 

Smal l mamma l s  are abun dant on the Hanford Res ervati on . Thei r popu l ati on 

dyn ami cs have been s t udi ed by mark- and- recapture techni ques . The great bas i n  

pocket mo use i s  the most abundant mammal on the Reservation . Deer mi ce an d 

groun d  s qui rrel s are l ocal l y  abundant , as i s  the pocke t  goph er.  Other smal l 

mammal s  are the harvest mous e ,  house mouse , Norway ra t ,  mo un tai n mol e ,  sage

b rush mol e ,  gras shopper mous e ,  vagrant s hrew , Merriman s hrew , l east ch i pmunk , 

and  wood rat .  

A . 1 . 5 . 4 Bi rds 

The ch uckar partri dge i s  the mos t i mpo rtant game b i rd on the H an ford Res ervati on . 

Mo s t  of the popul ati on i s  concentrated on the Ari d Land Ecol ogy (ALEt Reserve , 

e s peci a l l y i n  the Rattl esnake Hi l l s ,  but l oca l popul at i ons exi st  i n  the 

Gab l e Mo unta i n  and Wh i te B l uffs area . Al though i ntroduced to Wash i n gton from 

Euras i a ,  the chuckar i s  wel l adapted  to the ari d envi ronment of the Hanford 

Res ervati on , feedi ng  upon herbage,  s ee ds an d i n s ects assoc i a ted  wi th dry 

rangel and .  

Ch i nes e  ri n g- necked pheasants are present on the Han ford Res ervati on but i n  

smal l number.  Smal l groups are foun d al ong the Col umb i a  Ri ver , general l y  

ups tream from the ol d Hanford towns i te ,  Rattl es nake Spri ngs and Sni vel y Spri n g .  

The habi tat i s  marg i n al for
.
pheas ant s .  

Ca l i forn i a  q ua i l  are present a s  s cattered l o ca l popul ati ons al ong the Col umb i a  

Ri ver , es peci al l y  on aban doned farmstead s i tes wi th res i dual orchard an d 

s h()d.e, trees , an d aroun d  th e waste ponds  i n  the 200 Areas . 

Mo urni ng  doves are m i gratory bi rds that nest throughout the Han ford Reservati on 

area duri ng  the s pri ng  months . Mos t bi rds have mi grated by October .  
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Sage grous e  are presen t on the Hanford Reservati on i n  smal l n umbers . I n  

recent yea rs most  s i ghti ngs occurred i n  th e Rattl esnake Hi l l s o n  the ALE 

Res erve . Over the yea rs the sage grous e  po pu l ati on dec l i ned  in southeastern 

Was h i n gton as pri st i n�  habi tat was converted to dryl and wheat an d i rri gate d  

agri cu l tural  fi el ds . 

The Canadi an goose i s  th e mo st i mportant of the nest i n g waterfowl on the 

Han ford Reservati on ; the nesti ng  hab i tat is confined  to i s l ands in the free

fl owi ng reach of the Col umb i a  Ri ver. The Col umb i a  Ri ver al so  prov i des  a 

res ti ng s anctuary for mi gratory fl ocks of ducks an d Canadi an geese .  At peak 

mi gratory peri ods , 70 , 000 b i rds or more , mostl y ma l l ards , use th e Hanford 

reach of the Col umb i a  Ri ver. 

Raptori al  bi rds us e the Hanford Rese rvati on as a refuge from h uman i ntru s i ons , 

e speci al l y  duri ng  the nest i ng season . Trees aroun d abandone d farms i n  the 

1 00 Areas and around abandoned  mi l i tary i n stal l ati ons provi de ne sti ng habi tat 

for red- tai l ed hawks , Swa i nson 1 s hawks , and great horned owl s ,  whi l e  pra i ri e  

fal con nes ts are l ocated on Gabl e Butte and al ong  Umtan um Ri dge . The s parrow 

hawk i s  the most abundant of the raptori al  b i rds , and the marsh hawk nests  on 

the Hanfo rd Reservati on ( a s does the burrowing  owl ) ,  but  the osprey i s  on l y  

an occa s i onal  v i s itor al ong the Co l umbi a Ri ver.  The gol den eag l e  and bal d 

eag l e  are both winter vi s i tors . Th e raptori a l  b i rds are of pa rti cul ar  i nterest 

because thei r ancestral ranges are bei ng steadi l y  reduced by h uman en croach

ment . Re l a ti ve ly  l a rge areas of un i n hab i ted  l an d ,  s uch as the Hanford Res er

vati on , provi de a nesti ng  and forag i ng gro un d  for raptori a l  b i rds . 

A .  1 . 5 . 5  Snakes and Li zards 

As compa red wi th th e southwestern Un i ted State s de sert areas , the herpetofauna 

of the Hanford Reservati on , l i ke south- central Was h i n gton i n  general , i s  s pars e .  

The most abun dant repti l e  of  the l ow el evati on steppe vegetati on i s  the s i de

b l otched l i zard . Th e horned l i zard i s  not common and th e sa gebrush  l i z ard i s  

s ca rce . Th e most abun dant s nake i s  th e gopher snake , but  the yel l ow- bel l i ed 

racer and the Pac i fi c  rattl esnake are common . The coachwhi p snake an d th e 

des ert n i ght s nake are s e l dom ob served. 
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Snakes are an i mportant food i tem for the Swa i nson 1 s hawk .  Most  rep ti l es are 

rather wi de l y  di stri b uted over the H an ford Res ervation  i n  smal l numbers , 

general l y  decreas i ng i n  n umbers as el evati on i n creas es . The s i de- b l otched 

l i zard apparent ly  does not occur at al l at  el evati ons above 1 , 300 feet .  

A . l  . 5 . 6  I ns ects 

Lea fhoppers ( Ci cadel l i dae ) , aph i ds (Aph i l i d i dae ) and pl ant hoppers ( F ul gori dae ) 

are a l l p resent , but members of the s uperfami l y  Co cci dea are the most ab undant . 

Th e Co cci dea  are primari l y  mea l ybugs ( Ps e udoco cci dae ) ,  mos t of wh i ch occur i n  

assoc i ati on wi th b l ueb unch wheatgras s .  Ci cadas may peri odi cal l y  b e  conspi c

uous l y  present i n  th i s  area , p ri mari l y  due to the buzzi ng  1 1 s ong"  produced  

by  the mal es . Th e order Orthoptera conta i ns the wel l known fam i l y  Acri di dae 

( g ras s h oppers ) w h i ch are frequent ly  very destructi ve members of gras s l an d 

communi ti es .  Th e gras shopper posses s i ng the greatest potenti a l  for outbreak 

i n  th i s  area i s  the mi gratory grass hopper (Me l anopl us  s angui n i pes ) .  Local i zed  

con centrati ons have occurred at  Han ford i n  the  pas t  and wi l l  probab ly  cont i n ue 

to do s o  i n  the future . Thes e concentrati ons appear to occur on l y  i n  the 

cheatgras s- tumb l e  mus tard vegetati on .  

The order Col eoptera ( beetl es ) consti tutes the l argest i ns ect order and con-

ta i ns near ly  50% o f  a l l known i ns ect s peci es . They are a very di vers e group , 

i n hab i ti ng nearly al l con cei vab l e  types of hab i tat . Some important predaci ous 

beetl e fami l i es i n  th i s  area  are the ground beetl es ( C arab i dae ) ,  ti ger beetl es 

( Ci ci ndel i dae ) ,  checkere d  beetl es ( Cl eri dae ) an d l adybi rd beetl es ( Cocc ine l l i dae ) .  

The weevi l s  ( Curcu l ti on i dae ) are probab ly  th e most i mportant group of pl ant 

eaters i n  th i s  order .  S i xteen s peci es of darkl i ng beetl es are known to occur 

i n  th i s  area . Two s pec i es , Ph i l o l i th us dens i co l l i s and Stenomorpha puncti col l i s ,  

can be parti cu l ar ly  ab undan t .  Ph i l ol i thus  i s  much more abundant i n  nati ve 

gras s l ands than i n  cheatgrass  swards , whi l e  Stenomorpha , somewhat  l es s  abundant 

than Ph i l o l i t h us , i s  l es s  s ens i t i ve to vegetation  type . Stenomorpha , however ,  

does not occur a t  low el evati ons . 

The order Hymenoptera ( a nts , wasps , bee s )  conta i n s  a great number of s pec ies  

th at are ei ther predators or paras i tes , a s  wel l a s  the p l ant pol l i nators 

ess enti al  for ens uri n g  ferti l i zation  of many fl oweri n g  pl ant s peci e s . The 

ants ( Fo rmi ci dae ) can be  an i mportant component of natural systems , but they 
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are not abundant on the Res ervati on . Ants apparent ly  occur i n  al l vegetati on 

types . Members of the fami l y  Speci dae are sol i tary was ps . The I chneumon i dae , 

another Hymemopteran fam i l y , a l so  attack a great vari ety of i n sect hosts . 

However ,  un l i ke the Sphec i ds (who para lyze an d drag thei r prey to a burrow ) , 

the I chnumoni ds are most ly  i nterna l paras i tes  i n  immature stages of  th e host . 

Was ps are very mob i l e  an d occur i n  a l l vegetati on types . 

The col l embol a ( s pri ngtai l s )  p l ay a dual rol e ,  some members feedi ng on 

decompos i n g  p l ant mate ri a l , others feedi ng  di rectl y on l i v i n g  p l ant ti s s ue . 

Col l embol a are very common i n  any mu l ch l ayer but are frequent ly  overl ooke d ,  

due to thei r t i ny s i ze .  The most abundant col l embol a spec i es bel ongs to the 

fam i l y  Smi nthuri dae , s ometi mes cal l ed the gl obul ar  s pri ngtai l s .  

A . l . 5 . 7 Aquati c Ecol ogy 

The Col umb i a  Ri ver i s  the domi nant aquati c ecosystem on the Hanford Reservati on . 

The fi fth l a rgest ri ver i n  No rth Ameri ca , i t  has a total l ength of 1 , 2 1 4  mi l es 

from i ts ori g i n  i n  Bri ti sh Co l umbi a  to i ts mouth at the Paci fi c Ocean . Numero us 

dams have been bu i l t  on the ri ve r ,  w ith the on l y  free- fl ow ing  U .  S .  secti on 

occurri ng  between Pri est Rapi ds Dam and McNary Res ervo i r .  No s i gn i fi cant 

tri butari es enter the stream i n  th i s  secti on , whi ch i s  most ly  conta ined  with i n  

the  Hanford Rese rvati on . The  enti re Col umb i a  Ri ver i s  excepti onal l y  cl ean for 

a ri ver of  i ts s i ze .  Th e on l y  other natural l oti c ecosystem of any s i ze on th e 

Hanford Res ervati on i s  Rattl esnake Spri ngs . 

Several smal l l enti c s i tes , that are a res u l t  of waste di scharge e ffl uents , 

are pres ent wi th i n  the Hanford Reservati on . The l argest of these i s  Gabl e 

Mo untai n Pon d .  Two trenches , total l y  about one acre , recei ve uncontami nated 

p rocess  wa ste generate d i n  the 300 Area l aboratori es and reactor fue l cann i n g  

comp l ex . 

No ecol og i cal  studi es have been conducted on the 300 Area trenches . Vas cu l ar  

p l ants grow down to the water ' s edge,  but the trench proper is  uns u i tab l e  for 

aquati c l i fe .  Ducks are occas i onal l y  observed o n  the tren ches . 

The Col umb i a  Ri ver presen ts a very compl ex eco system i n  terms of trop i c rel a

ti ons h i ps due to i ts s i z e ,  the n umber of man- made al terati ons , the di vers i ty 

o f  the b i ota , and the  s i ze and di vers i ty of i ts dra i nage bas i n . Streams i n  
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genera l , espec i a l l y  sma l l er ones , depend greatl y upon a l l ochthonous i nput 

or organ i c  matter to dri ve the  energeti cs  of the system . Large ri vers , part i 

cu l arl y the Col umbi a wi th i ts seri es of l enti c  reservo i rs ,  conta i n  a s i gn i fi 

cant popul at i on of autochthonous primary producers ( phytop l an kton and peri phyton ) 

wh i ch contri bute the bas i c  energy needs . The dependence of the free-fl owi ng  

Col umbi a R i ver i n  the H anford stretch upon  an autochthonous food base  i s  

refl ected by the faunal  consti tuents , parti cul ar ly  the herbi vores i n  the 

second trop h i c l evel . F i l ter-feed i ng i nsect l a rvae such as  cadd i s  fl y l arvae , 

Hydropsyche , and  peri phyton grazers such as  l i mpets and some mayfl y nymphs  are 

typ i ca l  forms present . Shredders and l arge detri tal feeders ( s uch as  the 

l arge stonefl y nymphs ) wh i ch are typ i cal  of sma l l er streams are absent . The 

presence of l arge numbers of the herbi vorous suckers a l s o  attests  to the 

presence of a s i gn i fi cant  peri phyti c popu l ati on . Carn i vorous speci es  are 

numerous , as wou l d be expected i n  a system of th i s  s i ze .  F i gure A . l - 1 6  i s  a 

s impl i fi ed d i agram of the food-web rel ati on s h i ps i n  se l ected Col umbi a  Ri ver 

bi ota and represents probabl e maj or energy pathways . 

A . 1 . 5 . 8  Rare or Endangered Spec i e s  

Currently there are n o  p l ant spec i es occurri ng wi th i n  Was h i ngton State whi ch 

are offi c i a l ly  l i sted a s  rare or endangered . The bl ue mountai n  oni on Al l i um 

d i ctuon i s  the only p l ant  s pe c i es that has been proposed for con s i derat i on 

under the Endangered Spe c i es Act . The rocky so i l s  on the ri dge crests of the  

Rattl esnake H i l l s  hol d an endem i c  s pec i es of Ba l samroot , Bal somorph i za rosea , 

but th i s  spec i es i s  l oca l ly a bundant and not endangered at th i s  t ime . 

The Hanford Reservat i on prov i des  a refug i um for several rare , threatened or 

i ndetermi nate speci es , a l l raptors . The pra i r i e  fa l con ( Fal co mexi can us ) 

nests i n  severa l  reg i on s  on the . Reservati on , wi th  the number of nesti ng 

pa i rs  probab ly  i n  the dozens . The Ameri can peregri ne fal con ( Fa l co 

peregri natus anatum ) apparently does not nest on the Reservat i on but does 

i n  nei ghbori ng reg i ons , probably i n  sma l l n umbers . Spe c i es l ac k i n g  speci fi c 

data to attest to the i r  s tatus but con s i dered to be pos s i b ly  i n  some danger 

i nc l ude the ferrugi onous hawk ( Buteo regal i s ) , wh i ch nests i n  several s i tes 
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F I GURE A .  1 - 1 6 .  Food Web of  Col umb i a  R i ver . 
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on the Reservation but in small numbers; the American osprey (Pand ion 

haliaetus carolinensis), only a visitor; and the western burrowing owl 

(Speotyto cunicul aria hypugaea), which nest on the Reservation in small but 

si gnifi cant numbers. 

The proposed s i te for the HFNS faci lity in the 300 Area would have no effect 

on these rare or endangered species of plant and wildlife. 

A .  1.6 Radiological Condition 

The radiological condition of the 300 Area, as part of the Hanford Reservation , 

has been studied since the beginning of operations at Hanford. Environmental 

data collected during 1975 showed continued compliance of Hanford operati ons 

with all  applicable State and Federal regulations. Levels of radi oacti vity in 

the atmosphere from Hanford operations at all offsite sampling l ocations were 

indistinguishable from levels due to natural causes and world-wide fall out from 

the atmosphere. Routine radiological analyses of Columbia River water upstream 

and downstream of the Hanford Reservation did  not show any i dentifi able effect 

due to Hanford operations. The majority of radioactivity measured in foodstuffs 

during 1975 was the result  of naturally occurring potassi um-40 and the fallout 

rel ated nuclides strontium-90 and cesi um-137. Other radi onuclides detected 

occasionally were also attributed to worl dwide fall out. 

An extensive environmental surveillance and evaluations program provides 

measurement and interpretation of Hanford operations radiological i mpact upon 

its environs , both onsite and offsite. All si gnificant potential pathways are 

evaluated , including particularly those resulting in direct exposure to the 

public and those wherein environmental reconcentration is likely to occur. 

-�M11Tlaries and interpretation of the data are published in a series of annual 

reports . Groundwater data and evaluations arP reported in the series , 

"Radiological status of the Groundwater Beneath Hanford Project for . . .  11 the 

latest issue being BNWL-1970 for 1974. 
(6)  Environmental data from offsite 

! orations are presented in  the annual "Envi ronmental Surveil lance at Hanford ...  11 

series of reports , the latest being BNWL-1979 for 1975. ( 7) Envi ronmental data 

from locati ons within the plant boundaries are presented in  the annual 

"Envi ronmental Status of the Hanford Reservation for . . . 11 report series , the 

latest being BNWL-B-477 for 1975. (B) 
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Rad i oacti ve  mater i a l s a re n atura l l y  present i n  the a i r  we breathe , the food 

we eat ,  and the  s o i l on whi ch  we l i ve . Add i ti onal  rad i oactive  mater i a l s are 

presen t  i n  the env i ronment due  to fa l l out of rad i oacti ve d ebri s from past 

nuc l ear d etonati ons in  the  atmosphere . The average tota l - body dose recei ved 

by man i n  most  parts of the  wor l d  i s  a pprox imate ly  0. 1 rem per year . ( 9 ) 

The l ung and s kel eton are s el ect i ve l y  exposed to add i ti ona l  dos e .  Radon and 

i ts progeny are i n ha l ed a l ong w i th the  a i r  we breathe . Natura l ly  occurr ing  

rad i um and s tronti um-90 from fal l out  (wh i c h  are chem i ca l ly  s imi l ar to  cal c i um ) 
are i ngested i n  our food . The average tota l - body dose rece i ved i n  the  Han

ford reg i on i s  a pprox imate ly  1 00 mrem per year ( B ) wh i ch i s  s imi l ar to the 

worl d average . Cosm i c  and  terrestr i a l  s ources contr ibute approx imatel y 75  

mrem per year .  T he  rema i n i ng 2 5  mrem per year i s  rece i ved from rad i oacti v i ty 

present i n  our bod i es , primari l y  potass i um-40 .  

Past operati ons a t  Hanford have i nc l uded the  operati on of n i ne  p l uton i um 

prod uc i n g  reactors ( e i g ht wi th once-through  cool i n g ) a l ong the Col umb i a  

Ri ver 1 00 Areas , fuel  reprocess i ng and was te d i s posa l  acti v i ti es at  the 

200 Area , and fuel  fabr i cati on a nd l aboratory fac i l i t i e s  at  the 300 Area . 

The e i ght reactors wi th once-through cool i ng are no l onger i n  operati on . 

The rema i n i ng reactor , i n  the  1 00-N Area , may s hut  down duri ng  1 978 , but the 

s c hedu l e i s  tentati ve . Fuel  reproces s i ng acti v i ti es have decreased from past 

years , wi th future opera t i ons  d i ffi cu l t to pred i ct .  Fue l  fabr i cati on i n  

the 300 Area i s  for the  1 00-N Reactor, and the future o f  th i s  a cti v i ty wi l l  

para l l e l opera t i on of N- Reactor.  The research and devel opment l a boratori es  

are i n  s upport of  the L i qu i d  Meta l Fast  Breeder Reactor program and therefore 

conta i n  s ome p l utoni um .  Presentl y ,  two 1 1 00-MWE power reactor are under 

constructi on at the  WPPSS s i te ,  a pprox imate l y  seven mi l es northwest of the 

H FNS s i te , a nd p l ans  i nc l ude the  constructi on of one more power reactors . 

The F FTF , l ocated wi th i n  the 400 Area , wi l l  i nc l ude a fast fl ux tes t  reactor 

u s i ng s od i um as a cool ant . Al l of these operati ons have the potenti a l  to 

affect the rad i o l og i ca l  envi ronment of the H FNS s i te .  
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A . 2 The Surround i ng Regi on 

The Hanford Reservat i on i s  a res tr i cted access  a rea ; l and s outh of the 

Col umb i a  Ri ver i s  under DOE con trol and l and  north of the Col umb i a  Ri ver 

i s  con trol l ed by the U .  S .  F i s h  and Wi l d l i fe Serv i ce as a game refuge . 

Th i s  regi on of the State of Was h i ngton h as a s parse coveri ng of natural  vege

tati on primari ly s u i ted for graz i ng , a l though l arge areas near the res ervati on 

have gradua l ly been put under i rri gati on dur i ng the past few years . Mos t 

i rri gated farms near the Hanford Reservati on obta i n  water from the Yak ima 

or  Col umb i a  Ri vers . 

A . 2 . 1 Land Us e On The Reservati on 

The present use  of Reservati on l ands s urround ing  the 300 Area i s  i nd i cated 

in  F i gure A . 2- 1 .  Many of the p l uton i um producti on reactors , s h own a l ong the 

Col umb i a  Ri ver i n  the north part of the Hanford Reservat ion , have been deacti 

vated by DOE . Fuel  reproces s i ng and  was te managemen t acti v i t i es are l ocaied 

at  the 200 Areas , approx i mately 1 6  mi l es northwes t of the 300 Area .  The Fas t 

F l ux Tes t Faci l i ty ( FFTF )  and  s upporti ng faci l i t i es are l ocated abou t s i x  

mi l es northwes t i n  the 400 Area . Al s o  s hown i n  F i gure A . 2- 1 , i s  the s i te for 

the WPPSS Haf!ford Wa s h i ngton Nuc l ear P l ant N umber 2 ( WNP- 2 )  wh i ch is l ocated 

about seven mi l es north of the 300 Area . 

The 77 , 000- acre ar€a i n  the s outhwes t corner of the H anford Res ervati on i s  

set as i de for l ony-term ecol ogi cal s tudi es . Th i s  l arge area i s  rel ati ve ly 

und i sturbed l a nd of desert-s teppe terra i n  rang i ng  i n  e l evati on from about 

350 feet to 3 600 feet .  Stud i es be ing  conducted for  DOE by Pac i fi c

Northwest Laboratori es ( PNL ) ,  i n cl ude effec ts of rai nfal l ,  s h ade and s o l a r  

rad i ati on wi th corres pond i n g  vari ati ons i n  s oi l ,  p l ant  g rowth and wi l d l i fe .  

W i th the excepti on of the Ar i d  Lands Ecol ogy (ALE ) Reserve and the Col umbi a 

Ri ver I s l ands Reserve , other a reas of ecol og i ca l  s tudy s h own on F i gure A . 2- 1  

a re on ly  temporari ly res tri cted . Stud i es such as the i nves ti g at i on of s age

bru s h  and g ras s regrowth fol l ow i ng  a l i ghtn i ng- ori g i nated fi re in J u ly 1 970 , 

(wh i ch destroyed approx imate ly 1 9 , 000 acres ) are be ing  conducte d .  
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I s l a nd s  i n  the u pper port i on of the Col umb ia  R i ver adjacent to the Hanford 

Reservati on are exc l ud ed from publ i c  u se by the DOE and are u sed for wi l d l i fe 

refuge  a nd DOE env i ronmenta l research . 

Al s o  to the  north of the Col umb i a  R i ver i s  a 54 , 000-acre area where hunti ng 

( s hotgun  and arc hery )  wi l l  be perm i tted dur i ng dayl i g ht hours . F i s h i ng and 

other recreat i ona l acti v i t i es wi l l  be determi ned by the Was h i ngton State 

Department of Game at  a l ater date . In add i t i on ,  a 4000-acre area , l ocated 

on the east s i d e  of the Col umb i a  R i ver oppos i te the ori g i na l  town s i te of 

Hanford i s  presently u sed by the Was h i ngton State Departmen t of Game for 

control l ed hunt i ng .  Al l the above areas are s hown i n  F i gure A . 2- 1 .  

The 300 Area i s  bounded on the west by an  DOE-constructed four- l ane  h i g hway 

connect i ng to the pu bl i c  h i g hway system at R i c h l a nd , Wa s h i ngton . Th i s  four

l ane  h i ghway i s  part of a network of a pprox imate ly  270 m i l es of DOE-con

s tructed two- and four- l ane  pr imary road s ,  1 7 5 m i l es of secondary gravel  roads 

a nd 225 m i l es of gravel  and u n improved roads on the reservat i on . ( l O ) 

The DOE-owned rai l road system has a capabi l i ty of mov i ng a pprox imately 1 2 , 000 

cars per year over 1 50 m i l es of Res ervati on trac k .  The system i nc l udes f i ve 

ma i n  l i nes , 1 95 s ubs i d i ary l i nes , a nd two c l a s s i f i c at i on yards . 

Barges w ith  capac i t i es u p  to 3 000 tons can nav i gate the Col umb i a  R i ver from 

the po int  adjacent to the  s i te to the po i nt of entry i nto the Pac i f i c  Ocean . 

The 300 Area i s  about four m i l es north of the R i c h l and A irport and 1 1  m i l es 

southea st  of V i s ta F i e l d  near Kennewi c k  and the Tr i -C i t i es A i rport near Pasco . 

A . 2 . 2  Land Use  Adjacent to the Reservati on 

Land u s e  w i th i n  a 30-m i l e  rad i u s  of the s i te ( i l l u strated by F i gure A . 2 . 2 )  

i nc l udes res i denti a l , s u burban , corporate c i ty ,  agr i cu l tural , i ndustr i a l  and 

conunerc i a l , scen i c , recreati ona l ,  and general u se l and area s . The regi on 

wi th i n  30 m i l es of the s i te i nc l udes area s  of Adams , Benton , Frankl i n ,  Grant , 

Wa l l a  Wal l a  a nd Ya k ima Counti es . 

The predomi nant u se of l and s w i th i n  the 30-mi l e  rad i u s  of the 300 Area i s  

agr i c u l tura l , wi th the nearest farms l ocated a l ong  the ea st ban k  of the 

Col umb i a  R i ver i n  Fra n kl i n  County .  Pr i nc i pa l  crops are a l fa l fa ,  hay , wheat , 

potatoes , and sugar beets . ( l O ) 
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Industrial plants and laboratories located just south of the Hanford Reser

vation in north Richland include: Pacific Northwest Laboratories , Exxon 

Nuclear, U.S. Testing Corporation, Washington Public Power Supply System, 

J. A. Jones shops and offices , Western Sintering Corporation Plant , and 

NORTEC. 

A . 2. 3  Regional Demography 

Population in the area surrounding the Hanford Reservation is  sparse , consist

ing primarily of farms and farming communities to the north, east, and west 

of the Reservation. The Tri -Cities, located to the south and southeast of 

the Reservation, represent the major population concentrations in the area. 

Figures A.2-3 and A . -4 show the projected year 2000 census of the surrounding 

region wi thin a 10-mile and 50-mile radius of the 300 Area. The projections 

were based on 1 970 U . S .  Census populations (ll} adjusted for growt-h trends 

published by the State of Washington. (l2} Pacific Northwest Bell Telephone 

Company , and Bonneville Power Administration, plus a special Tri-City 

regional economic study ( April 1975). ( l3)  The forecast does not reflect popu

lation expansion which would result from the erection of a nuclear park or a 

more intensive use of nuclear energy for nurl �ar power. Basic assumptions 

used in the forecast were : 

• The Hanford Reservation will remain controlled with no permanent 

residents. 

• There is an even distribution of residents throughout the unincorporated 

portions of each census di strict. 

• The rate of population growth in urban and adjoining rural areas was 

related to projected economic developments. 

Fpr CY-2000, an estimated 67,000 people will be living wi thin a 1 0-mile radius 

of HFNS; and 256,000 people w i thin a 50-mile radius. 

A . 2.4 Historic and Nati onal Landmarks 

Review of the National Register of Histori c  Pl aces (l4} and the Washington 

State Register of Historic Places
(lS) 

indicates that there are no historical 

structures or archaeological sites in the irrmediate vicinity of the HFNS. 

A-53 



w 232 

F IGURE A . 2- 3 .  E st imated Geograph i c  D i stri buti on of  the 2000 Popu l at i on 
W i t h i n  a 1 0-Mi l e  Rad i u s  of t he 300 Area . 
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F I GURE A . 2- 4 .  Estimated Geographic Distri bu t i on of the 2000 Population 
W i t h i n  a 50-M i l e  Rad i u s  of the 300 Area. 
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The nearest h i s torica l  s i te to the H FNS i s  the Wooded I s l and  Archaeol ogi ca l 

Di s tr i ct wh i c h  i s  l ocated approx imate ly  4- 1 /2 mi l e s north . Wooded I s l and  i s  

an i s l and i n  the  Col umb i a  Ri ver that conta i n s  s i x  archaeol og i ca l  s i tes rel ated 

to the Wa napum I nd i an peopl es . The construct i on and operati on of the H FNS 

i s  not expected to have any pos i t i ve or negati ve i mpact on any of the exi s t

i ng or poten t i a l  h i s tor ic  s i tes  or d i s tri cts . 

H i stor i c  s i tes entered on t he Was h i n gton State and/or Nat i on a l  Reg i s ters 

of  H i s tori c P l aces or Nati ona l  Reg i s ter of H i s tor i c  Landmarks that are wi th

in a pprox imate l y  50 mi l es o f  the H FNS  s i te are as  fol l ows : 

Benton County 

• 

• 

• 

• 

Col umb i a  Park I s l and - Col umb i a  R i ver ,  wes t  of Kennewi c k  . 

Ra ttl esna ke Spr ings  Archaeo l og i ca l  Di str ict  - 25 mi l es  northwest  

of  Ri ch l and , DOE Ar i d  Lands  Ecol ogy Res erve . 

Ryegra s s  Archaeol og i c a l  D i str i ct - r ight  ban k of Col umb i a  Ri ver , 

DOE Hanford Works Reserva ti on .  

Te l egraph I s l and Petrog l yphs - Tel egraph  I s l and , Col umb i a  Ri ver , 

v i c i n i ty of Patters on . 

• Wooded I s l and Archaeol ogi ca l  Di s tri ct  - s even mi l es north of 

Ri ch l and , Col umb i a  Ri ver .  

• Loc ke I s l and  Archaeol ogi ca l Di s tr i ct - Col umb i a  R iver ,  approx imate ly  

28  mi l es north -northwe s t  of Ri ch l and . 

• 

• 

• 

• 

S n i ve ly  Canyon Archaeol og i ca l  Di s tri ct - Ra ttl esnake H i l l s ,  approx i 

ma te l y  2 5  mi l es northwest  of Ri c h l an d .  

Hanford I s l and Archaeol og i ca l  Di str i ct - Col umb i a  R iver , north of 

Ri ch l and . 

Hanford North Archaeol og i ca l  Di s tr i ct - Ri c h l and v i c i n i ty 

Benton County Courthou se  - Prosser  

Fran k l i n  County 

• Ai nsworth - 5 mi l es s ou th east  of Pasco near j uncti on of Snake and 

Col umb i a  Ri vers . 
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• 

• 

• 

Lyons Ferry Boat - 5 mi l es northwest of Starbuck, Palouse Ri ver 

near confluence of Palouse and Snake Rivers. 

Marmes Rock Shel ter - confluence of Palouse and Snake Rivers . 

Savage I s land Archaeol ogical D i s trict - thi rteen m i l es north of 

Richland, Columbia River. 

Wa l l a  Wal l a  County 

• Whitman M i s s i on - Seven mi l es west of Wal l a  Wal l a  

Grant County 

• L i nd Coulee Archaeological S i te - located within a 2. 4 m i l e  radius 

3 m i l es northeast of Warden. 

Kittitas County 

• Ginkgo Petrified Forest - 29 m i l es east of E l l ensburg 

Wh i l e  further( l 6 , l l ) archeological s i tes are not of national s i gni fi cance , 

many l es s  unique s i tes are i n  the area. The Columbia River shorel i n e ,  from 

Vantage i n  the north downstream to Umati l l a ,  i s  rich with I n d i an arti facts . 

Many camps ites and f i s h i ng grounds within the Reservation boundary were 

trad i t i ona l l y  used as wintering areas from prehistoric times u n t i l  the area 

was evacuated i n  1943. 
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APPENDIX 8 

COMMENTS RECEIVED ON THE 

DRAFT ENVIRONMENTAL IMPACT STATEMENT 

1 .  Nuclear Regul atory Commi s s i on 

2 .  Federal Power Conm i s s i on 

3 .  Advi sory Counci l on Historic Preservation 

4. U. S .  Department of Agricul ture (Soi l  Conservation 

Serv i ce) 
5 .  U .  S .  Department of Agricul ture (Extension Service) 
6 .  State of Washington, Office o f  the Governor 

7 .  Private Citizen,  Palo A l to ,  Cal i fornia 

8. Department of Hea l th ,  Educat i o n ,  and Welfare 

Department of Envi ronmental Protection,  State of 9 .  

New Jersey 

10.  Envi ronmental Protection Agency 

11 .  Envi ronmental Protection Agency, Region X 

12.  C i ty of Ri chland, Wa�hi ngton 

13 .  U .  S .  Department of the Interior 

14. National Sci ence Foundation 
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UNITED STATES 
NUCLEAR R E G U LATORY COMMISSION 

WASHINGTON, D. C. 20656 

Mr . W .  H .  Penn i ngton , Di rector 
Offi ce of NEPA Coord i nati on  

AUG 4 1977 

U .  S .  Energy Research and  Deve l opment 
Admi n i s tra ti on 

Wash i ngto n ,  D. C .  20545  

Dear Mr.  Penn i ngton : 

Thi s  i s  i n  res ponse to your reques t for comments on  the Draft 
Envi ronmental Impact Statement for the H i gh Fl ux Neutron Source 
Faci l i ty at  the Hanfo rd Reservati on  i n  Ri ch l an d ,  Wash i n gton  ( ERDA- 1 556- D ) . 

We ha ve revi ewed the statement  and  determi ned that the proposed act i on has 
no s i gn i fi cant radi o l ogi cal heal th an d safety i mpacts nor w i l l  i t  a dversely 
affect any act iv i ti es s ubject to regu l ati on by the Nucl ear Regu l atory 
Commi ss i on .  Accordi ngly , we have no s ubs tanti ve comments to make . 

Thank  you for provi di ng  us wi th the opportuni ty to revi ew the H i gh 
F l ux Neutron Source Fac i l i ty Draft Envi ronmenta l I mpact Statement . 

c c :  CEQ ( 5 ) 

S i ncerely , 

q,/· A' . ��� C--. /7 �:6--� (,{ I J//�, U 
Voss A. Moore , Ass i s tant Di rector 

for Envi ronmenta l  Proj ects 
Di vi s i on of S i te Safety and 

E nvi ronmenta l  Analys i s  
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FEDERAL POW ER COM M I SSION 
WASH I NGTON, D.C.  20426 

Mr . W . H .  Pennington , Director 
Of fice of NEPA Coordination 
Energy Re search & Deve lopment 

Admin i stration 
Wa shington , D . C .  2 0 5 4 5  

Dear Mr . Pennington : 

IN REPLY REFER TO : 

Augu s t  1 9 , 1 9 7 7  

I am replying t o  your reque s t  o f  July 2 6 , 1 9 7 7  to the 
Federal Power Commi s s ion for comments on the Dra ft Environ
mental Impact S tatement for the ERDA 1 5 5 6 - D  H i gh F lux Neutron 
S ource Faci l i ty , Hanford , _ Wa shington . Thi s  Dra ft E I S  has 
been reviewed by appropriate FPC s t a f f  components upon who s e  
eva luati on thi s response i s  based . 

The s ta f f  concentrate s i t s  review o f  other a genc i e s '  
envi ronmenta l impact statemen t s  b a s i c a l ly on tho s e  are a s  
of the e le ctric power and natura l ga s indu s tr i e s  f or whi ch 
the Federal Powe r Commi s s ion has j uri sdi ction by law , or 
where s ta f f  has special experti s e  in eva luating environ
mental impacts invo lved with the propo s ed a ction . It doe s 
not appear that there would be any s i gn f  i cant impacts in 
the se a re a s  of c oncern nor s erious con f l i c t s  with thi s  
agency ' s  re spon s ib i l i t i e s  should thi s  action be undertaken . 

Thank you for the opportuni ty to review thi s  s tatement . 

S incere ly , 

'1 I • 
I /f ·.1 I 
'-.o .. ri-'� 
Jack M .  Heinemann 

�' Advi sor on Environmenta l 
Qua l i ty 
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Advisory Council on 
Historic Preservation· 
1522 K Street N.W 
Washington, D.C. 20005 

Mr. W. H. Pennington, Director 
Office of NEPA Coordination 

August 1 7 ,  1977 

Energy Research and Development Administration 
Washington, D . C .  20545 

Dear Mr .  · Pennington: 

This is in response to your request of July 26, 1977, for comments on 
the Energy Research and Development Administration ' s  draft environmental 
statement (DES) ERDA-15561D, High Flux Neutron Source Facility, 
Hanford Reservation, Richland, Washington. 

We have reviewed the DES and note that while cultural resource studies 
to date indicate no properties included in or eligible for inclusion 
in the National Register of Historic Places will be affected by the 
proposed undertaking , the possibility exists for previously unknown 
cultural resources to be encountered during construction. ERDA is 
reminded that should previously unknown cultural resources be identified 
during construction, which are eligible for inclusion in the National 
Register, it must afford the Council an opportunity to comment in 
accordance with the "Procedures for the Protection of Historic and 
Cultural Properties" (36 C . F. R .  Part 800) , as appropriate. 

Should you have questions or require additional assis tance in this 
matter, please contact Brit Allan Storey of the Counc il staff at P .  0 .  
Box 25085, Denver, Colorado 80225, telephone (303) 234-4 946. 

Sincerely vours, 

mJJ kl 8JM.U--r Louis S .  Wall 
_,, Assistant Director, Office o f  

Review and Compliance 
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U N ITED STATES DEPA RTM ENT OF AGRICULTURE 
SOI L CONSERVATION SERVICE 

Room 360 U . S .  Courth ous e ,  Spokane , Washington 9 9 2 0 1  

W .  H .  Pennington, Dire c tor 
O ff i c e  o f  NEPA Coord ina tion 

Augus t  1 8 ,  1 9 7 7  

U . S .  Energy R e s ear�h and Deve l opment Admin i s trat i on 
Wash ingto n ,  D . C .  20545 

Dear Sir:  

The S C S  h as revi ewed the draft environm enta l impact s ta tement on the 
High F l ux Neutron Source Faci l i ty ,  Han ford Res ervat ion , R i ch l and , 
Was hing ton . 

Thos e  por t ions o f  the draft environmenta l  impact s ta t ement o f  interest 
and concern to u s  appe ar to b e  adequa t e l y  trea ted and we h ave no 
comments to mak e at th i s  t ime . 

Thank you for the opportun i ty to review the above s ta tmen t . 

S i nc e r e l y ,  

/;; / /1 / . .  /'7 # ;f,t !.d�·:--' / .,:/�-e-&1, 
G a l e n  S .  Bridge 
State Cons ervation i s t  
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U N ITED STATES DEPARTMENT OF AGRICULTURE 
EXTENSI ON SERVICE 

WASHINGTON, D.C. 20250 

Augu s t  25 , 1 9 7 7  

�°"?' � !IJ.uut �� 
�, -4 �  

SUBJECT : Dra f t  Env ironmen t a l  Imp a c t  S t a t ement - H i gh Flux 

Neu t ron Source Faci l i ty , Hanford Re s e rvat ion , 
Rich l an d ,  Wash ing ton 

TO : W .  H .  Penn ington , D i r e c t o r  
O f f  i c e  o f  NEPA Coo r d i n a t i on 

The sub j e c t  do cument h a s  been reviewed by members o f  our s ta f f .  

W e  have ne i ther negat ive o r  po s i t i ve corrnnent s  to o f fer . 

H .  G .  GEYER , D . V . M .  
D i r e c to r ,  Env i ronment a l  Programs 

At ta chment 
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STAT E O F  WA S H I N G T O N 
OFF I C E  OF T H E  G O \/ E R N O R  

O F F I C E  OF P R OG R A M  PL A N N I N G  A N D  F I S C A L  M A N A G E M E N T  

H O U S E  O F F" J C E  B U l L D l N G  

Di xy Lee Ray O LY M P I A .  W A S H I N G T O N  9 8 5 0 4  
GOVERNOR 

Mr . James L .  L i verman 
Ass i stant Di rector for 

Env i ronment and Safety 
U . S . Energy Research and 

Deve l o pment Admi n i strati on 
Was h i ngton , D . C .  20545  

Dear Mr . Li verman : 

September 1 3 ,  1 977  

Ori r: Smi th 
D I RECTOl:f 

2 0 8 - 7 !5 3 - !5 4 !5 0  

Rev i ew of the draft env i ronmental i mpact statement for the H i g h Fl ux 
Neutron Source Fac i l i ty at Hanford Reservati on has been compl eted by 
agen c i es of the State of Was h i ngton . The rev i ew process was coord i nated 
by the Off ice  of Program P l ann i ng and F i sca l Management , as the desi gnated 
state cl eari ng house ,  pursuant to the prov i s i ons  of OMB C i rcul ar  A-95 . 

Comments were recei ved from the Department of Ecol ogy and the Department 
of Game . Whi l e  it is understood that ERDA wi l l  respond di rect ly  to the 
Game Department ' s  comments rel ati ng  to the content of the statement , the 
fol l owi ng i s  h i gh l i g hted here for your  cons i derat i on . 

The Game Department recorrmends the i nsta l l at i on of cover i n g  and fenc i ng 
around evaporati on ponds , l eac hi ng trenc hes , waste water trenc hes , etc . 
to stop wi l d l i fe ,  espec i a l l y  game bi rd s ,  from enteri ng such  areas . 

Thank  you for the oppo rtun i ty to revi ew th i s document .  I hope you wi l l  
fi nd these corrments useful i n  prepari ng the fi na l document . 

NDL : MEM : de 

S i ncerel y ,  

N ICHOLAS D .  LEWIS 
ASS ISTANT D I RECTOR 

L�-�L/ � • .__//� 
by : Mi chael E .  Mi l l s  

Adm i n i strat i ve Ass i stant 
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DE P.ART�ENT 
OF GA:l\4E 

600 No .. th Capitol lf-ay / Olympia, Washington 98504 

Mr . M i k e  M i l l s  
S t at e  P l ann i n g  D i v i s i o n  
Of f i c e  o f  Pro gram P l an n i ng & 

F i s c a l  Management 
Hou s e  Of f i c e  Bu i l d i n g  
O l ymp i a ,  Wash i n gt on 98504 

Mr . M i l l s , 

C/J11Je /ici / JJ ! .  5e.lllft. Ci,_.1rm.;.1 

Glen11 G.1/!Jr .. uth. 'J,''1.:lipuu:. 
Funk L. C.n11J)'. Jr . . V .i11m:;1 er 
A rthur S. Coffin. Ywkimu 
Eli:uheth IL .\fe.,J,,u cr,,/1. T,,, . ,,,1., 

A nhie V. 1\fifis. U'/el1.Jtci1t'c 

Dirt:c/r1r / R .. dph U'·'. L..1n1;n 
An1rtunl DJTectnn / ],,cl S. I! ·,,1 f.1,1J 

}r1h11 Dt1i• : .. :l.H 

S ep t ember 7 ,  1 9 7 7  

DRAFT E I S : lli gh Flux Neu t r o n  
S o u r c e  F a c i l i t y  

Your documen t . was revi ewed b y  our s t a f f  a s  r e ques t e d ; commen t s  
f o l l ow .  

We s t r o n g l y  r e comme n d  t h e  u s e  o f  net t i ng and o t h e r  such devi c e s  
t o  p ro t e c t  w i l d l i f e . Cover i n g  and f e n c i n g  shou l d  b e  i n s t a l l e d 
around evapor a t i o n  p o n d s , l e a c h i n g  t r e n ches , was t ewa t e r  t r enche s ,  
e t c . These p r e c aut i o n s  are n e c es sary t o  s t op wi l d l i f e , e s p ec i a l l y  
g ame b i r d s , f rom ent er i n g such areas . 

Thank you f o r  the opp o r t un i t y  t o  comme n t  on your d o c ument . We 
hope you f i n d  our commen t s  h e l p ful . 

FHM : C V  
c c : A g e n c i e s  

R e g i o n a l  Man ager 

S i n c e r e l y , 

THE DEPARTMENT OF GAME 

:J �Y�� .��� ;::log i s t 
Env ironmen t a l  Man ag��t D i v i s i o n  
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STATE OF 
WASHINGTON DEPARTMENT OF ECOLOGY 
Dixy Lee Ray 
Governor 

MEMORANDUM 

Olympia, Washington 98504 206/753-2800 

TO : Mi k e  Mi l l s ,  S t a t e  P l ann ing Divi s i on 
O ffi c e  o f  Finan c i a l  Man a gement 
Hous e Offi c e  Bu i l ding 
O l ymp i a ,  Washington 

FROM : Ros emary Wa l ro d ,  Envi ronmen t a l  Rev i ew Sect ion 

SUBJECT : Draft Envi ronmental Impact Statement - 

E RDA - H i gh F l ux Neut ron Source Fac i l i t y  

DATE : Sept emb e r  1 2 ,  1 9 7 7  

W e  appr e c i a t e  rece iving a copy o f  th i s  draft environment a l  impact 
s t at ement , howev e r ,  w e  h ave no comments to offer a t  th i s  t ime . 
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LAUT R. WADE 
Financial Consulting 

750 WELCH ROAD • PALO AL TO, CALIFORNIA 94304 

Mr. W.H. Pennington, Director 
Office of NEPA Coordination 

September 20, 1977 

Energy Research and Development Administration 
Washington, D . C .  20545 

Dear Mr. Pennington: 

This letter is Yith reference to the July 1977 

Draft Environmental Impact Statement 
High Flux Neutron Source Facility 
Hanford Reservation - Richland, Washing'ton 

This proposed project is described as " one of the first 
major steps in the fusion reactor development program which will lead to com
mercial fusion plants by the year 2000. "  The stated electrical load is 9 , 000 K'� 
with "250, 000 KW of electrical energy per day of operation to be drawn from 
the Bonneville power pool". 

Approximately half of the total energy used in the Pacific 
Northwest is hydroelectric power. Around 90% of the electricity is generated 
by hydro power. Because of the worst drought in a century sundry essential 
industries have had to shut down facilities because of a shortage of electric 
power. The BonDeville Power Administration has advised its preference custom
ers that it will be unable to supply their future growth requirements after 
1983. November 1, 1976 BPA discontinued direct deliveries of non-firm energy 
to its industrial customers and also terminated secondary sales to private 
utilities. In BPA ' s  August 1977 " Power Outlook through 1987-88 " power short
ages are forecast for every year on all three assumptiol5for the next ten years 
under critical water conditions. 

The stream flow of the Columbia River is the lowest in a 
century. The drought in California is the 'tlforst in modern times; Secretary 
Bergland has accurately forecast the state could be a desert with another year 
of drough t .  California experienced a 6 year drought from 1928 through 1934 so 
another year of drought would be nothing ne'tlf. The Northwest Power Pool is 
part of the interconnected FPC Western States Coordinating Council - �sec. 
Complete information is available in the public domain on the 'tlfater and electric 
power crisis in WSCC, the Pacific Northwest, the Northwest Power �ool and the 
state of Washington. Hopefully we may see a return to normal water and power 
conditions by 1980 but no means exist for forecasting the weather for thio 
region where 4o million Americans live. Those who set public policy must assume 
the worst . 
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The regional situation is j ust one facet of the more critical national 
situation for whi ch all the necessary information is also readily available . 
A $61 .3 billion federal deficit is being forecast for fiscal 1978. A trade 
deficit of $25 billion is being f orecast because of our costly imports of encr ::r ,  
with an even higher balance of payment s deficit whi ch threatens the value o f  th e 
dollar . Currently we are importing daily , directly and indirec tly , over 
4 , 000 , ()(X)  barrels of crude oil and petroleum products from nations wh i ch in the 
past have embargoed exports to the United States , which embargo c ould be r ei�rosed 
any day i f  the oil exporters ' once again feel U . S .  foreign policy is adver se to 
their int erest s .  So long as we hover on this brink of chaos there i s  obviously 
not a single BTU of energy available for a:ny non-essential federal proj ect , nor 
for any federal proj ect with some essentiality who se deferral at this point would 
not immediately j eopardize the nati onal welfare and security . 

We have b een going through a very diffi cult period for decision makers due 
to the lack of a National Energy Policy within whi ch framework new proposals 
could be j udge d .  In the west this has peen c ompounded b y  what we hope have been 
abnormal weather patterns , but may well not be . I see no reason why ERDA shoul d 
risk making more bad decisi ons when the Department of Energy is due to be open 
for business October 1 and presumably some outline of our future National Enerf:Y 
Policy shoul d be available within a reasonable time frame . In my judgment all 
factors combined di ctate that the High Flux Neutron Source Facility pro j e ct should 
be deferred until such time as there is a basis for making an intelligent deci sio�. 

As one wrio has been intimately involved in the energy field for over a quarter 
of a c entury I must dissent strongly from any assertion that there will be com
mercial fusion plants in operation in the United States in 2000. Fortunat ely for 
the United States North America i s  a c ontinent of energy so we face no shortage 
of energy for many generations to come ; what is needed is merely a schedule for 
phasing in substitute forms of energy as existing sources of energy are gradually 
depleted. Most of the rest of the world does not enjoy our favorable position. 
Japan , and some of the indu strial nations of Europe , may well have to resort to 
fusion power in a quarter of a century , but surely not the United States ! The 
cost and risk in developing this form of energy should be left to those nations 
vi.th the first need for it . Our S68o billion national debt represents to a large 
degree bills the American taxpayers have paid for these nations ; now is the time 
to let these nations use their own r e sour ces to develop such new sources of enerr:y 
as they may require , the benefi ts of which U . S .  taxpayers can later enjoy . 

I am strongly opposed to a:ny sizeable expendi tures on fusion power while 
the f ederal government is running unac ceptable deficits and U . S . need for such 
energy is so remote . 

Sincerely yours , 
/) �&.__ 
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DEPARTMENT OF HEAL TH EDUCATION. A N D  WELFARE 

OFFICE OF THE SECRETARY 

WASHINGTON 0 C 20201 

SEP 2 l 1977 

Mr. w . i l .  Pennington 
Director, Office of �EPA Coordination 
United States Lnergy Research and Developne'1t Adr.inistration 
�ashineton, D . C .  20545 

JJear S i r :  

T;iank you for the opportunity t o  review the draft Environni ental 
Impact S t atement for toe liign flux ;�eutron Source Facility 
(ERDA-1556-D) located at tne ltanford Reservat ion, Richland, 
Washington. 

We believe tne draft report t o  be complete from the s t andpoint of .1L., 

concerns and have only a few comments to make concerning its ir.proveoent. 

In Table 5 . 3-1 titled "Estimated First Year 1·1hole-Body Dose Commitment 
from rlFi�S Operation s , "  appearing on page 5-6 of the s t atement , doses 
are expressed in rem. Usually these doses are expressed in Tllren: w:1ic;1, 
of course, result in iti.6her numbers although actually n o  higi1er doses . 
However , for the average person familiar with this usual system, tne 
numoers may appear misleadingly low. The same approach is used in 
paragraph 5 . 3 . 2 . 1  in descrioing the dose to the rnaximUJTl individual a t  
the s i t e  boundary whicn appears o n  page 5-8. The same nomenc lature 
is used in describing the dose t o  the nearest resident which also 
appears on page 5-8. Also in paragraph 5 . 3 . 2 . 3  on page 5-9 discussinz 
onsite exposures the same nomenclature is used. It is my reco�e:nciation 
that these all be changed to mrem per year, week, or other appropriate 
time period. The same is applicable to Table 5 . 3-3 on par,e 5-10 and 
Table 5 . 3-4 on page 5-11. In this instance specific organ doses are 
given due to various vectors such as air submersion, air inhalation, 
ground exposure, food crops, including milk, e t c .  Tne same is also 
true of Table 5 . 3-5 on page 5-12 where the average annual dose is Aiven 
in rem as opposed to mrern. 

With regard to analysis of accidents , the prog ram which has been 
designed for this purpose is described and appears to be q ui te adequate 
and as conceived and as p roposed to be conducted. It will be su�j ect 
t o  continuous review and mod ifications as further experience is �ained. 
Additionally, a special s tudy was made with regard to the hazards 
involved with the operation of HFNS. Proposed methods or plans for 
controlling the types o f  accidents have been described in the draft 
s t atemen t .  
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S incerely , 

&� � 
Charles Custa rd 
Director 
Office of Environmental Affairs 





&tatr nf N rm 3Jrrsry 
DEPARTMENT OF ENVIRONMENTAL PROTECTION 

TRENTON 0882!5 

OFFICE OF' THE COlllllSSIONER 

September 2 3 ,  1 9 7 7  

Mr. W .  H .  Pennington , Director 
Office of NEPA Coordination 
Mail Station E-201 
Energy Research and 

Development Administration 
Washington, D . C .  2 0 5 4 5  

Dear Mr. Penningto n :  

The New Jersey Department of Environmental Protect i on has 
reviewed the Draft Environmental Impact Statement for the 
High Flux Neutron Source Facility at the Hanford Reservation, 
Richland , Washington . Based on the review , we find no 
environmental objections to the project being implemented 
as proposed . 

The selection of the Hanford Reservation for the site of 
the proposed Facility appears to be proper. In addition to 
the monitoring inherent with the new installation, Hanford 
has an installed, operating system for monitoring and 
evaluating a i r ,  water, groundwater and several other planned 
evaluation programs , such programs to be revised as required . 

�lso favorable from an environmental pcint o f  view i s  the fact 
that, because the proposed facility w i l l  be built wi thin the 
confines of the Reservation, there wi l l  be , except for temporary 
construction activitie s ,  no significant effect on the surrounding 
ecology. 

In a more general vein, if the goal of significant comme rcial 
fusion power by the year 2 0 0 0  i s  to be realized, a faci l i t y ,  
such as the one proposed, i s  needed as soon as pos sible . 

Glenn Paulson, Ph . D .  
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U N I TED STAT ES ENV I RO N M ENTAL PROTECT I ON AGENCY 
WAS H I NGTON . D . C .  20460 

S E P  2 6 1977 

Mr . W .  H .  Penni ngton 
Offi ce of NEPA Coord i nati on 
U . S .  Energy Research and Devel opment 

Admin i strati on 
Wash i ngton , D . C . 20545 

Dear Nr . Penni ngton : 

Encl osed are the EPA cormnents from the rev i ew of the Draft Envi ronmental 
Statement ERDA- 1 556- D ,  the H i gh Fl ux Neutron Source Faci l i ty ,  on the 
Hanford Reservati on , Ri chl and , Was h i ngton . 

As a resul t  of our revi ew ,  we have no obj ecti on to the act i on i n  
general . However , there are areas , enumerated i n  the attached colTlllents , 
where i t  i s  fel t that more i nformati on i s  requi red both to assure that 
necessary precauti ons wi l l  be taken and to al l ow a more compl ete 
understandi ng of pos s i bl e publ i c  heal t h  and envi ronmental i mpacts . I n  
accordance with  EPA procedure and i n  l i ght o f  thi s revi ew ,  thi s 
statement i s  rated Category 2 { I nsuffi ci ent I nformati on ) and the 
proposed act i on i s  rated LO { Lack of Obj ecti ons ) .  

Shou l d  you or your staff have any questi ons  concerni ng our cl ass i fi cati on 
or colTlllents , p l ease do not hesi tate to ca l l  on us . 

S i ncerely yours 7 
\ l\� �� 

Rebecca W .  Hanmer 
Di rector 
Offi ce of Federal Act iv i ties {A- 1 04 )  

Encl osure 
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EPA Comments on ERDA- 1 556- D 
The H i g h  Fl ux Neu tron Source Faci l i ty 

Envi ronmental Impa ct 

1 .  p .  1 - 1  P l ease expand the th i rd paragraph to ma ke i ts mean i ng 
c l earer . Why wi l l  these factors res u l t i n  mi n imal  impact on 
the Co l umbi a Ri ver? 

2 .  p .  3-23 P l ease prov i de the estimated tota l water req u i rements 
for the faci l i ty ,  i n c l ud i ng that for san i ta ry use and 
accel erator coo l i ng ma keup . 

I n  des i g n i ng demi nera l i zers for purposes of decontami nati on , 
i t  i s  necessary to know what rad i onucl i des and the i r  
chemi cal  forms and amounts are expected . Thi s i nforma ti on 
s hou l d  be ava i l ab l e and i n c l uded i n  the E I S .  

3 .  p .  3-29 The di sposal  of col d traps from the l i th i um sys tem 
may pose an i nteres ti ng rad i at i on protecti on prob l em .  
What engi neered safeg uards have been taken ? How l ong 
wi l l  they be s tored pri or to cons tructi on of the a l ka l i 
metal s faci l i ty? What and where wi l l  the a l kal i meta l s  
·raci l i ty be and h ow wi l l  the tri ti um be processed from the 
l i th i um? What wi l l  be the f i na l  form , quanti ty ,  and acti v i ty 
content of 3H was tes ? The est imated acti v i ti es of 3H + 7se 
rel eased duri ng acci dents are l arge ; can eq u i va l ent amounts 
be expected for d i sposa l ? 

4 .  p .  5-2  Even though envi ronmenta l data col l ected duri ng 1 975  
shows atmospheri c l evel s of rad i oacti v i ty to be i nd i st i ngu i sh
abl e from ba ckground , i s  there a so i l sampl i ng effort be i ng 
made to confirm that no rad i onuc l i de from any source nearby may 
bP resus pended duri ng the cor.s tructi on proces s ?  A�e there 
any des i gnated contami nated surface areas on the Hanford 
res ervati on ?  

Economi c Cons i derat i ons  

1 .  General : The draft E I S  pres ents a very vague , comparati ve 
eva l uati on of opti ons . There is l i ttl e i nformati on on costs 
for a l ternat i ve des i gns , a l ternat i ve s i tes , and mod i fi cati ons of 
exi st i ng fac i l i ti es .  Speci fi c cos t est imates for these a l ter
nati ves wou l d  prov i de a useful  bas i s  for compari s on . 
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2 .  Section 3 . 5 .  There i s  a brief di scussion of deco111n i s s i on i ng of 
the proposed faci l i ty i n  Section 3 . 5  of the draft E I S .  T h i s  
section di scusses the need for decomm i s s i oning and states that 
" . . .  procedures for deconm i s s i oning of HFNS wi l l  be subject to 
spec i f i c  ERDA approval and wi l l  be required to meet the s tandards 
for protection of workers and general publ i c , "  and a l s o  states 
that " . . .  di sman t l i ng of the fac i l ity i s  the most probable 
decomm i s s i on i ng approach , "  but the EIS provides no i nfonnati on 
on costs of decommissioning.  Monetary costs , envi ronmental 
costs and radiation exposure associated with decorrm i s s i on i ng 
are not considered. The l ack of cost estimates renders t h i s  
section i neffectual . For decomm i s s i on i ng procedures that use 
e x i s t i ng technology, specific cost estimates should be i ncl uded 
i n  the final E I S .  For procedures that are currently being 
developed, an explanation of the possi bl e  range of costs should be 
provided. 

3. Section 7.4. 1. An estimate of construction costs for the 
proposed faci l i ty i s  presented i n  Section 7.4.1 of the draft 
E I S ,  but there i s  no explanation of the assumptions and methodology 
used to estimate costs. The draft E I S  simply states that "the 
projected dol l ar cost of construction i s  estimated to be approxi 
mately $70 m i l l ion ( i ncluding esca l at i on ) . "  This  brief statement 
i s  insufficient as there i s  no bas i s  for evaluating the es ti ma te . 
The section on construction costs should incl ude explanations 
of:  ( 1 )  assumptions on escalation rates , (2) timing of costs ,  
( 3 )  methodology used to estimate cost s ,  (4) spec i f i c  categories 
of costs (e . g . , mater i a l s  and labor ) .  

Dose Analys i s  

1. Section 3.4. 10. What neutron activation products were consi dered 
when computing the dose rates i n  both control l ed and uncontro l l ed 
areas? 

2. Section � . 3 . 2 . 1 � I t  seems unl i kely that the x/Q could be 
1 . 5 x 10 sec/m . Please rectify thi s  problem. 

3. Section 5 . 3 . 2. 3 .  If i t  i s  no� a typographical error, EPA requests 
an explanation of the 2 x l o- rem/hour dose rate to the maxima l l y  
exposed worker. This  dose rate, taken on an annual bas i s ,  
c l early exceeds exi sting Federal radiation protection guidance. 

4 .  Section 5 . 3 . 3. The analys i s  presented i n  EPA ' s  report 
Envi ronmental Radiation Dose Co111ni tment : An Appl ication to 
the Nuclear Power Industry, was i n tended to be neither 
exhaustive nor to be seen as an analysis of the only nuclides 
which EPA consi ders to be importan t .  Those nucl i des analyzed 
were merely examples , such analyses should be completed for a l l  
nucl ides pertinent i n  any particul ar s i tuation. 
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REPLY TO 
ATIN Of: 

U. S. E N V I R 0 N M E N T A  L P R 0 T E C T I 0 N A G E N C Y 
R E G I O N  X 

1 2 0 0  S I X T H  A V E N U E  
S E A T T L E ,  W A S H I N G T O N 9 8 1 0 1  

M/S 623 

S E P  2 S 1977 

W .  H .  Penni ngton , Di rec tor 
Offi ce of NEPA Coord i nation 
U . S .  Energy Research & Deve l o pment 

Admi ni strati on 
Was h i ngton , D .  C .  20545 

Dear Mr . Penni ngton : 

We have compl eted our rev i ew of ERDA ' s  Draft Envi ronme nta l Impact 
Sta tement on the propos ed H i gh  Fl ux Neutron Sourc e  Fac i l i ty ( HFNS )  
a t  the Hanford Reservat ion i n  Ri c h l and ,  Was h i ngton . The envi ron
mental statement i s  bas i cal ly a thorough  ana lys i s  of the expec ted 
envi ronmental effects of the proposed faci l i ty .  Cons equentl y we 
have only a few comments and sugges ti ons for your cons i derat i on . 

1 .  The ca l cu l ation  of the on-s i te dose es2 i mate may need to be 
expanded . The c urrent estima te of 2 x 1 0- rem/ hr i s  for a hypo
thet ica l  worker i n  a bui l d i ng 800 feet north of the HFNS s i te .  
I t  appears that the i nterven i ng area i s  a pa rki ng  l ot and i t  
woul d seem reasonabl e to assume that personnel woul d be goi ng i n  
and out o f  the park i ng l ot throughout the workday . Thus a dose 
esti mate for the park i ng l ot ( peopl e therei n )  woul d seem appropr iate .  
I t  a l so appears that the park i ng l ot meets the cr i teri a for a Zone I I  
or Zone I area for rad i at ion sh i el d i ng ,  depend i ng on how one defi nes 
" control l ed access . "  

2 .  I t  wou l d  be hel pfu l i f  the fi gure o n  page 3-2 1  cou l d  be expanded 
to s how the ori gi ns of the vari ous waste streams . Al though thi s 
fi gure s hows that a l l radi oact ive l i qu i d  wastes woul d be proces sed 
through the 300 Area fac i l i ty ,  the text l i mi ts i ts waste treatment 
d i s cussi on to wastewater from the pri mary l oop of the accel erator 
cool i ng fac i l i ty .  S imi l arly the fi gure i ndi cates that organi c 
fl u i ds wi l l  be used for dust control , whi l e  the text menti ons only 
the appl i cat i o n  of water for dust control . The spec i fi c  fl u i ds 
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l i ke l y  to be u s ed and the frequency and i ntens i ty of thei r  appl i ca ti on 
s hou l d  be  di sc u s s ed i n  the  FE I S .  

3 .  The s tatement shou l d  d i scuss  the potenti a l  envi ronmental  
consequences of a rad i oacti ve  l ea k  from the  pri mary l oop to the 
non-radi oacti ve s econdary l oop of the accel era tor cool i ng sys tem . 

4 .  The statement shou l d  d i scuss  what mon i tori ng wi l l  be done to confi rm 
the  adequacy of the  trea tment of radi oacti ve wa ste wa ters . 

The  Envi ronmental Protec t i on Agency has  ra ted thi s  draft envi ron
menta 1 i mpact s ta tement L0-2 , LO ( Lack of Obj ect�  � i 1 S ) , 2 ( I n s uffi c i ent 
Informat i on ) . The ra ti ng wi l l  be  publ i s hed i n  the Federa l Regi ster 
i n  accordance w ith  our res pon s i b i l i ty to i nform the publ i c  of our 
v i ews on proposed Federa l a�tions  under Secti on 309 of the C l ean Ai r 
Act ,  a s  amended . 

We a pprec i ate the opportun i ty to revi ew your envi ronmenta l s ta tements 
and wou l d  be  g l ad to answer any questi ons wh i c h  you may have about 
our comments . I can be  reached by tel ephone at ( FTS ) 399- 1 595 . 

S i ncere ly , 

p(. '{ t�"-� J._ ,_  i '  13 h�1t, 
Al exandra 8 .  Smi th , Ch i ef 
Envi ronmental Eva l uati on Branch 
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Mr. W. H. Permington, Director 
Off ice of NEPA Coordination 
ENERGY RE.SEARQI AND DEVEWP.MENT 

.AI:MINISTRATICN 
WASHINGTON ,  D. C. 20545 

RE :  Draft EIS - ERDA. - 1556-D 

CX;tober 4 ,  1977 

High Flux Neutron Source Facility 

Dear Mr. Permington : 

As a result of City Counci l ' s  review and action at its Octo
ber 3 ,  1977 meeting , I am herewith forwarding to you the cxmrents and 
recx::mrendations of the City of Richland relative to the above referenced 
Draft Enviraurental Inpact Statement. These may be considered the 
official cornrents and recxmrendations of the City. 

overall , the City ooncurs with the Draft Enviornmental Inpact 
Statements finding that the High Flux Neutron Source (HFNS) facility is 
not expected to have a significant environmental or socioeoonanic impact. 
The facility does not appear to adversly litpact the City of Richland 
and, in fact, appears to add stability to the Tri-Cities by providing a 
relatively small source of arrployrrent during a period when major oon
struction projects in the area will be decreasing their manpower require
ments. 

The only deficiency in the Draft Environmental Inpact State
ment is the lack of identification and quantification of non-radiolo
gical, noxious chemicals to be released on site. The following ques
tions need to be addressed in the final Environmental Inpact Statanent: 

A. What are. the noxious chemicals referenced on pages 1-2 
and 5-14 which will be released in small quantities? 
What quantities will be released? 
What is the expected maximum off-site ooncentration? 
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Mr. w. H. Pennington , Director 
� RESEARCE AND DEVEIDPMENT 

A™INISTRATICN 
October 4 ,  1977 
Page 2 .  

B .  Acoording to figure 3 . 4-1 , organic fluids waste will be 
used for dust oontrol. What fluids will be used? 
HCM will they be applied? 
What will be their off-site inpact? 

In oonclusian , the City of Richland ooncurs with the infor
mation stWlie1 in the Draft and looks forward to your responses to 
these questions in the Final Environmental Irrpact Staterrent .  

Thank you for the opportunity to review and c:x:mrent on the 
proposed action and if you have any questions please oontact rre at this 
office. 

NJS : BD :'!i\IOC 

cc : Richlarrl F.oology camri.ssion 

L.  A. Pasquini 
Departrrent of F.oology 

. I 
Yours truly , 

q:'IY/QF � 

VY� 
NFAL J� /;/( - -Fcting�ger 
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United States Department of the Interior 

ER 7 7 / 7 1 3  

OFFICE OF THE SECRETARY 
WASHINGTON, D.C. 20240 

Mr . W .  H .  Pennington , D i re ct or 
O f f  ice o f  NEPA Co ordinat i on 
U . S .  Energy Re s e arch and 

Deve lopme nt Adminis trat ion 
Washingt on ,  D .  C .  2 0 5 4 5 

Dear Mr . Penningt o n : 

OCT 1 2  "877 

Thank you for y o ur letter o f  July 2 6 , 1 9 7 7 ,  transmittihg 
copie s of the Energy Re s e arch and De ve lopment Admini s trat i on ' s  
draft e nvironmental imp act s t ateme nt on the High - F l ux Ke utron 
S ource Facil ity , Hanford Re s e rvat i on , Rich l and , Washington . 

O ur c omme nt s  are pre s en t e d  a c c ording t o  the format o f  th e 
st ateme nt o r  by s ub j e ct .  

F i sh an d W i l d l i fe 

We are gene ral ly s at i s fi e d  with th e draft s t at ement ' s  
ident i f i c at i on o f  imp act s  t o  fi sh and wi l d l i fe re s ource s from 
the prop o s e d  faci l ity , with the ex cept i on· of the environmental 
imp act s from radioact ive waste man agement pract i c e s . The 
draft s t atement pre s ume s th at rad i oactive waste man ageme nt 
pract i c e s  on the H an ford Re s e rvat i on are ade quat e t o  prot e ct 
fish an d w i l dl i fe re s o urce s .  We have que s t i one d s uch as sump
t i on s  pre vious ly in our c omment s o f  No vemb e r  4 ,  1 9 7 6 , on the 
Nucle ar Re gu l at ory Commi s s i on ' s  draft s t ateme nt, an d o f  
De cemb e r  1 3 ,  1 9 7 4 , o n  ERDA ' s draft s t atement ( att ache d )  for 
W a s te Man agement Operat ions at the Hanford Re s e rvat i on .  We 
b e l ie ve th at the final s t atement should i n c lude a di s cu s s i on 
of th e potent i a l  adve r s e  imp acts t o  b i ot a  th at can o ccur as 
a s e condary imp act as s o c i ate d with th e overall man agement 
operat i on s  of th i s  prop o s e d pro j e ct .  Th e imp act s o f  rad i o 
active wa s t e  man agement practi c e s  a t  t h e  H an ford Re s ervat i on 
are of re cent concern due t o  the August 2 9 , 1 9 7 7 , ann oun cement 
by the C orp s of En gine e r s  of a p e rmit re que s t  by Unit e d  Nuclear 
Industri e s , I n c . o n  b ehalf o f  E RDA for p l acing o f  fi l l  t o  
cover-up p otent i a l  radio active c ontamin at e d  rive rb ank s prings 
wh i ch fe e d  into th e Co lumb i a  R i ve r . 
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Mineral Re s ource s 

The s t ateme nt i s  adequat e  in re gard to i t s  tre atment of mineral 
re s ource s .  The H an ford re s e rvat i on was with drawn from entry 
un de r the general mining l aw s  an d from the app l i cab i l i ty of the 
mineral l e a s ing act s by vari ous pub l i c  l an d  orders b e g inn i n g  in 
S eptember 1 9 4 3 . S ome 7 0 , 4 3 2  acre s s t i l l  remain with drawn from 
mine ral entry . C o n s truct i on of thi s  fac i l i ty on the re s e rvat i on 
w i l l  not de di cate any a ddit ional l an d  t o  s in g l e  purp o s e  u s e . 

Groun dwat e r  

The groun d-wat e r  ve l o c i ti e s  g i ve n  o n  p age A - 2 3  o f  the draft 
s t atement ( 1 5 t o  8 0  ft / day ) appe ar e xt reme ly high for the typ e s  
o f  aqui fer mate ri a l s  invo l ve d ,  the perme ab i li t i e s  report e d  an d 
the hydraul i c  gradients indi cat e d  on p age A- 2 6 . O ur informat ion 
s ug ge s t s  that the re porte d ve lo cit i e s  may be 1 0  time s  or more 
too h i gh - - un le s s  very unu s ua l  con d i t i o n s  e xi s t . The report e d  
groun d-wat e r  ve l o cit i e s  s h o u l d  be che cke d  and corre cte d o r  
e xp lained in t h e  f i n a l  s tateme nt . 

W i l d  an d S ce n i c  Rivers 

The stre t ch of the C o lumb i a  R i ve r  from the he adwat e rs o f  M cNary 
Re s e rvoir up stream to Pri e s t  R ap i d s  D am ,  whi ch flows thro ugh 
the Han ford Re s e rvat i on , has been n ame d un der the provi s i on s  o f  
S e ct i on 5 ( d )  o f  the W i l d  an d S ce n i c  Rivers Act a s  amende d 
through Pub l i c  Law 9 4 - 4 8 6  ( O ct ob e r  1 2 , 1 9 7 6 ) .  Thi s  fact should 
be re cogn i z e d  in the final stat ement , and any prob ab l e  imp act of 
the pro j e ct on s ce n i c  an d re cre at i onal value s o f  thi s  stre t ch o f  
rive r should al s o  b e  fully as s e s se d .  

Spe c i f i c C omments 

P age A- 4 5 , Rare or Endange re d Spe cie s . Current ly the re are n o  
p l ant s o c curin g within Washington S t ate wh i ch are o ffi c i a lly 
l i ste d as rare or e n dangere d .  The b lue mountain oni on A l l ium 
d i ctuon has b e e n  propo s e d  for con s i deration under the Endangere d 
Spe ci e s  Act . A l l i um rob in s on i i  h a s  not b e e n  l i s te d  as b e i n g  
con s i de re d  f o r  s uch clas s i fi cat i on as rep orte d .  The final 
st at eme nt shou l d  c orre ct thi s  e rror . 
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P age A- 5 0 , F i gure A . 2 - 1 .  The U . S .  F i sh an d Wi l d l i fe S ervi ce 
i s  i n corre ct ly identifi e d  as B ure au o f  Sp ort F i sher i e s  and 
Wi l dl i fe . Thi s  should b e  corr e c t e d  in the final s t at e me nt . 

We hope that the s e  c omme nts w i l l  be h e l p ful t o  you i n  the 
p re p aration of the final s t atement . 

?'�Fa�� 
L arry E .  M e i er o t t o  
S E CRE TARY 
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OFF I C E  OF THE 

ASS I STANT D I RECTOR 

FOR ASTRON O M I CA L .  

ATMOSP H E R I C. EART H .  

A N O  OCEAN S C I E N C E S  

Mr . W .  H .  Penn i ngton 

- ·· ·  

U . S .  E nergy Resea rch and 
Devel opment Adm i n i strati on 

Wa sh i ngton , D .  C .  20545 

Dear Mr . Penn i ngton : 

We have rev i ewed the DEI S  - ERDA- 1 556- D ,  H i gh 

Fl ux Neutron Source Fac i l i ty ,  and have no 

comments to offer . 
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S i n cerel y yours , 
/ ! i :t 
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Yward P .  Todd 
Act i ng Ass i stant D i rector 
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