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1. Preface 

A draft envi ronme ntal s ta teme nt for the U . S .  L i qui d Metal Fast B reeder Reactor 

( LMFBR ) program was fi rs t i s s ued by the Atomi c Energy Commi ssi o n  ( AEC ) i n  

Ma rch 1974 fo r revi ew a nd comment by i nterested part ies . The AEC i ss ued a 

Proposed Fi nal Envi ronmental Statemen t  ( P FES , WASH- 1 53 5 )  i n  J a nuary 1975 , pro

vi di ng the newl y c reated Energy Research and Devel opme nt Adm i n i s trati on  ( ERDA) 

the opportu n i ty to revi ew the PFES and LMFBR Program befo re i s sui ng a fi nal 

s ta teme n t .  The ERDA Admi n i s trator found tha t  the PFES ampl y  demonstrated the 

need to conti nue resea rch , devel opme nt and demon s trati o n  of the LMFBR c on cept and 

that s i gn i fi c ant prob l ems ,  i nc l u di ng i n  parti cul ar  tho se rel a ted to reacto r  safe ty ,  

safeguards , heal th effects and wa ste managemen t  were unre so l ved at  that time . 

Subsequentl y ,  the F i nal Env i ronmen tal  Statement ( F ES ) wa s prepared and i ssued 

as ERDA-1 535 i n  December 1975 , i ncorporati ng the PFES by refe rence .  

I n  the ERDA Admi n i s tr ato r ' s fi ndi ngs o n  the PFES , i ss ued o n  June  30 , 1 975 , i t  

wa s noted : 

1I • • •  as  the program devel ops and  s i gn i fi c ant new i nformati o n  pert i nent to 
the commerc i al depl oyment i s sue i s  generated , ERDA wi l l  update the 
exi sti ng Env i ronmen tal  Statement or  prepare a Suppl eme nt to i t  • • • a s  may 
be appropri ate and cons i s tent wi th the Na ti o na l  Env i ronme n ta l  Po l i cy Act .1I 

The LMFBR program h as prog res sed s i gn i fi ca n tly si nce the i s suance of ERDA-1 535 .  

A number of fac to rs i n  the i nterven i ng s i x  ye ars have changed the LMFBR 

program a nd perti n ent new i nformati o n  wh i c h  may be rel evant  to envi ronmental 

i mpact an al ys i s  ha s been devel oped , and the Depa rtment of Energy ( DOE ) has  

concl uded that th i s  suppl emen t  to the LMFBR Program FES  i s  appropr i ate i n  tha t  

i t  wou l d furthe r  the p urposes o f  the Nati o na l  Env i ronme ntal  Po l i cy Act .  

I n  Apr i l  1977 , the previ ous  Admi n i s trati o n  defe rred any U . S .  commi tmen t  to 

adva nced nucl ear  technol ogi es that were ba sed on the use of pl u to n i um .  In 
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add i t i on , i t  dec i ded that the U . S .  woul d defer i ndefi n i tel y commerc i a l  repro

cess i ng and recycl i ng of pl uton i um .  Con sequentl y ,  that Adm i n i strati on pro posed 

to cancel the Cl i nch  Ri ver Breeder Reac tor P l ant ( CRBRP ) proj ec t .  Researc h 

and  devel opment ac ti v i ti e s  were to be conti n ued.  At ERDA ' s requ est , the U . S .  

Nucl ea r Regul atory Comm i ss i on ( NRC ) suspen ded the l i cen s i ng  proceedi ngs  

regard ing  the CRBRP . Congre ss , however , con ti n ued to a uthor i ze an d appro pri ate 

fu nds  for CRBRP , and des i gn an d component fabri cation  acti v i t i es have conti n ued 

unti l the presen t .  At the pre sent time , des i gn work i s  abo ut 90 percent com

pl ete and about 60 percent o f  the hardware has  been del i vered or  i s  on  order , 

amounti ng  to about $600 m i l l ion . 

Though work on the CRBRP was s i gn i ficantly s l owed over the i nterven i ng years , 

very s i gn i f icant  progress  was made i n  other el ements o f  the LMFBR program . 

For exampl e ,  the Fa st Fl ux Test Fac i l i ty ,  a maj or fuel s a nd  m ater i a l s test 

reactor , was brought to i n i ti a l cri ti ca l i ty in  February 1 980 , an d ha v i n g  

undergone a successful  startup test p rogram , i s  now bei ng  o perated at  fu l l  

reactor power . 

The dec i s i o n s  made by the prev ious a dm i n i strati on were mod i fi e d  o n  October 8 ,  

198 1 , when P res i dent Rea gan announced that he was l i fti n g  the suspen s i on on 

commerc i a l  reprocess i n g ,  an d d i rected government agenc i es to proceed wi th the 

demon stration  of  breeder reactor techno l ogy ,  i nc l udi ng compl eti on of  the 

CRBRP . 

The LMFBR program descr i bed i n  ERDA- 1535 contempl ated gra dual scal e-up o f  

demon strati on fac i l i ti es  w i th government parti c i pati on both i n  earl y com

merc i a l  breeders and  ul ti mate l y  i n  mak i n g  a dec i s i on wi th respec t  to the 

acceptab i l i ty of w i desp read commerc i a l  depl oyment o f  LMFBR tec hnol ogy .  There 

have been c hanges to the emphas i s o f  th i s  program , the most important o f  whi ch  
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i s  that the dec i s i o n  o n  depl oyme nt and commerc i al i zati o n  of the LMFBR wi l l  be made 

by the ut i l i ty i ndust ry .  The government rol e wi l l  be l im i ted to earl y devel op

ment of the tec h n i c al , e ngi neeri ng and i ndustri al ba se needed to l ower r i sks and 

uncerta i nt i es to l evel s cons i stent wi th normal commerc i al ventures an d to demon

str ate the safety , e nv i ronmental  accepta b i l i ty and eco nom i c  potent i al of LMFBRs . 

Th i s  su ppl ement exami nes  the reduced scope of the program and the env i ronmental 

impacts a s soci ated therewi th . Th i s  i nc l udes a re- ex ami n at i o n  of the purpo se 

and need and timi ng of the program , t he prese nt prog ram structure , i nc l udi ng 

reasonab l e  program a l ternat i ves , and  a l ternati ve el ectric i ty produc t i on 

tec hno l og i es anti c i pated to be avai l ab l e  wi thi n the same t imeframe as  the 

LMFBR technol ogy opt i o n .  

Moreover , t h i s su ppl ement docume nts  new i nformati o n  pert i nent to the envi ron

mental  i ss ue s  associ ated wi th the program , s uc h  a s  LMFBR safety , s afeguard s , 

waste man ageme nt , a nd heal th  effect s .  I t  i s  not i ntended to addres s i ss ue s  

for wh i c h  l i ttl e add i t i o nal i nformation  h a s  been generated s i nce the 1975 

rev i ew .  Th us , except as  they a re exami ned i n  th i s  su ppl ement , t he eva l uati o n  

conta i ned i n  ERDA-1535 o f  t h e  env i ronmental  impacts a ssoci ated wi th commerc i al 

depl oyment of t he LMFBR tec hnol ogy a re st i l l  con si dered val i d  by DOE . 

Cost/benefit  a n al yses of the LMFBR program we re i nc l uded i n  WASH-1535 and 

ERDA-1535 . However , n o  such further cost/b enefi t anal yses have been performed 

and no ne , t herefore , a re i nc l uded i n  th i s  suppl ement for th i s  and the fol l owi ng 

reasons ; 

1 .  Cost/benefi t anal yses  are not requi red i n  an  E IS ( see CEQ regu l at i ons , 

40 CFR 1502 . 23 ) , 

2 .  Cost/benef it  i nfo rmati o n  for al tern at i ve l ong-term tec hnol og i es 

( fus i o n  and so l a r  el ectri c )  has not been devel oped to a deg ree 
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that  wou l d make co st/benefi t a na l yses o f  these al ternati ves mea n i n g fu l , 

and 

3 .  Parameter s  ( e . g . ,  d i scount rate ( s ) , LMFB R  i n troducti on date ( s } , future 

nucl ear capac ity ,  future cost o f  coal } used i n  compl ex co st/benefi t 

ana l yses o f  the LMFBR a re so  uncerta i n  at pre sent that  the val ue o f  

such a na lyses wou l d be questi onabl e .  I t  i s  a goal o f  the breeder 

researc h  and devel opment pro gram to reduce suc h  u ncerta i ntie s .  

I n  add it ion to this supp l emen t that  updates the envi ronmental review o f  the 

tota l  LMFBR program , di screte NEPA rev iews have b een underta ken by DOE , an d 

i ts statutory p re decessor s ,  i n  connec ti on with spec i fi c  dec i s i on s  i nvol v in g 

major fac i l i ti es w ithi n the p rogram as descri bed i n  the fol l owi n g  tabl e .  

Furthermore , the NRC i ssued a Fi na l  E nv iro nmental Sta temen t o n  the construc-

ti on and o peration  of the CRBRP i n  February 1 97 7  ( NU REG -0139 ) .  

Fac i l  i ty 

Fast Fl ux Test 
Fac i l  i ty ( FFTF ) 

Safety Researc h 
Experiment Fac i l iti es  

Mai ntenance an d 
Storage Fac i l i ty 

Fuel s a nd  Mater i a l s 
Exami nati on  Fac i l i ty 

Document( s }* 

FE I S1 

FE I S2 

EA3 

FON SI 

EA4 

FON SI 
EA Suppl ement 

*FEIS 
EA 
FONSI  

Fi nal Env i ronmen tal Impac t Statemen t 
Envi ronmental Assessment 
Fi n d i n g  o f  No S i gni fi cant Impact 

1 .  

2 .  

WASH- 1510 , FFTF E n v i ro nmental Statemen t ( AEC ) . 

ERDA-1552 . 

3 .  D OE/EA-011 1 . 

4 .  DOE/EA-0116 . 
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I n  addi ti o n  to the ma i n  body , the fo l l owi ng append i ces are provi d ed .  

�ndi x A conta i ns  i nfo rmat i o n  concerni ng U . S .  u ran i um reso urces . Esti mate s 

g i ven  i n  EROA-1 535  are contrasted wi th data from the NURE program and ot her , 

more recent eval uati o ns . Ba s i c a l l y ,  current est i mates i nd i c ate about 50 

pe rcent mo re uran i um t ha n  wa s i nd i cated by the previ ous  est imates . 

Append i x  B cont a i n s  add it i onal  wa ste ma nagement program i nfo rmat i o n .  

Append i x C conta i n s excerpt s from the CRBRP Safety St udy . 

Append i x 0 conta i ns addi ti o nal  i nformat i o n  on  pl uton i um toxi c i ty ,  rel ated to 

Sect i o n  V I . A. {4} .  

Appendi x E conta i ns LMFBR safety program accompl i shment s { 1976-1 981} . 

Appendi x F contai ns a d i scu s s i o n  of the ro l e  of n uc l ear energy a nd el ectri c i ty 

i n  meet i ng f uture U . S .  energy n eeds . 

Appendi x G c onta i ns  a d i scu s s i on of how the CRBRP s i te wa s sel ected . 

Appendi x H cont a i n s  c ompa rat i ve i nfo rmat i on on  he al th effect ri sk  e sti mate s 

for l ow LET radi at i o n .  
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I I .  Summary 

Nuclear-generated electri c i ty will play an  i ncreas i ngly important rol e i n  

energy su bsti tut ion  a s  petrol eum and natural gas bec ome more scarce and 

expe n s i ve .  Eve n though s i gn i f i c ant benefi ts are bei ng de ri ved from conser

vati on  measures , h i stori c al trends strongly  i nd icate that future economi c 

growth will be li nked wi th i ncreasi ng energy c onsumptio n .  Much of the future 

growth i n  energy suppli es  wi l l  l i ke ly  be me t by i nc reased produc tion of 

el ectri c i ty .  Of the fuel al ternati ves fo r el ec tri c i ty product ion , only c oal 

and uran i um offer much potenti al for the generation of l arge amounts of 

afforda ble elec tri c  energy i nto the early pa rt of the next century .  

Deployme nt of c urren t-generation l i ght  water reacto r ( LWR ) plants wi l l  ulti 

mately be  l imi ted by the avai l ab i l i ty of  economi cally recoverabl e urani um ore . 

Creati ng an  essenti al ly i nexh au sti ble supply of energy from uran i um requi res 

devel opment of b reeder reactors , wh ich  can extend the energy recoverabl e from 

uran i um ore by about  a facto r  of 60 ove r LWR s .  

Rese arch and development ac tivi ti e s  on  promi s i ng long-term opti ons , s uch  as  

the LMFB R ,  fus ion , and  so l ar elec tric i ty technologi es , a re requi red to meet 

the future U . S .  ene rgy needs . Becau se of the rel ati vely advanc ed state of 

LMFBR technology relati ve to othe r l arge-sc al e opti ons , i t  i s  the surest of 

the i nexhausti ble supply opti ons . If  fus ion , solar el ectri c i ty ,  and the LMFBR 

devel opme nt programs were al l successful , the contri butions  of eac h wou l d 

depend on thei r  economi cs , among other impo rtant facto rs . Because today the 

LMFBR i s  prese ntly i n  the most advanc ed stage of development , i t  provi des the 

i ns urance aga i ns t  fa i l ure of the other long-term alternati ves to devel op i n  a 

time ly  way , a nd aga i n st the fa ilure of coal to meet expectations . In  thi s 
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sense , the LMFBR cou l d contr i bute v i tal ly  to the future pros peri ty and  secur i ty 

of  the nati o n .  

The LMFBR i s  a compl ex undertak i ng that sti l l requi res  years of  i ntens i ve  wo rk 

befo re i ts technol ogy i s  devel oped to a po i nt of acceptab l e  comme rci al  ri sk . 

Technol ogi c al feas i b i l i ty has been demonstrated i n  a number of  sma l l and 

i n termedi ate s i ze LMFBRs bu i l t  and operated i n  the U . S .  and  abroa d .  Future 

LMFBR progress  wi l l  rel y on the suc cessful devel opme nt of near commerc i al 

scal e eng i neered sys tems rather than on  s i gn i f i c ant tec hnol og i cal  break-

through s .  

S i nce 1975 there have been changes i n  the LMFBR program , but the analys i s  i n  

thi s suppl eme nt shows that new i nfo rmation  concerni ng env i ronmental i ssues 

devel oped s i nc e  ERDA-15 35 does not i nd i c ate any s i g n i f icant  or substanti al  

env i ronmental  impacts that we re no t eval uated i n  ERDA-15 35 .  The number of  

maj o r  fac i l i ti es pl anned fo r the c urrent program , o r  fo r wh i c h  federa l  parti c i 

pati o n  i s  contempl ated , i s  reduc ed from the l evel di scu s sed i n  the FES ( ERDA-15 35 ) .  

Thus the envi ronmental  impacts o f  the current LMFBR program wou l d be l es s  than 

those that wou l d h ave been associ ated wi th the program de scri bed i n  ERDA-1535 . 

Moreover ,  progress  has  been made i n  addressi ng env i ronme ntal i ssues that were 

i denti fi ed i n  the ERDA Admi n i strato r ' s fi ndi ngs on the PFES as key to the 

determi nati o n  of acceptab i l i ty of the LMFBR fo r wi de scal e devel opment .  

Curren t LMFBR devel opme n t  pl ann i ng i nc l udes , amo ng other thi ngs , the con struc

ti o n  and ope ra ti o n  of the i n termedi ate-s i ze Cl i nc h  R i ver Breeder Reac to r  Pl ant  

( CRBRP )  a s  soo n  as possi b l e ,  a nd the pl ann i ng , i n  cooperation  wi th the pr i v a te 

secto r ,  fo r the near-commerc i al s i ze LMFBR devel opme ntal p l ant .  Because of the 
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l ong  l ead-t imes  i nvol ved , even  wi th v i gorous  purs u i t  of th i s  pl an , a 

commerc i al l y  v i ab l e LMFBR and s i gn i f i cant LMFBR market penetrat i o n  are decades 

away . Al t hough there i s  uncerta i nty as to prec i sel y when the LMFBR w i l l  be 

economi cal l y  compet i t i ve wi th al ternat i ves , prudent pl anni ng i nd i cates that 

LMFBR devel opment shou l d be geared toward potent i al depl oyment earl y i n  the 

next cent ury. Th i s  neces s i tates that the program progress  exped i t i ou s l y  even 

at the ri s k  of  devel op i ng t he opt i on before i t  is  economi cal l y  compet i t i ve 

wi th LWRs .  The consequences  of  earl y devel opment , howeve r ,  a re m i nor compared 

to the r i s k  of pos s i b l e  e l ectr i c i ty s hortages  and econom ic  pe nal t i es associ ated 

wi th l ate devel opment . Furthermore , s i gn i fi cant program del ays may de stroy 

the cont i n u i ty t hat i s  e s sent i al to any h i gh technol ogy devel opment program . 
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The LMFB R  Program 

The goal of the breeder program i s  to ens ure that a proven l ong-term el ec tri c i ty 

supply opti on  i s  ava i l ab l e  on a prudent ti me scal e .  To accompl i sh th i s  goal 

the U . S .  LMFBR program i s  estab l i shed wi th the overal l objective  of devel opi ng 

the tech n i cal , engi neeri ng , safety , envi ronme ntal , economi c ,  l i cens i ng , a nd 

i ndustr i al da ta ba se that wi l l  be requi red for the desi gn , con struc ti o n , a nd 

ope ra ti on  of fu ture LMFBR power pl a nts  on a uti l i ty gri d .  The prog ram con s i sts 

of three broad el eme nts that are e ssenti al  to meeti ng th i s  goal ; (1) construc

t ion  and ope ration  of devel opmental pl ants , ( 2 )  a supporti ng base tec hnol ogy 

prog ram i nc l u di ng test faci l i ti e s , a nd (3 ) s uppo rti ng fuel cyc l e  programs . 

Co ns truc tion  a nd ope ration  of the devel opme nta l  powe r pl a nts  i s  e ssenti a l  to 

the advancement of the state of LMFBR tec hnol ogy .  Each pl ant i s  s i zed suc h 

that i t  represents a s i gn i f i cant step towards es tab l i s h i ng the technol ogy 

needed fo r eventual comme rc i al breeder reactors , but does not entai l exce s s i v e  

eng i nee ri ng r i sk i n  scal e-u p .  

The base technol ogy program prov i des  the bas i c  data , processes , methods , 

components , a nd sys tems tha t are uti l i zed dur i ng the ent i re cour se of the 

LMFBR  program i n  the de s i gn , construc ti o n , fabri cati on , testi ng , l i cens i ng , 

a nd operati on  of LMFBR power pl ants. Wh i l e  the base tec hnol ogy prog ram 

di rectl y suppo rts  the needs of each pl ant project , the projects i n  turn feed 

back the key i nformati o n  to the base tec hnol ogy a rea s tha t  make program 

optimi zati o n  pos s i b l e .  

Co ncurrent  devel opme nt of other el ements of the LMFBR fuel cyc l e  ( reprOCe ss i n9� 
fuel fabri c ati on , tran sportati on , a nd waste management) i s  recog n i zed as  

essenti al to any assessme nt by the nuc l ear  i ndu stry of readi ness  to de pl oy 

breeders i n  s i gn i fi cant numbers . 
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Cons tructi on  and ope rati on of the 350 MWe net C RB RP i s  the current  foca l  po i nt 

of the LMFBR program . The C RBRP represents a tech nol ogy scal e-up step that i s  

fi rmly wi th i n  the s i ze range comme nsurate wi th sound  engi neeri ng practi ce , 

and that has been pl anned or  taken by al l nati ons  mak i ng substanti a l  commi t

me nts to an LMFBR program . The C RBRP wi l l  hel p demon s trate the techni cal 

perfo rma nce , rel i ab i l i ty ,  ma i nta i nabi l i ty ,  s afety ,  env i ronmental acceptabi l i ty ,  

and economi c feas i b i l i ty o f  an LMFBR central  station  el ec tri c powe r pl ant i n  a 

uti l i ty envi ronment . I t  wi l l  al so confi rm the val ue of th i s  concept for 

con serv i ng impo rta nt nonrenewab l e  natural resources . 

Work o n  th e fi nal de s i gn of the CRBRP as wel l as i ts assoc i ated R&D i s  al most  

compl ete . Hardware ma nufacturi ng i s  conti n u i ng from i ts present l evel of 

abou t 60% del ivered or ordered . Con structi on on th e s i te has not been 

i n i ti ated . Obta i ni ng s i te work authori zati on from the NRC i s  cu rrentl y an  

i n ten s i ve part of  an expedi ted proj ect effort to  have the CRB RP i n  ope rati on 

as soon as po ss i b l e  ( i . e . , by about 1990 ) . 

LMFBR program pl ann i ng al so cal l s  for pl ann i ng ,  i n  cooperation  wi th the 

pri va te secto r ,  for the des i gn, con structi on , a nd operati on of a l arge 

devel opmental pl ant ( LOP ) to fol l ow ,  and i ncorpo rate the re sul ts of , the CRBRP 

as the next step i n  LMFBR devel opme nt .  I t  is  anti c i pated that the maj or 

porti on of the con struc ti on costs of a l a rge devel opmental pl ant  woul d be  

borne by the pri vate sector . The LOP  proj ect has progressed to the stage of  

adva nced conceptual de s i gn of the more cri ti cal compo nents of  the pl ant . In  

addi ti on , l arge pl ant studi es wi l l  eva l uate pl ant s i ti ng  cri teri a ,  devel op 

de s i gn and constructi on schedul es , i denti fy R&D req u i reme nts for the base 

tech nol ogy program , prepare impl ementati on pl ans , and estab l i sh deta i l ed 

cost estima te s .  Successfu l  operati on  o f  the LOP , together wi th th e FFTF and 
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CRBRP experi ence and re s ul ts  from t he su pport i ng base programs , wi l l  s i gnal  to 

the ut i l i ty i ndust ry the v i ab i l i ty of the LMFBR for commerc i al devel opme nt . 

The base technol ogy program h as proceeded essent i a l l y  a l ong the l i nes  outl i ned 

i n  the F ES ,  res ul t i ng i n  s i gn i f i cant progres s ove r the pa st s i x  years . 

There are fi ve ma i n  el eme nt s of  the base tec hnol ogy program . 

( 1 )  The safety program prov i des the tec h nol ogy base that hel ps 

as sure the safe des i gn and ope rati on  of LMFBRs .  

( 2 )  The compo nents prog ram pl aces emphas i s  on  devel opme nt and test i ng 

of l arge st eam ge nerators and pri mary cool ant pumps , i n  add i t i on 

to deve l op i ng other cri t i cal compo nents such  as fue l hand l i ng 

eq ui pme nt , i ntermed i ate heat exchangers , smal l val ves , a nd i nstru

me ntat i on and control s .  

( 3 )  The materi al s a nd struct ures program devel ops the gui del i nes for 

hi gh-tempe rat ure structural desi gn , s e i smi c desi g n ,  sodi um system 

des i g n and nondestruct i ve test i ng of LMFBR compo nents and systems . 

( 4 )  The phys i cs program prov i des the criti cal  measureme nt s ,  nuc l ear data , 

and comput at i o nal methods that are requi red fo r the des i g n and opera

t i on of devel opmental  breeder pl ant s .  

( 5 )  The fuel s and mater i a l s program encompa sses  the devel opme nt o f  fue l , 

b l anket , a nd co ntrol co re components fo r LMFBRs; t he devel opme nt of 

mater i al s fo r use i n  these compone nt s ;  a nd the devel opme nt of equi p

ment , processes , and faci l i t i e s to fab ri c ate fue l . 

The fuel cyc l e  program i s  conduct i ng t he research and devel opme nt and pl ant 

devel opme nt needed for a sel f- suffi c i e nt fuel cyc l e .  Programs fo r fue l 

reproces s i ng ,  fuel fab r i c at i o n ,  a nd waste ma nageme nt are bei ng pl anned and 

conducted to meet not on l y  t he immed i ate needs of the LMFBR program , but a l so 

to estab l i s h the foundat ions neces sary for commerc i al scal e-u p ,  a s  ap propr i ate . 
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Program pl ans  fo r near-term fac i l i t i e s  are modest compa red to those fo r fac i l i 

t i e s  capa b l e  o f  suppo rt i ng 8 0  l arge LMFBRs , a s  desc ri bed i n  the FES.  Env i ron

ment al effect s shou l d  therefo re be no greater than those desc ri bed i n  WASH-1 535 .  

Al ternat i ves to the  P roposed Act i on 

Al ternat i ve s  wi thi n the LMFBR program a s  wel l as  al ternat i ve s  to the breeder 

are di scus sed . The reaso nab l e  al ternat i ve s  wi th i n  the program i nc l ude; 

( 1 )  termi nat i o n  of the CRBRP and proceed i ng di rectl y to the LOP proj ect , 

( 2 )  compl et i o n  of the CRB RP a s  the l a st devel opme nt al pl ant of the overal l 

program ( i . e . , no LOP) , and ( 3 )  termi nat i o n  of both devel opme ntal pl ant 

proj ect s .  

The ga i n s  from the se three al ternat i ve s  are the fi nanc i al sav i ngs from 

el im i nati ng the con struct i o n  cost of each  res pect i ve pl ant , a s  wel l as  avo i d i ng 

the envi ronmental impact s as soci ated wi th c on struct i o n  and ope rat i o n .  I n  the 

fi rst al ternat i ve ,  the te rmi nat i on of the CRBRP Proj ect , t he scal e- up of LMFBR 

technol ogy from smal l pl a nts  to nea r-commerc i al s i ze woul d be accompl i shed 

through res ul t s  of the base techno l ogy program and the operat i o nal  exper i ence 

of the FFTF . Maj o r  l os se s  wou l d be i ncurred i n  earl y  data on st artup ,  opera

t i o n ,  i nd i v i dual  compo nent pe rfo rmance , overal l pl ant perfo rmance , rel i ab i l i ty ,  

envi ronme ntal impact s ,  a nd ma i nt a i nabi l i ty of an LMFBR i n  a commerc i al ut i l i ty 

env i ronment . Ut i l i ty pa rt ic i pa t i o n  i n  LMFBR construc t i o n  and ope rat i o n  woul d 

al so be l ost , wi th attenda nt eros i o n  of ut i l i ty confi denc e .  By req ui ri ng s uch  

a l arge sc al eu p step , t h i s  dec i s i o n  wou l d al so be  a break wi th sound engi neeri ng 

pract i c e .  The probl ems that wou l d re su l t from CRBRP c ance l l at i o n  woul d 

i nc rease the risk t hat the LOP wou l d  have maj o r  probl ems , wh ich  woul d negate 

any pos si b l e  cost and t ime savi ngs and coul d pos s i b ly jeopard i ze the goal of 

the LMFBR program fo r suppl yi ng t he nat i o n  wi th an impo rtant l ong-term energy 

opt i o n .  
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I n  the second al ternat i ve ,  t he el im i nat i o n  of the LOP , t he prog ram i s  d i srupted 

and fo res ho rte ned . The impl i cat i o n  of thi s act i o n  wou l d be that the base of 

technol ogy and engi neeri ng needed fo r estab l i sh i ng the v i ab i l i ty of the breeder 

fo r commerc i al appl i c at i o n  by t he nuc l ear i ndu stry woul d be i ncompl ete . 

Bec ause the CRB RP i s  not i ntended to estab l i sh breeder econom ics , a n  LOP-type 

pl a nt i s  req ui red to demo nstrate the economi c and technol ogi c al v i ab i l i ty a nd 

techn ic al acceptab i l i ty of a commerc i al - s i ze LMFB R .  Extens i ve del ay i n  the 

LMFBR program brought ab out by el im i nat i ng t he LOP coul d res ul t i n  s i g n i f i c ant 

l os ses  i n  the techn i c al ly-tra i n ed LMFBR wo rk fo rce . 

The thi rd al tern at i ve i s  the cancel l at i o n  or deferral of both  devel opme ntal 

pl a nts wi th c ont i n uat i o n  of o n l y  a ge neric  base R&D prog ram . Th i s  al ternat i ve 

woul d l ead to an i ndefi n i te del ay i n  any potent i al depl oyment date for LMFBRs 

bec ause l i c ens i ng a nd pl ant ope rat i ng expe r ience woul d never be obta i ned . 

Eve n the rema i n i ng base program woul d l ose focus  wi thout spec i fi c  pl ant 

projects on wh i c h  to concent rate i t s  effo rt s .  Many of the oppo rtun it ies  fo r 

the i nvol veme nt of ut i l i t i es and reacto r manufact urers wou l d  be l ost  a l so . 

I n  the no act i o n  al ternat i ve , t he ent ire  LMFBR program woul d be termi nated . 

Such a term i nat i o n  woul d mean turn i ng away from 35  years of progres s i n  

devel opi ng a tec hn ol ogy wh i c h  has a n  excel l e nt potent i al fo r suppl yi ng a 

su bsta nt i al amount of energy i n  the next cent ury . Tech nol og i c al feas i b i l i ty 

i s  prove n and no fundamental sc i ent i fi c  breakt hrough s are requi red for further 

engi neeri ng devel opme nt and event ua l depl oyment . Termi nat i o n  of the LMFBR 

program wou l d  re sul t i n  the l os s  of the exi st i ng pool of experi enced techn i c al 

s pec i al i st s  and i n  the l os s  of  speci al i zed R&D fac i l i t i e s .  Fa i l ure to devel op 

the LMFBR as a l ong-term el ectr i c i ty su pply opt i o n  woul d have seri ous  consequences 
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fo r the nat i o n  shou l d ot her l o ng-term opt i o ns e ither fa i l  to devel op adequate l y  

or  b e  constrai ned i n  u sage , l eav i ng the u.s. vul nerab l e  to fo re i g n  energy 

suppl y  pres sures . 

Al ternat i ve Long-Term Tec hnol ogi es 

The most promi s i ng of other  technol ogi es that ul t imatel y may c ompete wi th the 

LMFBR as  l ong-term el ectr ic i ty su ppl y opt io ns are fu s i o n  reactor pl ants and 

var ious  type s of  so l ar el ectr i c  systems . Progres s i n  the devel opme nt of the se 

technol ogi es i s  summari zed i n  th i s su ppl ement . The goal s ,  accompl i shment s ,  

and focal po i nts of both the magnet i c  and i nert i a l co nfi nement fus i o n  programs 

are desc ri bed . Goal s ,  accompl i shments , i mpl ementat i o n  pl ans , a nd prob l em  

areas fo r four  so l ar el ectric  techno l og i es (wi nd energy c onvers i o n ,  so l ar 

photo vo l ta i c  co nvers i o n ,  so l ar thermal convers i o n ,  a nd ocean thermal energy 

convers i o n )  are addres sed . Unt i l  the se al ternat i ve l ong-term technol og i es 

meet the i r  devel opment goal s ,  i t  i s  not pos s i b l e  to determi ne the i r  compet i 

t i vene s s  wi th the LMFBR . 
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Envi ronmen tal  Con sequences of  LMFBR Program and Al ternati ves 

Reactor Safety 

I n  the per i o d  s i nc e  WASH-1535 was i ssued , there have b een no new safety i ssues 

i den ti fi ed wh i ch woul d preven t the desi gn , con structi on , an d o perati on  of  safe 

and 1 i cen seab1 e LMFBRs . The safety re sea rc h  a nd devel o pment program con ti n ues 

to b ui l d  upon the compre hen s i ve base of safety-rel ated i n format i on ( as descri be d 

i n th e PFES and FES ) a i med a t  pro v i d i n g  real i st ica l l y  con servati ve LMFBR 

power pl ant  desi gns  a n d  re sol v i ng safety i ssues  so as to assure the breeder ' s  

acceptab i l i ty to regul atory author i ti es , i n d us try ,  and the publ i c .  Sub stant i a l  

progre ss  toward the re sol uti on of  k ey s afety questi o n s  h a s  been made . Re s u l ts to 

date i nc l ude the fol l owi n g :  

o Des i gn i ng  systems and  structure s  i n  LMFBR p l an ts to be h i gh l y  re l i ab l e 

has been and remai n s  the most importa n t  el ement i n  assuri ng  pl an t 

safety . I n  thi s a rea , su b stanti a l  ev i dence from component and system 

tests a l ong wi th  a more l i mi ted data b ase from operati n g  pl ant  exper i 

ence i s  now avai l abl e to support ana l yses whi c h  pre d i c t  very h i gh 

rel i ab i l i ty for LMFBR sh utdown and shutdown heat remov al systems . 

o I t  has  a l so been reco gni zed that  LMFBR p l an ts can be  desi gned to have 

i ntri n s i c  re spon se modes whi c h  prov i de a fu rther barr ier  agai n st  

acc i den t occ urrence , shoul d key systems fai l . I n  th i s  a rea , te s ts a t  

FFTF have demon strated th at natu ra l  c i rc ul ati on  i s  a practi ca l  method 

of remov i ng decay hea t  from the pri mary s odi um system d uri n g  l o ss o f  

el ectri ca l  power even ts and  con sequ ent l o ss  of  power t o  pri mary pumps . 

Furthermore , th e te st  resul ts have c on fi rmed tha t  the anal yti ca l  

model s u sed  to pre d i c t  n a tura l  c i rc u l ati on  u nder v ar i o us con d i t i o n s  

are both acc urate a n d  v al i d .  
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o Desp i te the h i gh degree o f  assurance that  core-d i s rupti ve acc i dents are 

very improb abl e i n  LMF B R  pl ants , efforts have conti n ued toward reduci n g  

uncerta i n ti e s assoc i ated wi th the ab i l i ty t o  predi c t  the con sequences o f  

the se acc i den ts . Pro gre ss has been made i n  each  o f  the areas a ssoc i ated 

wi th core-di srup ti ve acc i dents that were addres sed i n  ERDA- 1535 . Th i s  

progress  pro v i des  fu rther assu rance that  CRBRP can meet requ i s i te safety 

requ i rements i n  thi s area . 

A n umber of  add i ti onal safety i ssues have ari sen s i nce  ERDA-1535 was prepared .  

FFTF a n d  CRBRP safety re v iew ac ti v i ti e s  h i ghl i ghted the need for more researc h 

on core debri s  accommodat i on . The c urren t  tec hnol ogy base s upports the 

adequacy of core debr i s accommodati on c apab i l i ti es of rel ati vel y  smal l pl ants , 

such a s  CRBRP . Add i ti ona l  work i s  underway whi c h addre sses th i s  i ssue  for 

l arger pl ants . 

The Three Mi l e  I sl an d acc i dent under scored the s afety i mportance o f  the man 

machi ne i n terface . Many l i ght water reac tor devel opments  i n  th i s  area wi l l  

app l y  to the LMFBR . Nonethel ess , LMFBR-sp ec i fi c  R&D has  been i n i ti ated i n  

parti c ul ar area s . 

Mo st o f  the safety test fac i l i t i e s  descr i bed i n  ERDA-1535 have been used i n  

the s a fety program to ob ta i n data for re sol v i n g  safety i ssues . Th i s  use wi l l  

cont i nue . The Safety Test  Fac i l i ty ,  a maj or new tran s ient  tes t  reac tor who se 

nee d  was proj ec ted i n  ERDA-1535 , has  not  been con structed because c han ges i n  

the overal l LMFBR  program co up l ed wi th si gni fi can t improvements  i n  the u nder

stan d i ng  o f  acc i dent phenomena gai ned from ongo i n g  tests i n  exi st i n g  fac i l i ti es 

now i ndi cate that  i t  i s  n o t  needed . 

The f i nal safety top i c  a dd ressed i n  ERDA-1535 was LMFBR  ri sk assessment 

methods devel opment .  App l i cati on o f  ex i sti n g  methodol ogy ( after ERDA- 1 535 was 

16 



i s sued ) to CRBRP showed that the ri sks  from ope rat ion  of tha t  pl ant woul d be 

comparab l e  to l i gh t water reac tor ri sks . Probab i l i st i c  ri sk  assessme nt has  

now been fur ther devel oped , a nd i s  u sed as  an ai d i n  the  desi gn of LMFBRs . 
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Safeguards 

Exi sti ng  safeguards capab i l i t i e s  a re desi gned to deter , detect ,  re spon d to 

an d i nterd i c t  adv er sary ac ti on s .  These c apab i l i t i es have been impro ved o ver 

the l ast 6 yea rs ( s i nce  ERDA-1 535 was i ssued)  to a ss u re i ncreased effec ti ve

ness and to fu rther reduce ri sks  assoc iated wi th a dv er sary ac ti on s . Section  

V I . A . ( 2 )  di scusses these improvements and  thei r app l i cation  to  the  LMFBR fu el 

cycl e .  

The improvements have been devel o ped to a ssure that  a l l el ements o f  the LMFBR 

fu el cycl e wi l l  be adequ ately p ro tected .  Over the l ast  6 yea rs , there has  been 

a concerted effort to i mprove the performance of phys ical pro tecti on components , 

such a s  barri ers , i n teri or and exteri or i ntrus i on sensors , cl o sed c i rc u i t  tel e

v i s i on ( CCTV ) survei l l ance , personnel i denti fiers , and automat i c  pro tecti ve 

mechan i sms and  guard force performance . A n umber of sen sors , such as microwave , 

ul tra son i c , and buri ed  c abl e moti on detec tors ,  have been te sted and  pro ven effec

ti ve at i denti fy i ng i n trus i on s .  Effec ti ve systems o f  sen sors for su rvei l l ance 

an d  eval uat i on of  the ser i o us ne ss of an i nc i dent have al so been devel oped . 

Comb i nati on s o f  these tec hnol og ies  have been u sed a t  v ari ous  commerc i a l  and  

governmen t fac i l i t i es , su ch  as  a t  Pan tex  at  Amar i l l o ,  Texas , an d the FFTF at  

Han ford , Wash i ng ton . 

Ano ther foc us  o f  concern i s  the control o f  access i nto sen si ti ve areas  o f  

LMFBR fac i l i ti e s .  Reactor s , re process i n g  pl ants , pl uton i um storage fac i l i ti es , 

and fu el preparati on and fabr i cati on fac i l i t i e s  a l l have sen s i ti ve areas  whi c h  

must  be pro tected from sabo tage or  spec i a l  n ucl ear materi al s ( SNM)  l o sses . I t  

i s  necessary to a ssure :  ( 1 )  tha t  on ly  tho se who have a need to have access 

can enter these area s ,  ( 2 )  that  con traband ( such as expl os i ves or  weapon s )  

cannot b e  bro ught i nto the area s ,  nor SNM ta ken out , and ( 3 )  f i nal l y  that 

those that  have access can be  mon i tored to pre vent a hosti l e  or mal evol ent act 

from occurr i ng . 
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Not only w i l l the present badge or card key i dent i fi c ati on sys tems be  avai l ab l e  

to control access by i ndi vi dual s to sen s i t i ve areas b u t  technol ogi es that  

wou l d i nc l ude mo re sen s i t i ve i ndi c ators of i dent i ty suc h  as  hand geometry 

( p hys i c al di me ns i on of the ha nd ) have been te sted and one or more of these 

technol ogi es wou l d be ava i l ab l e for appl i cat ion  i n  the future . Equi pmen t  to 

detect attemp ted removal of speci al nuc l ear materi a l  ( SNM) has been devel oped 

a nd i s  now c ommerc i al ly ava i l ab l e .  

Anothe r impo rtan t component of the ove ra l l safeguards sys tem fo r the LMFBR wi l l  

be accoun ti ng fo r pl u ton i um mov i ng throughout  the sy s tem . A va ri ety of  automat

ed de struc t ive and non- destruc ti ve i nstruments  for assay of uran i um and  pl u ton i um 

have been i ns tal l ed and  successful ly tested . Data from the i n struments can  be 

fed i n to a computer-based acccoun t ing  and i n strume ntati o n  sys tem . 

F i nal ly , t ran sportati on of nuc l ear materi a l s has  been cons i dered an  area of 

cri ti c al concern , because of percei ved vul nerab i l i ty .  When pl u toni um i s  trans

ported , a vari ety o f  protect ive techn i ques can  be used . I n  pa rti cu l a r ,  D OE now 

has  exten s i ve expe ri ence wi th transpo rt i ng s i gn i fi cant  quanti ti es of SNM empl oy 

i ng i t s  Safe Secure Tran sportati on ( SST) sys tem . Th i s  i nc l udes vehi c l es wi th 

immobi l i zat ion  devi ces , a nd hardened dri ver cabs . Th u s  technol ogy and  ope ra

t ional  approaches to secure pl u ton i um i n  tran s i t  are ava i l ab l e .  The actual 

manner i n  wh ich  these approaches are uti l i zed for fresh  fuel or separated 

p l u ton i um wou l d be regul ated by the Nuc l ear Regu l ato ry Commi ss i on . 

These techn i que s or tech nol ogi es can  effec t i ve ly  prevent an i nd i v i dua l  hav i ng 

acce ss  to ma ter i a l s and fac i l i ti es from engag i ng i n  crimi nal  ac ts , mak i ng i t  

exceedi ng ly  di ffi cu l t and thus unde s i rabl e to a ttemp t the theft of pl u ton i um 

or engage i n  acts of sabotage . 
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Waste Management 

Ove r the pa st 35 ye ars , management techn i que s  have been devel oped and refi ned 

to safe ly  sto re and control rad i oact i ve wa ste s .  Low- l evel wa ste i s  effect i ve ly  

d i sposed of i n  shal l ow l and bur i a l s i tes  at  governme nt and  commerc i al fac i l i 

t i e s .  Spe nt fue l from commerc i al reactors i s  stored a t  reactor s i tes and at 

fac i l i t i e s i n  Morri s ,  I l l i no i s  and We st Va l l ey ,  New York . Defense hi gh- l evel 

wa ste i n  l i qui d fo rm has been stored in st eel tanks s i nce the advent of 

nuc l ear energy . DOE i s  now eval uati ng s i te s  and de s i gn i ng fac i l i t i es for the 

i so l ati on  of h i gh- l evel and TRU wa ste from man ' s  env i ronment i n  geol og i c  

repos i tor ies , i nc l udi ng wa stes from LWRs and LMFBRs .  The bas i c technol ogy i s  

i n  hand now fo r the devel opme nt of such geo l og i c  repo s i tor ies  and candi date 

s i tes are bei ng eval uated . Add i t i o nal l y ,  current l aw requi res DOE to obta i n  a 

l i cense from NRC befo re construct i n g  a fu l l sc al e geol og i c  re po s i tory .  

DOE pl ans to construct expl orato ry shafts  a t  three l ocat i o n s .  Th i s  i s  cons i stent 

wi th NRC l i cens i ng procedures for a geol ogi c repo s i to ry ( see 10 CFR Part 60 ) .  

It i s  pl anned that con struc t i o n  of expl oratory sha fts  wo ul d be underway at 

basal t and tuff s i tes by the end of 1983 a nd at a sal t s i te in 1984 . A 

l i c ense appl i cat i on  fo r co nstruc t i o n  of the ful l sc al e repo s i tory i s  expected 

to be submi tted to NRC by 1988 wi th opera t i o n  of the repo s i tory expected 

befo re 2000 . 

I n  1985 , a s i te wi l l  be sel ected fo r the co nstruc t i o n  and ope rat i on of a Te st 

and Eval uat i o n  Fac i l i ty .  A few h und red packages o f  hi gh- l evel wa ste wi l l  be 

empl aced i n  the fac i l i ty to ga i n  experi enc e  i n  the hand l i ng of wa ste , i n  s i t u 

R&D , occupat i o nal expo s ure co ntrol , empl acement tec hn i que s  and so on , a s  we l l  

as to veri fy the adequacy of wa ste ha nd l i ng equi pme nt desi g n s .  The Test and 

Eval uati on  Fac i l i ty i s  schedu l ed fo r operat i o n  by 1989 . Exten s i ve and aggres s i ve 
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research and devel opme n t  programs are underway to devel op and refi ne the tech

nol ogy , h ardware , a nd sys tems tha t  support the prog ram obj ecti ve- -to safely 

i sol ate exi sting  and future radi oac ti ve wa s te s  from the bi osphere such that 

they pose no s i gn i f icant  threat to publ i c  heal th and safety .  
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Heal th E ffects 

ERDA-1 535 analyzes the fu l l  range of potent ia l  i mpacts of o perati n g  an LMFBR 

i ndustry .  Both rad iol og i cal  and non - ra di ol og ical  con sequences a re treated i n  

th i s analys i s .  A matter of  pri nc i pal concern were u ncerta i nti e s  a ssoc i a ted with 

descr i pti ons  of the potent i a l  human hea l th i mpacts o f  transura n i c  el ements 

pro duced and uti l i zed i n  the LMFBR fuel cycl e .  The fol l owi n g  d i scus s i on p ro

vi des  an update o n  th i s  i ssue  whi ch i ncorporates the resul ts o f  researc h con

ducted over the l ast  s i x years . 

Sec ti on V I . A .  ( 4 )  eval uates the potenti a l  human heal th effec ts due to the 

rel ea se o f  t ran su ran i c  e l ements that  woul d l i kel y resul t from operati on of an  

LMFBR fuel cycl e .  Eval uati on s a re expressed i n  terms o f  a 1000 MWe LMFBR  power 

pl an t  ( an d  supporti ng  fuel cycl e )  operati ng  for a yea r  at an 80% capac i ty factor . 

A rel ea se o f  0 . 36 mCi o f  a l pha-emi tti n g  transuran i c  el ements  per 1000 MWe-year 

i s e st i mated to occur  a s  a resul t o f  normal operati ons  o f  the fuel cycl e .  

Acc i den ts are predi c ted to contri bute i n s i gn i fi cantl y to total rel eases 

because of the l ow probab i l i t i e s  a ssoc i ated wi th acc i den ts . The total rel ease 

i s a ssumed to be i n  the form of a i rborne parti cul ates . These are d i s tri buted 

accord i n g  to a meteorol og ical  model whi ch a ssumes rel ease from a s i n gl e  poi n t  

i n the North Cen tra l Uni ted Sta tes , w i th downwi n d  popu l ati on den s i ty 1 0  t imes 

the U . S .  average . 

Deposi ti on i n  man i s  a ssumed to occ ur a s  a resu l t o f  ( 1 )  di rec t i nhal ati on 

o f  the ai rborne rel ea se , ( 2 )  i n hal ati on o f  resuspen ded materi a l  a fter depo

s i ti on on the g round , or ( 3 )  i n gesti on o f  materi al  i ncorporated i n  or on 

foo d s .  D i spos i t i on i n  man i s  esti mated accordi n g  to con servati ve model s ,  for 

peri ods  of t ime extend i n g  for the l i feti me o f  the rad ioacti ve mater ia l s .  
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Absorpt ion  of the transuran i c s  by ma n ,  a nd the i r  di stri but ion  a nd retention  

wi th i n  ma n ,  a re ass umed to fol l ow mo del s presc ri bed by the I n ternat ional  

Commi s s i on  on Radi o l ogi c al Protect ion  ( I C RP ) except fo r one maj o r  excepti o n , 

where sub s ta nti al ly  h i gher estima tes for ab so rpt ion  of i nge sted transurani c s  

are empl oyed . I CRP procedures are al so empl oyed i n  the cal cul a ti o n  of radi a

ti o n  doses to vari ou s huma n orga ns and ti s sue s wh ich  resul t from transuran i c  

el eme nt depos i tions . 

Eval uat ion  of the pos si b l e  huma n heal th con seq uences  of predi c ted radi at ion  

expos ures i s  ap proached from two sta ndpo i nt s .  F i rst ,  the pred i c ted expo sures 

a re compared wi th measured exposures to fal l ou t  tran suran i cs present in our 

envi ronme nt as a re sul t of nuc l ear weapo ns te sts ; to pl u ton i um depo s i t ions  

that  have re su l ted from occu pati onal  expo sures ; a nd to nat ural background 

radi at i o n , i nc l udi ng that from i nte rnal ly depos i ted , natural l y  occurri ng al pha 

emi tters . Fal l ou t  pl u ton i um i n  the Un i ted State s exceeds by a facto r of about 

50 mi l l i on the estimated LMFBR rel ease per 1000 MWe-year ; 1000 LMFBRs , each 

rated a t  1000 MWe and ope rat i ng fo r 50 years , wou l d be predi c ted to rel ea se 

only 1/1000 of the pl u ton i um depos i ted from past  we apo ns  te sts . The amoun t of 

pl u to n i um e stima ted to be present  i n  a few thou sand pl u toni um wo rkers , i n  whom 

no  se ri ous  heal th  effects attr i butabl e to pl u ton i um h ave been seen , i s  1000 

t ime s the es tima ted q ua nt i ty tha t woul d be i n hal ed by peopl e pe r 1000 MWe-year 

of LMFBR ope rati o n .  The radi ati on  dose to a s i ng l e generat ion  from n atural ly  

occurri ng al p ha emi tte rs i s  from 30 mi l l i on to a b i l l i on time s  l arge r ,  fo r 

di ffe re nt cri tical  orga ns , than i s  the cumul ati ve radi at ion  do se to al l 

ge ne rat ions  per 1000 MWe-year of LMFB R ope rat i o n . These compari sons  prov i de 

no meas ure of abso l ute ri sk , but  do se rve to pl ace the se ri sks  i n  pe rs pect ive , 

rel at i ve to othe r unavo i dab l e ri sks  of a s i mi l ar nature . 
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A second approach to the eval uati on of  pos si b l e human heal th consequences  

i nvolve s  estimati on of  abso l u te ri sk s ,  based on rather uncertai n  rel ationsh i ps 

between rad i ation dose , and c ancer and geneti c  ri sk s ,  a s  devel oped by such 

bod i e s  a s  the I CRP , the Nati onal Academy o f  Sci ences Comm i ttee on the B i ol ogical 

Effects o f  Ioni z i ng Rad i at i on ( BE IR) , and the Uni ted Nations  Sci enti f i c  

Comm i ttee o n  the Effects of  Atomi c Rad i at i on ( UNSCEAR) . Thi s  approach l ead s 

to estimates of 0 . 0012 cancer death s  and 0 . 0006 serious  geneti c effects per 

1000 MWe-year of  LMFBR operati on .  Expressed i n  o ther term s , about one cancer 

death wou l d  be attri buted to 1 year ' s  operati on of  1 000 LMFBR power pl ants of 

1000 MWe rated capaci ty ;  and about one seri ous  geneti c effect to the same 

numbe r  of  pl ants operati ng for 2 years . About one- th i rd of  the pred i cted 

cancers would  occur  i n  perso n s  exposed duri ng the per i od of  LMFBR operati on , 

and about one-th i rd o f  the geneti c e ffects woul d occur i n  thei r  fi rst genera

ti on offspri ng . The rema i ni ng two-th i rd s  of  al l pred i cted effects woul d occur 

over ensui ng thousands of  years at a much d imi ni shed and decreasing  rate , for 

the l i fetime of the transurani c s  i nvolved . 

Because of  unavoid abl e uncerta i nti es  i n  the model s empl oyed for e stimat i on of  

absol u te ri sk , i t  i s  suggested that p rimary rel i ance be pl aced on the qual i ta

tive compari sons of  exposure from estimated LMFBR rel ease s , fal l out pl utonium , 

and natu ral background rad i at i on . Attempts to pl ace absol u te numbers on spec i 

fic  ri s k s  shoul d be l ooked upon a s  a n  exerci se l end i ng qual i tative support to 

the mo re val id comparative eval uat i on s .  

Maj or  d i fferences between Secti on V I . A .  ( 4) and the earl i er versi on o f  th i s  

materi al i n  WASH-1 535 are summari zed i n  the fol l ow i ng tabl e s . 
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Tab l e 1 

MAJOR  CHANGES I N  MODEL PARAMETERS 

WASH-1535  Suppl ement 

( 1 974 ) ( 1 981 )  

Source Term No Changes 

Env i ronmen tal  D i spersal No Changes 

Tran sport V i a  Food Cha i n s  

Pl a nt/So i l  Tran suran i c  
Conc entrati on Facto� 

Metabol i sm i n  Man 

Gastro i n testi nal Absorp ti on 
Fract i on for Pl u to n i um 

Do s i metry 

Dose Commi tment I n terval  

Qua l i ty Facto r ( rem/rad )  

Dose to  Bone 

25 

0 . 1  

3 x 10- 5  

7 0  years 

10 

Ave raged 
Ove r Total 
Bone and 
Mul t i pl i ed 
by 5 to 
Correct for 
Non-un i fo rm  
D i stri buti on 

0 . 01 

50  years 

20 

Separately 
Cal cul ated 
fo r Surfaces  
a nd for Red 
Marrow 



Tab l e  2 

CHANGES I N  HEALTH EFFECT EST IMATES 

WASH-1535 

( 1 974 ) 

Dose Equ i va l ent  Commi tmen t  ( rem) ( 70 Yr  Commi t-
me nt , Q = 1 0 )  

Lung 4 

Bone 26 

Li ver 10 

Gonads 0 . 4 

Ri sk Factors ( pe r  106 orga n- rem )  

Lung 16 - 1 10* 

Bone 2 - 1 7* 

Li ver 1 - 7* 

Gonads 60 - 1 500* 

Excess  Cancer Deaths 

Lung . 000064 - . 00044* 

Bone . 000052 - . 00044* 

Li ver . 000010 - . 00007* 

Total . 0001 - . 001* 

Geneti c Effects 

Total . 0002 - . 002* 

* Lower estima te ba sed o n  abso l ute ri sk mo del , 
h i gher  estima te ba sed on  rel ati ve ri sk mo del . 
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Suppl ement 

( 1981 ) 

( 50 Yr  Commi t-
ment , Q = 20 ) 

9 

86 ( Surface)  

7 ( Marrow ) 

18 

1 

35 

5 ( Surface )  

25 ( Ma rrow ) 

1 5  

1000 

. 00032 

.00043 ( Surface ) 

. 00018 ( Ma rrow ) 

. 00027 

. 00 12  

. 0006 



E nv i ronmental I mpacts o f  Al ternative Long-Term Technol ogi es 

Qual i tative and l imi ted quanti tative compari son s are i ncl uded i n  thi s secti o n . 

Non - rad i ol ogi cal LMFBR i mpac ts ( unc hanged si nce ERDA- l 535 w as compl eted) are 

compared wi th esti mated si mi l ar i mpac ts for magneti c fus i on , w i nd energy 

conver s i on , sol ar photovol tai c ,  sol ar thermal and ocean thermal systems , on a 

u ni t bas i s  ( i . e . , per 1 00 0  MWe equ ival ent p l ant c apac i ty) . 

Detai l ed quanti tative compari son s between the LMFBR and al ternative l on g- term 

tec hno l ogies  are not p o ss i bl e b ecause o n l y  the env i ronmental i mpac t i n format i o n  

for t h e  LMFBR i s  compl ete at thi s  ti me . Such i n formati o n  on al ternatives i s  

sti l l  qu i te i ncompl ete and uncerta i n .  
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I I I .  P urpose and Need for the  LMFBR Program 

Th i s  Sect i o n  d i sc u sses  the  fundamental rat i o nal e for LMFBR devel opment , a nd 

factors affect i ng appropr i ate t im i ng of t he devel opment program . Al t hough 

t he ba s i c  rat i o nal e fo r the  LMFBR program i s  essent i a l l y  unchanged from t hat  

in  WASH- 1 535 and  ERDA- 1 5 35 , c hanges have occurred in  t he i nfo rmat i o n  upo n 

wh ich  the prog ram i s  based , a nd t herefo re i n  t he program el ement s .  There have 

been change s in the proj ect i on for i n stal l ed nuc l ear ge nerat i ng capac i ty and 

al so i n  the projected growt h i n  el ectric i ty demand . 

Becau se of these changes ,  t h i s Sect i o n  i s  supp l i ed to u pdate , o r  s upersed e ,  

s i mi l ar materi al  found i n  WASH-1 535 : 

Sect i o n  1 .1 . 1  Or i g i n and Purpose of the LMFBR Prog ram 

Sect i o n  1 . 1 . 4 Notes on Several As sumpt i o n s  U sed i n  the Statement 

Sect i o n  2.1 Rel at i o ns h i p  of the  LMFBR to the  U . S .  Energy Economy 

A. R o l e  of Nucl ear E nergy 

The energy suppl y probl ems of  recent years have demonstrated the nat i o n ' s  need 

for stab l e ,  s ecure , domest ic  energy sources .  The nat i o n  needs to devel op energy 

opt i o ns wh ich  can  prov i d e  substant i al amount s  of energy over the l ong term . 

Energy source s wi l l  be needed to repl ace t he i ncreas i ng l y  sc arce suppl i es of 

o i l and gas wh i c h  c urrent l y  suppl y 70% of t he nat i o n ' s  energy needs . 

Proven suppl y techno l og i es must be ready when needed . E l ectri c i ty c an pl ay a 

1 1 , very i mpo rtant ro l e  i n  t he nat i o n ' s l ong-term energy s uppl y secur ity  becau se 

21 el ec tric i ty can be produced i ndependent of petrol eum s u ppl i e s  and because 

e l ectric i ty can  rep l ace o i l  and gas  i n  many end- use appl i c at i ons  such as  h i gh

eff i c i e ncy heat pumps in the  commerc i a l  and res i dent i a l sectors ( see Nat i onal  

Energy Po l i cy P l an , J u l y 1 981 , page 1 5 ) . An expanded ro l e  fo r e l ectri cal  
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ene rgy i s  essenti al  in  that al mo s t  three-quarters of the exi st i ng U . S .  energy 

supply come s  from rap i d ly depl eting reserve s of o i l and natural ga s .  About  
. 

one mi l l i on barrel s of o i l  per day , mos tly  res i dual  o i l ,  a re consumed in  the 

producti on of el ectri c i ty .  For the pa st  seve ral years , the amount of o i l u sed 

in  el ectri c al genera t ion has been approxi ma tely equal  to th at impo rted from 

Saudi Arab i a .  O i l suppl i es abou t 10 pe rcent of U . S .  el ectri c i ty now ;  i t  i s  

projected to dec l ine to abou t 1 pe rcent  in the 2000 to 2020 timeframe . 

Expedi ting the tran s i ti on to al ternati ves , i ncl uding greater el ectri c i ty 

rel i ance , wou l d  save exi sting  petrol eum suppl i es for such end u se s  as  trans-

portati on ,  where substi tut i on i s  d i ffi cu l t .  Of the cu rrently avai l ab l e 

cen tral station al te rna ti ve s for el ectri c i ty producti on ,  on ly coal and nuc l ear 

power from l i gh t.water reac tors ( LWRs ) c an prov i de sub s tantia l  amounts of 

ene rgy . Coal i s  a l arge but fini te resource , and expanded coal u se i s  a key 

el ement in the U . S .  energy strategy . Large quan ti t ies  of coal mi ght al so be 

used in the future as  feeds tock for syn thet i c  l i qu i d  and ga seous  fue l s .  

Further expans i on of coal u se to prec l ude the need for LWRs and LMFBRs i s  

con s i dered by ma ny to be i n feas i b l e  from a supply perspect i ve .  

There i s  al so concern th at con ti nued and expanded coal u se coul d present 

adverse env i ronmental impacts , e speci al l y  wi th regard to i ncreases in gl obal 

carbon di oxi de and associ ated changes i� cl ima te and to su l fur d ioxi de 

emi s s i ons  and the i r effect upon ac i di c  prec i p i tation . 1-4 However , gi ven the 

current state of sc i enti fic  unde rstanding of the ac i d  rai n phenomenon , the 

cause and effect rel at ion shi p between coal u se and ac i d i c  prec i p i tati on 

rema ins hi gh l y  specu l ati ve . 

The mos t  pract ical end u se for the ene rgy con tent of uran i um i s  in produc i ng 

el ectri c i ty o r  process  heat . Thu s ,  nuc l ea r  ene rgy c an pl ay a un i que and 
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important  part i n  the nat ion ' s  energy supply s truc ture . Uran i um ,  a s  used 

i n  the current  generati on of nuc l ear pl ants , i s  al so a fi n i te resource . 

But ,  un l i ke power pl ants u s i ng foss i l  fuel s ,  the next genera t i on of nuc l ear 

pl ants , the LMFBRs ,  can  extend the urani um resource potent i a l  to essent i a l ly 

i nexhausti b l e  propo rt i ons  ( see F i gure 1 ) .  

B .  Energy and  the Economy 

An update of background i nformati on on energy/economi c consi derati ons  i s  pro

v i ded i n  Appendi x  F and wi l l  on ly be summari zed i n  th i s  secti on . I t  shoul d be 

noted that th i s  Suppl emen t  i s  not i ntended to be a deta i l ed or exhau st ive 

2 1  s tudy of  fu ture trends i n  the economy or  i n  energy u se .  There have been ma ny 

such s tudi es conducted rec ently and the current  DOE energy supply and dema nd 

projec t ions  al ong wi th compari sons wi th proj ec ti on s  by o ther groups have been 

pub l i shed ( Energy Projecti ons to the Year 2000 , DOE/PE-0029 , J u ly  1 981 ) .  

Adequate energy suppl i es are vi tal to a heal thy , growi ng economy . H i storica l  

economi c data show , wi th few exceptions, that  changes i n  energy consumpt ion  

and  ch anges i n  gross  nati onal produc t ( GNP ) move i n  step . However , s i nce 

1 975 there have been some s i gni fi cant  quan ti tat i ve changes i n  the trends i n  

U . S .  e nergy consumption  and i n  the percei ved future growth i n  energy dema nd . 

The grea te s t  change i n  recent years has been the l a rge i ncrease i n  energy 

costs , mostly dri ven by i ncreases i n  petrol eum pri ces . These h i gher costs 

have resul ted i n  a s l owi ng of the h i s tori cal  ra te of i ncrease in  energy con

sumption  and , i n  a few recent years , i n  an actual decrease in energy con sump

ti on . The  h i s torica l  trend of GNP  movi ng i n  step wi th energy consump ti on has 

genera l l y  conti nued . The GNP growth , l i ke the growth i n  energy consump t i on , 

has  been rel ati vely l ow ,  actual ly  decl i n i ng i n  a few years .  For prudent 

pl an n i ng p urposes , i t  may be concl uded from both the recent and l onger-term 
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h i stori cal  energy consumpt i on and GNP trends that even a modest conti nued 

growt h i n  GNP wi l l  l ead to i ncreased energy cons umpt i on .  

It i s  a l s o probab l e  that the rate of i ncrease i n  energy cons umpt i on wi l l  be 

l ess  than that exper ienced i n  the 1 9 60s when energy costs  were l ow .  The 

h i stor ical data show t hat the ec onomy does re s pond to changes i n  energy 

pr ices  wi th c hanges i n  energy e ffi c i ency ( rat i o  of GNP to energy use ) 

hi gher pr ices have l ed to i n creased con servati on  of energy . However , t he 

res ponse i s  qu i te s l ow .  It  i s  probab l e  that the annual  rate of effi c i ency 

21 i mprovement s ,  averaged over the next few decades , w i l l  not exceed the 1 . 6% per 

year wh ich  occurred dur i n g  t he peri od 1 9 7 1- 1 980 wh en energy pr i ces i nc rea sed 

greatl y ( see Append i x  F ) . 

One con s i stent h i stori ca l  trend i s  the i ncrease i n  the fract i on  of energy 

prov i ded by e l ectric i ty .  E l ectric ity i s  a fl ex i b l e  and conven i e nt en ergy 

form , a nd el ectri c i ty demand may be expected to cont i n ue to i ncrease at a 

somewhat h i gher rate than the overal l energy demand . However , a s  ment i oned 

earl i er ,  a more important po i nt i s  t hat e l ectrica l  energy product i on can be 

i ndepe ndent of fos s i l  fuel s ,  a nd i ncreased u se of el ectr ic ity can hel p i n  the 

very l arge energy s u bst i tut ion  probl em faced by t he U . S .  as fo s s i l  fue l s ,  

e s pec i a l l y  o i l  and natural  gas , become i ncreas i ng l y  sc arce and costl y .  

Together energy growt h potent i al and the need fo r oi l and ga s subst i t ut i o ns  

provi de the mot i vat i on for devel op i ng l ong- range , e s sent i a l l y  i nexhaust i b l e  

el ectri c al energy source s such a s  the LMFBR .  

c. Rat i ona l e  for LMFBR Devel opment 

As a promi si ng l ong-term , l arge-sca l e technol ogy , c ont i nued devel opment of 

the breeder appears wa rranted . S im i l arl y ,  cont i n ua t i on of researc h and 

32 



devel opme nt act i v i ti e s  o n  other promi si ng l ong-term op ti ons , s uc h  a s  fus i o n  

a n d  so l a r  el ec tri c i ty technol ogi es , a l so appears warra n ted . Because of the 

rel at ivel y advanced s tate of LMFBR technol ogy rel ative  to o ther l arge-scal e ,  

i nexhausti b l e opti ons , the breeder must b e  con s i dered the surest of these 

suppl y op ti o n s . I f  fu s i o n ,  so l ar el ec tri c i ty ,  and  the LMFBR devel opme nt 

programs were al l suc cessfu l , the contr i but ion  of eac h wou l d depend on  thei r  

rel at ive econom i c s , amo ng o ther factors . Moreover , s i nce th e LMFBR i s  today 

the furthest al ong , i t  prov i de s  the i nsurance aga i n s t  fa i l ure of al ternati ves 

to devel op i n  a timel y way and aga i n st coal  fa i l i ng to be abl e to fi l l  any gap 

in  en ergy supp ly  that occurs . I n  thi s sense the LMFBR coul d contri bute 

v i tal ly  to prosperi ty and  secur i ty o f  the nati o n .  

Impo rtant  el ements i n  the rati onal e for U . S .  LMFBR devel opmen t  are : 

o The need fo r nuc l ear  powe r to meet a s i g n i f i can t frac t i o n  of future 
el ectrical  energy requi rement s .  I n  the near-term on ly  c oa l  and 
nuc l ear power can be counted upon  to meet the bul k o f  the U . S .  
el ectri c al ene rgy requi rements .  

o Limi ts to  economi c al ly  recoverabl e uran i um wh i ch l imi ts contr i but ions 
from current generati on  nuc l ear powerpl ants , a nd an essenti al l y  
unl i mi ted el ectrical  ene rgy supply from breeders . 

o Forecasts fo r LMFBR el ectri c al generati ng costs . 

o The rel ati vel y advanced state of breeder reactor devel opment ,  c ompared 
to other l arge-sc al e ,  i nexh au sti b l e  technol ogi es . 

The fi rst el ement , the need for nuc l ear power ,  has  been addressed i n  the 

previ ou s  sect ion  and i n  more deta i l  i n  Appendi x  F .  I n  th i s  sect ion , the 

rema i n i ng facto rs are exami ned . 
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1 .  Uran i um Resources and Nucl ear Energy 

As di scu ssed prev i ously , nucl ear power i s  l i kely to pl ay an i mportant rol e i n  

provi d i ng a s i gn i f i cant  fract i on o f  the nati o n ' s  near-term and  l ong- term 

el ectri cal  energy requi rements . Al though the present-day nuc l ear power 

technol ogy ,  ba sed on the LWR ,  can  provi de a v i tal contri buti o n  to meeti ng the 

nati o n ' s  el ectr i ca l  energy needs i n. the near-term , LWRs ut i l i ze only a smal l 

fract ion  ( about one percent ) o f  the energy ava i l ab l e from uran i um resources . 

To a s sure that n uc l ear  power can conti nue to make a maj or con tr i bution  to the 

nati o n ' s  l ong- term energy needs , i t  i s  neces sary to uti l i ze the urani um 

resources more ful ly . By v i rtue o f  the i r fuel breedi ng c haracteri s ti c s , 

LMFBRs enab l e the energy potenti al  from uran i um resources to be i ncreased by 

about a factor o f  s i xty .  Used i n  LMFBRs , the energy potenti al  o f  the ura n i um 

al ready m i ned and  s tored a s  a byproduc t  of  the enr ichment proces s  i s  roughl y 

equi val ent to the energy potenti al o f  al l o f  the U . S . coal reserves ( 430 

b i l l i o n  ton s  that are cons i dered economi cal ly  recoverabl e  at the present 

time) . 5 L i ke the renewabl e resources ,  the fert i l e  urani um resource base 

for the LMFBR i s  so l arge that fuel costs woul d not be i nfl uenced by resource 

avai l ab i l i ty .  

The Nati onal  Uran i um Resource Eval uat i on ( NURE ) program has conducted s tud i es 

to assess  better the magni tude of  U . S .  uran i um resources and to improve 

technol ogy for d i scovery ,  a ssessment ,  and production  of these resources .  The 

potent i al  uran i um resources estimated as  a resul t of  the NURE program6 

appear i n  Tab l e A- I ,  Append i x  A ,  by forward-cost category and resource 

category . The c urrent resource estimates  are summari zed i n  Tabl e 3 :  
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Tabl e 3 

u .s. URAN IUM  RESOURCES 
(As  of J anuary 1 , 1 981 ) 

Thousand Tons U
308 

Forward Cost 
Category* Reserves P robabl e Poss i b l e  Specu l ati ve Tota l 

<$30/ 1  b 47 0 885 346 3 1 1  201 2  

<$50/ 1 b 787 1 426 641 482 3336 

<$ 100/1 b 1034 2080 1005 696 481 5  

P revi ou s urani um s upply esti mates are contrasted wi th present estimates  i n  

Appendi x A ( Tabl e A-2 ) . The Commi ttee on N ucl ear and Al ternati ve E nergy Sys tems 

( CONAES ) s tudy of the Nati onal Re search Counci l  recommended that only tho se 

uran i um depo s i ts i n  the reserves and probabl e resources categori es  s houl d be 

taken as a bas i s  for prudent pl ann i ng . 7 Moreover,  they cauti oned that avai l 

a bi l i ty of U
308 i n  the h i gher forward cost categori e s  ( l ower uran i um concen

trati ons  i n  the ore) i s  known wi th suc h l i ttl e certa i n ty that i t  shoul d not 

be  u sed for pl anni ng p urposes . Thu s  al though the possi bl e and specul ati ve 

resource categor i es mi gh t be cons i dered i n  a very l ong- term context, tak i ng a 

U
308 

resou rces  estimate i n  the 2-3 mi l l i on short ton ( ST )  range i s  a 

prudent assump ti on  for pl anni ng purposes . 

*For purposes of thi s report , forward costs are the yet- to-be-i ncu rre d  costs 
of pro duc i ng  U ° from a gi ven resource , and i nc l u de the di rect costs of 
devel opi ng and30aerati ng  a mi ne and bu i l di ng and  operati ng a u ran i um mi l l .  
They are u sed to i n di cate the economi c avai l ab i l i ty of a urani um resou rce .  
A forward cost category i ncl ude s  al l resources a t  o r  bel ow the stated for
ward cost.  Forward costs are not to be confused w i th pri ce , whi ch i nc l u de s  
p ast costs , exp l orati on costs , c o s t  of money , mark eti ng costs , rate o f  
return , prof i t, some taxes , etc . F o r  thi s study ,  a rough rul e o f  thumb i s  
tha t  pri ce i s  up to two ti me s  forward cost. 
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9 I The annual  uran i um requ i reme nt for a LWR va r ies between 140 and 200 ST 

U30S , S depe nd i ng on  whether a once-through , improved once-through , or 

recyc l e  fuel cyc l e  i s  used . Th us , reserves and probab l e  resources of 2-3 

mi l l i on ST U30S cou l d s uppo rt about 10-20 , 000 GWe/yr of LWR operat i on 

( 3 30-670 LWR ' s  for assumed 30 year l i fet ime s )  i f  the current once-t hrough 

fuel cyc l e  i s  ma i ntai ned , or more i f  the i ndustry were to i mprove the once

through fuel cyc l e  or go to the recyc l e  mode . Th us , the reserves and probab l e  

resou rces cou l d be commi tted as early a s  the fi rs t pa rt of the next century 

or as l ate as several decades l ater. Ti mi ng of the urani um resource depl et i on 

i s  h i gh l y  un certai n ,  but i rres pect i ve of whether present U . S .  uran i um resource s 

are commi tted soon afte r the year 2000 or somewh at l ater ,  the contr ibut i o n  to 

nuc l ear power by LWRs wi l l  u l t imatel y  be l i mi ted by the avai l ab i l i ty of 

economi c uran i um resource s .  

With  b reeder reactors , uran i um resou rce ut i l i zat i on wi l l  be great l y  ext ended 

compa red to current generat i on LWR s .  Nuc l ear capac i ty can reach thous ands of 

GWe i nstead of hund reds ( see F i gure 1 ) ,  and the t ime span of the nuc l e ar 

energy contr ibut i on can be many hundreds of ye ars i n stead of onl y a few 

decades . As shown on  th i s  f i gure , so l ar and fus i on re present an i nexh au st i b l e  

energy suppl y.  The rol e of breeders i n  the fut ure energy economy shou l d be 

v i ewed as a technol ogy opt i o n  that can  prov i de an essent i a l l y  i nexhaust i b l e  

fuel supp l y  to the el ectri cal -generat i ng system . 

2 .  Forecasts for LMFBR E l ectri c i ty Costs 

Compa red to ot her pos s i b l e source s  of  l arge-sc al e ,  i nexhaust i b l e energy s uppl y ,  

est imates of the fut ure costs of el ect ri c i ty ge nerated by LMFBRs favors 

conti nued devel opment . As wi th any l arge new technol ogy under devel opment , 
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there are uncerta i nti es i n  LMFBR cost  estimates that can only be resol ved by 

devel opi ng the tech nol ogy to a near-commerci al  s tage . However ,  the uncertai n

ti es associ ated w i th the cost of el ectri c i ty from LMFBRs are much  l es s  than 

the co st uncertai nti es  associ ated w i th other ,  l es s  wel l - devel oped tech nol ogi es .  

The economi c compari son between the LWR  and  the LMFBR i s  determi ned by a 

number of factors . The major cost components are :  

o P l ant Cap ital  Costs 

o Fuel Costs 

o Operation  and Mai ntenance Co sts 

B a s i c  trends i n  LWR/LMFBR compari sons are establ i sh ed for these maj or costs . The 

LMFBR i s  proj ected to have a h i gher  cap i tal cost, wh i c h  wi l l  be offset by a l ower 

fuel cost duri ng operati on of the LMFBR . The di fference i n  these costs and the 

e sc al ati on of these co sts over time wi l l  determi ne the rel ati ve economi cs  of the 

two reactor sy stems . 

Many sy stems analy s i s studi es  have been performed i n  recent years wh i c h  resul ted 

i n  predi cted dates when the LWR and  LMFBR c osts wi l l  be the same . Such dates h ave 

been i nterpreted as the time i n  wh i ch the LMFBR wi l l  be needed.  The date that 

resul ts from such sy stems stud ies  i s  h i ghly dependent on the as sump ti o n s  u sed. 

Some studies  concl u de that the LMFBR wi l l  or cou l d be needed by 2000 , wh i l e  

others concl u de that a date seve ra l  decades l ater i s  more l i kel y9 , 1 0 , 1 1 . Th e 

mi d-range of op i ni o n ,  as  exp ressed i n  several of the more extens i ve recent 

s tu di es , 1 2 , 1 3 , 14 appears to be that LMFBR devel opment shoul d be geared toward 

meeti ng a potenti al  dep l oyment need early i n  the next centu ry .  Th e pace of 

LMFBR devel opment wi l l  affect the cost of breeders rel ati ve  to LWRs . A more 

rap i dly paced p rogram wi l l  accumu l ate mo re reactor and fuel cycl e exp eri ence 
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by a n  earl i er date , a nd hence the l earni ng expe ri ence wi l l  res ul t i n  l owe r 

costs at an ea rl i er date . 

Rega rdl ess  of whether a parti cul ar economi c model pred icts 2010  or 2030 or some 

other da te of economi c compe ti t i ve ness  between LMFBRs and other technol ogi es , 

res po ns i b l e nat ional  energy po l i cy d ictates that the pace of the LMFBR devel op

ment program be struc tured to accommodate s i gn i fi cant uncerta i nti es . Th i s  

pO i nt i s  addressed i n  Section 111. 0 .  

3 .  Advanced State of LMFBR Devel opment 

The LMFBR i s  i n  a rel ativel y advanced state of devel opment,  both i n  the U . S .  

and worl dwi de . 1 5  I n  the U . S .  the EBR- I I ,  wh ich  began ope rati o n  i n  1964 , h as 

ope ra ted rel i ably for 1 7  years supplyi ng 18 MWe of el ec trical ene rgy . The U . S .  

Fa st Fl ux  Test Fac i l i ty ( 400 MWt ) has recentl y ( 1980 ) begun ope ra tion  a s  a 

fuel s and materi al s i rradi ati on  fac i l i ty .  I n  Franc e ,  t he Phen i x  Reac to r  ( 250 

MWe ) has been i n  ope ration  s i nce  1974 .  A fo l l ow-on comme rc i al -s i ze LMFBR , 

Supe r-Pheni x ( 1 200 MWe ) , h as been  des igned and i s  presentl y  under construc tio n , 

wi th compl eti on  schedu l ed fo r 1983 . I n  the U . K . , the 2 50 MWe Dou n reay PFR has  

operated s i nc e  1974 . The U . S . S . R .  recently ( 1980 ) began ope rati o n  of BN-600 , 

a 600 MWe LMFBR ,  fo l l owi ng by seven years the 1973 startup of BN-350 , a 350  MWe

equival ent LMFBR .  The SNR-3 00 , a 300 MWe reacto r ,  i s  under constructi o n  i n  

West Germany ( now 5 0  percent compl eted ) ,  a nd Japan  i s  prepari ng to beg i n  s i te 

preparati o n  for MONJ U  i n  1982 , a nother 300 MWe pl ant.  In  the U . S . , des i g n  work 

i s  nearl y c ompl ete , and  component fab ri c ation  i s  wel l al ong for the CRBRP . 

Compa red to other l arge-sc al e ,  i nexhau sti b l e  al ternati ve s ,  LMFB R  tec hnol ogy 

i s  therefore rel atively adva nced . Techn i c al feasi b i l i ty of the LMFBR has  
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been cl early demonstrated and  the remai ni ng  work i s  to conduct engi neeri ng 

scal e demonstrati on of the technol ogy at a s i ze l eadi ng up  to that of comme rci al 

p l ants . Even though no fundamen tal sci enti fi c breakthrough s are requi red ,  

the work that rema i n s  wi l l  take time. 

The abi l i ty to use fore i gn LMFBR tech nol ogy has been co nsi dered. Becau se of 

the u n i que U . S .  l i ce ns i n g  envi ronment,  fore i gn reactor des i gns  cou l d requ i re 

modi ficati on .  Whi l e  the extent of such modi fi cati ons i s  unk now n ,  they coul d 

be exten s i ve ,  costly , an d take ti me to accompl i sh .  

A dome sti c LMFBR i ndu stry woul d have several addi ti onal economi c benefi ts .  I t  

coul d precl u de negati ve bal ance o f  trade aspects that woul d occur i f  the U . S .  

were to import fore ign  technol ogy and coul d provi de a n  export i tem when a 

worl d LMFBR mark et devel ops . 

D .  T imi ng of LMFBR D evel opment 

Many studi es of U . S .  and i nternati onal energy pol i cy conc l u de that LMFBR 

devel opment i s  a prudent course . 14-17  However,  the pace of the devel opment 

has  been an i s sue , and i t  i s  u seful to consi der devel opment timi ng u nder 

current condi ti ons .  There are four mai n  reasons to proceed expedi ti ou sly wi th 

th e U . S .  LMFBR devel opme nt program :  

o Even wi th a rel ati vely v i gorous LMFBR devel opment program , a com
merc i al ly vi abl e LMFBR cannot be ava i l ab l e for several decades . 

o There i s  s i gni fi cant uncertai nty i n  any predi c ti on of a date for LMFBR 
need. 

o I n  v i ew of uncerta i nti es , the penal ti es  for devel opi ng the breeder1Soo 
early are smal l compared to the penal ti es for devel op i n g  too l ate . 

o Conti nu i ty i s  essenti al  to progres s  i n  any h i gh tech nol ogy devel op
ment program. 
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These fou r reason s are di scussed i n  the fol l owi ng s ec ti on s .  

1 .  I nherent Long L ead T ime for D evel opment 

Even i f  the LMFBR p rogram i s  pushed ahead now i n  a vi gorous  fash i on ,  

commerc i al - scal e demonstrati on cannot be accomp l i shed unti l the mi d- 1990 ' s  

and resul ti ng u ti l i ty commi tments to comme rc i al LMFBRs  woul d resul t i n  LMFBR 

generati ng p l ants no earl i er than 200 5 to  2010 . Fi gu re 2 i l l ustrates the 

peri od that wi l l  be requ i red to obtai n a s i gn i fi cant ma rk et share w i th the 

LMFB R .  I t  appears that 2010- 2020 i s  the earl i est that s i gni fi cant numbers of 

LMFBRs cou l d be brought on-l i ne in the U .S .  Even thi s wi l l  req ui re prompt 

i mp l emen tati on of the devel o pment schedu l e shown.  

Th i s  devel opment sc hedu l e  i s  consi stent w i th U . S .  experi ence in  commerci al i z i ng 

th e LWR . About 25  yea rs were requ i red to progress  from the an nou ncement of  the 

f i rst LWR demon stration  pl ant ( 1 953 )  to comme rc i al vi ab i l i ty and s i gni fi cant 

market penetrati on ( the l ate 1970 s ) . However, th i s  wa s done i n  a regu l atory 

and economi c envi ro nment that di ffers cons i derably from that today , and 

perh ap s  from that wh i c h  can be anti c i pated i n  the future . Thus 35-40 y ears to 

comp l ete a s imi l ar commerc i al i zati on  proces s for the LMFBR i s  not unreal i sti c .  

E ven i n  the French LMFBR program ,  wh i ch a l s o  h as a l es s  co nstrai n i n g economi c 

and  regu l atory envi ronment , about 30 years wi l l  have el apsed from LMFBR 

demonstrati on an nou ncement ( c .  1 970 ) to s i gn i fi cant ma rk et penetrati on 

( c .  2000 ) . 
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Fi gure 2 

LMFBR Devel opme nt Schedu l e  

CR BRP 
Des i gn -

Co nstructi on 
Operat i on 

LO P 
Des i gn 
Construct i on 
Operat i on 

Base Technol ogy Program 

F i rst Commerc i a l 
Deci s i on Poss i b l e  - _ . � - .  

F i rst Commerc i al 
P 1 ant 0 pe ra t i o n  . _ .  � - .  
Poss i b l e  

Si gn i fi cant LMFBR 
F i rst Market Pene- - - -

t rat i o n  Poss i b l e  

1980 1990 2000 20 10 

Begi nn i ng CR BRP construct i on in  1982 or ea rly 1983 wi l l  a l l ow compl et i on around 

1990 . The proj ect wi l l  prov ide experi ence i n  the con struct i on and operat i on of 

2020 

an LMFBR system i n  a ut i l i ty envi ronment . The CRBRP wi l l  demonstate an i ntegrated 

sys tem des i gn ,  a nd wi l l  reduce the ri sk i nvol ved i n  the sc al e-u p to l a rger 

pl ant s .  To provi de dat a o n  pl ant s of a scal e near that wh ich  i s  most eco-

nomi cal  for central stat i on power product i o n , t he program envi s i ons  that a 

l arge deve l opme nt al pl ant (LOP )  wou l d  begi n operat i on i n  the mi d 1990 · s .  A 

deci s i on  on proceed i ng wi th a l arge scal e pl ant coul d be made i n  the next few 

years b ased on sat i sfact ory compl et i on  of impl eme nt at i o n  pl an n i ng .  Des i gn and 
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con s truc t ion  of the LOP wou l d con ti n ue to bu i l d on the expe ri ence wi th FFTF and 

CRBRP as wel l as  on  i n ternati onal expe ri ence that i s  ava i l ab l e .  The proj ec t  

timi ng o f  the CRBRP and LOP wi l l  al l ow uti l i zati on o f  th e pres ent expe ri ence 

base i nc l udi ng eff i c i ent tran sfer  of expe ri enced des i gn personnel from 

one proj ect to another . Rel a ti ve timi ng i s  di scu ssed further i n  Section  IV . A .  

The successful demons trat i on o f  th e LMFBR opt ion  by des i gn ,  cons truc t ion  and 

opera tion  of the CRBRP and the LOP befo re the turn of the cen tury i s  expected 

to provi de uti l i ti es wi th the confi dence req u i red to beg i n breeder commerc i a l 

i za ti on when ma rket factors di ctate . 

2 .  Uncerta i n ty I nherent  i n  Timi ng  of LMFBR Need 

Cons i deri ng the expe ri ences of the l as t  decade ( rap i dly  escal ati ng ene rgy 

prices , o i l  emba rgoe s ,  e tc . ) ,  the da te at wh i ch the LMFBR wi l l  be economi cal ly  

compe ti ti ve depe nds on ma ny future events ; progres s wi th i n  the  LMFBR program , 

capi tal costs , future costs of al ternati ve el ectri c i ty opti on s ,  fu ture el ec 

tri c i ty dema nd , future devel opme n t  o f  other l ong-term ene rgy opti ons , a nd 

resol uti on of envi ronme ntal i s sue s .  Each of these i tems i nvol ves unce rta i nti es 

that must  be con s i dered i n  pl ann i ng a prudent course . 

For exampl e ,  i f  the el ectrica l  growth rate i s  l a rger than presently expected , 

the date at wh ich  numbers of LMFBR s are needed may be  ea rl i er than i s  now 

con s i dered l i ke ly , perhaps as early as  the begi nn i ng of th e next century . On 

the other ha nd , i f  the supply of uran i um ore were to be s i g n i fi cantly l arge r 

th an presently bel i eved , the date at wh i ch s i gn i fi cant numbers of LMFBRs are 

i n troduced wou l d l i kely recede . 
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As noted earl i er ,  the prudent course i s  to gear the devel opment program 

t owa rd pos s i b l e  commerc i a l i zati on of LMFBRs fa i r ly early i n  the next century .  

Pr i or  t o  breeder comme rc i a l i zati on i t  wi l l be necess ary to  demonstrate 

accept ab l e  LMFBR performa nce , rel i abi l i ty ,  safety , envi ronme ntal  acceptabi l i ty 

a nd economi c me ri t .  Th us , wi th l ead t i mes  fo r des i gn i ng and cons truct i ng 

reactors at 10- 1 2  years , mi ni mum , CRBR shou l d be compl eted as expedi tou s ly  as 

pos s i b l e and operat i o n  of a l arge-sca l e devel opmental  pl ant needs to take 

pl ace pri o r  to 2000 . G i ven the res u l t s  of th i s  program and then-current data 

on  energy growth , u ran i um resources , a nd other factors , an i nfo rmed deci s i o n  

on  LMFBR comme rc i a l de pl oyme nt by the ut i l i ty i ndustry wou l d  then be pos s i b l e .  

Th i s  course provi des t h e  max i mum programmat i c  fl ex i b i l i ty a n d  mi n imi zes the 

r i sk  of not havi ng opt i ons ava i l ab l e .  I f  duri ng deve l opme nt i t  becomes known 

that the date at wh i ch the LMFBR wi l l  be needed i s  l ater than expected , the 

addi t i onal  t i me can be ut i l i zed by the nuc l ear  i ndu stry to ref i ne the LMFBR 

de s i gn a nd enhance i t s  economi c perfo rma nce pr i or to l arge-sca l e de p l oyment . 

U nfore seen obs tac l es cou l d  be encountered i n  the devel opme nt phase ; substant i a l 

i ncent i ve s  exi st for di scoveri ng s uch obstac l es as fa r i n  advance of expected 

depl oyme nt as pos s i b l e .  

3 .  One-s i ded R i s k  of Del ay 

I f  the LMFBR i s  devel oped i n  such a way that i s  not economi cal l y  compet i t i ve 

when the deve l opme nt program i s  compl ete ,  i t  mea ns the governme nt wi l l  have 

i nvested several bi l l i on dol l ars ea rl i er than  needed . Wi th a speci f i c  cho i ce 

of the t i me-cost of mo ney and the l e ngt h of the peri od i nvol ved , a cos t for 

too-e arly deve l opment ca n be ca l cu l ated . As an exampl e ,  i f  one assume s an  

expe nd i t ure of $600 mi l l i o n  per year for 15  yea rs at  a d i scount rate of  5-7% 9 

( a n  i nt erest rate as sumi ng no i nfl at i on ) , then the pres ent val ue of the 

43 



expe nd i t ure i s  $5 . 5-6 . 2  b i l l i o n .  Th i s  represents the present val ue o f  the 

max i mum savi ngs that coul d be ac h i eved by compl ete cancel l at i on of  expend i t ures . 

In  a case where the start of  the 1 5-year expend i ture i s  del ayed 10  years , t he 

9 present val ue of  the del ayed expend i ture i s  $2 . 8-3 . 8  b i l l i o n .  Th us , i n  th i s 

exampl e ,  t he val ue of  the del ay i n  expend i t ure i s  $2 . 5  b i l l i o n .  Some i nd i rect 

sav i ngs mi ght be ex pected from , for exampl e ,  dec reased budget defi c i t s . 

I f  the LMFBR i s  not ready to beg i n  depl oyment when  needed , t he cost s coul d be 

l a rge . In  1979 , s a l es of  about 2000 b i l l i on kWh of  el ectr ic i ty generated 

rough ly  $ 1 00 b i l l i o n  i n  revenue1 9 • Us i ng these 1979 val ue s ,  i f  a technol ogy 

coul d red uce the average cost of el ectr i c i ty by even a few percent , t he d i rect 

savi ngs wou l d  be b i l l i o ns of dol l ars an nual l y , a nd wou l d be suppl emented by 

i nd i rect benefi ts  s uch  a s  i nc reased output and empl oyment opport un i t i e s .  Th us 

i f  the so l e  effect of  depl oyi ng the LMFBR wa s a reduct i o n  in  fut ure el ectr i c i ty 

costs o f  a few pe rcent , t he ec onom i c  penal t i e s  of  devel op i ng the LMFBR and 

fi nd i ng out that i t s  depl oyment wi l l  be deferred are far outwe i ghed by the 

potent i a l econom i c  pe nal t i es  of  need i ng the LMFBR and not havi ng devel oped i t .  

I f ,  however , i t  turns out that the al ternat i ves  to the LMFBR are e i ther very 

cost l y , o r  constra i ned i n  some fa sh i o n , t he potent i a l benefi ts of  go ing  ahead 

wi th the LMFBR become very l arge . 

In  not i ng that econom i c  anal yses o f  LMFBR t imi ng are based on numerous 

assumpt i o n s  that are i nevi tably s ubj ect to chal l enge , t he ERDA I nternal Rev i ew 

Board stated : 20 

liThe Board i s  wa ry of fac i l e attempt s to reso l ve these areas 
of controversy , dependent as they are upo n fut ure event s wh i c h  
are more o r  l es s  specul at i ve .  Wi th regard to proj ect i ons of 
energy demand , i t  seems prudent to assume a moderate l evel of  
growt h  for pl ann i ng purpo se s .  Th i s  i s  so not because ERDA i s  
commi tted to any part i cu l ar growt h  scenari o ,  but s i mply because 
the penal t i es  fo r underest imat i o n  are l i ke l y  to be fa r more 
severe than those for overest imat i o n .  A program can be scra pped 
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i f  i t s  need does not become actual i zed . But the l ong l ead t i mes  
i nvol ved i n  re search and deve l opment programs and p l ant construc
t i on make it  rel at i ve ly  d i ff i c u l t to accel erate efforts wh i ch have 
been hel d i n  abeyance pend i ng an unrni·stakabl e  conf i rmat i on of 
the i r  need . "  

4 .  Cont i nu i ty of Hi gh-Tech nol ogy Programs 

S i gn i fi cant work has a l ready been performed to bri n g  U . S .  LMFBR tech no l ogy to 

i ts current state . The nat i o n  has a cons iderabl e i nvestment i n  the team of 

peopl e and t he fac i l i t i es th at now make up the LMFBR program . I f  deve l opment 

were su bstant i a l ly  deferred , experi enced peop l e wou l d  be l ost to ot her fi el ds , 

and exi st i ng faci l i t i e s  wou l d  have to be cl osed .  Reacq u i s i t i on of the  exper-

t i se and react i vat ion  or reconstruct i on of faci l i t i e s  wou l d be a cost ly  

process . H i gh-t echno l ogy programs s i mp ly  can not be turned off , deferred for 

a peri od of t i me ,  and restarted wi thout i ncurri ng very h i gh costs . As noted 

i n  a recent revi ew of the French program : 2 1  

"Cons ideri n g  the  overa l l F rench breeder program , a pri nc i pal 
reason for the exce l l ent breeder progress  i n  France i s  the  
steady pace from one project to the  next wi thout debi l i tat i ng 
gap s .  So far ,  France has been ab l e  t o  get on w i th  each new 
project wi th i n  about a year of the  startup  of the pri or  one .  
Rapsodi e went i nto serv i ce i n  1967 , a nd t he start of Phen i x  
construct i o n  began i n  1968 . Pheni x produced i ts fi rst el ec
tri c i ty i n  December 1 9 73 , a nd t he s i te  work on  Superphen i x  1 
was begun one year l ater i n  December 1 9 74 near Mal vi l l e i n  
t he pari sh  of Creys-et-Pu s i gn i eu . Superphen i x  1 i s  s l ated 
for start up  i n  1983 by wh i c h  t i me EdF i s  expected to be 
ready to proceed wi t h  the orderi ng  of a twi n u n i t  fast reactor 
stat i on ,  embodyi ng t he Superphen i x  2 seri es , 1 500-MWe un i ts . "  

Add i t i onal  evi dence wh i c h  shows that h i gh technol ogy programs cannot be turned 

off or  deferred come s from con s i deri ng  U . S .  program exampl es . Cons iderab l e 

synergi sm res u l t ed from t he t i mi ng  of the  F FTF a nd C l i nch R i ver B reeder Reactor 

program . Th i s  synergi sm i nc l uded not on ly  t he di rect des i gn experi ence but al so 

the d i rect transfer  of experi enced personnel . Wi thout a v i gorous  cont i nu i ng pl ant 

des i gn and construct i o n  program , t hese experi enced personnel  are i rretri evably l ost . 
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Thu s ,  both the succes s  of the French program and recent U . S .  experi ence a rgue 

strongly that conti nu i ty of h i g h  technol ogy programs i s  essenti al  to prevent 

u nnecessary costs and del ay s  due to l os s  of tech ni cal ly  experi enced personnel . 

I f  the U . S .  were to rej ect cu rre nt devel opment of the LMFBR , i t  woul d be 

rej ecti ng or deferri ng a rel ati vel y  certai n tech nol ogy capabl e of p roduci ng  

an  essenti a l ly i nexh au sti b l e el ectri cal energy supply . The  gove rnment has  

recogni zed an obl i ga ti on to ass i s t  i n  timely devel opment of  the tech nol ogi es  

that offer l arge- scal e ,  l ong- term, economi c ,  energy supply potenti a l . 

Al thou gh not the only candi date , the LMFBR i s  today the sures t .  A rel ati vely 

v i gorou s path of  LMFBR devel opment i s  therefore pru de nt for the government to 

pu rsue , based on the promi se of the LMFBR and the u ncertai nty over future 

energy events . 
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I V .  Al ternati ves I ncl u di ng the Current LMFBR P rogram 

I n  th i s  Secti on , part A descri bes the current LMFBR program, part B d i s cu sses 

al ternati ves wi th i n  the current program, part C consi ders program termi nati on ,  

and part D di scusses  al ternati ves to the LMFBR for l on g- term producti on of  

el ectri c i ty .  Th i s  materi al updates or supersedes simi l ar materi al fou nd i n  

E RDA- 1 5 35 , 

Secti on 1 . 3 An E val u ati on of Al ternati ve LMFBR P rogram P l ans  

1 . 4 An aly s i s of  the Resol u ti on of  Major I s sues and  

Compati bi l i ty wi th LMFBR 

I I I . H  Al ternati ve Long-Te rm  E nergy Sy stems Opti ons 

and  i n  WASH-1535 , Secti on 3 ,  LMFBR P rogram. 

The  current LMFBR program pl an and al ternati ves are con s i derably scal ed  back 

from what they were i n  E RDA- 1 5 35 .  The key el ements of the reference program,  

i . e . , the  two devel opmental pl ants and  the  base  technol ogy program, are sti l l 

i n  pl ace .  However ,  some fol l ow-on pl ant projects a n d  some other fac i l i ti es 

are not i nc l u ded i n  the current pl an . The C l i nch  Ri ver B reeder Reactor P l ant 

( CRBRP ) i s  sti l l the i ntermedi ate- s i ze devel opmental  pl ant ,  but  the P rototype 

L a rge B reeder Reactor  ( PLBR )  of the prev ious  pl an  has been repl aced by the 

L a rge Devel opment P l ant ( LDP ) as the next l arge s i ze pl ant.  

B ecau se  the current LMFBR program pl an essenti al ly i s  scal ed down from the 

p rev ious  one,  the env i ronmental effects due to i mp l emen ti ng  the present pl an 

are expected to be l es s  than those analyzed i n  E RDA-1535 .  I n  addi tion  there 

h ave been adva nces i n  the base technol ogy program s i nce 1 9 7 5  that exten d 

confi dence and  reduce uncerta i nty i n  the envi ronmental acceptabi l i ty of the 

LMFBR program. 
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A .  Reference LMFBR P rogram 

1 .  O verv i ew 

The bas i c obj ecti ve and di recti on of the cu rrent breeder program rema i ns 

essenti al ly as i t  was i n  1 97 5 .  I ts goal i s  to ensu re that a proven l ong- term 

el ectri c i ty supply opti on i s  ava i l abl e on a prudent time scal e .  To  accompl i sh 

th i s  goal , the U . S . LMFBR program was establ i shed w i th the ove ra l l objective  

of  devel opi ng the engi neeri ng  an d i ndu stri al  base  that wi l l  be requi red for 

des i gn and co nstructi on of LMFBR p l ants . As a res ul t  of thi s  program an 

i ndustry dete rmi nati on can be made of the economi c potenti al , envi ronmental 

acceptabi l i ty ,  safety ,  and rel i abi l i ty of the LMFBR system .  The dec i s i on on 

LMFBR commerc i al i zati on wi l l  be ma de on the bas i s of th i s  determi nati on .  

The LMFBR program con s i sts of: 

o Devel opmental pl ants ( CRBRP and LOP ) ;  

o The base tech nol ogy program , i nc l udi ng test fac i l i ti es ;  and  

o Supporti ng fuel cycl e programs . 

The  LMFBR program i s  focused on the constructi on of a sequence of devel opmental 

pl ants that wi l l  i ntegrate several comp l ex techno l ogi es i nto an ove ra l l 

engi neered sy stem . Constructi on of sequenti al devel opmental pl ants i s  the 

best way that the state of the technol ogy can be eva l u ated and i ssues can be 

i denti f i ed that need to be resol ved .  The ba se tech nol ogy program provi des 

tho se basi c data , proces ses , metho ds , and  components that are uti l i ze d  du ri ng 

the enti re course of the LMFBR devel opment program i n  the des i gn ,  l i cens i ng ,  

con stru cti on , and  op eration of  LMFBR powerpl ants .  The base  tec hnol ogy program 

al so di rectly supports the needs of each spec i fi c  pl ant proj ect . I n  turn , the 
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des i gn ,  l i cen s i ng ,  and operati o n  of the devel opment pl ants provi des k ey 

i nformati on back to the base technol ogy areas , thus  al l owi ng opti mi zati on of 

a l l el ements of the program.  U l ti mately , a system of LMFBRs  depends on a 

c l osed fuel cyc l e .  Fuel cycl e acti vi ti es , i nc l u di ng fuel fabri c ati on , fuel 

reproces s i ng ,  and waste management ,  are thu s  an i mportant part of bri ngi ng 

the LMFBR to the poi n t  where commerci al i zati on i s  feas i bl e .  

The  LMFBR program has i ts fou ndati on i n  s i gni f icant  past accomp l i shments . 

LMFBR devel opment began i n  the U . S .  i n  the l ate 1 940 ' s ,  an d had i ts fi rst 

s i gn i fi cant step i n  1 95 1  w i th operati on of the E xperimental B reeder Reactor 

N o . 1 ( EB R- I ) .  I n  1 964 ,  EBR- I I bega n  operati on and has provi ded 1 7  years of 

rel i ab l e servi ce to date . Suppl yi ng  1 8  MWe of el ectri c i ty ,  i t  wa s one of the 

nati on ' s fi rst certi f i ed cogenerati on fac i l i ti es .  The Fast Fl ux  Test Faci l i ty 

( FFTF ) , gene rati ng  400 MWth , has  recently begu n operati on as a fuel s and  

materi al s i rradi ati on faci l i ty .  Construction  and  operati on of  these and other 

reactors such as Fermi - I  and SEFOR ( Southwest E xperi mental F a st O x i de Reactor ) ,  

operati on of tes t  faci l i ti es ,  des i gn and fabri cati on experi ence from the 

CRBRP , concep t studi e s  for other pl ants , and some i nformat i on from forei gn 

exchange programs provi de the foundati on for the U . S .  LMFBR program . 

Al l fore i gn LMFBR programs are broadly s i mi l ar to the U . S .  program i n  the 

approach to technol ogy devel opment .  I n  al l programs the pl an i s  to scal e- up  

the  technol ogy th rough a sequence of pl ants , supported by s i gn i fi cant acti v i 

ti es i n  areas i denti fi ed i n  the U . S .  as  el ements o f  the base tech nol ogy 

program. Recogn i z i n g  the ul ti mate dependence of the LMFBR upon a cl osed 

fuel cyc l e ,  each program i ncorporates fuel cyc l e res earch an d de vel opme nt. 
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The engi neeri n g  bas i s for scal i ng technol ogy from the l aboratory to the 

commerc i a l  pl ant i s  wel l  establ i shed. Sound engi neeri ng  practi ce  has 

establ i shed th at successful  technol ogy scal e- up  i s  acccompl i shed through a 

sequen ti al seri es of engi neeri n g  proj ects of i ncreas i n g  s i ze ,  cu l mi nati ng  i n  

a successfu l  commerci al  technol ogy . I nforma ti on gai ned at each step can be 

u sed to modi fy the di recti on  of the program . The magn i tude of each sequenti al  

sca l e-up  i s  determi ned by wei gh i ng the cost of devel opment agai nst  the ri sk 

of  fai l ure.  Wh i l e  smal l steps may enta i l  substanti al  time and devel opment 

costs , even more time and money may be l ost  i n  a s i ngl e l arge step , becau se  

of  overl y-con servati ve des i gn ,  exten s i ve back - f i tti ng ,  or even fai l u re .  

The U . S .  program has  conti nued to  fol l ow th i s  l i ne of sou nd engi neeri ng  

practi ce ,  as have fore ign  LMFBR programs . The U . S .  program now i ncl udes 

EBR- I I at  18 MWe , FFTF at 400 MWth , the C RBRP at  350 MWe , and the LDP at 

1 000 MWe . 

S i ze of an  LMFBR pl ant i s  a techn i cal  i ssue , i n  that th e l a rger the pl ant the 

more demandi ng the requ i rements on components and sys tems . Bu t s i z e  i s  not 

the only i ssue .  The gov ernment h as the respons i bi l i ty to condu ct a prudent 

p rogram , one that ensu res that the taxpayers ' i nvestment i s  wi sely spent. 

I t  i s  i mp ortant to have the technol ogy base fi rmly establ i shed when the time 

approaches for a commerc i al i zati on dec i s i on to be made . Bas i cal ly th i s  means  

that the program shou l d  be  structu red to  resu l t  i n  an economi c ,  envi ronmental ly 

acceptabl e ,  rel i abl e ,  and  safe LMFBR that can be con stru cted and l i censed i n  a 

vari ety ' of l oc ati ons .  

A dec i s i o n  on speci f i c  pl ant s i ze s  to  be  bu i l t  i nvol ves choos i ng from a 

p rudent ra nge , tradi ng  off between mi nimi z i ng total devel opment cos ts and  
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ma i nt a i n i ng h i gh tech n ica l  confi dence . The CRBRP at 3 50 MWe i s  the  next step 

i n  scal e-up  of U . S .  LMFBR technol ogy . Th i s  p l ant scal e was chosen ,  a fter 

exh au st i ve studY! , as  a l og i ca l  next step . Th i s  cho i ce i s  su pport ed by 

dec i s i ons  made i n  fore i gn programs , i n  that each fore i gn LMFBR program 

i nc l udes a p l ant wi t h i n  the 230-350 MWe range . 

A key feat ure of the U . S .  deve l opment program i s  avoi d i ng premature forec l osure 

of technol og i cal  al ternat i ves . I n  any con struct i on project , des i gn choi ces 

must be made among feas i b l e  a l t ernat i ves . To t he extent poss i b l e  du ri ng 

deve l opment , t here i s  meri t i n  keep i ng open opt i on s  that mi ght be exerc i sed 

l ater.  

For examp l e ,  t he des i gn of the  prima ry heat tran sport system i n  LMFBRs fa l l s  

i nto two categori es : t he pool ( where t he ent i re prima ry system i s  contai ned 

with i n  a rel at i ve ly  l arge primary ve s se l ) or the l oop ( where pi p i ng external  

to the reactor vessel  transport s  sodi um to  pump s and  heat exchangers ) .  

Expe ri ence i nd i cates t hat e ither  concept can be constructed and operated 

safely a nd re l i ab ly .  I ndeed the F rench , B ri t i sh ,  Sovi et , a nd U . S .  programs 

have a l l i nc l uded at l e ast one sh i ft i n  the  l oop/pool choi ce . 

The DOE Conceptua l De s i gn Study ( CDS )  conc l uded t hat there was no overwhe lmi ng 

advant age to e i ther  concept . 2 I t  wa s a l so concl uded that there wou l d  be no 

envi ronmenta l  di fferences and that safety d i ffere nces wou l d be i ns i g n i f i cant . 

Part i c i pa nts , drawn from t he i ndu stry ,  recommended a l oop concept for what i s  

now t he LOP , but recogn i zed that there may b e  me r it  i n  the  pool concept for 

comme rc i a l p l ant s . 2 Regardl ess  of the cho ice , t he devel opments  that are 

req ui red in components and other key bas e tech no l ogy areas are much the same . 

For examp l e ,  t he steam generators are equal l y  app l i cab l e  to e i ther  concept , 
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and much of the  p l ant requ i red for a pool system i s  essent i a l ly the same as 

t hat now bei ng devel oped for a l oop system. In bot h i nstances , t he des i g n ,  

ma nufacturi ng , a nd operat i ng experi ence gai ned are a n  effect i ve base for 

fut ure p l ant s .  The concl u s i on i s  that the  U . S .  program , now on the  l oop  path 

for the CRBRP and the LOP , i s  not prec l uded from a fut ure swi tch to a pool 

system , e i ther  for the LOP des i gn or for a subsequent p l ant . Thus , t he 

program ret a i n s  more fl exi b i l i ty t h an does a s peci fi c project , i n  wh i ch 

changes i n  cho i ce of concept ca n add cons iderab l e  expens e • 
. 

Anot her exampl e of the f l ex i b i l i ty bu i l t  i nto the U . S .  program dea l s wi th  fue l 

type . I n  the Conceptua l  De s i gn Study for a l a rge p l ant ,  f l exi b i l i ty was 

ma i nta i ned wi th  re spect to cho i ce of fue l type by mak i ng the  des i gn of the  

reactor i nterna l s  capab l e  of  accept i ng e i t her the reference ox i de fue l  des i gn ,  

o r  an advanced fuel  de s i gn .  S i mi l arly , i t  was s hown that the CRBRP cou l d 

operate sat i sfactori l y  on  a va ri ety of fuel  cyc l es ,  a nd the reference core 

des i gn  was swi tched from homogeneou s to heterogeneous  wi t hout other s i g n i f i cant 

changes i n  envi ronmental  or safety aspect s of , or  expense i ncurred by , t he 

project . 

2 .  Program E l ement s 

The el ement s of the LMFBR program exi st to meet the  object i ve of deve l op i ng 

the  engi neeri ng and i ndustr i a l ba se requ i red for a deci s i on on commerc i al i za-

t i on of the  LMFBR . The pri nc i pa l  e l ement s of the program are the  des i gn and 

construct ion  of devel opmenta l  p l ants ; t he ba se research  and devel opme nt 

act i vi t i es ;  a nd the as soci ated fuel  cyc l e  research and devel opment act i v i t i es .  

Construct i on and operat ion  of the devel opmental  p l ant s  wi l l  prov i de  a demonstra-

t i on of the i nd u st r i a l  base and wi l l  estab l i sh the ut i l i ty confi dence t h at is 

necessary for the commerc i a l i zat i on dec i s i on .  The base program i s  prov i d i ng 
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the technol ogy devel opment that i s  requ i red for the  engi neeri ng des i g n ,  safety 

ana lys i s ,  a nd scal e-u p  of the  powerp l ant s .  Devel opment of the nonreactor 

part s  of the LMFBR fuel cyc l e ,  s uch as reproce ss i ng and fuel fabri cat i on ,  i s  

necessary pri or to commerc i a l depl oyment of the LMFBR . 

a .  Devel opmental  P l ants  

The techno l og i es needed to make the LMFBR opt ion  ava i l ab l e  wi l l  be  the  end 

resu l t  of a p l anned seq uence of devel opmenta l  breeder and ot her reactor 
I 

fac i l i t i es that began w ith  Experi me nt al Breeder Reactor I ( t he worl d ' s  fi rst 

source of nuc l ear-generated e l ectri c power ) , fo l l owed by the  1 8  MWe Experi menta l  

Breeder Reactor I I ,  t he 6 5 . 9  MWe E nri co Fermi Atomi c Power P l ant ( t he fi rst 

LMFBR p l ant to supp ly  e l ectri c i ty to a commerc i a l  ut i l i ty gr id ) ,  t he 3 50 MWe 

Cl i nch R i ver  Breeder Reactor P l ant ,  a nd a proposed 1 000 MWe Large Deve l opmenta l  

P l ant . I n  add i t i on to zero-power reactors for determi n i ng the  conf i gurat i ons 

and nuc l ear  characteri sti cs of LMFBR cores and b l ankets , t he breeder program 

was a l so supported by t he 20 MWth Southwest Exper imenta l  Fast Ox ide Reactor 

( S EFOR ) , wh i ch was operated essent i a l ly  for phys ics  experi ment s and has s i nce 

been decommi ss i oned . The program i s  now be i ng s u pported by the  400 MWt h FFTF , 

a fue l s and materi a l s test fac i l i ty .  To atta i n  the object i ve of deve l op i ng an 

engi nee ri ng and i ndust ri a l  ba s e ,  vi gorous  efforts wi l l  be resumed on the 

con struct i on and operat i o n of the CRBRP , and a program wi l l  be i n i t i ated to 

perfo rm t he prel i mi nary des i gn and to conduct impl ement at i o n p l ann i ng i n  

cooperat ion  w i t h  the pri vate sector for the  f i nal  de s i gn ,  construct ion , a nd 

ope rat i on of the  near-commerc i a l -s i zed LOP . These deve l opmental  p l ant s are 

di scu s sed i n  det a i l  i n  the fol l owi ng  two sect i ons . 
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( 1 ) The  C l i nch  R i ver Breeder Reactor P l ant 

The C RBRP i s  a 1 i qui d- sodi um- coo 1 ed breeder reactor that wi l l  produce 350 MWe 

of net el ectri cal power. I ts constructi on i s  pl anned for a s i te adj acent to 

the DOE reservati on  at O ak R i dge , Tennessee , where i t  wi l l  be operated as a 

part of the Tennes see V al l ey Authori ty ( TVA ) e l ectri c i ty su pply network . Th e 

CRBRP i s  au thori zed u nder Publ i c  Law 9 1 -27 3 .  The contractu ra1 arrangement 

has  been i n  effect s i nce 1973 among AEC /ERDA/DOE , the P roject Managemen t 

Corporati o n  ( PMC ) , the TVA , and the Commonweal th E d i son Comp any of  C h i cago.  

Fundi ng for th e proj ect is  provi ded by the federal governmen t ,  the uti l i ti es ,  

reactor ma nu facturers ,  and eq ui pment vendors . Th e federal government i s  

to provi de al l proj ect fu ndi ng i n  excess  of the uti l i ti es '  contri bu ti ons 

Of approxi mately $260 mi l l i on and the reactor manu facturers ' a nd vendors ' 

co ntri buti ons  of approximately $10  mi l l i on .  Total estimated federal expe n

d i tu res are ap proximately $ 3 . 3  b i l l i o n .  

The  i nvol vemen t of  many organi z ati ons i s  an  important part of the C RBRP 

P roj ect. Ap proximately 3500 peop l e  are emp l oy ed i n  these acti vi ti es  i n  29  

s tates and th e D i str ict of  Col umb i a  as  of November,  1 981 . Bes i des the DOE , 

the l ead reactor ma nu factu rer , and the arch i tect- engi neer, abou t 25 companies 

are i nvol ved i n  ma nu facturi ng  and tes ti ng  components for the pl ant.  I n  

addi ti o n ,  7 53 el ectri c sy stems from the publ i c ,  pri vate , mu n i c i pal , and 

cooperative sectors of the el ectr ic  power i ndu stry support the project 

th rou gh the non- p rofi t B reeder Reactor Corp orati on ( BRC ) .  Devel opment 

of thi s ty pe of i ndu stri a l  and uti l i ty base i s  necessary for the ul ti mate 

commerci al i zat i on of th e LMFBR . 
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( a )  Obj ecti ves 

As i n  ERDA- 1 535 , the C RBRP w i l l  serve as  an i mportant step i n  beg i nni n g  the 

trans i t i on of the fast breeder reactor program from the tec hnol ogy devel opment 

s tage to the deci s i on poi nt  of l arge- scal e commerc i al uti l i zati on.  Th e maj or 

obj ecti ves of the proj ect are :  

o to  demon stra te the techni cal performance , rel i abi l i ty ,  mai ntai nabi l i ty ,  
sa fety ,  envi ro nme ntal acceptab i l i ty ,  and economi c fea s i bi l i ty of an 
LMFBR cen tral stat ion el ectri c powerp l ant i n  a uti l i ty env i ronment; 

o to co nfi rm the va l ue of th i s  concept for con serv i ng imp ortant nonre
newabl e natu ra l resou rce s .  

( b ) Rol e of the CRBRP 

The C RBRP i s  a key pa rt of the ove ral l DOE l ong- range LMFBR research and 

devel opment program. I t  i s  des i gned to be an i ntegrated el ectri c powe rp l ant 

w i th a l i qu i d- sodi um- cool ed breeder reactor supply i ng the therma l energy to 

p roduce steam to dri ve a turbi ne- generator.  Wi th the i n i ti a l  reactor core of 

u ran i um and pl utoni um mi xed- oxi de fuel , the pl ant i s  expected to produce 975 

megawa tts of therma l power ( MWth ) a nd a net output  of 350 el ectri cal megawatts 

( MWe ) . Thu s ,  the CRBRP w i l l  be ana l ogou s to Phen i x (233  MWe ) i n  France , PFR 

( 2 50 MWe) i n  G reat Br i tai n ,  BN-350 ( 350 MWe equ i val ent) i n  the U . S . S . R . , 

SNR-300 ( 300 MWe ) i n  th e Fede ral Republ i c  of Germa ny , and Monju ( 300 MWe ) 

i n  J apan . S i nce the uti l i ti e s  have been i nvol ved i n  the project from the 

begi nn i ng ,  a successful CRBRP p roject wi l l  bol ster uti l i ty con fi dence that 

the LMFBR can be bu i l t , l i censed, and operated. In addi ti on , s i nce the C RBRP 

P roject i s  presently author ized,  the de s i gn i s  nea rly compl eted and procureme nt 

has al ready started , i t  shoul d be compl eted a s  expedi ti ou sly as  pos s i bl e  to 
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mi n i mi ze government expendi tu res and to make a s i gn i fi cant step i n  sati sfy i ng 

the tech nol ogy avai l ab i l i ty goal s of the LMFBR program . 

( c )  S i te Sel ecti on 

The C l i nch R i ver si te was sel ected for the C RBRP P roj ect as  a resul t of a 

seri es of programmati c dec i s i on s  by the DOE ' s  predecessor agenc i es ,  the AEC 

and E RDA . Al thou gh proposal s were acti vely sought from al l areas of the 

country , only th ree were recei ved , and the TVA/Commonweal th Ed i son prop osal 

was sel ected for fu rther negoti ati o n .  Th i s  sel ecti on process narrowed the 

range of acceptabl e s i tes to those wi th i n  the TVA regi on . The eventual 

ne goti ati ons resul ted i n  the un i que contractual arrangemen t fo r the proj ec t,  

a nd the ul ti mate sel ect i on of  the C l i nch R i ver s i te .  No preferra bl e s i tes 

wi th i n  the TVA regi on have s i nce been i denti fi ed.  S i tes ou ts i de of the TVA 

regi on can not be cons i dered for the CRBRP because of the con tractual arra nge

ment .  Conti n uance of that arran geme nt i s  essenti al to  the suc ces s  of the 

p roject i n  attai n i ng i ts goal s .  Fi nal ly , the N RC ' s  1 97 7  F i nal E n vi ronmental 

Statement and Si te S u i tabi l i ty Report fou nd the s i te to be acceptabl e  on both 

p rogrammati c and envi ronmental grou nds3 • The C l i nch R i ver s i te rema i ns 

the preferred al ternati ve for meeti ng  LMFBR p rogram as  wel l as  C RBRP p roject 

objecti ve s .  An expanded di scu s s i on of the C RBRP s i te sel ecti on proces s  i s  

contai ned i n  Appen di x G .  

( d ) Status of the CRBRP 

The C RBRP i s  a l oop- type LMFBR pl ant that i ncorporates mu ch of the experi ence 

ga i ned i n  con stru cti on of the FFTF . I n  parti cul ar ,  the fue l pi n and the 

as sembly hardware are essenti a l ly the same type u sed i n  the FFTF . The i nter

medi ate heat exchanger des i gn of C RBRP was changed because of unfavorab l e  
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ma nufacturi ng expe ri ence wi th the FFTF . Resul ts of the natural c i rcul ation 

tests in  the FFTF and i n  the EBR- I I  were u sed i n  the CRBRP des i g n .  I t  i s  

worth noti ng that such tests coul d have bee n conduc ted onl y i n  a n  ope rati ng 

reactor .  

Si gn i fi cant progre s s  has been made to da te i n  the des i gn , devel opment , and 

hardwa re procureme nt areas . The project is  in  a pos i ti on to begi n s i te c l eari ng 

and constructi on  upon recei pt of the necessa ry approval s from the Nuc l ea r  

Regul atory Commi ss i on .  The fol l owi ng l i st  i ncl udes some o f  the s i gn i fi cant 

accompl i s hme nts to date : 

o Ove ral l pl ant des i g n  about 90% compl eted and proj ect-funded research  
and  devel opment about 95% compl eted ; 

o Abou t 7 , 000 a rch i tect-engi neeri ng drawi ngs of the requ i red 9 , 400 
prepa red ; 

o Procureme nt contracts for ove r $500 mi l l i on of hardwa re representi n g  
approxima tely 60% o f  the total requi red proj ect hardwa re pl aced ; 

o Manu fac ture of approximately $251 mi l l i on of hardware compl eted 
and abou t $120 mi l l i on  of effort accompl i shed on other ha rdwa re i n  
proces s ;  

o Contr i bu tions  made to adva ncemen t  of the worl dwi de state-of-the-art 
i n  LMFB R pl ants , s uch  as  the heterogeneou s core ; 

o Conti nuous  eval uati on and u pdati ng of the pl ant des i gn to rema i n  
current  wi th changi ng regu l atory req ui rements ; 

o I s suance i n  1977 , by the N uc l ea r  Regul atory Commi s s i on ,  of  the S i te 
Sui tab i l i ty Report and the F i nal Envi ronmental Statement , wh i c h  
conc l uded that  the s i te i s  su i tabl e  for the pl ant a n d  th at the 
acti on cal l ed fo r under the Nati onal Env i ronmental Pol i cy Act and 
10 CFR Part 5 1  i s  the i s s uance of a con struc ti on permi t ;  

o Li ce n s i ng acti v i t ies  we re resumed wi th the Nuc l ear Regu l atory 
Commi ss i on staff i n  1981 ; and 

o Prototy pe steam generator and prototype prima ry pump del i vered to 
Energy Tech nol ogy E ngi neeri ng  Center for te sti ng i n  sodi um . 
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( e ) I nformati on P rovi ded for the N ext P l ant 

The C RB RP des i gn wi l l  demonstrate a number of fundamental characteri sti cs  of 

LMFBRs  wh i ch are not pa rti c ul arly sen s i ti ve to s i ze .  These i ncl u de bas i c  

p roperties and  characteri s ti c s  such a s  h i gh- tempera ture materi al s properties , 

therma l hydraul i c  ch arac teri sti c s , a nd suc h phy s i cs properti es  as breedi ng and 

burnup of the fuel and bl ankets . I n  addi t ion , much  of the C RBRP equi pment, 

c omponents an d systems have some fundamental featu res and characteri sti cs  

whi ch are di rectly appl i c abl e to  l arge LMFBRs . The heterogeneou s core of  

the  C RBRP i s  more advanced tha n any bu i l t  or pl anned in  any of the  fore i gn 

programs , and w i l l prov i de vi ta l i n formati on for the U . S .  c ommerci al - s i ze 

reactors . 

Extens i ve researc h  and devel opment  has been conducted to veri fy the h i gh

temperature charac teri sti c s  and the des i gn methods requi red for the p i p i ng and  

vessel des i gn s . These characteri sti cs  and methods , wh i ch are  appl i cabl e to 

c ommerc i al si ze LMFBRs ,  wi l l  be demon strated for an i ntegral sy s tem i n  the 

CRBRP . I n  addi ti on , the C RBRP w i l l  provi de veri fi cati on i n  an  operati ng system 

of  thermal hy drau l i cs analy s i s methods , and w i l l  gi ve confi dence tha t  the 

methods can be extrapol ated to l arger systems . 

Succes sful operati on of CRBRP w i l l  gi ve confi dence that bree der fuel cycl e 

model s are adequa te for progress i on to l arger sy stems . I n  addi ti on , mos t 

of the bas i c  safety codes bei ng  devel oped for C RBRP a re di rectly appl i c abl e 

to l arger pl ants . Va l uabl e experi ence wi l l  be gai ned i n  wri t i ng  the 

Safety An aly s i s Report and i n  deal i ng w i th the N RC on safety and l i censi ng  

requ i rements . 
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Components and  systems bei ng  u sed on C RBRP wh ich h ave  fundamental featu res 

and  characteri stics  of commerc i al - scal e LMFBRs i ncl u de :  

o Fu� 

o Upper core i nterna l s 

o Reactor cl o sure rotati ng pl ug  seal s ,  beari ngs , i nsul ati on and 
cool i ng 

o I n- reactor vessel cool ant separati on methods 

o Reactor vessel cool ant outl et therma l stri p i ng and mi xi ng mode l s 

o P i p i ng 

o Sodi um pump seal s ,  dri ves , an d de s i gn methods 

o I n termedi ate Heater E xchanger ( I HX )  bel l ows , I HX desi gn meth ods , and  
fabri c ati on  tech n i qu es 

o I n- vessel refuel i ng equ i pment 

o Steam generator rel i ef system 

o Sodi um cl ean-up sy stems 

o Sodi um drai n sy stems 

o I nert ga s sy stems 

o Sei smi c des i gn of pi p i ng and components 

o I n strumentati on and control eq u i pment and systems 

o Radi oacti ve waste treatment systems 

Bes i des  supp ly i ng important data on hardware , systems and methods , the C RBRP 

p roj ect wi l l  supp ly essenti al  experi enced techn i cal personnel for the des i gn ,  

c on s tructi on , and op erati on of future LMFBR pl ants . Ma i ntenance of  cadres 

o f  sk i l l ed personnel i s  necessary for orderly progress i n  the LMFBR program . 

I n  addi ti on , the manu facturi n g  capabi l i ty wi l l  be i n  pl ace and  the nec es sary 
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i ndu str ia l /u ti l i ty/ l aboratory i nfrastructu re wi l l  exi st to i nsure the successful 

con structi on and operati on  of a near- commerc i a1 - s i ze pl ant.  

G i ven the va st technol ogy base that wi l l  be transferred to the fo l l ow-on p l ant,  

the C RB RP rep resents the next l ogi cal and neces sary step i n  the di sc i pl i ned 

progress  of thi s  country ' s 35  years of research and devel opment of the LMFBR 

concept. It wi l l  rep resent con s i derabl e progress towards the goal of prov i di ng 

the opti on for depl oyment of l arge commerc i al - scal e breeders .  

( 2 )  The L arge D evel opmental P l ant ( LOP ) 

The i mportance of a l arge- scal e devel opmental pl ant ( LOP ) h as been recogni z ed 

for many years i n  the LMFBR program.  The LOP i s  expected to provi de a l arge

scal e ( 1 000 MWe )  demonstrati on of the LMFBR technol ogy as an essenti al ly 

i nexhausti bl e power produ cti on opti on for meeti ng future U . S .  el ectri cal 

energy requ i rements . Data from des i gn ,  construction , an d operati on  of the L OP 

w i l l  fo rm a l arge part of the basi s for an u l timate LMFBR c ommerci al i zati on 

deci s i on .  

Most spec i fi cal l y ,  the project wi l l : 

o Advance the state-of- the-art of LMFBR pl ant de s i gn ,  con struct i on 
and operati on and  demonstrate on a near-commerci al scal e the 
vi abi l i ty of  the breeder opti on for possi bl e future depl oyment;  

o I nvol ve mu l ti pl e  i ndu stria l  contractors and make maxi mum u se of the 
exi sti ng broad base of U . S .  LMFBR i ndu str i al experti se , thu s  a ssuri ng  
that a sound LMFBR supply i ndu stry exi sts i n  the  1 990s to  compete for 
a fa i r  share of the wo rl d ma rk et ;  

o P rovi de a sharp techni cal  focu s for the LMFBR base R&D p rogram and  
fu el cyc l e  devel opment acti v i ti es throu gh the  conti nuou s i denti fi ca
tion  of  the devel opment requi rements neces sary for generati ng  a base 
of data on whi ch a fu ture LMFBR depl oyment deci s i o n  coul d be based; 

o Be a val uabl e tool i n  fu rther devel opment and val i dati on of code s  
a n d  cri teri a fo r l arge LMFBR pl ants ; 
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o Provi de a steppi ng stone to  commerc i a l l y  depl oyab l e p l ant s ; 

o Gene rate nea rl y 1000 MWe for di stri but i o n  over a ut i l i ty system , 
thus  ge nerat i ng a s ubstant i a l  amount of net reven ue s .  

The present object i ves  of the LOP Project are t o  perform advanced conceptual  

des i g n on the  more cri t i ca l  port i ons of the p l ant , to  attempt to deve l op 

cooperat i ve arrangement s wi th the pri vate sector and fore i gn nat i o n s , a nd to 

atta i n a state of read i ness  to proceed , i f  authori zed , wi th  the  des i g n  and 

construct i o n port i on of the project . 

C urrent pl ann i ng cal l s  for a deci s i on on LOP des i g n ,  con struct i on and operat i on 

i n  the m id- 1980s , w ith  operat i on i n  the mi d-1 990s . A commi tme nt to de s i g n ,  

con struct and operate the Large Devel opmental  P l ant does not i mp ly  a commi tme nt 

to commerc i a l i ze the LMFBR . P roceed i ng wi th the Large Devel opmenta l  P l ant 

wi l l ,  howeve r ,  prov i de va l uab l e  i nformat i on on LMFBR cost , sc hedu l e ,  a nd 

ope rat i ona l ch aracteri st i cs for use  i n  s u pport of a future deci s i on on  

commerc i a l dep l oyment . The  current approach i nvo l ve s fundame ntal ut i l i ty 

part i c i pat i o n  wh i ch mu st a l l ow necessary fl ex i b i l i ty to re spond to ut i l i ty 

needs . It  i s  ant i c i pated th at the pri vate sector wi l l  prov i de the maj or 

port i on of the cap i ta l  fundi ng for the project . However ,  deta i l s  of the 

fi nanc i a l arrangements are yet to be spec i fi ed .  There is a l so  the de s i re for 

i nternat i ona l pa rt i c i pat ion  in th i s  vent ure . 

As descri bed i n  the FES  ( E RDA-1 535 ) , LOP  con struct i on i s  p l anned to overl ap 

the construct i o n  of CRBRP . Current p l ann i ng i nd i cates an over l ap of a few 

year s .  Th i s  sched u l e wou l d  a l l ow for ass i mi l at i on of knowl edge ga i ned i n  

des i g n ,  construct i on , a nd l i cens i ng of CRBRP . Ove rl ap wou l d  a l l ow for a more 

effi c i e nt u se of the des i g n team through cont i nu i ty of effort as we l l  as 

ass imi l at i o n  of al l ava i l ab l e  project i nformati on . Such key i nformat i on as 
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base program R&D , construct i o n  and p l ann i ng tec hn i q ue s ,  and eq u i pment manufac-

tur i ng  experi ence i s  al ready be i ng u sed in the LOP program . Re s u l t s  of com

ponent te sts wi l l  be ava i l ab l e  i n  1 982 fo r use i n  the prel imi nary LOP des i g n .  

CRBRP startup and te st i ng data that wi l l  be pa rt i cu l arly usefu l  i n  the LOP 

effo rt i nc l ude data a s soci ated wi th sodi um systems and i nert gas systems . 

The pr i nc i pal accompl i s hme nt on the LOP to date cons i st s  of the comp l et i on 

i n  March 1 981 of the Conceptua l De si gn  St udy ( CDS ) that  was authori zed by 

Cong res s and i n i t i ated i n  October 1 9 78 .  The CDS f i nal report4 wa s i s s ued i n  

March 1 98 1 . S i nce that t ime , a n  effort to s imp l i fy and reduce the cost of t he 

LOP  d e s i g n  has  been co nducted . Incl uded i n  th i s  effo rt are : 

o eval uat i ons  of s i t i ng criteri a ,  

o devel opment of a de s i g n  and constructi on sc hedu l e ,  

o ident i fi c at i o n  of req u i red research and devel opment effort s  fo r 
the LMFBR Ba se Program , 

o eva l uat i on  of potent i al benefi ts  of fo re i g n  cooperat i o n , 

o devel opment of impl ementat i o n  pl ans  i n  coope rat ion  wi th  the 
pr i vate secto r ,  a nd 

o devel opment of deta i l ed cost est imates . 

As de sc ri bed i n  the FES  ( E RDA-1 535 ) , construct ion  of t he fo l l ow-on  breeder 

( PLBR )  wa s p l anned to overl ap  the construc t i o n  of CRB RP . Current pl ann i ng 

cal l s  fo r the LOP to  overl ap  CRBRP by a few years . Overl appi ng perm i t s  a more 

effi c i e nt ut i l i zat i o n  of des i g n teams t hrough cont i n u i ty o f  efforts . Th i s  

approach al so pe rmi ts the as s im i l ati on of knowl edge g a i n ed i n  des i g n ,  

construct i o n , s tartup ,  o perat i o n ,  a nd l i cens i ng of CRBRP and i ts assoc i -

ated research a nd  devel opment program . 

De s i gn  and eq ui pment procurement for CRBRP has  cont i n ued desp ite  the act i ons  

taken  by the prev i ous  Admi n i strat i o n  to  del ay construc t i o n .  As  a res u l t ,  
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des i gn of the C RB RP i s  nearly comp l ete and ma ny of the major  pl ant components 

h av e  been procured or are on order.  

E xperi ence ga i ned from des i gn of CRBRP was factored i nto the conceptual des i gn 

of the LOP , and further benefi ts wi l l  be real i zed as  the des i gn of the LOP con

ti nues . Fo r examp l e ,  CRBRP equ i pment des i gn and fabri cati on experi ence wi l l  

be  di rectly appl icabl e to the LOP a s  most  of the C RBRP components wi l l  be 

fabricated before prel imi nary des i gn of the LOP i s  i n i ti a ted.  

CRBRP con struction pl an ni ng and  techni ques are cu rrently bei ng  i ncorporated 

i n  the LOP con structi on  pl ann i ng eval u ati ons . CRBRP construc ti on experi ence 

w i l l  provi de val u ab l e i nput for the fi nal pl ann i ng and impl emen tati on of a 

cost-effecti ve  an d schedu l e-ori ented LOP constructi on pl an . 

Start-up testi ng of systems at CRBRP wi l l  provi de systems and equi pment 

confi rmati on data u seful i n  des i gn act iv i ti es and sub sequent test  operations  

for the LOP . Th i s  testi ng  i nput can be parti cu l arly useful in  the l i qu i d  

metal and i nert ga s systems . 

Operation of CRBRP w i l l  provi de addi ti onal on-l i ne i nforma ti on u seful for 

veri fi cati on of des i gn s  and component concepts common to the LOP and the 

CRBRP and w i l l prov i de addi ti onal i np ut for tes ti ng  procedu res i n  such areas 

as remote fuel han dl i ng .  CRBRP operat ing  experi ence wi l l  al so be factored 

i nto the procuremen t spec i fi c ations  of such LOP sys tems as the pl ant-wi de 

computer ized co ntrol system. I n  the event that early CRBRP operati on di scl o ses 

an  unexpected system probl em , the phasi ng of the two proj ects provi des time to 

i mpl emen t  correcti on s on the LOP . 
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Addi ti onal ly , operati on of the C RBRP , i n  the cou rse of demon strati ng the 

techni cal  performance , safety ,  and economi c s  of an LMFBR pl ant i n  a uti l i ty 

envi ronment , wi l l  devel op i nforma ti on and experti se i n  pl ant start-up  operati on , 

and ma i ntenance.  Th i s  experi ence wi l l  be val u abl e i n  the pl anni ng  and i mp l e

mentati on of these key functi ons  for the LOP and  i n  contri buti n g  to the 

broad base of experi ence and i nformati on that i s  important for commerc i al and  

i ndu stri al appl i cati on of  the LMFBR c oncept. 

CRBRP e xperi ence i s  al so  appl i cabl e to the LOP i n  pl ant confi rmatory research 

and devel opment wo rk where much of the CRBRP work deve l oped i n  the areas of 

s afety ,  phys ic s ,  fuel s ,  materi al s ,  and compo nent devel opment i s  di rectly 

appl i cabl e to the LOP . Nearly al l th i s  wo rk wi l l  be comp l eted before pre

l imi nary des i gn of the LOP . I n  addi ti on , cri ti cal C RBRP components suc h as  

the  steam generator and primary sodi um pump wi l l  u ndergo thorou gh testi ng 

i n  1 982 and i nformati on deve l oped du ri ng  th i s  testi ng  program wi l l  be factored 

i nto des i gn of the LOP . 

CRBRP operati on and the fol l ow-on operati on of the l arger scal e LOP w i l l  serve 

to provi de important experi ence and data regardi ng the LMFBR tech nol ogy ,  

envi ronmental acceptab i l i ty ,  economi c s ,  and val u e  a s  a practi cal  futu re opti on 

for generati ng el ectri c power and conservi ng nonrenewabl e  natural resources . 

b .  Base  Technol ogy P rogram 

The base technol ogy program i s  structured to sati sfy the goal of devel opi ng  

the  tec h nol ogi cal  data requ i red to support LMFBR power pl ant des i gn ,  construc

t ion , and  safe operati on . The el ements of the base program i nc l u de safety ,  

c omponents , materi al s and structu res , fuel s and other core materi al s ,  and 
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phys i c s .  A desc ription of each  of these program el ements and  the i r  i ndi v i dual 

goal s wa s contai ned i n  the FES , and no basi c changes have occurred s i nce  then . 

The di rection  of the base technol ogy program has  been es sent ial ly  al ong the 

l i ne s  i nd i c ated i n  the FES . As a resul t of progress i n  the base technol ogy 

program ,  confi denc e i n  the envi ronmental acceptab i l i ty of  the lMFBR opti on  has 

been en hanced . Moreov e r ,  con fi dence i n  the CRBRP des i g n  has  been improved . 

The fol l owi ng i s  a bri ef summary of  the program el emen ts and some of the 

s i gn i fi c an t program accompl i shments* s i nce the FES wa s i ss ued : 

( 1 )  Safety 

The mi s s ion  of the safety program i s  to prov i de an adequa te data base for 

asse ssmen t  of r i sk to the publ i c ,  and to improve safe ty-rel a ted desi gn  te atures 

of lMFBRs . Spec i fi c al l y ,  the goal of the lMFBR s afety program i s  to prov i de 

a technol ogy b ase ful l y  respo n s i ve to safety cons i derati o n s  i n  the desi gn , 

eval uati o n , l i c en s i ng ,  publ i c  acceptance , and  economic  opti mi zation of lMFBRs 

fo r el ectri c power generation . The program effo rt fal l s  i nto two ma i n  area s ,  

prevention  o f  acc i dents and mi ti gation o f  acci dent con sequences . 

Breeder reactor  safety tec hnol ogy i s  advanced by a nal yse s and  experiments 

conducted by national l aboratori e s , i ndustri al reactor-vendor contrac tors , 

and un i vers i t ies . Current  pl anni ng cal l s  fo r the early tran sfer of safety 

i np ut to lMFBR pl ant  desi gners , perfo rmance of safe ty-rel ated R&D i n  support 

*Addi tional lMFBR P rogram i nfo rmation  coveri ng accompl i shments : 
1 .  " E nergy a nd Water Devel opmen t  Appropr i ati ons  fo r 1982 , Heari ngs before a 

Subcommi ttee of the Commi ttee on Appropr i ati ons , Hou se of  Representatives , 
N i  nety- seventh Congres s--Fi rst Se ssi  on , "  P art 8 ,  Te stimony of  Mahl on E .  
Gate s ,  Acti ng As s i s tant Secretary for Nucl ear Energy .  

2 .  U . S .  Department  o f  E nergy ,  "Fi ssi on Energy Program o f  the U . S .  Departmen t  
o f  Energy :  F Y  1981 , "  DOE/NE-0006 , March 1980 . 

3 .  U . S .  Departmen t  of  Energy , "F i s si on E nergy P rogram of the U . S .  Departmen t  
of Energy :  F Y  1980 , "  DOE/ET-0089 , Apr i l  1979 . 

4 .  U . S .  Department  of  Energy , "  Fi ss ion  Energy P rogram of  the U . S .  Departmen t  
of Energy : F Y  1979 , "  DOE/ET -0048 ( 78 ) , J une  1978 . 
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of pl ant des i gn cho i c es ,  the prompt i nvol vement  of the NRC i n  sa fety rev i ews , 

and max im ization  of  the val ue of  contributions  from fo re i g n  agreements . 

Progres s  i n  LMFBR safety research i s  descr ibed i n  Section  V I  and Append ix  E 

of thi s document .  Con f i dence i n  LMFBR safety has been stren thened by that 

progres s ,  as evi denced by the fo l l owi ng : 

o The rel i ab i l i ty of  the reactor shutdown sys tem and s hutdown heat 
removal system has been establ i shed through extens ive  out-of-reactor 
l aboratory testi ng . 

o Experiments conduc ted wi th mol ten fuel have prov i ded important data 
fo r val i dati on of analytic al metho ds to be appl i ed to fuel movement 
from breached p i n s .  As  a resul t ,  sel f- termi nation of  unprotec ted 
overpower acc i dents c an be predicted . For the other maj or  cl a s s  of  
acc i dents ( un protected l os s  of fl ow ) , it  can be shown that exten s i ve 
sys tem damage i s  unl i kel y .  

o The experimental  data base , together wi th computer codes  that extrapo
l ate those data to prototyp ic  acci dent condi tions , i ndi c ates that 
the i n herent nature of fuel moti on  under mol ten core cond i ti o n s  makes  
the core sel f- d i spers i ve ,  and that recr it ica1 i ty i s  there fore unl i kel y .  

o Earl i er uncertai nty over the l im i t  wh i c h  c an be pl aced on the extent 
the damage a ssoc i ated wi th a postul ated whol e core acc i dent has been 
substanti al ly  reduced . Fo r the CRBRP , the adequacy of  the pl ant 
des ign  to wi th stand suc h  an acc i dent has been estab l i shed . 

( 2 )  Components 

Th i s  program i s  des i gned to meet the spec i fi c  objecti ve s  of ( 1 )  devel op i ng key 

LMFBR compo nents to ass ure ava i l ab i l i ty of  te sted des i g n s  fo r appl i cation  to 

l arge pl ants , and ( 2 )  provi di ng s uffi c i ent technol ogy , data , and experimental ly  

veri fi ed codes to suppo rt the des i gn , fab ri c ati on , and  operati on  of  rel i abl e 

and economic  systems and compo nent s .  

P r imary empha s i s ha s been g i ven  to l ong- l ead and un proven but e ssen ti al 

components , s uc h  as l arge steam generators and ma i n  cool ant pumps .  Impo rtant 

data and i n fo rmation  from des i gn , fabricati on , test ,  and  ope rati on  of  com-

ponents  fo r EBR- I I ,  FFTF , and  CRBRP are conti nuousl y  uti l i zed i n  the program . 
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Component vendors des i gn and fabr icate model components and perform the 

concept- dependent supporti ng devel opment .  Tests and generic-type devel opment  

are conducted by the nati onal and  engi neeri ng l aboratori e s  and  the reactor 

manu facturers . 

Al though the primary emphasi s has  been on steam generators and primary cool ant 

pump s ,  tech nol ogy i s  bei ng devel oped and key features te sted for other com

ponents such a s  fuel handl i ng equi pment , i ntermedi ate heat exchangers , smal l 

val ves ,  and i ns trume ntati on and control s .  Supporti ng devel opment i s  bei ng 

conduc ted i n  the area s of fl ow i nduced v i b ration , thermal /hydraul i c  effects , 

and natural c i rcul ati on . 

Si gn i f i c ant progress  i n  LMFBR component technol ogy dur i ng the past few years 

i s  i nd i c ated by the fol l owi ng : 

o Te sts were compl eted on the FFTF prototype pump i n  1977 . The tes t  
fac i l i ti�s at  the Energy Technol ogy Engi neer i ng Center ( ETEC ) were 
subsequentl y modi fi ed to accommodate CRB RP - s i ze components . 

o A CRBRP prototype pump and steam generator have been fabricated and 
are be i ng i ns tal l ed for testi ng i n  1 982 . 

o P rototype components representati ve of LOP- s i ze components are bei ng 
fab ri c ated for eventual testi ng i n  the ETEC . 

( 3 )  Materi al s and Structure s  

T h e  tech nol ogy area s covered i n  the materi al s a n d  s truc tures program a re those 

for h i gh-temperature struc tural desi gn , sei sm ic  desi gn , mechan i cal properti e s  

de s i gn data , fabri c ati on , nondestruc ti ve tes ti ng , corros i on , tribol ogy ( fric

tion , wear,  and sel f-wel di ng ) , advanced structural al l oys , materi al s propert i e s  

documentati on , a n d  sodi um technol ogy ( e . g . , i mp ur i ty a n d  radi oacti v i ty c on trol ) .  

The spec i fi c  goal s of the prog ram are ( l )  to prov i de the technol ogy requi red 

to as s ure wi th h i g h  probab i l i ty that LMFBR components and sys tems wi l l  be free 
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from s i gn i fica nt structural fai l u res du ri ng  thei r des i gn l i fetime s ,  and ( 2 ) to 

devel op mate ri al s ,  desi gn methods and cri teri a ,  materi al s p roperty data , and 

p rocedu res tha t  are con s i s tent wi th good economi cs , are not overly conserva

tive ,  and pro vi de for b road fl exib i l i ty i n  component and sy stem des i gn .  

T h e  output of the program i s  di rectly u sefu l  to the speci f i c  LMFBR p roj ects.  

The ove ra l l strategy i nc l udes : 1 )  p rovi di ng timely  gu i dance to des i gn teams , 

2 )  p erformi ng a l l necessary R&O i n  support of  the u l timate des ign  choi ces ,  

3 )  maximi z ing  the use o f  i nforma ti on deri ved from p revi ou s  gene ri c a nd 

spec i fi c  ( e . g . , FFTF , CRBRP ) research  and devel opment,  and 4 )  maximi zi ng 

the use  of  i n forma ti on deri ved from fore i gn exchange a rra ngements . 

The p rogram p roduces techni cal gu i del i nes ,  des i gn ru l e s ,  data , and documenta

tion . These are i nc l u ded i n  reports , gu i de l i ne documents , contri buti ons to NE  

( ROT ) s tandards , contri bu ti ons to consensus standards ( e . g . , ASME-BPV Codes  

and  ASTM Standards ) ,  and  the Nuc l ear Systems Materi al  Handbook , whi ch i s  a 

reposi tory for de sign  data . 

There h as been si gni ficant progress si nce 1 975  i n  deve l opi ng the techno l ogy 

base for mate ri al s data , fabri cation , nondestructi ve exami nati on ,  advanced 

a l l oy s ,  sod ium tech nol ogy , and h i gh tempera ture des i gn me thods and c ri teri a .  

T h e  p rogram p rovi ded major  i nput to the devel opment o f  des i gn rul es wh i ch 

h ave been adop ted by the ASME Code and which  are bei ng appl i ed worl dw i de to 

the des i gn of LMFBR p l ants.  

( 4 )  P hys ics  

The  phy s i cs program i s  di rected toward the devel opment of the fast reactor 

neutro n i cs measurement and anal y s i s  capabi l i ti es requi red to provi de rel i abl e 
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des i gn data , accu rate safety analyses ,  and wel l qual i fi ed fuel ma nagement and 

reactor operati n g  procedu re s .  

T h e  physi cs  program i s  structured to sat i s fy these objecti ves by prov i di ng 

c ri ti cal measurements , nucl ear data , an d computati onal  metho ds as requi red to 

as sure the successful des i gn and operation of deve l opmental breeder pl ants ; 

and ma i n ta i n i ng a strong phy s i c s  technol ogy base to support FFTF operati ons  

and the CRBRP and LOP  des i gn efforts . 

The  phys i cs program p rov i des  experimental determi nati ons of core an d sh i el d 

p ropert i e s ,  nuclear data measuremen ts and eva l u ati on s ,  and devel opment of 

computati onal methods for predi cti ng  core performance , sh ie l d effecti veness ,  

and  safety parameters .  These acti vi ti es support the ava i l abl e opti ons for 

fuel types ,  reactor conf i gu rati on s ,  and nuc l ear fuel cyc l e s  avai l abl e to 

FFTF , CRBRP , and LOP . The program i ncl udes analysi s of the FFTF neutroni c  

performance and  changes  due to core rel oad and test requi rements . A program 

of mocku p ,  benchmark , and i nterp reti ve cri ti cal experi ments establ i shes the 

neu tron i c  characteri s ti cs of those LMFBR core s  sel ected for fi rst-of-a-k i nd 

devel opmental reactors . Cross secti on s of reactor materi al s are measured 

over a wi de range of energi es to assure rel i ab l e  core des i gn cal cul ati on s .  

State-of- the- art experi mental and analyti cal phy s i cs support i s  provi ded 

for determi nation of the radi ati on doses uti l i zed i n  fuel s and materi al s 

i rradi ati on test programs . 

There wa s s i gn i f i cant progress  i n  the phy s i cs program du ri ng  the years s i nce 

the FES wa s i s sued. Some of the h i ghl i ghts are: 

o Benchmark cri ti cal  experiments i n  the Zero P ower P l uton i um Reactor 
( ZP PR )  establ i shed the neutron i c  des i g n  properties  of C RBRP- s i z e  
heterogeneous cores .  
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o Studi es  of  FFTF phy s i c s  measurements were i n i ti ated to confi rm 
devel opme ntal LMFBR de s i gn methodol ogy and to improve knowl edge 
of the FFTF test  i rradi at ion  envi ronment .  

o P rel imi nary analyse s  of  a s h i el di ng concept for a l arge LMFB R s howed 
potenti al fo r maj o r  reducti ons  i n  pl ant costs through ri goro u s  des i gn 
practice  and careful sel ecti o n  o f  shi el di ng mater i al s .  

( 5 )  Fuel s and Other Core Mater i al s 

The fuel s and materi al s prog rams encompass  the devel opment of  fuel and con trol 

components for LMFBRs ;  the devel opment of mater ial s fo r use i n  these components ; 

and the devel opme nt of  equi pment ,  proce s se s ,  and fac i l i ti es to fab ri cate fuel 

and assure a supply of s uc h  fuel s for breeder reacto rs . The fuel fab ri cati on 

acti v i t ies  are covered sepa ratel y i n  Secti o n  I V . A . C . 2  o f  th i s  repo rt . The 

base program has the spec i fi c  obj ecti ves  o f  confi rmi ng the perfo rmance of , and 

estab l i sh i ng l i feti me l i mi ts for ,  FFTF fuel system core components ; devel op i ng 

improved and advanced fuel , bl anket , and absorber mater ial s/assembl i es for fa st 

breeder reacto rs , i n  parti cul ar for CRBRP a nd LOP ; a nd devel op i ng fabr icati on  

technol ogy to  assure an LMFBR fuel suppl y wh i l e  mi n im iz i ng personnel exposure , 

improv i ng safeguard s ,  and enhanc i ng personnel safety through automated and 

remo tel y ope rated equ i pme nt .  

The core compo nents and  materi al s program cons i sts of  two paral l el acti v i ti e s :  

( 1 )  the con fi rmati on  o f  prev i ou s  devel opment wo rk o n  re ference FFTF fuel - system 

mater i al s ( i . e . , U/Pu oxide  fuel and Type-3 1 6  sta i nl ess  steel cl addi ng and 

ducts )  to support the safe and rel i abl e ope rati o n s  of  FFTF as a te st reactor ,  

and ( 2 )  the pe rfo rmance o f  suffi c i ent i nvesti gati ons  on  advanc ed fuel s ,  

bl ankets , and absorber concepts to narrow the opti ons  to the po i nt where prime 

ca ndi date s  c an be sel ected and devel oped .  The program depe nds heav i l y  o n  

i rradi ati o n  te sti ng of  fuel s a n d  mater i al s conduc ted i n  the EBR- I I  a n d  to b e  
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conducted i n  the FFTF . Si gni fi cant aspects of the i rradi ati ons program i n  

E BR-I I h ave i ncl u ded: ( a ) carryi ng advanced fuel s tests to and beyond goal 

burnup s to i denti fy ul ti mate performance l imi ts , ( b )  conti nui ng  i rradi ati on 

of  adva nced cl addi ng and duct materi al s to h i gh exposu res , and ( c )  p erformi ng 

Run-Beyond C l ad-Breach ( RBCB ) tests . Key asp ects of the i rradi ati on s  to be 

con ducted i n  FFTF i nc l u de :  ( a ) qual i fyi ng FFTF dri ver fuel s ,  ( b )  testi ng 

c an di date advanced cl a ddi ng and duct materi al s ,  and ( c )  testi ng advanced 

fuel s and bl anket pi n s .  These experiments wi l l  l ead  to tests of ful l - scal e 

a ssembl i es of prime candi date advanced fuel s and bl a nket concepts , wh i ch wi l l  

be fol l owed by l arge- scal e qual i fi cati on runs  w i th parti al core l oadi ngs of 

such assembl i es .  

T he program for measuri ng  and improvi ng the performance of rep l aceabl e core 

components for FFTF wi l l  be conducted princi pal ly wi th i n  the framewo rk of a 

systemati c  dri ver fuel and absorber eval u at i on p l an , i nvol v i ng peri odi c 

removal  of reference dri ver fuel  as sembl i es for thorough post- i rradi ati on 

exami nat ion .  The  advanced core components effort i nvol ves the de vel opment of  

l ong- l i ve d ,  h i ghly rel i abl e components that wi l l  enhance pl ant effi c i ency and  

re l i ab i l i ty wh i l e  prov i di ng good breedi ng properti es .  Major emp has i s i s  

pl aced on obtai ni ng a comp rehens i ve base of component performance i nformati on , 

deri ved for a wi de vari ety of des i gn opti ons and a broad range of operati ng 

c on di ti ons . The experimental porti on of th i s  acti vi ty con s i sts  of a seri es 

of tests of p i n  and assembly  vari abl es that wi l l  provi de a broad coverage of 

fuel type , advanced cl addi ng and duct materi al s ,  p i n  des i g n ,  and analyti cal 

capabi l i ti es .  
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Some of the more s i gni fi cant accompl i shmen ts i n  the fue l s and materi al s 

programs s i nce 1 975  are the fol l owi ng :  

o Reference FFTF fuel s and cl addi ng were successfu l ly tested to goal  
burnup and beyond c l ad breach i n  the EBR- I I .  

o Fabri cati on of p i n s  for fou r FFTF cores was comp l eted.  

o Control assembl i es l i feti mes  were doubl ed. 

o Improved al l oy s  that promi se s i gni f icantly exten ded l i fetime s  for 
fue l  p i n  cl add i ng  were devel oped.  The  l i st  of candi date al l oys  has 
been narrowed to th ree . 

o Cri ti c al i ty of the Fast Fl ux  Test Faci l i ty was achi eved i n  
February 1 980 . Ful l power was demonstrated i n  December 1 980 and 
natu ral ci rcu l ati on was demon strated i n  1 981 . 

o The E xperi mental B reeder Reactor I I  operated at 7 1 -77% c apac i ty wh i l e  
serv i ng as  a fuel s and materi al s test fac i l i ty from 1 976-1980 . 

c .  Fuel Cycl e P rograms 

The LMFBR fuel cycl e programs a re structured to devel op the technol ogi cal  

and  i ndu stri al base that wi l l  be requi red for u l timately cl os i ng the LMFBR 

fuel cyc l e .  They encompass fuel rep rocess i ng ,  fuel fabri cati on , waste ma nage-

ment ,  and transportati on . Most of the LMFBR fuel cycl e programs are cl osely 

a s soci ated w i th past devel opments i n  LWR fuel cycl e technol ogy . I n dependent 

devel opme nt wi th i n  the LMFBR fuel cyc l e act iv i ti es has  concentrated on those 

a reas where s i gn i ficant di fferences ex i s t  between technol ogy requi rements for 

LMFBR a nd LWR fuel s .  Devel opmental pl ants such as CRBRP and LOP i ni ti al ly  

wi l l  be  dependent on  these fuel cycl e  programs for support i n  fuel fabri cati on , 

spent fuel storage,  and waste management .  Arrangements after i n i ti al opera

ti ons of the power pl ants wi l l  be made after future devel opments i n  fuel cyc l e 

R&D and  pos s i bl e commerc i al ventures become cl earer.  
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The assump ti on s  concerni ng model LMFBR fuel cyc l e  fac i l i ti es i n  WASH-1535  

were based on commerc i al - scal e fu el cycl e  capab i l i ti es suffi c i en t  to susta i n  

abou t 8 0  l arge LMFBR p l ants . P resent LMFBR p rogram pl ans  fo r devel opme ntal 

fuel cyc l e faci l i ti es are modest rel ati ve to these assumpti ons . Therefore , 

th e envi ronmental effects shoul d be no greater than those p roj ected i n  the 

PFES , WASH-1 53 5 .  

T h i s secti on descri bes the U . S .  DOE programs o n  rep rocess i ng ,  fab ri cati on , 

and  transportation .  Waste management acti vi ti es are covered separately i n  

Secti on V I . A . ( 3 )  a nd i n  Appendi x B .  

( 1 ) Fuel Reprocess i ng 

After res i dence i n  th e reactor for a 2 -3 year peri od,  LMFBR fuel mu s t  be 

removed and fresh fu el provi ded.  Th i s  repl acement i s  necessary becau se 

of ;  ( 1 )  damage to  cl addi ng and other s truc tu ral  materi al s by fast neu trons , 

( 2 )  a depl etion  of pl uton i um and bu i l dup of fi s s i on p roducts i n  the fuel rods 

wh ich  reduce the system reacti v i ty and ul timately woul d p revent the reactor 

from reach i n g  ful l power, and ( 3 )  p l u ton i um produced i n  the bl ankets needs to 

be recove re d  i n  order to produce addi ti onal fuel el ements . 

The fuel removed ( spent fuel ) wou l d be p rocessed to recover the pl u ton i um 

and  the u rani um i n  a reprocess i ng pl ant . Because the LMFBR requ i res  a l arge 

i nventory of fi s si l e  ma teri al  a nd bec au se the bred pl u toni um i s  needed to 

s u stai n LMFBR ope rati on , recovery and recycl e of p l u toni um from LMFBR spent 
- 1 

fuel s i s  mandatory i n  a mature system of LMFBRs . A descri p ti on of L MFBR fuel \ 
reproces s I n g ,  i ncl u di ng I ts envi ronmental I mpacts , i s  presented i n  Secti o� 
of  the PFE S ,  WASH-153 5 .  
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The reproces s i ng research and devel opme nt program focu ses on both the need 

to supply fuel fo r devel opmental reactor pl ants from LWR fuel rep roces s i ng 

and the need to demons trate tech nol ogy for rep rocess i ng of LMFBR fuel . The 

current program cal l s  for i n i ti al operati on of a Devel opmental Reprocess i n g  

P l an t  ( DRP ) i n  about 1 996 , a few years after i n i ti al cri ti cal i ty o f  the C RBRP . 

Objecti ves of the fuel rep roces s i ng  programs are: ( 1 )  to devel op  and 

demonstrate technol ogy for reprocess i ng of LMFBR fuel s wh i c h  are more di ffi

cu l t to di ssol ve ,  conta i n a l arger percentage of p l u toni um ,  and are mo re 

h i ghly i rradi ated than LWR fuel s ,  and ( 2 ) to i mp rove technol ogy for l i ght 

water  reactor fuel reproces s i ng and resol ve i nst ituti onal u ncertai nti es  so 

that the pri vate sector can bui l d  and rel i ably and economi cal ly operate pl ants 

for reprocess i ng  of l i ght water reactor fue l i n  accordance wi th acceptabl e 

s tan dards for safety , safegu ards , and env i ronmental and radi ati on protecti on . 

However ,  the emp ha s i s  of the cu rrent R&D p rogram i s  on technol ogy for LMFBR 

fuel reproce s s i ng .  

Reprocess i ng of  l i ght wa ter power reactor fue l s has  been carr i ed out  i n  the 

u . s . and other nati ons  s i nce the mi d- 1 960 ' s ,  and operati ons  i n  tho se faci l i 

t i es i ndi cated the need for imp rovement i n  pl ant operab i l i ty and i n  radi ati on 

p rotecti on of wo rk er s .  Commerc i al LWR fuel rep roces s i ng i s  not be i ng c arri ed 

out i n  the u . s .  at present.  I n  addi tion , there are presently more stri ngent 

req u i rements for safegu ardi ng of fi s s i l e  materi al s ,  for re ducti ons i n  rel eases 

of  radi oacti ve mate ri al  to the atmosphere ,  and for treatment of rad i oact i ve 

waste s .  Resea rch a n d  deve l o pment acti vi ti es i nc l u di ng des i gn efforts carri ed 

out at Oak  Ri dge N ati onal Laboratory ,  Savannah R i ver  Labo rato ry ,  the Barnwel l 

Nuc l ear F uel P l ant ( B NFP ) , other DOE and  DOE c ontractor s i tes , and � pri vate 

i ndu stri al  organi z ati on  have resu l ted i n  many tech no l og i cal advances wh i c h  
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p rovi de i nc reased assurance that operab i l i ty ,  mai ntai nabi l i ty ,  safeguards , and 

e nvi ronme ntal and radi ation  protecti on of future LWR reprocess i ng pl ants wi l l  

be  sup eri or  to those of the earl i er pl ants . Among the more i mp ortant ach i e ve

ments are: ( 1 )  devel opme nt of h i gh speed sol vent extracti on  eq ui pment wh i c h  

wi l l  ( a ) reduce sol vent degradati on thereby i mp rovi ng  product pur i ty ,  and 

( b ) s i gni fi cantly imp rove the capab i l i ti e s  to measure product i nventor ies , 

thereby upgra di ng safeguards ; ( 2 )  devel opment of new mai ntenance tech ni ques 

a nd sy stems to reduce pl ant downti mes  and emp l oyee radi ati on exposures ; 

( 3 )  devel opment and col d demonstrati on systems for krypton-8S removal from 

reprocess i ng p l ant off-gas ;  ( 4 )  devel opment and parti al col d demonstrati on 

of  a computer control l ed process-moni tori ng/safeguards system for an  LWR 

reproces s i ng pl ant;  and ( S )  ful l - scal e demonstrati on  of borosi l i cate gl ass  

waste sol i di fi cati on proces ses  u s i ng i rradi ated LWR  fuel . 

T he status of technol ogy fo r reproces s i ng of LWR fuel s i s  adequate to support 

i ni ti al operati ons  of a ful l scal e pl ant begi nni ng i n  about 1 990 , wi th 

reas onab l e assurance that regul atory requi rements for safeguards , envi ron

mental protecti on , and radi ati on protecti on wi l l  be met,  and that a h i gh 

contai nment factor wi l l  be achi eved . 

P resi dent Reaga n ' s nuc l ear  pol i cy statement of October 8 , 1 981 , endorsed 

nucl ear fuel rep rocessi ng by pri v ate i ndustry . P u rchase of pl u ton i um for use  

i n  LMFBR devel opment programs wi l l  be  an  i ncenti ve  for  op erati on  of  a p l ant by 

the pri v ate sector. The Department of Energy has requested pri vate i ndustry 

to cons i der  the po s s i b i l i ty of mak i ng a future commi tment to bu i l d  and operate 

a rep rocess i ng p l ant to meet near-term i ndustry requi reme nts . Shoul d the 

i ndustry not make such a commi tment i n  a time frame compati bl e wi th L MFBR 
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program needs , and espec i al ly those of the CRBRP , * other al ternati ves are 

ava i l abl e ,  such as the modi fi cati on and u se of exi sti ng rep rocess i ng faci l i ti es ,  

con stru cti on of new fac i l i ti e s ,  o r  poss i bl e  mu l ti nati onal ventures .  

Research and  devel opment for reprocessi ng of LMFBR fuel has  been and  i s  bei ng 

condu cted, and both col d and hot process i ng demons trati ons are pl anned becau se 

of di fferences between LWR and LMFBR fuel s .  The h i gh er fuel burnup at h i gher 

s pec i f i c  powers for breeder  fu el resul ts i n  consi derably h i gher radi ati on 

l evel s and heat generati on rates than  are present wi th LWR spent fue l . Th i s  

i ntroduces probl ems i n  fuel handl i ng ,  di s sol uti on , and sol vent extracti on 

s teps .  The LMFBR s pent fuel w i l l  conta i n a l arger fracti on of pl uton i um than 

LWR spent fu el . Cri ti cal i ty control i s  thu s  a factor i n  pl ant des i gn and 

operation .  The h i gher pl u toni um concentrati on al so  requi res more sop h i sti 

cated techni ques for assu ri ng safeguards comp arabl e to those for a n  LWR fuel 

rep roce s s i n g  p l ant.  

A new fuel di sassembly mach i ne and shear devi ce have been desi gned wh ich  

i ncorp orate provi si ons for the h i gher heat generati on and  ra di oacti vi ty l evel s 

of  the LMFBR fuel . A new rotary di s sol ver has been fabri cated and i s  bei ng 

tested to assure h i gh di s sol uti on rates . New h i g h  speed sol vent extracti on 

systems have bee n  deve l oped i ncorporati ng centri fugal contacters wh i c h  h ave 

been demon strated for over 15  years at the  Savannah Ri ver P l ant.  New centri 

fu gal contactors wi l l  permi t not only proces s i ng the fu el at h i gher radi ati on 

*Adequate supp l i es of pl u ton ium are proj ected to be ava i l abl e from DOE-produced 
materi al to startu p  and operate the Cl i nch R i ver B reeder Reactor P l ant for 
several years. Opti ons  are bei ng exami ned to assure that addi ti onal fuel 
w i l l  be avai l abl e when requ i red.  One potenti al opti on i s  to acq u i re th i s  
materi al  from rep rocess i ng of LWR spent fuel . 
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l evel s ,  but al so permi t much shorter t i me for sta rtup  of the pl ant , and eas i er 

and fast er ma i ntenance of equ i pment fol l owi ng fa i l ures . A l a rge vo l ume of 

experi ment at i o n  wi th h i gh pl uton i um concentrat ions  at cr i t i cal ma s s  l abora-

to ri es i s  showi ng that an LMFBR fuel reprocess i ng p l ant can be operated wi th  

a degree of sa fety t hat i s  comparab l e  to  that of other non- reactor ,  nuc l ear 

fue l  cyc l e  fac i l i t i e s .  Advanced concepts fo r prec i se meas urement and  cont rol  

of l arge quant i t i e s  of p l utoni um i n  an LMFBR reproces s i ng pl ant are bei ng 

devel oped and l i m i ted demonstrat i o ns of advanced systems have been accom-

pl i shed . The system proposed for future reproce s s i ng p l ants wi l l  rel y on  

exten s i ve use of computers . Con s i derab l e  effort is  underway to ach i eve the 

re l i ab i l i ty needed for safeguards appl i cat i ons . 

Equi pme nt and systems devel oped for reproces s i ng of LMFBR fue l s are to be 

co l d  tested i n  the I ntegrated Equ i pment Test Fac i l i ty ( I ETF ) to prov i de  

assurances of l ong-term ope rab i l i ty ,  e ase  of  ma i nta i nab i l i ty ,  i mproved 

process  i ntegrat i o n ,  a nd good measurement control . The i ntegrated process  

demonstrat i o n  is  expected about September 1 982 . 

Demo nstrati on of tech nol ogy for reprocess i ng and recyc l e  of LMFBR fue l s i s  

pl anned to beg i n a few years after the pl anned i n i t i a l cr it i cal i ty of the 

CRBRP o *  An earl y demonstrat i o n  of LMFBR fuel  reproces s i ng i s  es sent i a l to I s 
commerc i a l i zati on of the LMFBR . 

Prel i mi nary concept ual  des i gn for the DRP has  been  compl eted . An env i ronmental 

an a lys i s  for th i s  pl ant i nd i c ated that such a fac i l i ty can be bu i l t  and 

operated wi th i n  ex i st i ng and proposed envi ronmental  gu i del i ne s .  Prel i mi nary 

des i gn  efforts  have been devel oped and a nuc l eu s  of an organ i zat i on has been 

*Br i ta i n  and France have al ready s uccessfu l ly  �eproces sed s ubstant i al quant i t i es I s of spe nt LMFBR fuel from DFR , PFR , Rapsod i e  and Phen i x  at th e i r  reproce s s i ng 
fac i l i t i es (Dou n reay , Scotl and and Marcou l e  and LaHague , France ) . 
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establ i sh ed to address fu rther the envi ronmental i mp acts of the D RP ( forme rly 

c al l ed the Hot E xperi mental Faci l i ty ) . 

Reprocess i ng capac i ty for the D RP has  been set at 1 /2 metri c ton of heavy 

metal per day . Prel imi nary desi gn concepts for the D RP have focu sed on both 

a " s tand- al one" faci 1 i ty ,  and a "breeder head- end" ( p robably throu gh fi  rst 

cyc l e sol vent extrac ti on ) on  an exi sti ng reproces s i ng pl ant.  Fi nal dec i s i on 

on  a " stand- al one , " "b reeder head- end, " or al ternative  DRP w i l l  cons i der 

cost,  envi ronmental i mp act ,  and imp ortance of a rel i abl e demon strat ion .  

The fuel rep roces s i ng p l ant presented i n  the PFES ( WASH- 1 535 ) was  assumed to 

h ave a process i ng capabi l i ty of f ive  metri c tons of hea vy metal ( u rani um pl u s  

pl uton i um )  per day , whi ch woul d permi t the pl ant to serve abou t ei ghty LMFBR 

power pl ants eac h  havi ng a capac i ty of 1 000 MWe . 

E nvi ronmental i mp act  and publ i c  heal th effects , due to radi ol ogical  emi ss i ons  

that woul d resul t from normal as  wel l abnormal ( a cc i dents ) operati on s of the 

D RP ,  havi ng a throughput capac i ty of 1 /2 metri c tons  of heavy metal per day ,  

wi l l  be s i gni fi cantly  l es s  than thos e i mp acts from the much  l arger capac i ty 

reprocess i ng pl ant ( f i ve metri c ton s  per day ) descri bed i n  the PFE S .  However, 

i mp acts on a uni t capaci ty bas i s ( i . e . , per MWe) woul d be essenti a l ly the same 

a s  those g iven  i n  the PFES . Si te requ i rements for a l arge reproces s i ng pl ant 

are s i mi l ar to tho se for an LMFBR power pl ant.  W i thout a s i gni fi cant economi c 

penal ty ,  a rep roces s i n g p l ant can be l ocated i n  an  area rel ati vely remote from 

centers of power usage ( a nd  hence popul ati on ) . Access to fac i l i ti es for 

tra nsportati on  of  heavy l oads by rai l , truck , and perhaps barge , i s  a neces s i ty 

for a rep roce ss i ng faci l i ty .  The nonra di oacti ve gaseou s and l i qui d chemical 

effl uents expected from the routi ne operati ons  of the reproces s i ng p l ant woul d 
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be treated as requ i red to reduce the concentrati on s of those sub stances to 

acceptabl e l evel s .  

( 2 )  Fuel Fabri cati on 

F uel fabri cati on i s  one of the maj or el ements of the LMFBR n uc l ear fuel cycl e .  

Operati on s for manu facture a n d  as sembly o f  fuel p i ns  i n to fuel assembl i es 

for an LMFBR woul d be performed i n  a fuel fabri cati on pl ant. The current 

devel opment program, and hence the fol l ow ing  di scussi on , addresses the fabri 

cati on of pl u to n i um beari ng  core ma teri al s .  Comme rc i al capabi l i ty al ready 

exi sts to fabri cate LMFBR b l anket assembl i es wh i ch conta i n  only urani um 

d ioxi de .  

P ast  LMF BR fuel manu facture wa s ch aracteri zed by manua l , gl ovebox fabri cati on 

of fuel pel l ets and fuel p i ns . Th i s  method of fabri cati on wi l l  not meet 

future fuel requ i rements of the LMFBR program ( FFTF , CRBR , and LOP ) becau se of 

the des i re to mai ntai n  h i gh producti on rates and very l ow personnel radi ati on 

exposures , the need to fabri cate fuel conta i n i ng h i gher percentages  of 240pu , 

and the need to provi de enhanced safeguards for Spec i al Nucl ear Materi al ( SNM ) . 

To  sati sfy the immedi ate fuel fabri cati on needs of the program, a Secure 

Au tomated Fabri cati on ( SAF ) P rogram was establ i shed.  I ts objecti ve i s  to 

devel op and demonstrate an advanced manufactu ri ng l i ne for pl utoni um oxi de 

breeder reactor fuel pi n s .  The SAF l i neS wi l l  have a producti on rate of 

6 metri c tons  of U/Pu  mi xe d  oxi de fuel per ye ar , wh i ch i s  suffi c i ent to 

fuel both FFTF a nd CRBR . To support the next l arge devel opment pl ant ( LOP ) , 

addi ti onal fabri c ati on capac i ty wi l l  be requ i red.  The SAF l i ne i s  to be 

i n stal l ed i n  the Fuel s and Materi al s Exami nati on Fac i l i ty ( FMEF ) at  the 

H anfo rd Engi neeri n g  Devel opment Labo ratory ( HEDL )  and  wi l l  uti l i ze tech nol ogy 
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that i ncorpo rates  improved safety features for protection  of  pl ant ope rati ng 

perso nnel , the pub l i c , and the envi ronment.  Equi pment and process  improveme nts 

i ncorpo rated in the SAF l i ne wi l l  yi el d s i g n i fi c ant ga i n s  i n  nuc l ear materi al s 

safeguards , product qual i ty and producti v i ty .  The SAF l i ne prov i de s  the key 

l i nk between devel opme nt and ful l - sc al e demonstrati on of tec hnol ogy that wi l l 

enab l e commerc i al i zation  of LMFB R fuel fab ri c ati on i n  the fu ture . 

Fab ri c ati on of fuel on the SAF l i ne i n  the ful ly automated and remotel y  

ope rated mode res ul ts i n  the fol l owi ng impo rtant advances over cu rrent manual 

fuel fab ri c ation  technol ogy : 

o Reduced radi at ion  expo sure to pl ant perso nnel 

o Reduced acce s s  to Spec i al Nucl ear Materi al s ( SNM ) 

o Improved conta i nment  of SNM 

o Near real -time accoun tab i l i ty of  SNM 

o Improved produc t cost and qual i ty 

o I ncrea sed protection  of  the publ i c  and the envi ronment from rad i ati o n .  

As pl a nt equi pment i s  del i vered , i t  wi l l  b e  i n stal l ed and pretested i n  the SAF 

Col d Te st Fac i l i ty ( CTF ) at  HEDL . As col d testi ng of equi pment conti nues i n  

CTF u s i ng non- nucl ear feed mater ial s ,  process  testi ng o f  key u n i t  operati ons  

wi l l be perfo rmed concurrentl y  i n  the HEDL Fuel s Devel opment Laborato ry u s i ng 

pl uto n i um/uran i um mi xed oxi de . P rete sti ng and modi fi cati on of production  

un i ts fo r the SAF l i ne wi l l be  compl eted pr ior  to the i r  i n stal l a ti on in  FMEF 

i n  1984 . Further tes ti ng of equi pment wi l l  occur i n  the FMEF a fter al l equi p

ment i s  i n stal l ed .  P reproduc tion  qual i ficati on  runs beg i nn i ng i n  1985 wi l l  

precede FFTF fuel produc ti o n , sc hedul ed to commence i n  mid- 1 986 . 
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The bas i c  fabri cation process  i ncl udes rece i v i ng and assayi ng nucl ear cerami c 

powders , bl endi ng of the powders , pel l eti z i ng  and s i nteri ng the powders i nto 

fuel pel l ets , and l oadi ng  these pel l ets i nto fi n i s hed fuel p i ns . The SAF l i ne 

w i l l  i nc l ude neces sary support systems for nondestru ct i ve assay ,  SNM accou nt

a bi l i ty ,  rap i d  chemi cal  analys i s ,  waste and scrap handl i ng ,  mai ntenance , and 

materi al handl i ng .  Al l p rocess i ng equ i pment and support systems wi l l  be 

combi ned to form an i nterdependent, ful ly i n tegrated,  au tomated and remotely 

operated fuel fabr i cati on system . Each un i t p rocess  and the equi pment to be 

u sed a re based on fu l ly devel oped technol o gy .  

SAF p rocess  equ i pment wi l l  b e  parti ti oned i n  sh i el ded process encl osures . E ach  

encl osu re wi l l  contai n one or more process ,  s torage or  analyti cal  functi ons as  

we l l  a s  ma teri al handl i ng and  materi al accountabi l i ty equi pment .  These en

c l o su res wi l l  provi de the p rimary pl utoni um/u rani um contai nment bou ndari es and 

maj or neu tron and gamma rad i ati on s h i el di ng.  Storage for i n- p rocess materi al s 

wi l l  be i nc l u ded i n  most  process enc l osu res and wi l l  be adequately s i zed to 

p rovi de conti nu i ty of operati on fo r the process l i ne .  Secondary confi nement 

wal l s  wi l l  be erected around l ogi cal groups  of process  enc l osu res .  Proces s 

control s ta ti on s l ocated at several  po i n ts near the process equi pment, but 

external  to the secondary confi nement ,  wi l l  be u sed as the p ri ma ry  means  of 

remote control . An operati ons center  l ocated i n  a separate room adj acen t to 

the SAF l i ne wi l l  p rovi de for central i zed process  data col l ecti on and wi l l  

supervi se materi al transfers and overal l l i ne operati on .  

D evel opment of  the tech nol o gy  requi red to  ach i eve the SAF l i ne obj ecti ves i s  

comp l ete . P rototype equ i pment for numerous  un i t operati ons i s  bei ng tested 

at  H EDL , GE , a nd WARD . I nstal l ati on of the SAF l i ne i n  the FMEF wi l l  beg i n  

i n  1 984 upon comp l et i on o f  the FMEF . An E n v i ronmental Assessment fo r the FMEF 
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that i ncorporates fuel fabri c ati on i n  the SAF l i ne has been comp l eted. 6 , 7 ,8 

The CTF i s  operati onal and col d u n i t  testi ng  i s  underway .  Fo r purpose of 

assessment i n  th e PFES ( WASH-1535 ) ,  a fuel fabri cati on pl ant wa s assumed to 

h ave a capac i ty of f ive  metr i c  tons per day ( about 1 500 metri c tons  per year) 

wh ich coul d produce the fuel requ i red annual ly  for ei ghty LMFBR power pl ants , 

each h avi ng a cap aci ty of  1000 MWe . Th i s  capaci ty woul d be needed to support 

the needs of a wi dely depl oyed breeder economy . The cu rrent federal program 

fo r meeti ng fuel fabri cati on needs of reactor pl ants of the LMFBR program i s  

smal l er i n  scope ,  i nvol vi ng the des i gn ,  constructi on an d operati on of  fuel 

fab ri cati on capabi l i ty of  only s i x  metri c ton s  per yea r ,  bu t con tai ni ng  desi gn 

features that cou l d be scal ed-up  to meet future commerci al requi rements . 

Consequently , the en vi ro nmental impacts of the cu rrent program are expected 

to be l es s  than those presented for the much  l arger p l ant de scri bed i n  the 

PFES . Gi ven al so that the FMEF/SAF faci l i ty i s  l ocated at a rel atively remote 

s i te ( a t  HEDL ) , publ i c  heal th effects on a u n i t  capac i ty bas i s  ( i . e . ,  per MWe ) 

a re expecte d  to be l es s  al s o .  I mpacts due to constructi on of  the fuel fabri ca

ti on pl ant woul d not be ma rkedly di fferent from those of con stru cti on of  the 

LMFBR power pl ant or  other l arge construc ti on projects . 

( 3 )  T ransportati on 

Wi th i n  the LMFBR fuel cyc l e ,  transportati on i ncl udes  s h i pments of un i rradi ated 

and i rradi ated mate ri al from the power pl ants , the fuel fabri cati on pl ant ,  and  

the  reproces si ng pl ant. Devel opments i n  nucl ear fu el cycl e tra nsportati on have 

been due p ri mari ly to research conducted fo r government fac i l i ti es and for LWR 

fuel . Transporta ti on system safety has been backed by a p rogram of  des i gn i ng 

and  testi ng  p ack ages under severe condi ti ons .  The goal of that program i s  to 
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ensure that ,  i n  the event of an acc i dent , the probabi l i ty of rel ease of any 

radi oactive  materi al woul d be very smal l .  

T here are u n i que requ i rements for transportati on wi th i n  the LMFBR fuel cyc l e .  

Speci fi cal ly , some of  the requi rements are enhanced cool i ng capac i ty for spe nt 

fue l , enhanced radi ati on barri ers around spent fuel , and adequate safeguards 

for separated pl utoni um .  The more stri ngent spent fuel requi rements are the 

resu l t of the need for rapi d recycl e of LMFBR fuel i n  order to obtai n opti mum 

b reedi ng performance . These l i mi ted cool i ng times add to the requi rements 

that resul t from the hi gh burnups characteri sti c  of LMFBR fue l . 

Requi rements and envi ronmental i mp acts fo r LMFBR fuel cycl e tra nsportati on are 

e s senti al ly the same as  those that were consi dered i n  WASH - 1 535 . The current 

LMFBR deve l opment pl an i nvol ves fewer fac i l i ti es and l es s  transportati on , and 

the envi ronmental effects from imp l ementi ng  the pl an shoul d be no greater than 

thos e di scu ssed i n  the PFE S .  

S i nce the PFES was i s sued,  contai ners for fresh C RB RP fuel have  been des i gned, 

a nd the Safe Secure Trai l er ( SST ) system has been put i nto effect for pl u ton i um 

transpo rt .  Spent fuel s h i ppi ng cask s have been devel oped to the conceptual 

desi gn s tage .  

B .  Al ternati ve s  Wi th i n  the LMFBR P rogram 

The program al ternatives are somewhat more focu sed than  they were i n  E RDA-1 5 3 5 .  

There , the reference pl an w a s  for a broader ,  more expande d  program i nvol v i ng 

more pl ants and fac i l i ti es .  Seven al ternati ves to the reference pl an were 

i de nti fied .  Cu rrent pl an n i ng now i denti fi es  only two major devel opmental pl ant  

p rojects . Th ree program al ternati ves  are i denti fi ed :  proceed di rectly to  the 
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LOP , cancel the C RBRP ; comp l ete CRBRP , cancel LOP ; and  cancel or  defer both 

CRB RP a nd LOP . The di rect envi ronmental effects o f  these opti ons are nei ther  

sub stanti al ly nor  si gn i fi ca ntly di fferent from s imi l ar ones  i denti fi ed i n  

E ROA- 1 535 . 

1 .  P roceed D i rectly to the LOP , Cancel the CRBRP 

The des i gn of  the C RBRP i s  es senti al ly comp l ete. Many of  the major  components 

have been fabri cated,  and much of the component test i ng has been comp l eted or 

i s  i n  progre s s .  I t  has been proposed that i n  i ts p re sent state the C RBRP has  

p rov i ded suffi c i ent i nformati on and  that constru cti on and  operation  are not 

necessary .  Th i s  al ternati ve substi tutes i nstead conti nuati on of  the LMFBR 

p rogram wi th the LOP as the fi rst devel opmental pl ant .  

The gai n s  from del eti ng C RBRP constructi on and operati on  are l im i ted to  the 

sav i n g  of the construc ti on costs not al reaqy commi tted and of  any operati ng 

costs not covere d  by el ectri c i ty sal es as  wel l as  avoi di ng envi ronmental 

impacts associ ated w i th constructi on and operati on . Because of  i ts advanced 

s tate of des i gn and fabr i cati on , abou t one bi l l i on dol l ars have al ready 

bee n  commi tted of  the total proj ect cost of  somewhat more than  three bi l l i on 

dol l ars . 

The  l osses  from termi nati ng CRBRP con structi on and operati on i ncl ude early 

da ta on  startup , operati on and i nd iv i dual  component and overal l pl ant  perform

a nce.  Such experi ence i s  important for early i denti fi cati on and resol ution  of  

probl ems and s imp ly to  provi de greater i nformati on on  component performance , 

rel i abi l i ty and mai ntai nabi l i ty to the LOP p rogram and to the eventual LMFBR 

comme rc i al i zati on deci s i o n .  Fo r examp l e ,  the cel l con struction  experi ence 

at  FFTF resul ted i n  des i gn improvements fo r C RBRP . Ea rly data on pl ant 

86 



performance provi des the opportuni ty to optimize fuel performance , pl ant 

c apaci ty factor and thermal effi ci ency . I n  the reference pl an the C RB RP 

operati ng data wi l l  start accumu l ati ng and be avai l abl e for use  du r ing  the 

c r i ti c al l ast hal f of the LOP des i gn effort. Wh i l e  early proj ect deci s i on s  

wi l l  h ave been made on components a nd system des i gn s ,  there wi l l  sti l l  be 

amp l e opportu n i ty to make LOP des i gn modi fi cati ons based on C RBRP experi ence. 

Much of the C RBRP i nformati on , such as resul ts of the components tes ts and 

addi ti onal R&D work i n  safety ,  materi al s ,  and phy s i c s ,  wi l l  be avai l abl e i n  

1 982 for factori ng  i nto the prel imi nary LOP des i gn .  

E arly u ti l i ty i nvol vement i n  constructi on  and operati on o f  a n  LMFBR wi l l  

al so be l os t ,  wh i c h  wi l l  l i kely l ead to del ays i n  the LOP p rogram. Mo re 

s eri ou sl y ,  CRBRP can cel l ati on  coul d l ead to eroded u ti l i ty confi dence i n  

federal ly-sponsored adva nced- reactor programs . Cancel l at ion of C RBRP w i th 

i ts uti l i ty commi tment of  money and effort may prec l ude u ti l i ty i nvol veme nt 

i n  future LMFBR programs . 

Another l os s  wi l l  be i n  l i cens i ng experi ence .  Knowl edge ga i ned du ri ng  the 

CRBRP l i censi ng proces s  by the u ti l i ti e s ,  vendors , operators and re gul ato rs 

s houl d be readi ly  appl i cabl e to LOP . Any generi c l i censi ng probl ems can be 

i denti fi ed and re sol ved early . Fu rthermo re , important env i ronmental imp act 

a nd safety i nformati on to be ga i ned du ri ng C RBRP l i cens i ng  and operati on woul d 

not  be obtai ned. 

C a ncel l ati on of the C RBRP woul d con sti tu te a break wi th sound engi neeri ng 

p racti ce .  The con struc ti on of a p l ant i n  the 350 MWe- s i ze range between the 

p resent pl ants ( 1 8  MWe EBR- I I a nd 400 MWth FFTF ) a nd the proposed 1 000 MWe 

LOP p l ant fol l ows the s tep taken by al l other countri es cu rrentl y devel op i ng 
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the LMFBR and fol l ows  the step s taken i n  the U . S .  l i ght water reactor p rogram. 

The i ntermedi ate- s i ze pl ant al l ows for reasonabl e scal e- up  of al l major  p l ant 

components such as sodi um pump s ,  heat exchange rs and steam generators . Oi rect 

s cal e-up  from cu rrent technol ogy to 1 000 MWe entai l s  an  extra technol ogical  

r i sk th at some component wi l l  not perform as  i ntended . Such performa nce 

fai l ures  cou l d  resul t i n  del ays and i nc reased costs.  I nc reased technol ogical  

ri sk may al so  re duce the wi l l i ngness  of i ndu stry to parti c i pate fi nanci al ly i n  

the LOP P roject . 

I n  summa ry , c ancel l ati on  of  the C RBRP wi l l  provi de only a rel ati vely smal l ,  

short- term fi nanci al  sav i ngs .  But  the l os se s  wi l l  be l arge to the LMFBR 

program i n  operati ng  and l i cens i ng experi ences , component and pl ant pe rform

a nce da ta , i n  uti l i ty commi tment , and i n  greater techni c al ri sk to the LOP . 

2 .  Comp l ete the CRBRP , Cancel the LOP 

Th i s  opti on , bu i l d i ng the CRB RP and c ancel l i ng the LOP , p ropos es that the 350 

MWe C RBRP wi l l  provi de al l of  the pl ant operati ng exp eri ence th at i s  necessary 

pri or  to turn i n g  the LMFBR commerci al  depl oyment deci s i o n  over to i ndu stry and 

the uti l i ti e s .  Scal e-up to a pl ant o f  near-commerc i al s ize  ( 1 000-1 200 MWe ) 

woul d be accompl i s hed by testi ng the core des i gn wi th c ri tical  experi ments , 

tes ti ng the major  heat-tra nspo rt components i ndi vi du al ly , fi n i sh i ng fuel and 

other core component tes ti ng in  the FFTF and the EBR- I I ,  sharpeni ng the 

avai l abl e des i gn tool s ,  imp rovi ng s afety analyses of l arge LMFBRs , and 

doi ng tests on other components of  the sys tem a s  deemed necessary .  

T h e  benefi ts for removi ng the LOP f rom the LMFBR p rogram are the savi ngs 

f rom constructi on costs and the savi ngs , i f  any ,  from pl ant operati ng costs 

not covered by el ectri c i ty sal es  as  wel l  as  avoi di ng envi ronmental impacts 
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associ ated wi th pl ant constructi on and operati on . DOE programs to handl e fuel  

fabri cati on , spent-fuel storage , transportati on and reprocess i ng w i l l sti l l  

be requ i red , as  they are wi th the CRBRP , unti l  a compl ete commerc i al fuel 

cycl e  i s  real i zed . 

The  arguments agai nst  th i s  proposed op ti on are many . A maj or concern i s  that 

the capabi l i ty for commerci al depl oyment of LMFBRs may be del ayed i ndefi ni tely . 

The CRBRP i s  not i ntended to provi de , and cannot by i tsel f prov i de ,  proof of 

commerci al vi abi l i ty of the LMFBR . The fi nanci al and technol ogi cal ri sk s of 

maki ng  a commerci al i zati on dec i s i on based on operati on of a roughly one-quarter 

to one- thi rd s i ze pl ant are obvi ou sl y much greater than mak i n g the deci s i on 

to scal e-up from 1 000 MWe to 1 200-1 500 MWe . Furthermo re , the co sts of a 

f i rst-of-a-k i nd pl ant are necessari ly much h i gher than fo r conventi onal power 

p l ants . I n  vi ew of the recent regu l atory and l i censi ng c l i mate , uti l i ti es may 

not be wi l l i ng or abl e to bear the enti re costs of demonstrati ng commerci al 

LMFBR technol ogy . Fai l u re to have devel oped thi s l on g- term opti on for nuc1 ear

el ectri c i ty generati on by the ti me i t  i s  needed wi l l  be the l i k el y resul t of 

th i s  opti on .  

A second majo r  concern in  el imi nati ng the LOP i s  the probabl e s i gni f i cant 

eros ion  of the i n du stry/u ti l i ty/l abo ratory i nfrastructure that wi l l  form the 

bas i s  for future LMFBR commerci al i z ation .  The most s i gni fi cant l os s  wi l l  be 

many of  the hi ghly- trai ned techni cal personnel . Anoth er seri ous  l os s  wi l l  

l i k ely be some capabi l i ty i n  sodi um- system component manu facturing .  Wi thout 

the LOP p roject , some focus  wi l l  al so be l ost from the base technol ogy program. 

I f  the uti l i ti es were unabl e ,  by themsel ves , to mai ntai n momentum i n  the LMFBR 

program , the fi nanc i al cost to the federal government of re-establ i shi ng  the 
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LMFBR i nfrastructure coul d be s ub stanti al , o ffsetti ng any sav i ngs from LOP 

cancel l ati on . 

To summarize , the current LMFBR program pl an i ncl udes fundamental and exten s i ve 

uti l i ty a nd federal i nvol vement i n  the LOP proj ect . Deta i l s of  fi nanci al 

arrangements have not yet been speci fi ed . However ,  termi nation of Federal 

i nvol vement wi l l  termi nate the proj ect and s i gnal the end of devel opmental 

pl ant  constructio n .  The CRBRP al one cannot generate a s uffi c i ent basi s of  

safety ,  con s truction , envi ronmental impac t ( i nc l udi ng potenti al mi ti gati ng 

measures ) ,  a nd operati ng data to permi t a sound commerc i al i za ti on dec i s i on by 

uti l i ti e s .  Furthermo re , i t  does not appear rea sonabl e to requi re the uti l i ti es 

to assume the enti re burden and ri sk o f  the fi rst l arge LMFB R .  A uti l i ty 

dec i si on to do so essenti al ly i nvol ves a commi tment  to LMFBR commerc i al i za ti on .  

I t  i s  unl i kel y that such a commi tment coul d b e  made i n  time to prevent s i g

n i fi cant  ero s i on o f  the requi red i ndustri al / tec hnol og i c al i nfrastruc ture . 

Mo reove r ,  a dec i s i on on LMFBR commerc i al i zation  i nvol ves  con si derati ons , 

national as  wel l a s  i n ternati onal , that are far beyond the scope of  a uti l i ty 

netwo rk . Fundamental Federal parti c i pa ti on i n  suc h a dec i s ion  seems e ssenti al . 

3 .  Cancel o r  Defer  Al l Devel opmental  P l ants 

I f  both the CRBRP and LOP were cancel l ed or  deferred i ndefi n i tel y ,  only the 

ba se tec hnol ogy program a nd associ ated suppo rti ng fuel cyc l e activi ti e s  woul d 

rema i n .  A sound dec i si on to commerc i al i ze the LMFBR c an only b e  made i f  each 

of  the maj o r  el ements i n  the LMFBR program has been carried far enough to 

assure that the program obj ectives are attai ned . Devel opmental pl ants compri se 

the si ngl e mo st  impo rtan t el ements of  the LMFBR program . They a re es senti al 

to any seri ous  commi tment to devel op LMFBR tech nol ogi es  i n  the u . s . 
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Wi thout operati n g  p l ants there i s  no  s i gni fi cant  i nvol vement of  u ti l i ti es 

a nd reduced i nvol vement of i ndustri al suppl i ers i n  LMFBR devel opment p rograms . 

Constructi on ,  startup ,  operati ng  and l i cens i ng experi ence wi l l  be compl etely 

l ack i ng .  Del eti on of  demon stra ti on pl ants wi l l  seri ou sl y  di srupt the 

conti nu i ty of the cu rrent program. P ersonnel and fac i l i ti es engaged i n  p l ant 

and  component des i gn and fabri cati on wi l l  be l os t  by even a few years del ay ,  

and the i r  retri eval wi l l  b e  di ffi cul t. The ri sk of  l os i ng th i s  expert i se  n ow  

a nd accepti ng the l a rge expense o f  reacqui ri ng i t  l ater i s  not pru dent 

pol i cy .  Based on the experi e nce of  the C RBRP , a 5 -yea r  del ay in constructi on 

o f  the devel opmental p l ant schedu l e i mp l i es a l i kely del ay of  even greater 

magn i tude i n  poss i bl e dep l oyment . 

A l ong-term del ay of  constructi on i nvol ves s i gn i f i cant l os se s  and ri sk s .  

Most important, i t  wi l l  not b e  poss i bl e  to obtai n i ntegral operati ng system 

data on the operati ng  and economic  performance of LMFBRs which  i s  requi red 

for a dec i s ion  on eventual commerc i al i zati on .  As a consequence, the potenti al 

date of  LMFBR depl oyment i s  pu shed back wi th the i nc reased ri sk to the 

nati on ' s energy securi ty and the pote nti al ly  h i gh economi c penal ty of not 

h av i n g  the LMFBR avai l abl e when i t  i s  nee ded.  In  add i ti on ,  the survi vi ng 

base technol ogy program may begi n to l os e  focu s wi thout wel l  defi ned perfor

mance obj ecti ves fo r i ts acti vi ti es .  The base p rogram wi l l  l os e  the important 

feedback i n formati on  from pl ant operati ng and l i cens i ng  experi ence. Envi ron

me ntal i mp act and  safety i nforma ti on to be devel op ed du ri ng  l i cens i ng and 

operati on of  the devel opmental p l ants woul d not be obtai ned. In a ddi ti o n ,  

potenti a l  measures to mi ti gate LMFBR powerp 1 ant  envi ronmental imp acts woul d 

p robably not be devel oped.  

91 



Wi th out the C RBRP and the LOP , the uti l i ti es cannot be exp ected uni l ateral ly  

to fi nance and construc t  another LMFBR pl ant.  Therefore , i f  and when a 

p os i ti ve dec i s i o n  on the wi de- sprea d depl oyment of L MFBRs i s  made , the 

s tate of  LMFBR technol ogy i n  the u . s .  woul d be defi ned by whatever progress  

had  been made i n  bas i c  research and devel opment . The gai n s  from del eti ng  

the  con structi on and operati on of al l devel opmental pl ants are the fi nanc i al 

s avi ngs of the constructi on costs and  the operati ng costs not covered by 

e l ectri c i ty sal es and avoi di ng env i ronme ntal i mpacts assoc i ated w i th pl ant 

constru cti on and operati o n .  

c .  N o  Acti on ( Termi nate the LMFBR P rogram )  

Termi nati ng the LMFBR program impl i es turni ng away from 3 5  years of progress  

to devel op  th i s  technol ogy .  Several wi dely-rec ognized energy pol i cy s tudi es 

h ave addressed the rol e of  the breeder reactor and have been supportive of  

conti nued breede r  deve l opment. The Ford-M i tre s tu dy conc1 u ded: 9 

"Wh i l e  there are good reasons  to del ay commi tment to pl u ton i um 
breeders* a nd such a del ay woul d not be economi cal ly consequenti al , 
breeders are a major energy resou rce .  They provi de h i gh confi dence 
i n sura nce aga i n s t  fai l ure of  other energy sou rces i n  the future. 
The breeder opti on shoul d be preserved si nce the cost of u ran i um 
wi l l  eventu al ly  ri se ,  coal may eventual ly be found  to h ave 
unacceptabl e advers e consequences that cannot be avoi ded ,  and 
o ther alternati ve energy sources may prove to be very exp ens i ve . " 

The Resou rces  for the F u ture S tudy conc1 u ded : 1 0  

"Spec i fi cal ly , the U n i ted S tates needs a vi gorous R&D p rogram focu sed 
on  provi di ng can di dates for a deci s i on whether to bu i l d one or two 
l arge- scal e ( bu t  not commerc i al ) s team- generati ng  breeder  reactors . 
The target dec i s ion  date , g i ven  the poss i bi l i ty that  a commerc i al 
breeder may need to be dep l oyed by 2010 or  so ,  shou l d be 1 985-1990 . "  

*The Ford M i tre report consi dered LMFBR c ommerc i al i zati on as  early as 1 993 . 
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The Nati onal Re search Counc i l ' s  CONAES s tudy sa i d : ! !  

"At rel ati vely h i gh g rowth rates  i n  the demand fo r el ectric i ty ,  
the attrac tiveness o f  a breeder o r  other fuel -effi c i ent  reactor i s  
greatest ,  al l othe r th i ng s  being  equal . At the h i ghest growth rates 
con s i dered i n  th i s  study ,  the b reeder can be con s idered a probabl e 
necessi ty .  Fo r th i s  reaso n ,  th i s  commi ttee recommends conti nued 
devel opme nt of the LMFBR so that i t  can be depl oyed earl y i n  the 
next century i f  necessary .  Any dec i s ion  on depl oymen t ,  however ,  
shoul d be defe rred unti l  the future courses of  el ectric i ty demand 
growth ,  fl u id  fuel suppl i es ,  and other facto rs become cl earer . "  

Current gove rnment pol i cy i s  al ong the l i ne s  suggested i n  the Nati onal Re search 

Counc i l  recommendati on ; a dec i s ion  by the private sector on commerc i al i zation 

of the LMFB R ,  and that dec i si on to be made l ater a s  devel opment program 

resul ts and other facto rs become cl earer . 

As di scu s sed i n  WASH-! 535 , i t  has  been propo sed that anothe r al ternative woul d 

be for the U . S .  to purchase fore i gn technol ogy rather tha n to pay for our own 

domesti c LMFBR fuel cyc l e  devel opment program .  Such proposal s often negl ect 

to account  for the extens ive dome stic devel opment wo rk that woul d stil l be 

necessary to a ssure that foreign breeder des i gn s  woul d sati sfy uni que U . S .  

l i censi ng requi rements . Th i s  may i nvol ve , among other th i ng s ,  the need to make 

s ubstanti al pl ant modi fications  to key sa fety features such as the reacto r  con-

ta i nment bu i l di ng , reac tor safety systems , and sh utdown heat removal systems . 

Some fore i gn LMFBR devel opment prog rams , parti cul arl y i n  France , are aimed 

mo re vi gorou sl y at commerc i al i zation  than that i n  the U . S .  I t  might seem 

tha t the U . S .  cou l d fo rego LMFBR devel opment expen se by purcha s i ng fo reign  

technol ogy . However ,  one of the central features of  U . S .  energy pol i cy 

of  the pa st four Admi n i strations  has  been to reduce U . S .  rel i ance on 

fo re i gn sources of  energy suppl y .  Regardl ess  o f  current al l i ances , pol i ti 

cal or commerc i al barr iers 20-40 years hence coul d prevent a fo rei gn LMFBR 

su ppl i er from sel l i ng to the U . S .  Even i f  reacto rs we re sol d ,  wi thout a 
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compl ete dome sti c  fuel cyc l e  capab i l i ty ,  the U . S .  woul d have to rely  o n  

fore i gn sources o f  reacto r  fuel supply . Th i s  coul d have nati onal secu r i ty 

impl i c ati ons that  are not unl i ke those associ ated wi th current U . S .  dependence 

on forei gn suppl i es of  o i l  ( see Vo l . I V ,  page 1 1 . 1-18  of WASH-1 535 fo r addi 

ti onal ma teri al on importi ng foreign  breeder reacto r  technol ogy ) . 

The majo r  ga i n  from termi nati on of the LMFBR program i s  the sav i ng of about 

10  bi l l i o n  do l l a rs over the next 20 years o r  so . Envi ronmental impacts as so

c i ated wi th the program woul d be avo i ded . The l os s  to the nati o n ' s  l ong-term 

energy suppl i es i s  potenti al ly severe . Si gn i fi cant work has al ready been done 

to bri ng U . S .  LMFB R tec hnol ogy to i ts current state . The technol ogy has been  

proven and  no fundamen tal sc i en ti fi c  breakthrough s are requi red for i ts future 

devel opment .  Wh i l e the mo ney saved from the LMFBR program mi ght  be spe nt on  

other potenti al i nexhausti b l e  el ec tri c energy suppl i es ,  no other l arge-scal e ,  

l ong-range el ectri c i ty supply option  ha s ach i eved the advanced state o f  the LMFBR. 

No other l ong-range el ec tri c i ty opti on  i s  c l ose enough to l arge-scal e depl oyment 

for reasonably c erta i n  cos t  proj ecti ons  to be made . Fi nal ly , the LMFBR op tion  

is  needed a s  i n surance aga i n st the fa i l ure of o the r al tern ative s to  devel op .  

D .  Al ternate Long-Term Technol ogi es 

So l ar el ectri c and fus i on were the two technol ogi es  s i ngl ed out i n  ERDA-1 535 

as maj o r  candi da te s ,  i n  addi ti on to the breeder , to prov i de an es senti al ly  

i nexh aust i b l e  source of energy to  hel p meet the Nati on ' s  el ectri c al energy 

needs i n  the next century .  These are sti l l the prima ry c andi date s  for meeti ng 

l ong-term U . S .  e nergy needs . Government pol i cy i s  tha t  publ i c  spe ndi ng i s  

appropri ate i n  l ong-term ene rgy research , where the ri sk s an d poten ti al 

payoffs are h i gh . 1 2  The LMFB R ,  so l ar el ec tri c and fus i o n  prog rams are al l 

bei ng pursued . Al l three technol ogi es may be  needed i n  the 2 1 s t  century . 
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There i s  no need to choose among these three l ong- term al ternati ve energy 

technol ogi es now . I n stea d, the mark etpl ace and/or el ectri c uti l i ti es wi l l  

make sel ecti ons based on envi ronmental , economi c ,  regu l atory and other grounds , 

wh en the technol ogi es are devel oped. 

Th e Government strategy i s ,  and has bee n ,  to pursue a broad program of  research 

and devel opment , to ensure that these technol ogi es can be depl oy ed when they are 

needed. 1 3  The sol ar and fus i on energy programs are descri bed i n  the fol l owi ng 

sub secti ons .  Th i s  ma teri al i s  revi sed and updated repl acements for the com

parabl e materi al presented i n  ERDA- 1 535 . 

( 1 )  Fu s i on Energy 

MAGNETI C  FUSION  PROGRAM 

The goal of the magn eti c  fus i on energy program i s  to devel op fu si on ' s h i gh est 

potenti al ; i . e . , to real i ze  the mo st promi s i ng commerci al opportuni ti es fo r 

fusi on energy . H i sto ri ca l l y ,  the pri mary approach of  the fus i on program 

h as been toward the s i ngl e goal of devel op i ng systems for the commerci al 

p rodu cti on of  central -stati on generated el ectri cal  power.  However,  there are 

other appl i c ati ons  of  fus i on systems apparent today such as the production of 

chemi cal fu el s .  

W i th i n  the program i tsel f ,  a number o f  al ternatives are bei ng exami ned. Such 

a l ternati ves i ncl u de di fferent fuel  cycl e concepts ( deuteri um- tri ti um, deuteri um

deuteri um ,  etc . ) and  several  vary i ng technol ogi cal app roaches to magneti c 

confi nement ( tokamak s ,  mi rrors , etc . ) .  At present the most  l i kely near- term 

fusi on reacti on i nvol ves two i sotopes of hydrogen:  deuteri um ( D )  a nd tri ti um 

( T ) .  The fuel atom deuteri um i s  present i n  water i n  suffi c i ent  quanti ti es to 
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be ava i l abl e for many mi l l i ons  of  years . The i sotope tri ti um does  not 

natu ral ly occur  i n  the envi ronment i n  su ffi c i ent  quanti ti es  to fuel a fus i on 

power economy . There fore , i t  wi 1 1  be necessary to " b reed" the tri ti um from 

l i th i um ,  wh ich  i s  an abundant el ement both on l and and  i n  seawater,  i n  a l ayer 

o f  materi al cal l ed a "b l ank et"  surroundi ng the pl asma regi on . 

A number of reacti ons  other than D-T fusi o n ,  referred to as  al ternate fuel 

c oncepts , are of potenti al use and are bei ng stu di ed i n  the program. However, 

because of  the rel ati vely l ow temperatu re requi red and the h i gh reacti on 

energy ,  a favorabl e energy gai n Q i s  far easi er to ach i eve wi th D -T fus i on 

tha n wi th any of  the al ternate fuel reactions . When greater temperatures , 

densi ti es , and confi nement times  can be ach i eved, al ternate fuel concepts 

wi l l  have  maj o r  advantage s .  Fo r examp l e ,  they may el imi nate the need for 

tri ti um by u s i n g  only natu ral ly  occu rri ng fuel ( e . g . , deute ri um ) ,  and al l ow 

the des i gn of reactors that woul d p roduce el ectri c i ty di rectly ( i . e . , w i thout 

the u se of  a thermal heat cyc l e ) . Thus , these al ternate fuel cyc l es  may 

favorably i nfl ue nce the envi ronmental impact of  fus i on power ma ny years hence , 

but wi l l  fol l ow devel opment of  the D-T cycl e .  

T o  establ i sh the v i abi l i ty o f  magnet i c  fu s ion  energy as  a comme rc i al power 

s ou rc e ,  the N ati onal program i s  di rected toward constructi on of  a demonstra

ti on or prototype reactor that wi l l  demon strate the safety ,  rel i ab i l i ty ,  

envi ronmental acceptabi l i ty ,  and economi cs o f  fus ion  power i n  a manner that 

extrapol ates to commerc i al reactors . Sci enti fi c feas i bi l i ty or  b reakeven 

l evel s of  fusi on energy have not as  yet been demon strated ,  bu t recent research  

devel opments in  magneti cal ly confi ned pl asmas g i ve a h i gh degree of confi dence 

that net fu s i on energy devi ces can be bu i l t . I n  fac t ,  the s i gni fi cant  ach i eve

ment of  fu s i on break even condi ti ons  i s  expected to tak e pl ace i n  the mi d- 1980 ' s  
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wi th the operati on  of  the Tok amak Fus ion Test Reactor at P ri nceton P l a sma 

P hys ics  L aboratory i n  P ri nceto n ,  New J ersey .  Wi th i n  th i s  time frame , the 

magneti c fu s i on program i s  expected to begi n movi ng from ba s i c  and appl i ed 

research i nto tech nol ogy devel opment. The Magneti c F us i on E n ergy Engi neeri ng 

Act of 1 980 ( H . R .  6308 ) targets 1990 as  the l atest date fo r the operation of 

a magneti c fu s i on engi neeri ng devi ce and the early 1 990 ' s  for demonstrati ng 

th e engi neeri ng  feas i bi l i ty of magneti c fus i o n .  The imp l ementati on of th i s  

act wi l l  si gnal a sh i ft i n  program focus  from pl asma physi cs  to engi neeri ng 

and techno l ogy devel opment . 

I NERT IAL FUS ION PROGRAM 

The goal of the i nerti al fus i on program i s  to devel op the ma xi mum potenti al  of 

i nerti al fus i on fo r appl icati on  to weapons phys i c s  research and to commerci al 

fus i on power. Energy produ cti on by i nertial  confi nement of fus i on reacti ons 

has al ready been demons trated wi th the hydrogen bomb . Th e chal l enge i s  to 

achi eve and support such reacti ons  on a scal e mi l l i ons  of times smal l er .  

The focus  of  the program in  the near term i s  on a thorou gh unde rstandi ng of 

dr i ver- target i nteracti on s i n  the range of l aser or parti c l e-beam energi es 

obta i nab l e wi th experimental faci l i ti es presently under constructi o n .  The 

knowl edge gai ned wi l l  support a dec i s i on i n  the mi d 1 980 ' s on the most  prom

i s i ng dri ver- target approach to pursue toward the mi l estones of thermonuc l ear 

i gni ti on of smal l fuel ma sses , sci enti f i c  feasi bi l i ty ,  hi gh energy gai n ,  and 

e ngi neeri ng feas i bi l i ty .  

Th ree di fferent dri ver technol ogi es are cu rrently bei ng pu rsued: short-wave

l ength l asers at L awrence Li vermore Nati onal Laboratory wi th support from 

KMS Fusi on ,  the Naval Re search Laboratory ,  and the U n i vers i ty of  Rochester;  
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l ong-wavel ength l a sers at Los  Al amos Nati onal Laboratory ;  a nd pul sed power 

( l i ght- i on )  generators at Sandi a Nati onal L aboratory . E xperiments wi th each 

k i nd of l aser wi l l  measure and veri fy theoreti cal understandi ng of imp ortant 

energy coupl i ng p roperti es  and w i l l extend exi sti ng scal i ng data 1 - 3 o rders 

of magn i tude h i gher i n  dri ver  energy . P u l sed-power experiments wi l l  a l l ow a 

determi nati on of beam focu s capabi l i ti es wi th the cu rrent tech no l ogy ,  wh ich i s  

the c ri ti cal i s sue  for th i s  approach . 

One of the s i gn i f i cant advantages of i nerti al  fu si on from an engi neeri ng poi nt 

of  vi ew i s  that the bu l ky and comp l ex parts of the reactor a re separate from 

the reactor vessel i ts el f ,  and can be removed some di stance . Th i s  means  that 

an i nerti al fus i on reactor may have a rel ati vely smal l contai nment vol ume ; 

that i ts operati o n ,  mai ntenance ,  and repai r  shoul d be fai rly s i mp l e ;  and that 

the most  expensi ve components , i ncl udi ng the massi ve i nner wa l l  of the reactor, 

need not be subject to neutron bombardment and acti vati on.  Th e potenti al al so  

exi sts for a wi de vari ety of power pl ant s i zes and  confi gu rati ons .  

( 2 ) Sol ar  E l ectr i c  Systems 

The p rogram i s  organi zed i nto fou r sub-programs : 

o Wi nd E nergy Convers i on Systems ( WECS ) 

o Sol ar  P h otovol tai c  Convers i on 

o Sol ar  Th ermal Convers i on 

o Ocean Th ermal Energy Convers i on ( OTEC ) 

Th i s  p ri ori ty rank i n g  i s  based on the near- term power p roducti on capaci ty 

obj ecti ves of the four  types of sol ar  el ectri c systems and on thei r present 

s tate- of-the-a rt .  Summa ry i nformati on on these programs , prima ri ly  coveri ng  

c hanges s i nce E RDA- 1535 was  i s sued, i s  gi ven i n  the fol l owi ng paragraph s .  
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W i n d  E nergy Convers i on 

The i n termi ttent nature of  the wi nd and the wi de geograph ical and seasonal 

vari ati ons in the ava i l ab i l i ty o f  th i s  energy source requi re ei ther suppl e

men tary energy sto rage capab i l i ties  or i nterti es of wi nd ene rgy conversion  

systems ( WECS )  wi th conventional energy sys tems . The proj ected h igh  capi tal 

costs of i n i ti al l arge- scal e WECS prototypes ( i . e .  100KWe , rated , or l arger)  

need to be reduced by a factor o f  approximatel y 2 for such systems to be  

compe ti ti ve over very l arge reg i ons wi th conventi onal sys tems in  uti l i ty 

appl i c ations . Cost reduc tions  i n  the area o f  rotors , h ub s ,  and advanced 

sys tems confi gurati ons  coul d ach ieve th i s  goal . E stimates  o f  l i fetime of  

l a rge- scal e WEC S  are uncertai n because of  i ns uffi c i ent  data on opera ti onal 

dyn ami c s  of  rotors and o ther compo nents .  At present ,  there are i nadequate 

capab i l i ti es to estima te accuratel y the annual en ergy output o f  WECS un i ts ,  

o f  a spec i fi c  de si gn , l oc ated a t  a spec i fi c  s i te .  I n  addi ti on , there i s  

l imi ted i n forma ti on on uti l i ty i nterti e s  and opera ti onal requi rements and 

a lmost  no experience wi th l arge scal e wi ndfarms . 

Present i n sti tuti onal  probl ems i nc l ude : ( 1 )  i ncompl ete i n formati o n  on pos si b l e 

env i ronmental effects of  l arge mul ti - un i t  WECS s uc h  a s  tel evi si on i n terference 

cau sed by rotati ng WEC S  bl ade s ;  ( 2 )  i ns uffi c i ent  i n formati on  on l egal and 

regul a tory que sti ons and ( 3 )  uncertai nti e s  in the ava i l ab i l i ty of su ffi c i en t  

i nvestment  capi tal and experienced personnel to meet the WECS g rowth rate 

req ui red to produce a s i g n i fi cant impact on the Nati on ' s  energy requi rements 

i n  the near- and mi d- term s .  I n  addi ti on , the present acceptab i l i ty to publ i c  

uti l i ti es of  l arge- scal e WECS i s  l imi ted by thei r i ntermi ttent operati onal 

characteri s ti c s . These are acceptabl e when WECS a re u sed in a " fuel saver" 
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mode ; h oweve r ,  thei r use  to supply base l oa d  capac i ty for uti l i ty network s 

wi l l  requi re l arge assoc i ated energy storage capabi l i ti es or backup by conven

ti onal systems for el ectri cal gene rati on . 

E xtens i ve uti l i ty appl i cati ons of WECS wi l l  requi re rel i abl e ,  cost- effec ti ve,  

l arge s i ze wi nd  mach i nes frequently emp l oyed i n  a cl u ster or wi ndfarm.  The 

Federal p rogram has supported the devel opment ,  test and demonstrati on of a 

seri es of WECS systems of i nc reas i ng s i zes  and  power ou tput capabi l i ti es ,  

a dvanced the tech nol ogy through R&D p rojects , and  addres sed barri ers to l arge 

scal e impl ementati on through studi es of i nsti tuti onal con stra i nts.  100-KWe to 

2- 1/2 -MWe systems have been demon strated. I n  the mi d-1980 ' s  mu l ti pl e  i ndi vi d

u al u n i ts or wi ndfarms wi th total output capaci ti es of 1 0- and  1 00 -MWe may be 

i nstal l ed and tested i n  pri vately sponsored projects . 

Methods of improvi ng the performa nce- to- cost rati os of the types of WECS 

systems descri bed above wi l l  be expl ored throu gh a seri es of proj ects that 

a ddress rotor dynami cs , aerodynami c s ,  i mp roved components and system economi cs .  

Advanced system des i gn s ,  u s i ng  verti cal axi s rotors , di ffu sers and  vortex 

concepts , wi l l  be exami ned. 

P roj ects may be u n dertaken that exami ne vari ous pos s i bl e agri cul tural 

appl i c ati ons of WECS i nc l u di ng el ectrolyzi ng water to produce hydrogen for 

on-s i te ferti l i zer manu facturi ng ,  space heati ng ,  and  crop dry i ng.  The capa

b i l i ty to rapi dl y  l ocate and  as sess s i tes wi th suffi C i ently  h i gh average wi nd  

vel oci ti es for WECS v i ab i l i ty wi l l  be  addressed through model i ng ,  methodol ogy 

devel opment ,  and  wi nd  resou rce and  forecasti n g  stud i es . Separate stu di es of  

envi ronmental effects wi l l  be undertaken to  determi ne the poss i bl e impact of 

l arge- scal e WECS a ppl i cati o n s .  
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Sol ar P hotovol tai c  Conversi on 

P hotovol tai c  technol ogy i s  wel l - devel oped and  proven  for rel ati vely smal l 

el ectri c power systems and remote area needs ( e . g . , space satel l i tes  and  

tel ecommu nicati o n  rel ays ) ,  but the present i nstal l ed system costs are about 

a factor of ten too h i gh to compete wi th more common el ectri c powe r systems 

for general  U . S .  el ectri c power needs . The present h i gh cost of i ns tal l ed 

sy stems ari ses ma i n ly from the h i gh cost of sol ar  arrays and the need for 

l arge col l ector areas because of the rel ati vely l ow energy dens i ty of the 

sol ar energy radi ati o n  reachi ng  the earth ' s surface .  I n  addi ti on ,  the desi gn 

of  practi cal  systems mu st address  the probl ems of prov i di ng power from a 

resou rce that vari es di urnal ly , seasonal l y ,  and geograph i cal ly , as wel l as 

wi th weather condi ti ons . Thu s ,  photovol tai c  systems normal ly requi re the 

avai l ab i l i ty of ei ther suppl ementary energy storage capabi l i ti es or i nter

connecti on wi th conventi onal energy sy stems . 

The  1981 costs of commerci al l y avai l abl e fl at-p l ate si l i con photovol tai c  

arrays  are about $7000 per kW peak , wh i ch i s  one- hal f to one-th i rd the nomi nal 

cost of an  i nstal l ed sy stem . An i n stal l ed photovol tai c sy stem woul d cost 

$15 , 000 to $20 , 000 per kW peak , wh i ch i s  a factor of  1 0  too h i gh for such 

systems to be competi ti ve wi th conventi onal systems for wi despread appl i ca

ti on s  i n  U . S .  res i denti a l  use .  These cost esti mates i ncl u de the nomi nal costs 

o f  converti ng  the l ow vol tage DC output of exi sti ng  photovol tai c  col l ectors to 

the requi rements for many appl i cati ons .  P resent photovol tai c  arrays convert 

sol ar  energy to DC e l ectri ci ty wi th effi c i enci es of about 10 percent and have 

endurance and l i feti mes i n  terrestri al envi ronments of about 20  years . 

V a ri ous pos s i bl e constrai nts to rap i d  system imp l ementati on i ncl u de poss i bl e  
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ecol ogi cal  i mpacts of l arge array s ,  al though these i mp acts do not appear to be 

s i gn i fi cant.  

P roj ects are pl anned th rough the mi d-1980 ' s  to imp rove techni cal des i gn 

eff i c i ency ,  rel i ab i l i ty ,  l i feti mes and energy payback times of sol ar photo

vol tai c  conversion systems through studi es on :  

o Crysta l  growth 

o L ow-cost s i l i con sol ar a rray s  

o E ncap sul ati on 

o Al ternati ve materi al s 

o P romi s i ng  concentrator devi ces 

o Opera ti ng  and mai ntenance procedu res 

o Testi n g  and standards 

o L ong-term energy storage for i ndependent operati ons  

o Powe r  condi ti o n i n g  and el ectri cal uti l i ty gri d i nterfaci ng 

Automati c array manu facturi n g  and  testi ng  processes and imp roved des i gn and  

i nstal l ati on techni ques for sol ar  photovol tai c  convers i on sys tems need be 

pursued by i ndustry . I ndu stri al obj ecti ves are to ach i eve a producti on of 

sol ar  arrays wi th a cost goal of $700/peak kW by 1 986 for a sol ar  array 

p roductio n  rate of about 500 kW peak per year,  and wi th a cost goal of  $ 1 50 to 

$400 per k i l owatt i n  the 1 990 ' s  at a producti on rate of about 2 GW peak per 

year.  A researc h  and techno l ogy transfer program i s  underway as a Fede ra l  

respon s i bi l i ty .  A seri es  of federal ly- sponsored tests , experiment s ,  and 

appl i cati on s  of sol ar  photovol ta i c  conversi on systems was i n i ti ated i n  1979  

and  are provi di ng performance data in  sel ected u ser envi ronments . A seri es  

of stu di es have been conducted to  determi ne possi bl e  envi ronmental , l egal , 
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soci etal , or i nsti tuti onal impacts , as wel l as means  of remov i ng these types 

of  con stra i nts ,  i f  any , on publ i c  and user acceptabi l i ty .  

Sol ar Thermal Convers i on 

Sol ar  thermal convers i on systems col l ect the sun ' s radi ant energy for the 

di rect produ cti on of process heat ,  the generation of el ectri ci ty or the 

manufactu re of tran sportabl e fuel s and  i ndustri al feedstocks . Su ch systems 

entai l the use  of con centrati ng  col l ectors ( poi nt- focu s central recei ver, 

p arabol i c  trough s ,  parabol i c  di shes and  hemi spheri cal  bowl s )  and sal t-gradi ent 

sol ar  ponds . Each concept is expected to sati sfy i mp ortant  segments of u . S .  

energy requi rements , for examp l e ,  central recei vers for l arge u ti l i ty el ectri c 

power generati on and h i gh temperature heat,  troughs for mi d-tempera ture 

on- s i te proces s heat or el ectri ci ty generati on , and  di sh es for mi d- and  

h i gh- temperature proces s  heat , an d smal l or remote el ectri cal app l i cati ons . 

The i ntegrati on of l ow-cost thermal storage wi th concentrati n g  col l ector 

sy stems permi ts sy stem operati on  du ri ng  peri ods of i ntermi ttent i nsol ati on and  

the extens i on of such  operati on  to meet conventi onal i ntermedi ate l oad requi re

ments . Sal t- gradi ent pond systems are expected to operate i n  the peak i ng ,  

i ntermedi ate o r  base l oad mode , dependi ng  o n  system des i gn ,  due to i nherent 

thermal storage i n  the pond fl u i d and  assoc i a ted contai nment .  

Sol ar thermal sy stem concepts are i n  vari ous stages o f  devel opment .  Fo r 

examp l e ,  para bo l i c  trou gh s are enteri ng  the commerc i al ma rk et ,  a centra l  

recei ver pi l ot pl an t wi l l  begi n operati ons i n  1 982 , parabol i c  di sh sub

systems are bei n g  teste d ,  and the fi rst u . S .  sol a r  pond  prototype powe rp l ant 

i s  under desi gn . Consequently , from a broad perspecti ve� tech nol ogi cal  
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i ssues rel ated to sol ar thermal sys tems may be general ly  categori zed as 

fol l ows :  

o Sy stems operati ng  experi ence that provi des assurance of  ava i l abi l i ty 
and rel i abi l i ty to meet demand requ i rements and that al l ows  proj ecti on 
of operati n g  and ma i ntenance costs of ful l - scal e sy stems;  

o Sy stems , sub systems ,  components and materi al s testi ng suffi c i ent to 
veri fy ach i evement of l i fetimes comparabl e to conventi onal energy 
sy stems;  

o Materi al s ,  components and su bsystems research to reduce costs substan
ti al ly and to i ncrease effi ci enci es , thereby enabl i ng sol ar thermal 
suppl i ers to enter the mark etpl ace at the accel erated pace necessary 
for " tak e off" as pri v ate en deavor; and  

o I denti fi cati on and proof of techni cal feas i bi l i ty of processes for 
bul k production of fuel s and chemi cal feedstock s  made from sol ar 
thermal energy . 

Some el ectri c u ti l i ti e s  are contempl ati ng  the i ntroduction  of sol ar thermal 

systems that operate i n  the fuel - savi ng mode , i . e . , by repoweri ng  exi sti n g  ga s 

or  o i l  fi red powerp1 ants . Such sys tems are not expected to be impacted by 

peri ods of l ow i nsol ati on . At l east one u ti l i ty i s  contempl ati ng  a " s tand 

a l one" p l ant i n  wh i ch the  gri d woul d compensate for l ow i nsol ati on . Extens ive 

u se of " s tand al one" systems i n  a parti cul ar u ti l i ty network wi l l  requi re 

comparabl e reserves , ei ther i n  the fo rm of conventi onal capaci ty or storage , 

and  the abi l i ty to di spatch i t  economi cal ly . Such di spatch capabi l i ty can be 

deve l oped and wi l l  not adversely impact u ti l i ty operati ons .  Moreover ,  the 

i ntegrati on of sol ar therma l systems i nto a u ti l i ty gri d i s  expected to be 

ful ly compati bl e wi th sta te and l ocal  regu l ati ons and normal u ti l i ty operati ons 

and mai ntenance procedure s .  

1976-1979 

o Sy stem, subsystem ,  materi al s ,  envi ronmental and soci o-economi c 
studi es conducted to i denti fy cost-effecti ve techni cal  concepts 
an d address i n sti tuti onal i ss ues . 
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o Successfu l ly b u i l t and tested smal l but fi rst-of-a-k i nd parabol i c  
trough systems i n  el ectri ci ty-generati on appl i cati on ( i rri gati on 
pump i ng ) . 

o Successfu l ly tested hi ghly rel i abl e 1 50kWe trou gh system ( i rri gati on ) . 

o E s tabl i sh ed test faci l i ti es for al l concentrati ng  col l ector concepts : 
Central Recei ver Test Faci l i ty ,  Mi d-Temperature Sol ar  Sy stem Te st 
Faci l i ty ,  both at Al buquerque;  Advanced Concepts Test Faci l i ty ,  
Georgi a Tech ; Parabol i c  D i sh Test Faci l i ty ( E dwards AFB ) . 

o Began desi gn of fi rst-of- a-k i nd central recei ver and  pa rabol i c  di sh 
systems ( 10 MWe p i l  ot pl ant an d "S henandoah " total energy /cogene rati on 
faci 1 i ty ) • 

o I n i ti ated seri es of fie l d tests for appl i cati on of parabol i c  troughs 
to l ow- and me di um-tempera tu re I n du stri al P rocess  Heat requi reme nts . 

o I n i ti a ted di verse program for l ow- temperatu re heat uti l i z at i on i n  
agri cul tural appl i cati ons .  

1980-1981 

o Comp l eted con struction of 1 0  MWe proof-of- concept central recei ver 
pi l ot pl ant;  ope rati on schedu l ed  i n  1 982 . 

o Comp l eted con stru cti on of total energy di sh project; operati on 
sc hedu l ed  i n  1 982 .  

o I mp roved cos5 and effi ci ency characteri sti cs of parabol i c  trou gh s i n  
2000F to 500 F experimental  appl i cati ons at nume rou s  i ndu stri al  
si tes .  

o P rogressed towards devel opi ng di sh systems wi th a sol ar/fuel hyb ri d 
capabi 1 i ty . 

o Mobi l i zed teams of sci enti sts , engi neers and  managers at  un i vers i ti es 
for i n novati ve contri buti ons  to sol ar  thermal research . 

o Comp l eted second-generati on hel i ostat de si gn ,  checkout and  qual i fi ca
ti on  efforts . 

o Comp l eted test of fi rst-of-a- k i nd  mol ten sal t re cei ver ( central 
rece i ver subsystem ) . 

o Successful ly tested , at 26000F ,  B rayton- cycl e recei ver for u se i n  
parabol i c  di sh sy stems . 

o E s tab l i sh ed sci enti f ic  feas i b i l i ty of " sunfuel s "  p rocesses for fue l s 
and  chemi cal s producti on .  
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1982-- ( pl an s )  

o Conduct sodi um recei ver subsystem exper iment ( central  recei vers ) .  

o Compl ete conceptual des i gn of l arge- scal e sal t-gradi ent sol ar pond 
( Sal ton Sea proj ect ) . 

o Conduct Sti rl i ng eng i ne tests at Edwards ( di sh test si te ) . 

o Compl ete mol ten sal t storage experiment ( at CRTF ) . 

o Operate 10MWe p i l ot and Shenandoah proj ects . 

Ocean Thermal E nergy Conversi on ( OTEC ) 

P robl ems 

Technol ogi cal : 

o De si gn and  testi n g  of l arge d i ameter col d water p i pes for depl oyment 
to depths up  to three thousand feet must be  demonstrated . 

I n sti tuti onal : 

o Env i ronmental i mpacts a s soci ated wi th c i rcul ati n g  l a rge q uanti t i e s  
of  ocean water need to be determi ned a nd  wei ghed . Impl i cati ons  
of  nav i gati onal  rul e s ,  mari time certi fi cati on and l i cen s i ng requi re
ments* and re source-recovery structures a s soci ated wi th mari ti me l aw 
need to be exami ned . 

I mpl ementati on 

The devel opment program for ocean the rmal convers i o n  sys tems i s  compri sed 

of  system defi n i ti o n  and the devel opment of  cri t : �al components , fol l owed 

by proof o f  concept and demonstrati on  un i ts .  

Fac i l i ti e s  have been establ i shed on both l and and sea for test and eval uati on  

of cri ti cal  components and  subsystems . Su pporti ve studi e s  are bei ng conducted 

for i denti fyi ng  poss i b l e barri ers to optimum i mpl ementati on  and to expl ore 

energy convers i o n , storage and del i very sys tems .  Based on test  re su l ts and 

*The Nati onal Ocea n i c  and Atmospheric Adm i n i strati on  ( NOAA ) has  pub l i shed the 
l icens i ng requ i rements for commerc i al OTEC p l ants ( 1 5 CFR Part 981 ) . 
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supporti ng  studi es , OTEC proof-of-concept experi men ts are pl anned for depl oy

ment i n  the m i d  to l ate 1980 ' s . These experiments coul d s imul taneous ly  

i nvesti gate the feasi b i l i ty of  el ectric i ty producti on and the capab i l i ty to 

produce energy - i n tensi ve products , such  as  ammoni a for fe rti l i ze r and fuel s 

such as  methanol and  hydrogen .  The fol l owi ng proj ec ts have been conducted : 

o Sys tem desi gn ,  cri ti c al component re search  and devel opment  and 
studi es of  b i ofoul i ng ,  materi al s prob l ems , energy del i very ,  a nd l egal 
and env i ronmental i ssue s .  

o Conceptual and engi neeri ng de s i gn of a l and- ba sed te st fac i l i ty 
and operation of a sea-based engi neeri ng  tes t  fac i l i ty .  

o The l and-based fac i l i ty i s  desi gned for conti nui ng  tests on  heat 
exchanger de si gns and cl ean i ng techni ques . 

Proj ec ts pl anned for the 1980 ' s  i nc l ude : 

o The desi gn , con structi on , depl oyment and te sti ng  of proof-of-concept 
ocean thermal energy convers ion  sys tems .  

Other Sol ar  Energy R&D Acti v i ties  

Re sea rc h  and  devel opment and  fi nanc i al i ncenti ves for the sol ar el ectric  

energy f iel d are performed by gove rnment agenc i es in  cooperation  wi th DOE . A 

brief descri ption of the se compl emen tary acti v i ties  fol l ows : 

a .  Nati onal Aeronauti cs  and  Space Admi n i strati on * 

o Manage the proj ect to estab l i sh feas i b i l i ty of  l ow-cost si l i con 
sol ar arrays . 

o Manage proj ects on  l arge experimental wi nd energy sys tems . 

o Satel l i te Sol ar Power Systems Study . 

o Parabol i c  d i s h  thermal el ectric  R&D . 

*Reference to National  Sc i ence Foundati on acti v i ti e s  del ete d .  
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b .  Department of Commerce 

o Study fea s i b i l i ty of  sel ected al ternati ve mater i al s for l ow-cost sol ar 
cel l s  ( for exampl e ,  c uprous ox i de ) . 

o Prov i de ocean engi neering  s upport for OTEC R&D acti v i ti es .  

o Admi n i ster  one- stop l i cens i ng fo r OTEC commerc i al p l ants ( P . L . 96-320 ) .  

c .  Department of Defense 

o Advanced So l ar Cel l Concept Eval uati on . 

o Purchase of sol ar cel l s  for i sol ated stati ons . 

d .  Department of Agr icu l ture 

o I nvesti gate farm and  remote area wi nd ene rgy appl icatio ns . 

e .  Department of Transportation  

o Admi n i ster  mortgage l oan gua rantees for OTEC p l ants and p l ant
sh i ps ( P . L .  96-320 ) .  

f .  Department of the I nterior  

o Sol ar/hydroel ectr ic  hyb r i d  system feas i b i l i ty studi es . 

g .  Depa rtment of State 

o Support of  CESA I ( Span i sh central rec ei ver p i l ot pl ant ) . 
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The fol l owi ng tabl e i s  an updated vers i on of Tabl e S-4 i n  E RDA- 1 535 : 

Tabl e 4 

KEY DEC I SION POINTS - SOLAR ENERGY P ROGRAMS 

E nergy System 

Wi nd E nergy Conversi on  

Sol ar P hotovol tai c  

Sol ar  Thermal Convers i o n  

D ec i s i on Poi nts 

Experimental un i ts -
200-KWe 
MWe scal e ( 1 st generati on ) 
MWe scal e cl u ster ( 2 nd generati on ) 

Large Sc al e P roducti on -
s i l i co n  arrays 
th i n  - fi l m  cel l s  

Central recei ver pl ant -
pi l ot 

D i stri buted col l ecto r  pl ant -
fi el d test 

Sol ar  total  energy system -
p i l ot 

C al endar Year 

1 977- 1980 
1979  
1981 

1 985 
1990 ' s 

1 981 

1979-1981 

1 981 

*Ocean Thermal Energy 
Convers i on 

40-MWe proof-of-concept experi ments 1 986 
( 1 00-MWe total ) 

D emonstrati on power pl ants 
( 500-MWe total ) 

*N ati onal goal s stated i n  P ubl i c  L aw 96-310 
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V .  Affected Envi ronment  

The affected envi ronme nt rema i ns unchanged from that di scussed i n  WASH-1535  

and E RDA-1 535 . For the case of radi oacti vi ty a nd other rel eases from model 

fuel cycl e  fac i l i ti es ( LMFB R powe r pl ant , fuel  fabri c ati on pl ant , fuel 

reprocessi ng pl ant , a nd vari ou s radi oacti ve wa ste ma nagement fac i l i ti es ) , the 

generi c data on meteorol ogy , hydrol ogy , a nd popul ati ons wi th i n  a 50 mi l e  radi us  

of  th ese fac i l i ti es has  not changed . For transportati on  of nuc l ear materi al s ,  

the pop ul ati on de n s i t i es al ong s h i ppi ng rou tes and the rou tes themsel ve s are 

al so un ch anged . Th us  i n  these ca ses th e affected envi ronme nt ha s not ch anged 

s i n ce E RDA- 1 535 wa s i ssued s i x  years ago . 

For the spec i al case of rel eases of transuran i c s ,  the popul ati on of the north 

ce ntral and easte rn U . S .  h as not changed s i g n i f i cantl y  s i nce th e anal yses of 

meteorol ogi cal tran sport , depos i t i on ,  res uspens i on , and resul t ing  popul ati on 

i n takes were compl eted ( 1974 ) . Thu s  th e res ul t i ng doses and heal th effects 

wou l d have been unchanged as  far as th e affected env i ronment i s  concerned . 

However , as  di scussed i n  Secti on VI . A  ( 4 ) a nd Appendi x D ,  these resul ti ng dose 

estima tes and heal th effects have been changed due to ch ange s i n  dos imetr i c  

model s and ri sk estima tes . But ,  the affected envi ronment , even i n  th i s  case , 

was essent i al ly  unchanged . 
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V I .  Envi ronmental Consequences of the LMFBR P rogram a nd Al ternati ves 

A. Envi ronmental I mpacts of the LMFBR P rogram 

I n  h i s  revi ew of the P roposed F i nal E n vi ronmental Statement for the LMFBR 

P rogram ( see ERDA-1535 , Secti on IV A ) , the ERDA Admi ni strator defi ned certai n 

con s i derati ons fo r a determi nati on on the acceptabi l i ty of the technol ogy for 

wi desprea d depl oyment of breeder reactors . Among them he i denti fied four s i g

n i fi cant en vi ronmental i ssues--reactor safety ,  waste management,  safegu ards , 

and heal th effects--that mu st be resol ved before any dec i s i on on wi despread 

commerc i a l  depl oyment of LMFBR s can be made . Al thou gh the Federal Gove rnment 

no l on ger pl ans to dec i de on the questi on of breeder dep l oyment , the Department 

of Energy is charged w i th the responsi bi l i ty for con ducti ng  a comp rehen s i ve 

bree der researc h  and devel opment program and pl ant demonstrati on program to 

establ i sh the sound engi neeri ng  bas i s  for a dec i s i on by the nuc l ear i ndu stry 

to commerci al i ze  th e breeder.  Co n s i derabl e progress on these matters has been 

made but add i ti o nal work remai n s .  The purpose of thi s secti on i s  to prov i de a 

statu s report on the progress made s i nce ERDA- 1 535  was i ssued and a di scu ss ion 

of how resul ts from the R&D p rograms , studi es , and analy ses bear on envi ron

mental impact analyse s .  None of the new i nformati on devel oped s i nce E RDA- 1535 

i ndi cates a s i gn i fi cant change i n  the envi ronmental consequences of the L MFBR 

P rogram over th ose analyzed i n  WASH-1535  and ERDA-1 535 . 

From an envi ronmental imp act standpoint ,  the analy ses i n  WASH-1535  and  ERDA-1535 

rep resent th e best avai l abl e i nformation on  a w i dely dep l oyed breeder economY . 

Th i s  i nforma ti on al so represents a conservati ve analy s i s of envi ronmental conse

quences for al l cases except the rou ti ne rel ease of transuran i cs .  For th i s  

spec i al cas e ,  new analy ses are presented i n  Secti on V I . A . ( 4 ) . 
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The de scri pti ons  of model LMFBR fuel cycl e fac i l i ti e s  ( fuel fabr icati on , 

reproce s s i n g ,  and various  wa ste management faci l i ti es )  conta i ned i n  WASH-1535 

are sti l l val i d .  The envi ronmental control technol ogi es ( e . g . , HEPA f i l ters )  

a n d  estimated routi ne a n d  acci dental rel eases are unchanged . Th us cal cul ated 

radi ation  exposures ( except for the case of tran suran i c s )  are al so unchanged . 

Howeve r ,  heal th effects re sul ti ng from the se c al cul ated radi ation  exposures 

woul d be changed s i nce ri sk estimate s ( u sed to convert expos ure/dose esti 

mate s to heal th effects )  have changed s i nce  compl eti on of the WASH-1 535 and 

ERDA-1535 anal yse s .  Changes i n  dose estimate s  are presented i n  Appendix  H 

fo r the conveni ence of rev i ewers of thi s suppl emen tal E I S .  The vari ous r i sk 

estimates  have not changed s i gn i fi cantl y  and thus i t  wa s dec i ded that no 

addi ti onal anal yses were requi red i n  th i s  suppl emen t  ( except for the case 

of tran suran i c s ) . 

I n  addi ti on , the onl y heal th effects cal cul ated i n  WASH-1 535 and ERDA-1 535 

( and thus the onl y ri sk e stimates used) were for routi ne and acc i dental 

rel eases of transuran ics . Th i s  was due to the con troversy concern i ng the 

heal th effects of the se tran suran i c  rel ease s .  The ri sk estimates presented 

i n  Appendi x H c an be  used to c al cul ate heal th effects  for the various  radi a

tion  expos ure estimates gi ven i n  WASH-1535  and E RDA-1 535 for radi oacti v i ty 

rel eases ( o ther than tran suran i c s ) . 
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( 1 )  Reactor Safety 

I ntroduction 

Over the past three decade s ,  an exten s ive set of safety-rel ated LMFB R pl ant  

des ign  requi rements and  co rre spo ndi ng sets of design  and  qual i ty assurance 

pri nc i pl e s and procedures have been devel oped and are be i ng appl i ed to gui de 

the de s i gn and operati o n  of LMFB Rs . The safety- rel ated de s ign  requi rements 

and ope rati ng procedures take advantage of the many characteri sti c s  of LMFB Rs 

wh ich te nd to make them i ntri ns i cal ly  safe and al so take cogn i zance of those 

charac teri sti c s  wh ich  do no t enhance safety .  These are di scu ssed i n  some 

deta i l  i n  Secti on  4 . 2 . 7 . 4  of WASH-153 5 .  I t  has been and rema i n s  the 

re spon s i b i l i ty of the LMFB R Safety Program to transl ate an understandi ng of 

the sa fe ty charac teristics  of LMFBRs i nto sa fety-rel ated de s i gn requi rements 

and ope rati ng procedures . Past  effo rts wi th i n  the Sa fety Program have been 

focused on prov i d i ng the requi si te safety- rel ated tec hnol ogy fo r FFTF and 

CRBRP . The program i s  now focusi ng on  the task of extendi ng th i s  safety 

tech nol ogy so as  to provi de an adequate base fo r future l arge LMFB R pl ant 

proj ect s ,  such as the LOP . 

Three fundamental and rel ated que sti ons  need to be an swe red regard i ng the 

safety impl i cations of an LMFBR : ( 1 )  How safe i s  the pl ant? ( 2 )  What,  i f  

anyth i ng ,  can  be changed i n  the de si gn or  operati ng procedures of the pl ant 

to make it  sa fer? ( 3 )  I s  the pl ant safe enough? These l ead to con s iderati o n  

of a number of mo re spec i fi c  questi o ns : What external events or  sys tem 

fa i l ures coul d i n i t i ate a sequence of events that woul d l ead to an  acci dent? 

What i s  the probab i l i ty of  occurrence of each  of the se events o r  fa i l ures? I s  

the pl ant  desi gned so that i t  can stop the sequence befo re the acc i den t occurs 
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or accommodate the con sequenc es of the acci dent? Can the pl ant des i gn be 

improved at an acceptabl e  cost so as to improve the rel i ab i l i ty of  i ts systems 

and/or i ts ab i l i ty to accommoda te the consequences of system fa i l ures? Al l 

of the se con si derations  h ave to be woven together u s i ng the concepts of ri sk 

assessment  and r i sk reduction . 

I n  order to prov i de adequate an swers to these questi ons , the technol ogy mu st 

be ava i l ab l e to permi t des i gn ers and safety anal ysts to determi ne the fol l owi ng 

i n fo rmation fo r a g i ven  pl ant :  ( 1 )  fa i l ure modes and fa i l ure probab i l i ti e s  

for i ts systems a n d  structures ; ( 2 )  rel i ab i l i ty o f  the safety sys tems ,  g i ven 

the range of events to wh ich  they must re spond ;  ( 3 )  the scenar i o  that each 

acci dent woul d fo l l ow ,  g i ven  safety system fa i l ure i n  the face of al l credi bl e 

chal l enge s ;  ( 4 )  the extent of damage to the pl ant and the respon se of the 

reacto r contai nment system i n  these vari ous acci dent s i tuati o n s ;  and ( 5 )  the 

nature and cost of the vari ous  feas i bl e desi gn changes that coul d be made to 

the de s ign to improve i ts overal l rel i ab i l i ty and i ts ab i l i ty to conta i n  the 

consequences of acci dents . 

A great weal th of LMFBR safety technol ogy i s  ava i l abl e today a s  a resul t of 

past Sa fety Program effo rts to obta i n  thi s i nformation for present and future 

LMFBR pl ants .  Th i s  technol ogy i s  rev i ewed comprehensive ly  i n  Section  4 . 2 . 7 of 

WASH-1 53 5 , and addi ti onal i n formati on i s  prov i ded on sel ected safety i ssues 

i n  Secti on  I I I . B  of ERDA- 1 535 . There are certa i n  safety- rel ated areas where 

the ava i l ab i l i ty of addi ti onal i nformation  woul d pe rm i t  the desi gners of 

future l arge LMFB R pl ants to prov i de more cost- effective des igns  wh i l e meeting  

al l safety requi rements .  P resent and  future Sa fety P rogram efforts wi l l  

concentrate on prov i d i ng the se el ements of improved safety technol ogy . 
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The bal ance of thi s sect i on on safety concentrates on updat i ng  the safety 

questi ons wh ich  were addres sed i n  E RDA- 1 535 . Most of these questi ons were 

associ ated w i th postul ated severe acci dents that woul d l ea d  to core di srupti on . 

I t  i s  essenti al  to apprec i ate the ma ss i ve efforts that have been devoted to 

assu ri ng  that  LMFBRs can be and  are desi gned, constructed,  and operated to h ave 

an extremely l ow  probabi l i ty of occu rrence of core di srupti ve acc i dents . The 

strategy that has peen u se d  to accompl i sh th i s  obj ecti ve i s  to provi de a des i gn 

that i s  sou nd ,  conservati ve ,  and  i ntri n s i ca l ly safe du r ing  normal operati on , 

and  has su ffi c i ent ma rg i n  to safely accommoda te ant ic i pated, unl i kely , and  

extremely unl i kely events ( the three l evel s of des i gn safety approach di scussed 

i n  Secti on 4 . 2 . 7 . 3  of WASH- 1535 ) .  

The LMFBR P rogram h as accumu l ated much val u abl e experi ence on how to des i gn 

systems and  struc tu res i n  LMFBR p l ants so that they have the requi s i te 

safety-rel ated desi gn features and  ma rgi ns . Exhau stive l i sts of pos si bl e 

external events and sy stem and s tructural fai l ures wh i ch coul d fal l i n  the 

three event categori es ( a nti ci pated, unl i kely , and  extremely un l i kely ) h ave 

been prepared.  Events wi th i n  the anti ci pated category i ncl ude l oss  of off- s i te 

power and smal l sodi um l eak s or spi l l s . I n  the un l i kely category , representa

ti ve events i ncl u de acc i dents i nvol v i n g  radi oacti ve waste treatment sys tem 

fa i l u res , fu el handl i n g acc i dents , smal l sodi um fi res , l ocal fue l  assembly 

fau l ts ,  and steam generator fai l ures . The more severe extremely un l i kely 

events i nc l u de natural phenomena such as sei smi c  events , tornados and fl oods , 

l arge sodi um fi re s ,  refuel i ng acci dents , and  heat transport system fai l u res . 

Secti ons  4 . 2 . 7 . 5  through 4 . 2 . 7 . 7  of  WASH- 1535  p rovi de a comprehen s i ve di scus

s i o n  of the impl i c ati ons  of these events on LMFBR des i gns ; th i s  di scuss ion 

remai ns  val i d  today . 
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Fo r each LMFBR pl ant des igned i n  the U . S . , an extens i ve range of  systems 

and features has  been i ncl uded i n  order to as sure that the pl ant can safely 

accommodate these events wi thi n the requi si te damage l evel s and that any 

rad i o act i v i ty rel eases are wi th i n  the l im its set i n  10  CFR 100 . The 

di scu s s i on of the des ign  features i ncl uded i n  CRBRP that i s  found i n  

Section  I I I . B . 3  of  ERDA- 1 535  rema i ns appl i cabl e .  

Wh i l e some res i dual uncertai nties remai n as to how b est to des i gn these 

systems and features for future l arge pl ants , suffi c i en t  conservati sm i s  

empl oyed i n  the de si gn of presen t pl ants to ensure that they can  meet sa fety 

requi rements . Th i s  conservati sm i s  prov i ded by requ i ri ng that s i gn i ficant 

margi ns  be  prov i ded in  the des i gn of  the se systems and features and by 

prov i d i ng redundancy and  divers i ty of  systems and structures . Operati on  of 

FFTF and  CRB RP wi l l  prov i de addi ti onal ev i dence of the adequacy of  the des ign  

of these pl ants wi th respect to safety .  As  stated earl i er ,  present and future 

effo rts in the Sa fety P rogram are aimed at reduc i ng uncertai nti es  and further 

improv i ng des igns  so tha t pl ant capi tal and operati ng  costs can  be reduced by 

el imi nati ng exces s ive  con serva ti sms wh i l e  sti l l meeti ng safety requi rements . 

I n  the material wh ich  fo l l ows , each subsection  of  ERDA- 1 535 , Section  I I I  B ,  

Sa fe ty Re search and Devel opme nt Program I n fo rmati o n ,  i s  addressed i n  turn . 

Fi rs t ,  subsecti o n  content i s  b ri efl y summari zed .  Then , area s i n  wh ich  changes 

have occurred s i nc e  ERDA- 1 535 wa s i ssued are i denti fi ed . Fi nal l y ,  i n fo rmati on  

expl a i n i ng the se c hanges and  desc ri b i ng the current statu s of the parti cul ar 

top i c  i s  presented . These subsections are the fol l owi ng : 

I I I  B . 1  Addi ti o nal I n fo rmatio n  Rel ati ve to the RRD Devel opment P l an for LMFBR 

Safety 
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I I I  B . 2 Addi ti onal I n fo rmation on Energeti c LMFBR Core D i srupti o n s  

I I I  B . 3 Addi ti onal I n fo rmati on  on  the Bas i s fo r P roceedi ng wi th the Desi gn , 

L i c en s i ng ,  and Operati on of  LMFBRs Wh i l e  the LMFBR Safety P rogram 

Prog re sse s  

I I I  B . 4 Addi ti onal I n fo rmation on LMFBR R i sk As se ssments Methods Devel opment 

I .  The  DOE  LMFBR Safety Research and Devel opment P rogram 

I . A .  Summary of Subsection  I I I . B . 1 , ERDA-1 535 

The obj ective of the Safety P rogram wa s de scr i bed a s  devel opment of tec hnol ogy 

that coul d be appl i ed i n  the de s i gn process  to contribute to the safety of 

LMFBRs .  The Program wa s pl anned to make timel y contr i butions  to the LMFBR 

pl ant de s i gn and devel opme nt program , rangi ng from compl eti on of documentati on 

of the techn ical  base for the FFTF FSAR and the CRBRP PSAR i n  J une 1976 to 

estab l i shment of the tech n i c al base for the Commerc i al Breeder Reactor  ( CBR ) 

FSAR i n  J a nua ry 1985 . The necessary anal ytical and experimental wo rk woul d 

con ti nue to be pe rfo rmed by n ati onal l aboratori e s ,  i ndustr ia l  con tractors , and 

un i ve rs i t ies . Fo r experimental work , ex i sti ng and new fac i l i ti es woul d be 

uti l i zed .  The need for a new Safety Re search Experiment  Fac i l i ty ( SAREF ) wa s 

i dent i fi ed .  

Past Safety Prog ram acti v i ti e s  resol ved some s i g n i fi c ant i s sues and reduced 

the uncerta i n ti es a ssoci ated wi th other i ssue s .  I mportant rema i n i ng open  

questi ons  i nc l uded : the quanti tati ve rel i ab i l i ty of pl ant sh utdown and decay 

heat removal systems and pl ant struc tures ; quanti tati ve unders tandi ng of the 

movemen t  of fuel from breac hed fuel p i n s ,  i nc l udi ng fuel sweepout ;  the charac

teri sti c s  of the exten s i ve and extended fuel mo tion assoc i ated wi th a postul ated 
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who l e  core mel tdown ; uncertai n ty i n  the upper l i mi t wh i c h  can  be pl aced on  the 

en erge ti cs of a po ten ti al whol e-core acci dent rec ri ti c al i ty ;  and uncertai nti es  

ove r  the co ntent and  attenuati on  of rad i oact ive aero sol s that coul d be  rel eased 

from fuel and con ta i nment as the resul t of a severe re acto r  acc i dent .  

P l ans of acti o n  to reso l ve the se rema i n i ng sa fety uncerta i nti e s ,  al ong wi th 

m i l estones support i ve of the LMFBR pl ant devel opmen t  prog ram , were presented . 

I . B .  Areas of Change S i nce ERDA-l 535 Was I ssued 

Substan ti al progress has been made i n  the resol ution  of i ssues rel ated to the 

i n i ti a ti o n  and progres s i on of maj or reactor acc i dents . Th i s  has  been en hanced 

by compl etion of the FFTF safety rev i ew i nteraction  w i th NRC , and by parti al 

compl eti o n  of the CRBRP l i cens i ng i nteraction  wi th NRC . 

A ch ange i n  the timi ng fo r anti c i pated l arge- scal e depl oymen t  of LMFBRs , 

coupl ed wi th progress i n  the acc i dent energeti cs area , has wa rranted a reversal 

i n  the earl i er pos i ti on that a new , l arge reactor sa fety test fac i l i ty ( SAREF ) 

i s  needed . 

The P rogram wo rk schedul e and key m i l estones have changed to refl ect the modi fi ed 

LMFBR pl ant des i gn and devel opment program . 

I . C .  Cu rrent Status 

I . C . l .  Safety I s sues 

I . C . l . A . I ntroducti on 

I n  the pe riod  s i nce ERDA- l 535  was publ i shed , Safety P rogram work , coupl ed wi th 

experi ence i n  th e FFTF and CRB RP de s i gn and safety rev i ew acti v i ti e s ,  has 
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si gn i f icantl y  adva nced our understandi ng of the sa fety- rel ated behav i or of 

LMFBR pl ants.  P rogress toward resol uti on of  particul ar  LMFBR gener i c  safety 

i ssues i s  di scu s sed i n  the rema i nder of thi s section . Background for the se 

d i scu ssi on s  i s  prov i ded by the l i st i ng of Safety P rogram accompl i shments , 

1976 -1981 , i ncl uded a s  Appendix  E .  

I . C . 1 . B .  ERDA- 1535 I ssues 

As sta ted i n  Secti on  I . A . , ERDA-1535 i denti fied a number of  important open 

que sti ons  on  LMFBR safety ( see pp. I I I  B-2 4 ,  -25 , ERDA- 1 53 5 ) . The fi rst 

ERDA- 1 535 guesti on rel ated to the guanti tati ve rel i a b i l i ty of pl ant shutdown 

and decay heat removal systems and pl ant structu re s .  Rel i ab i l i ty i s  facto red 

i n to LMFB R desi gn s by appl i cati on of bas i c qual i ty a s surance and rel i ab i l i ty 

pr i nc i pl e s ,  wh ich i ncl ude i ndependence ,  separation , redundancy , and divers i ty 

of systems , subsystems and components . Rel i ab i l i ty i s  then demonstrated 

anal yt i c al ly , by l abora to ry testi ng , and by the accumul ati on  of pl ant operati ng 

experi ence . Wh i l e the quanti fication of rel i ab i l i ty can be  made wi th anal yti

cal methods u s i ng gene r i c  LMFBR component data at any stage of pl ant de s ign , 

con struc tion , or ope rati on , confi dence i n  the se rel i ab i l i ty asse ssments i s  

strongly i nfl uenced by the qual i ty a nd depth of data bases from testi ng and 

ope ra ti ng experi ence . 

Exten s i ve hardwa re te sti ng  programs have been conduc ted for both primary1 

and secondary2 control ro d systems and a ssoc i ated l og i c  c i rcu i ts .  The te sti ng  

programs wi th thou sands of  succe ssful  sc ram operati ons have demonstrated wi th 

h igh  con fi dence that the probab i l i ty of fa i l ure to sc ram due to hardware 

fa i l ures i s  extremel y l ow .  The rel i ab i l i ty a sse ssment fo r the CRBR shutdown 

system3 esti mates the fa i l ure frequency to be wel l bel ow 10-6 per year .  
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A systematic i denti fi c ation  of potenti al common-cause fa i l ures has  al so been 

carr ied out4 , and the rel i ab i l i ty e stimates  sti l l have margi n for unl i kel y 

fa i l ure mode s not yet i denti fied.  

The sh utdown heat removal system for LMFBRs i s  al so de si gned to be  h i ghly 

rel i ab l e .  Emergency power suppl i es and al ternate heat s i n k s  are added to the 

normal heat transport sys tem to prov i de redundancy i n  these cri tical areas .  

I n  addi ti on , spec i al redundant and di verse re si dual heat removal systems , 

such as  the di rec t heat removal and a ir-cool ed condenser systems , have been 

designed for CRB R ,  and al ternati ve des igns  are being  devel oped for l arge 

LMFBRs .  Exi sti ng programs rel ated to SHRS rel i ab i l i ty i nc l ude testi ng 

of CRB R  SHRS compo nents and l arge pl ant component devel opment tests . The 

data gathe red from the se te st programs , al ong wi th a more l imi ted data base 

gathered from operati ng pl ant testi ng and ope rati ng experience ( EBR- I I and 

FFTF ) , s upport an al ys i s  wh ich  predi cts an extremel y l ow probab i l i ty of CRBR 

SHRS fa i l ure ,  about 10-6 per year5 . 

Recentl y ,  rel i ab i l i ty analys i s model s and computer codes  have been improved 

by the i ncorpo rati on  of model s of such el ements as te st and ma i ntenance 

peri ods , a greater spectrum of operati ng and fai l ure modes , and c apab i l i ti es 

to handl e human erro rs and dependenc i es .  These devel opments al l ow more 

real i sti c an d compreh en s i ve model i ng ,  thereby i nc reas i ng the confi dence i n  

resul t s .  P rogress  has al so been made i n  the i denti fication and qual i tative 

analys i s  of common-cause fa i l ures4 , for wh ich  s i gn i f icant marg i n  i s  al l owed 

i n  curren t design s .  Learn i ng from operati ng experi ence al so conti nues to 

be an impo rtan t part of rel i ab i l i ty and analys i s data improvement .  
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A d i ve rse means of  shutdown heat removal wa s demonstrated at FFTF i n  March  

1981  when a primary system natural c i rcul ati on test  from 1 00% power wa s 

suc cessfu l ly  compl eted . Th i s  and earl i er natural c i rcul ati on  tests confi rmed 

th at the FFTF has  the capab i l i ty to safe ly  remove heat by n atural c i rcul ati on 

duri ng po stu l ated events such as  l os s  of  el ectri c al power .  Fu rthermore , the 

seri es of tes ts veri fi ed the ab i l i ty of the analytic model I ANUS to accurately  

pred i c t  system behavi or from the pump coastdown phase to the steady state 

natural c i rcul ati on cond i ti on .  

The second ERDA- 1535 guesti on rel ated to guanti tative understandi ng of  the 

movement of fuel from breached fuel pi ns , i ncl udi ng fuel  sweepout.  Suc h  an  

unde rstandi ng i s  necessa ry to assess the l i kel i hood that a tran s i ent  overpower 

( TOP ) or l os s-of- fl ow ( LOF ) event wi th fa i l ure to sc ram woul d i nherently 

termi nate i ts prog ress i on pri or  to whol e-core di srupti o n .  Experiments des igned 

to prov i de observati ons of fuel moti on under these acci dent cond i ti ons  have 

been pe rfo rmed both out-of- reac tor6 and i n- reac to r , 7 ,8 and di agnosti c tool s 

fo r measur i ng fuel mo tion under test condi ti ons9 have prov i ded i mportant data 

for devel opment and val i dati on  of computer code s . 10  These computer codes pro

v i de the analytical  methods fo r a quanti tati ve understa ndi ng of fuel moti on  

under hypo thetical core di sruptive  acci dent condi ti ons . 

The expe rimental data ba se and the computer codes extrapol ati ng thi s data to 

proto typi c al condi tions  support the concl us ion that an overpower event wi th 

fa i l ure to sc ram wou l d most l i kely termi nate i n heren tl y  wi th l i mi ted core 

damage by fuel sweepout l eadi ng to a subcri ti cal core . The data and codes 

al so i nd icate that a l os s-of- fl ow event wi th fai l ure to sc ram woul d most 

l i k el y  progress to whol e-core d i srupti on because cool ant wou l d  be voi ded from 

many subassembl i es prior  to exten sive  fuel di srupti on , l eavi ng muc h of the 
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core uncool abl e .  Th i s  concl us i on o n  the l os s-of- fl ow event has resul ted from 

an extens i ve i nvesti gati on  conducted i n  1978 and 1 979 u si ng the more soph i s

ti cated computer codes and more extens i ve data base then avai l abl e . 1 1  The 

current approach to accommodati ng the l os s-of- fl ow event wi th fai l ure to scram 

i s  to demonstrate that the potential for i t  to resul t i n  energetics  that woul d 

threaten  the i n tegr i ty of the primary system boundary i s  l ow .  

I n tegral tests such as  the TREAT L-seri es have demonstrated the d i spersive 

capab i l i ty of i rradi ated fuel subjected to el evated power l evel s under 

LOF condi ti ons1 2 , mi n im i zi ng concern for pos i ti ve reactiv i ty i nsertion  i n  

the early stages of the scenario .  Phenomenol ogi cal tests i ncl udi ng the 

TREAT F_ seri es13 , 14 , 1 5 and the di rect el ectrical heati ng { DE H }  tests1 6  have 

prov i ded addi ti onal confi rmati on of the mechan i sms wh ich  i nh i b i t  fuel com-

paction  and promote fuel di spers ion . Phenomenol og ical gui dance has been 

provi ded to anal ytical model i ng efforts and the resul ts have demonstrated the 

ab i l i ty to pred ict  successful ly  both the materi al red i str ibution  pattern s  and 

the i r  neutron ic  i ntegral feedback effect as  used i n  whol e core anal yses . 1 7 

Post- test anal yses of addi ti onal i n-p i l e  tests i n  the L-series  and pre-test 

anal ys i s and pl ann ing  for upcomi ng unprotected l os s-of- fl ow tests18 , 19 i s  

currentl y underway . 

The th i rd ERDA-1 535 questi on had to do wi th the characteri stics  of the fuel 

motion associ ated wi th a postul ated whol e core mel tdown . These characteri stics  

must be understood i n  order to prov i de assurance that fuel moti on  assoc i ated 

wi th a mel ting  or mol ten LMFBR core woul d be suffi c i entl y  d i spers ive to pre

cl ude an energeti c power burst wh ich  woul d chal l enge the structural i ntegri ty 

of the primary system . 
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I t  was stated i n  Section I I I . B . 2 of ERDA-1 535 that substanti al efforts wi th i n  

the Safety P rogram were be ing  di rected toward demonstrati ng  that energetic 

rec ri ti c al i ti es woul d be very unl i kel y to occur  duri ng the whol e-core mel tdown 

phase of postu l ated core di sruptive acc i dents i n  LMFBRs . The exi stence of 

several fundamental physi cal phenomena was c i ted as  the bas i s  for bel i ev i ng 

that these efforts woul d be successful . I n  the years si nce ERDA-1 535 was 

publ i shed , s i gn i fi cant progress has been made toward real i z i ng thi s objecti ve . 

However ,  rec ri ti c al i ty events duri ng the whol e-core mel tdown phase sti l l 

cannot be compl etel y rul ed out because the occurrence of phenomena such a s  

col l apse of boi l i ng regi ons due to excess ive heat tran sfer to boundari es , 20 

parti al separation  of the mol ten fuel and bo i l i ng steel , 2 1 and  reentry of 

l arge quanti ties  of materi al prev i ou sl y  ej ected from the core and sol i d i fi ed 

i n  the above-core structure cannot be absol utely precl uded . Because these 

phenomena are rate- l im i ted and because of the nonun i form condi ti ons  that 

woul d exi st under such scenari os , none of these phenomena ,  shoul d they 

occur , are expected to resul t i n  reacti vi ty i nsertion  rates yi el di ng l arge 

energeti c s . 22 , 23 Both i n- reactor and out-of-reactor experiments now pl anned 

are i n tended to prov i de an expanded data base to support th i s  pos i ti on . 18 , 24 

A prec i se anal ys i s of fuel moti on under these acci dent cond i ti ons requi res 

l arge computer codes capabl e of cal cul ati ng the i n tegrated effects of 

neutron ics , mul ti-phase fl u i d dynamic s ,  and thermodynam i c s .  Such codes 

( TRANS IT25 and S I MMER26 ) are under devel opment and are bei ng val i dated wi th 

out-of-reactor experiments wh ich  attempt to s imul ate acc i dent condi tions . 27 ,28 

The fourth ERDA-1 535 questi on , uncerta i nty i n  the upper l im i t  wh ich  can be 

pl aced on the energetics  of a potential whol e-core acc i dent recri ti cal i ty ,  i s  

addressed i n  Section I I ,  Energeti c LMFBR Core D i srupt i o n .  
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The l ast ERDA-1535 question  rel ated to uncerta i nties over the content and 

attenuation of reactor acc i dent-produced radi oacti ve aerosol s .  Resol ution  

of these uncertai nties wi l l  permi t improved assessment of the consequences 

of pos tu l ated severe accidents . Si nce 1975 , improved understandi ng of  

aerosol behav i or ha s been obtai ned as  a resul t of extens i ve out-of-reactor 

testi ng29 , 30 , 3 1 , 32  and  advances i n  analytical methods . 33 , 34 The maj or 

advancement has been the generation of new test data wh ich  broadens and 

extends the data to h i gher sodi um aerosol dens i t ies  ( �1000 � gm/cc in  the 

H igh  Temperature/Co ncentration  Aerosol experiments30 , 31 ) and recent test 

data for U02 aerosol s . 32 U se of these data for code val i dati on  wi l l  reduce 

conservati sms i n  rad i ol og i cal assessments and al l ow analysts to take cred i t  

for i n herent depl eti on mechani sms wh ich  l im i t  the quanti ty o f  fuel and sodi um 

aeroso l s that can be transported from a breached primary system or reactor 

conta i nment bui l di ng fo l l owi ng a postul ated core di sruptive acc i dent .  Al though 

a substanti al data base exi sts , 34 , 35 addi ti onal out-of-reactor tests are 

pl anned to refi ne computer codes and to better characteri ze aerosol behav i or 

under speci al acc i dent cond i ti ons . These tests i ncl ude a steam-sodi um aerosol 

test to form the basi s for a code compari son study , a test of the effi ci ency 

of  a turbul ent aggl omeration  concept , and addi ti onal tests of  h i gh den si ty 

U02 aerosol aggl omeration  and settl i ng .  

I . C . 1 . C .  Add it i onal Safety I ssues 

Safety Program work and other events occurri ng s i nce ERDA-1 535 was publ i shed 

have focused attenti on  on addi ti onal safety i ssue s .  

FFTF and CRB RP safety rev i ew acti v i ties  h i ghl i ghted the need for more research 

on core debri s accommodati on .  The purpose of th i s  research i s  to support 
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improved assessments of the capab i l i ty of  LMFBR conta i nments to wi thstand 

l oadi ngs  from core mel tdown acc i dent debri s and to devel op des i gn features 

for enhanci ng contai nment capab i l i ti es .  Core debri s accommodati on work 

i nvol ves a broad range of technol og i es addressi ng i ssues assoc i ated wi th both 

i n-vessel and ex-ve ssel core deb ri s phenomena . 36 These phenomena i ncl ude 

particu l ate core-debri s behav i or , sodi um-concrete i nteractions , water rel ease 

from heated concrete , hydrogen rel ease and burni ng , and the response of 

structural concrete to el evated temperatures for l ong times .  Experiments 

conducted i n  a vari ety of  out-of-reactor fac i l i ties  have prov i ded substanti al 

i n s i ght i nto the nature of these phenomena and have enabl ed i ntegrated com

puter codes wh ich  model contai nment response , such  as CACEC037 and HAA-3B ,38 

to be val i dated . The current technol ogy base supports the pos i ti on that the 

CRBRP has  the core debri s accommodati on capab i l i ties  necessary to meet 

l i cens i ng requ i rements assoc i ated wi th core di srupt ive acci dents . 39 At the 

same time , a number of i ss ues  i n  core-debri s accommodati on technol ogy must 

be studi ed further i n  order to assure that questions  on  optimal conta i nment 

des i gn s  and l i cen s i ng concerns  for l arge pl ants can  be adequately resol ved .40 

These questions ari se for l arge pl ant desi gns  due to the much l arger fuel 

i nvento ry and the assoc i ated decay heat l oads . Questi ons  regard i ng the 

di str i bution  of debr i s over  the cross section  wi th i n  the reactor vessel and 

wi th i n  the reactor cav i ty ,  the carryover of debri s i n to the p i p i ng ,  the 

perfo rmance of i n-vessel and cav i ty structures in contact wi th mol ten core 

debri s , the struc tural behav ior  of concrete at h i gh temperatures , sodi um 

natural convection  and the rel i ab i l i ty of l ong-term decay heat removal 

systems under post-acci dent condi ti ons  must be stud i ed further to assure that 

l arge pl ant des igns  can control acc i dent progression  and that ,  shoul d a 
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core-di sruptive acc i dent occur , rad i ol ogi cal rel eases wi l l  rema i n  wi th i n  

presc ribed l imi ts . 

The Three Mi l e  I sl and acc i dent h i ghl i ghted the safety i mportance of the 

man-mach i ne i nterface .  The i n i ti al efforts wi th i n  the nucl ear i ndustry to 

address  th i s  i s sue were focused on l i ght water reactors , but i t  became cl ear 

that the LMFBR program wou l d be abl e  to apply much of the new technol ogy 

devel oped for such reactors . Nonethel ess , i n  order to advance understandi ng 

fo r LMFBRs , research and devel opment on the LMFBR man-mach i ne i nterface was 

i n i ti ated i n  sel ected areas .  P rogress to date i ncl udes the devel opment and 

i n i t i al operation  at FFTF of an automated system for control of pl ant ma i n

tenance work .
4 1 Th i s  system i s  desi gned to prov i de pl ant operators wi th 

real -time i nfo rmation  as to wh ich pl ant components and systems are unava i l abl e 

becau se of ma i ntenance operations , and i nformati on on the functional rel ati on

sh i p  between pl ant subsystems and on the rel ationsh i p  of equi pment to pl ant 

safety functio n s .  I t  i s  i n tended that thi s body of  i nformati on , presented i n  

a cl ear , organi zed way , wi l l  enabl e pl ant operators to make better- i nformed 

deci s ions  on when and how to change the operati onal condi ti on of the pl ant for 

ma i n tenance or other reasons . Demonstration  of operational safety improvement 

produced by use of thi s  system i s  currentl y underway at FFTF . 

Another recent man-mach i ne i nterface R&D product i s  the compl eti on of a 

comprehens ive study42 to establ i sh ,  for a future l arge LMFBR pl ant, the 

optimum set of parameters that shou l d be di spl ayed to pl ant operators for the 

purpo se of mon i tori ng pl ant safety status  and i n i ti ati ng necessary correcti ve 

acti ons . Th i s  effort i s  anal ogous to the safety parameter di spl ay system 

efforts of the LWR i ndustry .  
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I n  paral l el wi th these early LMFBR man-mach i ne i nterface R&D acti v i ti e s ,  an 

overal l pl an43 for conti n ued work i n  th i s  area has been prepared . Th i s  

pl an prov i des a ta sk structure , percei ved pr ior it ies  for execution  o f  these 

ta sks , and near- term and l ong- term pl ans based on these pr i ori ti e s .  I n  

prepar i ng th i s  pl an , i t  wa s recogni zed that the LWR man-mach i ne tech nol ogy 

wh ich  i s  expected to apply i n  l arge part to LMFBRs i s  i t sel f sti l l i n  an 

evol ut ionary phase , so that the degree of th i s  appl icab i l i ty and any spec i al 

LMFBR needs for new tech nol ogy cannot be fi rmly establ i shed earl y o n .  Thus , 

a major  task wi thi n the program i s  to devel op and ma i nta i n  fami l i ari ty wi th 

ongo i ng man-mach i n e  tech nol ogy devel opments i n  the LWR and other area s ,  and 

to apprai se these for appl i cab i l i ty to LMFBRs . The apprai sal function  wi l l 

be cl osely coordi nated wi th LMFBR proj ect desi gn activ i ti e s .  

Another Three M i l e I sl and- rel ated i ssue i s  that o f  the adequacy of  prov i s i ons  

for emergency response i n  the event of a seri ous  reactor acc i dent . Because 

thi s matter i s  both pl ant- and s i te- spec i fi c ,  and requi res i n teract ion wi th 

l ocal government  enti ties , i t  i s  addressed by parti cul ar LMFBR pl ant proj ects .  

CRBRP has  cons i dered al l appl icabl e emergency preparedness requi rements , and 

env i s ions  no di ffi cul ty i n  impl ementi ng these requi rements . Emergency 

preparednes s fac i l i ti es and arrangements for CRBRP wi l l  be s imi l ar to those 

for a l i ght water reactor .  Emergency response capab i l i ti es of  future LMFBRs 

wi l l l i kel y be substanti al ly the same as  those for LWRs and wi l l  meet NRC 

regul atory requi rements . 

I . C . 2 . Safety Test Fac i l i ties  

ERDA-1 535 , on page s I I I  B-45 through -49 , desc ribed major  fac i l i ti es used or 

antic i pated to suppo rt the LMFBR Sa fety Program .  Of the se fac i l i ti es :  

o TREAT , i n  use si nce ERDA-1 535 wa s i ssued , conti nues to be 
the pr i n c i pal test fac i l i ty for advanc i ng understand i ng of 
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i ni ti ati ng phase acci dent phenomenol ogy and val i dati ng i ntegral 
acc i dent anal ys i s  code s .  Cool ant dynamics , p i n  fa i l ure , and fuel 
rel ocation have been i nvesti gated for oxi de fuel under LOF and 
TOP condi ti ons , and i ntegral experiments and phenomenol og ical tests 
have i nvesti gated the effects of parameter variati ons , such as  
fuel pi n fi ss ion gas rel ease , on acc i dent sequences . I n  1983 , TREAT 
wi l l  be shut down for compl eti on of the TREAT Upgrade modi fi cati on 
to permi t testi ng of l arger bundl e si zes , to i nvesti gate scal e
dependent phenomena such as fuel sweepout dur i ng  a TOP acci dent and 
prov i de a more prototypic thermal -hydraul i c  envi ronment to val i date 
extrapol ati on of the current data base . 

o SLSF experiments were conducted i n  the ETR from 1975 to 1981 . These 
experiments addressed fuel di sruption and rel ocati on  under LOF 
cond i tions , fuel pi n response and rel ocation  under LOF condi tions , 
sl ow ramp rate TOP s ,  fuel p i n  surv i vab i l i ty under sodi um boi l i ng and 
detecti on and propagati on of fuel bundl e l ocal faul ts .  Experimental 
data have been u sed for model devel opment and val i dati on of acci dent 
analysi s codes . 

o PBF has not been used for Safety Program experiments , because i t  was 
determi ned that the use of thi s reactor woul d not be cost-effecti ve 
as compared to SLSF/ETR . 

o FFM , renamed THORS , and OPERA both · have used el ectrical ly heated 
fuel pi n s imul ators for out-of-reactor safety experiments . The 
comb i ned program has addressed i nl et and heated zone bl ockages ,  
steady state and trans i ent boi l i ng behavi or , and normal thermal 
hydraul i c  characteri sti cs  of test as sembl i es up to 6 1 p i n s .  These 
data have been u sed for assessi ng appl i cab i l i ty of one-dimens ional 
and mul ti -dimensi onal cool ant behav i or codes .  

The l a st major  fac i l i ty cal l ed for by ERDA-1 535 , SAREF , wou l d have provi ded 

i n- reactor  capab i l i ty for experiments much l arger than poss i b l e i n  any other 

fac i l i ty ,  i ncl udi ng TREAT Upgrade , i n  a h i ghl y prototypi c LMFBR reactor 

envi ronment. The experiment s i ze capab i l i ty , up to the equ i val ent of four 

ful l - l ength LMFBR subassembl i es ,  each cons i sti ng of 217  fuel p i n s  wi thi n a 

hexagonal structural hou s i ng ,  was consi dered necessary " • • •  to permi t under-

standi ng of control l i ng s i ze dependent phenomena wi thi n a subassembly  during 

the progression  of postul ated acci dent sequences" ( page I I I  B-36 ,  ERDA-1 535 ) .  

Tab l e  I I I  B-1 i n  ERDA-1 535 u ses  the name " Safety Test Fac i l  i ty"  to represent 

SAREF . 
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Acqu i s i t i o n  of the Safety Test Fac i l i ty has  not been  impl emented , becau se : 

o I n  contrast to the s i tuat i on that ex i sted when ERDA- 1 53 5  was i ss ued , 
i t  i s  now a nt i c i pated that the l ate 1990 ' s  wou l d be the most l i ke l y  
period for a ut i l i ty commi tment t o  l a rge- scal e depl oyme nt o f  LMFBRs . 
Th i s  schedu l e  permi ts the Safety Program to proceed to address  the  
safety i s sues  that  the  Safety Test Fac i l i ty wa s i ntended to reso l ve 
al ong a l ower-cost path that does not i ncl ude the construct i on of 
maj or new i n-reactor fac i l i t i es beyond TREAT Upgrade .  If the early 
re su l t s  of th i s program di sc l ose  s i gn i f i cant safety uncertai nt i es 
for the depl oyment of a fami l y  of commerc i al LMFBRs , t ime wou l d  be 
ava i l ab l e to red res s  the shortcomi ng .  

o S i gn i f i cant improvement s have been made i n  th e understand i ng of key 
acc ident-rel ated phenomena as the res u l t of an aggres s i ve program of 
analys i s ,  out-of-reactor experiments , a nd experiment s  i n  TREAT. It 
i s  bel i eved that the comb i nat i o n  of pl anned ana l yt i ca l  and out-of
reactor expe rimental act i v i t i e s and l arger- scal e i n - reactor tests  
i n  TREAT Upgrade wi l l  be  succes sfu l i n  bri ngi ng about the requ i red 
furthe r reduct i o n  i n  uncertai nty i n  the understand i ng of acc i dent
rel ated phe nome na on a sc hedu l e con s i stent wi th  the needs of the 
curre nt LMFBR p l ant devel opme nt program . 

o I t  i s  now bel i eved that on l y  a marg i nal  addi t i onal  reduct i o n  i n  
uncertai nty cou l d be ga i ned from test i ng i n  the Safety Test Fac i l i ty ,  
g i ve n  the current understand i ng of the re l at i onsh i p  b etween test 
bund l e  s i ze and uncertai nt ies  i ntroduced in the scal i ng of res ul ts  
to a commerc i a l - s i zed LMFBR . 

I . C . 3 .  P rogram Mi l e stones 

The LMFBR p l ant devel opment program i ncl udes construct i on and operat i o n  of 

CRBRP . Al so , t he program contempl ates th e fut ure de s i g n ,  construct ion , 

a nd operat ion  of a near-commerc i al s i ze LMFBR p l ant , t he  Large Deve l opme nta l 

P l ant ( L OP ) . Th i s  proj ect wou l d be carri ed out i n  cooperat i o n  wi th the 

pr i vate sector.  Expe ri ence  gai ned from CRBRP and LOP wou l d be used i n  

deci s i o n s  o n  LMFBR commerc i a l i za t i o n .  

The CRBRP des i gn and Prel imi nary Safety Anal ys i s  Report ( PSAR ) are es sent i a l ly  

compl et e ;  t he F i na l  Safety Anal ys i s  Report ( FSAR ) i s  to  be  submi tted i n  early 

CY 1987 . The l atter event prov i des the basi s for a maj or Safety Program 
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mi l estone : c omp l et i on of the  safety techno l ogy base for the CRBRP FSAR by 

l ate CY 1986 . S im i l ar m i l estones wou l d  be devel oped from key LOP Project 

event s  such as st art of prel imi nary des i gn ,  PSAR s ubmi ttal , and FSAR s ubmi ttal . 

It  i s  expected that these event s  wou l d occur i n  the peri od from t he mi d 1980 ' s  

to  the early 1990 ' s . 

The LMFBR Safety Program P l an44 , prepared i n  1980 , i s  t he pr i nc i pa l  ba s i s  

for ongoi ng s afety R&D p l ann i ng . The R&D work p l ans contai ned i n  th i s  

docume nt wi l l  be rev i sed to ac h i eve con s i stency wi t h  the  maj or m i l estones 

d i scu s sed above . 

I I . E nerget i c  LMFBR Core D i s rupt i on 

I I . A. Summary of Subsect i on I I I  B . 2 ,  ERDA- 1 535  

It  wa s stated t hat  R&D d i rected toward i dent i f i cat i on a nd  el imi nat i on of 

ac ci dent i n i t i ators and toward provi s i on  of desi g n  characteri st i c s  and eng i 

neered feat ures t o  mi t i gate acc i dent con seq uences , cou pl ed wi th  conservati ve 

de s i gn , construct ion  and operat i on ,  prov i des  hi gh as s urance of LMFBR p l ant 

safety rel at i ve to energet i c  hypothet i cal core di sru pt i ve acc i dent s  ( HCDAs ) .  

It  wa s al so stated that i t  shoul d be pos s i b l e  to demonstrate that HCDAs i n  

l a rge LMFBRs wou l d not re s u l t  i n  damag i ng energy rel ease s .  

I I . B . Areas of  Change S i nce ERDA- 1 53 5  Was I s s ued 

S i nce 1 975 , t he re have been substant i al improvements i n  the understandi ng of 

HCDA phenomena throu gh extens i ve out-of-reactor and i n- reactor expe ri ments , 

and i n  the anal yt i cal methods for pred i ct i ng HCDA con sequences  through advances 
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i n  computer code techno l ogy . These improvements have l ed to s i gn i fi cant 

reduction i n  uncerta i nt i es i n  HCDA energet ics  assessments and have s ubstant i al ly 

i ncreased confidence that l i censi ng requi rements associ ated with HCDAs can be 

met . Wh i l e  the state-of-technol ogy i n  1975 was adequate to support qual i tati ve 

arguments for the ben i gn nature of HCDAs , the current technol ogy base prov i des 

much greater confidence i n  the ab i l i ty to quant i fy HCDA energet ics  consequences 

and thus to address HCDAs i n  the perspect i ve of quant itat ive ri sk  assessment . 

For exampl e ,  i n  determi n i ng the range of consequences of HCDAs , analyses were 

performed wh ich  parametri cal ly  varied phenomeno l ogi cal ly based parameters wh i ch 

affect fuel mot i on .
45 I n  homogeneous cores wi th moderately l arge sod i um void 

coeffi c i ents , l oss-of-fl ow scenari os i nvol vi ng prompt crit i cal  excursi ons and 

resu l t i ng i n  several hundred megajoul es of work-energy i n  expansi ons to one 

atmosphere were cal cul ated . Transient overpower and l oss-of-fl ow dri ven 

overpower (LOF/TOP ) scenari os were al so cal cul ated i n  thi s parametric  fash i on , 

resul t i ng i n  s imi l ar concerns about energet ics  potent ia l . 

S i nce the time of that assessment , experimental i n formation has been obta i ned 

and i ncorporated in more soph i st i cated analyt ical tool s wh i ch now tend to 

confi rm the pos i t i on of early d i s persi on and mi n imal energet ics . I ntegral 

tests such as the TREAT l os s-of-fl ow tests L6 and L712 prov ide a data base 

for mi nimi zi ng concern about i ni t i al fuel compact ion and for pred ict ing 

d i spers i on under overpower cond i t i ons .  Such tests provided prel imi nary 

confi rmat i on of the ab i l i ty of reta i ned fi s s i on gas to provide the d i s pers i ve 

mechani sm .  Add it ional confi rmati on was provided by phenomenol ogi cal overpower 

tests in the F-series i n  TREAT. 1 3 , 14 , 15 By analyzi ng the cool ant and fue l  

mot i on react iv ity effects in  the  LOF/TOP s imul at ion in  the  L8  TREAT tests wi th 

the new PLUTO 2 modu l e of SAS4A, it has al so  been demonstrated that energet ics  

enhancement by wi th in- p i n  compact i ve fuel  mot i on was overest imated i n  
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· t . 1 46 prevl ou s parame r l C  ana yses • Suc h analyses prov i de  a rat i onal  bas i s  for 

s ubstant i a l ly  l i mi t i ng the pos i t i ve fue l mot i on feedback and suggest that the 

LOFjTOP scenari o may be  of smal l concern i n  l ow to moderate void wort h LMFBRs . 

Materi al mot i on i nformat i on i n  the tran s i ent overpower scenari o has al so been 

extended by both  i n- p i l e tests s uch  as  the TRE� s l ow TOP test , 47  and 

the out-of-p i l e  CAMEL TOP f ue l -sweepout test s . 48 "'
S uch  i nformat i o n  i s  bei ng 

used i n  t he cont i n u i ng  val i dat i on of modu l es of the SAS4A Code , a nd confi rm 

the hyd rau l i c  sweepout potent i al i n  th i s  scenari o .  

I n  addi t i on  to the advances  that have been made i n  deve l op i ng more soph i st i cated 

an alyt ica l  tool s and acq ui ri ng exper imental  i n format i o n  to val i d ate the  model s 

and s up po rt the appl i cat i on  of t hese tool s ,  an  i mproved understand i ng has  been 

ga i n ed of the rel at i ons h i p between ce rtai n LMFBR core de si gn  feat ures and the 

pred i cted behav i or of LMFBR  cores under HCDA cond i t i ons . It has l ong  been 

known that the l evel  of energet ics  pred i cted for the LOF acci dent i n  an LMFBR 

was somewh at sens i t i ve to the s i gn and mag n i tude of the overa l l sodi um vo id  

react i vi ty worth of i ts core . A scop i ng study of the response of a prel im i nary 

heterogeneous  core de s i g n  for CRBRP under HCDA cond i t i ons conducted i n  1 9 7649 

reveal ed that the potent i al for energet i c  power excurs i o ns dur i ng the i n i t i -

ati ng p hase of t he LOF acc i dent for CRBRP wi th  thi s core seemed t o  b e  marked l y  

reduced compared t o  t hat pred i cted for CRBRP wi th a homogeneou s core . It  wa s 

s ubsequent l y  determi ned that a number of c haracter i st i cs associ ated wi th  these 

heterogeneous  core de s i gn s , i ncl ud i ng t he reduced overa l l sod i um voi d  wort h  

and t h e  fact that a s i gn i fi cant port i o n  o f  t he vo id  wort h i s  t i ed u p  i n  the 

i n ternal b l a nket subassemb l i es wh ich  wou l d not experi ence voi d i ng unt i l  much 

l ater than the fue l subassemb l i es ,  contr i buted to the pred i cted reduced ener

get i cs potent i a l . Th i s  concl us i on has subsequent ly  been  re i n forced for 

CRBRP wi th i t s  current reference hete rogeneous  c ore50 and conf i rmed for 
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commerci al -s i zed LMFBR s . 51 For th i s  reaso n ,  the  reference des i gn for LOP  now 

i nc l udes a heteroge neous  core . 

I I . C . Cu rrent Status 

HCOAs are treated as acc idents  beyo nd the des i gn ba s i s  for contai nment systems 

because of the i r  ext reme ly  l ow probab l i ty of occurrence . However , HCOAs st i l l 

rece i ve a great deal of attent i on because of the i r potent i al ly severe c onse

que nces . *  For CRBRP , NRC has req ui red that the pr imary system be capab l e  of 

accommodati ng an  energeti c  HCOA , a nd that ana lys i s suppo rted by experimental  

data be perfo rmed to demonstrate thi s c apab i l i ty .  The maj or  i s sue assoc i ated 

wi th such requ i rements i s  the magni tude of energeti cs wh ich must be accommo-

dated . The rel ated Safety P rog ram obj ect i ve i s  to demonst rate that the 

l i kel i hood of l arge energet i cs i s  so l ow that the mag ni tude of energet i cs 

wh i ch must be accommodated to meet safety req ui reme nt s i s  not l arge enough to 

adversely impact the des i g n .  Fo r a CRBRP-s i zed core , t he current tec h nol ogy 

base i s  adeq uate to meet th i s  objec t i ve .  The resu l t s  o f  hypothet i c al core 

d i srupt i ve eve nt analyses for the CRBRP heterogeneous reactor core have b een  

repo rted . 50 The analyt ical  res ul ts  c over a l a rge number of  pa rametri c  cases 

i nc l ud i ng va ri at i ons i n  de s ign  parameters and phenome no l ogi cal  ass umpt i on s .  

Reacto r co re confi gurati ons at both the beg i nn i ng o f  cyc l e one and end o f  cyc l e 

fou r  we re eval uated . The energet i c  consequences we re eva l uated based upon  

both  fuel expa ns i on thermodyn ami c work potent i al and a rel at i ve probab i l i ty 

a ss i gnment . It  wa s concl uded that the struct ural l oads wh ich  res u l t  from 

*NRC ' s F i nal Envi ronme ntal Statement for the CRBRP ( NUR EG-0 1 39 , February 1977 )  
i nc l uded a d i scuss i on of  the conseq uenc es of HCOAs for that  pl ant . More 
recent l y , NRC h as st arted to i nc l ude s imi l ar i nfo rmat i on i n  LWR envi ronme ntal 
stateme nt s ( e . g . , NUREG-0 769 , August 1981 , for Enr ico  Fermi Un i t  2 ) .  It  i s  
a nt ic i pated that envi ronmental statements for l a rge LMFBRs such as LOP  and 
future commerc i al b reeders wi l l  al so addres s th i s  subject . 
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101  megaj oul es  of ava i l ab l e  expans i on work at sodi um s l u g  i mpact on the reactor 

c l os ure head ( equ i val ent to 661 megaj ou l es of fuel expans i on work to one 

atmo s phere ) , a re an adequate energet i c  con sequence envel ope for use i n  spec i 

fyi ng t he Structural Marg i n Beyond the De s i g n B ase . Anal yses and su pport i ng 

model experime nt s report ed i n  Reference 52  i nd i c ate  that the CRBRP reactor 

coo l ant boundary wou l d accommodate these structural l oads wi thout l os s  of 

i nt egr ity and wi th l i mi ted l eakage of rad i oact i ve materi al s to the reactor  

contai nme nt bu i l di ng .  

For LMFBRs l arger than CRBRP , s uch a s  LO P ,  i t  i s  bel i eved to be prudent to 

obta i n addi t i onal confi rmat i on t hat pract i c al pr imary system boundary des i gns  

provi de adeq uate ca pab i l i ty to accommodate HCDA e nerget i c s . Several factors 

combi ne to make the HCDA e nerget ics  accommodat i on prob l em a more d i ff i cu l t 

one  to treat i n  l a rge LMFBR s .  The l arger cores general ly have l arger pos i t i ve 

voi d worth s ,  mean i ng that more pos i t i ve react i v i ty i s  ava i l ab l e  for i nsert i on  

dur i ng t he voi d i ng phase of a l os s-of-fl ow acc ident .  The l a rger fue l i n ventory 

mean s that a l arger  ma ss of fuel cou l d be vapori zed and se rve as  a source of 

work-energy i n  the i mprobab l e  event that an HCDA wou l d l ead to a susta i ned 

su perprompt cri t i c al trans i e nt .  I n  addi t i o n ,  i t  i s  more d i ff i cu l t to prov i de 

a g i ve n  struct ural capab i l i ty i n  the l arger  d i ameter pr i mary ves sel s and 

ve s sel heads t he se l arge pl ant s  wou l d  have.  Programs i nvol v i ng the val i d at i on 

of current-generat i o n  acc i dent an al ys i s codes such as SAS4A , 53 TRANS IT , 2 5  

and S IMMER2 6  t hrough ana lys i s  and  the  conduct of  i n- reactor expe ri me nt s i n  

TREAT and out-of-reactor te st s i n  a vari ety of fac i l i t i es are i n  progres s  or 

soon to be impl emented . 1 9 , 24 These programs are expected to prov i d e  the 

necessary c onfi rmat i o n .  
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I I I .  Bas i s  for P roceedi ng w ith the LMFBR P l ant P rogram Whi l e  the Safety 
Program P rogresses 

I I I . A .  Summary of  Subsection  I I I  B . 3 , ERDA-1535 

I t  wa s asserted that wh i l e the knowl edge ga i ned from LMFBR safety R&D i s  not 

wi thout  gaps and uncerta i nti e s ,  conservati sm i n  des i gn , construction , and 

operation  prov i de a sati sfactory basi s for proceed i ng wi th LMFBR projects . 

The " three l evel s of  des i gn"  approach then bei ng taken by CRBRP wa s d i scussed 

as a spec i fic  exampl e of such con servati sm . 

I I I . B .  Areas of  Change S i nce ERDA-1535 Was I ssued 

Ongo i ng Safety P rogram R&D has reduced the uncerta i n ti es over LMFBR safety .  

Conti nued appl i cati on o f  the "three l evel s o f  des ign"  approach has strengthened 

confi dence  i n  the safety of CRBRP . 

I I I .  C .  Current Status 

The Safety Program has made substanti al progress toward reso l ution of  LMFBR 

safety i ssue s .  The current statu s of  these i ssues i s  g i ven i n  Sections I . C . 1  

and I I .  

The CRBR P roj ect has conti nued to take a conservative approach to des i gn , wi th 

particu l ar attent ion to appl i cation  of experi ence from other rel ated act iv i 

ti es . An exampl e  i s  the P roject ' s  program to apply experience from the des i gn , 

construction , and operation  of DOE ' s  Fast Fl ux Test Fac i l i ty ( FFTF ) at 

Richl and , Wash i ngto n .  Th i s  program ,  formal ly i n i tiated i n  1976 and sti l l 

act ive , has  r�sul ted i n  CRBRP rev i ew and analys i s  of experiences at FFTF;  

many were found to apply to CRBRP and appropriate act ion  was taken .  Benefic i al 

i nfo rmation tran sfer  has taken pl ace on subjects such as the perfo rmance of  

the P l ant Protection  System , the need to modi fy l arge sodi um check val ve 
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desi gn as the resul t of hydraul i c  testi ng , and i noperab i l i ty of sodi um l evel 

i nd i cators due to mo i sture in wi ri ng i nsul ati on . 

A second exampl e of appl i c ation of experience i s  the work of the CRBRP Key 

Systems De si gn Rev i ew Task Forces . The des ign  rev i ews addressed decay heat 

removal systems , conta i nment i sol ati on system s ,  systems to mi ti gate the 

con sequences of hypothetical core di srupti ve acci dents , the con trol room 

system , and others . Event tree and faul t tree methods were used to search 

fo r unforeseen events or i nteractions that coul d l ead to un safe condi tio n s .  

The Three Mi l e  I sl and experience wa s ful ly  consi dered .*  The rev i ews concl uded 

that the systems ate des i gned to permi t  safe operation wi th a mi n imum poss i

b i l i ty of  serious  pl ant acc i dents . However ,  a n umber of system and procedural 

change s to enhance operational safety were recommended . Several of the 

recommended changes are bei ng impl emented i n  the CRBRP desi gn , i ncl udi ng the 

rel ocation of some of the gaseous radwaste processi ng system equi pment i nto 

contai nment (ma i n ly  for pl ant operati ng staff protecti on ) , a redesi gn of the 

ma i n  control room panel to enhance the man-machi ne i n terface aspects for 

pl ant operatio n ,  i ncorporation  of emergency response fac i l i ti es i nto the 

des i gn , and procurement of a s imul ator for operator  trai n i ng .  

*The CRBRP Project ha s c l osel y fol l owed the devel opments that resul ted from 
the 1979  i nc i dent at Three Mi l e  I sl and , i ncl udi ng the fi ndi ngs of the NRC 
Lessons Learned Task Force , the Kemeny Commi ssi on , and the Rogov i n  Report . 
New regul atory requi rements emanati ng from these fi ndi ngs are contai ned i n  
NUREG-07 18 ,  Rev 1 , " L i cens i ng Requ i rements for Pendi ng Appl i cati ons for 
Construction Permi ts and Manufacturi ng L i cen se ( August 1981 ) . " Wh i l e  the 
requ i rements of NUREG-07 18 were wri tten spec i fi cal ly  for appl i cation  to 
l i ght water reactors , there are many underl y i ng engi neering pri nci pl es wh ich  
may be appl i c ab l e to the LMFBR .  Consequentl y , the CRBRP Proj ect has 
rev i ewed al l of the NUREG-07 18 requi rements to determine the requi rements 
wh ich  CRBRP shoul d con s i der .  Al l those wh ich  were found have a degree of 
appl i c ab i l i ty to LMFBR technol ogy have been appl i ed to CRBRP . 
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I V .  LMFBR Ri sk Asses sment Methods Devel opment 

I V . A . S ummary of Sub sect i on I I I  B . 4 ,  ERDA- 1535  

It  wa s stated that exp l oratory R&D  on  ri sk ass essment methodol ogy was  under

way , a i med towa rd devel opment of cred i b l e  methodo l ogy by the m i d- 1980 ' s . An 

impo rtant compan i on object i ve was to ga i n  understand i ng of the l evel  of 

confi dence  that can be p l aced i n  the res u l t s  of appl i c at i on  of th i s methodo l ogy . 

When  ava i l ab l e ,  r i sk a s ses sment methodol ogy wou l d  veri fy and q uant i fy our  

bel i ef i n  the  safety of LMFBRs ; it  may a l so enab l e  p l ant des i gn improvements 

and gu ide  R&D program se l ect i o n .  The safety approach descri bed wa s to  take 

advant age of the i n herent safety feat ures of the LMFBR , to  use conservat i ve  

des ign  pract ices , a nd to  app ly  probab i l i st i c ri sk  a s se ssment when  appropr i ate .  

I V . B .  Areas of  Change S i nce ERDA- 1 535  Wa s I s sued 

Soon after the pub l i cat i o n  of ERDA- 1 53 5 ,  a comprehens i ve ri sk  a ssessme nt was 

carr i ed out fo r CRBRP . 54* The object i ve of th i s r i sk assessme nt was l ito 

prov i de a rea l i st i c  eva l uat i o n  of the ri sk to the p ub l ic  from t he C l i nc h  R i ver 

Breeder Reactor  P l ant , to pl ace that ri sk i n  pe rs pect i ve rel at i ve to othe r 

soci etal  r i s k s ,  a nd to prov i de a bas i s  for as ssess i ng t he comparab i l i ty of  the 

ri sk from t he CRBRP wi th r i s k s  associ at ed wi th  prev i ou s ly l i cen sed reactors . "  

Th i s  st udy conc l uded CRBRP r i sks  are comparab l e  to those from l i ght water 

reactors of the then-curre nt gene rat i o n  as character i zed by the Reacto r Safety 

St udy55  a nd that the ri sk  a ssoc i ated wi th postu l ated acc i dents i n  the CRBRP 

i s  neg l i g i b l e  when  compared wi th non-nuc l ear  ri sk s to wh ich  the l ocal  pop u l a-

t i on i s  al ready exposed . Addi t i ona l  i nfo rmat i on on the CRBRP r i sk st udy i s  

*Comparab l e  as sessme nt s  have not been pe rformed for non reactor fac i l i t i e s  
of  the LMFBR f ue l  cyc l e .  
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gi ven i n  Append i x  C .  Th i s  st udy i s  bei ng revi sed to account for changes i n  

pl ant des i gn and i mprovement s i n  ri sk  assessment methodol ogy ,  a nd to address  

earl i er comment s .  Al t hough changes  in  the detai l ed res u l t s  of the ear l i er st udy 

are l i ke l y ,  t he overal l conc l u s i on on comparab i l i ty wi th l i ght  water reactors i s  

not expected to change.  It s hou l d be understood that the deta i l ed res u l ts  of a 

r i s k  a na lys i s  for an LMFBR p l ant l a rger than CRBRP are l i ke ly  to di ffer from 

those for CRBRP because of d i fferences i n  p l ant s i ze ,  des i gn ,  a nd s i t i ng .  

The rol e of prob ab i l i st i c ri s k  a s se s sment has  been en l arged s i nce the CRBRP 

Safety Study was compl eted in that it  i s  now used as an a i d  in the des i gn 

of LMFBRs . A r i s k  al l ocat i on mode 1 56  has  been  devel oped wh i ch al l ows a 

compar i so n  of des i g n  al ternat i ve s  i n  terms of reduct ion  i n  ri sk  and cost of 

i mpl eme ntat i on .  Th i s  model has been  used to date pr i mari ly  to exam i ne safety 

des i g n  tradeoffs concern i n g  preve nt i on and m i t i g at i o n  of acc i dent s  wh i ch i nvo l ve 

severe co re damage .  The appl i cat i on of thi s model  to the LOP i n  the CDS phase 

provi ded the ba s i s for determi nat i o n  of safety- rel ated re l i ab i l i ty goal s and the 

screen i ng of ava i l ab l e  sa fety a l ternat i ve s .  The compar i son  o f  des i g n  opt i ons 

i nd i cat ed that acci dent prevent i o n  feat ures are general ly  more cost-effect i ve 

than acc ident mi t i gat i o n  features . It wa s determ i ned that the most s i gn i fi cant 

des i g n- rel ated contri buto r to ri s k  reduct i o n  i s  enhancement of t he reactor 

sh utdown system and s hutdown heat removal  system rel i ab i l i t i e s .  Mi t i gat i o n 

fe at ures requ i red to mi n im i ze total energy ge nerati on  costs and sat i sfy safety 

object i ve s  were i dent i f i ed as a core de s i g n  wi th a l ow proba b i l i ty of h i gh 

energet i cs and a strong contai nment bu i l d i ng .  A contai nme nt vent/f i l ter scheme 

al so  appeared de s i rab l e .  The st udy devel oped the rel i ab i l i ty goal s of 1 x 10- 5  

and 3 x 1 0-5  mean fa i l u res per year for t h e  L O P  reactor sh utdown and sh utdown 

heat removal systems to obta i n  a total val ue of 4 x 10-5  severe core damage 
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events per reactor year.  Th i s  tota l val ue s at i sfi ed the r i sk a l l ocati on res u l t s  

wh ich  i nd i cated that t he mean frequency of  severe core damage events shou l d be 

-4 l i mi ted to no hi gher tha n about 1 x 1 0  event s  per reactor year to protect 

the pl ant i nvestme nt . 

I V .  C .  Current Status  

A l arge breeder reactor ri sk model wa s devel oped i n  FY 1980 and has  been 

i mproved s i nce  that t ime . The current status of th i s r i sk model and approac h 

i s  desc ri bed i n  Reference 5 7 .  The s i ng l e  pl ant ri sk  model prov i des a sound 

r i s k eval uat ion  capab i l i ty for appl i c at i on to l arge LMFBR p l ant s .  It  prov i des 

for the qua nt i fi c at i o n  of i np ut data uncerta i nt i es as  probab i l i ty dens i ty 

funct i ons for both i n i t i at i ng event frequenc i es and safety system fa i l ure 

freq ue nc i es . The i np ut uncertai nt i e s  are propagated by the  mode l to the ri sk  

est imate outputs  to prov i de a meas ure of  output uncertai nty . Further improve-

ment of cred i b l e  ri sk  a ssessment methods req ui re s  a reduct i o n  of uncertai nty 

i n  ri sk a nalys i s  i n put data . The i ntegrated tes t programs for LMFBR s afety 

systems ( R SS and SHRS )  a nd t he LMFBR data ba se  devel opment act i v i t ie s  ( CREDO 

and SACRO ) *  wi l l  contr i b ute  to the reduct i o n  of these uncert a i nt i es .  

*CRE0058 ( Central i zed RE l i ab i l i ty Data Organ i zat i o n )  wa s estab l i s hed by DOE 
at Oak R idge Nat i onal-caboratory as a nat i onal center for the  col l ect i on ,  
eval uat i o n ,  a nd d i ssemi nat i on of rel i ab i l i ty/ava i l ab i l i ty data on ad vanced 
reactors . The system operates by fi rst col l ect i n g  and stor i n g  comprehens i ve 
engi neeri ng ( d es i gn and operat i o nal ) data on reactor component s  and then 
track i ng t he performa nce ( opera t i ng hours/cyc l es ,  fa i l ures , ma i ntenance 
al ong wi th  ot her pa rameters ) of the compone nts  thoughout the i r  l i fet i me .  A 
ve rsat i l e computeri zed system makes i t  pos s i b l e  to search the stored records , 
ext ract and comp i l e  d i fferent types of data , a nd prepare vari ed output 
report s to serve users . 

SACR0 59  ( Safety An lys i s  Computer i zed Reactor Data ) i s  a data ba se of materi al 
prope rt i es and other handbook data needed i n  computer codes used for fa st 
reacto r safety stud i es .  Data are ava i l ab l e  i n  the t hermodynam i c s , h eat 
tran sfer ,  fl u i d  mech an i cs , structural mech an i c s , a erosol tran sport , meteorol ogy , 
neutron i c s , a nd dos imetry area s .  Tabu l ar ,  g raph i cal , a nd parameteri zed data 
are prov i ded . 
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( 2 )  Safeguards 

I ntroducti on 

H i stori cal l y ,  the Mun ich i nc i dent of 1972 marked the start of a peri od of 

i nc reas i ng concern wi th the external adversary , parti cu l a rly the terrori st ,  

that woul d threaten or assaul t i nsti tuti ons of soci ety .  I t  was cl ear that 

at l east some terrori st groups were and are suffi c i ently wel l tra i ned , wel l 

f i nanced,  and wel l organi zed to engage i n  a l i mi ted number of sophi sti cated 

parami l i tary operati ons .  Thus over the l ast 6 years the devel opment of 

safeguards and securi ty systems to deter , prevent , and respond to such threats 

has been a majo r, al though certai nly not excl us ive , focus of research and 

devel opment. A vari ety of other adversari es wi th vary i ng objecti ves and 

capab i l i ti es have al so been i denti fied .  Devel opment of  sensors , hardeni ng of 

si tes , and effecti ve tra i ni ng of guards , have al l been part of th i s  response 

to the threat of armed as saul t. 

However, i t  i s  important to put these concerns  i n  perspecti ve .  Whi l e  a recent 

stu dy1 found acti on s aga i nst  nuc l ear fac i l i ti es have occurred, mostly duri ng 

the l as t  10 yea rs ,  these have been rel ati vely l ow l evel acts . 2 , 3 Even the 

more vi ol ent acts i n  E u rope , such as bombi ngs i n  Spai n , have occu rred at 

reactors i n  constructi on .  Thus , i t  i s  important  not to exaggerate thei r 

s i gni fi cance . There i s  an important  di fference between l ow  l evel acti ons and 

those desi gned to produce vast casual ties through sabotage or  uti l i zati on of 

spec i al nucl ear materi al ( SNM ) . The l atter wou l d be an escal ati on fraught 

w i th grave impl i cati ons .  It  shoul d be observed that pol i ti cal terrori sts 

general ly have not engaged i n  mass  destructi on .  
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A few addi ti onal , i n i ti al overal l po i nts need to be made : 

o No attempts to quanti fy ri sk were made . Al though acts wi th seri ous  
consequences can be i denti fied ,  the vul nerab i l i ty techn i ques and 
threat characteri zati on anal yses do not l end themsel ves to accurate 
probab i l i st ic  estimates of success or  fa i l ure needed for a quanti fi ed 
soci etal r i s k  proj ecti o n ;  i . e . , 

Ri sk = Threat ( probab i l i ty of occurrence)  x vul nerab i l i ty 
( probab i l i ty of success )  x consequences 

Attempts at quanti fyi ng i ntentional acts in terms that coul d be used 
for compari son wi th other soci etal ri sks wou l d  be mi sl eadi ng rather 
than fru i  tful • 

o The di scussi o n  of  consequences and vul nerab i l i ties  i s  general . Spec i fi c  
vul nerab i l i ty or  con sequence eval uati ons  are i n  many case s c l ass i fied 
and th us cannot be di scu ssed i n  deta i l  i n  a pub l i c  document of th i s  
type . 

o The di scu ssi on  presents the state of the art i n  sa feguards and secur i ty 
technol ogy and approaches .  I ts purpose i s  to prov i de to a dec i si on
maker a cl ear p icture of the appl i cabl e safeguards technol ogy and 
approache s ,  i l l u strati ng that suffic ient rel i ab l e  safeguards-rel ated 
i n fo rmation rel evant to a DOE dec i s ion on the acceptab i l i ty of the 
LMFBR fo r future commerc i al u se i s  ava i l abl e .  

Wi th th i s  b ri ef ove rv i ew ,  the rema i n i ng di scu s s i on descr i bes the type of 

technol ogy and anal ytical methods appl i cabl e to the LMFBR that have been 

devel oped over the l ast 6 years ( s i nce ERDA-1 535 wa s i ssued) . 

Forward 

A primary mi ss ion  of the DOE safeguards program i s  to prov i de overal l support 

i n  terms of devel opment and de si gn of components and systems that can be 

effectively uti l i zed to safeguard DOE fuel cycl e fac i l i ti es and tran sport .  

However ,  to apply the technol ogi es and methodol og ies wh ich  evol ve from the 

safeguards devel opment program requi res fi rm i nformati on on the characteri sti cs  

of future fuel cyc l e  fac i l i ties ,  i n  parti cul ar the reacto r pl ants a nd  the fuel 

fab ri cati on and reprocess i ng fac i l i ti es .  G i ven th i s  ki nd of i nformati on , 

feasi b l e sa feguards systems can be desi gned , the i r  effecti venes s can be 
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eval uated , and a management dec i s i on can be made wi th respect to the acceptab i l i ty 

of the systems . 

Safeguards devel opment i ncl udes cons i deration  of measures wh ich  can be taken 

to m i n im ize or reduce the harmful consequences of postul ated successful 

adversary actions  aga i n st a fuel cycl e .  Section I I I  C of ERDA-1 535 di scusses 

a number of such measures , and i nd icates an approach to determi n i ng the i r  

effectiveness i n  reduc i ng overal l r i sks . 

Exi sti ng safeguards capab i l i ti e s  presentl y  provi de the basi s to devel op 

a system to m i n im i ze the effecti veness  of adversary acti ons .  However ,  i t  

i s  anti c i pated that the R&D program wi l l  conti nue to generate safeguards 

sys tems and components adaptati ons in support of the devel opi ng LMFBR requi re

ments . These changes woul d improve cost effecti veness and further reduce 

the pos si b i l i ty of adversary actions assoc i ated wi th such con s i derati ons  as  

chang i ng threat pattern s and advanc i ng technol og i es . 

Section  7 . 4 . 8 . 1 . 3 of the PFES described the future safeguards program i n  

terms of a number of general i nterrel ated acti vi ti es  performed by the research 

and devel opment and regul atory arms of the AEC ( now DOE and NRC ) . Si nce then , 

ongo i ng impl ementation , devel opment and pl anni ng activ i ties  have resul ted i n  

an improved and more spec i fi c  descri ption  o f  the DOE safeguards program , wh ich  

fol l ows . For  compl eteness ,  general i nformati on on NRC safeguards acti v i ti e s  

i s  al so provi ded , s i nce  safeguards comparab i l i ty between DOE a n d  NRC i s  one of 

our majo r  objecti ves .  
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The DOE safeguards program i ncl udes the devel opment of capab i l i ty to make 

improved threat predi cti ons and system effecti veness eval uati ons , and the 

des i gn and demonstrati on of bal anced, fl exi bl e safeguards components and 

systems and operati ons for appl i cati on to futu re fuel cycl es .  

Before descri bi ng the safeguards program for the LMFBR fuel cycl e , i t  shoul d 

be stated that the DOE safeguards program rel ates to al l nucl ear fuel cycl es .  

I n  general , the pol i ci es and techni ques devel oped to protect nucl ear materi al 

i n  one faci l i ty or shi pment are appl i cabl e i n  a generi c sense to protecti on 

of the same k i nd of nucl ear materi al s i n  other faci l i ti es or shi pments . 

P hys i cal protecti on systems , whether for a l i gh t  water reactor or an LMFBR 

fuel fabri cati on  faci l i ty , empl oy technol ogy based on the same pri nci pl es of 

defense- i n-depth , al though the parti cul ar mi x of el ements wi l l  depend on the 

spec if i c  type of fac i l i ty and i ts l ocati on .  For exampl e ,  i n  such fac i l i ti es 

a s  reactors where speci al nucl ear materi al ( SNM ) *  i s  contai ned i n  l arge , 

heavy subassembl i es ( fuel el ements ) , and ei ther pos i ti oned i n  the operati ng 

reactor core or sto red u nder mol ten sodi um, the ri sk of di vers i on i s  l ess 

than i n  other faci l i ti es where materi al i s  bei ng processed for the fabri cati on 

of fuel el ements . Accordi ngly , a basel i ne of experi ence and capabi l i ti es has 

a l ready been devel oped whi ch is appl i cabl e to the LMFBR .  

Suppl emental I nformati on on  the Future Safeguards P rogram 

The fol l owi ng secti on s are rel ated to the subtopi cs as presented i n  PFES 

Secti on 7 . 4 . 8 . 1 . 3 , pages 7 . 4-61  through -64 .  

*Spec i al nucl ear materi al means ( 1 ) pl uton i um, urani um-233 , uran i um enriched 
i n  the i sotope-233 or i n  the i sotope-235 , or ( 2 ) any materi al arti fi ci al ly 
enri ched . 
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( a )  Improvement of Threat Defi n i ti on 

A safeguards system i s  desi gned to successfu l l y  counter a set of defi ned 

threats . Consequentl y ,  threat anal ysi s must be based on an understandi ng 

of the properti es  of n uc l ear materi al s wh ich  an adversary mi ght seek to 

expl oi t ,  and i nferences a s  to the moti vati on and characteri sti cs  of possi b l e 

adversaries drawn from adversary acti vi ti es i n  other fie l ds . 

Studi es compl eted or currentl y underway i nvol ve i denti fyi ng the moti vati ons , 

resources , and other attr ibutes of potenti al adversari es ; 4 i denti fyi ng the 

range of credi b l e  threats ; 1 and consi deri ng the types of acti ons  a partic

ul ar adversary mi ght choose agai nst a nuc l ear target . 5 These and rel ated 

studi es are desi gned to prov i de i nformati on regardi ng the range of threats 

and adversary behav ior  wh ich  mi ght be encoun tered . Studi es prov i de a basi s 

for understandi ng the range of threats wh ich  present or future safeguards 

systems shoul d be desi gned to counter . Experi ence i nd icates that the 

threat i s  dynamic  and wi l l  evol ve and change wi th time--requi ri n g  systemati c 

revi ew .  

( b ) Improvement of Safeguards System Des i gn and Eval uati on Capabi l i ty 

Safeguards system desi gn i s  an i terati ve process  wh ich  i ncl udes : a ssessment 

of threats , a ssessment  of  the capab i l i ty of exi sti ng safeguards to effect ivel y 

counter the threats , and improvement of the system to remedy exi sti ng or 

anti c i pated weaknesses .  
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The methodol ogy for estimati ng the pub l i c  and occupati onal heal th consequences 

of events of concern i s  wel l defi ned , primari l y  as  the resu l t of extens i ve DOE 

and NRC ( formerl y AEC ) experi ence in nuc l ear safety des ign and acc i dent and 

weapons effects eval uati on . Thus , work i n  th i s  area cons i sts of appl i cati on 

of ex i st i ng analytical techn i ques to spec i fi c  i nstances . 6 , 7 ,8 , 9 , 10 

Wi th respect to methodol ogy for eval uati ng the vul nerab i l i ties  of safeguards 

systems , several anal ytical methods have been devel oped for thi s purpose . 

The se i ncl ude :  d i vers i on path analys i s ,  devel oped under contract wi th the 

Nati onal Bureau of Standards ; "b l ack hat" techn i que s ,  devel oped by Sand ia  

Laboratory to eval uate protection systems for weapons materi al s ;  and 

computer-a i ded systems to eval uate faci l i ty protection  pl an s ,  devel oped at 

the Lawrence L i vermore , Sand i a  ( ASM , SVAP , SAFE , SNAP , FESEM , I SFM ) and 

Brookhaven Nati onal Laboratori es . 1 1 , 1 2 These efforts are d i rected toward 

i denti fyi ng as exhausti vel y as possi bl e the range of vul nerab i l i ti e s  of 

a safeguards and secur i ty system . Some focus  on the i n s i der ,  others the 

outsi der ,  and others can be used for a vari ety of adversary probl ems . 

The anal ytical methods menti oned above have been appl i ed to determi ne the 

strengths and weaknesses of ex i sti ng safeguards systems at spec i fi c  DOE 

fac i l i ti es .  The appl i cati on of these analytical methods themsel ves i s  

bei ng con ti nual ly  refi ned and improved . 

( c )  Appl i cati on of  R&D to the LMFBR Fuel Cycl e 

As shown i n  F igure 3 ,  the LMFBR fuel cycl e conta ins  a number of el ements : 

fuel prepa rati on  and fabri cati o n ;  the reactor ;  reprocess i ng ;  pl utoni um 

storage ; wa ste storage ; and associ ated tran sportati on . Each component of the 

cyc l e  creates spec i fi c  demands for safeguard capab i l i ti e s .  However ,  certa i n  
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aspects of ( a )  phys ical  protecti on ( i nc l u di ng guard forces ) ;  ( b ) personnel 

access/mon i tori ng;  and ( c )  materi al s accountab i l i ty and control technol ogies 

have general appl i cati on  to al l fuel cycl e el ements . 

General Safeguards Appl i cabl e to LMFBR 

Physi cal P rotecti on ( i ncl u di ng guard forces )  

Over the l ast 6 years , there has been a concerted effort to imp rove the 

performance of phys ical  protecti on components , such as barri ers , i nteri or and 

exteri or i ntrusi on sen sors , cl osed c i rcu i t  tel evi si on ( CCTV ) for surve i l l ance 

and assessment ,  personnel i denti fi ers , and automati c protecti ve mechan i sms and 

guard force performance . Al l of  these devel opments are des i gned to l imi t the 

effecti veness of adversary acti ons , parti cu l arly  external assaul ts . 

A n umber of sen sors , such as mi crowave , ul trason i c ,  and bu ried cab l e  moti on 

detectors , have been tes ted and proven effecti ve at i denti fy i ng i ntrus i ons 

wh i l e  produci ng  l ow  fal se al arm rates . Effecti ve systems of sensors for 

surve i l l ance and eval u ation  of an i nc i dent ( a ssessment) have al so  been 

devel oped, as opposed to 6 years ago .  

Combi nati ons o f  these technol ogi es have been used a t  vari ous commerc i al and 

government faci l i ti es ,  such as at Pantex at Amari l l o , Texas and at the FFTF 

at Hanford ,  Wash i ngton . Protecti on agai nst forceful i ntrusi on by veh i cl es , 

such as emba nkments and rei nforced fenci ng ,  has been improved and tested. 

Demonstrati ons of a vari ety of barri ers , sensors , and au tomati c protective 

mechani sms have been conducted at Sandi a ' s test l aboratory and vari ous DOE 

s i tes .  Thus ,  an extens i ve data base presently exi sts and is  ava i l abl e for 
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des i gn , i nstal l ati on , operation , and ma i ntenance of effective , i n- depth , 

phys ical protection  sys tems i n  support of the LMFBR P rogram . 13 , 1 4 , 1 5 , 1 6 , 1 7 

I n  addi ti on ,  technol ogy to improve the performance of guard forces dur ing  an 

i n c i dent has been impl emented and uti l i zed extens i vel y i n  trai n i ng wi th i n  

the DOE system . A soph i sticated system for s imul ati ng actual combat , i n i ti al ly  

devel oped by the m i l i tary and  cal l ed the Mul ti pl e I n tegrated Laser Engagement 

Sys tem ( MI LES ) , i s  ava i l abl e for use . 

Other  devel opments that can improve guard response and performance are the use 

of tec hnol ogi es to improve central commun icati on  and i n c i dent eval uation . I n  

particul ar ,  a Sand i a  system to al l ow a central guard commun i cati on  station  to 

more effectivel y eval uate an i n c i dent , cal l ed Experimental Computer ized Al arm 

D i spl ay System ( ECADS ) ,  i s  being devel oped as  a des ign  tool . The focus of the 

system des ign  i s  to account  for the probl ems of man-mach i ne  i n teraction . Th i s  

was one o f  the prob l ems i denti fi ed a s  contribut i ng to confus ion  dur i ng the 

emergency at Three Mi l e  I sl and ( TM I ) ,  i . e . , the organ i zati on  and p hysical 

des i gn of the control panel s .  The ECADS system i s  an attempt to " human 

eng i neer" thi s i nterface to mi n im ize those type s of probl ems dur i ng a 

threaten i ng safeguards i nc i dent. 

Tran sportati on  of nucl ear mater i al s has been con s i dered an area of c ri ti cal 

concern , because of percei ved vul nerab i l i ty .  When pl utoni um i s  tran spo rted , a 

variety of protective techn i ques can be used . DOE now has  substanti al experi

ence wi th i ts Safe Secure Tran sportation  ( SST) system . Th i s  i ncl udes veh i cl es  

wi th immob i l i zation  dev i ces , hardened driver cab s ,  and penetrati on  res i stance 

features i n  the tra i l er where pl utoni um i s  stored . I n  addi ti o n ,  DOE has 

accumul ated several years of experience in uti l i zi ng technol ogi es for 
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effective emergency commun icati on ,  and the u se of mob i l e guard forces .  Thu s ,  

technol ogy a nd  operational approaches to secure pl uton i um i n  tran si t are 

ava i l ab l e and currentl y  being  empl oyed i n  the fi el d .  

Fi nal l y ,  LMFBR s pent fuel and h i gh l evel wa ste shoul d not present any d i fferent 

prob l ems than l i ght water reactor ( LWR)  spent fuel and h i gh  l evel wa ste . Theft 

i s  not con s i dered a common threat .  Experimental stud ies18 of the seri ousness of 

sabotage wi l l  be compl eted by FY 1983 . Capab i l i ti es to protect spent fuel and 

h i g h  l evel waste shoul d be l es s  demandi ng than tho se al ready i n  pl ace for the 

protection of pl utoni um i n  tran s i t .  

Personnel Access/Mon i tori ng 

Another focu s of concern i s  the control of access i n to sensi ti ve parts of 

LMFBR fac i l i ti e s .  Reactors , reprocessi ng pl ants , pl utoni um storage fac i l i 

t ies ,  and fuel preparation  and fabri cati on fac i l i ties  al l have sensi tive areas 

wh i ch mu st be protected from sabotage or SNM l osse s .  I t  i s  necessary to 

assure : ( 1 ) that onl y those who have a need to have access can enter these 

areas , ( 2 )  that contraband ( such as expl os i ves or weapons ) cannot be b rought 

i nto the area , nor SNM taken out ,  and ( 3 )  f i nal ly that tho se that have access 

can be mon i tored to detect and hel p prevent a hosti l e or  mal evol ent act from 

occurri ng .  

Wi th regard to the control o f  access not only wi l l  the present badge o r  card 

key i denti fication  systems be  ava i l ab l e  but technol og i es that woul d i nc l ude 

more sens i ti ve i nd i cators of i dent i ty such as  hand geometry ( physi cal d imen sion  

of the hand ) have been tested . These technol og i es wou l d  be ava i l abl e for 

appl i c ati on i n  the future.  To prevent the removal of nucl ear materi al from a 

fac i l i ty ,  or  the i n troduc tion of contraband , personnel portal mon i tors have 
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been deve l oped and are now commerci al ly ava i l abl e ( i n  contrast to 6 years ago )  

whi ch can detect gram quanti ti es  o f  pl u ton i um ( unshi el ded) , a s  wel l  as  metal l i c 

obj ects . Sensi ti ve i nstruments have al so been devel oped to search for nuc l ear  

materi al s i n  veh i cl es and other h i d i n g  pl aces . Commerc i al exp l osi ves  detectors 

are avai l abl e and R&D i s  underway to further i ncrease the detecti on sensi ti vi ty 

of such devi ces . 

F i nal ly , moti on detectors that can moni tor movements , particul arly unusual 

ones , wi th i n ,  or  i nto or out of , sensi ti ve areas have been demonstrated. 

CCTV survei l l ance and assessment can al so  be u sed,  i n  contrast to 6 years 

ago , and the two man ru l e  ( no s i ngl e i ndivi dual al l owed i n  a sen s i tive  area) 

can be impl emented � assure i ncreased protecti on agai nst an " i nsi der" 

adversary .  

To deal wi th potenti al " i ns i der" sabotage i nvol vi ng mani pul ati on of equ i pment 

or operati onal control s ,  tamper- i ndi cati ng dev ices and time del ays on cri ti cal 

components such as  sw i tches can be devel oped and imp l emented wi th exi sti ng 

tech nol ogy .  An al arm s i gnal and overri de control i n  a central l ocati on coul d 

be part of an effecti ve system . 

A vari ety of des i gn tool s to mi nimi ze such probl ems have been devel oped over 

the l ast  6 years at Sandi a Nati onal Laboratory .  These techni ques or tech

nol ogi es can prevent an i ndi vi dual hav i ng access to materi al s and faci l i ti es 

from engagi ng i n  crimi nal acts , mak i ng i t  exceedi ngly di ffi cul t and thu s  

undesi rabl e to attempt the theft of pl u ton i um o r  engage i n  acts o f  sabotage. 

Thu s ,  the l i kel i hood of a successful mal evol ent act i s  smal l ,  al though not 

zero .  
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Materi al s Accountab i l i ty and Control 

Another important component of the overal l safeguard system for the LMFBR wi l l  

be accoun ti ng for pl uton i um mov i ng throughout the system. The c ri tical po i nts 

of potenti al accessi b i l i ty a re i n  fuel fabrication , pl uton i um storage , and 

spent fue l reprocessi ng .  

Wi th rega rd to fuel fabr ication , a vari ety o f  automated destructive and 

nondestructive i nstruments for assay of uran i um and pl utoni um have been 

i nstal l ed and s uccessful l y  tested . Data from the i nstruments can be fed 

i n to a computer-based accountab i l i ty system . Several commerc i al and DOE 

fac i l i ti e s  have s imi l ar  systems in operati o n .  The Los Al amos pl uton i um 

processi ng fac i l i ty ( TA-5 5 )  conta i n s  an automatic computeri zed measurement 

system desi gned to detect immedi ately smal l d i vers ions  from the process 

l i ne s . 19 , 20 , 2 1 , 22  Othe r  systems are desi gned or i n  operation . By use 

of these automated dev i ces , d i rect personnel access can be reduced or  

el im i na ted . 

Systems are being devel oped for operation  of pl uton i um storage vaul ts wi th 

i ncreased secur i ty and to fac i l i tate the performance of i nventori es wh ich  wi l l  

rap i d ly  detect material di screpanci es .  These have been demonstrated at the 

Rockwel l I nternati onal P l utoni um Storage Fac i l i ty i n  Hanfo rd ,  Wa sh i ngto n ,  and 

at Sandi a and LANL ( Los  Al amos Nati onal Laboratory ) . 

For reprocessi ng pl ants , mater ial accounti ng procedures for separated pl utoni um 

are wel l devel oped . On- l i ne non-destructive anal ys i s ( NDA ) techni ques are 

bei ng devel oped to give near real time analyses that are comparabl e i n  prec i 

s i on  and accuracy to more time consum i ng wet chemi stry methods . Simi l ar 
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techn i ques wi l l  be used for the storage and accoun ti ng of Pu02 i n  process 

l i nes . 

The generic  type studi es , appl i cati ons and demonstrations menti oned above , 

together wi th other sa feguards measures i n  pl ace and under eval uati on  at 

DOE fac i l i ti es ,  wi l l  prov i de an i ncreasi ngly extens i ve i nventory of technol ogy 

wh ich  can be drawn upon to desi gn safeguards systems for appl i cati on to a 

future commerci al LMFBR i ndustry . Add iti onal deta i l s are gi ven i n  Tabl e 5 

( a  rev i sed vers ion  of Tabl e I I I  C-1 i n  ERDA-1 535 ) . 

Demonstrati on  of reprocessi ng pl ant advanced safeguards systems wi l l  i n i ti al l y  

be impl emented i n  a breeder head end reprocessi ng fac i l i ty ,  coupl ed wi th an 

LWR safeguards demonstratio n .  I n  a j o i nt effort , Al l i ed General Nucl ear 

Serv i ces ( AGNS ) and the Oak Ri dge Nati onal Laboratory have been col d testi ng 

safeguards i nstrumentati on  and procedures at the Barnwel l Nucl ear Fuel P l ant 

( BNFP ) . 

Spec i fi c  Aspects of LMFBR Safeguards 

The above three ma i n  categori es of safeguards , i . e . , Phys ical P rotection 

( i ncl udi ng guard forces ) ; Personnel Access/Moni tori ng ;  and Materi al s Account

ab i l i ty and Control , are appl i cabl e i n  varyi ng degrees to the fol l owi ng 

el ements of the LMFBR fuel cycl e .  The general safeguards d i scu ssed address 

most  needs of these fuel cycl e activ i ti e s .  Some safeguards aspects of 

spec i fi c  LMFBR fac i l i ti es and functions  are summari zed in the fol l owi ng 

paragraphs . 
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Tabl e 5 

DOE SAFEGUARDS P ROGRAM FOR LMFBR--ACT I V ITI ES AND MILESTONES 

( a )  Threat Defi n i tion  
Cy 

( b )  

( c )  

o eval uate crimi nal adversary capab i l i ti es 
o eval uate adversary moti vations  and i ntentions  
o match adversaries to generic nucl ear crimi nal acti ons  
o conti nui ng revi ew 

System Desi gn and Eval uation  Capab i l i ty 1 9 o des i gn near-real time material accounti ng systeT1 for TA-55 
o devel op comprehens i ve system eval uation  program 
o estab l i sh operai�o�1 o�2n�jr�4eal time material  accoun ti ng 

system at TA-55 ' , 
, , 

o compl ete i ntegrated system des i gn for TA_5525 , 26 , 27 
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Reactors 

The Hanford Engi neeri ng Devel opment Laboratory ,  wh ich  i ncl udes the Fast Fl ux 

Test Fac i l i ty ,  i n i ti ated a construction  l i ne i tem for safeguards improvements 

in FY 1979 wh ich i s  to be compl eted in FY 1982 . The improvements i ncl ude 

construct ion  of  new fences ,  el ectronical ly-moni tored fence al arms , l i ghti ng , 

add i ti onal guard stations , personnel mon i tori ng , c l osed- c i rcu i t  tel ev i s ion  

mon i tori ng , door al arms , and  an  emergency control center . 

At the Test Reactor Area ( TRA ) at the I daho Nati onal Engi neeri ng Laboratory ,  

con struction  of a nuc l ear materi al i nspection  and storage faci l i ty was 

compl eted i n  1981 i n  order to prov i de upgraded safeguards capab i l i ty for 

nucl ear material storage , accountab i l i ty a ssay ,  measurements , and qual i ty 

as surance functio n s .  I n  addi ti on , guard fac i l i ti es protecti ng the TRA 

were hardened . 

At Argonne Nati onal Laboratory ( AN L ) -East and ANL-We st , an overal l upgrade 

project was compl eted i n  1981 that i ncl uded addi ti on  of nondestructive 

as say equi pment , i n stal l ati on of area i ntrus ion  detection systems , fenc i ng ,  

al arms,  l i ghti ng , access control systems ,  and con structi on o f  a securi ty 

bui l d i n g .  

The safeguards aspects of the Cl i nch Ri ver Breeder Reactor P l ant ( CRBR )  

are i n  accord wi th appl i cab l e regul ations  for nucl ear power pl ants ; i . e . , 

10 CFR 73 , Parts 1 and 5 5 .  
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I 

/ 
As di rected by the regu l ati on s ,  the CRB R  p l ant area i s  apporti oned i nto the 

requi si te owner control l ed ,  protected , and vi tal areas defi ned as fol l ows : 

1 . An owner-control l ed area wh ich  i s  the area contiguous  to the protected 

area wi th l imi ted control for securi ty purposes .  The perimeter of  th i s  

area shal l be marked by s igns  or other mean s to ensure that persons 

enteri ng the area are aware that they are on pri vate property . EXi sti ng 

roads wi l l  fac i l i tate l ocating and removi ng persons from thi s area . 

2 .  A protected area wh ich  i s  an area wi thi n the control l ed area . Th i s  

area shal l be encl osed by a secur i ty barri er through wh ich  access  shal l be 

strictly control l ed .  An i sol ati on zone shal l be mai ntai ned on both s i des  

of the barrier wi th suffi c i en t  i l l umi nation  for mon i tori ng and observati on 

at n i ght .  Empl oyee and vi si tor parki ng areas shal l be l ocated outs i de the 

outer i sol ati on zone . 

3 .  V i tal areas ( a s defi ned by ANSI  N1B . 1 7 )  wh ich  shal l be l ocated wi th i n  the 

protected area s ,  and shal l be protected by bu i l d i ng wal l s ,  roofs and 

fl oors , wh ich  con sti tute a second physi cal barr ier .  V i tal equ i pment and 

fac i l i ti es shal l be i sol ated from non-v i tal equ i pment and fac i l i ti es to 

the max imum extent practical . The second physical barrier  encl osi ng v i tal 

equ i pment shal l be capabl e of deterring i ntrus i on by unauthori zed persons 

and s hal l prov i de rea sonabl e res i stance to penetrat ion .  

Secur i ty measures i ncorporated i nc l ude , a s  a m i n imum , a perimeter phys ical 

secur i ty barri er encl os i ng the protected area and al l v i tal area s ,  

i ntru s i on-detection  systems , c l osed-c i rcui t tel evi si on systems , l i ghti ng 

systems adequate for effecti ve surve i l l ance , patrol roads , bui l d i ngs  

des i gned to res i st forced entry and fi re bomb i ng ,  and a card-key system 
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for access control to certai n sens i ti ve and vi tal  areas o� the pl ant.  

Guard forces tra i ned  to meet the requi rements of 10 CFR 73 , Appendi x B ,  

are i ntegrated i n to the system. I t  i s  anti ci pated that the safeguards 

features of the Large Devel opment P l ant ( LOP ) wi l l  be general ly s imi l ar 

to those of the CRBR . 

Reprocessi ng P l ants 

An LMFBR fuel reprocessi ng p l ant wi l l  reprocess and recycl e fuel for several 

reactors and wi l l  handl e rel ati vely l arge amou nts of pl u ton i um.  Safegu ards 

measu res whi ch wi l l  be needed for LMFBR fuel reprocessi ng wi l l  i ncl ude physi cal 

protecti on sys tems , wh i ch are simi l ar to those i n  u se and pl anned for other 

nucl ear faci l i ti es ,  and materi al control and accounti ng  measures whi ch rely  

l argely on  technol ogy wel l -demonstrated in  past rep rocessi ng operati ons . 

These wi l l  be suppl emented by the l atest measurement and control technol ogy 

and advanced safeguards concepts , wh i ch are now under devel opment. 

One pl ace where these systems have been devel oped i s  the Barnwel l Nucl ear 

Fuel P l ant ( BNFP ) . A pl ant reprocess i ng  Fast Breeder Reactor ( FBR )  fuel wi l l  

d i ffer only i n  some deta i l s from those req ui red at an LWR fuel rep rocess i n g  

p l ant. BNFP provi des a base of experi ence i n  materi al control , accounti ng ,  

and phys i cal protecti on systems devel oped duri ng  the past  6 years i ncl u di ng 

near-real -time accounti ng ,  voi ce 10 check , al l -arou nd tel evi si on survei l l ance ,  

remote moni tori ng o f  al l access to separated Pu-n i trate product and el aborate 

physi cal protecti on capab i l i ty . 31 , 32 , 33 , 34 

The vari ety of phy s i ca l  and chemi cal forms of fuel , and the vari ous process 

vessel s and fl ow paths i n  a rep rocessi ng p l ant requ i re the use of several 

un i que safeguards measures . However ,  the economi c i ncenti ves for h i gh  
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operati ng effic1tnCy i n  LMFBR reprocessi ng pl ants wi l l  cause extens i ve use 

of process i n strumentation , and that same i n strumentati on  wi l l  prov i de 

val uabl e i nfo rmation for safeguards measurements and control . 

Therefo re , standard process mon itori ng and control data wi l l  be ava i l abl e to 

prov i de expanded safeguards protection of nucl ear fuel cycl e fac i l i ti es .  The 

methodol ogy i denti fi es process events by recogn i zi ng s i gn i fi cant patterns of 

changes i n  on- l i ne measurements . The goal i s  to provi de i n fo rmation  on 

process status useful to other fac i l i ty safeguards operati ons . U se of such  

i nformation  to suppl ement safeguards has  been demonstrated at  the BNFP , and 

the feas i b i l i ty of  the concept wa s establ i shed . The process mon i tori ng 

concept i s  bei ng expanded and further demonstrati ons are pl anned . 

Penetration  mon i tori ng i s  a materi al con trol strategy that i nvol ves 

moni tori ng penetrati ons of contai nment boundari es to detect anomal ous move

ments of materi al through the boundari es .  The concept has  been extens i vel y 

devel oped and documented , and one deta i l ed study was done for a conceptual 

pl ant desi gn . 35 

Each of the safeguards measures wh ich  can be used i n  reprocess ing  pl ants 

i nvol ves l arge amounts of data and requ i res compl ex dec i s i on analyses . 

Consequentl y ,  future safeguards systems for reprocessi ng pl ants wi l l  rel y 

on extens i ve use of computers .  Cons i derabl e effort i s  pl anned to ach i eve 

the rel i ab i l i ty and securi ty needed for safeguards appl i cati ons .  Al so , 

many of the i n struments wh i c h  may be needed for some of the safeguards 

measures are not fu l ly devel oped , and addi ti onal effort i s  pl anned . 
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Fuel Preparati on and Fabri cati on Fac i l i ties  

The area requi r ing  speci al attenti on i n  fuel fabri cation  i s  the i ntegrati on of  

ava i l ab i l e safeguards accounti ng technol ogy wi th measurement i n formati on 

generated by the requi rements of remote fabricatio n .  Successful meshi ng o f  

the se el ements shoul d prov i de real time accoun tab i l i ty o f  spec i al nucl ear 

materi al . 

The Fuel s and Materi al s Exami nati on  Fac i l i ty ( FMEF ) wi l l  be a fuel s fac i l i ty 

wi th support i ng l aboratori es to devel op and demonstrate LMFBR fuel fabricati on 

processe s ,  equi pment,  and rel ated technol ogy . The Secure Automated Fabri cation  

Fac i l i ty ( SAF ) wi l l  be  i n stal l ed in  the FMEF at Hanford , Wash i ngton . The SAF 

l i ne i ncorporates the capab i l i ty to control processes i n  th i s  manner and to 

demonstrate near real time accoun tab i l i ty .  SAF wi l l  provi de the techn ical 

base fo r devel opment of the necessary l ong-term commerc i al manufactur i ng 

capab i l i ty for LMFBR fuel s .  Safeguards demonstration  wi l l  b e  preceded by 

anal ys i s  of vul nerab i l i ty to overt and covert access to SNM , as  wel l as  

sabotage ; des i gn of coun termeasures to sui tabl y  strengthen desi red areas ;  and 

des i gn of the physi cal secur i ty system . Safeguards design wi l l  al so i nvol ve 

appl i c ati on of advanc ed techn i ques for materi al s control and accountab i l i ty 

and protection  of pl utoni um i nventory .  Process operations  and vaul ts wi l l  be 

des i gned to res i st di vers i o n  and wi l l  i ncorporate al arms , warni ng systems , and 

tamper- safi ng features , as  wel l as make extens i ve use of on-l i ne nondestructive 

as say methods , on-l i ne i nventory ,  and h i ghl y automated and protected process 

operations  mi n imi zi ng access to SNM . A systemati c desi gn of the total system , 

i nterfac i ng wi th the requ i rements of a hi ghl y automated , h i gh through-put 

process l i ne operatio n ,  wi l l ach i eve maximum protecti o n .  Devel opment of 

des i gn pr i nc i pl es and cri teri a for thi s system i s  underway . I n stal l ati on 
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of SAF i s  schedul ed to start i n  1984 and the l i ne i s  schedul ed to beg i n  

operation  i n  1987 , a t  wh ich  time the safeguards system wi l l  be operati ng as  

an  i ntegral part of the fac i l i ty and wi l l  be  subj ect to further eval uati on . 

Nucl ear Waste Management 

The safeguards appl i ed to reactors and spec i al nuc l ear mater i al s are suffi c ient 

for radi oactive wa ste con si derations .  Storage of spent fuel at reactor  si tes 

i s  wi thi n the phys ical protecti on systems for each reactor .  H i gh  l evel 

radi oactive waste i s  stored i n  underground tanks and b i ns wi thi n the phys i cal 

boundaries  and protecti on systems at DOE s i tes . Simi l arly ,  transuran i c  ( TRU ) 

wastes  are packaged i n  DOT approved s h i ppi ng conta i ners and tran sported from 

po i n ts of orig i n to retrievabl e storage fac i l i ti es ,  where they are handl ed and 

processed wi th i n  exi sti ng physi cal secur ity systems . The TRU operati on now 

exi sts on ly wi th i n  the DOE system . Once commerc i al ly  generated TRU waste 

eXi sts ,  the technol ogy empl oyed by DOE wi l l  be ava i l abl e to the commerc i al 

sector .  No  spec i al safeguards measures need to be  devel oped or empl oyed for 

l ow l evel radi oact ive wa ste . 

P hys ical tran sportation of spent nuc l ear fuel i s  accompl i shed us i ng DOT and 

NRC approved s h i ppi ng casks . These spec i al l y  desi gned casks prov i de radi ati on 

and thermal protection and are deSi gned and tested to surv i ve transportation  

acci dents . Sh i pment of spent nuc l ear fuel i s  perfo rmed i n  accordance wi th 

exi sti ng DOT and NRC regul ations . Movement of sol i di fi ed h i gh l evel wa ste wi l l  

be accompl i shed i n  s imi l ar  fashi on us i ng approved s h i pp i ng  conta i ners spec i al l y  

deSi gned for the sol i d i fi ed h i g h  l evel waste . Exi sti ng transportation systems 

sati sfy curren t requi rements and wi l l  be adapted to sati sfy future requ i rements 

for the safe and secure tran sport of spent nucl ear fuel and h i g h  l evel radi o

active wa ste . 
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( d ) Coordi nati on wi th NRC and Other Organi zations  

The Energy Reorgan i za ti o n  Act transferred the l i cens i ng and  i nspection  

operations  for pr i vatel y-owned nucl ear fac i l i ti es from the regul atory arm of 

AEC to the Nucl ear Regu l atory Commi ssi on . Respons i b i l i ty for promul gation  of 

safeguards requ i rements and i nspection of Government-owned nucl ear fac i l i ti es 

was transferred from the AEC to DOE ( except for new demonstrati on power 

reacto rs and nuc l ear waste di sposal s i tes , wh ich  are subject to NRC l i cen si ng 

and i nspection ) . 

DOE i s  charged to devel op and to demonstrate the effecti veness of safeguards 

for new fuel cyc l e s .  NRC i s  conducti ng confi rmatory research to determine 

whe ther the safeguards pl ans submi tted to NRC by DOE for fac i l i ti es subject  to 

NRC l i cens i ng ,  and pl ans submi tted by pri vate fac i l i ties , sati sfy NRC cri teri a .  

S i nce the CRBRP i s  subj ect to NRC l i cen se requi rements and i nspection , ongo ing  

activ i ties  and design  have been , and  wi l l  continue to be , c l osel y coord i nated 

wi th NRC . To fac i l i ta te th i s  endeavor ,  the NRC has establ i shed a Program 

Offi ce speci fi cal ly fo r the CRBRP Proj ect .  P rogress to date i ncl udes the 

preparati on of an essenti al ly compl eted conceptual des ign  for the CRBRP 

safeguards system wh ich  i s  i n  ful l compl i ance wi th NRC requi rements as set 

forth i n  the Code of Federal Regul ati ons ( e . g . , 10 CFR 7 3 , 10 CFR 70 ) and 

appl i c abl e Regul atory Gu i de s .  The safeguards for th i s  fac i l i ty are expected 

to further demonstrate the h i gh standards of protection capab i l i ties  appl icabl e 

and ava i l ab l e  to future fac i l i ti es to assure that LMFBR commerc i al power pl ant 

safeguards wi l l  be h i ghl y effecti ve . 

Wh i l e the regul atory respons i b i l i ti es of NRC and the devel opmental 

respon s i b i l i ti e s  of DOE mu st be cl early separated , the acti vi ti es  of the two 
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agenc i es  toward improved safeguards are bei ng coord i nated . To the extent that  

safeguards measures appl i ed to DOE  fac i l i ti es al so appl y to  l i censee fac i l i ties  

( wh ich  i s  usual ly  the case ) , DOE  has  the responsi b i l i ty not  only to  optimi ze 

such sys tems but al so to make safeguards system des i gn and operati ng experience 

ava i l ab l e  to the nucl ear i ndustry and to NRC . 

DOE conti nues to cooperate wi th NRC and other Government agenc ies  i n  those 

aspec ts of nuc l ear safeguards wh ich  transcend i nd i v i dual agency respons i 

b i l i ti es .  DOE wi l l  ass i st i n  the devel opment of pl ans and procedures for 

deterrence , i nterdi ction  and response and recovery where nucl ear material s 

are i nvol ved . DOE techn i cal capab i l i ti es wi l l  be devel oped and ma i ntai ned as 

requ i red to support i nteragency emergency preparedness pl an s coveri ng nucl ear 

sabotage , di spersal , or expl os ion  and to support any search and recovery 

procedures conducted by or  wi th other agenc i e s .  DOE cons i ders that i t  has a 

responsi b i l i ty to i nsure the devel opment and ma i n tenance of al l i nteragency 

programs that rel ate to safeguard i ng of nucl ear materi al s .  

DOE i s  the l ead U . S .  Government Agency for prov i d i ng U . S .  s upport to the 

I n ternational Atom i c  Energy Agency i n  devel opi ng and impl ementi ng an effect ive 

safeguards system for nucl ear materi al s and equ i pment as requi red by the 

Nucl ear Non-Prol i feration  Act of 1978 , among others . The objective of the 

i n ternati onal safeguard system i s  the timel y detection of any d i vers ion  of  

si gn i fi cant  quanti ties  of nucl ear material  from peaceful nucl ear acti v i ti es to 

the manu fac ture of nuc l ear weapons or for other purpo se s .  Earl y detecti on  i s  

a s i gn i fi can t  deterrent to d i vers ion  by a n  i n d i v i dual nati on . DOE supports 

R&D to devel op i nstrumentation , equi pment and procedures for sa feguard i ng al l 

phases  of the nuc l ear fuel cyc l e  wh i ch i ncl ude uran i um enrichment ,  nuc l ear 

reactors and chemical reprocessi ng of spent nucl ear fuel . Spe c i fi cal ly , the 
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products of the R&D i ncl ude app roaches and i nstrumentati on that wi l l  assure 

the co ntrol and accou ntab i l i ty of s i gni f i cant quanti ti e s  of uran i um and 

pl u ton i um . 36 I ncl uded are non-destructi ve a ssay i nstruments and techni que s 

for near real -time accountabi l i ty as wel l a s  equi pment for conta i nment and 

survei l l ance of nuc l ear ma teri al  and fac i l i ti es .  The hardware devel oped 

i nc l udes advanced radi ati o n  detectors , c l osed ci rcu i t  tel evi si on ,  secu ri ty 

sea l s w h i c h  i ndi cate tamp eri ng,  personnel i denti fi cat i on dev i ces , and nucl ear 

materi al  mon i tors .  The Department of E nergy th rough  i ts Off i ce of Safegu ards 

and Securi ty work s cl osely wi th i nternati onal orga ni zati ons ( I AEA ,  EURATOM ) 

and other governments ( Canada,  UK , J apan ,  Germany , etc . ) .  DOE e xchanges 

techn i cal  safegu ards i nforma ti on wi th the I AEA and provi des tec h n i cal  experts 

i n  the areas of materi al s control and accounti ng and conta i nment and survei l 

l ance .  The obj ecti ve and resul ts of th i s  wo rk are the establ i shment of an  

effecti ve safegu ards system for  the  preventi on or detecti on of the  unau th ori zed 

di vers i on of nucl ear materi al s .  

( e )  Nonprol i ferati on 

The subject of i nternati onal safeguards has been stu di ed i nten s i vely i n  

recent years a s  part of an  overal l exami nati on of the i ssue of nucl ear 

nonprol i ferati o n .  The fundamental premi se of th i s  i ssue i s  that the real and 

percei ved ri sks  of nuc l ear prol i ferati on consti tute a seri ous  threat to 

i nternati onal peace and stabi l i ty .  The concern w i th regard to c i v i l i an 

nucl ear power sy stems i s  that as  the reactors , fuel cycl e fac i l i ti es ,  and 

supporti ng ci vi l i an research  and devel opment acti vi ti es become more w i despread, 

thei r abuse may provi de an  al ternate route for nucl ear weapons capabi l i ty .  

T he U . S .  LMFBR p rogram was  i nfl uenced s i gn i fi cantly by the nonprol i ferati on 

pol i ci es of the previ ou s  admi ni strati o n .  E xhausti ve stu di es of possi bl e 
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mean s of reduc i n g  the ri sk o f  nuc l ear prol i feration  wi thout j eopard i z i ng the 

devel opment of nuc l ear energy for peaceful purposes were conducted . The 

Nonprol i ferati o n  Al tern ati ve Systems Asse ssment Program ( NASAP ) 37  and the 

I n ternational Nuc l ear Fuel Cycl e Eval uati on ( I NFCE ) 38 were both d i rec ted at 

prov i d i ng the bas i s  fo r ensuring that nuc l ear power programs and systems , a s  

they evol ved here and abroad , d i d  n o t  present an attractive  route or make 

s i gn i fi c ant con tr i b u t i o n s  to a nucl ear weapons c apab i l i ty .  Moreover ,  these 

studi es consi dered many al ternative fuel types and tec hn i ques to make reactor 

fuel a l ess desi rabl e mater i al fo r i nput to a weapo n s- acqui si ti on effort .  

But , a s  concl uded by Smi th and Rathj ens39 , the hope o f  fi nd i ng a " tech n i c al 

fi x "  to the prol i ferati o n  probl em proved i l l u sory :  

"But  to the surpr i se o f  few i n  the techni cal commun i ty ,  nei ther 
NASAP nor I NFCE c ame up  wi th real i st i c  fuel -cycl e al ternati ve s  
that wou l d perm i t  reprocessi ng a n d  reuse i n  reacto rs wh i l e  
mak i ng access to weapo ns materi al s d i ffi cul t fo r nations  ( a s 
di sti nct  from terrori sts) . "  

The I NFCE concl uded40 tha t :  " • • •  tec h n ical measures have a powerful i n fl uence 

on reduc i ng the ri sk  o f  theft , but only a l imi ted i nfl uence on reduc i ng the 

ri sk of prol i ferati o n . "  I NFCE parti c i pants fo rmal l y  recogn i zed the importance 

of i nternati onal safeguards and i n sti tutional measures , and j udged the se 

act i v i ti e s  mo re effective i n  reduc i ng prol i ferati o n  ri sks than tec h n i c al 

measures .  

Wi th rega rd to tec h nol ogy , the NASAP study conc l uded that wh i l e a comb i nation  

o f  l i ght  wa ter reactor fuel - uti l i zati on improvements and ta i l s assay reduc t i on 

appeared adequate to support U . S .  power needs through at l east the fi rst 

decade of the 2 1 st century ,  breeder reactors may become des i rab l e and necessary 

befo re the fi rst quarter of the next century i s  ove r .  Of the b reeder systems 

that cou l d be commerc i al l y  ava i l abl e by then , none wa s found  to be  more 
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prol i ferati on-resi stant than the l i qu i d  metal fast breeder fuel ed  w i th urani um 

a nd pl u ton i um .  Th i s  sy s tem , of whi ch the C l i nch R i ver B reeder Reactor P l ant 

i s  the foreru nner,  i s  al so  of i nterest because of i ts techni cal fea s i b i l i ty ,  

commerci al potenti al , and  economi c and res ource u se aspects . 

T h e  I NFCE s tu dy concl u ded that,  wi th certa i n i mp rovements , compl ete fuel 

cycl e s  wi th reprocessi n g ,  recycl e ,  and breeder reactors can be used w i th ou t  

u n du e  ri sk and  are essent i al to adequate energy supp l i es fo r the wo rl d.  Wi th 

rega rd to the fast breede r,  I NF CE c oncl u ded that the di vers i on ri sk encountered 

i n  the vari ou s fuel cyc l e  stages presented no greater di ffi cul ti es than i n  the 

case of the l i gh t  water reactor wi th the u ran i um- p l u ton i um cycl e ,  or even i n  

the case of the once- through cycl e ,  i n  the l on g  term .  

T h e  P re s i den t ' s Nucl ear Nonprol i ferati on P ol i cy Statement o f  J u ly 1 6 ,  1 98 1 , 

procl ai ms th e cri ti cal imp ortance of preventi ng the furth er spread of nucl ear 

e xp l osi ves to other countr i es .  I n  regard to nuc l ear reactor matters , i t  

p roposes to imp rove the effecti veness of the pursu i t  of these objecti ves by 

s trongly supporti ng and conti n u i ng to work wi th other nati ons  to strengthen 

the I nternati onal Atomi c E n ergy Agency ( I AEA) to prov i de for an imp roved 

i nternati onal safegu ards regi me .  Further,  cu rrent pol i cy i s  that unl ess  

the U . S .  acts as a predi ctabl e and  rel i abl e partner for peaceful nucl ear 

cooperati on , i ts support to deal w i th prol i ferati on probl ems wi l l  be 

reduced.  Devel o pment of LMFBR tech nol ogy i s  cons i stent wi th these 

pol i c i e s .  
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( 3 )  Wa ste Management 

The maj or waste manageme nt i ss ue has  been se l ect i o n  of a general ly accepted 

method for remov i ng and seg regat i ng h i gh- l evel and trans urani c  rad i oact i ve 

wa ste s from ma n ' s  envi ronme nt for the l o ng t ime peri ods requ i red fo r t hese 

wastes to dec ay to  safe l evel s .  Becau se of t h i s ,  i t  has been sugge sted by 

some that nuc l ear reactors be shut down , a nd t he LMFBR Program be del ayed , 

unt i l  a defi n i t i ve method fo r permanent d i sposal of h i gh- l evel rad i oact i ve 

wa ste s ha s been demonstrated . The prob l em of wa ste d i sposal i s  not un i q ue to 

t he LMFBR fue l  cyc l e ,  but al so must  be reso l ved fo r the LWR or other nuc l ear 

fuel  cyc l e s and fo r the wa stes res ul t i ng from defense programs . Furthermo re , 

t he quant i t i e s  of LMFBR h i gh- l evel and tran suranic  wa ste s wi l l  be con s i derably 

smal l er t han  the quant i t i e s  of such wa ste s from t he LWR fuel cyc l e  or from 

defense programs unt i l  wel l i nto  the twenty-f i rst cent ury .  For purposes  of 

t he waste manageme nt program , LMFBR and LWR wa stes are es sent i al ly  the  same . 

The maj or wa ste management i ss ue of how to  d i spose of h i gh- l evel and transuran i c  

wa ste s ha s been addres sed . There i s  general agreement among t he techn i cal 

commun i ty ,  government agenc i es ,  e l ected l eaders , a nd t he publ i c  t hat  m i ned 

geol og i c  d i sposal i s  the preferred d i sposal  method at th i s  t ime . 5 DOE care- 2 1  

fu l ly  cons i dered t he env i ronme ntal impact s and concl uded t hat  m i ned geol og i c  

d i sposal wa s prefe rred a t  t h i s t ime above al l other methods . DOE documented 

th i s dec i s i o n i n  i t s  Record of Dec i s i o n  i n  the Federal Reg i ster on May 1 4 ,  1981 . 1 

Waste Management Program 

The key e l eme nt of t he wa ste ma nageme nt program wh i c h  has a bear i ng u pon  the 

LMFBR fue l  cyc l e  i s  the ava i l ab i l i ty of a geol og i c  d i sposal  fac i l i ty fo r 

h i gh- l evel and tran s uran i c  wa stes . Programs are underway to devel op s uch 

fac i l i t i es i n  the 1990s . I nc l uded i n  th i s  program effort i s  the  Te st and 
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Eval uat i o n  fac i l i ty t hat  al l ows for empl acement of several hund red can i sters 

of  h i gh- l evel  wa ste in geo l ogi c med i a  at propo sed depth s . The T&E fac i l i ty 

wi l l  be used to devel op wa ste emp l acement technol ogy , methods  fo r ha ndl i ng 

l arge qua nt i t i es of waste packages , a nd to demonstrate on a pract i cal ba s i s  

that  h i gh- l evel rad i oact i ve wa ste can  b e  ha nd l ed and stored safe ly . The T&E 

fac i l i ty i s  sched u l ed to be o pe rat i o nal by 1989 . Sel ect i o n  of the s i te for 

the fi rst l i c ensed repo s i to ry i s  sc hedu l ed fo r 1988 and fu l l - sc al e operat i o n  

by a s  early a s  1998 , to  meet the requi rement s asso c i ated wi th  t he LWR f ue l  

cyc l e .  Th i s  i s  wel l i n  advance o f  waste d i spo sal  needs o f  t he LMFBR Program . 

Ba sed u po n  the sc hedu l e  fo r the repo s i tory program ( see fo l l owi ng F i g ure 4 ) , 

there does not a ppear to be  any con str a i nt o n  the LMFBR Program impo sed by 

d i s posal  requi rements fo r h i gh- l evel or tran suran i c  rad i oac t i ve wa stes .  

Repo s i tor ies  wi l l  be de s i g ned to accept sol i d i fi ed h i gh- l evel wa ste ( H LW) and 

trans uran i c  ( TRU ) wa ste from commerc i al power reactors and from t he Department 

of Energy ( DOE ) programs , a nd wou l d al so be capab l e  of accept i ng unreproces sed 

s pe nt fue l , i f  d i s po sal  of suc h mate r i al s were deemed appropr i ate . 

Geol og i c  d i s posa l  ha s b een sel ec ted for the i so l at i o n  of HLW a nd TRU wa ste from 

the commerc i al fuel cyc l e .  The reference opt i on for HLW a nd TRU wa ste from DOE 

programs i s  i mmob i l i za t i o n  and d i sposal  i n  a geol og i c  repos i tory .  Th i s  a p proach 

for d i s po sal of commerc i al wa ste ha s been sugge sted and reconfi rmed by sev era l 

groups , a s  desc ri bed bel ow . 1 

I n  1 95 5 ,  t he Atom i c  Energy Commi s s i o n  ( AEC ) a sked the Nat i o nal Research Counc i l , 

an ad v i sory c omm i tt ee of the  Nat i o nal Academy of  Sc i ences ( NA S ) , t o  assess the 

use of geol og i cal forma t i on s  in  the  Un ited State s  fo r HLW d i sposa l . The 

Ac ademy pub l i shed a repo rt of the i r  fi nd i ngs i n  1 9572 and  concl uded that 

"wa stes may be d i s po sed of sa fe ly  at  many s i tes  in the U . S . , b ut converse ly  
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there are many l arge areas  i n  wh i c h  i t  i s  un l i ke ly  that d i sposal  s i tes can 

be found .  ,, 2 The repo rt went on to  state : " t he research to ascert a i n  the 

pos s i b i l i ty of d i sposal  has for the most part not yet been done . D i sposal  

in  cav i ti es i n  m i ned sa l t beds and domes i s  s uggested as pos s i b ly promi s i ng 

the most pract i cal immed i ate so l ut i on  of the prob l em . u2 The Academy a l so  

recomme nded that l i q u i d  wa ste be transformed i nto a so l i d  stab l e  form pr i o r  to 

emp l aceme nt in a geol ogi c  repos i tory .  Subseq uent rev i ews by NAS i n  the 1960 ' s  

and 1 9 70 ' s  d u pl i c ated these i n i t i a l recommendat i ons . 

I n  1 965 , t he AEC conducted a se ri es of exper ime nts i nvol v i ng empl aceme nt of 

spe nt nuc l ear fuel el eme nts i n  an abandoned sa l t m i ne near Lyons , Kansas to 

determi ne the feas i b i l i ty of waste empl acement in sal t .  The exper iment was 

ended and the spent fue l wa s removed i n  1 967 .  Fol l owi ng the ana lys i s  of  the 

Project Sal t Vau l t  data and a number of other des i gn stud i es ,  t he Atom i c  Energy 

Commi s s i o n  i n  J u ne  1 9 70 announced i ts i ntent i o n  of estab l i sh i ng a Federal  

demo nstrat i o n  waste repos i tory adjacent to  and encompas s i ng t he i nact i ve Lyons 

mi ne prov i ded that subsequent geol og i cal i nvest i gat ions conf i rmed the s u i t

ab i l i ty of that s i te .  Those i n vest i gat i ons  over the next two years encountered 

techn ica l  di ff i cu l t i es associ ated w ith  past and ( t hen )  present m i n i ng  methods 

as  wel l as st rong pol i t i ca l  oppos it i o n .  For those rea so ns , i nvest i gat i o ns of 

the Lyons , Kansa s ,  s i te as a pos s i b l e  repos itory cea sed i n  1972 . After the 

i nve st i gat ions  at Lyons , a number of b road geol og i cal s urveys of several 

underground s al t  format i ons i n  the country were undert aken  as the fi rst  steps 

i n  eval uat ion  of the i r  s u i tab i l i ty for waste di sposal . I n  the m id-1 970 ' s ,  t he 

Energy Research and Devel opme nt Adm i n i strat i on ( ERDA ) undertook a n  extens i ve 

rev i ew of i ts  nuc l ear waste manageme nt program . As a res u l t  of th i s  rev i ew ,  

ERDA devel oped and undertook a program to l ocate s i tes and devel op the rel ated 

tech nol ogy . 
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I n  1978 , an  Ameri c an Phys i cal Soci ety st udy group pub l i shed a report3 wh i ch 

focused i n  con s i derab l e  deta i l  on d i sposal i n  a geol og i c  repos i tory .  The 

conse nsus  of the st udy group was that "we recommend empl acement of h i gh- l evel 

and trans uran i c wa stes i n  a geol og i c  repos i tory .  If  reprocess i ng we re to be 

deferred for the l ong term , we recommend that prov i s i on be made for the 

storage of spent fuel i n  a geol og i c  repos i tory .  We expect that many 

waste repos i tory s i tes wi th  sat i sfactory hydrogeol ogy can  be found i n  the 

cont i nental U . S .  i n  a vari ety of geol og i ca1 format ion s , i nc l ud i ng bedded 

sa l t . " 3 

A DOE Task Force wa s formed i n  l ate 1977  to analyze the overal l Federal wa ste 

manageme nt program a nd to con s i der the  methods for fi nal  d i spo s i t i on of 

rad i oact i ve wa ste.  Its  d raft report , p ub l 'i shed i n  February 19 78 , h i gh l i ghted 

the need for a comprehens i ve Federal ap proach to wa ste manageme nt . The 

I nterage ncy Rev i ew Grou p ( I RG ) wa s estab l i shed i n  res ponse to th i s recommen

dat i on  and rel eased i t s  report i n  March 19794 , as a bas i s for formu l at i ng 

pol i cy for rad i oact i ve wa ste management .  A k ey recommendat i on of thi s report 

wa s that pl ann i ng act i vi t i e s  i n  the near term s hou l d be ba sed on the as sumpt i o n  

that  the fi rst d i sposal  fac i l i t i es  for HLW wi l l  b e  i n  m i ned geol og i c  repos i 

tori e s .  Al ong wi th  th i s  recommenda t i on , howeve r ,  t he IRG recogn i zed "that 

a much more broad ly  based program wh i c h  addresse s fundamental  sc i ent i f i c  

quest i o ns wi th a systems concept i s  needed . " 4 Ba sed o n  i t s  fi ndi ngs , the  

IRG al so made spec i fi c  recommendat i ons that  nuc l ear waste d i sposal  s hou l d  

proceed on a step-wi se bas i s  i n  a techn i c al ly  con servat i ve manne r ,  a nd that  

a sys tems approach s hou l d be  used to  sel ect the  geol ogi c env i ronment , 

repos i tory s i te ,  a nd wa ste package combi nat i o n .  
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As a part of assess i ng the  overal l program strategy , a Draft Env i ronme ntal 

Impact Statement ( E I S )  on  Management of Commerc i a l ly  Ge nerated Rad i oact i ve 

Wa ste wa s pub l i shed for revi ew a nd comment i n  Apr i l  1 9 79 .  Fo l l owi ng revi ew 

and rev i s i o n  to refl ect comment s recei ved , i t  wa s i s s ued as a F i nal E IS i n  

October 1980 . 5 Th i s  E I S eval uates waste d i sposal  al ternat i ve s  and conc l udes  

that there appear to  be  no  envi ronmental i ss ue s  that wou l d  reaso nab ly prec l ude 

a program strategy favori ng di sposal i n  m i ned geol og i c  repos i tor i e s .  Based on 

thi s E I S ,  a Record of Dec i s i on was i s s ued by t he Depa rtme nt of E nergy i n  May 

1981 1 ad opt i ng the m i ned geol og i c  repos i tory strategy for d i sposal  of 

commerc i a l ly- ge nerated h i gh- l evel and transuran i c  rad i oact i ve wa ste s .  

I n  1 9 77 ,  t he U . S .  Geol og i ca l  Survey ( USGS ) pub l i shed a cri t i q ue of the statu s 

of the tech nol ogy for rad i oact i ve waste d i sposa1 6 and i dent i fi ed many areas 

i n  wh ich  it wa s fel t  more emphas i s  shou l d be pl aced . Fol l owi ng p ub l i c at i o n  of 

t h i s revi ew , a j o i nt tech n i cal work i ng grou p from DOE and the U . S .  Geol og ica l  

Survey ( USGS ) wa s formed to defi ne the  major  tech n i ca l  i ss ue s  rel ated to pe rma-

nent i so l at i o n  in  m i ned geol og i c  repos i tori e s .  Th i s  work i ng group rev i ewed 

the USGS report and al so  a repo rt i s s ued by the EPA . 7 The  res u l t i ng repo rt8 

rev i ewed ongo i ng eart h sc i ence re search and p l ans and reached the fo l l ow i ng 

major  conc l u s i ons : 

o A rev i ew of a l l ea rth sc i e nce re search found no maj or areas i n  wh ich  
research was l ack i ng .  

o The current tec h n i ca l  p l ans shou l d  resu l t i n  a re so l ut i o n  of maj or 
techn ica l  i ss ue s  concern i ng repos i tory devel opme nt . 

o Ava i l ab l e tech nol ogy i s  adeq uate to proceed w i th i dent i fi c at i o n  and 
ch aracter i zat i o n of potent i al s i tes . 

The Nuc l ear Reg u l atory Commi ss i on ( NRC )  i s  conduct i ng a ru l ema k i ng proceed i ng 

for th e purpose of assess i ng " gener ica l ly  the degree of ass urance now ava i l ab l e  
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that radi oac ti ve wa ste can be safely di sposed of ,  to determi ne when suc h 

di spo s al or off-s i te storage wi l l  be ava i l abl e ,  a nd to determi ne whether 

radi oacti ve wa stes can be sa fely  stored on-s i te past the exp i rati on of exi sti ng 

fac i l i ty l i censes unti l off-s i te di spos al or storage i s  ava i l abl e . "  Th i s  

rul emak i ng was i n i ti a ted i n  response to the dec i si on of the U n i ted States 

Court of Appeal s i n  State of Mi nnesota v .  NRC , 602F . 2d 412 ( 1979 ) , but  i t  

al so i s  a conti nuati on of previ ou s proceedi ngs conduc ted by NRC i n  thi s area 

( 42 FR 3491 , J u l y  5 ,  1977 ) . A Notice  of Propo sed Rul emaki ng wa s pub l i shed i n  

the Federal Regi ster on Oc tober 2 5 ,  1979 . 9 , 1 3 

The nati o nal  strategy fo r pe rmanen tl y  i so l a ti ng h i gh-l evel rad i oac ti ve wa ste 

conta i ns the fol l owi ng maj o r  el ements : 

o The repos i tory system wi l l  u n dergo a ri gorou s regu l ato ry rev i ew s i nce 
it  i s  requi red to be l i censed . 

o A techn i c al l y  conse rvati ve approac h to devel opment and eval uati o n  of 
the repo s i tory wi l l  be fol l owed to compensate fo r percei ved reposi tory 
sys tem perfo rma nce uncerta i nti e s .  Th i s  approach i ncl udes the fol l owi ng :  

_ A " s tep-wi se " a pproach to repos i to ry devel opment  wi l l  be i mpl emente d ,  
wh i c h  means proceedi ng cauti ously through each phase o f  devel opment  
and operati on by tak i ng advantage of  i nfo rmati o n ,  data , a n d  experi 
ence ga i ned i n  prev i ou s  phases . 

_ The concept of a mul t i -barri er system ( devel oped s i nc e  ERDA-1 53 5 )  
fo r i so l ati on o f  the wa ste wi l l  b e  used . Th i s  sys tem , compo sed of 
several man-made and natural -barri er compo nents , provi des " defense 
in  depth " aga i n st the rel ease of radi onuc l i des to the env i ronme nt .  

_ Conservati ve des i g n  and operati ng ma rg i ns wi l l  be uti l i zed  to 
compe nsate for re s i dual uncertai nti es i n  the repo s i tory system . 

_ The capab i l i ty to retri eve al l empl ac ed wa stes fo r a l imi ted per i o d  
o f  ti me w i l l b e  des i gned i nto the repo s i to ry system . 

o Throughout al l phases of the prog ram , approaches wi l l  be subjected 
to a conti nual revi ew .  Th i s  wi l l  be accompl i shed through regul arl y 
schedul ed tech n i cal and non-techni cal rev i ews . 

o The repos i to ry wi l l  be ca pab l e  of handl i ng and di spo s i ng of ei ther 
immobi l i zed HLW or  un reproce ssed spe nt fuel , and  TRU wa stes , thus  
provi di ng a fi rm bas i s fo r l i cen s i ng rega rdl e ss of any future deci s i on 
on reproce ss i ng .  
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o Repo s i tor ies  wi l l  be reg i onal ly s i ted to prov i de for equ i tab l e  
d i str i but i o n  o f  the impacts o f  d i sposal  i nc l ud i ng m i n im i zat i on of 
t ran sportat ion  ri sks . 

o Mu l t i p l e  geol og i c  env i ronments wi l l  be co n s i dered pr i or  to se l ect i ng 
a s i te for any repos i to ry .  

o The program i s  commi tted to prov i d i ng an effect i ve rol e fo r States , 
l ocal government s ,  a nd Ind i an Tr i bes i n  the dec i s i o nma k i ng process . 
States and Ind i an Tr i bes wi l l  ha ve  a t i me ly  and cont i n u i ng rol e 
i n  the Federal dec i s i onmak i ng process  on the s i t i ng ,  d es i g n ,  a nd 
construc t i o n  of repo s i to ri es . 

Add i t i o nal deta i l s concern i n g  the  wa ste management program are g i ven i n  

Appe nd i x  B .  

Status  of Technol ogy for I so l at i ng  Nuc l ear Wa stes 

A report on the st atus of technol ogy rel evant to l ong-term i so l a t i o n  of 

h i gh- l evel and tran suran i c  wa ste s  i n  a m i ned geol og i c  repo s i tory has been 

i ss ued . 10 Th i s  repo rt i dent i fi es and eval uate s  add i t i o nal i nformat i o n  and 

i dent i fi es top i c s  wh ere work i s  underway or  needed to red uc e  uncerta i nt i es . 

The maj or fi nd i ngs and co nc l u s i o ns fo l l ow . 

1 . 1 I mportance of  the Systems Approach 

The fate of rad i o nuc l i des  over thousands  of years i n  a geo l og i c  repo s i tory 

wi l l  be determi ned by the c umul at i ve effect of geohyd ro l og i c , g eochemica l , 

a nd tecton i c  character i st i c s  of  the repo s i tory e nv i ronment and by h uman 

act i v i t i e s  i n  the fut ure , a s  wel l as by the phys i c al and chemi c al propert i e s  

o f  t h e  rock chosen  for wa ste empl acement , t he wa ste fo rm ,  a nd other eng i neered 

a s pect s  o f  the repo s i tory .  Because no s i ng l e  property , c haracter i st ic , o r  

human act i o n  al one wi l l  determi ne the fate o f  t h e  rad i o nuc l i de s , t he wa ste 

package , t he repo s i tory ,  a nd the geol og i c  env i ronment of the repos i tory are 

anal yzed as  a system . 1 1  
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Adopti on of a sys tems approach impl i e s  tha t :  

( a )  T o  the exten t  that they are i ndependent , natural barri ers to rad i o-

nucl i de m i grat i o n  can prov i de s i gn i fi cant as surance of wa ste i sol a ti on 

and to some deg ree can compensate fo r imperfect pred i ct i v e  a b i l i ty of 

engi neered barr i ers . 

( b ) The wa ste fo rm and other eng i neered components of the repo s i tory system 

can al so prov i de s i g n i ficant barri ers to radi onucl i de m i g rati on , but 

onl y to the extent that they are ta i l ored to be  compati bl e wi th the 

repo s i to ry envi ronment.  

( c )  Geol og i c  env i ronments and formations  heretofo re not consi dered coul d 

prove to be sui tabl e fo r repos i tory s i te s .  

Sc i en ti f i c  and technol og i cal knowl edge i s  adequate to i denti fy poten ti al 

reposi tory si te s  for further i nvesti gati on . 4 No sc i en ti fi c or  tec hn ic al 

rea son i s  known that woul d prevent sel ecti ng and charac ter i zi ng s i tes that 

woul d be sui tab l e fo r a repo s i to ry ,  prov i ded that the systems approac h i s  

used to eval ua te the s u i tab i l i ty o f  the s i te s  and the repos i tory des i g n s .  A 

s u i tabl e s i te i s  one at wh i c h  a repos i tory woul d meet predete rm i ned cri teri a 

and wh i c h  woul d provi de a h i gh degree of assurance that radi oacti ve wa ste s  

c a n  b e  i sol ated from the b i o sphere for peri ods of  thou sands of  years . General 

gui dance on program obj ecti ves , functi onal requi rements , perfo rmance cri teri a ,  

and s pec i fi cati o n s  i ntended to ensure that the program i s  con s i sten t wi th 

nati o nal pol i cy and tha t i t  resul ts i n  the safe and envi ronmental l y  acceptabl e 

di sposal of rad i oacti ve wa ste has  been e stabl i sh e d . 1 2  These , pl u s  s i te spec i fi c  

c ri teri a ,  are i n tended to fol l ow the approach of  the proposed NRC regul atory 

cri teri a fo r a l i cen sed repos i tory ( 10 CFR P a rt 60 ) .  
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Successful  i sol a ti on of radi oacti ve wastes appears feas i b l e fo r per i ods of 

tho u sands of years . A thou sand years i s  su ffi c i ent  to perm i t  decay o f  mos t  

o f  the fi s s i o n  products tha t represent the l argest frac t i o n  o f  the rad i o-

acti v i ty o f  the wa ste . Beyo nd a thousand year s ,  and duri ng the time i n  wh i c h  

acti n i de s  and a few l ong-l i ved fi s s i o n  products rema i n ,  the a b i l i ty to pred i c t  

repo s i to ry behav i o r ,  a n d  there fo re ,  the assurance of succes sful l y  meeti ng 

i sol ati on  cri teri a dimi ni she s .  

Some uncerta i n ti es can b e  bounded o r  compen sated fo r and , there fore , need not 

be re sol ved i n  deta i l  befo re sel ecti ng a s i te or construc ti ng  a repo s i tory ;  

other uncerta i nti e s  can  be resol ved dur i n g  repo si to ry con struc ti o n . The status 

o f  technol ogy fo r s i te sel ect i o n  and c haracteri za t i o n  i s  adequate to meet the 

requi rements fo r sel ect i ng a s i te to di spo se of rad i oac ti ve wa stes i n  a mi ned 

geol og i c  repo s i to ry . 1 3  C urrent mathematical model s14 adequate l y  represent the 

more impo rtan t proce sses i nvol ved i n  radi onucl i de tran spo rt; they a i d  technol ogy 

devel opment  by i denti fyi ng facto rs most  importan t to wa ste i sol ati on , and can 

be u sed i n  s i te sel ect i o n  and i n  prel i m i n ary performance assessmen ts of s i te-

spec i fi c  repo s i to ry desi g n s .  Veri fi cation  of model i ng of fl ow i n  frac tured 

rock and of wa ste/wa ste package/host  rock i nterac t i o n s  rema i ns to be ach i eved . 

Tran spo rtati o n  and empl acemen t  of spent fuel have been demon s trated . Al though 

eval uati o n  o f  potenti al metal barrier  mater i al s i s  not compl ete , avai l ab l e  data 

i ndi cate that several al l oys are capabl e of mai n ta i n i ng the i r  i ntegri ty for 

l ong per i o d s  under anti c i pated reposi tory cond i ti on s . The curren t research and 

devel opment  program i s  expected to prov i de the rema i n i ng tec h n i c al data needed 

f th d ·  1 . . d t ·  f t · t . d 10 or e e S l gn , l cen s l n g ,  a n  ope ra 1 0n 0 a wa s e repo s l  o ry as requ l re • 

I sol ati on  Barri ers . Exte n s i ve desi gn , testi ng , and devel opmen t  studies1 5  on 

i nd i v i dual compo nen ts o f  the wa ste package sys tem under expected repos i tory 
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condi ti ons have been i n  progres s  for several years . These stud i e s ,  conduc ted 

i n  un ivers i ti es as  wel l as in i ndustri al and nati onal l aboratori e s ,  i nd i c ate 

tha t some of the ava i l abl e components of the wa ste package system can preven t 

or  m i n im i ze rel ease of radi onucl i des to the natural system by funct i on i ng 

a s  effective chemi cal and phy s i cal barri ers . 

Expe rimen ts th at simul ate repo si tory condi ti o n s  and i nteg rate the behav i o r  

of waste package components and the geol ogi cal envi ronment are i n  progres s . 16  

Laborato ry effo rts are  be i ng di rected toward more compl ex tests , i ncl udi ng 

te sting to meet l ong- term requ i rements . 

Various  a spects of req u i red testi ng have been desc ri bed by the Department 

of Energy ( DO E )  and the U . S .  Geol og i cal Survey ( USGS ) i n  the II Earth Sc i ence 

Tec h n i c al P l an ll wh i c h  d i scu sse s the types of data requ i red and the needed 

sequence of l aborato ry , l arge scal e engi neer i ng , f i el d ,  and i n  si tu tests . 8 

A Wa ste P ackage Desi gn , Devel opment ,  and Te st P l an h a s  been formul ated to 

di rect the devel opment of improvements i n  the wa ste package . An i ntegral 

part of thi s pl an  i s  the devel opment of coordi nation among , and standards to 

be fol l owed by , researchers and waste management organ i zati ons  wi th re spect 

to te sti ng procedures and mater i al s certi ficati on . Newl y c reated o rgan i za

ti ons  have been charged wi th supporti ng wa ste package des i gn ,  devel opment,  

and  tes ti ng programs to  produce sui tabl e package s that meet e stabl i shed 

requi rements . 

Performance Assessment .  Current work i n  refi n i ng and coupl i ng i nd i v i dual 

model s i s  in progre s s  to devel op a more compl ete and more versati l e  system 

of model s to desc r i be compl ex phenomena .  These advanced model s8 wi l l  be 

ava i l abl e i n  l ate 1 981 , and the i r  coupl i ng wi l l  be compl eted i n  1 982 ( wi th the 
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except i o n  of  thermomech a n i ca1 and hydrol ogi c  model s wh i c h  wi l l  be coupl ed by 

1 985 ) .  I n s i ghts ga i ned from sens i ti v i ty and uncertai nty anal y ses wi l l  be u sed 

to pl an  further devel opment;  veri fication  by l aborato ry and i n  s i tu tests 

wi l l  con ti nue throughout the proc e s s .  In the meantime , anal ys i s of the 

response of the hydrol ogi c  system to thermomechan i c a1 e ffects wi l l  be conducted 

us i ng uncou pl ed model s wi th more conservative parameters to compensate for the 

added uncertai nty that i s  i nvol ved . 

The use of  these conti nual ly i mprov i ng model s ,  al ong wi th the improv i ng body 

of  expe rimental data , wi l l  permi t more compl ete perfo rmance a s se s sments to 

be made . These a s se ssments wi l l  contribute to s i te sel ect i o n  and veri fi cati on 

of repo s i to ry des i gn , and confi dence in the sa fety of the repo s i to ry system . 

Model s have al so pred i c ted the con sequences of  rel eases of  rad i onuc1 i de s  from 

repo s i to r i e s  i n  the di sta n t  future . 1 7 , 18 , 1 9 The  maj ori ty o f  c red i b l e rel ease 

scena r i o s  woul d not del i ve r  any s i g n i fi cant doses to peopl e .  The o n l y  studi es 

that have pred i c ted l arge doses to peopl e have been ba sed on wh at seem to be  

unreal i st i c  assumpti o n s , such  as  the  occurrence of  h i gh l y  unl i ke l y  b reac h i ng 

phenomena or the om i ss i on of  eng i neered barri ers from the repo s i tory system . 

S i te Sel ecti on and Characteri zati on . Si te sel ect i o n  and characte r i za ti o n  

i ncl ude al l the expl orati on and testi ng that i s  requi red to dete rm i ne the 

acceptab i l i ty of  a s i te fo r a wa ste repos i to ry .  Current  tec hnol ogy i s  ava i l 

ab l e  to pursue testi ng dur i ng the excavati on of  the repo s i to ry ;  conti nui ng 

exami nati o n s  wi l l  devel op i nformati on i n  ever i ncrea s i ng deta i l . 

Character i za t i o n  o f  a repo s i tory s i te i s  i n terdi sc i pl i nary i n  i ts approac h and 

i ncl udes many a spects of earth sc i ences , engi neer i n g ,  sa fety anal ys i s ,  heal th 

phys i c s , b i o l ogy , and the soc i al sc i ences . These stud i e s  i nc l ude theoreti cal , 
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l aboratory ,  f i el d ,  a nd i n  s i tu research , wi th  each step des i gned to confi rm 

the preced i ng one , a s  the emphas i s  sh i fts  from the general to the s pec i fi c .  A 

nat i o nal screeni ng proce s s  has  been estab l i shed to exami ne success i ve ly  smal l er 

un it s of l a nd . A deta i l ed pl an  for nat i onal s i te characteri zat i on and s i te 

sel ect i on has  been prepared to de sc r ibe  these act i v i t i es . 20 

Potent i a l Host Rocks . The DOE program l ead i ng to s i te sel ect i o n in 1 985 for 

the Test and Eval uat ion  Fac i l i ty ,  descri bed earl i er ,  i s  cu rrent ly  con s i deri ng 

sal t ( both bedded and dome ) , b asal t ,  a nd t uff as  potent i al host rock s .  Of 

these rock s ,  t he l evel  of sc i ent i fi c  k n owl ed ge i s  h i ghest fo r sal t .  Any 

of these rock s can  prove to be accept ab l e  for a m i ned geol ogi c repos i tory ;  

howeve r ,  n o  rock type , o n  str i ctl y  tech n i ca l  grounds , i s  a fi rst cho i ce  at 

th i s  t i me .  

I nve st i gat i ons of other potent i al host rock s ,  s uch  a s  gran i te ,  a n hydrite 

unsaturat ed rock s ,  a nd s ha l e and rel ated rock s are be i ng conducted wi th a 

smal l er effo rt . Add i t i onal  rock types may be  i dent i fi ed through screen i ng 

of geol ogi c  envi ronme nts that wi l l  be conducted by the DOE and the USGS . 

Howeve r ,  for budgetary reasons , gran i te ,  a nhyd rite un saturated rock s , s ha l e ,  

and othe r rock types not yet ident i fi ed ,  are not expected to be i nvo l ved i n  

the 1 985  sel ect i o n  of a s i te for the Test and Eval uat i on fac i l i ty .  

Spec i f i c  LMFBR Rad i oact i ve Wastes 

Sect i o n  4 . 6  of WASH-1 535  di scu ssed fac i l i t i es and techn i ques for hand l i ng 

spec i fi c  LMFBR wa stes ( contami nat ed sodi um wa ste s ,  p l utoni um contami nat ed 

wa stes and nobl e gases ) . These fac i l i t i es and the env i ronmental impacts 

as soci ated wi th the i r  ope rat i o n  are unchanged . 
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Low Level Waste s  

Low l evel waste s  from LMFBR program acti v i ti e s  wi l l  be sen t  to exi sti ng 

commerc i al or DOE buri al grounds , a s  appropr i a te .  
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( 4 )  Heal th E ffects 

INTRODUCT I ON 

The purpose of thi s  section  i s  to desc ribe  i nfo rmation  and uncertai n ty regard i ng 

the human heal th  effects from pl uto n i um and other tran suran i c  el ements rel eased 

to the env i ronment dur i n g  the opera ti o n  of an LMFBR fuel cycl e .  Th i s  r i sk i s  an 

unfami 1 ar one , wi th certa i n  unusual features ,  and fo r thi s  reason i t  i s  a c ause 

of publ i c  concern and deserves the spec i al attenti o n  prov i ded i n  th i s  secti o n . 

Among the unu sual features of thi s  r i sk a re the fol l owi ng : ( 1 )  l arge quanti t i e s  

o f  radi oacti ve materi al s wi l l  be produced , a n d  the i r  contai nmen t  wi l l  h ave  to be  

r i goro u sl y  i ns ured ; ( 2 )  radi oactive  hal f- l i ves are  l ong , so  tha t  some ri sk may 

persi st  for over a hundred tho u sa nd years ; ( 3 )  al though the toxi c i ty o f  these 

materi al s i s  wel l demon strated i n  experimental animal s ,  there i s  no di rect 

knowl edge of effects  i n  man ;  and ( 4 )  such effects as  m i g h t  concei vabl y occur 

w i l l be i ndi sti ngui shab l e from the normal i l l s  of manki nd .  

Th i s  effort to estimate the heal th con sequences o f  expo s ure to pl utoni um and 

other transuran i c  el eme n ts rel eased duri ng opera ti o n  of the LMFBR fuel cycl e 

i s  somewh at modi fi ed from tha t  empl oyed i n  WASH-1 535 , i n  l i g h t  of mo re recent 

devel opment s .  Howev e r ,  i t  sti l l fol l ows the general model po rtrayed i n  Fi gure 

5 .  The model s tarts wi th an i nput of rad i o n uc 1 i de s ,  the source term ,  from the 

LMFBR fuel cyc l e ;  there has been no reason to change th i s  source term .  These 

radi o nuc1 i des are di spersed to ai r ,  so i l , and wate r ,  and then fol l ow al ong 

pathways l eadi ng to man .  After i n hal a ti on or i ngest i o n  by man , there i s  a 

d i str i b uti o n  to o rgans o f  concern , i n  wh i c h  the rad i onuc1 i de s  decay to produce 

a rad i ati on dose . 
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The model of F i gure 5 s impl i fi es the real - l i fe processes  and , a s  descri bed 

i n  the capt i on , i s  even further s i mpl i fi ed i n  i t s  appl i cat i o n  by negl ect i ng 

certa i n  pathways . J u st i fi cat i ons for th i s  s i mpl i c at i o n , a nd for the c ho i ce of 

va l ue s assumed i n  the quant i tat i ve appl i c at i on of the model , a re summari zed i n  

th i s  Sect i o n  and supported by more deta i l ed i nformation  i n  Append i x  D .  

The  cho ice  of val ue s for the many parameters i nvol ved in  the quant i tati ve 

appl i c at i o n  of t he model i s  often d i ffi cu l t .  Several changes have been made 

from val ue s empl oyed i n  WASH-1 53 5 .  Where data are not avai l ab l e  to support 

the cho ice  of a " most probab l e" val ue , e st imates have been made that are 

c l earl y  "con servati ve . 11 Th i s  approach l eads to conservat i ve est imates of 

trans uran i c  depo s i t i on i n  man , wh ich  m ust be ke pt i n  m i nd i n  cons i der i ng the 

fi nal res u l t s .  

The esti mat i o n  o f  heal t h  consequences , based o n  the model I S  pred i ct i on of 

rad i onuc l i de  accumu l at i on i n  the env i ronment and i n  man , i s  a l so an uncerta i n  

procedure because of the total l ac k  of d i rect exper imental data o n  effects at 

these l ow expos ure l evel s .  Recogn i z i ng th i s uncerta i nty , pred i c t i ons  of r i s k  

have been made , b ased on  compari son o f  pred icted rad i ati on doses i n  man wi th 

the dose-res ponse data from an imal experiment s  wi th pl uton i um ,  at  much h i gher 

dose l evel s ,  and  wi th  the dose-res ponse data from h uman expos ure to other 

sources of rad i at i o n , a l so at much h i gher dose l evel s .  Ri sk compari sons 

i nvol v i ng fewer extrapo l at i o n  uncerta i nt i e s  have been made between the pre

d i cted doses d ue to rel eases from t he LMFBR f ue l  cyc l e ,  and occupat i onal 

expos ures to pl uton i um ,  expo sure to part i c ul ate pl utoni um from weapon s  test 

fal l out , a nd exposure to natural background rad i at i o n .  These compari sons of 

heal th  conseque nces are s ummari zed i n  thi s sect i o n  and con s i dered i n  greater 

deta i l  i n  Append i x  D .  
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SOURCE TERM 

A rel ease o f  0 . 36 mCi o f  al p ha-emi tti ng tran suran i c  el ements i s  assumed fo r 

each 1000 MWe-year o f  LMFBR opera ti o n  ( Tabl e 6 ) . The deri vati on o f  th i s  

source te rm i s  desc r i b ed i n  deta i l  i n  WASH-1 535 . The maj or  frac t i on of the 

rel ease occurs from the fuel reprocessi ng operati on . The rel ease i s  a i rborne 

and predomi nantl y  particul ate i n  nature , wi th an as sumed acti v i ty med i an 

aerodynam i c  di ame ter ( AMAD ) o f  0 . 3  � m . Al though rel ati vely h i gh rel eases 

may resul t from an  i nd i v i dual acc i dent,  s uc h  acc i dents a re pred i c ted to occu r  

s o  i n freq uentl y that they contr i bute i n s i gn i fi c antl y to the to tal source term; 

th i s  concl u s i o n  is  suppo rted by deta i l ed d i scu s s i o n  in  WASH-1 535 ( i n Appendix  

I I . G ) . WASH- 1 535 al so d i scu sse s the source term that mi ght  be a s soc i ated wi th 

del i berate ac ts of sabotage or of enemy a ttack . 

ENV I RONMENTAL D I SPERSAL 

For th i s  generic con s i de ra ti o n , al l of the source term wa s assumed to be  

rel ea sed to  the atmo sphere . The  i n i ti al rel ease to  the aqueo u s  sy stem , as  

wel l as al l subsequent transfe rs from a i r  to  water o r  from so i l  to  wate r ,  wa s 

i gnored . Wh i l e such a s impl i f i c ation  mi ght  not be appropri ate i f  one were 

concerned wi th the s i ti ng of a spec i fi c  pl a n t ,  i t  seems j u sti fi ed for treatmen t  

o f  the general case , because of the smal l fraction  i n i ti al l y  rel eased to wate r ,  

the l ow sol ub i l i ty o f  most  tran suran i c  compounds , a n d  the g reat d i l uti on 

vol ume ul timate l y  prov i ded by the worl d ' s ocean s .  Any smal l r i sk negl ected by 

thi s approach shoul d be  more than counte rbal anced by the con serva ti ve assumpti on 

that te rre str i a l ly depo s i ted transura n i c  el ements are not depl eted in  the 

so i l , but rema i n  fo r the i r  to tal rad i ol ogical  l i fetime , ful l y  ava i l ab l e for 

root- uptake by pl ants . 
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Rad i o nucl i de 

Pu-238 

Pu-239 

Pu-240 

p u-241 b 

Am-241b 

Cm-242 

Cm-244 

Total 

Tabl e 6 

QUANT IT I E S  OF TRANSURAN I C  ELEMENTS RELEASED TO THE 

ATMOSPHERE PER 1 000 MWe-YEARa 

Hal f L i fe 
(years ) 

8 6 . 4  

24 , 400 

6 , 600 

1 3 . 2  

458 

0 . 44 

17 . 6  

8-Act i v i  ty 
( mC i ) 

5 . 4b 

5 . 4  

a-Act i v i ty 
(mCi ) 

0 . 18 

0 . 04 

0 . 05 

O . Ol b 

0 . 07 

0 . 01 

0 . 36 

10  

650 

220 

48 

3 

0 . 02 

0 . 0 1  

930 

a The quant i t i es enumerated for each rad i onuc l i de are est i mates of the 
rout i ne rel ease from fuel reproces s i ng operat i o n s . Quant i t i e s  rel eased i n  
other ope rat i o n s  o r  i n  acc i dents make a comparat i ve ly  i n s i gn i f i cant contr i bu-
t i o n  to  the total . 

b I n  eval uati ng heal t h  consequences , the 8-rad i at i on from P u-241 i s  i n s i g n i 
fi cant compared t o  the a-rad i at i o n from other trans uran i c  el ements . Howeve r ,  
the 5 . 4  mC i o f  Pu-241 decays t o  produce a n  addi t i onal  0 . 1 6 mCi o f  Am-241 , 
wh i ch i s  i nc l uded as  a pa rt of the source term , where appropr i ate . 
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Atmosphe r i c  D i spersal : For model i ng the di spersal of  the source term wi th i n  

the atmos phere and i ts depo s i ti on from the atmosphere , a s i ngl e pO i nt of  

rel ease in  the North  Central U n i ted States wa s a ssumed . As  desc r i bed i n  

WASH- 1 53 5 ,  thi s cho i c e  wa s based on the ava i l abi l i ty o f  a mo del devel oped 

for ,  and the ava i l ab i l i ty of  actual data from , thi s  s i te .  There i s  a 

rel a ti vely l arge pop ul ati o n  downwi nd from thi s  s i te ,  such that the popul ati o n  

dens i ty con si dered i s  h i g her than the average U . S .  pop ul ati o n  den s i ty by about 

a facto r  of  1 0 .  In the l i g h t  of  thi s conservati sm ,  i t  wa s not con s i dered 

necessary to revi se WASH-1 535 cal cul ations  to accou n t  for 1 980-census changes 

or  fo r ref i n emen ts in our unders tandi ng of  meteorol ogi cal proces ses .  

Appl i c ati on o f  the me teorol ogi cal model , a s  deta i l ed i n  WASH-1 535 , resul ts 

i n  the predi ction  that a fraction  of  4 x 1 0-6 of  the source term wi l l  be 

i n hal ed by the exposed popul ation  of the U n i ted State s  befo re the materi al 

reache s the ground . After reac h i n g  the ground ,  the mate r i al may be resuspended , 

and i t  i s  estimated that an addi ti onal fraction  o f  9 x 1 0-6 o f  the acti v i ty 

rel eased wi l l  eventual ly be i n hal ed a s  a co n sequence of  th i s  resu spen s i on , 

about one- fourth of  thi s wi thi n 2 years fol l owi ng the i n i ti a l  rel ea se . A 

to tal frac tion  of  about 1 . 3 x 1 0-5 of  the source term i s  therefo re pred i c ted 

to reach the exposed popul ati on v i a  i n hal ati o n , hal f of th i s  d u r i n g  the fi rst 

2 years fol l owi ng rel ease and the rema i n der at l ater time s ,  exten d i ng for the 

l i fetime of  the rad i onucl i de s  i nvol ved . 

Th i s  estima te of the to tal fraction  o f  the source term i n hal ed by the total 

expo sed pop ul ati o n  of the U n i ted States i s ,  of c ourse , sens i ti ve to the pO i n t  

of  rel ease ; i t  wi l l  b e  h i gher  for po i n ts of  rel ease cl oser to downwi nd popul a

t i o n  centers and l ower for si te s  l ocated upwi nd of  spa rsel y popul ated areas . 
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I t  i s  based upon average meteorol ogi c al condi ti o n s  and upon somewhat uncertai n 

theory , parti cul arl y  a s  regards the resuspended fracti on .  As con s i dered i n  

Appendi x 0 ,  a smal l er fracti on of the fal l ou t  pl utoni um from weapons tes ts 

seems to have been i n h al ed by man .  Wh i l e  the behav i o r  of thi s  fal l ou t  pl u to

n i um cannot be assumed to exactl y match  that of the transura n i c  rel eases from 

LMFBR operati o n s ,  i t  does prov i de a check o n  the cal cul ati o n s  wh i ch suggests 

that the se cal cul a ti ons  may overestimate the fracti on i nhal ed . 

Terre stri al  D i spersal : A s i mpl er model than that empl oyed for atmospheri c 

di spersal wa s empl oyed for the tran sport of transuran i c  el ements v i a  food 

cha i n s .  I n  thi s  case the enti re source term was assumed to b e  un i formly 

di stri buted over the  surface of the  Uni ted State s , and  un i formly d i spersed i n  

the so i l  to a depth of 2 0  cm , where i t  rema i n s  for the l i fe ti me o f  the 

radi onucl i de s  i nvol ved . There i s  assumed to be no downward movement  i n  the 

so i l  beyond the root zone of pl ants and no l oss  due to runoff.  Th i s  i s  a very 

conservative  as sumpti on , s i nce , a s  d i scu s sed i n  Appe n d i x  0 ,  fal l ou t  pl utoni um 

from weapons tests h a s  al ready penetrated to so i l  depths  of greater than 20 

cm . The as sumpti on of un i fo rm  di stri bution  over the U n i ted States wi l l ,  of 

course , underestima te the depo s i ti on immedi atel y  downwi nd from the source ; and , 

i f  th i s  area i s  used exten s i vel y to produce food c rop s , may u n derestimate the 

transuran ic  el ements reac h i n g  man v i a  food chai n s .  An opposi te effect wi l l  

occur i f  the heav i er depo s i tion  occurs on l and un sui tabl e for agricul tural 

use . Such uncerta i n ty i s  i nev i tabl e i n  generiC  eval uati ons  and wou l d need to 

be con si dered i n  eval uati ons  o f  spec i fi c  s i te s .  

TRANSPORT V IA FOOD CHAINS 

Tran suran i c  el emen ts i n  so i l  may reach man v i a a number o f  food cha i n rou tes , 
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the mo re impo rtant  of wh i c h  are i nd i c ated i n  F i gure 5 .  Of the se , the most 

s i gn i ficant  i s  the di rect pathway i nvol v i ng abso rp t i o n  o f  the rad i onuc 1 i de 

from the so i l  by pl ants ( or external contami nati on o f  the pl ants by so i l ) and 

i ngest i o n  of the pl ants by ma n .  Fo r e stimat i n g  i ngesti o n  by man ,  i t  i s  

assumed that pl ant- deri ved food wi l l  i nc l ude tran suran i c  el ements at a concen

trat i on that i s  1 percent ( pl ant wet-we i ght basi s )  o f  the concentrati o n  of 

these el ements in the so i l . Th i s  i s  l ower than the 1 0% concentrati o n  assumed 

i n  WASH-1 535 , b u t ,  i n  l i g h t  of accumul ati n g  data on the uptake of pl uto n i um i n  

agricul tural crop s ,  i s  sti l l con s i dered a conservat i ve estimate ( see Append i x  D ) . 

Because o f  the conservati ve a s sumpti o n  of permanent pl uto n i um retenti o n  wi th i n  

the root-zone o f  so i l , and 1 percent pl ant uptake , n o  attempt wa s made to 

model the fi ne r po i nts o f  food cha i n  tran sport to man .  I t  wa s assumed that 

al l pl ant- deri ved food i ngested by man wi l l  have a concentrati o n  o f  LMFBR

rel eased tran suran ic  el ements equal to 1 percent o f  the concentrati o n  o f  

the se el ements i n  the top 20 cm of so i l . Th i s  l eads to a total i ngesti o n  by 

the U . S .  popul atio n ,  over the l i fetime of the rad i onuc 1 i de s  i nvol ved , o f  about 

10-3 of the rel eased act i v i ty .  Th i s  total quant i ty i ngested wi l l  contr i bute 

s i gn i fi c a n tl y  to human expos ure i n  compari so n wi th the contr i b u t i o n  v i a  

i nhal ati o n .  

METABOL I SM AND DOSI METRY I N  MAN 

S i nce the pub l i c a t i on of WASH-1 535 , the I n ternati onal Commi s s i o n  on Rad i ol ogi cal 

P rotection  ( I C RP )  has recommended new model s fo r the behav i o r  o f  tran suran i c  

el ements i n  man a n d  fo r the cal cul ati o n  of radi at i o n  do ses to organs . 1 These 

new I C RP procedures are empl oyed i n  th i s  document;  the deta i l s o f  the i r  

appl i cati on are desc ri bed i n  Append i x  D .  
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For the ca se of i nhal ed radi onuc l i de s , the I C RP Lung  Model di sti ngui shes 

between vari o u s  sol ubi l i ty c ategori es ; pl uto n i um oxi de fal l s  i n  i ts l east 

sol ubl e catego ry ( C l ass  V ) , o ther pl uto n i um compou n ds in  an  i n te rmedi ate 

sol ub i l i ty c ategory ( Cl a s s  W ) ; al l compounds of ameri c i um and cur i um are 

consi dered as C l a s s  W .  For cal cul ati ng dose to l ung , the LMFBR pl uto n i um 

parti c l e s  are as sumed to fal l i n  the l east sol ubl e c l ass , thus maximi zi ng 

retent i o n  in l ung a nd thorac i c  l ymph node s , and maximi zi ng rad i at i on dose to 

these organs . For cal cul ati ng dose to other organs ,  an i n termedi ate sol u b i 

l i ty i s  assumed fo r the pl utoni um parti cl e s , wh i c h  resul ts i n  more rapi d 

cl earance from l ung to bl ood and somewhat l arger doses to bone surfaces , red 

marrow , l i ver ,  and gonads . Th i s  i n sures that dose to a spec i fi c  organ wi l l  

not be  undere stimated because of uncertai n ty a s  to the chemical  nature of the 

pl uto n i um i nhal ed . But , s i nce the same materi al i s  sometimes assumed to be  i n  

two pl aces at the same time , these a ssumpti ons  conserv a ti vel y overestimate the 

combi ned dose to al l orga ns . 

For mo re sol ubl e pl uto n i um compounds , a frac ti on of 10-4 of i ngested pl utoni um 

i s  assumed by the I C RP to be  abso rbed from the ga stro i n testi nal tract to b l ood . 

For ameri c i um and cur i um the I CRP absorpti o n  fraction  i s  5 x 1 0-4 • Recent data 

from s tudi es i n  an imal s suggest that these absorpti o n  frac ti o n s  may be  too smal l 

fo r very l ow concentra ti ons  of tran suran i c s , o r  tran suran i c s  i ncorporated i n  

orga n i c  foodstu ffs . 2 , 3 Thus  a conservativel y  h i gher absorp ti on frac ti on o f  10-3 

wa s used for pl u toni um ,  ameri c i um and cur i um .  Transura n i c  el ements reach i ng 

the b l ood , whether absorbed from the l ung or from the gastro i n testi nal  tract ,  

are a ssumed to depo s i t  45% on bone surfaces and 45% i n  l i ver ;  the tran suran i c s  

i n  bone are reta i ned wi th a hal f- time of 100 years a n d  the transura n i c s  i n  

l i ver wi th a hal f- time of 40 years . A depo s i tion  from bl ood of 0 . 035% i n  the 

testes and 0 . 01 1% i n  the ovari e s ,  wi th total retenti o n , i s  al so a ssumed . 
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Empl oyi ng the dose cal cul ati o n  procedures o f  the I C RP ,  e stima tes were made o f  

the 50-year dose commi tment to o rgans s i g n i fi cantl y  i rradi ated as  a resul t o f  

i nge stion  or i n hal ati o n  o f  the cal cul ated fracti o n s  o f  the i n i ti al source term 

rel ease . These proc edures are de sc ribed i n  Appendi x  D .  B r i e fl y , they take 

accoun t of the phy s i cal decay a nd b i ol ogical  retenti on of the radi onucl i de ,  

i ncl udi ng daughte r  radi onuc l i de s  where perti nen t ,  and s um the dose over 50 

years fol l owi ng i n i ti al depo s i ti o n .  The 50-year period  wa s cho sen by the I C RP 

a s  a conservative  i n terval  o f  dose accumul ati o n  for occupati onal l y  exposed 

persons .  I t  i s  l ess  conservati ve  for a member o f  the general publ i c , who may 

be exposed at any age , but wi l l  sti l l overestima te total expo s ure . These dose 

es timate s  for the o rgans  and ti ssues of c ri ti c al concern , l un g ,  bone surfac e ,  

red marrow , l i ve r ,  a nd gonads , a re shown i n  Tab l e 7 ,  expres sed i n  un i ts o f  o rgan-

rem. These represe nt the total cumul ative dose equi val ent , from transuran i c  

el ements rel eased pe r 1000 MWe-year* o f  LMFBR ope ra ti o n . 

ESTI MATES OF HEALTH EFFECTS 

The v a ri o u s  estima tes of exposure to tran suran i c  el emen ts rel eased from the 

LMFBR fuel cycl e  are summari zed i n  Tabl e 7 .  Rel a ti ng the se estima tes o f  

expos ure to heal th e ffects mu st  necessari l y  be done i nd i rectl y , s i nce there 

have been no observed l i fe-threateni ng effects i n  man tha t can be un i quely 

rel ated to tran sura n i c  expo sure . The rel ati o n sh i p  must al so be  qu i te uncer

ta i n ,  s i nce the e s ti mated l evel s o f  exposure are far l ower than can  be studi ed 

experime n tal l y , and bec ause no pri nc i pl e s ,  mechan i sms , or establ i shed model s 

exi st to suppo rt the pred i c t i o n  o f  radi ati o n  effects a t  such l evel s .  A n umber 

of c ompari sons can be made , however,  wh i c h  g i ve an i ndi cati o n  o f  the pos si bl e 

mag n i tude of e ffects . 

* Equi val ent to a 1000 MWe LMFBR power pl ant ( and supporti ng fuel cycl e )  
opera ti ng fo r a year a t  a n  80% capac i ty fac to r .  
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Tabl e 7 

SUMMARY OF P R I NC I PAL MODEL ASSUMPT IONS AND P RED ICTIONS 
( pe r  1000 MWe-YEAR) 

Tran sura n i c s  Rel eased to Ai r (  C i ) 

I n i t i al Tran s uran i c  Concentrati on i n  So i l  
( C i /g - al l i n  top 20 cm ) 

I n i t i al Tran suran i c  Concentrati on i n  Food ( C i /g)  

Tran suran i c s  I ngested by U . S .  P opul atio n  ( C i ) 

Abso rb ed from G . I .  Tract ( C i ) 

Tran sura n i c s  I n hal ed by U . S .  Popul a ti on 

D i rectl y I n hal ed ( C i ) 

I n hal ed After Resuspe n s i o n  

Dur i n g  Fi rst 2 Years ( C i ) 

Afte r  Fi rst 2 Years ( C i ) 

Total I n hal ed ( C i ) 

Radi ati on Dose to U . S .  Popul ation  from Transuran i c s  

To Lung ( organ- rem )  

T o  Bone Surface ( organ- rem )  

To Red Marrow ( organ- rem)  

To  L i ve r  ( organ- rem)  

To  Gonads ( organ- rem )  

199 

0 . 36 x 10-3 

1 x 10-22 

1 x 10-24 

4 x 10-7 

4 x 10- 1 0  

1 . 4 x 10-9 

0 .8 x 1 0-9 

2 . 5  x 1 0- 9  

5 

9 

86 

7 

18 

1 . 1  



Compari son W i th C u rrent L evel s of Exposure to Al pha-Emi tters : Tabl e 8 compares 
the exposure estimated to resul t per 1 000 MWe-yea r  of  LMFBR operati on wi th 
various  mea sures of exposure from ( 1 )  natural background rad i at i on , ( 2 )  
natural ly occurri ng al pha- em i tt i ng rad i onuc l i de s ,  ( 3 )  fal l out pl uto n i um 
present i n  our envi ronment a s  a re sul t o f  nucl ear weapons tests , and ( 4 )  h uman 
pl uto n i um depo s i ti ons resul ting  from occupational expo s ures . Th e data o f  
Tab l e  8 a re co n s i dered i n  greater deta i l  i n  Ap pend i x  D .  

The numbe rs i n  Tab l e  8 a ffo rd many i nteresti ng compa ri so n s .  The most extensi ve 

compa ri so n s  are those wh i c h  can be made wi th the fal l out pl uton i um from 

weapo n s  tests . The amount  o f  fal l out pl uto n i um exceeds by a facto r of  about 

50 mi l l i o n  the esti mated LMFBR rel ease per 1 000 MWe-year ; 1 000 LMFBR ' s  each 

rated a t  1 000 MWe and ope rati ng fo r 50 years woul d rel ease onl y 1 /1 000 of  the 

pl uto n i um depo s i ted from pa st weapon s  tests . The measu red concentrati on of  

fa l l ou t  pl uto n i um i n  pl ant-deri ved foods i s  400 , 000 time s  the estima ted 

i n i ti al con tami nati o n  of such foods pe r 1 000 MWe-year of LMFBR ope rati o n . The 

estimated dose equi val ent to a s i ngl e generation  from fal l ou t  i s  a m i l l i on 

time s  greate r  than the dose equi val ent to al l future generations  from a 1 000 

MWe-year of LMFBR operati o n . 

Rad i ation  doses from the natural l y  occurri ng al pha-em i tt i ng rad i onuc l ides  

dwarf tho se from e i ther fal l out pl uto n i um or  estima ted LMFBR rel ease s .  The 

d i str i b u t i o n  of  thi s na tural dose i n  bone and l ung may not be exactly comparab l e  

to tha t from the tran suran i c  el eme nts . Howeve r ,  the d i ffe rences are so l arge 

tha t thi s facto r become s rel atively unimpo rtant .  I t  shoul d be  noted al so that 

the doses shown fo r natural ly occurri ng rad i at i o n  source s are doses cal cul ated 

fo r a s i ngl e gene rati o n ,  wh i l e  the LMFBR doses are di str i b u ted ove r many 

generations . 
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N o ..... 

Tabl e 8 

COMPARI SON OF EST IMATED EXPOSURES FROM LMFBR TRANSURAN I C  ELEMENT 
RELEASES W I TH EXPOSURES FROM OTHER SOURCES 

1000 MWe- Fal l out  
Year of  P l uto n i um P l uton i um Natural l y  Total  

LMFB R Exposed from WeaRo n s  Occurri ng Natural a Worke rsa Tests a - Em i  ttersa Radi ati o n  

Total Rel eased to Ai r 

Concen trati on i n  So i l  

Conc en trati o n  i n  P 1 ant
Deri ved Food 

Total I n hal ed by U . S .  
Popul ati o n  

Total Re ta i ned i n  U . S .  
Popul ati o n  

Dose Equ i va1 est to U . S .  
Popul ati o n  

U n i ts 

10-3 C i  

10- 2 2  C i /g 

10-24 C i /g 

10-8 C i  

10-8 C i  

Operati o n s  

0 . 36 1 6  x 106 

1 4 x 1 07 

1 4 x 1 06 

0 . 5  8 x 1 05 

500 6 x 1 04 

Lung organ- rem 9 1 7  x 1 0� 
88 x 106 

9 x 10� 
2 x 10 

11  x 10� 
3 . 2 x 109 Bone Surface 

Red Marrow 
L i ver 
Gonads 

organ- rem 
organ- rem 
organ- rem 
o rgan- rem 

a Numbers deri ved i n  Append i x  D .  

86 
7 

18 
1 

7 x 1 0  0 . 5  x 1 09 1 . 8 x 10 
19 x 1 0� 

0 . 3  x 109 1 x 10 1 . 3  x 10 

b Dose equ i val ent from LMFBR rel ease i s  a 50-year dose commi tment to a con stant U . S .  popul ati o n  exposed 
for al l time . 

Dose equi val ent from natural radi at i o n  i s  cal cul ated fo r a 70-year expo s ure o f  U . S .  popul ati on . 
Dose equi val ent from fal l ou t  p.1 uto n i um i s  a 50-year dose commi tment to the U . S .  popul ati o n  from 

expos u re duri ng the peri od 1954-1975 . 
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I t  i s  of  i nterest tha t  the estimated total amount o f  pl uton i um depo s i ted i n  a 

few tho u sa nd pl uto n i um wo rke rs i s  1000 time s  the estimated depo s i ti o n  that 

woul d re sul t from 1000 MWe-year of  LMFBR ope rati o n .  These worke rs were 

expo sed , mo stl y  v i a  i n hal ati o n ,  to fo rms of pl uto n i um tha t  may cl osely s imul ate 

the LMFBR rel ease . Th us fa r ,  no effects attr i b utab l e to the pl uto n i um depo

s i ti on have been seen in these peopl e .  

The compa ri so n s  o f  Tab l e 8 prov i de no measure o f  the absol ute r i sk  o f  heal th 

effects from tran suran i c  rel ea se s  from the LMFB R fuel cycl e .  They i nd i cate , 

howeve r ,  that such effects wi l l  be smal l compa red to wh atever e ffects may 

resul t from fal l out pl uton i um .  They al so suggest that any e ffects from LMFBR 

rel eases ( o r from fal l out pl uton i um)  woul d be total l y  obscured by the muc h 

l a rge r i nc i dence of  e ffects to be expected from natural background radi ati o n , 

i f , i ndeed , any e ffects a re to be expected from any of  the se source s .  

Compari son Wi th An i mal Tox i c i ty Studi es : D i rec t i n fo rmati o n  on the tox i c i ty 

of tran suran i c  el emen ts i s  ava i l abl e only  from studi es i n  expe rimental an i mal s .  

The rad i ob i ol ogi c al l i te rature suggests that the b i o l o g i cal e ffects observed 

i n  such a n i mal expe riments wi l l  approx i mate tho se that woul d occur i n  man 

exposed under the same cond i ti on s .  Fo r th i s  rea so n ,  i t  i s  j u sti f i abl e to l ook 

to the resul ts from exten s i ve an i mal expe rimentati o n  fo r gui dance i n  estimati ng 

the heal th r i s k s  from expo s u re to tran suran i c  el ements . These stud i es suggest 

that bone and l ung canc ers a re the most i mpo rtant e ffects of  exposure to the 

l owe st l evel s of tran suran i c  el ements th us far stud i ed .  D e sp i te the rel ati vely 

h i gh rad i at i on do se s to pul monary l ymph node s ,  there i s  no i n di cati on from 

an imal stu d i es of s i gn i fi cant tumor produc t i o n  i n  the l ymp hati c sys tem . Fo r 

thi s rea son we have fol l owed the practi ce of  the I CRP and  i ncl uded pul monary 

l ymph node depo s i ts a s  part of  the l ung depo s i t fo r dose cal cul ations . 1 
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The expo s ure l evel s empl oyed i n  animal studi es are nece ssari l y  very much 

h i g her than the estimated expos ures from LMFBR rel ease s .  One i s  al so aware 

th at extrapo l ati on of  animal resul ts to man i s  uncertai n under any condi ti on s .  

E stimates have neverthel ess  been made , based o n  the se animal stud i e s , rel ati ng 

cancer ri sk to radi at i o n  dos e .  The range of these estimate s  i s  g i ven i n  

Tab l e  9 ;  a mo re deta i l ed con s i deration  o f  the i r  o ri g i n  wi l l  b e  found i n  

Appendi x D .  The reasonabl e agreement among cancer ri sk e sti mates from the 

exten s i ve animal data , and the l im i ted and i ndi rect data from h uman expo sures 

to other al pha-emi tters , s trengthens our confi dence in the general mag n i tude 

of the estimate s .  

Compari son W i th H uman Cancer R i sk D ata : The h uman cancer ri sk data empl oyed 

in WASH-1 53 5  wa s th at gathered by the Nati onal Academy of  Sc iences - - Nati onal 

Research Counc i l  Adv i so ry Commi ttee on the B i ol ogi c al E ffects of I oni zi ng 

Radi ati ons , and publ i shed i n  1972 ( BE I R  1 ) . 4 S i nce then , a rev i sed asse s sment 

of  the human data h a s  b een publ i shed by the successor to th i s  Commi ttee ( BE I R  

1 1 1 ) , 5 and other estimate s  o f  dose-effect rel ati onsh i p s  have appeared from 

other authori tative sources . 6 , 7 The more s i g n i ficant of the se ri sk e stimate s ,  as  

they appl y to tran suran i um el ement expo s ure , are summari zed in  Tabl e 9 ,  and 

are di scu s sed at greater l ength in Appendi x  D .  Al so l i sted in Tabl e 9 are the 

conservati vel y chosen cancer ri sk e stimates empl oyed i n  th i s  document.  Some 

c onfi denc e  i n  these numbers may be engendered by the extent of agreement 

between the estima te s  from various  groups .  It mu st be remembered , h owever , 

that al l of the groups had access  to the same data , wh i c h  wa s l imi ted to 

expos ures at rel a ti vely h i gh dose l evel s ,  and the extent of agreement l argel y 

refl ec ts the necess i ty of  mak i ng the same k i nds of  assumptions  i n  the extrapo

l at i o n s  requi red . 
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N 0 � 

O rgan 

Lung 

Bone Surface 

Red Ma rrow 

L i ve r  

Gonads ( fo r  number o f  
gene rati ons  i ndi c ated }  

Tabl e 9 

SUMMAR I ZED R I SK E ST I MATES FOR EXPOSURE TO TRANSURAN ICS  EXPRESSED 
AS EXC ESS CANCER DEATHS OR MAJOR GENETIC DEFECTS 

Per 1 06 o rgan- rema 

Animal 
Source of R i sk E stimates 

Studies  BE I R  I I I  I CRP UNSCEAR 

1-80 20 25-50 

0 . 5-10  1 . 4 5 2-5 

23 20 1 5-2 5  

1 5  

15-225  ( 1 )  300 ( 2 )  189 ( 1 )  
180-3300 ( al l )  600 ( al l )  555 ( al l )  

a The deri vati o n  o f  these ri sk e stima te s  i s  d i scu s sed i n  Ap pe n d i x  D .  

Chosen for 
Use i n  Th i s  

Documents 

35 

5 

25 

15 

1 ,000 ( al l )  



Compari son W i t h  Genet i c  R i s k  Data : The B E I R  Comm i ttee , 5 the Un i ted Nat i o ns  

Sc i e nt i fi c  Commi ttee on  the Effects  of  Atom i c  Rad i at i o n  ( UNSCEAR ) , 6 and  ICRp7 

have publ i shed recent e st i mates of the r i s k  of  ser i ous genet i c  defects . These 

r i sk e st imates were al l der i ved from data obta i ned wi th  l ow-LET rad i at i o n  expo sures , 

and i n  accord w i t h  B E IR- I I I  recommendat i o n s ,  h ave been mu l t i pl i ed by a factor of 

three for th i s appl i cat i o n  to h i gh-LET a l pha-rad i at i o n .  The se adj usted r i s k  e st i 

mate s are summari zed i n  Tab l e  9 and are d i sc ussed at greater l ength i n  Appe nd i x  D .  

LMFBR Est i mated Hea l th Effect s : The est imates of organ dose to the U . S .  

popul at i o n per 1 000 MWe-year of LMFBR operat i o n ,  t ake n from Tabl e 7 ,  and  the 

cancer and genet i c  r i s k  e st i mates taken  from Tabl e 9 ,  a re combi ned i n  Tabl e 10  

to produce est i mates of exces s  cancer deaths and ser i ous  genet i c  effects 

attr i butab l e to a 1000 MWe LMFBR operati ng for 1 year , a nd occurri ng over the 

l i fet i me of the rel eased rad i o n uc l i des . The est imates for total cancers and 

genet i c  effects ,  be i ng very muc h smal l er than 1 ,  must be thought of as  a 

probab i l i ty of  occurrenc e .  Th us , t here i s  an est i mated probab i l i ty of  about 

o ne chance i n  o ne-t housand that a canc er death wi l l  resu l t ,  and a somewhat 

smal l er probab i l i ty of a seri ous genet i c  defect . Fo r exampl e ,  a n  el ectr i c al 

generat i ng system emp l oy i ng 1 000 LMFBR 1 s , e ach  of 1000 MWe rated capac i ty ,  

wou l d be est imated to cause about one cancer deat h  for each year of operat i o n  

and about one ser i o u s  genet i c  defect for each 2 years of  o perat i o n .  

D I SCUSS I ON O F  U NCERTAI NT I E S  I N  HEALTH EFFECTS EST I MATES 

I n  arr i v i ng at the est i mates of heal th  effects j u st presented , i t  wa s necessary 

to ma ke many s impl i fy i ng a s s umpt i o ns .  Wh i l e  these a s s umpt i o n s  have been 

des i gned to err i n  the d i rect i on of  overest i mat i ng effects , i t  i s  i mportant to 

the understand i ng of t he se est i mates to have some feel i ng for the mag n i tude of 

the uncerta i n t i es i nvol ved . The more cr i t i cal of these uncerta i nt i es are 

co ns i dered i n  the fol l owi ng d i sc u s s i o n  and i n  g reater deta i l  i n  Append i x  D .  
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Tabl e 10 

ESTI MATE OF HEALTH EFFECTS FROM TRANSURAN I C  RELEASES 

Per 1000 MWe-Year 

Estima teda R i sk Fac60 rb 
I rradi ated  Pgpul ation  ( pe r  1 0  Estimated Excess c Oroan Dose ( organ- rem ) organ- rem ) Cancer Deaths G enetic E ffects 

Lung 9 35 0 . 00032 

Bone Surface 86 5 0 . 00043 

� Red Marrow 7 25 0 . 000 18 
� 

L i ve r  18 1 5  0 . 00027 

Gonads 1 . 1  1 , 000 0 .0006 

Total s 0 . 0001 2  0 . 0006 

� From Tabl e 2 .  
From Tab l e  4 .  c The number o f  ge neti c e f fects wa s reduc ed by a facto r  o f  2 to ac cou n t  fo r wa sted radi ati on  rec e i ved 
beyond the average age of concepti o n .  



Prob l ems of Averagi ng Act i v i ty and Dose : Throughout t h i s document cal cul at i ons 

have been made as though the rad i onuc l i de rel ease was i nf i n i te ly  d i v i s i b l e ,  

whereas , i n  fact , i t  i s  composed of part i c l es wi th an assumed AMAD of 0 . 3  pm . 

These part i c l e s  are not of a s i ng l e d i ameter , but exh i b i t  a d i stri but i on of 

s i zes and shape s .  There i s  no way of pred i ct i ng part i c l e  s i zes or compos i 

t i o n .  I n  fact , t he part i c l e s ori gi nal ly rel eased may conta i n  uran i um o r  ot her 

di l ut i ng  mate ri a l . Therefore , it wou l d  be unrea sonab l e  to attempt to emp l oy 

a " part i c l e  mode l " for di stri but i on of the source term beyond t he i n i t i a l 

atmos phe r ic  p ha se .  

I f  the trans uran i c  el ements enteri ng s o i l s  as pa rt i c l es rema i n  i n  th i s  form , 

tran suran i c  ava i l ab i l i ty wou l d be d i mi n i shed compared to the ca se where the 

part i c l es  are subdi v i ded and di sso l ved by phys ica l  and chemi cal  weat heri ng 

processes . On the ba s i s  of present i nformat i o n ,  i t  i s  not pos s i b l e  to quant i fy 

the extent of pa rt i c l e  subdi v i s i on and chemi cal di sso l ut i o n  wh ich  wi l l  occur 

as a funct i o n  of the t i me pe ri ods of concern . It wou l d appear l i ke ly , however ,  

that entrance i nto the so i l a s  an oxi de  part i c l e  wou l d have the effect of 

reduc i ng ,  at l east i n i t i al ly , transuran i c  ava i l ab i l i ty to pl ants bel ow the  

l evel s ass umed in  th i s  document . 

Of great er i nterest are the pos s i b l e  con sequences of i nha l ed part i c l e s .  I s  the 

i ntense rad i at i on dose to t i s sue surroundi ng a part i c l e  more hazardous  than the 

dose from t he same quant i ty of radi at i on di spersed more u n i form ly  t hroughout 

the l ung?  Th i s  quest i on ,  t he so-cal l ed "hot part i c l e  prob l em " , h as been 

addres sed by several s peci al ly appoi nted grou ps and i nternat i onal  bod i es . 7 ,8 , 9 , 10 

As referenced i n  greater deta i l  i n  Appendi x D ,  t hese groups have found nei ther  1 1  

theoret ica l  nor expe rime nt al grounds for confi rmi ng t he ext reme toxi c i ty att ri buted 

to " hot part i c l e s "  by Tampl i n  and Cochran . l l  The pos s i b i l i ty of enhanced effect s 

from part i cu l ate i rrad i at i on of speci f ic  t i s sue reg i ons can not be exc l uded , but 

207 



1 1  

un i form exposure to total  organs  wou l d general l y  be pred i cted to  be  more 

hazardous than exposure to " hot part i c l es . "  The l ack of any u n us ua l  i nc i dence 

of heal th effects i n  workers that have i nh al ed pl uton i um ( usua l l y  i n  part i cu l ate 

form )  al so  argue s aga i nst any s urpr i s i ng l y  l arge hazard due to these pa rt i c l es . 12  

The u se  of a n  average l ung dose i n  the est imat i on of heal th  r i s k s  i s  th erefore 

cons i dered an appropri ate procedure , wh ich  i s  not expected to underest i mate ri sk s .  

PROBL EMS OF AVERAG I NG P EOPLE 

Cons i derat ion  of  the number of part i c l es ava i l ab l e  for i n hal at i o n ,  t he fact 

that these part i c l es wi l l  be rel eased from a smal l number of fuel reprocess i ng 

pl ant s ,  p l u s  the fact that most of the d i rect i n hal at i o n  of pa rt ic l es wi l l 

occur wi th i n  5 0  mi l es of the  rel ease , comb i ne to i n sure that LMFBR-deri ved 

trans uran ic  el ement concentrat i ons  i n  the l ungs  of d i fferent peopl e wou l d 

be expect ed to vary wi de l y .  Whether th i s  fact a l ters t h e  acceptab i l i ty o f  

the very smal l tota l  ri s k  o f  heal th  effect s i s  a quest i o n  pert i nent , p r imari l y ,  

to dec i s i ons concern i ng the s i t i ng of i nd i v i dua l  fuel  reproces s i ng p l ant s .  

Another type of peopl e-averag i ng i s  impl i c i t  i n  the l ack  o f  separate con s i dera

t i on of the fetus , i nfant , or c h i l d .  Data beari ng o n  th i s  prob l em are 

con s i dered i n  WASH-1 535 , a nd i t  i s  concl uded that ri sks  to the very young  

are adeq uately covered by ad u l t  cri ter i a .  

PROBLEMS OF AVERAG I NG T I ME 

Est imates of heal th  effects  have been noted , a s  i n  Tab l e  1 0 ,  wi thout regard to 

th e i r  d i str ibut i on i n  t i me .  I t  i s  i mpo rtant to have an est imate o f  the  total 

effect over the l i fet ime of the rad i o nuc l i des i n vol ved , b ut it i s  a l so  impo rtant 

to know how these effect s are d i str i b uted i n  t i me .  About one-t hi rd of the  

est imated cancer deaths wou l d  be  expected to occur  to  the generat i ons  a l i ve 

dur i ng LMFBR ope rat ions . About one-th i rd of the  genet ic  effect s wou l d  be 
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expected to occu r  by the end of the fi rst generati o n  fol l owi ng LMFBR operati on . 

The rema i n i ng two- thi rds of the estimated heal th effects wou l d be spread over 

subsequent gene rati ons , at a much d i m i n i shed rate , dec reas i ng wi th radi oact i ve 

dec ay .  Because of the greate r  con servati sm refl ected i n  the l ong- term a spects 

of the model , i t  i s  probabl e that con si derabl y  more than the pred i c ted one

th i rd of the total nongeneti c  effects wi l l  be evi denced i n  generati ons  exposed 

di rectl y to LMFB R rel ease s .  

Uncerta i nti es i n  Envi ronment D i spersal , Tran sport , and Metabol i c  Model 

P arameters : Th i rty percent of the estimated i nh al ati on of tran suran i c s  by 

man occurs dur i ng the primary phase of atmospheric di spers i o n  ( Tabl e 7 ) .  The 

as sumpti ons  i nvol ved i n  es timati ng thi s i n i ti al i nhal ati o n  wi l l  pri nc i pal l y  

affect the patte rn of di spers i o n . S i nc e  the a reas downwi nd  from the refe rence 

rel ease s i te a re rather un i formly popul ous , the quanti ty ul timatel y i n hal ed i s  

rel ativel y i n sens i ti ve to the se a ssumpt i on s .  I t  i s  therefo re fel t that the 

total quanti ty i nhal ed from the di spe rsed pl ume by the expo sed U . S .  popul ati on 

is  a reasonabl e estima te for the s i te sel ected , but might v a ry over a la- fol d 

range dependi ng upon the exact l ocati on of the rel ease s i te wi th respect to 

popul ati on centers . Th i s  i s  primari l y  a matter to be eval uated i n  spec i fi c  

pl ant si ting . The rem a i n i ng 70% o f  the total estimated i n h al ation  occurs  a s  a 

re sul t of resuspens i on , and i s  probably a substan ti al overe stima te , s i nce i t  

assume s n o  l os s  o f  ava i l ab i l i ty s ubsequent to an i n i ti al 2-year weatheri ng . 

The frac t i o n  o f  the LMFBR rel ease that i s  estimated to be i n hal ed by the 

expo sed U . S .  popul ati on i s  about 30 time s  l arger than the measured fraction  of 

fal l ou t  pl uto n i um i nh al ed ( Tabl e 8 ) .  I t  i s  reasonabl e tha t the LMFBR e stimate 

shou l d be l arger ,  because of the h i gher popul ati o n  dens i ty of the heavy 

di spersal area for the LMFBR rel ease , a s  compa red to the U . S .  average;  and  

bec au se the  l ong- term i nhal ati o n  of resuspended materi al i s  not refl ected i n  
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the 20-year experi ence w ith  fa l l out pl utoni um . These factors mi ght not 

expl a i n  the total  di screpancy ;  however ,  the  agreement seems rea sonably good . 

About 0 . 1% of the LMFBR re l ease i s  est i mated to be u l t i mately i ngested by the 

U . S .  pop u l at i on (Appendi x D ) . Th i s  va l ue re s u l t s  from a combi nat i on of 

co nservat i ve as sumpt i ons neces s i tated by the  absence of pe rt i nent data . Th u s ,  

i t  i s  as s umed that th e tran s uran i c  el eme nts rema i n  ava i l ab l e  for root upt ake 

or  re suspens i o n ,  i n  the upper 20 cm of the so i l , fo r the i r  l i fet i me ;  no  s i nk 

i s  provi ded . It i s  fu rther as s umed that p l ant-de ri ved food wi l l  conta i n a 

tran suran i c  el eme nt concentrat i o n  equal  to 1% of the concentrat i o n  of these 

e l eme nts in  so i l .  Th i s  l e vel  of accumu l at i on i s  about 10  t imes  h i gher than 

that measured for fal l out pl utoni um or ame ri c i um . 13  The mode l s  empl oyed 

i nd i cate  that cumu l at i ve organ  rad i at i on doses , over a l l t ime , from i nge sted 

tran s uran i c s  are compa rab l e  to those from i nha l ed t ran suran ics ; the dose from 

i n hal ed tran suran i c s  wi l l ,  howeve r ,  predomi nat e  dur i ng the pe ri od of d i rect 

expos ure to LMFBR re l ease s ,  for wh ich  peri od the mode l paramete rs are most 

cert ai n .  For the case of gastroi ntes t i na l  absorpt i on ,  a h i gher  absorpt i on 

fract i o n  was chosen th an that recommended by the I CRP , i n  l i ght of recent 

expe ri me ntal  re s u l t s . 2 , 3 

W i th rega rd to the ass umed absorpt i on and di st ri but i on of the tran suran i c  

e l eme nts i n  ma n ,  the pa ramete rs emp l oyed i n  I CRP mode l s are ,  i n  genera l , "best 

esti matel l  mode l s .  Some con servat i sm res u l t s  from the  dup l i cat i on of expos ure 

i nvo l ved i n  maxi mi z i ng bot h retent i on i n ,  a nd moveme nt from , t he l ung , a nd 

from the pract i ce of ass umi ng a 50-year peri od for accumu l at i on of dos e ,  

rega rd l e s s  o f  age at depos i t i on .  These are m i nor factors , however ,  compared 

to those i n vo l ved i n  the di s pers a l  and trans port model s .  
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U ncerta i nti es i n  Dose-Effect Extrapol ati ons :  A maj or uncerta i n ty i s  tha t  

i nvol ved i n  transl a ti ng estima tes of dose to estimate s  of spec i fi c  heal th 

effects . Wi thout doub t ,  the most  val i d  approach i nvol ves those compari son s  

wh i c h  avo i d  the uncerta i nti e s  of extrapol a ti on to expo sure l evel s far l ower 

than can be experimental ly studi ed . Thus , the most conv i nc i ng compari sons are 

those i n  Tab l e 8 ,  wh i c h  contras t the l ow l evel s of predi c ted LMFB R rel eases 

wi th the much h i gher l evel s of pl uto n i um depo s i ted in the u.s.  from weapons 

te sts ; and wi th the even h i gher l evel s of n atural ly occurri ng al pha- emi tters 

present  in the exposed popul ati o n .  

The effo rt to pl ace absol ute numbers on spec i fi c  ri sks must b e  l ooked upon a s  

an exerc i se l endi ng qual i ta ti ve support to the concl u s i ons  impl i c i t  i n  Tabl e 8 .  

The numbers of c ancers and genetic  defects l i sted i n  Tab l e 1 0  h ave no prec i se 

quanti tati ve s i gn i f i c anc e .  They are based upon conservative e s timates of 

expo s ure . Whethe r the ac tual ri sk approaches these n umbers , or i s  zero , can 

in no way be  i n ferred from our present knowl edge . 
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B .  Env i ronmental Impact s of  Al ternat i ve Long-Term Techno l og i e s  

Some qual i tat i ve compari so ns* are po s s i b l e  for mag net i c  fus i o n 1 , 2 , wi nd 

energy convers i o n3 , 4 , s o l ar photovol ta ic  conver s i o n5 , 6 , so l ar thermal 

. 7 , 8 d th 1 . 9 , 1 0  . . t ·  DOE converS 1 0n , an ocean erma converS 1 0 n  , u S 1 ng eX1 S 1 ng 

Env i ronmental  Devel opment P l ans , Env i ronmental Read i ne s s  Documents and rel ated 

i nforma t i o n . 1 1 , 1 2 

21  

Comparat i ve quant i tat i ve anal yses of al ternat i ve l ong-term techno l og i es are 21  

d i ffi c u l t  d ue to di fferences in  type s of  impacts .  However , a l l l ong-term 

technol og i es requi re l and for generat i ng fac i l i t i es ,  t ran smi s s i on l i nes , etc . 

I t  wou l d be expected that l and use for the LMFBR and s upport i ng fue l  cyc l e  

wou l d  be rough l y  compa rab l e to l and u se associ ated wi th magnet i c  and i nert i al 

fus i o n  and wi nd energy convers i o n  systems ( o n  a un it  el ectr ical ge nerat i o n  

bas i s ) . However , l and  u se for so l ar photovol ta ic  and so l ar thermal systems 

wou l d  be expected to be co ns iderab ly  g reater , d ue to the l arge areas requi red 

fo r so l ar col l ectors . On t he other hand , l and area requ i rements fo r ocean 

the rmal energy convers i o n  systems woul d be expected to be con s i derab l y  smal l er ,  

s i nce on ly  s hore s upport fac i l i t i es are requi red . Exampl es of comparabl e  

env i ronme ntal impacts are g i ven i n  the Tabl e 1 1 .  The se est i mates , except for 

the LMFBR f i gures ( taken from WASH-1 53 5 ) , a re qu i te rough and s ubj ect to 

revi si o n  as addi t i o nal i nformat i o n  on a l ternat i ve l ong-term tec hnol og ies  i s  

obta i ned . Water use i s  seen to vary greatl y .** 

*Prev i ous  i n it i al se ntence del eted . 
**Next-to- l ast se ntence i n  th i s  paragraph del eted . 
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Tabl e 1 1  

RELATIVE ENVI RONMENTAL IMPACTS* 

L and U se Water U s e  

Technol ogy ( acres ) ( ft7yr)  

LMFB R 
fuel cycl e 30* 

"'3 x 1 09 pl ant s i te 400 
transm i s s i on l i ne s  1 ,050 ( cool i ng towe r s )  

total 1 , 480 

Magnet i c  F u s i o n  
"' 3  x 1 09 pl ant si tes "'400 

transm i s s i on l i ne s  "'500 ( cool i ng tower s )  
total "'900 

W i nd E nergy 
Convers i o n  Sy stems 

p1 ant si te s "'1 , 500 
tran smi ssi on l i ne s  "'500 

to tal "'2 ,000 

Sol a r  Photovo1 tai c  
p1 ant s i  te s "'7 , 000 
transm i s s i o n  l i ne s  "'1 ,000 

total "'8 ,000 

Sol ar Thermal 
p1 ant si tes "'20 , 000 "'3 x 1 07 
transmi s s i o n  1 i nes "'1 ,000 

total "'2 1 ,000 

Ocean Thermal 
pl ant s i tes ( onsho re )  "'50 "'4 x 1 01 2  
transmi ssi on 1 i nes "'200 ( sea water)  

total "'250 

*Per 1 000 MWe equi val ent pl ant capac i ty .  
**Generati ng fac i l i ti e s  onl y . 
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Con struction  
Mate r i a1 s** 

( MT per GWe ) 

35 ,000 ( steel ) 
730 ( coppe r )  

"'50 ,000 ( steel ) 
"'2 ,000 ( coppe r )  

"'300 , 000 ( steel ) 
"'3 ,000 ( coppe r )  

Not ava i l ab l e 

"'1 ,000 , 000 ( steel ) 
"'20 ,000 ( coppe r )  

"'200 ,000 ( steel ) 
"'20 ,000 ( coppe r )  



Most other envi ronme ntal impacts are di fferen t  i n  k i nd and thu s cannot be  

compa red on the  same basi s .  The maj or LMFBR env i ronmental concern s-- reacto r  

safety , rad i oac tive  wa ste management , and heal th effects o f  rad i oacti v i ty 

rel eases- -are shared onl y by the fus i on energy systems wi th the O-T cycl e .  

Even here , the re are l i ke l y  to be s i gn i fi c ant quanti tative  di ffe rences 

between LMFBR and fusion  energy systems . The maj or  envi ronmental i ssue s 

for the wi nd ene rgy conve rs i on systems are l i kely to be safety ( b l ade and/or 

tower fa i l ure) , el ec tromagneti c i n terfe rence ( TV and m i c rowave ) ,  n o i se and 

aestheti c s .  

Envi ronmen tal concern s a s soci ated wi th the devel opment and depl oyment of 

photovol ta i c  sys tems have been i denti fied i n  the fol l owi ng subj ect area s :  

o Rel ease o f  tox i c  gase s  dur i ng system operati on o r  mal functi o n s ;  

o I n hal ati on o f  tox i c  gases a n d  dusts by i ndustry worke rs ; and 

o Sol i d  wa ste di sposal and effects of gases rel ea sed dur i ng mate r i al 
mi n i ng ,  manufacture , and di sposal . 

Envi ronmen tal concern s ,  other than l and u se , a s soci ated wi th sol ar thermal 

power systems are l i ke l y  to be : 

o Handl i ng and di sposal of system fl u i ds and wa ste s ;  

o Hel i ostat refl ec tions ; 

o Ecol ogi c al effects of the hel i ostat fi el d ;  and 

o Potential  m i c rocl imate al terati on s .  

Envi ronmental concern s as soci ated wi th ocean thermal energy sy stems are 

expected to be : 

o Ocean wa ter m i x i ng ( al terati on of water tempe ra tures ) ; 

o Me tal l i c di scharges ( toxi c  metal s rel eased from heat exchangers due 
to eros i o n  and corro s i on ) ; 
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o Effects of b i oc i des ;  

o Worki ng fl u id  ( ammoni a )  l eaks ;  a nd 

o Potenti al cl imato l ogi cal impacts . 

The fol l owi ng materi al covers the envi ronmental impacts of magnetic fus ion  

powerpl ants , a s i tuati on  where addi ti onal comparati ve i nfo rmati on  can  be  

prov i ded . There woul d be  a wi de range o f  uncertai nty i n  the i n fo rmati o n ,  

a s  di scussed . 

A general  summary of the env i ronmental impacts wh ich  woul d be anti c i pated 

as a resul t of the devel opment and operation of fus i on reactors has been 

presented in Secti on  6A . 1 . 6 . 6  of  WASH-1s3s . The purpose of the materi al 

conta i ned in th i s  suppl ement i s  to update , where appropr i ate ,  the d i scuss ions 

conta i ned in that document.  

Magnetic fus i on powerpl ants woul d requi re seve ral sets of  very powerful 

magnets operati ng on or near the reactor vessel  to con fi ne the pl asma i n  

whi ch the fus ion  reaction woul d occur .  Wh i l e  the magnetic fiel ds produced by 

these magnets wou l d be concentrated i ns i de the reacto r  vessel , s i gn i fi cant 

magnetic f i el ds woul d al so ex i st outsi de of  the vessel . The se " outs i de"  

magnetic fiel ds woul d have the poten tial  to extend fo r substantial  di stances 

( seve ral hundred meters ) beyond the vessel before thei r i n tens i ty woul d be 

reduced to the earth ' s  natural magneti c fi el d strength ( 0 . 5  gauss ) .  Al though 

worke rs i n  certai n areas of a fus i on  pl ant coul d be exposed to magnetic 

fi el ds of several hundred gau ss  i f  s h iel di ng or other preventive measures are 

not used , expo sure to the general popul ation  offs i te woul d be negl i g i b l e and 

potenti al l y  total ly  m i ti gatabl e by pl ant s i ti ng .  
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Wh i l e the mechan i sms of i nterac ti on that rel ate magnet fi el d strength , f i el d 

di rection , f i el d vari ab i l i ty ,  and exposure time to effects on l i v i ng organi sms 

are not wel l known or  wel l understood ,  research conduc ted by DOE s i nce  WASH-

1535  wa s publ i shed have fa i l ed to i denti fy any potenti al ly harmful b i ol ogi cal 

effects . Some earl i er work had suggested po tenti al effects may i nc l ude l ong

term phys io l ogi c al probl ems , e . g . , headaches and di sori entation  i n  h umans and 

i n terfe re nce wi th m i gratory ori entati on i n  b i rds and i n sects . 

Mi c rowave ( rad i o  frequency ) sources for suppl emental pl asma heati ng may be  

used i n  fus i on powerpl ants . Wh i l e  m i c rowaves are known to produce seri ous 

heal th effects in humans , con trol technol ogy and effective sh i el d i ng are 

read i l y  ava i l ab l e .  Consequentl y ,  n o  maj or effects o n  humans from m i c rowaves 

wou l d be expected . 

The most  serious  waste prob l ems , espec i al ly  wi th regard to publ i c  percepti on 

of haza rd , woul d i nvol ve  rad i oacti ve materi al . I n  addi ti on , non radi oac ti ve 

wa ste generated dur i ng fus i o n  powerpl ant operati o n  wou l d requi re safe 

handl i ng and di sposal tec hn i ques . 

Wh i l e fus i o n  reactors offer a poten ti al fo r produc i ng smal l amounts of the 

l ess l ong-l i ved radi oacti ve wa ste s ,  a n umber of radi oac ti ve wa ste streams 

w i l l exi st . Among these are tri ti um ,  gaseou s ac ti vati o n  produc ts generated 

i n  the pl asma chamber ,  activation products produc ed i n  the struc ture that 

di sso l ve i n to the cool i ng system , acti vati on products produced i n  the atmos

phere wi th i n  the confi nement struc ture , and the ac tivation products that 

rema i n  trapped i n  the sol i d  struc ture . 

Triti um ,  present i n  the gaseou s form i n  the pl asma exhaust and i n  the purge 

gas used to col l ect tri ti um from the breedi ng bl anke t ,  woul d be  rel ati vely 
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easy to recover from these gas streams for reprocess ing as  fuel . However ,  

si nce tr i ti um pe rmeates through most metal s readi l y , spec i al procedures ( e . g . , 

l ow-pe rmeab i l i ty c l addi ng on pi pi ng , doubl e conta i nment on process l i nes ( pl us 

the barr ier o f  the bu i l d i ng i tsel f ) , and ma i n tenance o f  negati ve pres sure i n  

al l proc essi ng rooms }  woul d b e  requi red to m i n im i ze l os se s .  

For the systems uti l i z i ng a steam cyc l e ,  any tri ti um that di ffused from the 

bl anket system woul d i nteract wi th water i n  the steam cycl e to form tri ti ated 

water ( HTO ) and woul d requi re i sotope sepa ration processes fo r recovery .  The 

probl ems assoc i ated wi th ma i n tenance and operation of steam cyc l es  in fus i on 

pl ants are expected to be i denti c al wi th tho se encoun tered i n  present conven

tional steam-el ectric  generati ng systems . The poten ti al presence of  HTO i n  

the steam cyc l e i s  a facto r that wi l l  requi re eval uati on o f  the appl i cab i l i ty 

o f  c urren t steam cyc l e des i gn , ma intenanc e ,  and operational practices to 

fu s ion  pl ants . 

During  the ope ration  o f  a fus ion  powerpl ant,  materi al s used i n  the con struc ti on  

o f  the mac h i n e  woul d become acti vated through bombardment wi th the rad i oactive 

partic l es  ( neutrons )  produced in pr imary n uc l ear reacti o n s .  The publ i c  hazard 

from th i s  source depends on  the total i nventory o f  i nduced rad i oacti v i ty and 

the poten tial fo r i ts vol ati l i za tion  and rel ease outside  the contai nment 

bui l di ng .  The  i nventory ,  in  turn , depends on the construc tion material s used 

and , to some extent , the spec i fi c  des i gn of systems c l o se to the reacting  

pl a sma . 

E stimates  based on reference des igns  o f  fus i on mach i nes  i nd icate an ope rati ng 

i nventory o f  radioacti v i ty ( i nc l udi ng tri ti um )  rang i ng from rough ly  equi val ent 

to that for a comparab l e fi ss ion  reactor  ( LMFBR or  LWR ) to many orders o f  

magn i tude l es s ,  depend i ng on materi al s and des ign . 
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Acti vatio n  of the atmosphere i n  the reactor bui l di ng al so coul d be  an i s sue of  

concern . A number of radi oactive i sotope s  hav i ng rel atively short hal f-l i ve s  

( tens of m i nutes ) , are produc ed by n eutron bombardment of the consti tuents o f  

a i r .  These i so tope s i nc l ude argon 4 1  ( 41Ar) , c arbon 1 1  ( l lC ) , oxygen 1 5  ( 1 50 ) , 

n itrogen 1 6  ( 16N ) , and n i trogen 1 3  ( 1 3N ) . The res i dual rad i oacti v i ty from 

these i so tope s after reacto r  shutdown i s  a con s i dera ti on  for on- s i te workers 

and removal of the i so topes from the reactor bui l di ng atmosphere i s  possi bl e .  

The effec ts o n  publ i c  heal th and safety of  rel ease o f  part o f  the radi oac ti ve  

i nventory depends on many detai l s  of the rel ease condi tions , i ncl udi ng ; porti on  

rel eased , chemical and  phys ical form of compounds , popul ation  dens i ty and 

l ocati on ,  time between shutdown and rel ease , warni ng time , energy of  rel ease , 

height of rel ease , duration  of rel ease , and weather condi tions at  a spec i fi c  

s i  te o 

Dependi ng on mate ri al sel ecti o n ,  much of the radi oactive mate ri al may be 

recycl abl e ,  and some of  i t  is of rel ati vel y l ow activ i ty .  The primary source 

of h i gher l evel waste i s  the struc tural materi al u sed i n  the fi rst wal l and 

bl anket. The average annual di scharge rate per reacto r  of thi s mated al 

woul d range from being  comparabl e to that expected from a typ i c al fi ssi on 

breeder reacto r  to being  several orders of magn i tude l es s ,  dependi ng on 

materi al s and de si gn . 

Several nonradi oac tive  produc ts may have to be di sposed of  ei ther routi nel y or 

i n frequentl y .  Maj or materi al s may i ncl ude l i th i um or  l i th i um components , l ead 

u sed as sh i el di ng and/or a neutron mul ti pl i er for b reedi ng tri ti um ,  detergents 

fo r l aundry and decontami nati o n ,  and a l arge range of  possi bl e al l oy materi al s 

i ncl udi ng beryl l i um ,  n i c kel , b i smuth , mangane se , mol ybdenum , and chromi um .  
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L i th i um i s  rou t i n el y  u sed i n  i ndustry ,  and there i s  a l ong  h i story o f  i ts 

mi n i ng ,  refi n i n g , and processi n g .  Envi ronmental qual i ty standards have been 

defi ned , and adequate tech nol ogy i s  ava i l abl e to perm i t  des i gn of  wa ste treat

ment systems tha t assure compl i ance wi th appl i c abl e a i r  and wa ter qual i ty 

regul ati ons . The toxi c i ty of  l ead i s  understoo d .  I ndustrial  control s for 

ha ndl i ng l ead and l ead compounds are adequate for control of the haza rd s  

from the l ead u sed i n  magneti c fusi on reactors . N i ckel , b i smuth , manganese , 

molybde num , and chromi um exh i b i t  varyi ng  degrees of tox i c i ty dependi ng  on  type 

of contac t ,  concentrati on , and the popul ati o n  at ri sk . The maj or  potenti al 

envi ronmental impacts from the u se of these tox i c  metal s wi l l probably  resul t 

from the m i n i ng ,  processi ng , fabri c ati on , and methods by wh ich  they m i ght 

ul timatel y be di sposed of  and  wou l d be  i denti cal fo r any powerpl ant u s i ng 

struc tural metal s wi th these al l oy material s .  

Wi n d  E nergy Conversi on Systems 

WASH- 1 53 5  d i sc u s sed l and  use and aesthetic impacts of wi de sc al e u se of wi nd  

energy systems , a s  wel l as concern s  about weather modi fi cati o n .  Whi l e the 

overal l impacts of wi nd energy systems are rel ati vel y mi nor , addi ti onal 

concerns have al so been i denti fi ed i n  the area s of  safety ,  el ec tromagneti c 

i n terfe rence ,  and noi se . 1 3  

A s  wi th any type o f  l arge , mov i ng machi nery ,  there are several sa fety concerns 

a ssoc i ated wi th wi nd dev i ces .  The fi rst o f  these i s  the danger assoc i ated 

wi th struc tural fa i l ures of the towe r ,  roto r ,  or generator.  These dangers 

cou l d threaten both ons i te perso nnel and nearby res i dents . Howeve r ,  system 

de s i gn features have been devel oped to m i n imi ze the occurrence of  structural 

fa i l ures such as tower col l apse , bl ade throw , and bl ade- ti p throw . Another 
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potenti al hazard associ ated wi th wi nd  dev i ces l oc ated i n  northe rn c l i mate s  

i s  that o f  i c e  l oadi ng a n d  throw . 

Anothe r aspect of the safety probl em i s  the poten ti al occupa ti onal hazards 

to el ectric u ti l i ty personnel when l arge or  smal l - sc al e dev i ces are i n ter

connec ted wi th the uti l i ty network . Addi ti onal control s and d i sconnec ts are 

necessary to i sol ate a l i neman , work i ng on  an otherwi se dead l i ne , from the 

shock potenti al of a l oc al wi nd- powered generator that wa s s ti l l operati ng . 

Al though  the tal l est wi nd  systems wi l l  not pose a haza rd to a i rcraft i n  normal 

fl i g h t ,  potenti al i nterfe rence coul d occur from sys tems l ocated near ai rports 

or on terrai n  suc h as h i gh h i l l s  or mou n ta i n s  where exi sti ng hazard potenti al 

wou l d be en hanced . Federal Avi ati on Admi n i strati o n  Regul ati o n s  al ready 

govern struc tures i n  fl i gh t  areas ,  and recommend  safety l i g h ti n g  and mark i ng 

proc ed ures , wh i c h  woul d mi ti gate potenti al l y  hazardou s condi ti o n s .  

A potenti al probl em a round  l arge- sc al e wi nd  generator si tes  i s  el ec tromagneti c 

i n terference , part i c u l arl y wi th tel evi si o n . The prime cause of  thi s probl em 

i s  the refl ecti o n  of  s i gnal s from the rotati ng  metal bl ades . Th i s  ampl i tude

modul a ted i nte rference affects only the p i c ture ( tel ev i si on sound i s  frequency 

modul ated) . U n der certa i n  condi ti o n s ,  l arge dev i ces can cau se severe pi cture 

bars , snow ,  and gho s ts at di stances up to 5 mi l es .  I n terference can be 

red uced by construc t i n g  bl ades of  nonmetal l i c mater i al s and m i ti gated through 

proper s i te sel ecti on .  

Some no i se has been  reported from al most al l wi nd  generators , parti cul arl y 

the " swi sh i n g "  n o i se associ ated wi th the rotor bl ade ti p s . Re search g roups 

curre n tl y i nvesti gati ng  noi ses as soci ated wi th experi mental machi nes  have 
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l i nked them to si te spec i fic  probl ems rel ated to tower des i g n , bl ade 

con fi gurati o n , and mode of ope rati o n . 1 3  

P hotovol ta i c  

A number of  poten ti al impacts of  photovol tai c  systems a re noted i n  WASH-1 S3S 

( i ncl udi ng l and requi rements , and impacts on ecosystems , m i c rocl imate , and 

aestheti c s ) . More recentl y ,  concerns have been i denti fied about outga ssi ng of 

toxi c  gases in the event of overheati ng or  fi re ,  and about producti o n  worker 

expos ure and wa ste di sposal in  connecti o n  wi th advanced photovo l ta i c  material s 

conta i n i ng cadmi um ,  coppe r ,  arsen i c ,  gal l i um ,  or  other toxi c  sub stances . 1S 

A sal i ent feature of  the photovol tai c  technol og i es i s  the  rel ati ve absence o f  

hazardous res i d ual s a t  the e n d  u s e .  However,  the col l ector a n d  sto rage sub-

sys tems c an present some heal th and safety probl ems i n  the case of  acci dents 

or whe re col l ectors are exposed to extraneou s  fi res . 

Mi n i ng and cel l manufacturing  present more severe envi ronmental probl ems ,  but 

the materi al s u sed are mostl y byproducts of  exi sti ng mi n i ng and extracti ng 

ope ra ti o n s ,  wh i c h  shoul d l imi t the addi ti onal expo sure from these sources .  The 

poten ti al exi sts for a variety of c hemical and the rmal rel ease s duri ng manu-

fac tu r i ng , depe nden t upo n  the type of cel l man u factured and the effectiveness 

of  envi ronmental control technol ogy . Occupati onal concern s wi l l  become more 

s i gn i fi c ant as new photovol tai c  cel l s  usi ng arsen i c ,  cadmi um , or  other 

hazardou s substa nces reach production  scal e .  

S i l i con cel l s  are themsel ves bel i eved to b e  i nert , but pol ymeri c concentrati ng  

materi al s ( e . g . , methyl methacryl ate used in  Fresnel l enses ) are h i gh l y  fl am

mab l e .  Off- gases and combu sti o n  products from these materi al s have not been 

222 



c h aracteri zed . Fi res i nvol v i ng gal l i um arseni de cel l s  may cause vapori zati on 

of the arseni c  fol l owed by oxi dati o n  to the hi ghl y toxi c tri ox i de ( As203 ) ·  

These i ssues requi re ongoing  research and mi ti gati on effort s .  Overal l ,  

however ,  photovol tai c tech nol ogy appears to face onl y  moderate env i ronmen tal 

constrai n t s . 5 

Satel l i te photovol tai c systems have been stu d i ed extensi vel y s i nce WASH-1 535 

wa s i s sued , and are not consi dered a vi abl e al ternati ve at thi s time . Maj or 

questi o n s  rel ati ng to m i c rowave expo sure rema i n  to be answered . 

Sol ar T hermal 

Potent i al impacts of sol ar thermal el ectr i c  power systems are di scu s sed 

i n  WASH- 1 53 5 , i ncl udi ng l and u se impacts , m i c roc l imate al terati ons ,  and 

ecol og i c al impacts . Addi ti onal areas of concern i ncl ude the handl i ng and 

di sposal of system fl u i d s  and wa stes ( touched on in WASH- 1 535 ) and impacts 

from mi sdi rected sol ar radi ati on . 

Acci dental or emergency rel ease or fl u sh i ng of work i ng and storage fl u i ds 

such as  l i qu i d  sodi um , sodi um hydroxi de , hydroc arbon o i l s ,  and eutec ti c  

sal ts c ompo sed o f  sodi um o r  potassi um n i trates/ni tri tes  coul d cause fi res 

and expl osion s ,  contami nate dri nki ng water suppl i e s ,  i nc rease so i l  sal i n i ty ,  

i mpact terrestri al and aquati c commun i ti es , and reduce the effecti veness of 

sewage treatment systems . Re sol ution  of these i ssues i s  i mpo rtant so that 

seri ous  safety and pol l ut i o n  probl ems can be avo i ded dur i ng operati on of sol ar 

thermal systems . 

Hel i os tat refl ect i o n s  have the po tenti al to cause severe burn s ,  eye i nj ury ,  

and fi re s ,  as  wel l as to create dangerous  cond i ti on s  for nearby ground and 
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a i r  traffi c dur i ng al l phases  of  hel i ostat fab rication and use . Because 

n umero u s  hel i o s tats may be u sed i n  sol ar thermal power systems ( both central 

and di spersed ) ,  i t  i s  importan t  to address and resol ve th i s  i ssue to ens ure 

tha t safe procedures are u sed dur i ng hel i ostat manufacture and i n stal l ati on 

and that any neces sary control strategi es are i ncorporated i nto system des i g n  

a n d  ope rati on procedures . 14 

It  is  bel i eved that the se potenti al impacts can be adequately control l ed ,  and 

that sol ar thermal tec hnol ogy faces mi n imal env i ronmental constrai nts . 1 5  

OTEC 

Ocean thermal energy conversion  ( OTEC ) technol og i es have been further stu d i ed 

s i nce the i ssu ance of WASH- 1 535 . Maj or  envi ronmental concern s i ncl ude ocean 

water m i x i ng ( al teration  of  water temperature s ) , metal l ic d i sc harges ( toxic  

metal s rel eased from heat exchangers due to erosion  and corros io n ) , e ffects 

of  b i oc i des used to prevent foul i ng of p i pe s  and heat exchange surfaces , l eaks 

of worki ng fl u i ds such as ammo n i a ,  po ten ti al cl imatol ogi cal impacts , and the 

impi ngement  or en trai nmen t  of organ i sms . 
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x .  APPEND ICES  

Append i x  A 

ASSESSMENT OF U . S .  URAN I UM RESOURC ES 

1 .  The N ati onal U rani um Resource E val uation  ( NU RE )  P rogram 

ERDA-1 535 d i scus sed the NURE Program , started i n  1 974 , for comprehe n s i vel y 

asses s i ng the urani um resources i n  the U n i ted States . The program was 

de si gned to enhance the data pertai n i ng to urani um depo si ts i n  order to 

i mprove urani um re source asse ssment  and to reduce the uncertai nti e s  i n  esti 

mates of the re sources . A tremendous amount of i n formation was devel oped 

by the NURE program . The program was term i n ated at the end of FY 1 981 , al though 

much of the i n formation  devel oped duri ng the program wi l l be eval uated over the 

next two years . DOE wi l l  conti nue to devel op rel i abl e and ti mel y estimates of 

U . S .  urani um re sources by u s i ng the data from NURE and  commerc i al l y  confi denti al 

data suppl i ed vol untari l y  by i ndustry .  

Of the 6 2 1  2- degree Nati onal Topograp h i c  Map Ser i e s  quadrangl es i n  the con

te rmi nou s U . S .  and Al aska , 162 enti re quadrangl es were ful l y  eval uated and 

assessed by the NURE program through the end of FY 1 981 . The se quadrangl es 

con tai n al l urani um re sources in the re serves and  probabl e c l asses as  wel l as  

other geol og i c  envi ronments favorabl e for urani um depo s i ts .  

NURE aeri al radi ometr i c  and magnetic  surveys covered over 3 . 4 m i l l ion  square 

mi l es i nvol v i ng 1 . 2 m i l l i on fl i ght- l i ne m i l es of data acqu i si tion . Th i s  

i ncl u ded al l o f  the conterm i n ous U . S .  and two- th i rds of Al aska . Over seven 

hundred thousand geochem i c al sampl es of stream sedi ments and surface and 

ground  waters ,  coveri ng more than 1 .8 m i l l i on square mi l es ,  were col l ec ted . 

Th i s  i ncl uded two- thi rds  of  the contermi nous U . S .  and four- fi fths of  Al aska . 

More than 450 , 000 feet were dri l l ed and cored i n  23 proj ect areas wh i c h  prov i ded 
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subsurface i n formation  i n  spec i fi c  favorabl e urani um envi ronmen ts . Moreover , 

about 2 . 2  m i l l ion  feet of  gross- gamma and spectral - gamma l oggi ng was performed . 

I n  addi ti on , about 1 . 7  m i l l ion  feet of gamma- ray l oggi ng was performed to gai n 

addi tional subsurface data on non- uran i um i ndustry hol es dri l l ed for water , 

petrol eum and mi neral commodi ti es other tha n urani um .  

2 .  Latest Assessment  o f  U . S .  U ra n i um Resources 

In October 1980 , the most comprehensi ve assessment to date of  U . S .  uran i um 

resources wa s i ssued i n  GJ O-1 1 1 ( 80 ) , IIAn Assessment  Report on Ura n i um i n  the 

U n i ted States o f  America . 1I An improved method for the estimation  of potential  

re sources was devel oped and uti l i zed fo r the fi rst time in  thi s  report , wh i c h  

al so provi ded esti mated confi dence l evel s .  Tabl e A-1 prov i des updated reserve 

data as of J a nuary 1 ,  1981 , and other resources data as of Oc tober 1 ,  1980 . 

A sub stanti al amount o f  the above-mentioned NURE data was devel oped si nce 

GJ O- 1 1 1 ( 80 )  was i s sued . Al l of  the data wi l l  be anal yzed together wi th the 

vol un tari l y  suppl i ed i ndustry data , and a maj or assessment report on the U . S .  

urani um resources wi l l  be i ssued by the end o f  1 983 . 

3 .  Compari son of U rani um Resou rce E stimates 

Tabl e A-2 prov i des an approximate compari son of the c urrent U . S .  uran i um 

resource esti mates  wi th those presented i n  ERDA-1 53 5 . The average ore grade 

of 0 . 19 percent U308 for the $ 1 0-per- pou n d- U308 �RDA-1 535 estimate i s  

about the same as the average grade for current $30-per- pound- U308 esti mates , 

a refl ection  of i ncreased costs . At th i s  grade , the c urrent  reserve and poten

ti al resources , al l cl asses combi ned , total 2 , 012 , 000 tons  U308 , about 

1 . 5  times the ERDA- 1535 l evel of 1 , 320 , 000 tons  at the same grade . Simi l arl y ,  

the $ 1 5-per- pound- U308 estimate of 2 , 040 , 000 tons  has i ncreased by about 
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1 . 6 time s  to 3 , 336 , 000 ton s  fo r essenti al l y  the same grade ; however ,  thi s 

amount  i s  now i n  the $50-per-pound-U308 cost category , agai n because of 

i ncreased costs . Li kewi se , the $30-per-pound-U308 estimate has i nc rea sed 

by about 1 . 4 t ime s to 4 , 81 5 , 000 tons  for nearly the same grade , but  because of 

i nc reased cos ts th i s  amoun t  i s  in the $100 -per-pound-U308 cost category . 

4 .  Use of Imported Urani um 

Begi nni ng i n  1977 , U . S .  u ti l i ti es were permi tted to u se i mpo rted urani um i n  

thei r power reactors . 1 I n  that year , 10 percent fore i gn uran i um cou l d be used , 

wh ich  i ncreased to 1 5  percen t i n  1978 , 20 percent i n  1979 , 30 percent i n  1980 , 

and 40 pe rce n t  i n  1981 , and  wh ich  wi l l  i ncrease to 60 percent i n  1982 , 80 per

cent i n  1983 , and fi nal l y  no l i mi t i n  1984 and  the reafte r .  However , the actual 

use of fore i gn uran i um i n  domestic  power reactors has been l ow .  I n  over 4 1/2 

year s of actual expe ri enc e ,  on ly  7 . 2  percent fore i gn urani um has  been used , 

compared wi th an al l owab l e wei gh ted ave rage of 2 1 . 0  percent . Based on market 

survey s ,  the fu ture use  of i mpo rted urani um s houl d rema i n  l ow as  domestic  u ti l 

i ti es conti nue thei r preference for U . S .  uran i um . 2 , 3 
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TABLE A-I 

U . S .  URAN IUM RESOURCE�/ 
RESERVES AS OF JANUARY 1 ,  1981 

OTHER RESOURCES AS OF OCTOBER 1 ,  1 980 

Sho rt Ton s  U308 
P robabi l i ty D i stri buti on Val ues 

Cost Category 9 5 th Percenti l e£/ Mean 5 th Percenti l e£/ 

$30/pound U308 Re serves 
Probabl e 
Possi bl e 
Specul ati ve 

$50/pound U308 
l/ 

Re serves 
Probab l e  
Possi b l e 
Specul ati ve 

$100/pound U308 
l/ 

Re serves 
Probab l e 
Possi b l e 
Specul ati ve 

421 , 000 
659 , 000 
194 , 000 
1 5 5 , 0004/ 1 , 562 , 0002-

700 , 000 
1 , 102 , 000 

346 , 000 
251 , 0004 / 2 , 628 , 0002-

902 , 000 
1 , 646 , 000 

521 , 000 
378 , 0004 / 3 , 792 ,0002-

470 , 000 528 , 000 
885 , 000 1 , 161 , 000 
346 , 000 530 , 000 
3 1 1  , 000 600 , 0004 / 2 , 01 2 , 000 2 , 568 , 0002-

787 , 000 900 , 000 
1 , 426 , 000 1 , 802 , 000 

641 , 000 973 , 000 
482 , 000 890 , 0004 / 3 , 336 , 000 4 , 1 58 , 0002-

1 , 034 , 000 1 , 180 , 000 
2 , 080 , 000 2 , 573 , 000 
1 , 005 , 000 1 , 526 , 000 

696 , 000 1 , 225 ,0004 / 4 , 81 5 , 000 5 , 962 , 0002-

1/ Ura n i um re so urces a re estimated quanti ti es  recoverab l e  by m i n i ng . Lo sses 
due to process i ng may range from 5 to 1 5  percen t .  In  add i ti on to the above 
re sources ,  urani um that coul d be recovered by the year 2000 as a byproduc t 
of phosphate and coppe r mi n i ng i s  estimated at 1 20 , 000 short ton s  U308 . 

�/ The 95th percenti l e  i nd i cates  a 95-pe rcent con fi dence i n  the exi stence of 
at l east the amounts shown . The 5 th percenti l e  i ndi c ate s a 5 - pe rcent 
chance of the exi stence of  more than the amounts shown . 

3 / I ncl udes l owe r cost re source categori es . 

!/ The val ues  fo r re so urces at  the 9 5 th and 5 th percen ti l es are not d i rec tl y  
add i t i ve because the estimates a re only moderately  correl ated . 
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TABLE A-2 

COMPARI SON OF URAN I UM EST IMATES 

Approximate Average Ore 1 /  Grade , i n  Percent U� Current E stimates-

0 . 19 $30 /P ound  U� Tons U� 
Reserves 470 , 000 
Probabl e 885 , 000 
Possi bl e 346 , 000 
Specul ati ve 3 1 1  , 000 

2 , 012 ,000 

0 . 13 $50/P ound U� 
Reserves 787 ,000 
Probab l e  1 , 426 , 000 
Possi bl e 641 , 000 
Specul ati ve 482 ,000 

3 , 336 , 000 

0 . 08 $100/Pound U� 
Reserves 1 , 034 ,000 
Probab l e 2 , 080 ,000 
Possi bl e 1 , 005 , 000 
Spec ul ati ve 696 ,000 

4 ,815,000 

E RDA- 1535  E stimates� 

$lO/P ound U39.a Tons U39.a 
Reserves 315 , 000 
Probab l e 440 , 000 
Possi bl e 420 , 000 
Specul ati ve 145 ,000 

1 , 320 ,000 

$15/P ound  U� 
Reserves 420 ,000 
Probabl e 655 , 000 
Possi bl e 675 , 000 
Specul ati ve 290 ,000 

2 , 040 , 000 

$30/P ound U� 
Reserves 600 , 000 
Probabl e 1 ,060 , 000 
Possi bl e 1 , 270 , 000 
Specul ati ve 590 ,000 

3 ,520 ,000 

1/ I n  addi tion  to the above estimates , the urani um that coul d be recovered 
by the year 2000 as a byproduct of phosphate and copper m i n i ng i s  esti 
mated at 120 , 000 ton s  U308 . 

£/ I n  addi ti on to the above estimates , the urani um that coul d be recovered 
by the year 2000 as a byproduct of phosphate and copper mi n i ng was esti 
mated at 90 , 000 ton s  U308 . 

l/ I ncl udes l ower cost resource categori es . 
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Append i x  B 

ADD I T I ONAL INFORMATI ON ON U . S .  N UCLEAR WASTE MANAGEMENT PROGRAM 

Rol es  of Federa l Agenc i es  

The repos i tory devel opme nt process  i nvo l ve s i nteract i o ns between several  
Federal age nc i es ,  Stat e  and l ocal  government s ,  a nd I nd i an Tr i bes . DOE has  the 
l e ad rol e for the devel opme nt and i mpl ementat i o n  of t he d i sposal  system , w i th 
s u pport from 00 1 .  EPA w i l l  set ge neral l y  appl i cab l e  st andards that the  
d i sposal  system mu st meet . NRC wi l l  s et regu l at i ons to ens ure t hat the EPA  
st andards are met and wi l l  rev i ew DOE ' s  ap pl i cat i on to  construct and operate a 
repos i tory ,  ba sed u pon  comp l i ance wi th  those standards . These rol es  and 
res po ns i b i l i t i e s  are expa nded u pon  i n  th i s  sect i on and s umma ri zed i n  Tabl e 
B-1 . 

�artment of E nergy ( DOE ) 

DOE has  the l ead rol e amo ng t he Federal agenc i es for the  ma nageme nt and 
d i sposal  of rad i oact i ve wa stes . Leg i sl at i on authori ze s DOE to  prov i de t he 
fac i l i ti es for perma nent i so l at i on  of h i gh l y  rad i oact i ve wa stes from t he 
b i os phere . Therefo re , DOE  i s  res pons i b l e  for the fo l l ow i ng act i v i t i e s  that 
wi l l  u l t i matel y prov i de these faci l i t i es :  

o S i te ch aracter i zat i o n ,  se l ect i o n  and acq u i s i t i o n .  

o Devel opme nt of  geol og i c repos i tor i e s  and s upport i ng a nc i l l ary fac i l i t i es .  

o Devel opme nt of s u p port i ng technol ogy . 

o Devel opme nt of a t i mel y ,  cont i nu i ng ,  a nd mean i ngful  d i al ogue w i t h  
affected States and I nd i an Tr i bes . 

o Applyi ng fo r the repos i tory l i cens e .  

o Coord i nat i o n  of s u p pl eme ntary concepts , s uch  a s  subseabed d i sposal . 

Nucl ear Regul atory Commi s s i on ( NRC ) 

NRC i s  respons i b l e  for regu l at i ng t he di sposal  of rad i oact i ve wa stes i n  a 
ma nner that ens ure the protect i o n  of pub l i c  heal t h  and s afety . NRC has  
devel oped proposed regu l at i o ns ( 1 0 CFR 60 ) for d i sposal of  HLW  i n  a geol ogi c 
repos i tory ( U . S .  N uc l ear Regul atory Commi ss i o n , 1 981 g ) . These proposed 
regu l at i ons  i mpl eme nt the envi ronme ntal standards to be estab l i shed by E PA .  
I f  DOE sat i sf i es the NRC req u i reme nt s ( a s  demo nstrat ed through a l i cens i ng 
proceed i ng ) , NRC  w i l l  grant DOE a l i cense  to conduct act i v i t i es rel at i ng to  the 
di spo sal of radi oact i ve wastes i n  the  repos i tory .  As a ba s i s  for i t s  l i cens i ng 
deci s i o ns , NRC  al so  conducts an i ndependent as sessment of t he technol ogy by 
performi ng conf i rmatory research and devel opme nt ( R&D ) a nd by exchangi ng 
i nformat i o n  wi th DOE on a cont i nu i ng bas i s .  
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ORGANI ZATION 

DOE 

NRC 

EPA 

DOl 

Tab l e  B-1  
ACTIVITIES OF FEDERAL AGENCIES IN 

THE DEVELOPMENT OF A GEOLOGIC REPOS ITORY 

ACTIVITIES 

• S it e  Charac t e r izat ion and S elect ion 

• Land Ac qu is it ion 

• Technology Development 

• Appl icat ion for Lic ens e  

• Repo s itory Des ign , Con struc t ion , 
Operat ion and Clo sure 

• Int erac t ions with S t at e / Indian Tr ibe s  

• Regul at ion Promulgat ion 

• S it ing Rev iew 

• L ic en s ing Proc eeding s 

• Technology Rev iew 

• Int eract ion s wit h S t at e / Ind ian Tr ibes 

• S t andards Promulgat ion 

• S ite Charac ter izat ion Support 

• Land Acc e s s  

• Land Wit hdrawal 
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Envi ronmental Protecti on Agency ( EPA) 

EPA i s  respon s i b l e for devel opi ng and establ i sh i ng general l y  appl i cabl e 
radi ati on protect ion s ta ndards for radi oac t i ve waste di sposal . These standards 
wi l l  prov i de the bas i s  for NRC ' s  l i cens i ng regul a ti on s . 

Department of the I n teri or ( 00 1 )  
00 1 , through the USGS , i s  prov i di ng support to DOE i n  i ts si te characteri zati on 
acti v i ti es , spec i f ica l l y  i n  the areas  of geophy s i ca l  surveys , geohydrol og i c  
mapp i n g ,  a nd geol og i c /hydrol ogi c  eval uation of potenti a l  s i tes  throughout 
the U n i ted States . I n  addi ti on , the Bureau of Land Managemen t  ( BLM ) , wi th i n  
001 , may prov i de acces s to publ i c  l ands under i ts authori ty for s i ti ng eval ua
t ions  and support the acqu i s i t i on of such l ands through adm i n i s trati ve or 
Congress ional  wi thdrawal s under the Federal Land Pol i cy and Management Act of 
1 9 76 ( FLPMA ) . 

I n sti tuti onal and Publ i c  I nvol vemen t  i n  the Dec i s i on-Mak i ng Process 

Permanently i sol ati ng radi oacti ve wa ste from the env i ronment i s  an  i ssue of 
great publ i c  i ntere s t ,  wh ich  has been expres sed by c i t i zen s ' groups and 
representat i ves of State and l ocal  governments a s  wel l a s  the nucl ear i ndu stry .  
Waste i sol at ion  spans  the j uri sdi cti ons  of a number of establ i shed i nsti tutions  
and extends i n to areas  of  general soc i al concern . 

The Federal Government i s  commi tted to the pri nc i pl e  of State con su l tat i on , 
wh i ch prov i de s  that a host State wi l l  have a cont i n u i ng rol e i n  Federal 
dec i s i on-mak i ng on the s i ti ng ,  des i gn ,  and con struct i on of a h i gh- l evel waste 
reposi tory . Th i s  " partnersh i p " between the States and the Federal Government 
recogn i zes  tha t  the safe d i sposal of radi oacti ve was te i s  a nati onal , and 
not only a Federal respon s i bi l i ty .  The dec i s i on s  i n vol ved i n  ach i evi ng  the 
l ong- term i sol ati on of radi oact i ve waste must be made open ly , subj ect  to 
publ i c  scruti ny , parti c i pati on , and revi ew .  The se dec i s i on s  mus t  al so be 
acceptab l e  to tho se members of soc i ety affected by thei r impl ementati on and 
mu s t  take i nto con s i derati on di verse vi ewpo i nts . 

A conceptual overvi ew of the steps i n  the repos i tory devel opmen t  effort i s  
shown i n  F i gure B-1 . I n  the early phases , the foc u s  i s  on geol ogi c  screen i ng , 
wh i ch i nvol ves characteri zation  of surface and subsurface envi ronments , 
l eadi ng to i nc rea s i ngl y deta i l ed studi es  of n arrowed geograph i ca l  and geol ogi c 
areas unti l potenti al  s i tes  are i denti fi ed . The i nformati on obta i ned du ri ng 
detai l ed characteri zati on wi l l  a ssess  a potent i a l  s i te ' s sui tab i l i ty and  
prov i de data requi red for the preparati on of  l i cens i ng  doc uments . 

I n i ti al s i te protecti on mea su res  wi l l  most  l i kel y be taken at  the conc l u s i on 
of the geograph i c  screen i ng phase when s i tes  are sel ected for deta i l ed s i te 
characteri zati on . Because  th i s  characteri zati on phase i nc l ude s  the s i nk i ng  
of expl oratory shafts and i n-s i tu testi ng i n  the  proposed reposi tory hori zon , 
DOE wi l l  take steps to protect the l and i n  order to protect i t s  expl orat ion  
i nvestment .  Th i s  protecti on i s  necessary to en sure tha t  other acti ons  at  
or near  the s i te do  not  render the s i te u nsu i tab l e for use  as a reposi tory . 
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Protect i on of a s i te does not req u i re ful l owners h i p r i ghts  to the  property , 
but does  requ i re s uffi c i ent owners h i p i nterest ( e . g . , s hort-term l ease acq ui s i 
t i o n  or ea seme nt ) to  ma i n ta i n the i ntegri ty of the s i te and have ful l access  
for characteri zat i on act i v i t i e s . 

The deta i l ed eval uat i on  of a s i te  wi l l determi ne whet her the  s i te i s  qual i fi ed 
for l i cen s i ng by compa ri ng i ts character i st i cs aga i n st estab l i s hed cri ter i a 
( U . S .  De partme nt of E nergy , 1 98 1 g ) .  I f  a s i te i s  determi ned to be  s u i tab l e ,  
t he n  add i t i onal  l a nd protect i on meas ures ( e . g . , l ong-term l ease  acq ui s i t i o n )  
wi l l  be take n t o  s u pp l ement those take n previ ou s l y  to  preserve ( o r  " bank " )  t he 
s i te fo r pos s i b l e  l ater sel ect i on as  a repos i tory l ocat i o n .  On the  other 
hand , i f  deta i l ed s i te characteri zat i o n  f i nds that a s i te i s  not su i tabl e ,  any 
l a nd protect i o n  measures  taken previ o u s ly  o n  t he s i te  wou l d be termi nated and 
t he prope rty returned to  other uses . 

Act i on to obt a i n ful l owners hi p of the  s i te wou l d not be i n i t i ated unt i l 
after si te se l ect i on .  An E IS w i l l be prepa red as i n put i nto  the dec i s i on to 
sel ect a s i te for devel opment of a repo s i tory .  When  a mi ni mum of three s i tes 
i n  two d i ffe rent geo l og i c  med i a have been characteri zed , one or more wi l l be 
sel ected by DOE , a nd a const ruct i o n  aut hori zat i o n appl i c at i o n  wi l l be submi tted 
to NRC .  Later i n  the  process , l i cens i ng revi ew ,  construct i o n ,  a nd operat i on of 
t he repos i tory wou l d take pl ace . 

The pl an  to devel op t he fac i l i t i e s  to permanent ly  d i spose of rad i oact i ve 
wa ste s i nvol ve s t he coord i nated and i nt eg rat ed efforts of several  Federal 
agenc i es al ong wi th  State and l ocal governme nts .  F i gure B -2 i nd i c at es that 
DOE and NRC w i l l be the maj or part i c i pants  and that 001 and EPA wi l l  p l ay 
s i gn i fi c ant su pport i ng rol es . I t  al so i nd i c ates  t hat numerou s act i v i t i e s  of 
d i fferent type s wi l l  be underway i n  paral l el .  Coord i nat i on between the  
part i c i pants is  shown occurri ng early i n  the proce ss  and wi l l cont i nue t hrough
out the repo s i tory devel opme nt effort . 

Al t hough ma ny d i ffere nt act i v i t i e s  wi l l  be underway i n  paral l el , t he effort 
i n  t he early years focuses  on fi nd i ng s u i tab l e  s i tes and devel op i ng t he 
req ui red technol ogy . Many grou ps of peopl e and organ i zat i ons  wi l l  be i nvo l ved 
i n  the deci s i on proces s .  However , t he dec i s i o n proces s  that wi l l  be fo l l owed 
must be estab l i shed wi t h i n  the context of the  rol e s  and res pons i b i l i t i es of 
t he orga n i zat i ons  i nvo l ved . The scope of the orga ni zat i o nal i nteract i o n s  and 
the  i ntegrated p l an are presented bel ow . 

Organ i zat i on Agreements 

Memo randa of Understand i ng ( MO U l s )  and ot her agreeme nt s are used to c l ar i fy 
t he ro l es of t he Federal agenc i es  i n  repos i tory s i t i ng and tec hnol ogy devel opme nt . 
A P rocedural Agreement has  been estab l i shed between DOE and NRC and wi l l  
be estab l i shed between DOE and 00 1 .  The DOE/NRC ag reement estab l i shes  a 
formal mechan i sm to  prov i d e  NRC deta i l ed i nformat i on concern i ng t he stat u s  of 
DOE s i t i ng and techno l ogy devel opme nt on a t ime ly  bas i s .  Procedures are be i ng 
devel oped to pe rm i t  a re l at i ons h i p between DOE and NRC on potent i a l i s sues  
wi thout compromi s i ng NRC l s  ab i l i ty to  i ndepe ndent l y  l i cense and  regu l ate 
fut ure DOE HLW d i s posal . The DOE/D O l  agreeme nt wi l l  prov i de  a defi n i t i on of 
the  rol e of BLM and DOE concern i ng prov i s i on of d ri l l i ng perm i ts , a nd access  
to and pos s i b l e  wi thd rawal of Federal ly  c ontrol l ed l and from pub l i c  acces s ,  i f  
req u i red . I t  wi l l  a l so  formal i ze t he rol e of USGS i n  support i ng s i te i dent i f i 
cat i on  act i v i t i e s .  
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Regu l at i on Devel opment 

The Energy Reorgan i zat i on  Act of 1974 sets fort h NRC l i cens i ng aut hor i ty for 
rec e i pt and storage of HLW ge nerated from NRC- l i cen sed act i v i t i e s and for the  
l ong-term storage of HLW generated by DOE act i v i t i e s ,  except those rel ated to  
research and devel opme nt .  Therefore , wh i l e  DOE  wi l l  be re spons i b l e  for the 
deve l opme nt of HLW d i sposal  fac i l i t i e s ,  DOE wi l l  not con struct the fac i l i t i e s  
or  empl ace rad i oact i ve wa ste i n  the  fac i l i ty unt i l  i t  recei ve s  a l i ce nse from 
NRC .  NRC must be as sured through the l i cens i ng proces s  that the pub l i c  heal t h  
and s afety a nd t he env i ronment wi l l  b e  adeq uate ly  protected . 

Separate from t h i s regu l atory overs i ght  by NRC , EPA i s  respons i b l e  for estab
l i sh i ng general l y  a pp l i c ab l e  env i ronmental st andards for the management , 
storage and d i sposal  of HLW and TRU wastes . Wh i l e  EPA i s sued standards 
fo r the nuc l ear fuel cyc l e  i n  1 9 77  ( 40 CFR 1 90 ) , t hese  standards  expl i c i t l y  
exc l uded ope rat i ons  i nvol v i ng wa ste manageme nt . A s pec i fi c standard for 
waste ma nageme nt i s  now under devel opment by EPA . Th i s  st and ard wi l l  prov i de 
the fundame ntal basi s fo r NRC ' s  l i cens i ng act i v i t i e s  and wi l l  determi ne 
the ove ra l l perfo rmance standard fo r the repos i to ry .  

DOE h a s  devel oped broad objec t i ve s  and cr iter i a t o  gu i d e  i ts res earc h  and 
devel opme nt prog rams pe nd i ng t he estab l i shme nt of forma l st andards  and 
regu l at i ons  by EPA and NRC .  DOE ' s  program , wh i l e  g u i d ed by DOE obj ect i ves  
and cr iter i a ,  h as been des i gned to accommodate devel op i ng  regu l at i ons and 
standards by t he regu l atory authori t i e s .  F i gure B -3 i l l u st rate s the re l at i on
s h i p b etween DOE , EPA ,  a nd NRC , as the reg u l ato ry framework i s  devel oped . 

The NRC i s  res po ns i b l e  for i s su i ng  regu l at i ons that i mp l ement the EPA s ta ndard .  
The bas i c  regu l at i ons for geol og i c  repos i tor i e s  are presented i n  1 0  CFR 60 .  
I n  the  procedural port i on of 1 0  CFR 60 , t he NRC  e st ab l i shed a seri es  of  
ste ps that  DOE must  compl ete  to  obt a i n authori zat i o n  to di spose of  HLW a nd 
TRU . I ncl uded i n  th i s  seri es of act i o ns i s  a s i te characteri zat i on repo rt on 
each  pros pect i ve s i te ,  req uest for const ruc t i o n  authori zat i o n ,  a ppl i c at i on for 
a l i cense to pos se s s  and di spose of HLW , a nd va ri ou s amendment s to the l i ce nse , 
i nc l udi ng t he fi nal one to c l ose and decommi s s i on the repo s i tory .  DOE i s  
a l so requi red to provi de peri od i c  progress  reports on the  several  s i te char
acte ri zati on  st ud i es and on construct ion  and ope ra t i o n  of the repo s i tory .  
Tab l e B-2 s pec i fi es t h e  report s  and docume nts t o  b e  exchanged . 

On J u l y  8 ,  1 981 , t he sect i o n s  of 1 0  CFR 60 coveri ng techn i ca l  req ui reme nts 
were pub l i shed fo r comment as a proposed ru l e  ( U . S . N uc l ear Regu l atory 
Commi s s i o n ,  1 981 g ) . The proposed schedu l e for i s s u i ng other regu l ato ry 
docume nt s i s  presented i n  Tab l e  B-3 . 

I n  add i t i o n  to the devel opme nt of t he regu l ato ry framework and part i c i pat i o n  
i n  t h e  revi ew i n  det a i l o f  s i t i ng act i v i ty ,  NRC  wi l l  be g i ve n  t h e  op port un i ty 
to  rev i ew t he st atu s of wa ste i so l at i o n technol ogy . The DOE/NRC Agreeme nt 
that es tab l i s hes the fo rmal i nterchange provi des  for peri od i c  pres enta t i ons  
and  rev i ews of  spec i f i c  topi cs . DOE  wi l l  make a speci al effort to  docume nt 
t he i s sues  and tech n i ca l  act i v i t i e s  t hat  have l ed to the i r  reso l ut io n .  
I ncl uded i n  th i s  formal i nterchange are a category o f  docume nt s  and report s 
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Ta b l e 8 -2 

PROCEDURAL INTERACT IONS BETWEEN NRC AND DOE 

DOCUMENT WHEN FILED 

Dra f t  EIS on Commercial Waste Ap ril 1 9 7 9  
Management Program 

N a t i onal P lan for S i t ing High Leve l Fall 1 9 8 1  
Ra d i oac tive Waste Rep o s i t ories 

S i t e  Chara c t e r i z a t i on Report and When DOE proposes tha t a 

Environmental Document single location wi thin a 
geo logic region should be 
cha racterized in detai l ,  

including an 
exploratory sha f t ,  and that 

this locat ion should be 
protecte d . 

Updated ( o r  Detailed) S i te When DOE has completed i t s  
Chara c t e rization Report an d  d e t a i l e d  s i te studies at one 
Envi ronmental Document si t e t  and has d e t e rmined the 

s i t e  is sui table for a repo s i t o ry , 
and the cand i d a t e  s i t e  s h o u l d  b e  
protected accordingly . 

S i t e  Recommen dation Rep o r t  and Dra ft When DOE proposes a spe c i f i c  
E I S  p re f e rred s i te f o �  li censing 

and authorizat ion f o r  
construction 

App lication for Cons truc tion When DOE S i t e  Charac t erizat ion 
Authorization Report and Final EIA is i s sued , 

and when the Environmental Re-
por t and Sa fety Analysis o f  the 
Repository are compl e t ed . 

App l i ca t ion for License to Receive and When d e t ai l ed engineering d e s i gn 
Emp lace Waste and procurement ( Ti t le I & I I )  and 

maj or c o n s t r u c t i o n  are completed , 

an�� the EnvironQen t a l  Report and 

the Safety Analysis Rep o r t  are 
updated 

Amendment App l i cation f o r  Closure When the re posi tory has been 
substan tially filled and i t s  
performance has been demonstrated 
to be satis factory, an d  when the 
license appli cation and Envir-
onment al Report are update d .  

*Depen d i n g  o n  t iming o f  su i tability d e t ermina t io n ,  this environmental 
document may be combined wi th the s i t e  recommendat ion E I S .  

8-9  

CATEGORY 01: NRC RESPONSE 
(REQUIRED DOE ACTION) 

Review commen ts . (DOE 

must con s i d e r  comment s  
in preparation o f  Fin al £ I S )  . 

Review commen t s . ( DOE 

must consider commen t s ) . 

Adv i s o ry response by 
d i rec t o r ,  NMS S .  (DOE 
wi l l  incorporate NRC 
comment s into final 

rep ort . DOE mus t  
i ssue f i n a l  environmen t a l  

do cument be fore s i t e  can be 
p rotected or explora t o ry 

sha f t  can be s tm k )  . 

Advisory commen t s  

Informal review of s i te 
to be submit t ed as pre-
para t i on for receiving 
l i cense app l ication. 

Formal licensing review , 
�ncluding pub l i c  hearin g s .  
NRC could req uest a d d i t ional 
t e chnical i n forma t i o n  ab out 
s'_ t e  o r  ad d i t ional des ign 
WorK . 

Further review o f  the 
license app lication , 
pos sibly including public 
hearings . 

Fo rmal proceedings in-
clud ing pub l i c  hearings , 
to determine if long-
t erm i solat ion o f  the 
emp laced was t e  i s  ensure d .  



Tab l e  B-3 

REGULATORY DOCUMENT PREPARATION SCHEDULE 

DOCUMENT 

40 CFR 1 9 1  - Environmental S t andards 
(Proposed)  

40 CFR 1 9 1  - Environmental S t andards 
(Final) 

1 0  CFR 60 - Procedures* 
(Final) 

1 0  CFR 6 0  - Technical Requiremen t s * *  
(Proposed) 

1 0  CFR 6 0  - Technical Requirement s  
(Final) 

Technical Requirement Rat ional e Document 
and Environmental Impact As s es sment** 

S i t e  Charac terizat ion Report 
Format and Content Guide (Draft ) 

S i t e  Charact erizat ion Report 
Standard Review Plan (Draf t )  

Environmental Repor t  Format and Cont ent 
Guide 

Safety Analysis Report Format and Content 
Gu id e 

License Applicat ion Format and Content 
Gu ide 

*publ ished 2 / 25 / 81 
**published 7 / 8 / 8 1  

B- l O  

I S SUE DATE 

FY 8 1  

FY 82 

FY 8 1  

FY 8 1  

FY 82 

FY 8 1  

FY 8 1  

FY 82 

FY 83 

FY 83 



to obta i n  formal NRC feedback o n  methods  of hand l i ng and re so l v i ng tec h n i c al 
quest i o ns t hat  are known to be impo rtant for the aut hor i zat i o n  of construc t i o n  
and l i cens i ng o f  a repo s i tory for operat i o n .  Topi c s  propo sed to date for 
d i sc u s s i o n  i n c l ude : ( l ) performa nce model i ng rel at i ve to s i te se l ec t i o n ;  ( 2 )  
bri ne m i g rat i o n ;  ( 3 )  vo l can i sm a s  a factor i n  s i t i ng ; ( 4 )  pre-a ppl i cat i o n  
qual i ty a ss urance ; ( 5 )  se i sm i c i ty a s  a factor i n  s i t i ng ;  and ( 6 )  h uman 
i nterference . I n  add i t i o n , a tec hn i c al i nterc hange between DOE and NRC 
concern i ng program act i v i t i es wi l l  be cond uc ted on  a cont i n u i ng bas i s .  Th i s  
mut ual i nterchange wi l l  cover maj or areas--wa ste pac kages , repo s i tory 
devel opment , s i te c haracteri zat i o n ,  a nd perfo rmance assessme nt . 

DOE Program for Permanent I so l at i on 

DOE ' s  program to estab l i s h geol og i c  repo s i tor ie s has been des i g nated by DOE a s  
t he  Nat i o nal Wa ste Termi nal Storage ( NWTS ) Program . The overal l obj ect i ve of  
t he NWTS Program i s  to  prov ide  for the effect i ve i so l at i o n  of  ex i st i ng and 
fut ure rad i oac t i ve wa ste s from DOE and commerc i al act i v i t i es so t hat they pose 
no s i g n i fi cant t hreat to pub l i c  heal t h  and safety .  

To meet t h i s  overal l object i ve ,  several general pe rformance obj ect ives  have 
been formu l ated by t he NWTS Program . These object i ves  are struc tured to al l ow 
adequate fl ex i b i l i ty to meet s pec i fi c  regu l atory requi rements at t he l i cens i ng 
phase of a repo s i tory .  The obj ect i ve s  are not i ntended to negate the need for 
NRC a nd EPA regu l at i o ns , b ut merely to prov i de i n terim gu i d ance unti l compre
hens i ve  fi nal regu l at i o ns can  be i s s ued . 

The fo l l owi ng wa ste i so l at i o n  system performance objecti ves ( for  any method of 
wa ste d i s posa l ) have been proposed in NWTS-33 1 , Program Object i ves , Funct ional  
Requi rements and System Performance Cri ter i a  U . S . De partment of Energy , 
1981 e ) : 

o The m i ned geol og i c  d i sposal system s ha l l prov i de reaso nab l e  ass urance 
that waste wi l l  be adequate l y  i so l ated from t he acces s i b l e  env i ronment 
for a per i od of at l east 10 , 000 years wi th  no pred i c t i o n  of s i g n i f i cant 
decreases i n  i so l at i o n  beyond t hat t ime .  The potent i a l  r i s k  to fut ure 
generat i o ns s ha l l be l im i ted to the extent rea sonably ac h i ev ab l e .  

o The NWTS program s ha l l be conducted i n  a manner that wi l l  promote 
i n st i t ut i o nal  and soc i etal part i c i pat i o n  and acce ptance of t he program 
pl ans and act i v i t i e s .  

o Techn i ca l  conservat i o n  sha l l be appl i ed t hrougho ut the NWTS program . 
The methods used to des i gn , devel op , a nd demonstrate the d i sposal  system 
shal l be suffi c i ent ly  conservat i ve to account for resi dua l  uncerta i nt i es 
of potent i al importance to system effecti vene ss  and s ha l l prov i de  reason
ab l e  a s s urance that regu l atory standards wi l l  be met .  

o The NWTS program s ha l l prov i de mu l t i pl e , reg i onal l y  s i ted repo s i tor ies  
i nsofar as  techn ical cons i derat i o ns perm i t .  Features of  the  repo s i to ri e s  
sha l l b e  standard i zed to  t he  extent prac t i cab l e  to fac i l itate sa fe and 
economi c al devel opment and operat i o n .  
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o The sys tem of NWTS reposi tori es shal l be capabl e of recel v l n g  and 
di spos i ng of al l commerc i al h i gh-l evel and  tra n sura n i c  ( TRU ) waste s  and 
defense h i gh- l evel wa stes i n  a safe manner ,  regardl ess  of the amount of 
nucl ear wa ste produced and of the speci f i c  fuel cycl e or reactor that 
produced i t .  

o The safe di sposal and i sol ati on of radi oact i ve wa stes shal l be ach i eved 
i n  a manner that prov i des  effecti ve uti l i zati on of resources .  

o The m i ned geol o g i c  di spo sal system shal l be devel oped based u pon a l evel 
of technol ogy that can be i mpl emented wi th i n  a reasonabl e peri od of ti me .  
I t  shal l not depend upon sc i enti f i c  breakthroughs  and shal l be abl e to be 
as sessed wi th c urrent capab i l i ti es .  Acti ve mai ntenance or survei l l ance 
fo r unreasonabl e  l ength s  of ti me i nto the future shal l not be neces sary 
to en sure adequate i sol ati on .  

I n  the i mpl ementati on of the NWTS Program , the above waste i sol ation  system 
pe rformance obj ecti ves are refl ected i n  formal performance cri teri a that are 
appl i ed i n  the pl ann i n g ,  executi on , and eval uati on of al l program acti v i ti e s .  
These cri teri a are presented i n  the NWTS-33 seri es o f  documents ( U . S .  Depart
ment of Energy , 1981 e , 1 98 1 g ,  1981 h , 1981 i ) .  

Al though mi ned geol ogi cal repo s i tori es wi l l  be the focal po i nt of the compre
hensi ve na ti onal rad i oacti ve wa ste management program , the Department of 
Energy wi l l  conti nue to support a l i m i ted program di rected toward devel opment 
of suppl emental di sposal opti on s , such as the di sposal of HLW by empl acement 
i n  sedi mentary depo s i ts beneath the bottom of the deep sea ( thousands of 
meters bel ow the ocean surface ) i n  areas wh i c h  have been geol ogi cal ly  stabl e 
over m i l l i on s  of years . For more detai l ed i nformati on on al ternati ves for 
permanent di spo sal , see U . S .  Department of E nergy ,  1 980y . 

NWTS Program Pl ann i n g  Structure 

A descri pti on of al l acti v i ti es i n  the NWTS Program wi l l  be presented i n  the 
NWTS P rogram P l an ,  wh i c h  descri bes in greater detai l the i n d i v i dual sub- program 
pl an documents .  The rel ati onsh i p s  between these documents are shown i n  F i gure 
B-4 .  These documents prov i de the statement of di recti o n s  and the framework 
for coordi nati ng the NWTS Program acti vi ti es , and wi l l  be avai l abl e i n  FY 82 . 

Program Acti v i ti es 

The fol l owi ng strategy has  been establ i shed for the NWTS program i n  orde r to 
best accompl i sh the program obj ecti ves .  The program wi l l  provi de an earl y 
focu s  on actual al ternati ve si tes  and empl acement of a few hundred packages of 
radi oacti ve waste i nto an at- depth Test and Eval uati on Fac i l i ty ( T&E ) by 1 990 . 
Pri mary focus wi l l  be on three s i tes to al l ow an  early determi nati o n  that 
these si tes meet general i zed standards compati bl e wi th those u n der devel opment 
by the EPA and NRC . These three s i tes  are Hanford S i te ( ba sal t ) , Nevada Test 
S i te ( tuff ) , and a preferred sal t si te ,  to be determi ned . Work wi l l  subsequent
l y  proceed on the detai l ed s i te characteri zati on , i ncl udi ng expl oratory shaft 
and at-depth testi ng to determi ne s i te sui tabi l i ty .  The T&E , to be l ocated at 

B- 1 2  



,
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I 
I I 
I 1 
I I 
I 1 
I 1 
I I 
I I 

I I 
I I 

I I 

I 1 

I 1 

I I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I 1 
I 1 
I I 
I I 
I I 
I I 
I I 
I 1 
I I 
I 1 
I I 
I I 
L - - - - - - -- - - - - - - - - 1- - - - - - - - - T - - - - - - - -r - - - - - - - - - - - - - - - - _ _  I 

Basalt Waste 
Isolation 

Program 

Plan 

Nevada Nuclear 

Waste Storage 

Investigations 

Prog ram Plan 

F i gure 8-4 

Office o f  

N uclear Waste 
Isolation 

Prog ram Plan 

Major P lanning Documents of the NWTS Program 

B-13  



one of th e th ree s i tes sub sequent to expl oratory shaft si nki ng , wi l l  al l ow the 
program to ga i n  ope rati onal expe ri ence wi th wa ste handl i ng ,  empl acement , and  
re tr i eval on  a scal e representati ve of a ful l -scal e fac i l i ty .  The i n fo rmation  
ga i ned from the  T&E wi l l  be  u sefu l  in  des i gn , and operation  of ful l - scal e 
repo s i tory .  The T&E s i te ,  the other two s i tes at wh i c h  expl oratory shafts 
have been compl eted , a nd d iverse geol og i e s ,  such as gran i te ,  that are under 
l ong-term eval uati on shou l d provi de mul ti pl e candi date s i tes for a regi onal 
reposi to ry sy stem . The fi rst repo s i tory l oc ati on  wi l l  be sel ected ei ther 
a fter the fi rst three s i tes have been deemed su i tabl e ( th u s  meeti ng the 
mi nimum requi reme nts of 10 CFR 6 0 ) , or after addi tio nal candi date s i tes i n  
other med i a are ava i l ab l e .  The timi ng of th i s  sel ect i on w i l l be ba sed on the 
ava i l ab i l i ty of fun d i ng fo r deta i l ed si te characteri zati on , as wel l as techn i cal 
and i nsti tuti o nal cons i de rat i o n s . The NWTS program act i v i ti es are be i ng 
pl an ned to support th i s  strategy . These acti vi ti es wi l l  be di scu ssed bel ow i n  
te rms of the mi ned ge ol o g i c  repo s i tory sy stem . 

As i l l u strated i n  F i gure B - 5 ,  DOE subdi vi des th e mi ned geol og i c  repo si tory 
system i nto three maj or  subsystems : the wa ste package , i nc l udi ng the wa ste
beari ng cani ster and associ ated ove rpac k s  and ba rri ers ; the re po s i tory ,  
i ncl udi ng retardi ng back fi l l s  and seal s ;  and  the s i te ,  wh ich  con s i s ts of the 
host rock , the surroun di ng geol ogi c  fo rma ti o n s , a nd the hydrogeol ogi c  envi ron
ment .  The ma n-made or engi nee red barri ers i ncorpo rated i n  the wa ste package 
and repo si tory subsystems wi l l  prov i de contai nme nt of the waste , del ayi ng the 
i n i ti at i o n  of and retardi ng the rate of rad i onuc l i de rel ease to the host rock . 
The hos t rock and  the natural geol ogi c and hydrol ogi c  features o f  the repo si 
to ry s i te ,  a s  wel l as the remotene ss of the repo s i to ry ( i n  terms of depth 
bel ow the surface and di stance from water suppl i es ) , wi l l  provi de natural 
ba rri ers for i so l a ti ng radi oac ti ve waste from peopl e and th ei r envi ronme nt . 
To ens ure compati b i l i ty and to en hance the effecti veness of th e barri ers , 
the se subsystems are anal y zed together as  a sys tem i n  the sel ection of the 
hos t  rock a nd repo si tory s i te , a s  wel l as i n  th e des i g n  of th e wa ste package 
a nd repo s i tory structure . Each of the compo nents of th e mi ned geol og i c  
di sposal sys tem h as been des i gnated a s  a maj or  tas k wi th i n  the NWTS program 
and i s  d i scu ssed bel ow . 

Waste Package . The fi rst of the maj or  barri ers to th e rel ease of radi onuc l i des 
; s  the wa ste package , a s  shown i n  F i gure B - 5 .  I t s  ab i l i ty to provi de contai n
me nt wi l l be based on a sy stem of mul ti pl e engi neered ba rri ers that i nc l ude a 
l each-res i stant waste form , a hi gh - i ntegri ty c a n i ster , a nd bu ffe rs and radi o
nucl i de mi grati on retarda nts . The funct i o n s  and perfo rma nce cri teri a wi l l  be 
de sc ri bed i n  the Waste Package Pe rfo rma nce Cri teri a document ( U . S .  Department 
of E nergy , 1981 i ) .  The program fo r R&D , desi gn , fabri cati on , and  te sti ng , 
al ong wi th a detai l ed schedul e ,  i s  presented i n  the Waste Package Program Pl an 
( U . S .  Departme nt of Energy , 1981k ) .  

Tech n i cal cri ter i a propo sed i n  th e prel imi na ry vers i o n  of 10 CFR 60 req u i re 
that th e waste package co ntai n th e radi onuc l i des for a peri o d  of at l east 1000 
years . The wa ste package program i s  d i rected towa rd devel o p i ng the test 
me th o ds for expe rime ntal ly  ve ri fy i ng the waste package system ' s  perfo rma nce , 
devel op i ng the model s and cal cul ati onal approach to pred i c ti ng the l ong- term 
behavi o r  of the package , a nd measuri ng the prope rti es and performance charac
teri sti cs  of ma teri al s wi th wh ich  to construc t the package . F i gure B-6 i s  th e 
schemati c fl ow di agram for the devel opme nt of a waste package . 
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Extens i ve tes ti ng and devel opment studi es of vari o u s  i ndi vi dual  barrier  
compo nents of the waste package under expected condi ti ons  of geol ogi c i so l ati on  
have been in  progres s for several years . Wh i l e most of  th ese studi es are not 
compl ete , the data and res u l ts generated dur i n g  the past few years do i ndi cate 
that componen ts of the wa ste package can del ay and mi nimi ze rel ease of radi o
nucl i des  to the natural sys tem by functi oni ng as effecti ve chemi cal and 
p hy s i c al ba rri ers . 

Because of the ma ny c an d i date materi al s suggested fo r each compo nent of the 
wa ste package , barr i e r  devel opment p rograms have been i ni ti ated to address 
th i s  area  i n  a l ogi cal sequence , s tarti ng wi th s i mpl e materi al s sc reeni ng , 
fol l owed by i nteracti on tes ts of i ncreasi ng scal e and compl exi ty .  Presently , 
mos t  te sts are bei ng carri ed out i n  the l aboratory , usual ly  o n  s i ngl e compo
nents , wi th tes ts focu sed on model i ng the pe rforma nce  of the i nd i v i dual 
components . Most of th e current l aboratory te sts are u si ng s imul ated waste 
forms wi thou t  the i nfl ue nce of a radi ati on fiel d .  Tests usi ng rad i oactive 
ma teri al s wi l l  be run at a l ater date to ens ure that the effect of radi at i on 
doe s not have a si gn i f i cant del eter i o u s  effec t on component perfo rmanc e .  

Expe rime nts th at s imul ate re po si to ry condi ti o n s  and i ntegrate th e behav i o  �f 
waste package components an d the geol ogi cal medi a are al so i n  progres s .  
Laboratory e ffo rts d i rected toward mo re compl ex te sti ng of sub systems i nvol vi ng 
mo re th an one component are pl anned . Th rough such eval uati ons and accel erated 
te sts , coupl ed model s of the waste package compo nent i nteractions  wi l l  be 
devel oped . The resul ts of such tests wi l l  suppo rt a deci s i o n  on the materi al s 
to be con si dered i n  package conceptual des i gn studi es . Th i s  seri es of stuc � es ,  
i nve sti gati ng wa ste package component pe rforma nce and qual i fi c ati on , wi l l  
cU l m i nate i n  a l arge- scal e system tes t speci f i c  to each re po si to ry host rock 
type , i nvol v i ng al l components of the waste package . Such tests may be 
perfo rmed in the fi el d to con f i rm the re sul ts of earl i er detai l ed l aboratory 
and l a rge-sc al e tes ts . I t  i s  currently  pl an ned tha t prototype hi gh -l evel 
waste packages wi l l be empl aced in the Te st and Eval uation Faci l i ty .  Data on 
waste package handl i ng i n  such a fac i l i ty wi l l  provi de i nput i nto the fi nal 
de s i gn of th e actual wa ste packages fo r repo s i tori e s .  

The NWT S program h as devel oped a Waste Package Program Pl an that prov i des the 
standards to be fol l owed wi th respect to testi ng p rocedures and materi al s 
ce rti ficati on ,  and  coord i nati on of speci f i c  devel opment acti vi ti es among 
researchers and wa ste ma nagement ent i ti es .  For rev i ew and  i n tegrat i on , a 
Mate ri al s Steeri ng Commi ttee ( MSC ) , a Materi al s Rev i ew Board ( MRB ) , a nd a 
Materi al s Characteri zati on Center ( MCC ) have been establ i she d .  The MRB 
provi des the overal l coo rdi natio n  of acti v i ti es .  These organ i zati ons have been 
ch arged wi th support i ng wa ste package de si gn , devel opment , and testi ng programs . 
The fi nal obj ecti ve i s  to produce su i tabl e packages that meet establ i shed 
requi rements . 

Repos i tory . The second  maj or compo nent of the waste i sol ati on system i s  th e 
repository structure , wh i ch i ncl u des the surface and subsurface fac i l i t i es 
des i gned to recei ve waste . Wh i l e  the subsurface portion  of the repo si tory i s  
basi cal ly a sy stem of d ri fts wi th i n  the natural host rock , th i s  compo nent 
co ntri butes to ove ral l system perfo rmance by l imi ti ng adverse impac ts of 
excavati o n  an d empl acement act i vi t i es on the s i te by empl ac i ng bac k fi l l  an d 
seal s i n  the undergrou n d  open i ngs at the time of decommi s s i o n i n g . The func-
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t i ons and perfo rma nce cri ter i a  fo r the repos i tory are descri bed i n  the Repo s i 
tory Perfo rma nce and Devel opme nt Cr iteri a document ( U . S .  Depa rtment o f  E nergy , 
1 981 h ) . The program for the  devel opment of repo s i tory techno l ogy wi l l  be 
covered i n  the Repos i to ry Devel opment Program P l an .  Detai l s  of the program 
wi l l  be further descri b ed and presented i n  two s ubtas k pl ans : Rock Mechan ics  
P l a n ,  a nd Repo s i tory Seal i ng P l a n .  

NRC ' s  proposed techn ical rul e ,  10  CFR 60 , s pec i fi es that t he  rel ea se rate from 
the reposi tory be l es s  than  1 part i n  1 00 , 000 per year of the  amount pres ent 
at 1 000 ye ars after the repo s i tory i s  seal ed . The EPA proposed standard 
provi d es a l i mi t on the  qua nt i ty of  speci fi ed rad i o nuc l i d es re l eas ed from t he 
repos itory over a 1 0 , 000-year peri od . Al so , t he proposed 1 0  CFR 60  tech n i ca l  
cr iteri a req u i re that the  repos i tory sha l l be  desi gned wi th  the capabi l i ty to  
retrieve a l l the  empl aced wa ste for up  to 50  years after empl aceme nt room 
back fi l l .  The repo s i tory devel opme nt program , a l ong wi th  the wa ste package 
program , i s  d i rected towa rd deve l op i ng the  methods and technol ogy to meet 
reg u l atory req ui reme nts as they evol ve . 

The repos i tory structure mu st be des i gned to ens ure that construct i o n ,  empl ace
ment of rad i oact i ve wa ste , a nd t he effect s of the wa ste wi l l  not compromi se 
t he natural i ntegrity of t h e  s i t e .  Al so , t he repos i tory e nv i ronme nt must  be 
s uff i c i e nt l y  defi ned to show t hat there are no i nteract i ons  that wi l l  s i g n i fi 
cant l y  compromi se the perfo rmance of the  wa ste package desi g n s .  The model s 
fo r wa ste package and repos i tory pe rfo rmance are i ntegrated i nto  wh at has  b een 
termed a near- f i el d mode l . Th i s  model i s  then  i nteg rated wi th  the model of 
t he si t e ,  wh i ch ha s been te rmed a far- f i el d model . These i ntegrated far- and 
near-fi e l d mode l s wi l l  be us ed to eva l uate the effect i venes s of the overal l 
i so l at i o n  system .  Current act i vi t i e s  are provi d i ng the ba s i s  for fut ure 
des i gn and pe rfo rma nce assessme nts of repos i tory structures . Rock mech a n ic s  
researc h  i s  bei ng conducted fo r a broad set o f  geol ogi c med i a  t o  provi de the  
b a s i c  understand i ng  of  the  mechan i c al behav i or  of t he  med i a . Both l aboratory 
and f i el d te sts are bei ng conducted to provi de the basi c data on therma l , 
mechan i c al , a nd hydrol ogi ca l  i nteract i o n s ,  a nd combi ned effects  i n  pote nt i al 
host med i a . Laboratory stud i es are underway to defi ne the i nteract ions  
between host rock , g roundwater , a nd emp l aced materi al  wh i c h  may i nfl ue nce 
rad i o nuc l ide  mob i l i ty a nd transpo rt .  Waste- i nduced i nfl uenc es , s uch  as 
rad i at i on and heat , on chemi ca l  react i o n s ,  a re be i ng i nvest i gated . Laboratory 
te sts  to obt a i n  l each i ng and retardat i on coeffi c i e nt s  for va ri ous  wa ste fo rm 
and host rock combi nat i ons  are al so  be i ng conducted . Improvements i n  under
stand i ng  t he transport mechan i sms and pred i ct i ve capab i l i t i es wi l l  res u l t from 
t hese stud i es .  

F i el d te st i ng i s  bei ng conducted to prov i de  the req u i red technol ogy data base 
for as sess i ng t he va l i d i ty of ana l yt ica l  mode l s ,  c ompa ri ng i n- s i t u  a nd l a bora
tory b ehav i o r ,  a nd confi rmi ng by demonstrat i ng the behav i or  of rad i oact i ve 
wa stes empl aced i n  vari ou s geol ogi es . I n  add i t i o n ,  t o  s u pport fac i l i ty 
deve l opme nt and l i c en s i ng req ui rements for a repos i tory ,  e ng i neeri ng des i g n  
i nforma t i o n  must b e  obta i ned i n  t h e  va riou s cand i date med i a .  P res ent ly , t here 
are a number of fi el d-test i ng act i v i t i es  underway or  p l anned i n  the vari ous  
med i a ;  Tab l e  B -4 i s  a summary of the se act i v i t i e s . A s  part of  the  at-depth 
test program to be conducted at each  potent i al s i te fo l l owi ng exp l oratory 
s ha ft s i nk i ng , e ngi neeri ng conf i rmat i o n  te st s wi l l  be conducted i n  the  proposed 
repos i tory hori zon .  The scope of these te sts  i s  curre nt l y  under devel opme nt .  
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MED IUM 

Salt 
Dome 

Granite 

Granite 

Granite 

Basalt 

Tu f f  

FAC IL ITY 

Avery Island 

S t r ipa 
(abandoned 

iron mine ) 

C l imax 

Colorado 
School of 
Mines 
Experimental 
Mine 

Near Sur face 
Test Fac i l i ty 
(NSTF ) 

G Tunnel 

Tabl e B-4 
REPOS ITORY PROGRAM TEST FACILITIES 

LOCATION 

Lou i s iana 

Sweden 
(U . S .  
par t i c i-
pat ion ) 

NTS 

Co lorado 

Hanford 

NTS 

SCOPE 

• Thermomechanica1 
• Br ine migrat ion 

• Geohydrology 
• Thermomechanics 
• Rock mechanics 
• Frac turing/Frac

ture Hyd rology 

• Thermomechanics 
• Hand l ing of spent 
• Fuel ; Rad iation 

e f f e c t s  
• Radionuc1ide Mi

grat ion 

• E f f ec t  of blast
ing on grani t e  

• Thermomechanics 

• Thermomechanics 
• Rock mechanics 

• Thermomechanics 
• Rad ionuc 1 ide 

Migrat ion 

P ERIOD 

1 9 7 8  - 1980 
1980 - 1981 

COMMENTS 

Three heat er t es t s  

1 9 7 8  - current I Heater t e s t s , 
vent ilat ion d r i f t  t e s t  

1 9 8 0  - 1985 

1979 - 1 9 84 

1 98 0  - 1 9 8 5  

1 9 8 0  - 1 9 8 5  

Eleven can i s t ered 
spent fuel 
assembl ies , elec t r ic 
heaters , t rac ers and 
rad ioac t ive nuc l ides 

Block t e s t s  

Heater and b l o c k  t e s t s  

Tracers and radioac t ive 
nuc l ides 

Sourc e :  Adapted f rom U . S .  Depar tment o f  Energy . Apr il 1 980v . Statement o f  P o s i t ion o f  the U . S .  Department of 
Energy : Was t e  Confid ence Ru 1emaking , U . S .  Nuclear Regulatory Commi s s i o n .  DOE/NE-0007 . 



Studi es are bei ng conducted to i denti fy perfo rma nce cri teri a for reposi tory 
structures , and to i den ti fy equi pme nt and i n strumentation  requ i rements fo r 
reposi tory construc ti on , ope ration , decommi ss i on i ng ,  a nd moni tori ng . 8ecau se 
of the recog n i zed impo rta nce of seal i ng the reposi tory ,  borehol e and sha ft
seal i ng l aboratory a nd f i el d tests are al so be i ng perfo rmed . The fo l l owi ng 
paragraphs desc ribe the se acti vi ti es in more detai l .  It  i s  currentl y  expected 
that th e Test and Eval uati on Faci l i ty wi l l  prov i de the capabi l i ty to demons trate 
some of these tec h nol ogi es as deemed necessary .  

Engi neeri ng act i v i ties  rel ated to the reposi tory i ncl ude the devel opment of 
spec i al i zed tec h n i ques and equi pme n t ,  as wel l as des i g n  of the repo s i tory and 
rel ated su pport fac i l i ti es .  An ea rly conti nu i ng acti v i ty i s  the devel opment 
of engi neeri ng des i g n  cri teri a to be used to gu i de the i n i ti al des i gn of the 
faci l i ty ,  i ts equi pme nt , a nd the te sti ng to obtai n operati ng da ta on prototype 
equi pme n t .  Equi pment  rel i ab i l i ty a n d  ma i n tenance req ui rements wi l l  b e  addressed , 
as  wel l as the functi onal req u i rements of s ize , we i ght , mate ri al s of construc
ti on , and performa nce . Fol l owi ng cri teri a devel opme n t ,  processes  an d equi pment 
ca n be speci fi ed and devel oped i n  the areas of wa ste packagi ng , handl i ng ,  
empl ac i ng ,  mi ni ng ,  decommi s s i oni ng ( e . g . , room back fi l l i ng ) , retri evabi l i ty ,  
secu r i ty a nd safegua rds , and occupati onal safety . Muc h of th i s  work i nvol ves 
i tems u n i q ue to a reposi tory , such as retrieval  eq u i pment  and tech ni que s .  
Mi n i ng processes wi l l  be adap ted to ensure that contai nment  and i sol ati on 
i nteg ri ty of the host rock a re not compromi sed . Techni q ues  and rel ated 
i nstrume ntati o n  wi l l  be devel oped to en sure occupati onal safety of workers 
duri ng the operati onal phase of the repo s i tory .  

H i gh - i ntegri ty repos i tory seal i ng i s  des i rab l e  i n  order to ensure l ong-term 
wa ste i so l ati on .  Therefore , an  exten si ve effort i s  underway to devel op 
ma te ri al s ,  des i g n  confi gurati on s ,  a nd empl acement  techni ques for repos i tory 
seal i ng wh i ch are compati b l e  wi th condi ti ons  that may be prese nt at the s i tes  
sel ec ted for geol ogi c  repo s i tori es . Laboratory i nvesti gati ons of seal i ng 
materi al - rock i nteracti ons are i n  progress , a s  are l i tera ture searches and 
fi el d i nve stiga ti ons i n to geochemi cal c on d i t i o n s  i n  ca ndi date s i tes . These 
acti vi ti es wi l l l ead to fi el d testi ng and demonstrations  of sati sfactory seal 
des i g n s .  An i n i ti al borehol e- seal f i el d tes t  has been compl eted i n  sal t ,  a nd 
addi ti onal tes ts are bei ng pl anned for basal t ,  sal t ,  and tuff i n  the future . 

S i te .  The fi na l  maj or component of the wa ste i so l ati on sy stem i s  the s i te .  
rne-s i te wi l l  be sel ected to i ncl ude natural barri ers that provi de contai nment 
and i so l a ti o n  by : ( 1 ) ma i ntai n i ng the wa ste i n  i ts empl aced condi tion  for a 
g i ve n  peri od of t ime ;  ( 2 ) l i mi ti ng  radi onuc l i de mobi l i ty through the geohydro
l og i c  envi ronme nt to the b i osphere ; and ( 3 ) a s s i sti ng i n  keep i ng ma n away 
from the wa ste ( i . e . , mi n i mi zi ng i ntru s i on i ncentives such as a val u abl e 
resou rce ) .  The s i te w i l l contai n a host rock sui tabl e for con s truc ti on of the 
repos i to ry and conta i nme nt of the wa ste ,  as wel l as surroundi ng rock formati ons 
wh ich  can  prov i de adequate i so l ati on . Gene ral reposi tory s i te performance 
c r i te ri a  for the NWTS  Program are conta i ned i n  th e S i te Performance Cri teri a 
document ( U . S .  Depa rtme nt of E nergy , 1 981g ) . These fi nal cri teri a are summa
r i zed i n  Tab l e  8 -5 .  The program for screeni ng characteri zati on , and sel ec ti on 
of si tes is  desc ri bed i n  the NWTS Nati onal P l an for S i ti ng H i gh- Level Waste 
Repos i tori es ( U . S .  Departme nt of E nergy ,  1 982 ) . 

An Earth S c i e nce Tech n i cal Pl a n  ( U . S .  Departme nt of E nergy and U . S .  Department 
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Tab l e B -5  

S ITE PERFORMANCE CRITERIA 

I .  S i t e  Geometry 

• Minimum Depth 
• Thickness 
• Lateral Ext ent 

I I .  Geohydrology 

• Hydrological /Geochemical 
Reg ime /Path Leng th/Travel T ime 

• Aquifer F low/Cons t ruct ion 
• Dis solut ion of Rock 
• Wat er Bod ies /Climat ic Cycl e s  

I I I .  Geochemis t ry 

• Chemical Interac tions 
• Radionucl ide Retardat ion 

IV .  Geology 

• Stratigraphy 
• Hos t  Rock Charac ter i s t ics 
• Vir gin Rock Strength 

V .  Tectonic Environment 

• Seismicity 
• Quat ernary Fau l t s  
• Quat ernary Igneous Ac t ivity 
• Uplift or Subs idence Rat es 
• Tectonic Element s 

V I .  Human Intru s ion 

• Resources 
• Exploration His tory 
• Ownership and Contro l 

V I I .  Sur face Charact er i s t ics 

• Hydro l o gical Sys t em 
• Topo graphic F eatures 
• Meteorological Phenomena 
• Indu s t r ial/Transpor tat ion/ 

Military Ins tallat ions 

VII I .  Demography 

• Transportation 
• Urban Ar eas 

IX .  Environmental Pro t e c t ion 

• Wild ernes s  
• Rivers 
• Wildlife 
• National Parks 
• Archaeology 
• Nat ional Her itage 
• Ambient Cond it ions 

X .  Soc io economi c  Impac t s  

• Trans portat ion Impact s  
• Management o f  Impact s  

Source : U . S . Depar tment o f  Energy , February 1981g . NWTS P rogram C r i t er ia 
for Mined Geologic D isposal o f  Nuclear Was t e :  S i t e  Performance 
Crit eria . DOE!NWT S-33 (2 ) , NWTS Pro gram Office . 
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of the I n teri o r ,  Geol o g i c  Survey ,  1980dd ) ,  wh i c h  i denti fies  the ba s i c  sci enti 
f i c  i nformati on necessary to eval uate the su i tab i l i ty of a s i te for l ocati on 
of a repos i to ry ,  has been j o i ntly  devel oped by DOE and USGS and i s  be i ng 
i mpl emented . Methods for predi cti ng the abi l i ty o f  potenti al s i tes to ful fi l l  
the i r  functi on i n  i sol ati on of the waste have been devel oped and are bei ng 
refi ned and veri fi ed .  

Techn i cal cri teri a  i n  the propo sed 1 0  CFR 60 contai n spec i fi c  s i ti ng req u i re
ments , i ncl udi ng i denti fi cati on of potenti al ly adverse s i te condi ti on s  and 
favorabl e s i te characteri sti c s  ( 10 CFR 60 . 1 22 ) . The NWTS program i s  d i rected 
toward the i denti fi cati on , characteri zati on , qual i fi cati on , and sel ection  of 
si tes that wi l l  meet these regul atory requi rements when they are i ssued . 

Several medi a ,  i ncl udi ng sal t ,  basal t ,  gran i te ,  and tuff , have been i denti fi ed 
as hav i ng features that coul d make them acceptabl e  as host med i a  fo r geol ogic  
repo s i tori es .  Eval uati on of these med i a  is  bei ng carri ed out by rel ati ng them 
to the NWTS s i te perfo rmance cri teri a .  These con s i derati on s  are currently i n  
vari ous  stages o f  the screeni ng process . As stated earl i er ,  emphasi s i n  the 
near- term i s  on basal t ,  tuff,  and  sal t ,  wh i l e  other medi a  are bei ng consi dered 
over the l ong- term . 

The si ti ng process i nvol ves geol ogi cal and env i ronmental characteri zati on 
studi es to i denti fy potenti al  s i tes for mi ned geol o g i c  repos i tori es and to 
obtai n the tec h n i cal data necessary to determi ne su i tab i l i ty of these si tes . 
Steps i n  the s i te sc reen i ng and characteri zati on process  are as fol l ows : 

1 .  National sc ree n i ng surveys . 

2 .  Determi nati on of reg i o n s  for further study ( up to several States i n  
exten t ) . 

3 .  Recommendati on of areas for more detai l ed i nvesti gati on ( up to a few 
thou sand square m i l es ) . 

4 .  Recommendati on of spec i fi c  l ocations  for i n- depth study ( up to several 
tens of square m i l es ) . 

5 .  Recommendati on of preferred s i tes for detai l ed s i te characteri zati on to 
confi rm sui tab i l i ty .  

S i te searches are i n i ti ated by nati onal screen i ng survey s .  Starti ng wi th the 
conti guous Un i ted States , the i n i ti a l  step i n  s i te expl oration  and characteri 
zati on i s  to i denti fy p l aces that have some potenti al fo r waste i sol ati on . 
These pl aces may be reg i o n s  ( up to several hundred thousand square mi l es i n  
area ) o r  l and areas hav i ng a parti cul ar sui tab i l i ty feature . Nati onal 
sc reen i ng surveys  have been structured i n  di fferent way s ,  dependi ng on the 
s i te su i tab i l i ty feature that i s  sought i n i ti a l ly , as fo l l ows : 

o A geol o g i c  approach , begi nni ng wi th consi derati on of potenti al ly  sui tabl e 
host rocks and i denti fi cati on of regi ons  contai n i ng these formati o n s .  
Early i n  the p rogram , for exampl e ,  rock sal t wa s i denti f i ed a s  a potenti al ly 
su i tabl e host medi um ;  thus reg i o n s  in the conti guous Un i ted States 
contai n i ng sal t domes and bedded sal t formations  were del i neated a s  
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sta rti ng poi nts for s i te screeni ng . Recently , DOE has screened the U . S .  
for regi on s  contai n i ng crystal l i ne and  a rgi l l aceou s rock s .  

o An approach cons i deri ng current  l an d  u se . Exampl es of th i s  approach are 
the studi es bei ng conducted at the Hanford S i te a n d  the Nevada Tes t S i te ,  
both of wh i ch are l arge tracts of l and  owned by the F ederal Government 
and curre ntly used for nuc l ear ac ti v i ti es .  These government reservati on s 
are cl as s i fi ed as " a rea s"  i n  the steps i n  the s i ti ng proce s s . I nvesti ga
tions  of both areas were i n i ti ated to determi ne whether geol ogi c a n d  
hydrol ogi c condi ti ons ,  as  wel l a s  other con s i derati ons ,  woul d al l ow u s e  
of these dedi cated l ands for was te repo s i tory si tes . 

o An approach , provi nce screen i ng ,  based on sc ru ti ny of success i vely 
smal l er u n i ts of l and based on geohydrol ogi c  con di t i on s ,  i ncl udi ng 
mul ti p l e  natural barri ers to radi onucl i de mi g rati on . Th i s  approac h 
provi des fu rther as surance that otherwi se unexami ned geol ogi c formati ons 
havi ng favorabl e repos i tory properties  wi l l  not be overl ooked where they 
occu r i n  a su i tabl e  geohydrol ogi c  env i ronme n t .  The USGS i s  i n i ti ati ng 
thi s approach in one of el even provi nces through a Prov i nce Work i ng 
Grou p .  

o A n  approach based o n  the con si derati on o f  al l s i te su i tabi l i ty cri teri a 
al so i s  be i ng con s i dered to sc reen the U n i ted States  for s i tes . Th i s  
systems screeni ng approach , i f  impl emented , s houl d i denti fy regi ons or 
smal l er areas of potenti al use for repo s i tori es  by simul taneou sly apply
ing safety ,  e nvi ronmental , and soci oeconomi c cri teri a for wh i ch there are 
u seful data . 

The host rock and  l an d-u se approaches may i denti fy candi da te s i tes from wh i ch 
the fi rs t  s i te for a repo si tory wi l l  be sel ecte d .  Other approac hes may 
i denti fy al ternati ve s i tes for l a ter repo s i tori es . 

Wheth er the starti ng po i nt of the s i te sel ec ti on process  i s  sel ecti on of 
reg i o n s  acco rdi ng to rock type , l and  u se ,  hydrol ogy , or some combi nati on of 
these factors , the subsequent steps i n  the sc ree n i ng process  are s i mi l ar .  The 
proce ss es tabl i shed fo r proceedi ng through these subsequent steps i s  descri bed 
i n  th e National  Pl an  for S i ti ng Hi gh-Level Radi oactive  Waste Repos i tori es  
( U . S .  Departme nt of E nergy , 1982) . 

The status of acti vi ti es rel ated to characteri zati o n  efforts as  of September 
1981 i s :  

o F i nal DOE s i te performance cri teri a that i ncorporate publ i c  comments were 
i ss ued  i n  Apri l 1981 . 

o The Earth Sc i ence Tech ni cal P l an  was i s sued j oi ntly by D OE and  the USGS 
i n  1980 . The research and devel opment  needs i denti f i ed i n  the docume nt 
are be i ng imp l emente d .  

o Devel opment  o f  model s for predi cti ng the performance o f  geol ogi c s i te 
wa ste i so l ati on sy s tems i s  con ti nu i ng .  Tri al appl i cati ons of prel i mi nary 
model s have been made . 
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Reg i ons  and area s contai n i ng sa l t ,  c rystal l i ne , b a sal t ,  a nd t uff rocks  have 
been ident if i ed .  Further stud i es o n  crysta l l i ne rock s i n  the  Lake S u peri or 
reg i o n  are pend i ng negot i at i ons wi th States on the proposed p l ans for charac
ter iza t i o n .  Reg i onal  stud i es of crysta l l i ne rock s i n  th e Appa l ach i an s  have 
been st arted . 

A nat i ona l sc reen i n g  s urvey for ot her potent i al i so l a t i on  systems has  been  
pl anned b ut  not yet imp l emented . A draft nat i ona l survey repo rt of  stud i es to  
i dent i fy reg i ons contai n i ng potent i a l ly  s u i tab l e  argi l l aceou s rock s has been 
comp l eted , but no s i t i n g act i v i ty i n  arg i l l aceou s rock s i s  p l anned . 

Reg i onal  studi es  have bee n compl eted fo r the New York a nd Oh i o  po rt i ons of the 
Sal i na reg i on .  Recommendat ions  fo r further st ud i es are pend i ng agreeme nts 
between the State s  and DOE . P l ans for reg i o nal stud i es i n  M i ch i ga n  are bei ng 
negot i a ted wi th that State . 

Area ch aracteri zat i o n  stud i es  of the sal t dome s  i n  the Gu l f  Coast reg i on are 
neari ng compl et i o n .  DOE h as recommended l i mi ted st udy of four  of the se domes .  
These st ud i es wi l l  address  key i ss ue s  at each of t hese four l ocat i ons to 
enab l e  one s i t e  to be recommended . Once th i s  cho ice  i s  made , t he recommended 
sal t dome si te may rece i ve addi t i onal  l i mi ted study to  enab l e  a compar i so n  of 
it wi th one or mo re potent i a l s i tes  from t he Pa rad ox and Permi an sa l t  reg i ons . 
One of the se sal t s i tes wi l l then be characteri zed by an  exp l oratory shaft and 
i n-s it u test i ng .  

Area- l evel  stud i es are current ly  be i ng conducted i n  the Paradox reg i on of 
Ut ah . Area stud i es are near i ng  comp l et i on  in the Pal o Duro and Dal h art areas  
of the Pe rmi an Bas i n  in  Texa s .  

Dr i l l i ng and ot her fi el d act i v i t i es as part of l ocat io n- l eve l stud i es are i n  
progres s  at potent i al l ocat i ons o n  DOE ' s  Nevada Test S i te and Hanfo rd S i te i n  
v o l can i c  tuff and basa l t env i ronments ,  res pect i v e ly .  

Sched u l e  

The reference schedu l e  for perma nent i so l at i on i n  a geol og i c  repos i tory i s  
shown i n  F i gure B - 7 .  The el ement s i n  the cri t ic a l  path l ead i ng to the fi rst 
reposi tory are summari zed be l ow : 

o 1983 

o 1985 

o 1986 

o 1985 to 1 988 

Beg i n  exp l oratory shafts at th ree potent i al s i tes--Hanford 
basa l t ,  NTS t uff , a nd a sa l t  s i te .  

Reach proposed repo s i tory depth and beg i n i n - s i tu i n vest i 
gat i on s .  Sel ect one of  fi rst three s i tes for Test and 
Eval uat ion  Fac i l i ty s i te , a nd beg i n s i te-s peci fi c  deta i l ed 
des i gn of the  fac i l i ty .  

I n i t i ate construct i on o f  the Test and Eva l uat i on Faci l i ty . 

Cont i n ue underground test i ng for deta i l ed characte r i za t i on 
at the three s i tes wi th expl oratory s ha ft s .  Cont i n ue 
characteri zat i on of addi t i onal  potent i al s i te s  i nc l ud i ng 

B-24 



t:IJ I N lT1 

Fiscal I 81 I 83 I I 85 I - I 87 I 89 I 91 93 I I 95 I ' b7 I , 99 I 01 
' , 

03 ' , 05 I Years 

Planning 

T & E Facility 

*� Operate I Ln..._� Construct I Design 

I 

I 
I 

Hanford Basalt Shaft I 
I 

• 

� 
o * I I 

V 

NTS Tuff 

Bedded Salt 

I 
I 
t 
I 

U 
l.A. C.A. 

. ... y- - - - - - - -

A 

O.l. 

Dome Salt SaH Ha� Construct Design * - - - * 

Sites 4 and 5 
A 

Shaft 
n- _ Sites Available for ------------:-... --..1 ... -...., --. Later Selection 

Rock 

First 
Repository 

START 
COMPLETE 
STARTUP 

l.A. LICENSE APPLICATION 

REPOSITORY SITE SUITABILITY DETERMINED 
SITE SELECTION 
OPERATING DATA INPUT TO LICENSING PROCESS 

F i gure B - 7  
Reference Schedule of Activities 

Leading to Geologic Repository Operation 

C.A. CONSTRUCTION AUTHORIZATION 
O.l. OPERATING LICENSE 



o 1 988 

o 1 989 

o 1 992 

o 1 998 to 2001 

exp l oratory s haft s .  Cont i nue tec hnol ogy devel opment to 
s u pport the repo s i to ry .  

Ap p ly  to the NRC for co nstruct i o n  autho r i zat i on at a 
s i te  sel ected from among f i rst  t hree s i te a l ternat i ve s .  

Compl ete construct i o n  o f  Test and Eva l uat i o n  Fac i l i ty a nd 
i n i t i ate emp l acement of wa stes . 

I s s ua nce  of the  construct i o n authori zat i o n  by NRC . 

Compl et i on of con struc t i on and checkout for fi rst repo s i tory .  

I mpl ementat i on of NEPA i n  the NWTS P rogram 

I n  ma nagi ng t he Nat i o nal  Waste Termi nal Storage ( NWTS ) Program , D OE may 
undertake act i o n s  havi ng potent i a l  env i ronmenta l  con sequences ,  t he effect s and 
s i gn i fi cance of wh i c h  vary .  Act i ons  range from dec i s i o n s  on the overa l l 
strategy fo r wa ste d i spo sa l  ( i nvol v i ng a maj or resource commi tme nt wh i c h  
u l t imate ly  may have a s pectrum of potent i al envi ronmenta l  effect s spec i f i c  to 
t hat st rategy ) to the sel ect i on of s pec i fi c  s i tes  for waste d i sposal  fac i l i t i e s .  
Ot her act ions  i n c l ude the conduct o f  researc h , wh ich  may have l i ttl e env i ron
mental effect , but wh ich  may have i mpo rtant technol og i cal , c ost , a nd t ime 
imp l i c ati ons on l o ng-term wa ste d i s posa l . 

DOE has devel oped a NEPA Impl eme ntat i o n  P l an  wh i c h  i s  i ntegrated wi t h  the  
ove ra l l DOE  p l ann i ng and  dec i s i on-mak i ng framewo rk fo r the deep geol og i c  
d i s posal  strategy . A NEPA Impl ementat i o n  P l an i s  found i n  t h e  Statement of 
Pos i t i o n of the Un i ted State s Departme nt of E nergy (DOE/NE-0007 ) fi l ed I n  t he  
Matter of P ro osed R u l emak i n  on  t he  Stora e and  D i s  osa l  of  N uc l ear Waste 
(Wa ste Confi dence Ru l emak i ng . Mod i fi cat i o ns to th i s  p l an  are underway 
becau se  of t he ch anges i n  NRC ' s  req u i rement for expl oratory s haft construct i on 
and i n  si t u  test i ng at th ree a l ternat i ve s i tes  pr ior  to DOE s ubm i tt i ng a 
l i cense app l i cat i o n .  

The prog ram ' s  NEPA Impl eme ntat i o n  Pl an  i s  ba sed o n  the "t i ered " a pproac h ,  
wh ich  i s  des i g ned to el imi nate repet i t i ve d i scu ss i ons  of t h e  same i ss ue s  and 
to focus  on the actua l  i s sues  r i pe for dec i s i on at each l evel  of envi ronme nta l  
revi ew .  Th i s a p proach al l ows coverage of  general matt ers i n  broad E I Ss  wi th  
s ubseq uent narrower E IS s  or  EAs i ncorporat i ng by reference the general d i sc u s
s i ons and concentrat i ng so l el y  o n  the i ss ue s  spec i fi c  to the subseq uent 
dec i s i o n .  

Th e fi rst maj or dec i si on process  i n  t he  NWTS program wa s t he  se l ect i on of  a 
program s t rategy fo r di s posa l  of nuc l ear wa ste .  The env i ronmental effects of 
sel ect i ng a prog ram s trat egy , i ncl ud i ng the  sel ect i on of a preferred tec h n i cal 
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concept for wa ste d i spo sal , a re addressed i n  the F i nal  E I S  on  Management of 
Commerc i a l ly  Generated Radi oact i ve Waste , DOE/E I S/0045F (October 1980 ) .  Ten 
concepts ,  i ncl ud i ng m i ned geol ogi c  d i s posa l , a re analyzed i n  the E IS .  The 
s ubstant i ve i s s ues ra i sed through the pub l i c  comme nt process  were rev i ewed and 
addres sed i n  the F i nal E I S .  The Record of Dec i s i on sel ect i ng t he mi ned geol ogi c 
d i s posal  prog ram a l ternat i ve wa s publ i s hed on  May 4 ,  1 981 ( 46 Fed . Reg . 266 7 7 ) .  
The second major  dec i s i on process  i s  t hat i n vo l v i ng t he sel ect i on of s i tes for 
t he d i spo sal of nucl ear wa ste .  The maj or po i nts i n  the s i te sel ect i on process  
are : 

1 .  Adopt i on of a Nat i onal P l an for S i t i ng H i g h- Level  Rad i oact i ve  
Wa ste Repos itor ies  a nd perfo rmance of  screen i ng s urveys . 

2 .  Deta i l ed s i te  stud i es ( i ncl ud i ng exp l oratory shaft ) . 

3 .  Acq ui ri ng  an i nterest i n  l and , i nc l ud i ng act i on to protect 
potent i al s i tes  from other use s .  

4 .  Sel ect i o n  of  a cand idate s ite  for t he fi rst , o r  a subseque nt , 
repos i tory .  

The sel ec t i on of a s i te for the T&E Fac i l i ty i s  not part of , but  i s  rel ated 
to , t he repo s i tory s i t i ng process . Becau se s uch  a fac i l i ty may cause  impacts 
at a s i te under st udy for a repos itory ,  i t  is i nc l uded in the  NEPA impl eme ntat i o n  
pl ann i ng .  

Wh i l e  the  appropr i ate NEPA docume nt i s  be i ng prepa red for the var ious  dec i s i on 
po i nt s ,  prog ram acti vi t i es that have been an alyzed i n  previ ou s NEPA docume nt s 
may cont i nue . I n  add i t i o n ,  n ew s i te  characteri zat i o n  act i v i t i e s  may b eg i n ,  i f  
i t  i s  c l ear , o n  the  bas i s  of DOE ' s  rev i ew ,  t hat they do not ( I )  h ave an 
adve rse env i ronmental impact or ( 2 )  l i mi t the cho i ce of rea so nab l e  al ternat i ves . 
These act i v i t i es coul d i ncl ude add i t i onal env i ronme ntal  stud i es ,  rout i n e  
geophys i c al stud i e s ,  a nd boreho l e  dr i l l i ng .  
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Appendi x C 
EXCERPTS FROM CRBR SAFETY STUDY , 

CRBRP-1 , MARCH 1977  

EXECUT I VE SUMMARY 

SECT ION 1 .  I NTRODUCT ION AND RESULTS 

The objecti ve of the C RBRP ri sk assessment i s  to provi de a real i sti c eval u ati on 
of the ri sk to the publ i c  from the C l i nch R i ver B reeder Reactor P l ant ,  to pl ace 
that ri sk i n  perspective  rel ati ve to other soci etal ri sk s ,  and to provi de a 
basi s for as sess i ng the comparabi l i ty of the ri sk from the CRBRP wi th ri sk s 
a s soci ated wi th prev i ou sl y  l i censed reactors . The assessment formal ly and 
systemati cal ly eva l u ated the C RBRP ri sk and showed tha t  

o the ri sk associ ated wi th postul a ted acci dents of the C RBRP i s  negl i gi bl e  
when comp ared wi th nonnucl ear ri sks to wh ich  th e l ocal popul ation i s  
a l ready exposed , 

o CRBRP ri sk s are comparabl e to those from l i ght-water reactors ( LWRs )  of 
the cu rrent ge nera ti on as  characteri zed in the Reactor  Sa fety Study ( RSS ) , l 

o the resul ts of th i s  stu dy and those presented i n  the RSS reveal tha t  the 
soci etal ri sk from cu rrently defi ned nucl ear power systems ( both L WRs  and 
the C RBRP ) i s  extremely smal l .  

To present a proper perspecti ve on C RBRP acc i dent ri sk , i t  i s  compared wi th 
those ri sks  ari si ng from other sou rces .  Becau se cal cul ati ons have predi cted 
tha t  al l ea rly* fata l i ti es caused by hi ghly i mp robabl e C RBRP acci dents woul d 
occur wi th i n  10 mi l es of the si te ,  nonnucl ear ri sk s have been eva l u ated for 
th e popu l a ti on ( approxima tely 42 ,000 ) l i vi ng wi th i n th at  regi on . Some of th e 
nonnuc l ear ri sks  occur as  a di rect  resul t of man-caused acti vi ti e s ,  whereas 
others ari se from natural ly occu rri ng  phenomen a .  Fi gu res C-1  and  C-2 p rovi de 
a compari son be tween severa l of the nonnucl ear soci etal ri sks  and the ri sk 
from CRBRP acci dents ; they show that  the C RBRP ri sk i s  much l ower than  other 
soci etal ri sk s .  For examp l e ,  expl os ions  are more than 10 , 000 t imes more l i kely 
and tornados approxima tely 1000 times more l i kely to cause a gi ven  number of 
fatal i ti es th an is  th e C RB RP . 

R i sk can al so be expressed i n  terms of i ndi vi dual  ri sk of dea th per yea r .  
Tabl e C- 1  compares i nd i vi du al ri sks from both natural a n d  ma n-caused sou rce s 
w i th i n di vi du al ri sk from the C RBRP . Th i s  tabl e shows that a person l i v i ng 
wi th i n  10 mi l es of the C RB RP s i te is 100 thou sand time s more l i k el y to be 
fatal ly i nj u red by l i gh tn i ng and 1 mi l l i on times more l i kely to drown than  to 
be fatal ly i nj u red by a C RBRP acci dent .  

l
Reactor Safety S tudy ,  Mai n Report , Un i ted S tates Nucl ear Regu l atory 
Commi ssion , WASH- 1400 , (NUREG-75/014 )  (October 1975 ) . 

* E a rly fata l i ti es are defi ned as those occu rri ng wi th i n  one year of a core-
d i s rupti ve acc i dent ;  they woul d be due l argely  to acu te radi ati on exposure 
from nobl e ga ses . 
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Ta bl e C- 1 
I n di v i dual R i sk of Fatal i ty by V ari ou s Causes . a 

D eath per Resi dent per Year 

Source of Fatal i tl P robabi l i ty C hance 

Motor vehi cl es 3 . 7  x 1 0-4 1 i n  2 , 700 
Fal l s  8 . 1  x 1 0-5 1 i n  12 ,000 
Fi res and bu rns 3 . 1  x 1 0- 5 1 i n  32 , 000 
D rowni  n g  2 . 6 x 1 0- 5 1 i n  38 , 000 
P o i son 2 . 5  x 1 0- 5 1 i n  40 , 000 
Fi rea rms 1 . 3 x 1 0- 5 1 i n  77  , 0 00 
Water tra nsPobtb 7 . 6 x 1 0-6 1 i n  1 32 , 000 
Ai r transpo rt 5 . 2  x 1 0- 6 1 i n  1 92 , 000 
Rai l road transgo rtb 3 . 3  x 1 0-6 1 i n  303 , 000 
Fa rm acc i den ts 1 . 7 x 1 0- 6 1 i n  5 , 900 
E l ectri c i ty usage 5 . 2 x 1 0-6 1 i n  1 92 , 000 

L i ghtn i ng 3 . 2  x 1 0- 6 1 i n  3 1 3 , 000 

Tornadoes 3 . 0  x 10-7 1 i n  3 . 3  mi 1 1  i on 

Al l acci dents 7 . 2  x 1 0-4 1 i n  1 , 400 

Su i c i de 1 . 2 x 1 0-4 1 i n  8 , 300 

H omi ci de 1 . 4 x 10-4 1 i n  7 , 1 00 

C a ncer 1 . 8 x 1 0-3 1 i n  550 

LWRs d 4 . 3  x 1 0- 1 1  1 i n  20 b i l l i on 

CRBRP acci dents 
- 1 1  E a rlye 

f 2 . 9  x 1 0_ 1 2  1 i n  30  b i l l i on 
L a tent 4 . 5  x 1 0  1 i n  200 b i l l  i on 

aThese probabi l i ti es have been deri ved from data for the po pu l ati on wi th i n 50 
mi l es of the C RBRP s i te fo r th e year 1 973  ( approximately 700 ,000 ) . Year- to
year va ri ati ons  are expected to be smal l ,  as  are l ocal  popul ati on vari ati ons 
wi th i n  th i s  regi on . 

bE xc l udes persons on du ty .  
cp e r  farm res i dents onl y .  
dBa sed o n  RSS e stimate of early fatal i ti es for one reactor and al l affected 

popul ati on wi th i n  25 mi l es .  
eThe estimated probabi l i ty of early fatal i ti es per res i dent per ye ar based on 

the assessment presented i n  th i s  report for the popul ati on wi th i n  10 mi l es of 
th e C RBRP s i te ( app roxi ma tely 42 , 0 00 ) . 

fThe  esti mated probabi l i ty of l atent fatal i ty per resi dent pe r ye ar based on 
the assessment pres ented  i n  th i s  report for the popul ati on wi th i n  10 mi l es 
of the C RBRP s i te .  
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The CRBRP ri sk  ari ses from a number of h i gh ly i mp robabl e acc i dents that have 
the potenti al  for rel ease of radi oacti vi ty from the reactor core i nto the 
envi ronmen t.  Al though al l those acc i dents are very l ow  probabi l i ty events , 
some are more l i k ely to occu r  than others . The potenti al fo r rel ease of any 
radi oacti vi ty ex i sts only for acci dents of very l ow  probabi l i ty .  For examp l e,  
the most  l i kely such acci dent i s  esti mated to h ave a probabi l i ty of occ urrence 
of about 1 i n  50 , 000 per year of CRBRP operati o n .  Th e radi oacti v i ty rel ease 
associ ated w i th that event woul d be qu i te smal l and woul d cau se an  i nsi gn i ficant 
effect on publ i c  heal th . On the other hand,  an  extremely i mp robabl e acci dent 
that coul d affect a l arge number of peop l e  i s  estimated to have a probabi l i ty 
of occ urre nce of 1 i n  200 mi l l i on per year of CRBRP operati o n .  

A s  coexi sti ng  facets of the nucl ear power i ndustry , the LWRs a n d  the CRBRP 
make a very smal l contri buti on to the overal l ri sk to soci ety . Fi gu res C- 3 
and  C-4 show the di stri buti ons of early and  l atent* fatal i ti es for the CRBRP 
a nd a typi cal LWR . When consi dered i n  the context of the technol ogi cal and  
n atu ral contri buti o n s  to  ri sk presented i n  F i gu res C- 1 and C- 2 ,  the compari sons 
i n  Fi gu res C- 3 and C-4 i ndi cate that nei ther the CRBRP nor a typ i cal LWR 
makes a s i gni fi cant contri buti on to overal l ri sk . 

*L atent fatal i ti es are defi ned as those occu rri ng  duri n g  the 30-year peri od 
from 10 to 40 years after a core- di sru pt i ve acci den t .  
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2 . 3 The CRBRP R i sk Assessment 

2 . 3 . 1  What i s  the CRBRP ri sk assessment,  and  why was i t  carri ed out? 

The C RB RP r i s k  assessment i s  a formal and sy stemati c study of the ri sk from 
hi ghly i mp robabl e acci dents i n  the C RBRP . I t  has been pe rformed to pl ace 
that ri sk i n  perspec ti ve wi th other soci etal ri sks and to provi de a common 
basi s for comp ari son between the C RBRP ri sk and the ri sks  associ ate d wi th 
prev i ously l i cen sed and operati ng nucl ear power pl ants . 

2 . 3 . 2  H ow i s  ri sk defi ned? 

R i sk has been defi ned as  the probabi l i ty ,  per year of reactor op erati on , that 
res i dents surroundi ng the C RBRP s i te wi l l  experi ence con sequences ari si ng 
from potenti al  acci dents i n  the C RBRP . The concept of ri sk i n vol ves both the 
l i kel i hood that some events wi l l  occur and the con seque nces of the occurrence 
of such events . The fol l owi ng consequences were con s i dered i n  the C RBRP r i sk 
as sessment :  

o early death , 
o resp i ratory i mpai rment , 
o devel opment of thyroi d nodu l es , 
o fatal l atent cancer. 

2 . 3 . 3  Was th i s  stu dy spec i f i cal l y  performed for the CRBRP , or can the resul ts 
be appl i ed more generally? 

T h e  stu dy was performed spec i f i cal ly for the 380-MWe C RBRP . I t  i s  s i te
sp ec i f i c  i n  that actu al weather and p opul ati on data for the area su rrou ndi ng 
the C l i nch R i ver s i te were u sed to assess the p otenti al conseq uences of 
h i gh l y  i mp robabl e acci dents . S i nce the stu dy wa s con ducted on ly for the 
C RB RP at i ts parti c u l ar s i te ,  spec i f i c  resul ts cannot be di rectly appl i ed to 
other breeder s .  The general resu l ts can be u sed,  however ,  for comparati ve 
pu rposes to gau ge the ri sk from an LMFBR i n  rel ati on to other soc i etal 
ri s k s .  

2 . 3 . 4  S i nce the CRBRP des i gn has  n o t  yet been fi nal i zed , i s  the ri sk 
assessment meani ngful ?  

Y e s , becau se the de si gn i s  suffi ci entl y devel oped t o  al l ow a meani ngful ri sk 
as sessment.  Al l systems that are s i gni fi cant to pl ant safety have been 
descri bed i n  the P rel i mi nary Safety Analys i s  Report . Addi ti onal des i gn 
documents and supporti ng i nformati on were al s o  avai l abl e .  When desi gn 
detai l s  were not avai l abl e ,  con servati ve eval u ati ons  were ma de on the basi s 
of rel i abi l i ty con s i stent wi th the performa nce of exi sti ng nucl ear pl ants . 
Moreover, stu d i e s  i n di cated that mi nor changes i n  desi gn detai l s  or assumpti ons 
wi l l  not si gn i f i cantly affect the resul ts of th i s  assessment .  The ri sk 
assessment shou l d  be vi ewed as a conti nu i n g  effort that can be rev i sed as  
more detai l s  of the desi gn become ava i l abl e ,  as  more i s  l earned about LMFBR s , 
a n d  as experi ence i s  ga i ned i n  bu i l di n g and operati ng the C RBRP . 

C- 7 



Because the study has been carri ed out wi th the C RBRP s ti l l  i n  the des i gn 
stage , two di sti nct bene fi ts can be real i zed:  The possi bi l i ty exi sts for 
s i gni fi cant feedback i n to the des i gn ,  whi ch can further reduce reactor 
acci dent ri sk s ;  and the ri sk assessment wi l l  be u seful to hel p focus on 
i mportant  areas for fu rther LMFBR safety research . 

2 . 3 . 5  H ow does thi s stu dy compare wi th the Rasmussen s tu dy on present 
l i gh t-water reactors (WASH- 1400 ) ?  

T h e  C RBRP ri sk asse s sment was patterned after WASH- 1400 . 1 Al thou gh there 
a re i mportant di fferences between i t  and WASH- 1400 , many of  the me th ods and  
much of the i n formati on deve l o ped for WASH- 1400 are appl i cabl e to  the CRBRP 
s tu dy .  To i ntroduce ri sk assessmen t  experi ence gai ned i n  the WASH- 1400 s tudy ,  
k ey parti ci pants i n  that  study were emp l oyed as  con sul tants and rev i ewers 
for the C RBRP s tu dy .  Some i mp ortant  di fferences between the CRBRP ri sk 
assessment and WASH- 1400 a re summa ri zed i n  Tabl e C - 2 .  

N umber o f  
reactors 

Type of 
reactor 

Reactor  
power rati ng  

L ocati on of 
reacto rs 

S tatu s  of 
reactors 

D u rati on of 
the stu dy 

Tabl e C-2  

Comp ari son of CRBRP Ri sk Assessment  and WASH- 1400 . 

CRBRP Ri sk Assessment  

1 

L i qui d-metal fast  breeder 
reacto r  ( LMFB R )  

380 megawatts el ectri c (MWe ) 

On  the C l i nch Ri ver at Oak 
R i dge , Tennessee 

I n  the fi nal de s i gn stage ; 
constructi on not yet s ta rted 

10 months 

WASH- 1400 

100 

Li ght-water reactor* 
( LWR ) 

1000 MWe 

At s i x  composi te s i tes 
rep resentati ve of LWR 
si tes throughou t  the 
U n i ted States 

More than 60 comme rc i al 
LWRs are operati ng i n  the 
U n i ted States , 7 of wh i ch 
have a power rati ng  of  
1000 MWe or greater 

3 years 

*I ncludes both pressurized-water reactors and boil i n g-water reactors . 
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Tabl e C-2 i ndi cates tha t care must be exerc i sed i n  drawi ng concl u s i ons 
from compa ra ti ve resul ts of the two studi e s .  It  al so i nd i c ates that the 
CRBRP r i sk a ssessment resul ts must be regarded as more prel imi nary than the 
WASH-1400 res ul ts , s i nce the CRBRP i s  sti l l i n  the desi gn stage but a l arge 
number of LWRs are operati onal . 

2 . 3 . 6 Who performed the study and how l ong d i d  i t  take? 

The CRB RP r i sk a sse ssment wa s commi ssi oned and di rected by the CRB RP Proj ect 
Offi c e .  We sti nghou se , as  l ead reactor manufacturer , was respons i b l e for 
coordi nati on of the work . Approx imatel y 45 engi neers and sc i en ti sts representi ng 
ni ne orga n i zations  were empl oyed as  pa rti c i pants and con sul tants . To take 
advantage of ex i sti ng experi ence , as many persons as possi bl e who had pl ayed 
key rol es  in the WASH- 1400 study were empl oyed in th i s  work . I n  addi ti on to 
the part i c i pants Westi nghouse , General El ectr i c , Atom i c s  I n tern ati onal , and 
Burns and Roe ,  the fol l owi ng organi zati ons  pl ayed key rol es : 

o Sc i ence Appl i c ati on s ,  I nc . , 
o EG&G I daho , I n c .  ( formerl y Aeroj et Nucl ear Co rpo rati on ) , 
o Hanfo rd Engi neeri ng Devel opment Laboratory , 
o Argonne National Laboratory ,  
o con sul tants . 

2 . 3 . 7 How do we know that al l possi bl e acc i dent- i n i ti ati ng events and 
resul t i ng core acci dent sequences have been i denti fi ed? 

One of the key tasks i nvol ved i n  thi s ri sk assessment was to i denti fy tho se 
acci dent sequences  tha t contri bute s i g n i ficantl y to publ i c  ri sk from operati on 
of the CRBRP . I t  i s  nei ther reasonabl e nor necessary to attempt to i denti fy 
and eval uate al l pos s i bl e acc i dent sequences . Rather , the important questi on 
i s  whether or not the importan t acc i dent i n i ti ators have been i denti fi ed and 
eval uated wi th su ffi c i en t  compl eteness to as sure that any poten ti al errors or 
omi s s i o n s  wi l l  not s i gn i fi cantl y  al ter the resul ts . Facto rs supporti ng the 
concl u s i o n  that th i s  c ondi tion  has been met and that the impo rtant acc i dent 
sequences  have been i denti fi ed and correctl y a s sessed i nc l ude the fo l l owi ng : 

o There i s  an exte n s i ve body of i n formati o n ,  coveri ng the past 20 years , 
on  the i denti fication and anal ys i s  of poten t i al reactor acci dents and 
the re sponse of vari ous  reacto r safety sys tems to such events . Th i s  
i n formation  i ncl udes safety anal yse s for bo th LWRs and LMFBRs . The 
peopl e who made thi s ri sk assessment bel i eve that the subj ect has been 
su ffi C i entl y  researched , anal yzed , tested , and documented ( supported by 
260 reacto r years of LWR operati ng experience) to prov i de rea sonabl e 
assurance that al l impo rtant mechan i sms and cau sal categori e s  that coul d 
resul t i n  a ri sk- produc i ng s i tuation have been i denti fi ed . 

o The source of rad i oacti v i ty wi thi n the CRBRP can be spec i fi cal l y  l ocated 
and compl etel y defi ned . 
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o Radi oacti v i ty can be rel eased from the core only i f  speci fi c causal events 
occu r ,  namely , the reac tor powe r bei ng  greater than the capac i ty to remove 
heat or the amou nt of heat removed bei n g  i ns i gni fi cant for the amou nt of 
heat genera ted.  

o The occu rrence potenti al of the two events l i sted above we re i denti fi ed 
and eva l u ated by a sys tema ti c approac h .  P roven methods and experi enced 
personnel were used to make an orderly and exhau sti ve search and a real i sti c 
eval u at i on of potenti al acci den t  sequences . 

Al s o ,  stu d i e s  i ndi cate that the resul ts of the ri sk as sessment are rel ati vely 
i nsensi ti ve to si gni fi cant changes  i n  the basi c  i nput data and ass umpti ons .  

F o r  the reasons c i ted  the as sessors bel i eve that the si gni fi cant contri butors 
to the C RBRP ri sk have been i denti fied.  

2 . 3 . 8  How l i kely i s  a core- di srupti ve acc i dent? 

Thi s ri sk assessme nt i ndi cates that an  acc i den t i nvol vi ng  gra dual mel ti n g  of 
the reactor core has a probabi l i ty of 1 i n  about  50 , 000 per year of reactor 
operati o n .  Such a n  event woul d have an  i ns i gn i f i cant effect on the heal th of 
resi dents i n  the area surroundi ng the C RBRP s i te.  

The most severe acci dent ana lyzed was one  i n  whi ch a si gni ficant fracti on of 
the rad i oacti ve core materi al i s  assumed to be rel eased to the envi ronment as 
a di rect resu l t of the acci dent;  i t  was esti mated to have a probab i l i ty of  
occurrence of  approxima tely 1 i n  200 mi l l i on per  year of reactor operati on . 
Th i s  type of h i ghly imp robabl e acci den t coul d have a s i gn i fi cant effect on 
the heal th of the popul ati on i n  the vi ci ni ty of the C RBRP s i te .  

B o th acci dents are cal l ed core- d i srupti ve acc i dents ( COAs ) .  A s  used i n  th i s  
study ,  COA means a l o ss of cool abl e confi gu rati on of the reactor core . I t  
covers a spectrum of hi ghly i mp robabl e acc i dents rangi ng from those i nvol vi ng  
p arti al fuel mel ti ng  to those i n  whi ch a bu bbl e of fuel vapo r ,  assumed to 
form i n  the core du ri ng the acci den t  as a re sul t of a rap i d  tempera ture 
tra ns i e nt ,  expands rap i dl y .  The ra pi d exp a ns i o n  cau ses mechani cal dama ge to 
the reacto r vessel hea d and pos s i bly to the Reac tor Co ntai nment B u i l di n g .  
As sumi ng con di ti ons that are necessary for a COA , the most l i kely resu l t i s  a 
fuel mel tdown acc i dent wi th l i ttl e or no fuel vapor fo rmati on . 

2 . 3 . 9  What heal th consequences mi ght a core- di srupti ve acc i dent produce? 

I f  a hi ghly i mp robabl e core- di srupti ve acc i dent we re to occ u r ,  seri ous heal th 
effects coul d resul t only i f  the radi oacti ve materi al contai ned wi th i n  the 
core were rel eased fi rst from the reactor vessel and then from the Reactor 
Co ntai nment B u i l di ng to the envi ronment . Shoul d that sequence. of events 
occur ,  a number of poss i b l e heal th effects cou l d  res u l t,  i ncl udi n g :  
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o earl y death� 
o re spi ratory i mpa i rmen t ,  
o devel opment of thyro i d  nodul es , 
o fa tal l aten t  cancer . 

2 . 3 . 10 What are the most  l i kely consequences of a core- di srupt i v e  acc i dent? 

Shou l d a core- di sru pti ve acci dent occu r ,  i t  i s  most  l i kel y that there woul d be 
no s i g n i ficant con sequenc es to the heal th of the general pub l i c . Mos t  of the 
radi oact i ve materi al rel eased from the core i n  l ow- probab i l i ty acc i dents woul d 
be conta i ned wi th i n  the Reactor  Conta i nment B u i l di ng . Such acci dents coul d 
cau se the l os s  of the core and mi ght requi re the owner to abandon the pl ant;  
the con sequenc es to  the general publ i c , however , wou l d  not  be di scern i b l e 
s i nce no si gn i fi c an t  fi s s i o n  product acti v i ty or  pl uton i um woul d be rel eased 
from the Reacto r Contai nment  Bui l di ng .  

The expec ted resul ts o f  the consequences fol l owi ng the most  l i kel y o f  the 
hi ghly improbab l e  core- di srupt i ve acci dents i n  the CRBRP were cal cul ated to be 

o zero earl y fatal i ti e s , *  
o zero l ung  i l l nesses , 
o approxi matel y one thyro i d  n odul e case , 
o l es s  tha n one l atent-c anc er fatal i ty .* 

2 . 3 . 1 1  How many early fatal i ti es woul d be expected as a resul t of a 
core- di sruptive acci dent i n  the CRBRP ? 

I f  the mo s t  l i kel y of  the h i gh l y  i mprobabl e core- d i sruptive acci dents were to 
occur , t he average number of early fatal i ti e s  wa s determi ned to be zero . The 
probab i l i ty of suc h an acc i dent wa s determi ned to be about 1 i n  50 ,000 per 
year of reactor operati o n .  Becau se of the mi ti gati ng effect  of  the Reactor 
Contai nmen t  B u i l di ng and i ts associ ated cool i ng and cl ean u p  system s ,  the 
rel ease of radi oacti ve mate r i al to the env i ronmen t i n  the event of a 
co re- di sruptive acc i dent woul d be smal l rel ati ve to the amoun t  of 
rad i oact i v i ty i n  the core . 

The max i mum number of early fatal i ti es as  determi ned i n  th i s  study wa s about 
2000 . The probab i l i ty of the acc i dent l eadi ng to th i s  number of fatal i ti es 
i s  1 i n  200 mi l l i o n  per year of  reactor operati o n .  The max imum n umber of 
fatal i ti es coul d res ul t from thi s h i ghl y i mprobabl e acci dent only i f  weather 
condi ti o n s  were qui te un favorabl e ,  and the chance of  un favorabl e weather 
condi ti o n s  i s  l es s  than 1 i n  100 .  Therefore , the prob ab i l i ty of  the most  
seve re co n sequences i s  l ess  th an 1 i n  20 b i l l i on per year of reacto r operati on . 

*Early fatal i ti e s  are defi ned as those occurri ng wi thi n one year of  a 
core- di sru pt i ve acc i dent;  they woul d be due l argely to acute rad i ation  
expos ure from n obl e gases . Latent fatal i ti e s  are those occurr i n g  dur i ng the 
30-year peri od from 10 to 40 years after a core- di sruptive acc i dent .  
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2 . 3 . 12 What i s  the expected magn i tu de of l atent ,  or l ong- term , heal th 
effects? 

I f  the mo st l i k ely of the hi ghly i mp robabl e core- di srupti ve acci dents were to 
occu r,  the average number of l atent fatal i ti es was determi ned to be l es s  than 
1 .  The probabi l i ty of such an acci dent wa s determi ned to be about 1 i n  50 ,000 
p er year of reactor operati on .  The maximum number of l atent fatal i ti es as  
eva l uated i n  th i s  stu dy wa s determi ned to be  abou t 200 per  year.  The prob
abi l i ty of thi s acci dent , as i n  the case of the early fatal i ti es ,  was deter
mi ned to be l ess  tha n 1 i n  10  bi l l i on per year of reactor operati on . 
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Appe ndi x D 

PLUTON I UM TOX I C I TY 

The WASH-1 535 Appe ndi x on  pl u toni um toxi c i ty ( I I . G )  wa s a l engthy document , 

i ncl udi ng 151  refe rences . Much of the i nfo rmation  i n  that Appe n d i x  i s  s ti l l 

rel eva nt . I n  the i ntere s ts of brevi ty ,  th i s  i nfo rmati on i s  not repeated , nor i s  

i t  exh au s ti vely updated  i n  th i s  suppl eme n t .  Atten ti on i s  re str i c ted primari l y  

to tho se areas where devel opments s i nce WASH-1 535 h ave necessi tated s i gn i ficant  

changes i n  the eval uati on of transurani c  heal th effects . The  ge neral pl an of 

Appe ndi x I I . G of WASH-1 53 5  has  been fol l owed and repl acement  tabl es are 

provi ded i n  al l cases i n  wh i c h  si g n i f i cant nume ri cal changes are requi red . 

Source Term 

No changes have been con s i dered necessary i n  the source term . 

Atmospher i c  Di spersal 

No changes have been made i n  the model s for atmospheri c di spersal , depo s i tion , 

or re suspens i o n  of the ai rborne sou rce term .  Estima tes  of the quant i ty i nhal ed 

h ave not been changed . 

Transport V i a  Food Chai n s  

The general approach to transpo rt v i a food chai ns remai ns the same as that 

outl i ned i n  WASH- 1 535 . The di scu ssi ons  i n  Appe ndi x I I . G concern i ng the rel a

t i ve i ns i gn i f i c ance of aquati c pathways and animal  pathways rema i n s  rel evant , 

and the assumption  that al l food-chai n tran s port occurs by way of a con serva

t i vely  model l ed so i l -pl ant-man pathway has been retai n ed . Th i s  pathway has 

been an  area of very acti ve research i n terest over the past 10 years and a 

s i g n i fi cant change i n  mo del parameters has seemed j u sti fi ed . 
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Two maj or areas of unce rtai nty were i denti fi ed i n  WASH-1 535 . These co ncerned 

the assumpti o n  of undimi ni shed avai l ab i l i ty that the transurani cs rema i n  u n i -

fo rmly d i str i bu ted throu gh the top 20 cm of  the so i l , ava i l ab l e  fo r root- uptake 

or re suspe ns i on , fo r the l i fe of the radi o nuc l i de - - and the assumption  that 

the concen trati o n  of transuran i c s  i n  or on pl ant- deri ved foods , on a wet-wei ght  

bas i s ,  woul d be  equal to 1 0% of  the i r  conce ntrati on i n  so i l . For the present 

eval ua t i o n  we have retai ned the fi rst of these as sumpti o n s ,  but reduced the 

pl ant/so i l  concen trati o n  factor to 1% , fo r reasons  d i scu s sed i n  the fol l owi ng 

paragra phs . 

The assumpti on of undi mi ni shed ava i l ab i l i ty i s  conservati ve . Some fraction  of 

the rel eased transuran i c s , over the thou sa nds of  years covered by thi s model , 

wi l l certai n ly become unava i l ab l e  fo r root uptake by pl ants or fo r wi nd  

resuspe ns i on . Th i s  is  a cri ti cal assumption . If  as l i ttl e as 0 . 1% per  year 

of th e so i l  depo s i ted pl uto n i um became unava i l abl e fo r root uptake , the 

cal cul ated i ngestion  dose from pl utoni um woul d be reduced by a fac tor of 35 . 

Prec i sely because of th i s  sensi t i v i ty of  the model to the val ue chosen , o ne 

i s  rel uctant to i n troduce such a fac tor for dimi n i s hed avai l ab i l i ty ,  wh en 

there i s  no c l ear bas i s  fo r choos i ng a val ue of 0 . 1% pe r year ra the r tha n a 

facto r of 1 . 0% or 0 . 01% . I t  was therefo re dec i ded to retai n the assumpti on of 

undimi ni shed ava i l ab i l i ty wh i l e  stressi ng the co n se rvati sm of such a cho i ce . 

I n  the area of transuran i c  uptake by pl ants , the probl em i s  more amenabl e to 

expe ri me ntal study .  The di ff i cu l ty l i es not wi th the absence of data , but 

wi th the pl etho ra of data , wh ich  sugge st pl ant/so i l  rat i os rang i ng from 1 to 

10-6 . Muc h new data i s  ava i l abl e i n  th i s  area , wh i c h  has not na rrowed the 

ra nge of val ue s ,  but has gone far to expl a i n  the reasons for such a ra nge of 

val ue s .  These data ca nnot be co n s i dered i n  deta i l  here , but have been recently  

revi ewed . 1 ,  2 ,  3 ,  4 Pl ant/so i l  ra ti o s  g reater the 1 0-2 seem to be  as soci ated 
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wi th ei ther chel ated tran suran i c s , wi th external contami nation  of the pl ant , 

or wi th non-ed i b l e port i o n s  of the pl a n t .  On bal ance , a pl ant/ so i l  rat i o  of 

10- 2 woul d seem to be a con servative assumpti o n . Such a concl u s i on i s  

su pported by o bservati ons of fal l ou t  pl u toni um u ptake , a s  c i ted i n  WASH- 1 535 , 

and i s  suppo rted by more recent experiments i n  wh i c h  fal l ou t  pl u to n i um and 

ame ri c i um u p take was measured i n  corn , potatoes ,  a nd peas , wi th resul ti ng  

pl ant/so i l  ra ti o s  for bo th radi onuc l i des rangi ng from 3 . 5  x 10-3 downward .4 

I t  must  be ack n owl edged  that  agri cul tural prac tices i nvol v i ng the appl i cati on 

of chel ati ng agents coul d l ead to pl ant/so i l  rati os l arger th an  10- 2 . Such 

prac tices , however , woul d be l i mi ted to a smal l frac tion  of the total U . S .  

agri cul tural area , a nd the h i gh rati os woul d be observed only i n  foods that 

woul d make up a smal l fracti on of the total di et.  I t  seems very un l i kely 

that total food i n take woul d exh i b i t a h i gher rati o tha n 10-2 . I t  can al so 

be argued that any agri c u l tural prac ti ce that mi gh t promote h i gh uptake of 

tran suran i c s  wou l d al so have the effect of rapi dly  depl eti ng  the conce n tration  

of  th ese el emen ts in  the so i l , both by pl ant uptake and  by l each i ng from the 

root zone . 

As a con sequence of the changed val ue for the pl ant/so i l  rati o ,  e s ti ma tes of 

transuran i c  i ngesti on by ma n have been decrea sed by a fac tor of 10 . These 

ch anges are refl ected i n  the rev i sed Tabl e I I . G- 8  ( numbered to corre spond wi th 

the tabl e i n  WASH-1 535 that i t  repl aces ) .  Total transuran i c s  i ngested now 

correspo n d  to 4 . 4 x 10- 7  Ci  per 1000 MWe-year , o r  about  0 . 1% of the total 

tran suran i c s  rel eased . 

Other changes i n  Tabl e I I . G are occasi oned by i ncreases i n  the ga stro i ntesti nal 

absorp ti on frac tion  ( to be di scu s sed l ater ) , wh i c h  approximatel y c oun terbal ance 

the effect of th e changed pl ant/ so i l  rat i o . 
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Metabol i sm and Dos i metry i n  Man 

The me tabol i c  model empl oyed to desc ri be the di stri buti on and retention of 

transuran i c  el ements i n  ma n i n  WASH- 1 535 has  been retai ned i n  i ts general out

l i n e ,  bu t spec i fi c  changes i n  metabol i c  parameters have been made to con form 

wi th cu rrent I C RP recommendations  and to refl ect mo re recent devel opme nts i n  

the area of gastro i n testi nal ab sorpti on . Parameter val ues empl oyed i n  the 

present eval uati on are s hown in rev i sed Tabl e I I . G- 9 .  

Mi nor changes appear i n  Tabl e I I . G- 9  fo r the frac tion of tra nsura n i cs tran s

ferred from bl ood to gonads . These changes corres pond to ICRP recommenda

ti ons . 5 The maj or pa rameter change is that defi n i ng the ab sorption  of 

trans ura n i cs from the ga stroi ntesti nal trac t .  WASH-1 535 empl oyed a val ue of 

10-3 fo r ameri c i um and cur i um ,  bu t a muc h smal l er frac tion of 3 x 10-5 fo r 

pl u ton i um .  The pl u ton i um val ue of 3 x 10-5 corresponded to the then rec om

mended I C RP val ue . 6 In  1 9 79 ,  I C RP revi sed i ts recomme ndations  to 10-4 fo r 

more sol ub l e  forms of  pl u ton i um and 5 x 10-4 fo r ame ric i um and curi um . 5 

For the present eval uati on the more con serva ti ve val ue of 10-3 has been 

chosen for al l transuran ics , because of recent evi dence that absorp ti on may be 

substa nti al ly i ncrea sed at very l ow ma ss concentrati ons , such as woul d be 

present as a res ul t  of LMFBR rel ease s . 7 Al though absorp ti on fractions  

somewh at h i gher then 10-3 h ave been meas ured for some compound forms in  some 

an imal spec i es ,  10-3 i s  con si dered a conservati ve val ue fo r the probab l e  

ave rage fo rm o f  pl u ton i um i ngested . Th i s  concl u s i on i s  su pported by measure-

me nts of fal l ou t  pl u ton i um i n  Northern and Southern F i nns , who di ffe r  greatl y 

i n  the i r  i ngesti on of pl u toni um ,  but  show n o  s i gn i fi cant di ffe rences in  the i r  

pl u toni um depos i ti o n . 8 Th i s  woul d i nd i cate tha t  deposi tion  o f  fal l ou t  

pl u to n i um i n  ma n occurs primari ly v i a  i n hal ati on , wh ich woul d not have been 

the ca se if the ga stroi ntesti nal absorp tion fraction  were as h i gh as 10-3 . 
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Si gn i fi cant c hanges have al so been made i n  the procedures  for cal c ul ation of 

ra diation  dose to organ s and  ti ssues , i n  compl i ance wi th revi sed recommen da

ti on s  of the I CRP . 9 Where i n  WASH- 1535 an average dose was ca l cul ated for 

bone , separate doses are now cal cul ated for the more cr i tical  v ol umes o f  bone 

su rfaces and for red marrow . Separate do ses are no t c al cu l ated for pu l monary 

l ymph nodes , but  thei r tran su ran i c  content i s  con si dered as  part o f  that i n  

the l un g ;  th i s  maximi zes  do se to l ung , whi ch , experimen ta l l y ,  has been shown 

to be much more prone to cancer i n ducti on than are the l ymph nodes . 

Do se estimates for these organ s and  ti ssues are descri bed i n  rev i sed Tabl es 

I I . G- 10 to I I . G- 14 . Dose cal cu l ati ons  were mod i fi e d  from tho se publ i shed by 

th e I CRP , the pri nc i p l e mod ifi cati ons  bei n g  tho se d i c tated by a hi gher gastro

i n testi nal ab sorpti on fracti on , an d by a smal l er parti cl e s i ze than empl oyed 

by I CRP . The I CRP tabl es pro v i de val ues for the number of n ucl ear tran sforma-

ti on s that wi l l  occur i n  eac h ti ssue , i nc l ud i n g  contri buti on s from ra dioac ti ve 

daughters , over a per i od of 50 year s fol l owi n g  i n hal ation or i n gesti on . 10 The 

50 -year peri od was c ho sen as a con servati ve i n terval of  do se acc umul ation for 

occ upati onal l y  expo sed per son s .  I t  i s  l ess con servati ve for a member of  the 

general  publ i c , but wi l l  sti l l  o veresti mate ac tual expo su re . 

F rom the numbers o f  radioacti ve d i s i n tegrati on s  occurri n g  i n  the v ari ous o rgan s 

and ti ssues , the I CRP c al c ul ates the ab sorbed radi ati on do se wi th i n  eac h o rgan 

or ti ssue o f  i n tere st . Mul ti plyi ng  th i s  comm i tted do se by a qual i ty fac tor Q 

re su l ts i n  the Commi tted Dose Equ i val en t ,  whi c h  the I CRP ca l c ul ates  i n  terms 

of s ieverts per becqu erel i ntake . For pre sen t purposes these have been con

ver ted to uni ts o f  rem per 10 -9 Ci  i n take , an d the se val ues for eac h  source 

term radionucl i de and for eac h organ of poten t ia l  concern are l i sted in  Tabl es 

I I . G- 10 to I I . G- 14 . The qu al i ty factor ( Q )  empl oyed in cal cu l ati ons  of do se 

equ i val en t from al pha radiati on had a val ue o f  20 , whi c h  rel ates to the h i gh 
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l i near ene rgy tran sfer ( LET) , and co nsequent greater b i o l ogi cal effecti veness , 

of al pha  rad i ati o n .  Th i s  i s  l arger ( more co nservative ) by a factor of two tha n 

the val ue empl oyed i n  WASH- 1 535 . A mo re detai l ed ac count of the dose cal cul a-

tion  procedures and the back ground fo r these procedures may be obtai ned from 

I CRP Publ i cati on 30 . 5 ,  10 

As noted i n  WASH- 1 535 , the model s empl oyed are based on the exposure of adul ts 

and no spec i al accoun t has been taken of the fetu s ,  i nfant , o r  ch i l d .  Argu

me nts presented i n  WASH-1 535 j u sti fy i n g  thi s omi ss i on are sti l l perti nent . 

Heal th Effects 

Th i s  Section  ( Append i x  I I . G )  i n  WASH - 1 535  d i scu s sed at some l ength four 

pri nci pal source s of i n fo rmati on hav i ng poten tial  beari ng on the estimati on of 

heal th effects from transurani c el ements in man . These are con si dered under 

sepa rate head i ngs bel ow . 

Human Expo sures to Tran suran i c  El ements : Addi ti onal data obtai ned over the 

past 10 years on trans uran i cs in man ,  resul t i ng from expo sure of the general 

popul ati on to weapo ns tes t  fal l ou t ,  and acc i den tal exposure of workers in 

nuc l ear i ndu stri es , has not changed the concl usi on that no stati stical ly val i d  

i nfe rences can be drawn from thi s data , rel ati ve to any correl ation  of trans

uran i c  exposure wi th observed heal th effects . 4 , 19 

Human Exposures to Other Types of Natural Radi ati o n : A ve ry exten s i ve rev i ew 

and di scu ss i o n  of thi s  top i c  ap peared i n  NCRP Report No . 451 1  and i n  Annex B of 

the 1977  U NSCEAR Report . 1 2  Th i s  mo re up-to- date i n fo rmati on is  summa ri zed i n  

repl aceme nt Tabl e I I . G-20 ,  wh i c h  al so i ncl udes a compari son wi th es timated 

orga n do se eq ui val ents per 1000 MWe-year of LMFB R  operati on . 
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Pl uton i um Toxi c i ty i n  An imal s :  Data conti nue to accrue from a number of l arge

and smal l -a n i mal stu d i es bei ng conducted i n  DOE l aborato r i es and i n  l aborato ri es 

ab road . A compl ete and current reanal y s i s of  al l th i s  data has not been made , 

but there i s  no i nd i cati on of maj or  unanti c i pated trends that woul d al ter the 

co ncl u si o n s  of WASH-1 535 i n  thi s area . 

Effects of  Other Types of  Radi ati on i n  Man : The general di sc u s s i o n  of WASH- 1 535 

in th i s  area rema i n s  rel evant .  Howeve r ,  seve ral new a nd au tho ri tat i ve estimates 

of huma n cance r ri sks and huma n  geneti c ri sks  from radi ation expo sure must be 

noted . 

The cancer and geneti c ri sk estimates of  WASH - 1 535 were based primari ly  o n  

r i s k  fac tors prov i ded by the Nati onal Academy o f  Sc i ences Commi ttee on the 

B i o l ogi cal Effects of I o n i zi ng Rad i ation  ( B E I R  1 ) . 1 3  A s ucce sso r  Commi ttee 

( B E I R  I I I )  publ i shed i n  1980 rev i sed estima tes  of the se ri sk fac tors . 1 4  In  

1977 the Un i ted Nati ons Sc i ent i fi c  Commi ttee on th e Effects of Atomi c Rad i ation  

( UNSCEAR) repo rted i ts esti mates of  cancer and genetic ri sks from radi ati o n . 1 2  

The I C RP has al so publ i shed i t s  estimates , wh i c h  are based prima ri ly o n  th e 

UNSCEAR val ue s . 9 These vari ou s ri sk factors are summa ri zed i n  Tabl e 0-1 , 

toge ther wi th th e ri sk  fac tors empl oyed i n  th e present eval uati on . 

WASH- 1 535 cal cul ated an average radi ati on dose to bone and cal cul ated from 

th i s  an esti ma ted i nc i dence of bone cancer .  I n  the present eval uati on , i n  

accord wi th present I C RP prac tice , a dose to bone surfaces and a dose to red 

ma rrow has  been esti mated . Bone ca nce rs are thought to ari se from cel l s  

l ocated on bone s urfaces , wh i l e  i rradi ati on of the red marrow may cau se 

l eu kemi a .  BE I R  I I I  ( p .  202 ) provi des a ri sk estimate fo r l eukemi a ( averaged 

for mal es and femal es )  of 23 pe r 106 rem . 1 4  Th i s  val ue , based on a l i near 

quadrati c dose respo nse model , best fi ts th e ava i l ab l e  h uman data and i s  i n  
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cl ose agreeme nt wi th U NSC EAR and ICRP est imates . Al though l eukemi a has sel dom 

been observed to res ul t from tran suran i c  expos ure i n  experime ntal an imal s ,  a nd 

wa s not con s i dered i n  WASH-1 535 , i t  has been i ncl uded i n  the present est i mates 

of po s s i b l e  cancer effects  from LMFBR rel ease s .  

The B E I R  I I I  r i s k  factor for bone cancer ( p .  4 1 7 ) wa s deri ved from h uman 

experi ence wi th  rad i um-2 24 , an a l pha-emi tter wh i c h  depo s i t s  on bone surfaces 

i n  a ma n ner  s i mi l ar to trans uran ics . 1 4 The B E IR I I I  ri s k  factor for l i ver 

cancer ( p .  379 ) wa s deri ved from h uma n expe ri ence wi th the rad ioac t i ve contrast 

med i um ,  Thorotrast , wh ich  cont a i n s  the al pha emi tt i ng thori um-232 . BE IR I I I  

g i ves  no s i ng l e val ue for a cumu l ati ve r i s k  factor fo r l un g  cancer ,  but  the 

data cons idered i n  B E IR I I I  are the same as those wh i c h  l ed to the ri s k  

factors recommended by ICRP and UNSCEAR . 

BE IR I I I  esti mates of the genet i c  co nsequences of rad i at i on expo sure do not 

d i ffer greatl y from the ea rl i er B E I R I est imates , a nd are st i l l expres sed wi th  

a sub sta nti al range of uncerta i nty . 1 4 I CRP  and  UNSCEAR have chosen s i ng l e  

best est imate val ue s . 9 , 1 2 A l l of these est i mates d i st i ngu i sh between tho se 

effect s to be expected i n  the fi rst offspr i ng generat ion  ( or the f i rst two 

generati ons ) , a nd those to be expected over al l fut ure generat i o n s .  The se 

genet ic  ri s k  est imates are based on h i g h  dose-rate data , from experimental  

an i mal s ,  a nd i ncl ud e a factor of t hree reduct i o n  fo r est imated effect s at l ow 

rates . I t  i s  stres sed i n  B E I R  I I I  ( p .  1 28 ) that such  a red uct i o n  i s  probab ly 

not appropr i ate fo r h i gh-LET expos ure ( s uch a s  that from t ransuran i c  al pha 

emi tters ) ; t herefore the genet i c  ri sk  factors l i sted i n  Tab l e  0-1 are al l 

three-fo l d  l a rger than  the factors recommended by the va r i ou s  organ i za t i o ns .
1 4 

S i ng l e  co nservat i vel y cho sen r i s k  factors ( Tab l e  0-1 ) have been chosen for use 

i n  t h i s document . Th i s  wa s done to avoid the confus i o n  i nherent i n  the use of 
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ranges , where s uch  ranges  have no cl earl y defi nabl e impl i c at i ons . The d i sc us

s i o n  in  WASH-1 535  wi th  regard to uncerta i nt i es i nvol ved in  the deri vat i o n  and 

appl i c at i on of t he se r i s k  factors rema i n s val i d .  A very recent re-eva l uat i o n  

o f  Ja pane se atom i c- bomb- s urv i vor data wou l d seem to i n d i cate t hat  al l o f  t he se 

est imates of genet i c  effect s may be  too h i gh by at l east a factor of two . 1 5  

P robl ems of Averagi ng Dose 

Th i s  fi nal Sect i o n  of WASH-1 535 , Append i x  I I . G ,  wa s concerned wi t h  the  so-cal l ed 

" hot  pa rt i c l e hypothe s i s" of Tampl i n  and Cochran l 6 , wh i c h  wa s a controvers i al 

i ssue  at the t i me .  The d i scus s i o n  rema i n s  va l i d . S i nce  i ss uance of WASH-1 535 ,  

t h i  s q ue st i o n  has  been addres sed by several s peci al l y  a ppo i nted grou ps ,  g oY�rn

ment agenc i es , and  i nternat i onal bod i es , i ncl ud i ng the Nat i onal Academy of 

Sc i ences  - - Nat i o nal Research Counci l l 7 , t he Nat i o nal Counc i l  on Rad i at i on 

Protect i o n  and Measurementsl8 , t he Nucl ear Regu l atory Commi s s i o nl 9 , t he Med i cal 

Research Counc i l of the  Un ited Ki ngdom20 , t he Nat i o nal Rad i ol ogi cal Protect i o n  1 1  

Board of the  U . K . 2 1 , 22 , t he German Mi n i stry of  t he I nter i or23 , a nd t he 

I nternat i o nal Commi ss i o n  on Rad i ol og i cal Protec t i o n24 • Some of t he se grou ps 

al l ow t he pos s i b i l i ty t hat , u nder s pec i al c i rcumstances not yet experimental l y  

o r  cl i n i cal l y  defi ned , aggregates o f  rad i o act i v i ty that  rema i n  l ocal i zed i n  

s peci fi c reg i o ns  may represent a greater cancer ri s k  than  the same quant i ty of 

rad i o act i v i ty u n i formly  d i s persed . Howeve r ,  none of t he se groups ha s accepted 

the qua nt i ta t i ve impl i c at i ons  of t he Tampl i n-Cochran Hot Part i c l e Hypothe s i s ,  

and none has recommended aband on i n g  the pract i ce of bas i ng r i s k  e st imates o n  

average organ  dose . 

Transuran i c  Heal t h  Effects Program P l an 

The pr imary heal t h  effects i ss ue rai sed at the t i me ERDA-1 535 wa s pub l i s hed 

was t hat rel ated to pl uto n i um tox i c i ty ,  s pec i f i cal l y  t he " hot part i c l e" 
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hypothes i s .  Th i s  hypothes i s  quest i o ned whether or not the heal th  ri sks  as 

presented in WASH-1 535  mi ght have been underest imated because of the pos s i 

b i l i ty t hat  carc i nogen i c  ri sk  to  the res pi ratory t i s s ues from sma l l ,  d i screte , 

h i gh l y  rad i oact i ve al pha-emi tt i ng part i c l e s ( " hot part i c l es " )  depo s i ted i n  the 

l ung m i ght  be ve ry much greater than t hat obta i ned u s i ng more commonl y  accepted 

methodol ogy ( i . e . , averagi ng the  rad i at i on over the mass  of the  l un g ) . 

Th i s  i s sue wa s ful ly  presented and d i scu ssed i n  WASH - 1 53 5 .  S i nce that t i me 

add i t i o nal  aut hori tat i ve nat i o nal and i nternat i onal orga n i zati ons , i dent i fi ed 

i n  the preced i ng pa ragraph s ,  have addres sed the i s s ue .  Th i s  i s  d i sc u s sed 

on page 0-9 and i n  Sect i o n  I V . ( 4 )  of the Supp l ement . 

Wh i l e  st udi es pert a i n i ng to the " hot  part i c l e "  i ss ue cont i nue , a nd wi l l  not 

be co nc l uded fo r a number of years , at present there i s  no i nd i cat i on of any 

basi s for recons iderat i o n  of the pos i t ion  contai ned i n  EROA-1 53 5 :  t hat , of 

t he evi dence ava i l ab l e and of the preponderance of sc ient i fic  op i n i on ,  i t  

wou l d  not be prudent to make dec i s i ons  based u pon  such a poor ly  su pported 

hypothes i s .  

Ot her compo nents of the trans uran ic heal t h  effect s  program cont i n ue to pro

v ide data and i nformat i o n  to the sc i e nt i fic commun i ty v i a numerou s sc i e nt i fic  

j ournal s and  p ub l i c at i o ns . These data have been  i ncorporated i nto  metabol ic 

mode l s  and ri s k  est imates pub l i shed s i nce EROA-1 535 by the Nat i onal  Academy 

of Sc i ences - Nat i onal  Research Counc i l  Commi ttee on the B i o l og i c al Effect s  

of I o n i z i ng Rad i at i on , t he Un i ted Nat i ons Sc i e nt i fic Commi ttee o n  the Effects 

of Atom i c  Rad i at i o n ,  a nd the I nternat i onal Commi ss i on on Rad i o l og i c al  Protec

t i o n .  These more rec ent fi ndi ngs have been i ncorpo rated i nto the present 

docume nt and are fu l ly  i d ent i fi ed and d i scu s sed . 

0- 1 0  



The seve ral tran suran i c  heal th effects studi es i dent i f i ed i n  E RDA-1 535 

are con ti nu i ng and are expected to provi de i n formati on in the t ime peri od 

i denti f i ed there i n .  Du r i ng the i n teri m ,  however , data is  bei ng accumu l ated 

conti nual ly a nd made ava i l ab l e to the sc i enti f ic  and  radi ati o n  protec ti on 

commi ttees for use in model i ng devel opmen t  and ri sk ana lys i s .  

0- 1 1  
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Tabl e I I . G-8 ( Repl acement) 

FOOD CHAIN MOB I L I ZATI ON OF TRANSURANIC  ELEMENTS FROM SO IL  TO MAN FOR 1000 MWe-YEAR OF LMFBR RELEASES 

1 2 3 4 5 6 

Tra n su ra n i c s  i n  P l ant-Deri ved Tran suran i  c s  
Transura n i c  I nput to Soi l Food I ngested by Man Ab sorbed by 

Tota l b Man from 
Tota l I n i ti a l Conc . a I n i ti a l Conc . c Food I ngestedd 

Rad i o n ucl i de ( Cn ( C i /g )  ( Ci ) ( Ci /g )  { Cn 

Pu-238 . 18 x 10-3 4 . 5  x 10-23 . 05 x 10-7 4 . 5  x 10 -25 . 05 x 10-10 

pu-239 . 04 x 10-3 1 . 0 x 10-23 3 .  x 10-7 1 . 0 x 10-25 3 . x 10-10 

P u-240 . 05 x 10-3 1 . 2 x 10-23 1 .  x 10-7 1 . 2 x 10-25 1 .  x 10 -10 

e 
4 . 2  x 10-23 x 10-7 4 . 2 x 10-25 x 10-10 Am-241 . 1 7  x 10-3 . 3  . 3  

Cm- 242 . 07 x 10-3 1 . 8 x 10-23 . 0001 x 10 -7 1 . 8 x 10-25 . 0001 x 10-10 

Cm-244 . 01 x 10-3 . 2  x 10-23 . 0006 x 10-7 . 2  x 10-25 . 0006 x 10-10 

e 
x 10-23 x 10 -7 x 10-25 x 10 -10 Tota l  . 52 x 10-3 13 4 . 4  13  4 .4 

aAssumes u n i form d i stri buti on i n  top 20 cm of U . S .  so i l  o f  den s i ty 2 . 0 ,  or 4 x 1018 g o f  soi l . Because o f  
the del ayed i n put o f  mo st o f  the Am-241 , th e concentrati on based o n  tota l  i n put sl i ghtly  overe sti mate s i n i ti a l 
concen trati on . 

bCal c ul ated us i ng Equati on ( I )  as  descr i bed i n  text . 
cVa l ues from Col umn 3 mul ti p l i ed by p l ant/so i l concentrati on factor of 0 . 01 . 
dVa l ues from Col umn 4 mul ti pl i ed  by a gastro i nte sti na l  absorpti on fracti on  of  1 0-3 

eThi s n umber i s  l arger than the ori g i na l  source  term because o f  a n  added 0 . 16 mCi o f  Am-241 whi c h  resul ts from 
th e compl ete decay of the - emi tti n g  Pu-241 . 



Tabl e I I . G-9 ( Repl acement )  

VALU ES EMPLOYED FOR  PARAMETERS D ESCR I B I NG THE  METABOL I SM O F  TRANSURAN I C  E LEMENTS I N  MAN 

1 2 3 4 5 

Further Biol og ical 
Qual i fi - Reg i o na l  Hal f-L i fe 

Source Reg i on Pathway** cat i on s*** Fracti ont  ( days )  

Total I nh a l ed ( 1 )  exha l ed 0 .42 
( 2 )  to nasopharynx 0 . 08 

regi on of l un g  
( 3 )  to tracheobronc hi a l  0 . 08 

reg i on of  the  l un g  
( 4 )  to pu l monary reg i o n  0 . 42 

of 1 ung  
0 
I 

� Total I ngested ( 5 )  to g astro i n testi na l  1 . 0 w 

tract  

Lung  
Nasopharynx Regi on ( 6 )  to g astro i n test i na l  Cl ass  W 0 . 9  0 . 4  

tract  Cl a s s  Y 0 . 99 0 . 4  
( 7 )  to b l ood Cl ass  W 0 . 1  0 . 01 

C l ass  Y 0 . 0 1  0 . 0 1  

Tracheobronchi  a 1 ( 8 )  to g astro i n test i na l  Cl a s s  W 0 . 5  0 . 2 
Reg i on* tract  Cl a s s  Y 0 . 99 0 . 2  

( 9 )  to b l ood Cl a s s  W 0 . 5  0 . 0 1  
Cl a s s  Y 0 . 0 1  0 . 0 1  

P u l monary Reg i on* ( 10 )  to g astro i n testi na l  Cl a s s  W 0 . 4  1 
tract  0 . 4 50 

Cl ass  Y 0 . 4  1 
0 . 4  500 

( 1 1 )  to b l ood Cl a s s  W 0 . 1 5 50 
Cl a s s  Y 0 . 05 500 
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1 2 

Sourc e  Reg i on Pathway** 

( 12 ) to 1 ymph nodes 

pul monary Lymph Nodes* ( 13 )  to bl ood 

Ga stro i �test i na1  Tract  ( 14 )  to bl ood 

Bl ood  

Bone Surface* ( 120 g )  

Red Marrow* ( 1 500 g )  

L i  ver* ( 1800 g )  

( 15 )  to bone 
( 16 )  to 1 i ver 
( 1 7 )  to gonads 

( 18 )  excreted 

( 1 9 )  excreted 

Gona ds* ( testes , 35 g ,  ( 20 )  no l oss 
ovari es , 11 g) 

Tabl e I I . G-9 ( Conti nued)  

3 

Fu rther 
Qual i fi 
cat i on s*** 

Cl ass  W 
Cl ass  Y 

Cl ass  W 
C1 ass  Y 

mal e 
femal e 

4 

Reg ional  
Frac ti ont 

0 . 05 
0 . 15 

1 . 0 
0 . 9  
0 . 1  

0 . 00 1  

0 . 45 
0 . 45 
0 . 00035 
0 . 000 1 1  

1 . 0 

1 . 0 

1 . 0 

5 

Bi ol ogical  
Hal  f-L i fe 

( days )  

50 
500 

50 
1000 

co 

36500 

14600 

* Organs for whi c h  do se comm i tments were c al c ul atea. Organ mass empl oyed 1n calcul at i o ns-' s  shown 1n 
parentheses . Trac heobronc hi al  regi on , and pu l monary l ymph nodes were cons i dered a s  o ne compos i te organ 
( l ung s )  of mass 1000 g for dosi metr ic  purposes . Dose to red marrow deri ved from deposi t on bone su rfaces . 

** Number i n  parentheses re fer s to l abel ed pathway i n  Fi g .  I I . G-2 .  
***Th i s  col umn i ndi cates where val ues apply to a Cl ass  W or Cl ass  Y compound ( see text) , or to a spec i fi c  

el emen t o r  organ . 
t The frac ti on of  the ra d i on uc1 i de i n  the source regi on ( col umn 1 )  tha t  i s  fol l owi n g  the pathway i n di ca ted 

in Col umn 2 ,  w i th the hal f- ti me i n di c ated i n  Col umn 5 .  



1 

Rad io-

n ucl i de 

Pu -238 

pu-23 9 

P u-240 

Pu - 24 1  

Am-24 1 

Cm-242 

Cm-244 

Total 

Tabl e I I . G-10  ( Repl acement )  

LU�JG DOSE EQU I VALENT COMM ITMENT EST I MATED FOR 
1000 MWe-YEAR OF  LMFBR  TRANSURAN I C  ELEMENT RELEASES 

2 3 

Quan ti ty Dose-Equ i val ent 
I nha l  ed* per 10 -9 Ci I nha l ed** 
( 10 -9 C i ) ( rem ) 

1 . 2 2 . 0  ( Cl ass  Y )  

2 . 0  2 . 0  ( Cl ass  Y )  

0 . 9  2 . 0 ( Cl ass  Y )  

42 0 . 02 ( Cl ass  Y )  

0 . 2  t 

0 . 4 0 . 09 

0 . 05 t 

* F rom Tabl e I I . G-5 . 1 0  
** Mod i fi ed from I C R P  P ubl i cati on 30 ( Supp l ement to P art 1 ) . 
***Pro duct of  Col umn s  2 an d 3 .  
t No  v al ue l i sted by ICRP  because of  the i n s i gni fi cant 

contri buti o n  of  l ung  exposu re to total r i s k . 

0-15 

4 

Total 

Equ i va  1 ent*** 
( man -rem ) 

2 . 4  

4 . 0 

1 . 8 

0 . 84 

t 

0 . 04 

t 

9.l 
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Tabl e I I . G- 1 1  ( Repl acement - Parti al ) 

RED MARROW DOSE EQU I VALENT COMM I TMENT EST I MATED FOR 1000 MWe-YEAR O F  LMFBR  TRANSURAN I C  E LEMENT RELEASES 

1 2 3 4 5 6 7 8 

Dose Equ i val ent 

per 10-9 C i *** Total Dose Equ i val ent  
Quanti ty Quan ti ty 

Rad io- I n hal ed* I ngested** Inhal ed I ngested 

( 1 0-9 C i ) ( 10-9 C i ) nucl i de ( rem ) 

Pu- 238 1 . 2 5 . 73 ( Cl ass  W )  

Pu- 239 2 . 0  300 .81 ( Cl ass  W )  

Pu-240 . 9  100 . 81 ( Cl ass  W )  

Pu-24 1 42 ttt . 02 ( Cl ass  W )  

Am-24 1 . 2  30 . 8 1  

Cm- 242 .4  . 01 . 0 15  

Cm-244 . 05 . 06 . 41 

Total 

* From Tabl e I I . G- 5 . 
** From Tabl e I I . G-8 . 10 ***Mod if ied  from I CRP Publ i cati on 30 ( Suppl ement to Part 1 ) . 
t P ro duct o f  Col umn 2 and Col umn 4 .  

( rem) 

. 006 

. 006 

. 006 

ttt 

. 006 

. 00014 

. 004 

I nhal edt I ngestedtt 

(man- rem )  ( man- rem ) 

. 88 . 03 

1 . 62 1 . 8  

. 73 . 6  

. 84 ttt 

. 16 . 18 

. 006 . 00 

. 02 . 00 

4 . 3  2 . 6  

tt Product o f  Col umn 3 and Col umn 5 .  2 1 tttSi gni fi cant exposure v i a  i ngesti on i s  from al pha-emi tti ng daughter , whi ch i s  i nc l uded i n  4 Am tota l . 

Total 

(man - rem)  

. 9 1  

3 .42 

1 . 33 

.84 

. 34 

. 01 

. 02 

6 . 9 
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Tabl e I I . G- l l  ( Repl acement  - P a rti al ) 

BON E SURFACE D OSE EQU I VALENT COMMI TMENT ESTI MATED FOR 1000 MWe-YEAR O F  LMFBR TRANSURA N I C E LEMENT RELEASE S  

1 2 3 4 5 6 7 8 

Dose Equi val ent 

---Eer 10-9 C i *** Total Dose Equi val ent 
Quanti ty Quan ti ty 

Ra d i o- I nhal ed* I ngested** I nhal ed I ngested 

nucl i de ( 10-9 cn ( 10-9 cn ( rem) 

pu-238 1 . 2  5 9 . 0  ( Cl ass  W )  

Pu-239 2 . 0 300 10 . 2  ( Cl ass  W )  

Pu-240 . 9  100 10 . 2  ( Cl ass  W )  

p u-241 42 ttt . 2 1  ( Cl ass  W )  

Am-241 . 2  30 10 . 2  

Cm-242 . 4  .01  . 1 9  

Cm-244 .05  .06 5 . 3 

Total 

* From Tabl e I I . G-5 . 
** From Tabl e I I  . G-8 . 10 ***Modi fied  from I CRP Publ i cati on 30 ( Suppl ement to Part 1 ) . 
t P ro duct o f  Col umn 2 and Col um n  4 .  

( rem) 

. 067  

.078 

. 078 

ttt 

. 082 

. 00 1 7  

.04 

I nhal edt I ngestedtt 

(man-rem) ( man-rem) 

10 . 8  . 34 

20 . 4  23 . 4  

9 . 2 7 . 8 

8 . 8  ttt 

2 . 0 2 . 5  

. 08 . 00 

. 27 . 00 

5 1 . 6  34 . 0  

tt Product o f  Col umn 3 and Col um n  5 .  24 1 tttSi gni f i c a n t  exposure v i a  i n gestion  i s  from al pha-emi tti ng daughter , whi ch i s  i nc l uded i n  Am total . 

Total 

(man-rem) 

11 . 1  

43 . 8  

1 7 . 0  

8 . 8 

4 . 5  

. 1  

. 3  

85 . 6  
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Tabl e I I . G- 1 2  ( Repl acement)  

L I VER DOSE EQU I VALENT C OMM I TMENT EST I MATED FOR 1000 MWe-YEAR OF LMFBR TRANSURA N I C ELEMENT RELEASES 

1 2 3 4 5 6 7 8 

Dose Equ i val ent 

per 10-9 C i *** Total Dose Equi val ent 
Quanti ty Quanti ty 

Radio- I nha1 ed* I ngested** I nhal ed I ngested 
( 10-9 Ci ) ( 10 -9 Ci ) n ucl i de ( rem ) 

P u - 238 1 . 2 5 2 . 0 ( Cl ass W )  

Pu-23 9 2 . 0  300 2 . 2 ( C l ass W )  

P u-240 . 9  100 2 . 2  ( Cl ass W )  

P u-24 1  42 ttt . 04 ( C1 ass W )  

Am-241 . 2  30 2 . 2 

Cm-242 . 4  .01  . 050 

Cm-244 . 05 . 06 1 . 2 

Tota l  

* From Tabl e I I . G-5 . 
** From Tabl e I I . G-8 . 10 ***Mod i fi ed from I CRP  Publ i cati on 30 ( Suppl emen t to Part 1 ) .  
t P ro duct o f  Col umn 2 and Col umn 4 .  

( rem ) 

. 0 1 5  

. 0 1 6  

. 0 1 6  

ttt 

. 01 7  

. 0004 

. 01 

I nha1 edt I n gestedtt 
(man - rem ) ( man- rem ) 

2 . 4 .08 

4 . 4 4 . 80 

2 . 0 1 . 6  

1 . 7  ttt 

.4 . 51 

. 02 .00 

. 06 . 00 

11 . 0  7 . 0 

tt P roduct o f  Col umn 3 and Col urnn 5 .  241 tttSi gni ficant expo su re v i a  i ngesti on i s  from al pha-emi tti ng  daughter , whi c h  i s  i ncl uded i n  Am total . 

Tota l 

(man - rem ) 

2 . 5 

9 . 2  

3 . 6 

1 . 7  

. 9  

.02 

.06 

18 . 0  



Tabl e I I . G- 1 3  ( Repl acement)  

DELETE 

( Do se to l ymph nodes i ncl uded i n  l ung  do se , in accord 

wi th c urrent I CRP p racti ce ) . 

0- 1 9  
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Tabl e I I .G-14  ( Repl acement) 

GONAD DOSE EQU I VALENT COMM ITMENT ESTI MATED FOR 1000 MWe-YEAR OF LMFBR TRANSURAN I C  ELEMENT RELEASES 

1 2 3 4 5 6 7 8 

Dose Equi val ent 
- 9  Total Dose Equi val ent 

Quan ti ty 
per 10  C i *** 

Quanti ty 
Ra d i o- I nhal  ed* 

nucl i de ( 10-9 Ci ) 

P u-238 1 . 2 

Pu-23 9  2 . 0 

P u-240 . 9  

P u-24 1  42 

Am-241 . 2  

Cm-242 . 4  

Cm-244 . 05 

Total  

* From Tabl e I I . G-5 . 

I ngested** I nhal ed I n gested 

( 10-9 C i ) ( rem) ( rem) 

5 . 1 1 ( Cl ass W )  . 00085 

300 . 1 3  ( Cl ass W)  . 00096 

1 00 . 13 ( Cl ass W )  . 00096 

ttt . 0028 ( Cl ass W )  ttt 

30 . 13 .001  

.01  tttt tttt 

. 06 .065 . 0005 

** F rom Tabl e I I . G-8 . 10  *** Mod i fi ed from I CRP Publ i cati on 30  ( Suppl emen t to Part 1 ) . 
t Pro duct o f  Col umn 2 and Col umn 4 .  

I nhal edt I n gestedtt 

( man - rem) ( man - rem) 

. 13 . 004 

. 26 .29  

. 12 . 10 

. 18 ttt 

. 03 .03 

. 00 tttt 

. 00 . 00 

. 7 2  . 42 

tt P roduct  o f  Col umn 3 and Col umn 5 .  241 ttt Si gni fi cant exposu re v i a  i ngesti on i s  from al pha-emi tti n g  daughter , whi c h  i s  i ncl uded i n  Am total . 
ttttNo val ue l i sted by I CR P  because o f  the i nsi gni fi cant con tri buti on of  gonad  exposu re to total  ri sk .  

Total 

( man - rem) 

. 13 

. 55 

. 2 2  

. 18 

. 06 

tttt 

. 00  
--

1 . 14 



Tabl e I I . G-20 ( Repl acement)  

DOSE EQU I VALENT TO U . S .  POPULATION  FROM NATURAL RADIATION  
SOURCES COMPARED W ITH EST IMATED DOSE EQU I VALENT FROM 1000 

MWe-YEAR OF  LMFBR  TRANSURANI C ELEMENT RELEASES 

( un i ts of  organ - rem) 

From Natu ra l l y  
From Al l Natura l a Occurr i n g  a From 1000 MWe-Yearb Radi ati on Sources  Al pha-Emi tters of LMFBR Operati on 

Organ ( 1  Generati o n )  ( 1  Generati o n )  ( Al l  Generati on s )  

Bone Surfaces  3 . 2  x 109 2 . 0 x 109 86 

Red Marrow 1 . 8 x 109 . 54 x 109 7 

Lung 1 1 . 0  x 109 9 . 0  x 109 9 

Gonads  1 . 3 x 109 . 26 x 109 1 

aData from 1 97 7  UNSCEAR Report , p .  81 . 12  A qu a l i ty factor of  20 was used for 
a l ph a-emi tters i n  converti ng  rad do ses to rem do se8equ i va l ents . Per iod  o f  
do se acc umu l ati on  was taken a s  7 0  years  for 2 x 1 0  person s .  

bData from Tab l e s  I I . G-10  to I I . G-14  ( Repl acement ) .  
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Tabl e D - 1  

SUMMAR I ZED R I SK EST I MATES F OR EXPOSURE TO TRANSURANICS EXPRESSED AS EXCESS CANCER D EATHS OR MAJ OR GENET I C  DEFECTS 

per 106 organ - rem 

Source o f  R i sk E stimates Chosen for 

B E I R  1 1 1 14 I CRp9 UNSCEAR12 Use i n  Th i s  
Organ Document 

Lung  20 25- 50 35 

Bone Surface 1 . 4 5 2-5 5 

Red Marrow 23 20 1 5- 25 25 

L i ver 15  15  

Gona ds  ( for n umber of 15-225 ( 1 )  300 ( 2 )  189 ( 1 ) 
genera t i on s i nd i cated 180-3300 ( al l ) 600 ( a l l ) 555 ( a l l ) 1 , 000 ( a l l ) 
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YEAR : FY 76  

ACCOMP L ISHMENT 

Compl eted ser i es of TREAT tests 
s i mu l at i ng l os s-of-fl ow acci dents , 
t ransi ent overpower acci dents , a nd 
phenomenol ogi cal  experime nt s .  

Comp l eted mode l s o f  fuel pi n 
behavi or  u nder acci dent 
cond i t i o n s .  

Compl eted prel imi nary eval uat i on 
of ai r- c l ean i ng systems to  be 
used i n  LMFBR s .  

Compl eted steady-state hydrau l i c  
tests o n  fu l l l ength ( FFTF ) 
1 9-p i n  bund l e .  

Compl eted FFTF cont rol  rod 
envi ronmenta l l i fetest .  

Conducted SLSF experi ment P2 . 

APPEND I X  E 
SAFETY PROGRAM ACCOMP L ISHMENTS , FY 1976-1 981 

S I GN I F I CANCE 

Devel oped data base  to su ppo rt code 
devel opme nts to assess  LMFBR e nerget ics  
potenti al . 

Prov i ded bas i c  i nformati o n  for acci dent 
anal ys i s  codes . 

Devel oped i n i t i al approach for ai r
c l eani ng systems t o  be used i n  FFTF 
a nd CRBRP . 

Veri f i ed COBRA a nd SABRE code methods . 

Prototype FFTF cont rol  rod was success
ful ly  tested to demonstrate sat i sfactory 
perfo rma nce under the ra nge of opera
t i o nal  condi t i ons . 

Experime nt was th e fi rst to s i mu l ate 
an  LOF wi th a l arge bund l e ( 19 pi ns ) 
and ful l - l engt h ,  precond i t i o ned p i ns ; 
monoton i c fuel d i spersal ( no recri t i 
cal i ty due t o  sl ump i ng )  was demonstrated . 

REFERENCE 

ANL/RAS 7 6-2 , 76-7 , 7 6-8 , 
76-9 , 76-1 1 ,  76-3 2 , 7 6-36 . 

ANL/RAS 7 6- 1 9 ,  76- 2 0 .  

HEDL-TME 76-4 1 . 

ORNL-TM 6 106 & 655 3 .  

WARD-SC7-8. 

ANL/RAS 78-23 .  
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YEAR : FY  77  

ACCOMPL I S HMENT 

Compl eted SLSF experi ment P3A. 

Compl eted postacc ident heat remova l 
exper ime nt s and analy ses  for par
t i cu l ate beds a nd mol ten core 
debr i s  pool s .  

Compl eted 1 2  i ntermedi ate-sca l e 
sodi um-conc rete react i o n  tests . 

Compl eted out-of- p i l e  experiment s  
on  a s i x-chan nel no nheat- generat i ng 
b l ockage . 

Compl eted devel opment of SOMI X - I  
sodi um s pray fi re code . 

S I GN I F I CANCE 

Th i rty-seven-fu l l - l ength pi n bund l e 
prov i ded spect rum of fuel d i s rupt i o n  
modes duri ng nomi na l power LOF for 
use i n  pi n fai l ure model i ng act i vi t i es .  

Provi ded data base for analys i s  of 
core-debri s behav i or fol l owi ng 
postul ated acci dent s .  

Demonstrated the ba s i c  nature o f  the 
consequences of acc i d ental contact 
between hot sodi um and structural 
concrete . 

No propagat i o n  occurred ; ver i f i ed 
that the presence of a bl ockage 
i n  a fuel subass embl y  has l i tt l e  
effect on boi l i ng patterns . 

Ad va nced state of the art i n  pred i ct i ng 
consequences of sodi um f i res i n  i nerted 
cel l s  by uti l i z i ng a two-d imens i o na l  
model  based on  fi rst pri nci pl es for gas 
convect i on and energy t ransport .  

REFERENCE 

ANL/RAS 7 7- 1 9 ,  7 7-48 , 
78- 53 .  

ANL/RAS 7 7-2 . 

HEDL- TME 7 7- 99 . 

ORNL-TM-6792 & 7 162 . 

A I - ESG Report N707Tl 1 30045 . 
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YEAR : FY 78 

ACCOMPL I SHMENT 

Compl et ed compari son  of contai nment 
systems for l arge sodi um-cool ed 
breeder reactors . 

Compl et ed anal ys i s  of potent i a l  
emerge ncy a i r- c l eani ng systems . 

Compl eted i mproved methods for 
st ructural a nal ys i s  of reactor 
systems . 

Devel oped t rans i ent sodi um boi l i ng 
model for i nc l u s i o n  i n  SABRE-28 
code.  Compl eted 19-pi n bundl e 
veri fi cati o n  test . 

Compl eted assessment of FBR 
candi date shutdown heat removal  
systems ( SHRS ) . 

S I GN I F I CANCE 

Showed that a cont a i nment-confi nement 
confi gurat i on i s  a s uperi o r  approac h 
for l arge LMFBRs as  wel l  as for CRBRP . 

Devel oped bas i c  approach for ai r
cl eani ng systems to be used i n  FFTF 
and CRBRP . 

Improved conf i dence of pred i ct i o n  of 
structural effect s of hypothet i c al  
acc i dent s .  

Improved avai l ab l e  methods for 
analys i s of sodi um boi l i ng i n  
reactor ac c ident seque nces .  

P rovi ded t rade-off rel i ab i l i ty stud i es 
for a spect rum of SHRS confi gu rat i ons  
t o  al l ow des i gn sel ect i ons to be  made 
for a l arge pl ant . 

REFERENCE 

HEDL-TME 78-35 . 

HEDL-TME 78-3 2 .  

ANL/RAS 78- 5 , 78-6 , 78-9 , 
78- 1 0 , 78-1 1 ,  78- 1 2 .  

ORNL-TM-76 1 7 , 7701 , 8041 . 
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YEAR : FY 79 

ACCOMP L ISHMENT 

Compl eted TREAT expe rime nt s  
s i mu l at i ng l oss-of-fl ow acc i 
dent s i n  LMFBR s u s i ng ox ide  fuel 
and carb ide fuel . 

Compl eted an ana lyt i cal  method to 
pred i ct water evol u t i o n  from 
heated concrete and two l arge 
demonstrat i on tests . 

Compl eted steady- state therma l 
hyd raul i c  tests on  ful l - l ength 
( CRBRP ) 61- p i n  bund l e . 

Demonstrated rap i d  aggl omerat i on 
and fal l out of hi gh-dens i ty 
aeroso l s .  

Model s for a na lyz i ng the 
t ra n s i t i o n  phase  (the  gross  core 
di srupt i on ph ase of the unprotected 
l oss-of-fl ow acc i d ent , wh ich  i s  
current ly  cal l ed the mel t out 
phase ) we re devel oped i nc l ud i ng 
the FUMO-T code .  

The CACECO cont a i nment a na ly s i s code 
wa s documented a nd veri fi ed aga i n st 
known analyt i cal  sol ut i ons . 

S I GN I F I CANCE 

Improved data ba se for veri f icat i on of 
acc ident ana l ys i s  methods . 

Provi ded a bas i s  for confi dent pred i c
t i o n  of water rel ease from concrete 
under post-HCDA cond i t i o ns .  

Veri fi ed SABRE a nd COBRA code methods 
of analys i s  and provi ded important 
des i gn  data to LMFBR des i g n  groups . 

Reduced pred icted source terms a nd 
consequences of acc i dent s .  

The model hel ped to  su pport the 
concl u s i on that a severe recri t i 
cal i ty duri ng the trans i t i on phase 
was un l i ke ly  for the F FTF reactor.  

The code was used to st udy the cost 
and techn ica l  meri t of vari ous con
ta i nme nt opt i ons for l arge LMFBRs ; 
va l i dat i on provi ded a tested method 
to eval u ate contai nment systems for 
LMFBRs . 

REFERENCE 
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YEAR : FY 79 (Contd . ) 

ACCOMP L I SHMENT 

Compl ete Phase I of CRBRP PCRS 
accel erat ed l i fetest . 

Compl eted i n i t i al out-of- p i l e  
c l addi ng tests . 

S I GN I F I CANCE 

Test i ng of prototype CRBRP PCRS s i mu 
l ated CRBRP cont rol rod duty cyc l e  
both at no rma l operat i ng cond i t i ons 
and under cond i t i ons of gross mi sa l i g nme nt . 

Un i rradi ated and i rrad i ated fue l pi n 
c l addi ng test i ng capabi l i t i es were 
devel oped to address TUCOP fai l u re 
cri teri a ,  TOP fue l -c l addi ng mechani cal  
l oad i ng ,  and c l addi ng ri p propagat i o n  
characteri st i cs ; data base al l owed 
i mproveme nt i n  c l addi ng fai l ures cri teri a .  

REFERENCE 

CRBRP-ARD-025 5 .  

HEDL-TME 81-28.  
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YEAR : FY 80 

ACCOMP L I SHMENT 

Devel oped two reg i on ,  two-dimens i onal  
boi l i ng code THORAX . 

Conducted SLSF experime nt W2 . 

Compl eted test of FFTF a i r-c l eani ng 
scrubbe r  concepts .  

Compl eted as sessment of TOP- HCDA for 
FFTF ACN-l  carb i d e  assemb l y .  

Compl et ed i ni t i al eval u at i o n  of 
homogeneous  vs heterogeneous 
core behavi or for CDS .  

Compl eted UPI  U02/Na test . 

Conducted TREAT experime nts F3 
and F4 . 

S I GN I F I CANCE 

Enabl ed rap id  analys i s  of sodi um boi l i ng 
test res ul ts . 

Provi ded un i que data on behav i or of 
near-fresh precond i t i o ned ful l - l ength 
fuel pi ns unde r s l ow ramp- rate TOP 
condi t i ons . 

Prov i ded veri f icat i o n  of performa nce for 
FFTF a i r  c l ea ner.  

Prov i ded safety bas i s for i rrad i at i on of 
carb ide  assembl y  wi th i n the oxi de  FFTF 
core . 

Prov ided i nput to CDS des i g n  sel ect i ons 
on l i cens i ng consi derat i o ns i n  the 
core des i g n proc ess . 

Address ed the potent i a l  for an ener
get i c  pres sure dri ven recompact i on i n  
a rod bundl e geometry . 

Prov i ded fi rst d i rect opt i ca l  obs erva
t i on of fuel pi n di s rupt i on duri ng i n
pi l e  test i ng for use i n  model va l i dat i o n  
stud i es .  

REFERENCE 

ORNL-TM- 7814 & 8042 . 

Lt r .  report , D .  R .  Fergu son 
to R .  Baue r ,  September 30 , 
1 980 ( DRF : 226 ) . 

HEDL-TME 80-4 7 .  

HEDL TC-1 739 . 

Lt r .  report , R .  Avery to  
R .  Bauer , March 3 ,  1 980 . 

ANL/TMC 81-2 , Apri l 1 981 , 
p .  1 36 .  

ANL/TMC 8 1 -8 ,  February 
1981 , p .  1 14 .  
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YEAR : FY BO (Co ntd . ) 

ACCOMPL ISHMENT 

Compl eted eval uat i o n  of des i g n  
opti ons for COA core-debri s 
accommodat i on .  

Compl eted assessment o f  HCOA l oads 
to co nta i nme nt . 

Compl et ed CRBRP PCR ma i ntenanc e  
tool i ng test . 

S I GN I F I CANCE 

Prov ided i nput to COS des i g n  act i v i ty 
on l i cens i ng consi derat i ons and des i g n  
trade-offs . 

Provi ded assessment of contai nment sy stem 
res po ns e to HCOA i ni t i ated l oads for a 
ra nge of contai nment i nternal confi gura
t i ons to al l ow sel ect i on of des i g n  opt i o n s .  

Test demonstrated cool i ng access a n d  use 
i n  a ful l - s i ze mockup of the CRBRP reactor 
head area • 

REFERENCE 

GE XL-B9B-00569/P277B .  

WARO-SR-9400-1B.  
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YEAR : FY 81 

ACCOMPL I SHMENT 

Perform bo i l i ng test on fu l l - l ength 
6 1-p i n  bu nd l e . 

Compl et ed i n i t i a l vers i o n  of SAS4A.  

Compl eted i n i t i a l vers i o n  of 
TRANS IT  -HYDRO .  

I rrad i ate  SLSF  experi ment P4 . 

Compl eted 3D p i p i ng ana lys i s  
code SHAP S .  

S IGN I F I CANCE 

Showed two-d i mens i onal  boi l i ng patterns 
wh i c h  correl ated wi th SABRE-2P and 
THORAX codes . E nabl ed extrapo l at i o n  to 
fu l l - s i ze fue l  bund l e .  

SAS4A wi l l  b e  the pri nc i pa l  analys i s 
tool for core-d i srupt i ve acc i d ent s .  
S i gn i fi cantly improved mode l s and 
sol ut i on methods  i n  compari son wi th 
SAS3D capab i l i t i es .  

Prov i ded fi rst avai l ab l e mechan i st i c  
mul t i channel treatment for assess i ng 
who l e-core i mp l i cat i ons  of the  
trans i t i on phase .  

Fi rst l arge-bund l e  ( 37- p i n ) steady
state bl ockage i rrad i at i o n  experi ment 
to bound consequences of l oca l  fau l t s .  

Provi ded capabi l i ty to assess  �i p i ng 
system res ponse to postu l ated acci dent 
l oads and therma l trans i ent s th rough 
treatment of fl u i d-structure i nteract i o ns 
and trans i e nt thermal  l oads .  

REFERENCE 

ORNL-TM-7541 & 792 2 .  

Ltr .  report , R .  Avery to 
R .  Bauer ,  March 10 , 1 981 ( RA : 2 104 ) . 

Ltr .  report , R .  Avery to 
R.  Bauer , March 3 1 , 1 981 ( RA : 2 1 1 5 ) . 

Lt r. report , D .  Fergu son  
to R .  Bauer , September 8 ,  1 981 
(DRF : 3 97 ) • 

ANL/TMC 8 1 -2 , Apri l 1 981 , 
p .  70 .  
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YEAR : FY 81 ( Contd . ) 

ACCOMP L ISHMENT 

Compl eted U P I  s i mu l ant fl u i d  
experime nt s .  

Compl eted TREAT experime nt s  CO l 
and LOI .  

Compl eted l a rge-sca l e submerged
gravel -scrubber  pe rforma nce tests . 

Compl eted LBR ri s k  assessment 
mode l . 

S I GN I F I CANCE 

Experiment s  al l owed asses sment of the 
potenti al  for energet i c contact 
between  mol ten UC core materi a l  and 
sect i o n  i n  the above-core structure 
regi o n , a nd hence the potent i al for 
energet i c  recri t i cal i ty i n  a carb i d e
fue l ed core . 

Fi rst two experi ments of the jo i nt 
USOOEjUKAEA PFRjTREAT program com
pl eted , wh i c h  wi l l  prov i de a systemat i c  
study of fuel beh av i or under TOP and 
LOF cond i t i ons us i ng fu l l - l ength 
prei rrad i ated fuel . 

A series  of four l arge-scal e tests of 
capac i ty and removal effi c i ency of 
the submerged-grave l -scrubber comp l eted ; 
system wi l l  prov i de hi ghly rel i ab l e ,  
pass i ve and effi c i e nt fi l teri ng of 
aeroso l s .  

Su pports  COS ri s k  stud i es ,  i nc l ud i ng 
des i gn trade-offs and s i t i ng changes . 

REFERENCE 

ANLjRAS 81-25 . 
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Appendi x F 

ENE RGY AND THE ECONOMY 

Hi sto ri cal  data from the Ameri can  econ omy over the l ast  th i rty years show a 

steady i ncrease i n  the consumption  of energy ( Fi g . 1 ) 1 
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Fi g .  1 .  Total Energy Cons umpti on as a Funct i o n  of 
Time ( Ref .  1 )  

An excepti o n  to th i s  steady i nc rease occurred afte r the 1 9 73 o i l  embargo when 

the OPEC o i l  suppl y wa s res tri cted . After 1 975 energy con sumpti on  i ncreased 

aga i n , al thou gh i n  the l ast few years a sl owi ng of the rate of i nc rease ha s 

occur red ; i n  fact a smal l dec rease i n  consump ti o n  occurred i n  1 980 . 

The changes i n  energy c on sumption  have h i sto ri cal ly  b een accompani ed by s imi l ar 

ch anges i n  the gross  nati onal product ( GNP ) . The correl ati o n  between energy c on

s umption  changes and GNP changes i s  i l l u strated i n  F i g . 2 . 1 , 2 , 3  As F i g . 2 shows , 

the perc ent change i n  GNP fel l al ong wi th energy con sumption  afte r  1 9 73 and bo th 
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recovered togethe r i n  1 975 and both have fal l en together s i nce 1 976 . 
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Fi g .  2 .  Change i n  Total Energy Consumption  
and  i n  G N P  a s  a Funct ion  of  Time . ( Re fs .  1 , 2 , 3 )  

Th i s  co rre l ati on of energy consumpti on and GNP impl i es that the ene rgy 

effi c i ency of  the Ame ri can economy , defi ned as  the val ue of goods and serv i ce s  

produced p e r  un i t  energy c on sumed , can  change o n l y  sl owl y . Th i s  i s  confi rmed by 

the h i s to ri c al da ta shown i n  F i g .  3 . 1 , 2 , 3 I n  1 950 one quad of energy produced 

24 . 1  b i l l i on dol l ars of GNP ( constant 1978 dol l ars ) .  I n  1 960 a quad produced 

25 . 2  b i l l i on dol l ars of GNP wh i l e  the 1 970 val ue wa s 24 . 5 b i l l i on dol l ars . The 

peri od of rel ati ve l y  cheap energy i n  the 1 960s was fol l owed by a sl ow decl i ne i n  
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energy effi c i ency , wh i l e  the sharp ri ses i n  energy costs dur i ng the 1 9 70s were 

fo l l owed by effi c i ency i ncreases , so that a quad i n  1 9 79 produced 27 . 7  b i l l i on 
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F i g .  3.  Energy Effi c i ency as a Funct i o n 
of T ime .  ( Refs . 1 , 2 , 3 )  

do l l ars of GNP . Between 1 9 70 and 1 980 t h e  i ncrease i n  energy effi c i ency aver-

aged about 1 . 6% per year and was somewhat h i gher dur i ng 1 9 7 7- 1 980 . It i s  

c l ear from t hese data th at the economy does res pond t o  cost i ncent i ves ; however 

it is al so c l ear that energy effi c i ency i mprovement s are s l ow to  be rea l i zed . 

W i t h  res pect to el ect r i cal  energy , one trend has been rema rkab ly  constant , 

the i ncrease i n  the ma rket s hare of el ectr i c i ty as  i l l u strated i n  F i g . 4 . 4 Th i s  

i ncrease was con t i nuou s between 1 950 a nd 1 980 . Between 1 9 70 a nd 1 980 e l ectr i -

c i ty sal es ( b i l l i on kWh ) i ncreased 50% wh i l e  total  e nergy cons umpt i o n i ncreased 

onl y 1 4% .  Th us , i n  addi t i on to the energy growt h d i sp l ayed i n  F i g .  1 ,  e l ectr i -

cal ene rgy has grown even more ap prec i ab ly as  i t  has been ut i l i zed to meet an  

i ncreas i ng s h are of  U . S .  e nergy dema nd . 
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F i g .  4 .  El ectri c i ty Market Share a s  a 
Functi on of  Time . (Ref . 4 )  

1980 

Pl anni ng for adequate future energy s uppl i es requi res that  s ome projection 

i nto the future be mad e  about energy demand and the economy , and by i ts nature 

such a pred i ction i s  uncerta i n ,  particul arly on a time scal e of 30 years o r  more . 

To d emons trate the uncerta i n ty i n  future total energy d emand , consider resul ts 

of  the Nati onal Research Counc i l ' s  C ONAES study . 5 Pred i cted total energy 

demand i n  201 0 vari ed by a l mo s t  a factor  of  three ( 58-1 60 quad s ;  the 1 975  base 

l evel was 71  quad s) , depend i ng on the future scenari o sel ected . I n  the CONAES 

study scenari os , d emand forecasts were l argely  d riven by the assumed val ues for 

three vari abl es . These vari abl es  were : 

1 .  future energy pri ce , 

2 .  the l ong-term response of  the economy to energy pri ce c h anges , and 

3 .  future GNP growth . 
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I n  the CONAES study the GNP growth was fi xed at 2% pe r year wh i l e the 201 0 

energy prices ( con stant  dol l a rs ) vari ed from a fac tor of two to a fac tor of four 

h i gher than  i n  1 9 75 . Mai ntai n i ng the h i stori c al 3 . 4% annual GNP growth wou l d 

i ncre ase the CONAES 201 0 dema nd projecti on range by about 70% ,  to 99-2 70 quads . 

Based on the h i s tori c al ev i denc e  there i s  a h i ghl y probabl e need for energy 

growth . The future growth rate wi l l probab l y  be  l es s  tha n the hi stori c al 

one ,  but  some growth appears req ui red for an exp andi ng economy and a growi ng 

pop ul ati on . I t  seems un l i ke ly  that energy growth can  be brough t to zero wi thout 

maj or econ omi c  ch anges--i t wou l d requi re a reversal of h i storical  trends . I n  

the CONAES s tudy ,  zero energy growth was found  to requi re l arge i ncrea ses i n  

real energy pri c e .  Though some may a rgue that such a reversal wi l l  occur , o r  

can  be made to oc cur , i t  wou l d be impruden t to ba se national  energy pol i cy 

on  such sel ec ti ve assump ti o n s . 

Some vari ab l e s of the ene rgy dema nd projecti on equa t i on may be l e s s  uncer

ta i n  th an fu ture total dema nd . Technol ogi c al effi c i ency i mprovements  may be  

expected to  conti nue i n  respo nse to h i gh and probably  r i si ng energy c os ts . 

The con ti nuou s i ncreases i n  th e fracti on of total ene rgy supp1 i ed by e l ectri c i ty 

are expec ted to con ti nue , a l though sel ect i ve assumpt ions  can be u sed wh i c h  

run counter t o  the h i s tori c al evi dence . Neve rthe l e s s ,  el ectr i c i ty i s  a n d  wi l l  

prob ab ly  cont i nue to be a h i gh ly  preferred and fl exi b l e  ene rgy form .  Thu s  

growth rates i n  el ectri c al energy may be  expected t o  conti nue t o  be h i gher 

than  those for total energy dema nd . Put another way , the need for e1 ectri cal  

energy growth i s  even more probab l e than the need fo r · tota1 ene rgy growth . 
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Over 70% of the total  u . s .  energy dema nd i s  now s u pp l i ed by o i l and natural 

ga s , 1 resou rces that are be i ng rap i d ly  depl eted . At cu rrent ( 1 980) rates of 

consumpt i o n  ( domest i c  p l u s  import s ) , proven domest i c  reserves p l u s  est imated 

tota l  resource s of o i 1 6 wou l d  be dep l eted i n  1 7  years ; t hose of natural  ga s6 

i n  42  years . Even  ac cou nt i ng for uncertai nty i n  these numbers , t he conc l u s i on 

i s  that the u . s .  faces a ma s s i ve energy s ubs t i t ut i o n  probl em .  Ot her forms of 

energy mu st rep l ace o i l and nat ural ga s fa i r ly soon . E l ect r i c i ty can p l ay a n  

import ant part i n  th i s  s ubst i tut ion  proces s . 

The need for el ect r i c i ty growt h i s  therefo re ba sed on  two e l ement s :  

1 .  a h i gh l y  probab l e  need to su pport a growi ng economy and pop u l at i o n ,  a nd 

2 .  a certa i n need to a s s i st  i n  eve ntua l  wean i ng of the u . s .  from o i l and 

natural  ga s use . 

The on ly cert a i n  al ternat i ves  for el ect r i c i ty product ion  on the sca l e req u i red 

are coal and nuc l ear energy .  Ot her a l ternat i ves  are ei ther  too sma l l i n  

potent i a l ( e . g .  geot herma l or expa nded hydroel ectr ic  faci l i t i es )  or  too fa r 

off wi th uncerta i n devel opme nt schedu l es ( e . g . , so l a r  e l ect ri c i ty or fus i on ) . 

I n  1 980 ,  coa l ge nerated about 5 1% of al l el ectr i c i ty i n  the U . S . ; L i gh t  Water 

Reactor ( LWR ) nuc l ear p l a nt s  about 1 1 % ; 7 a nd fo r the fi rst t i me annua l produc-

9 t i on of e l ectr i c i ty by nuc l ear power exceeded el ectr i c i ty product i o n u s i ng 

o i l .  Coa l  and L WR p l ant s  now compete fo r es sent i a l ly  a l l new , l a rge el ectr ica l  

capac i ty addi t i ons . 

Unt i l  t he l ast  few years th i s compet i t ion  between coal  and nuc l ear un i ts 

wa s rel at i ve ly c l ose . The el ect ri c i ty product ion  i n  1 9 78 wa s 764 b i l l i on kWh 

h i gher than that ge nerated i n  1 969 . Of th i s total , t he i ncreased ge nerat i on by 

coal wa s 270  b i l l i on kWh wh i l e  the i ncreased ge ne rat i o n by nuc l ear p l ants  wa s 

262 b i l l i o n k i l owatt hou rs . 8 Recent ly ,  howeve r ,  t he bal ance has t i p ped i n  
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favor of coal -fi red pl ant s as  ut i l i t i es have had to deal wi th substan t i al 

uncerta i nt i es i n  the nuc l ear regul atory c l i mate , current h i gh rates of i nterest 

and i nfl at i o n , a nd the present demand- growt h  project ions  that are bel ow 

h i stori ca l  l evel s .  Al t hough the se prob l ems a l so  affect coal -fi red pl ant s to 
• 

some degree , t he net impact has  not been as severe . Because the factors wh i c h  

determi ne the competi t i o n  between coal  and nuc l ear power change wi th t ime ,  t he 

compet i t i ve bal ance cou l d sh i ft aga i n  toward nuc l ear power as cond i ti ons  

c hange . 

One of the pri nc i pal factors th at affect s th i s  b al ance i s  the co st of burn i ng 

coal wh ich  wi l l  l i kel y i nc rease as demand on the re source i ncrease s .  I n  

add i t i o n  to i nc reased demand for coal for el ectri c i ty generat i o n  i n  the U . S . , 

coal  expo rts have i ncreased and there l i ke l y  wi l l  be coal requi reme nts for 

fl u i d  fuel product i o n  as other foss i l  fuel s are depl eted . Env i ronme ntal 

co ncerns such as  the effect on l and and water resource s of ma ss i ve m i n i ng and 

transpo rtat i on requ i reme nt s ,  CO2 bu i l du p ,  a nd ac id  ra i n  may eventual l y  make 

the us e of coal  more expens i ve or may l i mi t i t s  use for el ectr i c i ty product i o n .  

F ut ure events that i mpact the avai l ab i l i ty a nd cost of both nuc l ear power 

and co al wi l l  determi ne the i r  ma rket shares . I t  appears that nei ther coal nor 

nuc l ear energy a l one can supply a l l the el ectri c i ty that wi l l  probab ly  be 

needed in 20 1 0 .  From t he c urrent U . S .  e l ectr i cal producti on  of 2400 b i l l i on 

kWh , a 3% ann ual  growt h* ( about hal f the h i stor ical el ectri cal growth  rate)  

wou l d res u l t in  a 5800 b i l l i o n kWh  demand in  201 0 .  W ith  wh at i s  l i ke l y  an  

*E IA Mi d-range project i o n s : 

1985 -90 3 . 4% 
19 90-95 3 . 3% 
1978-2000 2 . 7% 
2000-2010  2 . 0% 
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optimi sti c assumption  of  20% el ectrical  supply from renewabl e re source s ( about 

twice  the current  va l ue ) ,  a nd essenti a l ly no el ectri c i ty produc ti o n  from o i l  and 

natural ga s ,  the rema i nder i s  4700 b i l l i on kWh to be suppl i ed by coal and  

nuc l ear  energy . Wi thout nuc l ear energy , the an nual coal  requi reme nt for 

el ectri c i ty al one wou l d be 2 . 2  b i l l i o n  ton s ,  o r  ove r three time s  the total 

amoun t  of coal mi ned and used i n  1 980 . Conve rsely ,  wi thout coa l , rough ly  800 

new nuc l ear  pl a nts woul d .have to be construc ted between now and  201 0 .  Ne i ther 

seems to be a feas i b l e path , a nd i t  appears that the only way to accommodate 

economi c and  popul ati on  growth i s  extens i ve use of both coal and nuc l ear  powe r 

i n  el ectric i ty p roduc ti on . 
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Append i x  G 

CRBR S ITE SELECTI ON 

The CRB RP project si te l ocation  i s  the resul t of a seri es of programmatic  

deci s i ons  by the  Department ' s predecessor agenci es ,  the AEC and  ERDA , wh ich  

can now be  exami ned i n  l i gh t  of  present ci rcums tances . I n  1969 , Congres s 

autho ri zed the commenc eme n t  of the Project De fi n i t ion  Phase of the LMFB R 

program as part of the fourth round of the Atom ic  Energy Commi s s i on ' s  coope ra

t i ve powe r reactor demons trat ion  program . 1 Pursua n t  to th i s  authori zati on , 

three d i ffe ren t concep tual de s i gn proposal s for l a rge- sc al e demo nstrat i on 

l i qu i d me tal fas t breeder reactors we re devel oped and submi tted to the AEC by 

three sepa rate reactor ma nufacturer/uti l i ty teams . These efforts resu l ted i n  

es tab l i sh i ng a fi rm understand i ng and de fi n i ti on of the techn ical and economi c 

characteri sti cs wh ich  wou l d be de s i rabl e i n  co nnect ion  wi th the f irst  demonstra-

t i o n  pl ant .  Upo n compl etion  of  the Project Defi n i t ion  Phase , i n  1970 Congress 

au tho ri zed the AEC to negoti ate a defi n i t i ve coope ra t i ve AEC/uti l i ty arrangeme nt 

fo r the desi gn , cons tructi on and ope rat ion of the nation ' s  fi rst l arge-sc al e 

demo ns trat i o n  LMFBR . 2 As a re su l t of the Proj ect Defi ni t ion  Phase expe ri ence , 

i t  wa s estab i shed that the techn i cal , f i nanc i al , and ma nage ri al burdens as

soci ated wi th a demons trat i on pl ant proj ect wou l d be beyond the re sou rces and 

capab i l i ti es of a s i ng l e re actor manufacturer and uti l i ty team . I n  recogn i tion  

of  th i s  expe ri ence , the AEC appo i nted a se n i or uti l i ty advi sory c ommi ttee to 

devel op the appropr i ate techni cal , ma nageri al and fi nanc i al cri ter ia  and other 

ground ru l es for a cooperat ive AEC/uti l i ty LMFBR demonstration pl ant proj ect , 

and to engage the resources of the ent i re uti l i ty i ndustry i n  support of the 

. t 3 proJ ec . 

Through th e mechan i sm of  the uti l i ty adv i sory commi ttee , speci fi c proposal s 

fo r de fi ni ti ve cooperat i ve arrangeme nts were sough t from u t i l i ty i ndustry 
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teams represe nt i ng the maj or reg i ons of th e U n i ted States .  I n  res pons e ,  th ree 

proposa l s were rece i ved . Al though the three propo sa l s vari ed as to spec i f i c ity 

of te rms and condi t i ons , o nly  three c l ea rly ident i f i ab l e  a nd rea sonab ly  f i rm 

proposal s were rece i ved . Th ese were proposa l s from : 1 )  TVA a nd C ommonweal th 

Ed i so n ,  2 )  the New E ngl a nd E l ectr ic  System ,  a nd 3)  the Emp i re State Atom i c  

Devel opment Assoc i at i on ( E SADA ) . 4 

I n  add i t i o n ,  proposal s from ut i l ity groups from other maj or regi ons were 

act i vely sought dur i ng the course of th e ad vi sory commi ttee proc eed i ngs . 

Th ese effo rts  i nc l uded attempts to obta i n  fi rm proposa l s  frool ut i l ity groups 

i n  Northwest ern and Southeastern reg i ons of the U n i ted State s .  

I n  th e Northwest , e fforts were made t o  obta i n  propos al s for a demonst rat i on 

project at wh at are now the Ha nford E ngi neeri ng Devel opme nt Laborat ory a nd 

Idaho Nat i o na l  Engi neeri ng Laborat ory s i tes th rou gh the J o i nt Powe r P l anni ng 

Counci l ,  a grou p of 104 pub l i c  agenc i es ,  pri vate ut i l i t i es ,  a nd the B onnev i l l e  

Power Admi n i s t rat i o n .  The Power Pl ann i ng Counc i l advi sed th e ut i l ity ad vi sory 

c ommi tt ee th at i f  a proposal  we re made ,  the  Hanford s i te  represe nted the best 

ava i l ab l e  l ocat i on i n  the reg i o n ,  a nd that the I daho s i te wa s not feas i b l e 

s i nce no ut i l i ty operator cou l d  be found i n  the area ,  a nd the t ra nsmi s s i on 

fac i l i t i es and back up powe r resources were i nsuffi c i ent to absorb an i nterrupt-

i b l e  power source of the s i ze ( 3 50 MWe ) contemp l ated for the demonstrat i on 

pl a nt . 5 I ndepe ndent of these cons i d erat i o ns ,  the Northwest ut i l i t i es 

determi ned that th ey had nei ther th e f i nanc i a l nor ma nageri a l  resources to 

undertake a l eadersh i p  rol e i n  a project of the d imens i o ns so ught for th e 

demonst rat i o n  pl ant . A s ubseq ue nt rev i ew by the Northwest ut i l i t i es i n  1976 

i nd i cated that th i s  concl u s i on  had not changed , a nd that th e substa nt i a l  

commi tment s t o  nuc l ear pl ant co nstruc t i o n  i n  th e reg i o n  prec l uded tak i ng on 

a ny add i t i onal ob l i gat i ons . 6 
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I n  the Southeast , a group  of f i ve maj or ut i l i t i es -- Carol i na Power & L i ght  

Company , V i rg i n i a E l ect r i c  a nd  Power Company ,  t he Southern Company , South 

Carol i na E l ectr i c  & Gas Company , a nd the Duke Power Company -- con s i dered the 

feas i b i l i ty of devel op i ng a proposal  for l ocat i ng the demonstrat i on proj ect at 

the  Savannah R i ver  s i te .  After carefu l  con s i derat i on ,  t h i s grou p ,  a nd i n  

part i cu l ar  i t s  ant i c i pated l ead ut i l i ty ( t he Duke  Power Company ) , concl uded 

that , i n  l i gh t  of the i r exi st i ng nuc l ear program commi tment s ,  they had ne i ther 

the fi nanc i al nor management capaci ty ava i l ab l e  to undertake a proposa l . 7 

Upo n rev i ew of the  three proposa l s by the ut i l i ty ad v i sory commi ttee , a seri es 

of recommendat i o n s  emerged . Th i s ,  i n  t urn ,  l ed to  further AEC i nternal de

l i berat i o ns and cu l mi nated i n  the sel ect i on of the jo i nt  Commonweal t h  Ed i son/TVA 

propos al as the  ba s i s  for further negot i at i on of def i n i t i ve proj ect arrangement s 

and u l t i mate rev i ew by the  Jo i nt C ommi ttee on Atomi c E nergy .  The bas i s  for the 

se l ect i on i nc l uded a bal ance of al l rel evant env i ronmenta l ,  s afety , a nd program

mati c  con s i derat i ons . Al l three proposal s i nc l uded s i tes  wh i ch presented no 

maj or i n s urmou ntab l e  env i ronmental or safety obstacl es . Moreover ,  u pon  com

pari son ,  none stood out  as offeri ng an i dent i f i ab l e  advantage or d i sadvant age . 8 

The maj or d i st i nct i ons among the proposa l s were refl ected i n  the i r re s pect i ve 

ab i l i t i es to meet cert a i n  programmati c cri teri a ,  a nd thus  i t  was poss i b l e  to 

eva l u ate the  proposal s i n  terms of the i r re l at i ve  mer it  as a l ternat i ves for 

meet i ng programmati c obj ect i ves . I n  th i s  regard , t he maj or factors were : 

a )  The TVA/Commonweal t h  E d i son proposal  wa s v i ewed as present i ng the most  f i rm 

and defi n i t i ve proposa l  among the a l ternat i ves . I t  offered the  mos t  s i t i ng 

fl exi b i l i ty ,  a nd estab l i shed a reasonab l e defi ni t i o n  of res pect i v e  govern

me nt /ut i l i ty respons i b i l i t i es .  Moreover ,  i t  refl ected the  most substant i a l 

commi tment of resources and manageri a l  capabi l i ty .  

b )  The E SADA proposa l  d i d  not i nc l ude fi nanc i a l  part i c i pat i on by the l ead 

ut i l i t i es .  Moreover , t he commi tme nt of resources wa s potent i a l l y  i ns uff i c i e nt . 
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c )  The New Eng l and  propo sal  wa s express ly  precondi ti oned u pon  substant i a l  

ch ange s i n  statu tory a uthori ty regard i ng l i cen s i ng ,  i nc l udi ng el i mi nat ion  

of ope rati ng l i cense hear i ngs , l im i tati ons  u pon  i n terventi on , and  prov i s i on 

of excl u s i ve authori ty i n  the AEC to i s sue pe rmi ts otherwi se i s sued by 

fede ral or state agenc i es .  I n  addi ti on , the New Eng l and proposal  wa s l es s  

th an fi rm a nd l i mi ted a ny form of  governme nt pa rti c i pati o n .  Congre s s i o nal  

approval wa s s ubject to subs tanti a l  uncertai nty .  

When v i ewed aga i ns t  the programmati c objecti ve of opera tion  of the demons tra

t ion  pl ant as part of the powe r generat ion  fac i l i ti e s  of a ut i l i ty system , a nd 

aga i n st the pros pects fo r u l t imate congres s i onal  approval of the TVA/CE proposal  

a s  a ba s i s fo r negoti ati o n  a nd a defi n i ti ve arrangement ,  i t  i s  c l ear that the 

TVA/CE  proposal  wa s the preferred al ternati ve among those rea sonab ly ava i l ab l e . 9 

Mo reove r ,  the fact that thi s proposal  wa s approved by the Congress  after exten-

s i ve revi ew a nd con s i derat i o n  l ends support to th i s  conc l u s i on . The necessary 

imp l i c ati on of th i s  concl u s i o n  i s  that the on ly  reasonab l e  and  i ndeed , po s s i b l e ,  

a l ternati ve l ocati ons  for the demonstration  pl ant project fal l w i th i n  the 

pa rameters of the TVA/Commonweal th Ed i son proposal . S i nce that proposal  on ly  

i n c l uded s i te s  wi thi n the TVA reg i on , a nd TVA ' s ope rat ions  are necessari l y  

co nfi ned to that reg i on , the range o f  rea sonabl e  al ternati ve l ocati ons c a n  be 

no broader than l ocati ons  i n  the TVA regi o n .  

The i n i t i a l  sel ecti on  o f  the C l i nch R i ver  s i te a s  the preferred s i te wi th i n  

the TVA regi on res u l ted from a n  eval uati on of a number of mul t i pl e potenti a l  

s i tes . 1 0  The eval uati on  wa s b ased on  a compa ri son of s i te features and 

envi ronme ntal factors such a s :  hydro l o gy ,  c l i mato l ogy ,  sei smo l ogy , ecol ogy ,  

pop u l ati on , a nd l a nd u se of the po tent ia l  s i te s ,  and  i nc l uded con s i derati on  of 

the addi ti onal  facto rs o f :  1 )  i mmedi ate ava i l ab i l i ty of  the s i tes  for u s e  by 

the demons trat i o n  pl ant ,  a nd 2 )  no competi ng  u se of the s i tes  for commerc i al 
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generation  of el ectri c i ty i n  the near future . These factors provi ded a 

framework for screeni ng and for eval uati on of comparative envi ronmental 

impacts . Some 20 s i tes were eval uated i n  the sc reeni ng process . From these 

studi es , i t  was concl uded that the re we re no si tes wi th an apparent overal l 

envi ronme ntal advantage ove r  the C l i nch R iver  si te .  Furthe r ,  there were no 

known phys ical , engi nee ri ng or envi ronmental rea sons th at wou l d prec l ude 

cons i derati on of the demons trat i on pl ant at the C l i nch R i ver si te .  

Subsequentl y ,  E RDA and NRC revi ewed the si te sel ect i on process wi th i n  and 

outs i de the TVA reg i on . Wi thi n the TVA regi on ,  the ori gi nal anal y s i s  wa s 

aga i n  rev i ewed i n  l i gh t  of i n formati on from cont i nu i ng TVA s tudi es . Th i s  

rev i ew concl uded that fo r the si tes ori gi nal ly  eval uated , four  si tes coul d be 

el i mi nated due to ce rtai n un favorabl e  fac tors and that the rema i n i ng ava i l ab l e 

s i tes  cont i nued to offer no ove ral l envi ronmental advantage rel ati ve to the 

Cl i nch R ive r  si te . 1 1  Independentl y ,  the NRC drew the concl u si on that 

previous  and current construction  permi t appl i c ation revi ews by the NRC s taff 

of al ternat ive pl ant s i tes in the TVA regi on have not i dent i fi ed any s i tes 

wh ich  wou l d offer  subs tantia l  adva ntages rel ati ve to the C l i nch  R iver  si te . 12  

At  the req uest  of  the  NRC , E RDA al so eval uated al ternati ve s i tes not wi th i n  

the TVA reg i on to determi ne i f  a subs tanti a l ly  better al ternat i ve exi sted . 

Al l E RDA l andho l di ngs were screened , a nd 29 s i te s  were i denti f i ed wh i ch coul d 

ac commodate the pl ant from the standpo i n t  of l and area . Further anal ys i s  of 

envi ronmental and techn i c al characteri stics  of the s i tes y i el ded three po ssi b l e  

candi date areas - Hanford , Savannah R i ve r ,  a nd Idaho . These three areas were 

furthe r eval uated to determi ne the envi ronme ntal factors associ ated wi th each . 

From t hese eval uati ons , both E RDA and NRC concl uded that there we re no subs tan-

t i al di fferences between these three s i tes wi th re spect to envi ronme ntal 

impacts from con s truc tion  or pl ant  ope rat ion . 
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There were th ree add i t i onal  fi ndings . Fi rst , cooperati ve  uti l i ty agreements 

coul d not be reac hed for the th ree candi date s i tes , thereby negati ng  a pri mary 

. t b ·  t ·  13 proJ ec 0 J ec l ve .  Secon d ,  th e maj or s i gni fi cant d i fference between the 

Cl i nc h Ri ver s i te and the three candi date s i tes  i s  that these candi date 

al ternati ve s i tes  have a reduced popu l ati on densi ty rel ati ve to Cl i nc h  Ri ver . 

Add iti onal anal yses performed by ERDA14 i nd icated that the magni tude of the 

env i ronmental  i mpacts that woul d  be affec ted by di fferences i n  popu l ati on 

den si ty were so smal l th at there i s  no practi cal  di fference i n  env i ronmenta l 

impact between Cl i nc h  Ri ver and the three al ternati ve s i tes . 

Th i rd ,  th e ti ming  o f  the LMFBR program co ul d not be met i f  an  al ternati ve s i te 

were adopted . On the b asi s o f  these factors ,  both ERDA and the NRC concl uded 

that there were no substanti a l l y  preferred a l ternati ve s i tes . 

Reeval uation  of the s i tuati on today l eads  to the fol l owing  conc l us i ons : 

1 .  The conc l us i ons  w ith re spec t to the l ack  of  envi ronmen ta l a dv anta ge 

of the th ree candi date a l ternati ve s i tes  are u nc hanged ; 

2 . The fu ndamental proj ec t  obj ec ti ve o f  uti l i ty parti c i pati on remai ns , 

and the th ree candi date al ternati ve s i tes  cannot meet that obj ec ti ve ; 

and 

3 .  The ti ming  o f  the LMFBR program an d CRBRP projec t  ( as deta i l ed i n  Section  

I I I )  cal l s  for the  CRBRP to  be  compl eted as  exped it ious l y  as possi bl e .  

I n  l i ght o f  th i s , none o f  the three al ternati ve s i tes  are v i ab l e al ter

nati ves for the Cl i nc h  Ri ver proj ec t ,  in that each a l ternati ve wou l d 

enta i l an add i ti onal  del ay . 
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Gi ven thi s programmati c con s i derati on , i t  woul d fol l ow that , i f  the demon stra

tion pl ant si te i s  determi ned by NRC to be adequate b ased on  env i ronmental and 

rad iol ogi cal heal th and safety consi derati on s ,  then rel oc ati on to a s i te o ther 

than Cl i nch  Ri ver woul d not prov ide a super i or al ternati ve for meeti n g  program

mati c obj ecti ves . I n  fac t , i t  woul d i n vol v e  substanti al del ay an d add i tional  

co st .  N RC ' s  1 97 7  F i nal  Env i ronmental Statement and S i te Su i tabi l i ty Report 

found the s i te to be acceptabl e on both programmati c  and envi ronmental 

gro unds . 1 5  Con si der i n g  the pre sent LMFBR program obj ec ti ves , the Cl i nc h  

Ri ver s i te remai n s  the b est a l ternati ve for meeti ng  program an d proj ec t  

obj ecti ves . 
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Appendi x H 

HEALTH EFFECT R I SK EST IMATES 

Th i s  appendi x presents a comp i l ati on of heal th effects estimates fo r l ow 

l i near energy tran sfe r  ( LET)  rad i ation ( i . e . , gamma and x- radi ati on and 

el ec tron s ) . Esti mates for h igh  LET radi ation  ( al pha parti cl e s )  are g i ven 

in Section  V I .A ( 4 )  and Appendi x D .  

Two tab l es  are gi ven , o ne for somatic effects ( cancers )  and one for geneti c 

effects . The materi al  i s  taken from two recent DOE Envi ronmental Impact 

Statementsl , 2 . Deta i l ed references sup porti ng these tabl es may be found i n  

tho se doc uments . 
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1 .  DOE/E I S-0046F , "Fi nal Env i ronmental Impact Statement ,  Management  of 
Commerc i al ly  Generated Rad i oact ive Wa ste , "  Vol ume 2 ,  Append ix  E ,  
Oc tober 1980 . 

2 .  DOE/E I S-0082D , "Draft Envi ronmental Impact Statement ,  "Defense Wa ste 
Proc essi ng Fac i l i ty ,  Sav annah Ri ver P l ant ,  Ai ken , S . C . , "  Append i x  J ,  
September 1981 . 
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Tabl e H-1 
COMPAR I SON OF VAR I OUS EST I MATES OF CANCER DEATHS PER M I LL I ON MAN-REM 

TYEe of Cancer 

Leukemi a 

Non-l eukem i c  

Lung 

Bone 

Thyroi d  

Total Canc ers 

BE I R  I ReEort ( NAS-NRC 1972 ) 
Absol ute Rel ati ve 

Ri  sk Model Ri  sk Model 
30-Year Li fe 30-Year L i fe 
P l ateau P l ateau P l ateau P l ateau 

_26J a ) -37J a )  

60 74 1 2 2  417 

16  1 9  

2 . 4 3 . 0  

86 100 159  454 

EPA 

54 

60 

16 

200 

Reac to r Safety Study 
( NRC 1975 ) 

Upper Centra 1 
Bound( b ) E stimate ( c )  

28 5 . 6 

106 42 

22  4 . 4  

7 1 . 4 

1 3  2 . 6  

1 34 48 

( a) IO-year ri sk pl ateau fol l owi ng  i n  utero exposure , otherwi se 25  year s .  
( b ) Lower bound i s  zero for al l cancer s .  
( c ) Cal cul ated o n  the assumption  that no i nd i v i dual dose w i l l exceed 1 0  rem. 
( d ) L i near-quad rati c average of absol ute and rel ative model s .  
( e ) L i near ,  rel ati ve model onl y . 
( f) Leukem i a  and bone cancers combi ned . 

Tabl e H-2 

U NSCEAR 
Report 
( 1977 ) 

1 5-25 

25-50 

2-5 

5 - 1 5  

100 

EST I MATES OF GENETIC EFFECTS OF RAD IATI O N  OVER ALL GENERATI ONS* 

Type of E ffect 

Autosomal Dom i nan t D i so rders 

Chromosomal D i sorders 

Mul t i fac tori al D i so rders 

To tal 

6 *per 1 0  man- rem. 

BE I R  I 
ReEort ( 1972 ) 

50-500 

10-1000 

60-1 500 

UNSCEAR 
ReEort ( 1977 )  

1 00 
40 

45 

185 

EPA 
( 1973 ) 

300 

I CRP-26 

20 

20 

5 

5 

100 

Newcombe 
( 1975 ) 

10  

10  

B E I R  I I  I 
ReEort ( 1980 ) 

P�obf�l e 
R1 Sk 

MaxiTu� 
R i sk e 

--

20 ( f) 45 ( f ) 

28 1 00 

6 . 9  2 5  

1 20 400 

BE I R  I I I  
ReEort ( 1980 ) 

60-1 100 



X I . 

ACRS 

AEC 

AMAD 

ASM 

BNFP 

CBR 

CCTV 

CRBRP 

CREDO 

CY 

DOE 

D-T 

EA 

ERDA 

ETR 

FE I S  

FESEM 

F FM 

FFTF 

FMEF 

FONS I 

FSAR 

GWe 

HCDA 

HLW 

IAEA 

GLOSSARY/ACRONYMS 

Adv i sory Commi ttee on Reactor Safeguards 

Atom i c  Energy Commi s s i on 

Act i v i ty Med i an Aerodynami c D i ameter 

Aggragated Systems Mode l 

Barnwe l l Nuc l ear Fuel  P l ant 

Commerc i a l B reeder Reactor 

C l osed C i rcu i t Tel ev i s i on  

Cl i nch  R i ver  Breeder Reactor P l ant 

Centra l i zed Rel i ab i l i ty Data Organi zat i o n  

Ca l endar  Year 

Departme nt of Energy 

Deuteri um-Tri t i um 

Env i ronme nta l  Assessment 

Energy Research and Deve l opme nt Admi n i strat ion  

Engi neeri ng Test Reactor 

F i nal  E nv i ronme nta l  Impact Statement 

Forci b l e  Entry Safeguards E ffect i venes s Mode l 

Fuel  Fa i l ure Mock u p  

Fast F l ux Test Faci l i ty 

Fue l s and Materi al s Exami nat i on  Fac i l i ty 

F i ndi ng of No S i gn i f i cant Impact 

F i nal  Safety Anal ys i s  Report 

G i gawatts E l ectr i c  

Hypothet i ca l  Core D i s ru pt i ve Acc i dent 

H i gh Leve l Wastes 

I nternat i ona l  Atomi c Energy Agency 
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I CRP 

IRG 

ISEM 

kW 

LANL 

LO P 

LET 

LMFBR 

LWR 

MWe 

MWt 

NAS 

NRC 

NUR E 

OPERA 

OTEC 

PBF  

PFES 

PSAR 

R&D 

RRD 

RSS 

SACRD 

SAFE 

SAREF 

SHRS 

SLSF 

SNAP 

I nternat i o nal Commi ss i on on  Rad i o l og i ca l  Protect i on 

I nteragency Rev i ew Group 

I n s i der Safeguards E ffect i veness Model 

K i l owatt 

Los Al amos Nati onal  Laboratory 

Large Devel opment P l ant 

L i near Energy Tran sfer 

L i q u i d  Metal Fast Breeder Reactor 

L i ght Water Reactor 

Megawatts E l ect r i c  

Megawatts Thermal 

Nat i o nal Academy of Sc i e nces 

Nuc l ear Reg u l ato ry Commi ss i o n  

Nat i onal  Uran i um Resource Eval uati on 

Out-of-P i l e  Expul s i o n and Reentry Apparatus 

Ocean Thermal Energy Convers i o n  

Power Burst  Faci l i ty 

Proposed F i nal  E nv i ronmental Statement 

Prel imi nary Safety Anal ys i s  Repo rt 

Research and Devel opment 

Reactor Research and Devel opment 

Reactor S h utdown System 

Safety Ana lys i s  Computeri zed Reactor Data 

Safeguards  Automated Fac i l i ty Eval u at i on 

Safety Research Exper iment Faci l i ty 

S h utdown Heat Removal System 

Sod i um Loop S afety Fac i l i ty 

Safeguards Network Ana lys i s  Procedure 
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SNM 

ST 

SVAP 

THORS 

TREAT 

TRU 

USGS 

WECS 

Spec i a l Nucl ear Mater i a l 

Short Ton ( 2000 l bs )  

Safeguard Vu l nerab i l i ty Ana lys i s  Program 

Thermal Hydraul i c  Out-of-Reactor Safety fac i l i ty 

Tran s i ent  Reactor Test fac i l i ty 

Tran s uran i c  

U . S .  Geol og ical Survey 

Wi nd Energy Convers i on Systems 

Forward costs are the yet-to-be- i ncurred cost s  of produc i ng U30 from a 
g i ven  re source and i nc l ude the d i rect cost s of  devel opi ng and oSerat i ng a mi ne 
and bu i l d i n g  and operat i ng a uran i um mi l l .  They are used to i nd i cate the 
econom i c  ava i l ab i l i ty of  a uran i um resource . A forward co st category i nc l udes 
a l l resources at or  bel ow the stated forward co st . Forward co sts  are not to 
be confused wi th pr i c e ,  wh ich  i nc l udes pa st cost s ,  expl orat i on cost s ,  cost of 
money , market i ng cost s ,  r ate of ret urn , profi t ,  s ome taxes , e tc .  A rough rul e 
of th umb i s  t hat the U308 pr ice  i s  up  to two t i mes  forward co st . 

Spec i a l nucl ear materi al mean s ( 1 )  pl uton i um ,  uran i um 233 , u ran i um enri ched i n  
the  i sotope 233 or i n  the  i sotope 235 or ( 2 )  any n uc l ear materi al art i fi c i a l ly  
enri ched . 
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X I I .  COMMENT LETTERS RECE IVED  

N umber 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

1 1  

12  

13  

14  

15  

16  

1 7  

18 

19 

20 

21 

22 

23  

24  

2 5  

2 6  

27 

28 

*No Comment s 

I nd i v i dua l /Organ i zat i on 

St at e  of Al aska* 

Fran k von Hi ppe l  ( Pr i nceton Un i vers i ty) 

State of Ok l ahoma ( C l eari ngho u se ) *  

Roy Dycu s  ( S h i r l ey ' s Enterpr i se s )  

Atom i c s  I n ternat i o nal  Di v i s i o n ,  Rockwe l l I n ternat i onal  

U . S .  Department of Commerce 
( Nati onal  Oc ean ic  and  Atmos pheric Admi n i s trat i o n )  

Nat i onal  Sc i e nce Foundati on 

Nort heast Ut i l i t i es 

U . S .  Nuc l ear Regu l ato ry Commi ss i on 

U . S .  Env i ronmental Protect ion  Agency 

Natural Resources Defense Counc i l , I n c .  

State o f  M i ssour i  ( C l ear i nghouse ) *  

St ate of Ar i zona ( C l eari nghouse ) *  

St ate of Tennes see ( C l ear i ngho u se ) *  

St ate of Nevada ( Cl eari nghouse ) *  

East  Tennes see Devel opment Di str ict  
( Reg i onal Cl eari nghou se ) *  

St ate of Maryl and ( C l ear i nghouse ) *  

Burns and Roe ,  I nc . 

Commonweal t h  of V i rg i n i a ( Counc i l  on the  Env i ronment )  

St ate of  North Carol i n a ( Cl ear i nghouse ) *  

State of Cal i forn i a  

State of Sout h Dakota ( C l ear i nghouse ) *  

St ate of O h i o  ( C l ear i nghouse ) *  

Commonweal t h  of Pe nnsyl vani a* 

State of North Da kota ( Cl ear i nghou se ) *  

St ate of Oregon* 

St ate of De l awa re ( Cl ear i nghouse ) *  

St ate of I daho ( Cl eari nghouse ) *  

Comment l etters recei ved on the Draft S u ppl emental  E I S  ( referred to as  t he  
Su ppl ement ) are reproduc ed on  the  fo l l owi ng pages  i n  the  order g i ven  i n  t he  
above tabl e .  General and s peci fic comment s and DOE responses to  them are 
g i ven  st art i ng on page xi x .  Comment s are i dent i fi ed by c omment l etter numbers 
( e . g . , Letter #7 , Nati onal  Sc i enc e Foundat i o n )  and page ( s )  of comment l etter . 
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DIVISION OF POLICY DEVELOPMENT AND PLANNING 
GOVERNMENTAL COORDINATION UN" 

Mr. W1 1 1 1 am A .  Vaughan 
As s1 stant Secretary 
E n v1 ronmental Protect1 0n, 
Safety , and Eme rgency Preparedness 
U.S. Department of Energy 
Wa sh1 ngton , D . C .  20585 

Dear Mr. Vaughan : 

January 7, 1 982 

/ JAY So HAMMOND. Gcwwnor 

�UCH AW IMS · 0166) 
JUNEAU, ALASKA _II 
'HONE: I11Dll � 

On beha l f  of Governor Hammond, thank you for you r December 1 8 , 1 981 
l etter and opportun 1 ty to rev 1 ew the Draft Suppl emental Env1 ronmental 
Impact Statement on the L 1 q u 1 d  Metal Fast B reeder Program (ERDA- 1 535 ) . 
The State of Alaska has no comment on t h 1 s  proposa l  at th 1 s  t 1 me ,  but 
we wou l d  1 1 k e  to be kept 1 n formed of future devel opments 1n thi s pro
gram. 

S1 ncerely, 

iJ�t0 . .;.L 
Da v 1 d  W. Haas 
Act 1 ng State Federal Coord 1 nator 



Princeton University .CROOL OF .NGn .... ING! APPLIIID SCI.NCE 

C.Nn. FO • •  'U.GY AND .NYI.ON"UNTAL .TUDIII. 

T •• •• 01 •• UIWO QUAD.A_aLa 
•• ,.C.l'OW, .... , •••• ,. 01'44 

Mr. Wallace R. Kornack, NE-6GTN 
Office of Nuclear Reactor Programs 
Office of the Assistant Secretary 

for Nuclear Energy 
U . S .  Department of Energy 
Washington, D.C. 2 054 5  

Dea r  Mr .  Kornac k, 

January 14, 1982 

This letter is in response to DOE ' s  request for comments on the 

Draft Supplementary Env ironmental Impact Statement on the LiqUid Metal 

Fast Breeder Reactor Program (DOE/EIS-008 5-D) . 

I will not comment on the technical details of this draft supplement 
at this time because it is missing an essential part which is required to 
make it meaningful - namely, a cost/benefit analysis of the proposed 
LKFBR Program. 

As I will show below, the DOE has recently completed all the elements 
of IlUch an analysis, and has concluded both that the U. S. has plenty of low 
cost uranium to support l ight water reactors for many decades and that the 
LHF'BR will not be economically competitive with l ight water reactors for as 
far in the future as DOE has made proj ections (40 years) . This is quite a 
different conclu sion than that which was arrived at in the original EIS on the 
LKFBR Program where the AEC and ERDA argued that a uranium shortage was imminent 
in the U. S. and that the LKFBR would be economically competit ive in the 1990' s .  

T he  DOE' s fa!lure t o  reveal in the Draft Supplementary EIS the collapse 
of the basic rationale of the LKFBR demonstrat ion program is, therefore, in 
effect if not by intention a coverup .  For this reason I request that this 
Draft Supplementary EIS be withdrawn and be replaced by one which contains 
the updated cost/benefit analysis. Below I will d iscuss in more detail the 
essential ingred ients of this cost/benefit analysis and why it is critical 
to the reconsideration of the LKFBR Program at this time. I will also comment 
on the reasons given by the DOE for not inc luding IlUch a cost/benefit analysiS 
in this Draft Supplement. 
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The Cost/Benefit Analysis and its Importance to a Reconsid eration of the 
LHF'BR Program 

As the Draft Supplementary EIS states (p.  3) :  

Cost/Benefit Analyses of the LKFBR program were included 
in WASH-1535 and ERDA-153 5 .  

WASH-1535 a nd  ERDA-1535 a r e  the AE C '  a proposed and ERDA' s f inal LKFBR Program 
Environment Statement , respectively. These analyses were published in 1 974 
and 1975 and provided the basic rationale for t he dec isions made in that t ime 
period to proceed with an LHF'BR program aimed at commerc ialization in t he 1 990' s.  
The basic srgument presented in WASH-1535 was quite straightforward and Can be 
IIUIIIIDIlr ized as follows : 

• In 1974 WASH-1535 proj ected U . S .  nuclear capacity at 1200 Gw(e) in 
the year 2000 and 3300 Gw(e) in the year 2020; 1 

• It alao estimated that the U . S .  resources of low coat uranium could 
support only about 1000 Gw(e) of LWR capaCity; 

• The AEC also believed at the time that the breeder would be economically 
compet itive with LWRa fueled by even low cost uranium; 2 

• As a result the AEC concluded that it was necessary and cost-effective to 
Commercialize LHF'BRs as soon as possible. 

By 1981, however, the picture had completely changed : 

• It had become quite clear that the historical decline of real electriC ity 
prices had end ed and that in fact real prices could be expected to 
increase for st least a decade. 

• As a result it 18S clear that the period during which U . S .  electric ity 
demand doubled every decade had also paaaed and that in the future 
U. S .  electric ity d emand would, like the demand for the products of 
most other mature industries, grow l ittle or no more rapidly than the 
economy as a whole. Accordingly, by 1981 the DOE ' s  midrange proj ect ion 
for U. S .  nuclear capacity had fallen to 17 5 Gw(e) for the year 2 000 and 
to 290 Gw(e) for the year 2 02 03 -- capacities which were respec t ively 
one seventh and one eleventh of those which had been projected by the 
ABC only seven years earlier; 

• With these new proj ect ions the DOE found that, instead of pred ict ing 
that the U. S .  will be exhausting its uranium resources by about the 
year 2000, it 18 S  now est imating that even by 2020 U . S .  LWRs will have 
con_ed only about one quarter of the nat ion ' s  resource of low cost 
U30s (less than $100 per pound f orward cost) . 4 , 5 
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• Dur ing this past seven years the DOE ha s  also concluded that , even 
a large breeder system fully enj oying all the ava ilable economies 
of scale in the product ion of reac tor s and in fuel cycle facilities, 
will not be able to compete economically with LWRs operating on a 
once-through fuel cycle until the cost of U30S r ises to extremely 
high levels. In 1 97 9 ,  in its report on the Nonproliferat ion Alternative 
Systems Asse ssment Program, t he DOE estimated t ha t  the LMFBR would become 
compet it ive with a once-through LWR system with 15 percent improved 
uranium effic iency only when the cost of U308 r ises to somewher e in the 
range of $115-205 per pound . 6  Includ ing nonretrofittable cost-effec t ive 
improvements in the uranium eff ic iency to new LWRs and advanced isotope 
separation t echnology for enr ichment tails str ipping would raise this 
crossover range to $150-250 per pound of U30S . 7 These numbers are 
2-3 times DOE ' s  19S1 est ima te of the price of U30S in 202 0 :  $7S per 
pound. S 

• As a result of this changed situation, a revised cost analysis presented 
in the Supplementary EIS based on the most recent DOE analyses would 
show t ha t  LHFBRs will not be economic until far beyond the DOE ' s furthest 
horizon - 2020. 

Of course, the nat ion could decide to proceed with the program anyway. 
The purpose of an Env ironmental Impac t  Statement , however , is to lay out tradeoff s  
involved so that they can be subj ec t ed  t o  public a nd  peer rev iew. 

DOE ' s Reasons for not Inclu d ing a Cost /Benef it Analysis in the Draft Suppl ementary 
EIS 

On p. 3 of the Draft Supplementary EIS it is stated t ha t  

• • •  n o  su c h  further [ s ince ERDA-1535 ]  cost/benefit analyses have 
been performed and none, therefore, are included in this supplement . • •  

As my d iscu ssion above demonstra tes,  however , the DOE ha s  performed all the 
essent ial pa r t s  of an updated cost/benef it analysis.  

The EIS then  cont inued on pages 3 and 4 to g ive three additional reasons 
why an updated cost /benefit analysis ha s  not been included in the Draft Supplemen
tary EIS : 

1) Cost/benefit analyses are not required in an EIS ( see CEQ regulation s ,  
4 0  CFR 1502 . 2 3) • • •  

In the light of the descript ion above of the conclusions which can be drawn fro� 
the analyses whic h the DOE has made, this legalist ic stat ement g iv e s  the impr e s s ion 
t ha t  the DOE f ind s the results of it s updated cost/benefit analyses unwelcome and 
does not wish to bring them to public attent ion. 
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2) Cost/benefit information for alternat ive long-term technologies 
(fusion and solar electriC) has not been developed to a degree 
that would make cost/benefit analyses of these a l ternat ives 
meaningful . 

This may be true, but it is also irrelevant . If , as it appears from current 
DOE analyses, the LHFBR cannot even compete for many decades with other f iss ion 
t eclmologies such a s  the LWR, why should the nat ion move ahead now with a 
demonstration-commerc ialization program? This quest ion can be answered without 
any informa t ion about the long-term prospec t s  of nonf ission technolog ies .  

3 )  Parameters ( e. g . ,  d iscount rate(s) , LHFBR introduction date ( s) ,  
future nuclear capacity, future cost of coal) used in complex 
cost/benefit analyses of the LHFBR are 80 unc ertain at present 
that the value of such analyses would be quest ionable. It is 
the goal of the br eeder research and d evelopment to reduce such 
uncertainties. 

Fir st of a ll ,  the prinCipal focus of the LHFBR Program desct' ibed in the Draft 
Supplementary EIS is to demonstrate the hardware of LHFBR power plant s .  This 
program has very little resemblance to a research program on : the uncertaint ies 
in the d iscount rates used to determine t he value of suc h a program, in t he 
future of U. S .  nuclear capacity, or even uncer ta int ies in the future cost 
of coal ! 

Secondly, the uncertainties in the parameters which are critical to a cost/benef it 
analysis of the breeder -- future U . S .  nuclear capac ity growth, the magnitude of 
U. S. uranium resources, and the cap ital and fuel cycle cost d ifferent ia l s  between 
LHFBRs and LWRs -- have been signif icantly reduced since the AEC-ERDA c o st /benef it 
analysis was publ ished . Indeed , it appears from the DOE ' s  own analyses that t hey 
have been reduced enou gh so that the values of the key parameters u sed by the 
AEC and ERDA in their j u st if icat ion of the LHFBR demonstration program are now 
way ou t s ide the rema ining uncertainty bonds and t hat ,  as a result , it 
is pointless to go ahead with an LHFBR demonstrat ion program a t  this t ime .  

On page 43 the Draft Supplementary EIS .tates t ha t :  

t he  prudent course i s  to  gear the development program toward 
possible commerc ial izat ion of LHFBRs fairly early in t he n""t 
century. 

Yet , at the same t ime, the DOE has refused to present in this document it s own 
analyses which support by a very wide margin a conclu sion t ha t  the LMFBR will 
not be needed early in the next c entury .  

I n  the pa st the AEC, ERDA and DO E  a l l  accepted the basic assumpt ion whic h 
led to the requirements of Environmental Impact Statement s :  the publiC has  
r ight to expect the government to present the rationa le f or  its proposed programs 
for publiC and peer rev iew. This was done in WASH-15 3 5 ,  and ERDA-153 5 .  A number 
of independent policy analysts took a great deal of trouble to crit ique these 
analyses9 and, as I have d ... onstrat ed  above, the DOE ult imately c hanged its own 
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proj ec t ions drastically. Yet now the DOE, l ike t he tallors in Hans Clu-istian 
Ander sen ' s fairy tale, d emands t ha t  the public admire -the invisible new clothes 
whic h it has produced in this Draft Supplementary EIS and accept the bland 
rec OJlDDendat ion that to proceed with the UlFBR demonstrat ion program ,,",uld be 
"prudent . "  

The requirement s t ha t  goverlllllental agencies prepare Envirolllllental Impac t 
StatJlments on their major programs ... s a big step for ... rd to ... rd provid ing 
c it iz ens with access to the informat ion and analyses which t hey require if 
their rights as c itizens are to be meaningful in an increasingly complex soc iety. 
In this context , acceptance of this Draft Supplementary EIS ,,",uld be a step 
backward s .  I therefore request, both in t he interests of good public policy 
in this case and in the interests of good government more generally, that the 
DOE witb:lraw this Draft Supplementary EIS and publish a new draft which inc lud es 
the results of DOE ' s  updated cost/benefit analysis. 

S incerely yours ,  

�--1 _� 
Frank von Hippel 

PvB/zk 

References and Footnotes 

1) US AEe , Proposed Final Environmental Statement, Liquid Ketal F1st 
Breeder Reactor Program (WASH-1535, December 1974 ) ,  p .  11 . 2  - 11 . 3 .  

2 )  ref . 1 .  pp. 11 . 2-4,  11 . 2-10, and 11 . 2-30. 

�) US DOE, ElA, Annual Report to Congress, 1980: Vol. 3 Forecas t s ,  
[DOE/ElA-0173 (80) / 3 J ,  p .  158. 

4) Compare Ref. 3, p .  177 (convert ing primary energy released into pound s 
of U
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0
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5 )  U S  DO E ,  An Assessment Report on Uranium in the United States of America 
[GJO-lll (8) , 1980J , p. 1 .  

6 )  US DOE, Nuclear Proliferat ion and Civilian Nuclear Power : Report of the 
NonProliferation Alternative Systems Assessment Program (Draft DOE/NE-0001, 
1979 ) , Fig . 11 . 

7) Using the curve shown in ref. 6, fig . 6 for the economics of a 30 
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9 )  See e . g . , the report to ERDA b y  the following members of ERDA ' s  LHFBR Review Stearing Committee; Thomas B. Cochran , Russell E. Train , 
Frank von Hippel and Robert B. Williams , Proliferation Resistant Nuclear 
Power Technologies : Preferred Alternatives to the Plutonium Breeder 
(April 6, 197 7 )  and the Subsequent publicat ion by Harold A. Feiveson, 

Frank von Hippel and Robert H. Williams , "Fission Power: An EvolUt ionary Strategy. "  �, January 29. 1979. p .  330. 
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OICLAHOIIA DE"A"T"�NT OF �CONOil/C AND CO .... UN/TY AFFAI"S 

FEDERAL ASSISTANCE MANAGEMENT DIVISION 
State Grant-In-Aid Clearinghouse 
_ N .  LINCOLN, SUIT�'II OKLAHO .. A CITY, OKLAHOIIA T3fD5 (<<15/ 52'-'200 

January 20 , 1982 

-Yr . Wallace R .  Kornack , NE-6 GTN 
O f f i ce of Nuclear Reactor Programs 
Of f ice of the Assistant Secretary for Nuclear Energy 
U .  S .  Department of Energy 
Washington , D . C .  20545 
RE :  Draft Supplemental Environme n t al Impact St atement to 

the f inal EIS on t he Liquid Metal Fast Breeder Program 

Dear Mr . Kornack : 

Th i s  letter acknowledges rece ipt of t he draft supplemental 
Environmen tal Impact St atement to t he final E I S  on the Liquid 
Metal Fast Breeder Program . 

This o f f ice does not have any record reflect i n g  the 
review of t he Liquid Metal Fast Breeder Program prepared by 
the U. S .  Energy Research and Development Administ rat ion in 
December 1975 . 

Therefore , due to the short time frame before comme n t s  
o n  t he supplemental Environmental Impact St atement a r e  r e 
quested , t he Oklahoma S t a t e  Clearinghouse subm i t s  no comment 
on the supplemental st atement . 

DNS : lrm 

�el� 
Don N .  Strain 
Director 

A � STATE CLEAR IN G H OUSE 
30 EAST BROAD STREET . 39TH FLOOR . COLUMBUS, OHIO 4321 5 

January 2 1 ,  19B2 

Mr. Wal l ace R .  Karnack 
Office of Nuc l ea r  Reactor Programs 
Office of Ass ' t  Secretary for Nuclear Energy 
U .  S .  Department of Energy 
NE-6, Room H-404 
Germantown , Mary l a nd 20545 

• 614  I 466-7461 

RE : Review of Env i ronmental Impact Sta tement/As ses sment Report 
T i t l e :  Draft Suppl ement Envi ronmenta l Impac t  Statement on the 

Liquid Metal Fa s t  Breeder Reactor Program. 
SAl Number : 36-471-0016 

Dear App l i ca n t :  

Your Env i ronmental Impact Sta tement/As sessment was received o n  the 
above date . The review process wi l l  now beg i n  a t  the state l evel . You 
may expect noti fication that the review has been comp l eted no l a ter than 
40 days fol l owin9 the receipt date of a draft Env i ronment Impact Statement/ 
Assessment and 32 days for a final Env i ronmental Impact Statement/As sessment .  

A State Appl i ca t i on Iden t i fi er Number (SAl ) has been a s s i gned t o  your 
Envi ronmental Report. P l ease refer to this number in a l l  future contacts 
wi th the State Cl eari nghou se. 

Si ncerely,  

� � M 
Rose Metzger Ro�sch 
A-95 Coord i nator 
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Mr .  Wallace R .  Kornack , NE-6 GTN 
Office of Nuc l ear Reactor Programs 

Route 2 Box 27 1 �/j 
Blue Ridge. Georgia 305 1 3  

January 25 , 1 982 

Office of the Assis tant S ecretary for Nuclear Energy 
U . S .  Department of Energy 
Washington , D. C .  205 4 5  
Dear Sir ; -

I thought-we killed this mak e-work project for the Nuclear 
Community in 1 97 5 .  I was wrong . 

I aleo eee you choose not to use Mr .  Reagan ' s  rigid rule of 
only funding programs that met a so-called cost/effective cri
teria • • • • •  MMMffimmmmm .  If Solar wants a program , it must pass 
this test---but , i f Mr .  R eagan ' s  super-rich friends wants to loan 
money to fund Nuclear , i t is exempt • •  l t  wi l l  never get off the 
ground , th e  economy is in shambles , because , no Nation of two hundred 
and twenty five mi l lion peoples can maintain a debt of one trillion 
dollars . And if it is bui l t , you have to borrow money to do i t .  

Th e  DOE spent six hundred million dollars o n  hardware for this 
pr o j ec t , but did not s pend any for test of the damage done to human 
cells by low level nuclear radiati o n , by such eminent MOlenuc l ear 
Biologist as Mr Walter Gilbert and his c o l l eagues---for to do s o ,  
would eo prejudice your case for Nuclear power , ( Of any kind . )  i t  
would make the Nuclear ( let ' s  borrow money t o  do i t . ) advocates 
look like c lowns . This pro ject would cost ten billion dollars , and 
give us nothing but more d ebt and danger s .  It will be just one more 
A-1 Priority target. 

I sure hope the Money-bags who l o aned the money to build the 
now o perating Nukes , have welded the safties on the Sam- 5 ' s  now 
installed and targeted on all o perating Nuc lear Power plants in 
the S outh East .  The new improved Sam-5 ' s  maintained and kept in 
constant r eadyness by Soviet crews in the silos in Cuba, have a 
range of twelve hundr ed mi les . Your Clinch river site is jus t righ t .  

The Nuclear Community of America have strategically placed LWR ' s  
across our c ountry unti l  a Soviet s tr i  .. k e , (Or a threat of a strik e )  
wi l l  render u s  slaves t o  Communism . Don ' t  give m e  that crap , " If a 
Nuclear war comes , i t doeen ' t  matter • • • •  '· It matters-- -when you have 
Plutonium up to your knees , i t helps if it never reaches you eyeballs . 
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And if a warhead hits Hanf ord Washington , and s eventy two Nukes , 
that ' s  precis ely where it wi l l  b e , as our weather moves from West 
to Eas t we ' ve had i t .  

I hear kinky little wh eels c li cking i n  your head' The Soviets 
have LWR ' s , they can be hi t . " True---bu t , get aut your li ttle ole 
World map and you will see, they placed theirs in such a location, 
that Geographically the Radioactive fal lout hi ts Alaska, Cannad a ,  
Japan, and China • • • • •  Not th e  Soviet peoples • • • •  Who needs enemi es 
when we have the Nuclear Communi ty . 

In each case where stastitics have been col lec ted and correlat�d , 
Enzyme Disfunction Dias eases , ( Heart , Fetal deaths , S trokes , and 

. 

Cancer . ) have accelerated the death toll in the populations who 
l i ve near and adjacent to Nuc l ear Ins tallations . Rocky Flats , 
Hanford , Washington , The Savannah River Atomic Ener�y Reservatio� 
at Barnwell , S . C .  ( Finial Impact S tatement 1 97 5 ) and Dr . Stern
glass ' s  correlati ons . Low level Nuclear Rad�ation kills folk s , 
and as more excapes into our Environment , more bodies will fal l . 

By the year 2000 the U .S . A .  wi ll have enough Nuclear Wastes to 
bui ld a four lane hiway from the West coast to the East coas t ,  one 
foot deep. At what point , no es the Nuclear Community say • • •  Yes • • •  

we have plenty. Plenty of Plutonium , Nuclear wastes ,megatonnage 
of bombs • • •  You won ' t .  There is enough Nuclear Arms today to kill 
four and one half bi l l i on peopl e , fourty time�over • • •  and s ti l l  the 
Congress jnd Senate says more , more , more . 

We the people have one chanc e .  If the Super-rich who loans 
funds to build Nuclear power planta becomes frightened and thinks 
they might loose their power over the control , a  Nuc lear accident 
will happen , somewhere , and the Politicans of this planet wi l l  rush 
to enact legi sation to ban Nuc l ear Power Plants to protect their 
consti tuents , thus , becoming hero s .  The peoples taxes wi ll be 
collected and pay the Super-rich their funds , ( Wi th interest of 
course . )  and every one wi ll be happy ever after . 

Sincere� 
� '-':o;t� 



Atomic. International DlvI.lon 
Energy System. Group 

8900 De Sato Avenue 
Canoga Park. Cajfomia 91304 

Telophone: (213) 341·1000 
TWX: 910-494-1237 

ESG CN PK 
Tetex: 181017 
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January 29,  1982 

'1' 
Rockwell 
International 

In reply refer to 82ESG-1 162 

Mr . Wa l l ace R. Kornac k ,  NE-6 GTN 
Office of Nucl ear Reactor Programs 
Office of the Ass i stant Secretary 

for Nuc 1 ea r Energy 
U . S .  Department o f  Energy 
Wa shi ngto n ,  D . C .  20545 

� ; '''I . ,l 

Dear Mr. 'tdr� k :  

Subjec t :  Review of LMFBR Program Draft Envi ronmental Impact Statement 

We apprec i a te ha v i ng the opportun i ty to review and comment on the Draft 
Envi ronmental Impact Sta tement for the L i q u i d  Metal Fa st  Breeder Reacto r  
Program, DOE/ E I S-0085-D dated December 1981 . I n  genera l , we feel the 
document i s  wel l  wri tten , qu i te comprehens i ve and appropri ately bal ance d .  
W e  wo u l d  however l i ke t o  s uggest a few addi tions : 

1 .  Under Sec t ion I V ,  A ,  2 ,  c ,  ( 1 )  Fuel Reproces s i ng ,  we wou l d  suggest 
tha t some ac knowl edgement be made o f  the fact tha t LMFBR fuel 
reproce s s i ng is wel l al ong toward being a demonstrated technol ogy . 
B r i ta i n  and France have al ready s ucces s ful ly reprocessed substantial  
quanti ties o f  spent LMFBR fuel from DFR, PFR , Rapso d i e  and Phen i x  
a t  thei r  respect i ve reproces s i ng fac i l i ties a t  Dounreay , Scotl and 
and at Marcoul e  and LaHague in Franc e .  ( Re f .  BNES Conference on 
Fas t  Reactor Fuel Cyc l es , Londo n ,  November 9-12 , 198 1 )  

2 .  Under Sec t i on V I ,  A ,  4 Heal th E ffects , some recogni t i on shoul d be 
gi ven to the much l ower dose rates recei ved by LMFBR workers than 
by convent i onal LWR plant worke r s .  For i n s ta nc e ,  the tota l exposure 
recei ved by al l workers i n  the first eight yea rs of Phen i x  opera tion 
( - 60 person-rem) is l es s  than that recelVed in one month by a l l  
workers i n  a typi c a l  U . S .  LWR i n  1980 ( - 65 . 9  person-rem) . ( Re f .  2 1 .  
Section  I I I  and Ins ide Energy September 18 , 1981 ) 
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'1' 
Rockwell 
International 

3 .  We wou l d  appreciate your adding the Atomics Interna t i onal Di v i s ion 
of Rockwel l I nternat i onal to your l i s t  of Industri al Organi za t i ons 
on page ix.  We al so woul d be pl eased to assist you in preparing 
any further updates o f  the E I S .  

Thank you aga i n  for g i v i ng us the opportun i ty t o  review and comment o n  
t h i  s dra ft . 

Very trul y you r s ,  

J))  �(..\ 

JSM: bw 
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Mr . Wa l l a c e  R .  Kornac k 

GENERAL COUNSEL OF THE 
UNITED STATES DEPARTMENT OF COMMERCE 
Washington, D.C. 20230 

Off ic e o f  Nuc l e a r  Re a c t o r  P r o g r am s  

Off i c e  o f  t h e  As s i s t a nt S e c r e t ary f o r  

N u c l e a r  Energy 
U. S. Dep a r tm en t  o f  Energy 
W a s h in g t o n , D. C. 2 0 5 4 5  
Dear Mr . Korn a c k : 

Th i s  i s  in r e f e r e n c e  t o  your d r a f t  env ironme n t a l  imp a c t  
s t a t ement ent i t l ed " L i q u i d  M e t a l  F a s t  B r e e d e r  Re a c t o r  
P r o g r am . "  T h e  enc l o s e d  c o mm en t s  f r om t h e  N a t i on a l  
O c e a n i c  and Atm o sp h e r i c  Adm i n i s t r a t i o n  a r e  forwarded 
f o r  y o ur c o n s i d e r a t ion . 

. 

Thank y o u  f o r  g i v ing u s  an oppor t un i t y  to p r o v i d e  t he s e  
commen t s ,  wh i c h  w e  hope wi l l  b e  o f  a s s i s t ance t o  you . 
We wo u l d  app r e c i a t e  r e c e i v ing four c op i e s  of the f i n a l  
env i r onmen t a l  s t a t ement . 

S i n c e r e l y ,  

y,",�"'>-", :3 Lj-C.�-·' 
Robert T .  M i k i  /� 
D i r e c t o r  o f  Regu l a t ory Po l i c y  

Enc l o s ur e : Memo from Edwa r d  P. My e r s  
Off i c e  o f  t h e  Adm in i s t r a t o r  

Na t i on a l  Oc e a n i c  a n d  Atmo spher ic 

Admin i s t r a t ion 

® UNITED STATES DEPARTMENT OF COMMERCE 
N.tlon.' Oo .. nlo .nd Atmo.ph.rfo Admlnlnl'lltlon 
W.shington, D.C. 20230 
OFFICE OF THE AOM'''''STRATOR 

January 19, 1982 

TO: PP/EC - Jayt::e W:x:d 

FIOt: ME - &h.e.rd P. Myers &-��r(? ;� � 
IEIS 8112 . 23 - Liquid Metal Fast Bree:3er Reactor Program SlBJECT: 

My carmmts on this DEIS address only the disOlSsion of Ocean 'nlernal 
Energy Conversion (OTEC) , pages 106-107 and 213-216. 'nley are as follcws: 

( 1 )  'nle fornat of the disOlSsion is different fran that of 
other itmlS in this section of the rep:>rt ( e. g . , wird energy conversion, 
solar photovoltaic conversion, solar thernal conversion) .  A CCXlSistent 
fomat ""'-lId aid the reader. 

( 2 )  In accord with mint ( 1 ) ,  a description of the OI'EX:: process 
should be the first it"" of disOlSsion , follO\oled by !Tention of the pros and 
coos. StartiIx:! with "Proolerns " seans misleading. 

( 3 )  Under "Instituticoa1" on page 106, the reference to "licensing 
requirenents" nee:3ing to be examined sh:>uld be deleted since N:lI\A has 
published the licensing requirerrents for ccmrercial OTEC plants ( 15 CPR 
part 981 ) . 

( 4 )  In discussing work con:l.ucted to date, the Mini--<JI'E): am 0I'EX::-1 
projects should be discussed. 

( 5) The paragraph starting with "Research and develq::ment--" 
at mid-page on page 107 is another topic and should be differentiated with 
an appropr iate headiIx:! . 

( 6 )  The authors admit that the nlm1bers in Table 11 on page 214 are 
very rough. l\ca)rdingly, I feel that the last statenent on page 213,  

"It  can be inferred fran this table that the environnental 
iIrpact associated with construction will be l11.lch less for 
the LMFBR than for rrost other long-term technolcqies. "  

ME : EPM  

is misleading . Furthermore, to make such a broad staterrent about environnental 
iJTpacts based on a ccnparison of land use, _ter use, and construction llBterials 
is errcneous. 'nlere are llBnY other factors to consider. 

Thank )UI for the opmrtlnity to review the IEIS. I b:Jpe my caments 
prove helpful . 

/& (...,y�i 
.... 
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OFFICE a.r THE 

ASSISTANT D I RECTOR 

FO" ASTRONOMICAL, 

ATMOSPHERIC. EARTH 

AND OCEAN SCIENCES 

NATIONAL SCIENCE FOUNDATION 
WASHINGTON. D . C .  20550 

February 1 ,  1 982 

Mr .  Wa l l ace R. Kornack,  NE-6 GTN 
Off i ce of Nuc l ear Reactor Programs 
Offi ce of Assi stant Secretary for Nucl ear Energy 
U . S .  Department of Energy 
Was h i ngton ,  DC 20545 

Dear Mr. Kornack : 

The National Sci ence Founda tion has revi ewed the Department of Energy ' s  

suppl emental draft E I S  o n  the L i q u i d  Metal Fast Breeder Reactor Program 

( DOE/ E I S-0085-DS ) and subm i ts the encl osed comments . 

Encl osure 

S i ncerely,  

� r-/--!�t . � 
Ada i r  F .  Montgomery , �i rman 
Commi ttee on Env i ronmental Matters 

NSF Comments on L i qui d  Metal F ast Breeder Reactor Program 

1. Thi s report prov i des a hi ghly technical  assessment of the advantages 
associ ated with the earl y devel opment of L i qu i d  Metal Fast Breeder 
Reactor (LMFBR ) .  Compari sons are made with other h igh  technology 

_ future energy sources (fus i on and sol ar convers i on )  • A strong case i s  
_ presented al though complete documentat ion  i s  not al ways prov i ded for 

t h e  non-expert reader . Moreover , a number of st atements of a 
subject i ve nature are spr i n k l ed throughout the text . 

2 .  The i ssue  of a d verse p u b l i c  react i on to n u c l e a r  power i s  not 
addressed. More detai l ed d i scuss ion  of the recent and cont i nu i n g  
probl ems o f  the nucl ear i ndustry woul d  b e  hel pfu l . 

3. It i s  recogni zed that the LMFBR P rogram has been dependent upon 
appropr i at i ons . The present s t a t u s  and f ut u re s c hed u l es a re 
adequately presented . In the i ntervening t i me ,  certa i n  aspect s of the 
LHFBR proj ect ha ve advanced.  On the C1 i nch Ri  ver Breeder Reactor 
Pl ant (CRBR P ) ,  the des i gn work i s  about 90 percent comp l ete,  and about 
60 percent of the hardware has been del i vered or i s  on order. The 
env i ronmenta 1 i ssues on heal th effects ,  reactor safety , safeguard s ,  
and waste management have been put i nto a better focus . I n  part , th is  
has been due to advances and  progress of  the  test programs and 
spec i f i c  studies and effort s .  As a resu l t ,  the CRBRP can proceed with 
s i t e preparat i o n  and  constru ct i on aft e r  spec i f i c  authori z a t i ons , 
approval s ,  and contracts are l et .  

4 .  The results o f  the operat i ons of the early test fac i l  i t i es and the 
Fast F lux  Test Faci l i ty have prov i ded needed i nformat ion  i n  support of 
the CRBRP. 

5. Th i s supp 1 ementa 1 E l S  covers bri ef1y work progress i ng i n  several 
forei gn countri es . If  an i nterchange of i nformati on has not been 
establ i shed with the United States , it wou l d  seem to be advantageous 
to do so. 

6. The al ternat i ves with i n  the LMFBR and those of l ong-term technol ogies 
are covered i n  suffi c i ent detai l  to be meaningful . 

7 .  On the matter of safeguards and security , the report deal s with the 
acti v i t i es of DOE and NRC .  It seems that many other Federal agenc ies 
have experi ence here that shoul d  be taken i nto account . 

8. The matter of a trai ned workforce i s  one that the nucl ear component of 
the country and the uni vers i t i es shou l d  bri ng i nto focus . The 
Nat i onal Sci ence Foundation supports basi c  and engi neeri ng research i n  
the nucl ear areas wh ich resul ts i n  a l i mi ted number of tra i ned 
scient i sts and eng i neers . 



9 .  It appears sens i b l e  that the LHFBR Program shou l d  proceed w i th the 

CRBR P and that the Large Developmental P l ant (LOP) ought t o  be based 

in part upon some operat i onal t i me of the CRBR P .  The LOP effort a l so 

ought to t ake i nt o  account the progress and success of the forei gn 

programs . 

10. _ The NSF transferred l ead respons i b i l i ty for sol ar and geothermal 

energy research t o  ERDA i n  1975.  Thus on page 107 . reference to 

c urrent NSF act i v i t i e s  in these areas i s  i ncorrect . 

NORTHEAST ImunEs 
� ,... ,,,,., .,,,,.,,�,, ,�,,", ULL.tJ :;(�;;�;��i;t�!:j�:���.�:�""' 

Mr. Wa l l ace R .  Kornack, NE-6 GTN 
Of f i ce of Nuc l ea r Reactor Programs 
Of f i ce of the Ass i stant Secretary for 
U. S .  Department of Energy 
Wa s h i ngton, D . C .  20545 

Dea r Mr . Korna c k :  

Nuc I e a  r Energy 

Re : DOE/E I S  - 0085 - OS ( December 1 98 1 ) 

P.O BOX 270 
HARTFORD. CONNECTICUT 06101 
(203) 666-6911 • 

February 2, 1 982 

Northeast Ut i l  i t i es has g i ven strong s u p port to deve l opment programs for 
the U�FBR, for other adva nced n uc l ea r  reactor des i g n s ,  and for new energy 
techno l og i e s  i n  genera l .  Therefore, our b r i e f rev i ew of the referenced 
Dra f t  Env i ronmenta l I mpact Statement Supp l ement for the �FBR program g i ves 
us concern for the ba l ance of the v i ewpo i nt ev i dent i n  i t s  content . 

The DRAFT E I S  Supp l ement con s i ders on l y  two advanced a l ternat i ves to the 
LMFBR: f u s i on a n d  so l a r  e l ectr i c .  There are a number o f  other nuc l ear 
a l ternat i ves w h i c h  are equa l l y , o r  nea r l y  equa l l y ,  cred i b l e  a l ternat i ve s .  
These i nc l u d e :  

o advanced L i g ht Water Reactors ( ea s i ng U-dema nd ) ;  
o the Li ght Water Breeder R.eactor; 
o advanced converters ,  p r i nc i pa l l y  the H i g h  Temperature Gas 

Coo l ed Reactor ( ea s i ng U-demand ) ;  
o the Gas-Coo l ed Fast Breeder Rea ctor; 
o the f u s i on-f i ss io n  hyb r i d  breeder, as a " f i s s i  I e  f u e l  factor y . "  

The cred i b i l i t y  o f  the E I S  wou l d  b e  i nhanced i f  these ( a n d  other ) a l ter
nat i ves were fa i r l y  assessed v i s-a-v i s  the �FBR . 

S i ncere l y ,  ?:.�:-jGL 
Sen i or Sc i ent i st 
Nuc l ear Energy Convers i on Resea rch 

J LH/m 
cc : S. H. Law 



\,.t."''' "EGl/ 
+..::,v �,. UNITED STATES f¥- �_, �o\ • 

0 
. . 
� ' f  

NUCLEAR REGULATORY COMMISSION 
WASHINGTON, D. C, 20555 

.... "'1') � at> 
. .. .. . .  + February 8 ,  1 982 

Hr . wa l l ace R. Kornack 
Office of Nucl ear Reactor Programs 
Office of the Assi stant Secretary 

for liucl ear Energy 
U .  S. Department of Energy 
Washington, D . C .  20545 

Dear Hr . Kornack: 

Pursuant to your request publ i s hed i n  the Federal Register on November 
2 ,  1 981 , encl osed a re comments on DOE ' s  draft suppl ement to the Envi ron
mental Impact Statement on the L i qu i d  Metal Fast Breeder Reactor Programs . 

I f  further comments a re recei ved from our revi ewers, they wi l l  be forwarded 
to you immedia tely.  

Encl osure: 
As stated 

�L 
Paul S. Check ,  Di rector 
CRBR Program Office 
Office of Nucl ear Reactor Regul ation 
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NRC COMMENTS ON OOE/EIS-0085-D DRAFT SUPPLEMEN I 
TO ERDA- 1 535 , THE E IS  ON THE LMFRB PROGRAM 

Cost-Benefi t Ana l y s i s  - We suggest tha t OOE prepare an updated 
cost benefi t analys i s  for the LMFBR program . Al though many 
of the key pa rameters in a cost benefi t analys i s  are uncerta i n ,  
the resu l ting analys i s  coul d rel y o n  a reasona bl e range of 
val ues for key parameters and resul ts coul d be c l early i dent i f i ed 
as uncerta i n .  At a m i n i mum , DOE cou l d  pro v i de a summary of a l l  
costs a nd benefi ts with  a qua l i tati ve/quantitat i ve d i scus sion 
(when poss i b l e )  of each i tem. 

l ast l i ne : P l ease define  " l i fetime of the rad ioacti ve materi al s . "  
I s  th i s  ten ha l f-l i ves , or the b i o l og i ca l  hal f-l i fe ,  or some 
combi nation of the radiol ogi cal  and  b i o l ogica l  hal f-l i ves? 

first sentence - the text i n correctly states that ' the l i fetime 
uran i um requi rements for a LWR varies between 1 40 and 200 ST 
U308 . This is the annual urani um requi rements , for a LWR . The 
c a l c u l ations  tha t forrow-fn the Suppl ement a l l  refl ect thi s 
l atter rel ationshi p .  

R i s k  o f  Del ay - The Suppl ement uses econom i c  a rguments to justify 
the timing of the LMFBR program . The cost of not hav i n g  the LMFBR 
when needed i s  guanti fied and  i n d i rect benefi ts foregone a re a l so 
i dentified .  Al ternatively ,  the cost o f  bring i ng i t  o n  too early 
is s i mply  i denti fied as  bei ng a function of the d i rect cos t ,  the 
cost of money , and time. This  s i de of the equation shou l d  a l so 
be quanti fied and i n d i rect costs such as i n creased gov ' t  defi c i ts 
and i nflati onary pressures shou l d  be i dent i f i ed .  Final l y ,  for 
the " too early" v s .  " too l ate" scena rios to be comparative ,  they 
must be brought to the same pO int  i n  time v i a  an appropri ate 
d i scount rate . 

para . 2 :  Reasons a re gi ven a s  to why a l l  o f  the source term i s  
assumed to b e  rel eased to the atmosphere . I t  wou l d  improve the 
argument to i ncl ude an analys i s  to show that the contribution 
from the aqueous pa thway to human exposure (&  hea l th effects) 
wi l l  be s i g n i f i cantly l ess than the atmospheri c pathway. With 
respect to the a c c i dent contri bution to the source term , a 
cross reference to p .  1 34 and the footnote thereon wou l d  be 
useful . 

1 95 para . 2 :  Terrestrial  Di spersa l - i t  i s  acknowledged that the 
assumption of un i form d i stribution of TRU over the U . S .  wi l l  
underestimate the deposition immed i a tely downwind from the 
source,  and may underestimate the TRU reaching  man v i a  
food c ha i n s .  I t  woul d be approp ri ate here to ma ke a statement 
as to the possi bl e  magni tude of the underestimate . 



1 96 

200-
m 

- 2 -

para . 2 :  I t  was as sumed that the concentration o f  TRU i n  
food resul t i ng from LMFBR rel eases wi l l  be 1 percent o f  the 
concentration i n  the top 20 cm of so i l .  What i s  the range of 
uncerta i n ty in this  estimate? 

The compari sons of estimated exposures from other sources i n  
Tabl e 8 are very useful a s  i s  the d i scu s s i on o f  uncertainties  
i n  heal th effects estimates which fo l l ow.  

207 para . 1 :  What is the ba s i s  for the assumed ��O of 0 . 3  �m? 

209 

2 1 4  

0-1 

0-5 

F-6 

F-7 

fi rst ful l  paragraph:  How wou l d  the pos s i bl e  1 0-fo 1 d  variation 
i n  the quanti ty of TRU inha l ed affect the estimates of doses 
to the popul ation? 

The rel at i ve envi ronmental impacts of al ternati ve techno l og i es 
a re not supported in the text . For exampl e ,  t�ere i s  no bas i s  
for the d i fferent acreages reported for transmi s s i on l i ne s .  
Water u se for OTEC i s  reportedl y  very l arge a n d  yet there i s  
probabl y l i ttl e or no actual consumption , as  compared to , say , 
LMFBR cool ing  towers . The tab l e  i s  mi s l ea d i n g .  

para . 4 :  Evi dence, or a reference , shou l d  b e  c i ted t o  show 
the conservati sm of the soi 1 -p1 ant-man pathway mentioned here . 

para . 2 :  What i s  the ba s i s  for the statement that the 50-year 
exposure peri od wi l l  overestimate actual exposure? 

Second paragraph,  thi rd sentence - Apparent typo - Sentence 
( " In 1 980 , coal . . .  u s i ng o i l .  " )  does not make sense in i ts 
current form. 

Type - bottom of page " 3 . 3$" shoul d be 3 . 3%.  

."."f.f.O "04�. 
� ft � \� � "'., __ df 

U N I T E D  STATES E N V I R ONMENTAL PROTECTION AGENCY 
W A S H I N G TO N . D . C .  2 0 4 6 0  

Mr .  Wal lace Kornack 
NE-6 , Room H-4 0 4  

F�� � 8 f�r'  

Office o f  Nuclear Reactor Programs 
U . S .  Department of Energy 
Germantown , Maryland 2 0 5 4 5  

Dear Mr .  Kornack : 

T H I:  A D M I N I S T R A T O R  

In accordance with Section 309 of the C l ean Air Act , a s  
amended , t h e  U . S .  Envi ronme ntal Protection Agency ( EPA) h a s  
reviewed t h e  dra f t  supp lemental Environmental Impact S tatement 
( E I S )  for the U . S .  Department o f  Energy ' s  (DOE ) Liquid Me tal 

Fast Breeder Reactor Program. Thi s  EIS ha s been i s sued to 
con s ider the environmental aspects of changes to DOE ' s  
l iquid metal f a s t  breeder reactor program s ince an ear l ie r  
EIS ( ERDA-1 5 3 5 )  w a s  i s sued i n  Decembe r ,  1 9 7 5 . 

EPA commends DOE for presenting thi s information to the publ i c .  
The EIS adequate l y  con s iders the envi ronmental aspects of 
DOE ' s  program c hange s .  I t  i s  our expectation that DOE or NRC 
w i l l  continue to i s sue s i te s p e c i f i c  E I S s  for fac i l i t i e s  
constructed a s  part of t h i s  program. 

In keeping with our procedures EPA has rated this EIS LO-l 
( lack of obj ections and an adequate ana l y s i s ) .  Should you 

have any que s t ion s on our revi ew , p lease cal l Dr . W. Alexander 
Wi l l i ams ( 7 5 5 - 0 7 9 0 )  o f  my s ta f f .  �-?c:Jour s , {l� ���l 
Paul C .  cah i l l� 
Director 
Off ice o f  Federal Act i v i t i e s  
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I I I  949-0049 

February 8 ,  1982 

Mr . Wallace R .  Kornack 
Off ice of Nuclear Reactor Pr ogr ams 
Office of Ass istan� _Secretary 

for Nuclear Energy 
U . S .  Department of Energy 
NE- 6 ,  Room H-4 0 4  
19901  Germantown Road 
Germantown, Maryland 20545  

W�tem Off&e· 
15 I 2. A.RNY STI.E,ET 

IAN FLUCCUCO, CA.LIF. 9 4 1 0 8  
4'5 4 1 1-656, 

comments on the Draft Environmental Impact Statement , 
L iquid Metal Fast Breeder Reactor Program 
(SupplemE!nt to ERDA-1535 )  (December 198 1 )  

Dear Mr . Kornack : 

We are w r i t ing on behalf of the Natural Resources Defense 

Counci l  ( -NRDC - )  to present our comments on the draft 

supplemental environmental impact s ta tement , -Liquid Metal Fast 

Breeder Reactor Program- , ( the -DEIS - )  released by the U . S .  

Department of  Energy on December 1 7 ,  1981 . 

On August 2 1 ,  198 1 ,  we wrote to Secretary of Energy James 

Edwards r equesting that the F inal Environmental Impact 

Statement on the Liquid Metal Fast Breeder Reactor ( th e  

-LMFBR- ) Program ( ERDA-15 35) be - thoroughly r eevaluated and 

revised to reflect the s igni ficant new informat ion and changes 

2 

in conditions- s ince i t  was i ssued in 1975.� In the lette r ,  

w e  discussed in detail f ive areas in which there  was a 

part icular need for substantial updating :  s it ing , accidents , 

economic costs and benefits , safeguards,  and management of 

r adioactive waste. In response to the notice o f  intent to 

prepare the DEIS  (46 Fed . Reg . 54397,  November 2 ,  1981) , we 

again submitted a copy of our August 21st  letter and 

reemphas ized the need for a revision of the cost�benefit 

analys is for the LMFBR prog r am.�/ 

The DEIS  appear s  to be a hal f-hearted attempt by DOE to 

comply with the r equirements of the National Environmental 

policy Act ,  42 U . S .C .  SS 4321  !! �. The DEIS fails to 

addr ess a l l  of the i ssues and many of the relevant s tudies 

identi f ied in our August 21st lette r .  The benefits of nuclear 

power are h igh lighted , while the ser ious problems with this  

technology are  either ignored or downplayed . Alternatives to 

the LMFBR Progr am are  e i ther not identified or not meaningfully 

discussed . As a resul t ,  the DEIS lacks the objectivity and 

comprehensiveness required to provide a r easoned basis for a 

decis ion to proceed with the LMFBR Program. 

*/ Lette r ,  dated August 2 1 ,  1981 , from Barbara A .  Finamore ,  
S� Jacob Scher r ,  and Thomas B .  Cochran t o  James Edward s ,  
Secretary o f  Energy.  

**/ Lette r ,  dated November 23 ,  1981 , from S.  Jacob Sche r r ,  
NRDC , to Wal lace Kornac k ,  DOE. 
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In Part I of these comment s ,  we d iscuss the failure of the 

DEIS to update the cost/benef it  analys is for the LMFBR and to 

cons ider all reasonably foreseeable consequences of the 

Prog r am. In Parts I I-V, we provide speci f ic c r i t icisms o f  the 

treatment in the DEIS  of the following issues : Purpose and 

Need for the LMFBR Program: Alternatives: Environmental 

Consequences -- Reactor Safety, Safeguard s ,  Waste Management , 

and Health Effects: and CRBR S i t ing . 

4 

I .  MAJOR INADEQUACIES OF THE DEIS 

A .  Need f o r  a Co st/Benefit Analys is 

One glar ing deficiency of the DEIS is  its fa ilure to revise 

the woefully outdated 8 4 -page FES economic cost/benefit 

analysis of the LMFBR program. Th is deliberate omission of 

mater ial already in  existence and v ital to a full understanding 

of the program v iolates the National Environmental policy Act 

( 4 2  U . S . C .  S 4321  et � . ) ( "NEPA " ) ,  including i ts mandate that 

all agencies comply with its provis ions in good faith and to 

the fullest e xtent possible.  Given the mass ive and complex 

nature of the fast breeder program , the lack of any meaningful 

compar ison o f  program costs and benef i ts r ender s  the DEIS 

v irtually unusable as a decisionmak ing too l .  Full NEPA 

compl iance requires that DOE prepare and c i rculate a r evised 

LMFBR cost/benef i t  analysis to allow full public d iscussion and 

cr i t ique of the f igures the agency appears so anxious to h ide.  

The idea of an LMFBR cost/benef i t  analysis i s  not new: 

indeed , DOE and its  predecessors have been pr epar ing s uch 

�ocuments s ince 1969�/. Both the Draft�/ and Proposed 

*/ U . S .  Atomic Energy Commiss ion, Division of Reactor 
Development and Technology , "Cost-Benefit  Analysis  of the U . S .  
Breeder Reactor Program , "  WASH-1126 (Apr i l  1969) . See a lso 
U . S .  Atomic Ene rgy Commission, Division of Reactor Development 
and Technology, "Updated ( 1970)  Cost-Benefit Analys is of the 
U . S .  Breeder Reactor Program , "  WASH-1184 (Jan. 1972 ) : U . S .  
Energy Research and Development Agency, "The LMFBR- Its Need and 
T iming , "  ERDA-38 (May 1975 ) . 

**/ U . S .  Atomic Energy Commis s ion , " DRAFT Environmental 
Statement , L iquid Metal Fast Breeder Reactor Progr am , "  
WASH-1 5 3 5 ,  Ch apter I I  and Appendix I I I-B (March 1974 ) . 
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Fina l LMFBR Env ironmenta l Impact Statements ( " PFES" ) :/ 

�ubmitted by the Atomic Energy Commiss ion conta in substant ial 

cost/benefit  analyses of the breeder program. The latter 

analysis r eceived extensive publ ic comment * */ and careful 

scrut iny by the Energy Research and Deve lopment Administration 

( ERDA) and i ts Internal Review Board . Th e Internal Review 

Boa rd dec lared that "analys is of economic costs and benef its of 

the LMFBR progr am" was a major i ssue , and that r igorous 

cost/bene f it analysis is  necessary i f  the PFES is to provide ·a 

sufficient b as i s  for determin ing the acceptab i l ity of the 

envi ronmenta l and economic aspects of the LMFBR program . "***/ 

As a r esu lt,  the f inal Environmental S tatement was r evised to 

contain a comprehensive 84 -page cost/benef i t  ana lys is Jesigned 

to · clar i fy the princ ipal i ssues r egarding the economic 

feasib i l ity of the LMFBR . "* * **/ 

*/ U . S .  Atomic Energy Commiss ion, ·pr oposed Fina l  
EnvIronmental Statement , Liquid Meta l Fast Breeder Reactor 
Program , .  WASH-1 5 3 5 ,  Chapter 1 1  a nd Appendix IV-D ( December 
1974 ) .  

* */ See , � ,  Environmental Pr otection Agency , 
EnVIronmentar-sEatement Comment s ,  Liquid Metal Fast Breeder 
Reactor Program, EPA f D-AEC- 00106-00 ( Apr i l  1974) , r epr inted 
in PFES , Vo l .  VI I ,  pp . 5 3 - 3 1  to 53-8 4 .  

* **/ Report to the Administrator o n  the Pr oposed Final 
EnvIronmental Statement for the Liquid Metal Fast Breede r 
Reactor Program by the In ternal Review Board , pp. 8 ,  2 9  (June 
20 , 197 5 ) . 

* ***/ U . S .  Energy Research a nd Development Administration , 
FInal Env ironmental Statement , Liqu id Metal Fast Breeder 
Reactor Program .  ERDA-1 5 3 5 ,  Sect ion I I I  F ( DeCember 1975) . 
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ERDA felt that FES rev is ions wer e  necessary s ince in the 
one year s ince the PFES was issued , est imates of future 
e�ectrical energy requi rements ,  uranium enrichment costs,  
uran ium ore costs , nuclear plant capital costs and R , D costs 
had all changed substant ially :/. ERDA Adminstrator Rober t  C .  
Seamans,  J r .  r ecognized that such estimates would continue to 
change as significant new information develops,  and tha t  such 
changes should be r eflected in later EIS supplements or "even a 
new Statement . " ::/ Seamans agreed with the ERDA Internal 
Review Board that " ( f l uture events w ill narrow the bands of 
uncerta inty and permit a mor e  rel iable verdict on the LMFBR 
economics . " ** */ 

Th ere h ave in fact been d ramatic changes s ince 1975 in 

est imates of the capital cost of breeder s ,  electr icity 

demand , the r ole of nuclear power , and uran ium availabil ity 

necess itating changes in vitually every section 

:/ FES at p. I I I  F-2 0 .  

* */ Admin istr ator ' s  Findings o n  t h e  Liquid Metal Fast Br eeder 
Reactor Program Proposed Final Env ironmental Statement , p. 8 
(June 3 0 ,  1975)  
* * */ I n ternal Rev iew Board Report a t  2 8 .  
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of the FES cost/benef i t  analys is to br ing it up to date �/ . 

!h ese changes have been documented i n  a plethora of LMFBR 

cos t/benef i t  analyses prepared s ince 1975**/, several of wh ich 

were authored by DOE and s ubmitted to Congress for use i n  

*/ S e e ,  � Ross & Williams , Ou r Energy-Rega in ing Control , 
McGr aw-Hirr-{19 8l)  1 Gibbons & Chandle r ,  Energx : The 
Conservation Revo lutionl Nat iona l Audubon Soc1ety Energy Plan 
(April 19 8 1 )  1 Union o f  Concerned Scient ists , Ener�y Strateg ies 
( 19 8 0 )  1 Demand and Conservation Panel of the Comm1ttee on 
Nuclear and Alternative Energy Systems , Alte r native Energy 
Demand Futures to 2 0 10 ( 1979) 1 Rodberg , Employment Impact of 
the Solar Transi tion ( 197 9 ) ; Sant , et al. , The Least-Cost 
Ener§t S tr a te�y :  M1nimiz ing Consumer COSts Through Competi tion 
(197 ; The E 3 5  A1ternat 1ve Ene rgy Fu tures Study Team, 
Alternative Energy Futures : An Assessment of U . S .  Options to 
2 0 2 5  (197 9 ) ; Stobaugh & Ye rgin , Ene rgy Futu r e :  Report of the 
Energy Project a t  the Harvard Bus 1ness School, Harvard 
Univer Sity ( 19 7 9 ) ; Taylo r ,  The Easy Pa th Energy Plan ( 19 7 9 ) ; 
Leach e t .  a l . , A Low Energy Str ategy f o r  the Un1ted K i ngdom 
( 19 7 9 ) ; cnrIstensen,  Cr aig , et . a1. , D1str 1buted Energy Systems 
in C a l i fornia ' s  Future ( I n terIm Report)  ( 1978) ; Broo k s ,  
Economic Impact of Low Energy Growth In Canada : An Initial 
Analys 1 s  ( 1 978) . 

* */ See , � . , Chow, Br i an G . , Economic Comparison of Breeders 
and L�t Water Reactor s .  A Repo r t  Prepared for the U . S .  Arms 
Contro and D i sarmament Agency by Pan Heurist ics (Contract No . 
AC8NCl13)  (July 2 3 ,  197 9 ) ; Sharefk i n ,  Mar k ,  "The Fast Breede r 
Reactor Dec i s ion : An Anal s i s  of L imits and the Limits of 
Analys i s ,  a Report Prepared for t e J01nt Econom1C Comm1ttee by 
ifesources for  the Future ( Apr i l  9 ,  1976) ; Manne , Alan S . ,  
·ETA : A Model for Energy Technology Assessment , ·  Bell Journal 
of Economics and Management Service , pp. 3 7 9-406 ( ·Autumn 
1976 ) ;  Richel s ,  Richard G .  and Plumme r ,  James L . , ·Opt ima l 
Timing of the U . S .  Breeder , ·  Energy Pol icy, pp. 106-121  (June 
1977) ; Chow , Brian G. , The Liquid Metal Fast Breeder Reactor , 
An Economic Analysis ( AmerIcan Enterpr 1 se Inst1tute, December 
1975) . 

8 

Congress ional dec is ionmak ing on the program.�/ In recognition 
&f the wealth of new analyses , est imates, and data,  NRDC 
requested on two separate occas ions that DOE reverse its FES 
cost/benefit analys is. **/ Yet DOE has r efused to i nclude such 
revisions in the DEI.S , based on the utterly remar k able 
a ssert ion that ·no such further cost/benefit analyses h ave 
been pe rformed · ( 3 ) .�/ Th is glaring omiss ion is in complete 
v iolation of both the letter and spir i t  of the Na tional 
Env ironmental Policy Act , 42 U . S . C .  S 4 3 2 1  et seq. ( .NEPA " ) . 

�/ �r: � . , U . S .  �nergy Research and Deve lopment . Administr�t10n , ·A Rev1ew and Update of the Cost-Benef 1t 
Analysis for the L iquid Metal Fast Br eeder Reactor ( LMFBR) , ·  A 
Study Prepared for the use of the Jo int Economic Commi ttee of 
the Un ited States ( May 2 7 ,  1976) ; U . S .  Department of Energy , 
Off ice of Energy Resea rch,  · The Nuclear Strategy of the 
Department of Energy , DRAFT ( Sept . 2 6 ,  1 9 78 ;  Ed itor ial 
Revisions ,  Feb . 15,  1979) ; U . S .  Depa r tment of Energy , .Nuclea r 
Prol i fera tion and C i vi li an Nuclear Powe r ,  Report of the 
Nonprol iferation Alternat ives Systems Assessment Program , .  
DOE/NE-0001/5 (June 1980 ) , For an example o f  the use of 
cost/benefit  ana lyses as an essent ial pa r t  of DOE ' s  leg islat ive 
strategy , see Memor andum , dated Apr i l  1 0 ,  1 9 7 9 ,  from John M .  
Deutch ,  DOE , t o  Jim Free and Joe Kearney , ·Draft Leg islat ion 
Regard ing the Cl inch River Br eeder Reactor • •  

* * /  See Letter , dated Aug . 2 1 ,  1981 , from Ba rbara A .  
FInamore; S .  Jacob Sche r r ,  Thomas B .  Cochran, NRDC , to James 
Edwards ,  Secretary of Energy , enti tled "EIS Requ i red for the 
Liqu id Metal Fast Br eeder Reactor Program· , Lette r ,  dated 
November 2 3 ,  1981,  from S .  Jacob Scher r ,  NRDC ,  to Wallace 
Kornack , DOE. 

* * */ Numbers i n  parentheses r e fer to page numbers in the DEIS . 
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The objective of NEPA ' s  impact statement requ irement i s  to 

aid the g overnment decisionmaker and the pub l ic i n  mak ing 

meaningful  dec isions whether to pursue a program or project . 

� Save Lake wash ington v. Fr ank , 6 4 1  F . 2nd 1330  (9th  C i r .  

1981)  1 Suffolk County v. Secretary of Inter ior , 5 6 2  F . 2d 13 68 

( 2d C i r .  1977) , cer t .  den ied , 434  U . S .  1064  ( 1978 ) . In 

specif ically requ ir ing that an impact statement be prepared for 

the LMFBR prog r am,  the D istr ict of Columbia  Court  of Appeals 

noted that an EIS "permits other interested part ies -- public  

and  pr ivate - - to  evaluate the  r isks  and benefits of the 

program on the i r  own . scientist s '  Institute for Pub l ic 

Information,  Inc . ( "SIPI " )  v .  Atomic Energy Commiss ion , 4 81 

F . 2d 1079 ( D . C .  Ci r .  197 3 ) . The Court  quoted with approval one 

commenter who s tated: 

[T) he basic q uest ion i s  whether the public 
itsel f would be willing to assume these 
r isks and burdens for the sake of obtaining 
the promised benefits .  

I d .  at  1098.  The Court s tated that NEPA h as provided a means 

of answer ing this "basic question" by requ i r ing full d isclosure 

to the public and other governmental entities.  Id . a t  1099.  

The detai l  and format requ ired in the " full d isclosure" 

impact statement i s  that wh ich i s  suffic ient to enable those 

who d id not have a part in its completion to understand and 

cons ider meaning fully the fac tor s involved in c oming to  an 

informed decision.  Suffolk County, supr a ,  at 1 3 7 5 .  AS 

recently s tated by the F ifth C i rc u i t :  

10 

The EIS must contain enough information 
about a project ' s  economic benefits to  a llow 
" the dec ision makers  and other reader s  
enough deta il  concerning all  these costs and 
benefits  to permit reasoned evaluat ion and 
dec is ions . Sierra  Club v .  Morton , 510  F . 2d 
8 1 3 ,  827  ( 5th Cir . 197 5 ) . 

Environmental Defense Fund v .  Mars h ,  651  F . 2d 9 83 ,  n .  23 ( 5th 

C i r . 1981 ) . 

Thus ,  the question of whether an impact statement should 

conta in a cost/bene f i t  analy s i s ,  or other informa t ion, depends 

in l arge part on the nature and complexity of the project or  

program be ing considered . The large r , mor e  complex and more 

un ique the program,  the more a formal compar ison of costs and 

benefits is necessary to allow meaningful consideration of its 

mer i ts .  Th e Ninth C i rcuit  r ecently adopted th i s  posit ion i n  

Columb ia  Basin Land Protection Assn.  v .  Schles inge r ,  6 4 3  F . 2d 

5 8 5  (9th C i r .  1981 ) . Recognizing ,  a s  the DEIS points out ( 3 ) , 

that compliance with NEPA does not r equire a formal 

cost/benef i t  analysis for every project , the court went on to 

state : 

I d .  

Th is i s  n o t  to s a y  t h a t  a mathema tical 
cos t-benefit  analysis is  never requ ired . I f  
an  a lternative mode of EIS evaluation i s  
insuff ic iently deta i led t o  a i d  the dec is ion 
makers in decid ing whether to proceed , or to  
provide the  informat ion the  public needs to  
evaluate the  project e ffectively , then the 
absence of a nume r ically expressed 
cost-benefit  analysis  may be fatal.  

Any a ttempt by DOE to a rgue that a formal cost/bene f i t  

analysis is  n o t  required f o r  a meaningful decis ion on the LMFBR 
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program stands on extremely weak ground . The DEI S  itself 

character izes the LMFBR program a s  "a complex u ndertaking that 

st ill r equires years of intens ive wor k before its technology is 

d eveloped to a point o f  acceptable commercial r isk" ( 7 ) . Th e 

agency and its predecessors have repeatedly prepared such 

cost/benef i t  analyses for their own use and that of Congress , 

in impl icit  recognition tha t  formal economic studies are 

essential for LMFBR decis ionmak ing purposes. Furthermore , the 

DEIS recognizes that any dec ision on the appropr iate scope of 

the LMFBR development program depends i n  l arge part on i ts 

economic attract iveness ( 6 ) . DOE ' s  blatant refusal to include 

a cost/benefit analys is r enders s uch decis ionmak ing nearly 

impossible , and serves only to obfuscate tce fact that the 

LMFBR program is no longer economically v iable. 

DOE ' s  r efusal to include information read ily available from 

sources i ncluding i ts own f iles v iolates NEPA ' s  overr id ing 

statutory mandate that agenc ies mak e  a "good faith effort" 

( SI PI a t  1092) to comply with impact s tatement procedures to 

" the fullest extent possible . "  42 U . S .C .  54322 .  See Calve r t  

C l i f f s '  Coord inat ing Committee v .  u . S .  Atomic Energy 

Commiss ion , 44 F . 2d 110 9 , 1114-15 (D . C .  C i r .  1971) . Such a 

r efusal i s  particularly egreg ious in the case o f  a project such 

as th is one , wh ich involves billions of taxpayer dollar s .  As 

the D .C .  Circu it noted in r egard to t he LMFBR program: 

[�l he Commission may well be expected to 
devote more r esources toward preparation of 

12 

an impact statement for its mult i-billion 
dollar program than it would for a project 
involving a federal investment many times 
smaller . 

SIPI at 1092 .�/ 

� Accord�ng to the DEIS , DOE ' s  fai lure to update the 
cost/benef i t  analysis constitutes a representation that th e 
previous FES analys is r ema ins valid ( 3 ) . Such a r epr esentation 
g iven DOE ' s  admiss ion that all the parameters of the 
cost/benefit analys is have changed ( Sect ions I I I ,  IV, and 
Append ix F ) , renders the entire document mislead ing as we ll as 
incomplete. Th i s  failure v iol ates the Counc il on Environmental 
Quality ' s  requ irement that each section of an impact statement 
must be updated as s igni f icant new i nformation becomes 
ava ilable. 40 C . R . F .  5150 2 . 9 .  
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B .  Failure t o  Discuss Reasonably Foreseeable Consequences 

of The LMFBR Program. 

Th e DElS a lso v iolates NEPA in i ts failure to d iscuss all  

reasonably foreseeable consequences of the LMFBR Progr am 

part icularly the effects o f  a commerc ial LMFBR economy . The 

1975  FES provided a "broad overview of the many implications of 

LMFBR Progr am implementation , up to and encompass ing a fully 

developed LMFBR power plant economy . "  FES at 1 1 - 3 .  Th is  

overview included d iscuss ions of the cumulative envi ronmental 

effects of LMFBR operation to the year 2020 , the 

decommiss ioning of LMFBRs and fuel cycle fac i l i ties upon the 

completion of their  useful life ,  and the ir revers ible and 

i r retr ievable commi tments of resources that w i l l  accompany 

implementation of an LMFBR economy . �. 
ERDA included this  d i scuss ion despite its  acknowledgement 

that the " fully developed LMFBR power plant economy" i t  was 

desc r ibing and evaluating wou ld in all probabi l i ty be a "solely 

commercial industry . "  ld . at I - 6 .�/ Th is  approach is  

mandated by  NEPA, which requires that impact statements d iscuss 

all "reasonably foreseeable consequences of the proposed 

*/ In fact , the FES included in i ts reference plan substant ial 
aiscuss ion o f  the "CBR-l , "  descr ibed as " the f irst LMFBR 
project initiated by reactor vendors,  perhaps w i th government 
f inancial assistance . "  FES at 1 - 6 .  

14 

federal  act ion. �, �, Carol ina Environmental Study Group 

v. U . S . , 5 1 0  F . 2d 796  ( D . C .  C i r .  1975) . 

The DEl S attempts to cut off all  d iscussion of the 

env ironmental impl ications of an LMFBR economy by 

c i rcumscr ibing its definit ion of the "LMFBR progr am . "  DOE 

c laims that s ince " the decision on deployment and 

commerc ialization of the LMFBR will be made by the utility 

industry" r ather than the Federal Government , the government 

role ( and hence the scope of the DEIS ) should be limited to 

"early development of the technical,  engineer ing and indust r i al 

base needed to lower r isks and uncertainties to levels 

consistent with normal commercial  ventures" ( 2 - 3 ) . Yet the 

" free market"  alone will never determine the course of 

commerc ial deployment of the breeder .  Is DOE now suggest ing 

that the U . S .  Government will not have a substantial  role in  

l icensing waste d isposal and safety r esearch in  connection with 

pr ivate operation of breeder s? Given the h istory of LWRs in 

the U . S . , th is i s  s imply inconceivable. 

Even admitt ing , for purpose of argument , that the scope of 

the federal project h as indeed changed ,�/ i t  nowhere follows 

that DOE need consider only the immed iate impacts of that 

program.  As noted above , NEPA requi res d iscuss ion of !l! 

*/ Although the or iginal LMFBR progr am called for the ERDA 
Administr ator to determine whether the LMFBR technology had 
become acceptable ( in terms of safety , reliability ,  and 
ma intainab i lity)  for commercial use , presumably the industry 
would have to dec ide on i ts own whether to accept ERDA ' s  
determination before i t  would invest i n  a completely commercial 
fac i lity. 
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reasonably foreseeable future actions caused by a federal 

proposal ( 4 0  C . F . R .  S 15 0 B . 7 ) , i nclud ing both short and 

rong-term effects (40 C . F . R .  S150B . 2 7 ) , ind i rect effects ( 40  

C .F .R .  S 150 B . B ) , and cumulative impacts,  " r egardless of what 

agency or person undertakes such other actions • • • •  over a 

per iod of time" ( 4 0  C . F . R . S 150 B . 7 )  (emphasis added) . These 

regulations combine to require  DOE to consider the 

environmental impacts of a commercial LMFBR industry,  even i f  

undertaken solely by the pr ivate sector ,  as long as LMFBR 

commerc ialization can be considered a " reasonably foreseeable" 

consequence of the LMFBR program. 

Such a conclusion i s  surely the case here. In fac t ,  if one 

accepts the statements in the DEI S  regard ing the advanced state 

of LMFBR technology , its lack of s ignificant environmental 

effects , and its  favorable economics, ultimate 

commerci a l i zation appear s  almost i nevitable . Conversely, i f  

DOE does not ant icipate that LMFBR commercialization i s  

reasonably foreseeable , i t  has no bus iness proposing 

expenditures of over $20 billion to pursue the venture.  In 

either case, a r easoned decision on whether to proceed a long 

the LMFBR path must be based on an up-to-date analysis in the 

16 

DEI S ,  s imilar to the FES d iscuss ion , of the env i r onmental 

e£fects of a commercial LMFBR economy.�/ 

*/ Th is  approach i s  consi stent with that mandated by the D . C .  
Ci rcuit concerning the orig inal LMFBR impac t  statement: 

Reasonable forecasting and speculation is thus 
implicit in NEPA and we must reject any attempt by 
agencies to shirk their r esponsibi l ities under NEPA by 
labeling any and all d iscussion of future 
env i ronmental effects as "crystal ball inqui ry . "  

Scientists ' Institute for Public  Informat ion , supr a ,  at 1092 .  
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I I .  PURPOSE AND NEED FOR THE LMFBR PROGRAM �I 
A.  Role of Nuclear Energy 

The DElS a sserts  that the · t he most u rgent problem i s  

the repl acement or  o i l  and natural gas • • •  • ( 2 8) . The claim i s  

I n  not supported by any technica l ,  legal,  or  policy analysi s .  

fac t , i t  i s  no t supported by other U. S .  Government polic i e s .  

Cong ress has  not placed any new taxes on g asoline or  on o il or  

gas  imports  to d i scourage the i r  use , no r have new automobile 

effic iency s tandards been set . Long-term restrictions on t he 

use of natura l  gas by utilities were � with the 

concur rence of the Administration in Ju ly 1981 . The most 

thorough s tatements of Administration ene rgy policy , the July 

1981 Na t ional Energy Policy Plan , spec i f ically d owngr aded the 

o i l  import  issue as a bas i s  fo r government policy .�1 This 

lack  of c lear  policy d irection towards reduc ing oil and gas use 

in o the r a reas  hardly a rgues for its  par amount impor tance i n  

the context of the LMFBR prog r am. 

The opportunity to d i splace  oil in  nuc lea r  powe r is  ve ry 

l imited . On ly twenty-f ive percent of e lectrici ty i n  t he Un ited 

States is generated by o i l  and gas�/, and this  amount has 

been and w i ll continue to be declining over t ime due to 

� Th i s  part  was prepared with the assistance of David 
Goldste in  and Alan Miller ,  NRDC. 

�I DOE, Na t ional Energy Po licy Plan, a t  2 ( 19 81 ) . 

�I See DOE, Monthly Energy Review ( December 1981) . 
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inc reased power pooling and coal conversion.  Les s than 1 5% of 

national oil use i s  for generation o f  e lectr icity.  Thus ,  i t  i s  

ve ry unli kely that by the t ime t h e  LMFBR may be avai lable f o r  

commerc ial deployment ,  there w i l l  much oil  or  g a s  to d isplace . 

The d i splacement of o i l  and gas by elec t r ic ity in end use 

applicat ions is even more questionable . The electric  c a r ,  

mentioned  as an  exampie ( 2 8) , is  promptly a n d  proper ly ruled 

out ( 2 9) . I n  regard to heating , d isplac ing g as and o i l  with 

elec t ricity would involve mass ive price i ncrease s ,�1 which 

would negate the role pr oposed for e lectricity in  the DElS of 

al lowing economic g rowth ( 3 0-3 2 ,  Append ix  F) . The rationale of 

developing t he LMFBR to replace oil  and gas i s  very wea k .  I t  

would b e  economically ir r ational i n  most  u ses , infeas ible i n  

othe r s ,  and would have only small effec ts i n  the a reas where i t  

i s  poss ible . 

The central the s i s  of t h i s  section i s  that coal and nuclear  

powe r a r e  i n  effect the only sho r t-run alternatives for  

electr i c  power production. Yet there is no d iscuss ion of o ther  

alternat ive s ,  such a s  sola r photovoltaics , wind , sola r therma l ,  

a nd geothermal power , which a re a lready commerc ially available 

or in relat ively advanced stages of development ,�1 at least 

* 1  Electr i c i ty a t  10¢ per kwh, a concentrative estimate of the 
cost of produc ing and distributing nuclea r-generated electric  
pOwer to resi dences, i s  e quivalent to o i l  a t  $ 1 2 5  a barre l .  
Us ing nucle a r  elec t r ic ity t o  replace o i l  f o r  heating would result  
i n  a n  a lmost threefold pr ice i nc rease . 

* *1 california Energy Commission, Electricity Tomorrow, Chapter 2 
\T9 8l ) . 
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when compa red with the LMFBR . As a n  example , the DOE sol a r  

photovolta ics prog r am h a s  a g oal o f  $7 00/peak K W  b y  1986,  which 

would mak e  photovolta ics competit ive fo r centra l station 

ut[l ity applicat ions . �/ 

Most egregious is the f a i lure of the DEIS to d i scuss energy 

conserva tion or end-use efficiency measu re s .  NRDC has 

demonstrated t hat 1 5 0 , 0 0 0  MWE of e lectr icity can be saved 

th r ough presently ident ified improvements i n  home appliance s�/ 

La rge add i t ional saving s  c an be supplied i n  o ther end uses . 

Ef f i c ient comme rc i a l  lighting could save ove r 1 0 0 , 0 0 0  MWE o f  

e lectr i c i ty b y  t he year 2 0 0 0 ,  w i th add i t ional savi ngs from 

reduced cooling ene rgy* * */. Industrial  process effic iency 

improvements and cogene ration c an also produce large amounts o f  

powe r*** */.  These conclusions a re even more impo rtant i f  one 

*/ Photovo ltaics a re c ompetit ive at a much h igher p r ice for 
peaking appl ications i n  the Southwest , whe re sunshine and peak 
demand a re coincident d ue t o  a i r cond i tion i ng . 

* * / Sta tement o f  O . B .  Goldstei n to the House Commi ttee on 
Energy and Comme rce , Subcommittee o n  Energy Conservat ion and 
Powe r ,  Concerning the Need for  Federal Appliance Effic iency 
Standard s .  

** */ 
BuIldin Future ( 19 8 1 ) . Thi s study 
pre 1cts 1 10n s qu a re eet 0 commercial f loor space i n  
the yea r  2 0 0 0 .  I f  ave r age lighting powe r is reduced from 
c u r rent levels a t  a bout 3 watts/ft2 t o  1 wat t/f t2 th rough 
mo re ef ficient lighting systems , tas k light i ng , dayl ight ing , 
� nd reduc t i ons i n  l ight i ntens i ty , 10 0 , 0 0 0  MWe will be saved 

�/ Id . 

2 0  

as sumes some improvement in conservation techno logy . The DEIS 

a ssumes that the LMFBR need only be c ompa red with o ther supply 

technolog ie s .  Th i s  i s  a n  unreasonably narrow assumption 

because if demand i s  reduced to manageable pr oport ions , 

significant new sou rce s o f  supply would become unnecessary .  

The OEIS treats c onservation a s  a n  exogenous matte r ,  

dependent upon facters  beyond government contro l or  resea rch 

( Append ix F) . T h i s  i s  a bsurd . DOE has for year unde rtaken 

conservation resea rch,  in some cases al ready result ing in 

c ommerc ial pr oducts l i ke i mproved l ight bu lbs a nd the heat l i ke 

improved l ight bulbs and the hea t  pump wate r heate r .  

Co nserva t i on t�chnolog ies must be compared with supply 

techno log ies because they serve the same funct ion . 

The DEIS make s a very weak c ase for the conti nued need for 

new elec t r ic suppl ie s .  It doe s not address the substantial 

recent accumulation o f  evidence that effic iency impr ovements 

can  la rgely d i splac e any need for add i t iona l cen tral station 

powerplants for at least two decades�/. 

The OE IS mentions the envi ronmenta l concerns which may 

l imit U . S . c ommitment to the expanded use of c oal ( 2 9- 3 0 ) , but 

fails  totally to men tion the economic , soc ial , and 

and 
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environmenta l problems plaguing the present generation of 

nuclear power plants . The re has not been o ne new order for a 

nuclea r  powe r plant in the uni ted States s i nce 197 5 ,  while over 

6 0�nuclear plants on o rder or under construction have been 

cancelled . The re are also de facto morato r i a  on new nuclear 

power plant orders i n  Germany , Ne therland s ,  Sweden ,  I r e land , 

Belg ium , Sw itzer land ;- and Canad a .  The development of nuc lear 

powe r has been defer red or a bandoned in Austr i a ,  De nma r k ,  

Australia , and New Zealand . Thi s  downtur n  i n  nuc lea r power 

plant construction is d ue to economics�/ a nd g r owing public 

concern abou t nuc lea r s afety , pa rticularly in wake of the Three 

M i le I s l and acc ident . Only in highly-centrali zed soc ieties,  

such a s  France and the U . S . S . R . , i s  the re suf f ic ient 

bureauc r at ic power to over ide t hese d i ff icul ties.  

B.  Energy and the Economy 

The d i scuss ion i n  the DEIS of t he linkage between energy 

and economic g rowth relies la rgely in obsolete theories ( 3 0-3 2 ,  

Appendix F ) . The basic a rgument i s  s ince energy use i n  t he 

U . S . has par alleled the g rowth of GNP i n  the pas t ,  it must 

cont inue to d o  s o  i n  the future . The most d irect refutation o f  

*/ T h e  most t horoug h stati stical analysis to d ate of 
light-wate r reactor ( LWR )  costs indicates that LWRs are  likely 
to rema in uncompeti tive w i th coal-f ired power plants in t he 
United States for the next decade . C. Komanof f ,  Power Plant 
Cost Escalat ions : Nuc lear and Coal Ca i tal Costs Re ulation 
an Econom iCS  
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the energ y/GNP link i s  provided by compa r i sons w i th other 

nati ons , wh ich s hows that some nat ions , i nclud i ng Japan and 

Wes t  Ge rmany , use half as muc h  energy per unit of GNP the n the 

U . ��/, while mainta i n ing v igorous economic g rowth.  Th is 

decoupl ing o f  ene rgy and GNP i s  even more str i k i ng for 

electr ic ity.�/ 

S i milar varia tions occur among states in the U . S . Fo r 

example , Cal i fornia in 1979 used 18%  less energy per capita 

than the nat ional average , but has a 14%  h igher personal 

i ncome .�/ Eve n if the historic data were more convi nc i ng ,  

past trends do not d i ctate the future . Pa st t rends from early 

Ame r ican h i story through 19 7 0  indicated a steady flow of 

population from r ural a reas t o  c i ties.  Th is t rend was reviewed 

in 198 0�/. Histor ic data also indicate a nea r  constant rate 

o f  a uto acc idents per unit of GNP* ****/,  as well a s  

cor relat ion s between the consumpt ion o f  alcohol and tornadoe s .  

Ye t assert ing that such t rends must c ont inue i s  a bsurd . 

*/ See,  D . B .  Go ldste in and A . H .  Rosenf ield , "Conservation 
and Pea k-pQwe r--Cost and Demand " ( Lawrence Ber keley Labo ratory,  
LBL-4 438,  1975) . 

�/ Id . 

* **/ See , S tatis tical Abstrac t  of the U . S .  ( 1 980)  a nd eaIIfornra-Energy Commission , Elec tr ic ity Tomor row ) .  
* * * */ Statistical Abstract for  the U . S .  ( 1 9 8 0) 

�/ ld . 
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The DE IS implies that a steady growth i n  energy consumption 

i s  needed t o  a ssu re a healthy , growing u . s .  economy . Howeve r ,  

deta iled analyse s o f  the fas t-growing Wes t  Coast regions show 

zero or even negat ive g r owth in energy use would achieve the 

same economic obj ective s at a lowe r cost�/ .  A low-cost 

solution means l ittle or no elect ic ity growth , because 

inord inate amounts o f ' gross pr ivate domestic i nvestment must go 

i nto bui lding power plants . A pol icy d i rected towa rds 

i ncre ased growth will the refore e i ther waste capital on excess 

capacity,  a d r ag on t he economy , o r  s i phon c ap i tal away f r om 

more product ive ef f ic iency improvements.  

C .  Ra tionale for LMFBR Deve lopment 

The DE IS fails to provide any meaningful rat ionale for the 

LMFBR prog r am .  I n  effect,  i t  s tates t h a t  t he LMFBR i s  one of a 

number o f  long-te rm supply opt ions and that all such opt i ons 

s hould be prese rved ( 3 2- 3 3) . Gi ven t he restra i nts place upon 

the federal budge t for energy research and development , it i s  

imposs ible t o  pursue vigorously a l l  ava i lable opt i ons . This 

cons tra int i s  implic i t  in the Administration ' s  proposed FY 8 3  

* /  R . C .  Cavanag h ,  et . a l . , Choos i ng an Electrical Ene rgy 
Future for the Pac i f ic-Northwes t :  An Alternative Scenario 
(NRDC , 198 0 ) : D . B .  Goldste i n ,  et . al. , prelimina re Comments o f  
t h e  Na tural Resources Defense �nCI1 , Inc . on a ost-Effective 
�e9iona l Energy Conservation Program for the Pac ific No rthwes t  
(NRDC, 1981) : a nd L . B .  King , e t .  a l . , Moving Cal i fornia Towa rd 
a Renewable Ene rgy Futu re (NR� !ViO) . 
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budget ,  which v i rtually elim inates solar and conservation R&D. 
Some detailed r ationale for t he s ing ling out o f  the LMFBR 
program mus t be provided . The DE IS should demonstrate why 
e nQrmous expend i tures on t he LMFBR program ( $5 0 0-7 50 million 

per yea r)  a re more cost effect ive than expend itu re s  on 

a lternat ive progr ams. The DOE ' s  Ene rgy Re search Advisory Board 

( ERAS ) j us t  conducted ' such a review on R&D priorities and 

ranked the Clinch River Breeder Reactor, t he f ocal point of the 

LMFBR prog ram , third  from the last among 56 energy R&D prog rams 

w i th in DOE�/ .  T h e  ERAS report s tates that:  

" The ERAS bel ieve s  that construction o f  the 
a breeder r eactor d emonstrat ion at this t ime 
i s  not a n  urgent prior i ty and , thu s ,  
recommends t hat , unde r current budget 
const raints, t ha t  such a demons tration be 
delayed unt i l  a further t ime . "�/ 

Sinc e  the only pu rpose o f  the LMFBR i s  t o  extend and 

eventually replace u ranium suppl ies , a ny rationale for the 

LMFBR would have to rely o n  a projected s ho rtage o f  uranium 

fuel . The d i scussion i n  the DEIS of u ran ium resources shows 

_ :: i.. 2:1011S� i�E���n= !�� dom£ s t i c '.::- :. � i !..::- :: ·;::':;: � :. � s  

�/ DOE, Report o f  the Energy Research Advisory Board , 
November 1981.  

.- */ Id . ,  at 1 9 ,  4 3 .  
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fuel 215 reactor s f o r  the i r  ent i re l i fe t ime s!/. Thi s number 

substantially exceeds the total number of reactors now be ing 

bui l t  or cons ide red by U . S .  util ities--165 reactors� .  As 

no!ed earl ie r ,  there have been no new reactor o rders for f ive 

yea r s  and ove r 60 cancellation s .  

The rationale f o r  the LMFBR Program depends on t he 

assumption of vig orously revived domestic market for LWRs . 

Without at least a t r ipling of t he number of LWRs , t here i s  not 

a significant danger  of exhaust ing domestic u r an ium suppl ies.  

Yet t he DEIS provides no reasons for such a prediction. It is 

i ncons i stent to rely on continuat ions of past t rends in some 

a reas ( e nergy g r ow th as a cond ition of economi c growth) while 

fo recasting dramatic reversals of t rends ( nuc lea r  plant o rders) 

i n  others.  In  f ac t ,  forecast ing a revival of nuclea r  plant 

orders would also requ ire the reversal of anothe r t rend-- -the 

g re ater than 10% annual c ost escalat ion (ove r a nd above 

i nflation) of nuclear reactors (and othe r central power 

*/ Th i s  assumed 1 , 2 57, 0 0 0  tons of uranium reserves under $ 5 0  
per lb. , 2 0 0  tons pe r reactor-ye a r ,  a n d  a 30-yea r  reactor 
lifet ime. 

**/ DOE, Monthly Ene rgy Review, Decembe r 1981 , corrected for 
t;o Washing ton State units cancelled in January 198 2 .  
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plants) . */ With these factors weighing aga inst i t , a detailed 

exploration for projected growth in nuclear c apacity i s  

requ i red . 

� Prope rly framed , t he concern over a potent i al s hortage of 

uranium fue l  mus t be addressed i n  the contex t of an economic 

analys is of t he LMFBR versus the l ight-wate r reac tor ( the 

· LWR " )  which cons iders the othe r equally important paramete r s ,  

the c ap i tal c ost d i ffe rence between t h e  LMFBR and LWR,  future 

commi tments t o  LWRs , and improvement s  i n  the eff iciency of 

u ranium u t i l i zat ion in LWRs . 

The DEIS totally ignores the new d ata available conce rning 

the c apital cost d iffe rent ial between the LMFBR and the LWR .  

The best d at a  comes from the French expe rience w ith t he 

cons truction of the Supe r Phoenix 1200 MWe b reeder reacto r .  

The French a re now est imat ing that the Super Phoenix w i l l  cost 

2 . 3  t imes the cost a French LWR . The ·ta rget· of the French 

b reeder program is to b r ing the cost of ·mature· breeders down 

to 1 . 7 5  t ime s the cost of French LWR . At this cost 

d ifferent ial,  the plutonium b reede r would d r ive elect ric ity 

genera t i ng p r ices up by about 4 0-50 percent . Uran ium would 

have to r i se to more t han $ 1 5 0/1b.U308
- - some 5 t i mes 

the 

*/ A 1 3 . 5% real cost escalat ion r ate from 1 9 71-78 i s  
ca lcua l ted i n  C .  Komanof f ,  Powe r Plant Cost Escation : Nuc lea r  
and Co al Cap i ta l  Costs , Regu1atlon and EconomlCS (1981) . Also, 
Steam Station Cos t Surveys i n  Electric  World have shown real 
esc a lat ion r ates for all types of power plants exceeding 10%  
per year from 1970 to the present . 
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current price�/ -- before breeders would be compe titive with  

LWRs .�/ I f  uranium uti lization e f f ic iency i n  LWRs i s  improved 

by 50 pe rcent , which is likely to occur  dur ing the LMFBR 

deve lopment period , t he u r anium break-even pr ice would c limb to 

abou t $300/lb. At these price s ,  the b reeder is unli kely ever 

to be economical. 

The DEIS h as ignored u rani um s tockp i l i ng as more c ost 

ef fect ive - i nsurance pol icy- ag ainst the economic or secu r i ty 

r i s ks a ssoc iated w i th t he commerc ia l a vai labi l i ty of the LMFBR 

beyond the d ate at whi c h  i t  would be compe t i t ive with LWRs . It  

s hould be noted that using t he French - target- of an LMFBR 

costing 7 5% more than on LWR , i t  would cos t approx imately $900 

m i llion more than today ' s  r eactors. For this  amount , t he 

Uni ted States could pu rchase 1 5 , 00 0  of uranium ox ide at current 

p r i ces,  some 2 . 5  t imes t he l i fet ime f uel r equi rements of 

today ' s  LWR and 5 times the requ i rement of an advanced LWR 

design t hat could be mar keted much sooner t han the breeder.  

The ques t ion of the timing of the LMFBR prog ram is  

superf ically t reated i n  the DEIS and more properly belongs 

*/ W i th lack of reactor sa les , the uranium market is sagging 
and prices Can be expected to go s t il l  lowe r .  

* */ Th i s  assumes t hat economies o f  scale will  mate r i al i ze i n  
the breede r  fue l  cycle--a h i ghly unli kely even i n  that breeders 
viII not be i nt roduced i nto the mar ket r apidly e nough to 
j ustify the financial r i s k s  assoc iate d  with cons tructing large 
support ing fuel cycle fac i l i t ies. 
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w i th i n  the contex t o f  an economic analys i s  ( 3 9-46) . The 

conclus ion that the economic penalty from early development of 

the LMFBR fa r outweighs the penalty from late development i s  

c ompletely at odds w i th t he recent s tudy o f  Br ian Chow, which 

concluded tha t :  

-the penalty o f  delaying commercial breeder 
i ntroduction to the year 2 0 3 0  is small and 
well with i n  the noise level of long -term 
plann i ng . -�/ 

The r i sk of delay in t he LMFBR Pr ogram i s  by no means 

-one-s ided- (4 3) . The development of the breeder before it i s  

needed would i nvolve a d imension of scarce technical and 

f inanc i a l  resources from the development of more cos t-effect ive 

alternat i ves.  The pace of the LMFBR program s hould be based 

upon economic realities,  not upon institutional inert i a .  An 

exam i nation of the French-Br i tish exper ience with t he Concorde 

s hou ld make DOE more wa ry of followi ng France ' s  rush to develop 

the LMFBR. The premature development of t he breeder a lso may 

involve a s igni f icant penalty in te rms of an unnecessary , an 

i nc reased r i sk of nuclear weapons proliferat ion.�/ 

�/ Brian  Chow, - Economic Compar i son of Breede rs and 
Light-Water Reactors - ( Pan Heu ristics for the ACDA, 1981) . 

� For further d iscussion, !!! Pa rt IV C �. 
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I I I .  �LTERN�TIVES INCLUDING THE CURRENT LMFBR PROGRAM 

Much of the ea r l ier d i scuss ion i n  these c omments i nd icates 

that the DE IS does not provide a sat i sfactory ba sis for 

dec is ions as t o  a lte rnat ives to meet our "nation ' s  need for 

s table , secure, domestic ene rgy sou rces" ( 2 8 )  • Wi thout an 

updated c ost/benefit ana lys i s  and ou tside of t he c ontext of 

today ' s  realities,  the cons ideration of alternat ive s i n  the 

DEIS ( 4 9-1 10, 2 13-224)  seems unreal. The following add i tional 

shortcomings should be taken into account in revising the DEIS : 

( 1 )  The DEIS d iscusses alternatives w i thout reference to 

the impact of committing the same level of resou rces requ i red 

for the LMFBR. The impl icit assumpti on i s  t hat t he current 

statu s and projected impact of sola r systems and o ther 

a lternatives - - i nclud ing conservat i on and improved LWR 

effic iency -- would not be affected by investing add it ional 

resou rces, a patently absurd propos ition. 

(2)  The DE IS fai ls t o  d iscuss a lterna tives i n  combination . 

By d i scussing each one ind ividually , the i r  potential for 

subs t i tut ion whe n viewed in � i s  ignored . For example , 

Hawa i i ,  which has no foss il f uel resources, has a state plan to 

become se lf-suf f ic ient i n  elec t ricity by the year 200 0 .  I n  

o rder to meet this  g o a l ,  the state i s  pursui ng numerous 

d i fferent renewable energy technolog ies s imultaneously , 

i nc luding wind ,  geothermal,  and biomass. ( Ne ither of the 
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latter two technolog ies i s  even ment ioned in the DEIS . ) �/ No 

one technology can meet the electrical needs o f  Hawa i i  (or 

i ndeed t�e U . S . ) ,  but together they offer real istic long-term 
alternat ive s to the LMFBR. 

( 3 )  Even the minimal d iscussion of renewables in the DEIS 

is m isleading . Problems of different d imensions a re set forth 

as i f  they were c ompa r able. The eng inee r i ng required to make a 

blade s tay on a windmi l l  is not equivale�t to the safety 

problems to be addressed in the LMFBR Program. The DEIS should 

at least  recognize qualitat ive d i fferences in risks between 

energy s ources and the d ifferent l i kel ihoods of success i n  

address ing those r isks.  

(4 )  The DE IS omits any d i scussion o f  t he vulnerabil ity of 

va rious energy sou rces t o  d i s ruption and the impl ications for 

the economy and nat ional security .�/ 

( 5) In regard to the di scussion o f  wind ene rgy conversion 

( 9 9-10 0) , the DEIS impl i es that windmills a re still  

experimenta l .  I n  fac t ,  Hawa i i  Elec tric has entered into a 

c ontr act for 80 MWe and the Ca l i fornia Water Resources Board 

has a commi tment fo r 350 MWe . 

�/ � So la r  Age (May 1981) . 

� �, 
Sou rce s :  
Report o f  
-&TIe rgency 

� , Dispersed , Decentral ized and Renewable Energy 
Alternat ives to Nat ional Vulnerabil ity and Wa r ,  Final 
the Ene rgy and Defense Pr oject for the Fe deral 
Management Agency ( 1980 ) . 
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IV.  ENVIRDNMENTAL CONSEQUENCES 

A .  Reactor Safety 

The DEIS poses a number of important questions 

reg a rd i ng the safe ty of LMFBRs , i nclud i ng : How safe is the 

plant? Is the plant s afe e nough? What i s  the probabil i ty of 

wevent s , W  wfailure sw and waccident sW ? Is the plant designed to 

forestall acc idents o r  accomodate t he consequences of 

acc ident s? ( 1 14-1 1 5) . The DE IS the n asse rts : wA g reat wealth 

of LMFBR safety technology is avail able t oday as a, result of 

pas t  safety program efforts to obta i n  thi s i nformation for 

present a nd f uture LMFBR plantsW ( 1 15) . The impression is 

g iven that adequate answers to these questions have already 

bee n developed or will be i n  the f utu re.  Yet  a c areful read ing 

of the rema ind e r  of th is section (116-14 4 )  and a review of 

evidence which has been ignored by authors of t he DEIS (�, 
the NRC pos i tion with regard to the des ign ma rg i ns for the 

CRBR) make i t  clear that such opt imism is not well grounded . 

Wha t i s  obvious is that the author s of the DEI S  have 

systemat ically a ttempted to present t he LMFBR safety i s sue in 

the mos t favorable light by focussing upon only those a reas 

where in the i r  v iew wsubstant ial progressW has been made , while 

e i ther downplay i ng o r  exclud ing data casting doubts upon the 

safety o f  breeders.  

Wh i le admitting there still are ser i ous questions as to the 

explos ive potentia l of larg e breeders ( 117, 1 1 9 , 12 6-12 7 , 135) , 

3 2  

the DE IS fa i l s  to acknowledg e that these and oth e r  safety 

issues a re not unre solved as to even the smaller 

demons tration-si zed plant s .  The DE IS does not consider : 

( 1 )  the d i sagreement between NRC a nd DOE with rega rd to 

wha t  const itutes a n  Wadequate energetic consequence envelope 

for use in spec ifying the Structural Ma rg ins Beyond the De s ign 

Bas i sW�!.  Othe r issue s appa rently i n  d i spute includ e :  

a .  HCDA energetics 
b.  Decay heat removal 
c .  De sign basis leak for a i r-f i lled cells 
d .  Design bas i s  lea k for ine rted cells 
e. Environmental qual i ficat ion of I -E equipment 
f .  Reliabil ity of safety systems . * *! 

Accord ing to DOE s taff, i tems (a )  a nd (b) c ould whave much 

effect upon Proj ec t cos tW  in that wmod if icat ions which might 

have to be made would d epend on r esults of i nterchange w i th the 

NRC techn ica l staff . w�! 

( 2 )  The approximately 1 0 0  outstand ing safety i ssues 

compiled by the NRC staf f with regard to the CRBR.�! 

*! NRC, W An Analysis and Evaluation of the Clinch River 
Breeder Reactor Core Dis ruptive Acc ident Energetics , w  
(NUREG-012 2 ,  Ma rch 197 7 ) : Lette r ,  dated May 6 ,  197 6 ,  from 
Richard De nise to Loch lin W. Ca f fey . 

* * !  Draft  lette r ,  dated Ma rch 1 5 ,  197 9 ,  from L.W.  Caffey , 
DO!:, to J. Bartells . 

�! Id . 
A ***! Le tter , d ated November 9 ,  1978,  from W i ll iam P. Gammill,  NRC ,  to Lochlin W .  Caffey , DOE. 
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( 3 )  The d i scussion and conclus ions regard i ng CRBR safety 

addressed in the report i s sued by t he Wh ite House on May 1 1 ,  

197 9 ,  ent i tled · The Cl i nch River B reeder Reactor Projec t :  An 

End to the Impasse . ·  I t  c oncluded tha t :  

LMFBR technology presents s ignif icantly 
g reater s afety challenges than d oes t he 
convent i onal light water reacto r .  

( 4 )  The fact that o ne of the princ ipal i ssues i n  the CRBR 

l icensing proceed i ng before the NRC is whe ther a core 

d is ruptive acc ident ( i . e . , nuclear explosion) s hould be a 

des ign bas i s  acc ident .�1 

The DE IS refers to the Th ree M i le Is land acc ident i n  regard 

to the ·man-mach ine i nte rface" ( 12 7 )  and eme rge ncy response 

( 1 2 8) . Howeve r ,  t here is no d i scuss i on of o ther important 

lessons lea rned from the TMI acc ident . In particula r ,  

a ttention s hould be g iven to t he implications for LMFBRs of 

concerns regarding systems interact ion and conta i nmen t of 

d eg r aded core acc idents ( another term for core d isrupt i ve 

accidents) , includ i ng whether vent i ng i s  an appropr iate means 

of accomodating hydrogen buildup i ns ide the c ontainment.  It  i s  

ha rd to be l ieve that DOE does not y e t  apprec iate the following 

*1 
of 
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post-TMI NRC rules and s tanda rds that aay have profound effect s  

upon the l icensabi lity o f  t h e  CRBR and o ther LMFBR plant s :  

1 .  Licensing Requ i rements for pend i ng 
Construction Pe rmit and Manufactur i ng 
License Appl icat i on s ,  4 7  Fed . �. 2286-2303 
(January 15,  1982)  ( based upon NUREG-0718)  ; 

2 .  Interim Requ i rements Related to Hyd rogen 
Control- Pr oposed Ru le , 46 Fed .  �. 62281- 5 
( December 2 3 ,  1981 ) ; 

3 .  Standards f o r  the Reduction of R i s k  from 
Ant i c ipated Trans ients Wi thout Scram (ATWS) 
Events fo r Light Wate r Cooled Nuclear Power 
Plants , 46 Fed . �. 57 521-32 ( November 2 4 ,  
1981 )  • 

We a re ve ry d i smayed by the cont inued rel iance i n  t he DEIS 

upon the Rasmussen Repo r t ,  WASH - 14 0 0 .  The DE IS applies the 

s ame comparat ive r i sk approach used in the WASH-1400  Execut ive 

Summa ry to the CRBR ( Append i x  C) , while i t  completely ignores 

the number of c r i t ical  analyses o f  WASH -14 0 0 ,  e spec iallY the 

Lewi s  Report�1 and the subsequent dec is ion of the NRC to 

withd r aw i ts endorsement of the WASH-140 0 Executive Summary . 

Among the maj o r  fai ling s  o f  WASH -14 0 0  ident if ied by the 

Le wis Report and s ingled out by t he NRC were : 

The Executive Summa ry : The Review Group 
concluded that " t he Ex ecutive S ummary of the 

"TR. W. Lew1s; -et .  a l ,  - Risk  Assessment Review Group 
Repo rt to the U. S .  Nuclea r Regulatory Commission" , 
NUREG/CR- 0400  ( September 1978) . Other c r i tiques not 
addressed i n  the DEIS include S .  Ye llin,  ·The Nuc lea r  
Regulatory Commission ' s  Re ac tor Sa fety Study , ·  The Bell 
Journal o f  Econom ics 317-319 ( Spr i ng 19 7 6 ) ; Henry W. 
kendall, ·Comments on the Re actor Sa fety Study WASH-1400 
(NUREG -7 5/L04) ( Union of Concerned Scient i s t s ,  June 1 1 ,  

� 9 7 6) ; Daniel P .  Fo rd , · A  H i story o f  Fede ral Nuclear 
Safety Assessment s :  From WASH -740 through the Reactor 
Safety Study ( Un ion of Concerned Scientists , Apr i l  1977) . 
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RSS i s  a poor desc r iption o f  the contents o f  
t h e  report , s hould n o t  b e  portr ayed a s  such , 
a nd has len t i tsel f  to misuse in the 
d iscussion of reactor r i sks. - The Review 
Group ind ic ated the Execut ive Summa ry does 
not adequately i nd icate the full extent of 
the consequences o f  reac tor acc idents and 
d oes not suffic iently emphasize the 
unce rta inties involved in the calculat ions 
o f  the i r  probability. As a result,  the 
reader may be left with a mi splaced 
conf idence in the valid i ty of the r i s k  
est ima tes and a more favorable impression o f  
reactor r isks i n  compa r i son with other r i sks 
than war r anted by the study. 

Acc ident Pr obabilit ies : The Review Group 
was unable to determine whether the absolute 
probabili ties o f  acc ident sequences in 
WASH -14 0 0  are high o r  low , bu t believe s  tha t 
the er ror bounds on those estimates a re ,  i n  
genera l ,  g reatly understated . Thi s ,  the 
Report s a id ,  is true in part because there 
i s  i n  many cases an inadequate d ata base , i n  
part because o f  an i nabi lity to quantify 
common cause failure s ,  and i n  pa r t  because 
o f  some quest ionable methodolog ical and 
stat istical procedures .!/ 

The NRC Commissione r s  took the fol lowing actions based 

pr ima r i ly on the Lewis Repor t :  

( 1 )  

( 2 )  

The NRC w i thd rew any expl ic i t  o r  implicit 
pas t  endorsement of the Execut ive Summa ry o f  
WASH- l4 0 0 ; and 

The NRC accepted the Lewis Report c onclusion 
tha t the absolute values of r is ks presented 
in WASH-1400  s hould not be used unc r i t ically 
e i ther i n  the regulato ry process or for 
publ ic policy purposes . **/ 

!/ NRC S tatement on Risk As sessment and the Reactor Sa fety 
Study Report (WASH -14 0 0 )  in Light of the Ris k  Assessment Review 
�roup Report (Jan .  1 8 ,  1 9 79) . 

!!! Id . 
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B.  Safegua rds 

The d i scuss ion o f  s a feguards and prol i feration in the 

DE IS is so abstract as to be of li ttle value in evaluating the 

n�ure of the secu r i ty r isks posed by the LMFBR prog ram and the 

e ffect iveness o f  DOE and international safeguards prog ram .  At 

the outset,  the DE IS must make c lear that the breeder fuel 

cyc le d i ffers substantially in reg a rd to secur i ty r isks from 

the de f acto -once-t hrough - LWR f uel cycle now in place in the 
Uni ted State s .  In rega rd to breeders , reprocess i ng is not 
optional a nd f r�sh breeder reactor fuel is a s ource o f  weapons 
ma terial w ith a relatively straightforward and low cost 
chemical treatment.!/ DOE ' s  Non- Prolife ration Alternative 
Systems Assessment Program ( NASAP) found tha t :  

• • •  the l i ght water r eactor f uel cycle w i th 
spent fuel d i scha rged to interim storage 
d oes not i nvolve weapons-usable material i n  
any pa rt o f  the fuel cycle and i s  a more 
proliferation- resistant nuclea r  power fuel 
cycle than othe r fuel cycles which involve 
highly e n ri ched u ranium or pure 
pl uton ium . -!!! 

In regard to domestic s afeguards on LMFBRs , the DE IS lacks 

qual i tat ive data on projected safeguard goa ls and 

capabilities.  Yet the DEIS i nd icates that extens ive s tud ies 

!/ The �tlantic Counc i l  of the U. S . ,  Nuc lear Fuels Policy Wor k i ng Group , Nucle a r  Power and Nuclear Weapons Proliferation, Vo l. I a t  87. 

� * /  DOE, Nuclear Proliferat ion and C i vi l ian Nuclear Powe r :  Repo r t  o f  the NASAP , Executive Summary 5 (June 19 80) . 
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have al ready been performed on the design of safegua rd systems 

for LHFBR fuel  cycle fac i l ities ( 158 ) . The DEIS s hould 

contain : (a )  speci f ic information on defined threats for LMFBR 

fuel cycle facilitie s and transportation links,  ( b) an 

assessment of the capability of the proposed safeguards systems 

to counter these threats , (c )  assessments of safeguards systems 

and timetable for improvements based on proposed scenario  for 

LHFBR deployment with i nclusion o f  projected mate r i als flows i n  

fue l  cycle , and (d )  safegua rd ·system costs f o r  va r.ious levels 

o f  threat countering capability.  

Quanti tat ive goals of the safeguards system should be 

specif ied and capabi l i ty to achieve goals s hould be a ssessed . 

Fo r example , in d i scussing materials accountancy at 

reprocess ing a nd fuel f abrication plants,  design goals for 

unce rtainties i n  materials balance should be stated along with 

an  assessment o f  the abil ity to  detect d iver sion of s ignificant 

quanti t ies  of materials in an evolving LMFBR system. 

The DEIS ment ions that the Barnwell  Nuclear Fuel Plant 

(BNFP) is be ing used to develop advanced safegua rds concepts 

and the latest measurement and control technology ( 161) . Two 

questions to be addressed are : To what extent i s  the BNFP to 

be incorporated i n  the LHFBR program? Is i t  designed for fully 

remote reprocessing and the utilization of advanced safeguards 

technolog ies? 

Du r i ng the last f ive years , there have been a series of 

U .S . Governmen t  Accounting Off ice  (GAO) studies c r i t ical of 
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existing secu rity measures to protect nuclea r weapons ,  nuclear  

materials ,  a nd nuclear p lants.�/ 

�/- ·Unc lass ified summary o f  a c lassif ied report  entitled , 
·Shortcomings i n  the Systems Used to Control and Protect 
High ly Dangerous Nuc lear Mater ial" ( 7/22/76) : 

·Sec u rity a t  Nuclea r Powe rplants--At Best , Inadequate· 
( 4 /7/77) : 

Unc lassified summary of a c lasified report  ent itled , ·Safety 
and Transportation Safeguards at  Rocky Flats Nuclea r Weapons 
Plant" ( 5/2/77) : 

Unc lassi fied summary of a c lass ified report entitled , 
·Commercia l Nuclea r  Fuel Facil ities Need Bette r Security· 
( 5 /2/77) : 

Le tter to Chairman, John Dingell,  U . S .  House of 
Representatives , Re : unaccounted fo r nuclea r material  
( 5/5/78) : 

Unc lassified summary o f  a c lassified report  entitled , ·States 
of Physical Security Improvements to  ERDA Special Nuclea r 
Ma ter i als Transportation" ( 5 /7/79) : 

" Federal  Actions a re Needed to Improve Safety and Security o f  
Nuclear Mate r i a ls Transportation" ( 5/7/79) : 

Unclass i fied summa ry of classified repo r t  entitled , · U . S .  
Nuclear Sa feguard s--A Na tional Strategy is  Needed" ( 2/l9/80) : 

"Nuclea r Fuel Reprocessing and the Problems o f  Safeguard ing 
Against the Spread o f  Nuc lear Weapons· ( 3 /18/80) : 

Letter to Rep . Tim Wirth ,  Re : Alleged miss ing mate r ial  from 
DOE ' s Rocky Flats weapons production plant (10/1/80) : 

Unc lassified summary of a class ified report  ent itled , 
·Sec u r i ty of U . S .  Nuclear Weapons Overseas--Where Does i t  
Stand? " ( 1 1/3/8 0 ) : 

·Nuclear Diversion i n  the U . S . ?  13 years of Contradictions 
and Confusion· ( 12/18/7 8 )  Class ified Report  with no 
unc lass ified summary . 
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Given  the  failure  of the  U .S .  Government and commerica l 

operators to provide adequate protection for nuclear materials 

and fac i lities ,  what is  the basis  for the apparent optimism in 

th� DEIS that DOE will be able to develop and implement an 

effective safeguards system for an LMFBR fuel cycle which would 

require much more extensive handling and transportation of 

weapons-usable materials? 

Whi le there i s  no technical f ix to the problem of nuclear 

weapons proliferation, the DEIS fails to reflect tbe conclusion 

of NASAP noted above tha t  the wonce-throughW LWR cycle is  most 

proliferation-resistant . The DEIS appears  to assume that there 

is  a W t echnical f ixw to the difficulties of maintaining 

internationa l safeguards on the mass ive amounts of plutonium 

and the sens i tive bulk-handling f ac i l i t ies that would be 

assoc iated with  breeder programs in non-weapons states . Given 

the fact that plutonium can be used d irectly i n  the f abrication 

o f  nuclea r weapons , the abi l i ty o f  Internationa l Atomic Energy 

Agency ( I AEA) safeguards to provide W t imely warning W  of a 

d iversion i s  reduced . �/ 

The adequacy o f  the existing international safeguards 

system has been seriously questioned . In 197 5 ,  GAO pointed 

�/ �, eg . ,  Albert Wohlstetter ,  !!. a l . , Moving Toward Life 
in a Nuclea r Armed Crowd? ( Pan Heuristics,  ACDA/PAB-26 3,  1976) . 
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ou t a number o f  serious deficiencies i n  IAEA safeguards .�/ 

Whi le some o f  these problems related d irectly to technical 

inadequac ie s ,  mos t  of them involved institutiona l ,  pol i t ical ,  

an� manpower constraints . The GAO concluded that the U . S .  wmay 

be relying on internat ional safeguards which are not being 

adequately carried out. w**/ 

In May 1981,  the- GAO reported that while efforts had been 

made to address some of the safeguards defic ienc ies noted in  

the  197 6 study: 

the magnitude of IAEA safeguards 
responsibilities have outpaced these efforts 
and the IAEA continues to encounter the same 
basic problems • •  **/ 

Also in  1981 , the NRC Commissioners expressed doubt that Wthe 

IAEA safegua rds system will  not detect a d iversion i n  at leas t 

some types o f  facilities , w  presumably including r eprocessing 

and plutonium fue l fabrication plants which would be requi red 

by the LMFBR. ****/ 

*/ GAO wAssessment of U . S .  and International Controls over 
the

-
Peacef u l  Uses o f  Nuclea r EnergyW ( Report No . 10-76-6 0 ,  

September 19 75) . 

�/ .!!!. 
� GAO , wThe Nuc lear Non-Proliferation Act of 1978 Should 

be Selectively Mod i f iedw 4 7  ( Report  No. OCG-81-2,  May 21 ,  1981) . 

****/ Letter  from NRC Commissioners to Senator S impson, 
November 2 7 ,  1981.  



41 

The NASAP Repor t  notes that : 

• • •  a l though commerc i a l  deployment of the 
fas t breeder reactor is several decades 
away , both here and abroad , proliferation 
risks assoc iated with the breede r are not . 
Researc h ,  development , and demostration 
programs require the use of sens i t ive 
fac i li t ies and mater ials which , a lthough not 
o f  the same magn itude as those of a 
commerc ial-breeder economy , represent 
s ignif icant proliferation vulnerabi l i t ies .�/ 

The DEIS does not cons ider the very real danger that 

decis ions by the u . s .  Government to abandon its restraint 

concerning the commerical use of p lutonium will legitimize and 

st imulate perhaps even the premature and unnecessa ry 

introduction of reprocessing fac i l i t ies in non-weapons states . 

A breede r R , D program would provide a pe rfect cover for the 

acquisition of technology and mater ials needed for a nuclear 

weapons prog ram. As recent event s have conf i rmed , we a re 

l iving i n  an unstable world where fr iendly nations c an become 

- enemies v i rtually overnight and where terror ists can wor k  

hand- i n-hand with national governments.  B y  turning a blind eye 

to the technical underpinnings of nuclea r weapons acqu is ition,  

the Un ited States may be accelerating the movement towards a 

much more dangerous world whe re nuclea r weapons a re read ily 

available . The impl ications of further nuclear weapons 

proli ferat ion for ou r national secu rity and indeed human 

survival a re profound . 

�/ DOE, Nuclear Proli feration and Civilian Nuclear Powe r :  
Repo rt of  the NASAP , Executive Summa ry 2 2  (June 198 0 ) . 
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C. Waste Managemen�/ 

The DEIS seeks to g loss ove r  the waste management issue 

with a brie f and glowing d iscussion of the g reat prog ress that 

has been and i s  being made toward developing permanent waste 

repositories tha t will  be necessa ry to protec t humanity for the 

tens and hundreds of thousands of years that t he was tes will 

remai n  dangerou s .  The DEIS i n  this area is  inaccurate and 

grossly m isleading . 

The DEIS places g reat  emphaSis on the choice of geolog ic 

d i sposal as the bes t  means of handling radioactive waste s .  I n  

so dOing ,  i t  a ttacks a strawman, while essent ially ignoring 

maj or  a reas of dispute and leaving a false impression of this 

hi story of  waste management efforts i n  t his country . In f act , 

the statu s of waste management efforts to date i s  such that the 

DEIS must assume a cont i nuing serious threat and l ong-term 

significant likel i hood of  substantial exposure to high-level 

LMFBR wastes as a serious impact on the qua l i ty of t he human 

envi ronment that would be c aused by the LMFBR program.  

Most of  the assert ions made i n  the DEIS were s trong ly 

c r it icized by NRDC and othe r publ ic interest org ani zations 

i nvolved in the Waste Conf idence Rulemaking Proceed ing 

initiated by the Nuclea r Regulatory Commissio n .  They we re also 

c r i ticized by v i r t ually a l l  of the states part ic ipat ing in that 

proceed ing , mos t notably New Yor k ,  Caiforn i a ,  Illino i s ,  

� Th i�  section was prepared by William Jordan, Esq .  
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Wiscons i n ,  a nd Oh io.  It  is  incredible and seriously mislead ing 

that the DEIS should g ive v irtually no h int of this  

disagreement with and  opposition to its optimistic asse rtions 

concerning the long-term management of h igh leve l  nuc lear 

waste s .  The Waste Conf idence  Rulemaking comments o f  those 

organizations and states should be referred to at length in t he 

prepa r ation o f  the Final Env ironmental  Impac t Statement and in 

reach ing a f inal dec ision on t he LMFBR program.  In part icular,  

the discussion t o  follow will  rely heavily on mate r ial  included 

or re ferenced in the Statement of Pos it ion of t he Natural 

Resou rce s Defense Counci l  ( fi led July 7, 19 8 0 ) , and the Joint 

Cross-Statement of  Position o f  the New Eng land Coa l i tion on 

Nuclea r Pollution a nd the Natural Resources Defense Counc i l  

( f i led September 1 0 ,  19 8 0 ) . 

1 .  Lack o f  DOE Commitment Necessary To Ach ieve a 

Waste Disposa l  Solution 

The i ntroduction to  the d i scussion of waste management in 

the DEIS re flects what is probably the fundament al  under lying 

reason that the Department of Energ y ,  its predecessor s ,  and the 

nuclear industry have f a iled to achieve a saf e  long-term 

d isposal soluti on for h igh-level r adioactive wastes near ly 

forty year s  into the nuclear e r a .  The i r  interest i n  the 

development and expansion of n uclear technology has overriden 

the i r  commitment , t o  the extent that one has existed at all, to 

a ssure the long-term safety of radioactive wastes.  
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Respond ing to  suggestions that the LMFBR program be delayed 

unt i l  a definitive permanent d isposa l method has been 

de�onstrated , the DEIS a rgues that LMFBR wastes are  essentially 

the same as  those o f  other nuclear fuel cycles and will be a 

relatively small  amount o f  the total  until wel l  into the 

twentY-f irst  century .. " The logic seems to  be t hat s ince we a re 

produc i ng reactor wastes ,  we already have the problem in 

spades , s o  we can g o  a head and produce s imilar wastes with the 

LMFBR p rogram . This  logic  is bankrupt , and it ignores the 

character of the decis ion that is be ing made in pursuing the 

LMFBR program.  

As we d iscuss below , and as even the DE IS admits,  i f  

carefully read , we are fa r from achievi ng a safe permanent 

d isposal solution for h igh-level wastes . The e ffort to f ind 

such a solution i s  a massive undertaking the DEIS asserts has 

been u nderway for many years, yet i t  has not yet succeeded . 

The technic al expertise exists to do v i rtually all  o f  the 

studies a nd s ite exploration that DOE says remain to be done , 

yet the pace has lagged . The reason,  ve ry l i kely , is that 

neither DOE nor the nuclear i ndustry has e ve r  had any 

significant incentive to invest the time and resou rces that are 

require"d .  They have never been told that they c ould not 

proceed with  a reactor or  a nuclear program of any sort unti l  

they solved the waste problem. It is hardly surp r ising that 
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they have concentrated on the potentially prof i table c ommercial  

applications of  nuclear technology and on producing weapons , 

rather  than giving the i r  full attention to the i r  mos t  

i ntractable problem, waste management . 

The o the r prog rams have drained the necessa ry resou rce s ,  

and the fact that they have been allowed t o  proceed has 

eliminated any sens e of  u rgency f rom the waste management 

e f fort . A decision to proceed with the LMFBR program, no 

matter how sma l l  its initial  waste product ion wi l l' be ,  would 

s imply be a nother i nd ication that there is no real need to 

solve the waste problem and will further erode , the minimal 

incentives and c ommitments that exist today. I f  the LMFBR 

prog r am is necessary and in the national interest , as DOE 

presumably believes ,  perhaps the single g reatest contr i bu tion 

tha t could be made to the search for safe waste d isposal would 

be to prevent the prog r am from proceeding unt i l  s afe disposal 

is  achieved . 

The a ssert ion that we need not be c oncerned with LMFBR 

wastes because they wi l l  constitute a small  amount o f  the total 

for the next century ignores the type of dec ision that t he DElS 

is intended to address . Thi s  is not s imply anothe r reactor 

tha t  would produce, a  few tons of  high level wastes a yea r .  I t  

i s  an e nt i re progr am f o r  the development of  a new generation o f  

nuclear technology , which i t  i s  hoped w i l l  spread across the 

�ountry , and perhaps the world . I f  the prog ram i s  successfu l ,  
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the resu l t  w i l l  be a constantly g rowing indus t ry that develops 

a huge and unstoppable momentum that eclipses ex isting nuclear 

prGgram s ,  and that produces enormous quantities of high-level 

wastes.  The nation s imply will not be able to say in twenty or  

f i fty yea r s  that we  should stop the LMFBRs because we still 

have not found a safe , place to put the wastes . I t  will be too 

late.  

The t ime i s  now to  demand that the permanent safe di sposal 

of high-level rad ioact ive wastes be demonstrated before new 

nuclear programs a re a llowed to begin.  In the wo rds of Judge 

Tamm ' s  concur ring opinion in NRDC v. NRC,  178 U. S .  App . D . C .  

3 36, 3 6 1 ,  5 4 7  F . 2d 6 3 3 ,  658  ( 1976) : 

NEPA requ i res the Commisson fully to assure 
i tself that safe and adequate s torage 
me thods a r e  technolog ically and economically 
feasible . I t  forbids reck less decisions to 
mortgage the futu re for the present , glibly 
assuring c r i t ics that technolog ical 
�dvancement can be counted upon to save us 
from the consequences of our decisions.�1 

2 .  Fa ilures and Def ic ienc ies  that Have Prevented 
Successful Waste Management To Date and that 
Preclude a Finding that the Public Will Be 
Protec ted from LMFBR Wastes 

Accordi ng to the DEIS , the waste management program is  

proceed ing apace with essentially no  obstacles to the 

development of the f ir s t  permanent waste d i sposal repository by 

�I For further d iscussion, � NRDC PS at 82-87.  
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the late 199 0 s .  In fact , i t  appear s  that this progress has 

been c ontinuous a t  least s ince the Nat ional Academy of Sc iences 

beoame involved in 195 5 ,  and that there will be no problem 

f inding s ites that meet str ingent safety criteria  in t he three 

med i a  unde r serious investigation. That story is  ent i rely 

f ictitious.  NRDC and others demonstrated a t  length in the 

NRC ' s  Waste Confidence proceeding that there has been a history 

of fa ilu re , that t here is no basis for believing that 

acceptable sites have been ident ified,  and that the DOE program 

depends upon i nvalid assumptions and approaches . It i s  

incredible that the DEIS does not reflect these d i sputes at all 

or ind icate in  any way that there may be serious doubts about 

ou r abi lity to achieve a waste management solut ion in the near 

future , or  even in the next century . Again,  NRDC ' s  Statement 

of pos it ion and 30int Cross-Statement in the Waste Confidence 

. proceed ing is incorporated by reference in this  f i ling and 

should be reviewed carefully by the decis ionmakers for a 

balanced presentation on waste management i ssues.  

a .  DOE ' s  Waste Management Program must be Viewed in  
Light of Its  Hi story of Cons istent Fa i lure 

The DEIS emphasizes two points most strongly . Fi rst , mined 

geologic d i sposal is the best approach. Second , DOE has a 

program in place to develop the necessary repositories by the 

late 1990s.  Al though the issue of whethe r to c hoose mined 

geo log ic d i sposal  receives the most attention , i t  is the least 

important. Virtually everyone agrees that it i s  the only 
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reasonably viable option in  the  next several decades .  The 

question i s  not whether mined geolog ic disposal s hould be 

a ttempted , but whe the r it will  be achieved such tha t  the publ i c  

health and safety will b e  protected . DOE ' s  ·program" i s  

cruc i a l  t o  tha t issue , and based o n  the prog ress o f  this and 

previous Federal programs dealing with waste management i ssues, 

the re is no reason to believe that a safe waste d i sposal 

solution will be achieved in  the near futu re , or even by the 

t ime , wel l  into the twenty-f irst  centu ry, when the LMBFR 

progr am will  be produc ing s ubstantial quantit ies of h igh level 

wastes .  

To d ate , Federal efforts to achieve the safe d isposal of 

high level radioactive wastes have been characteri zed by a lack 

of understand ing of the complex i ty of t he issues i nvolved , 

including pa rticularly the fact that soc i a l ,  economic , and 

polit ical matters bear on the ultimate decis ion.�1 Indeed , 

the Federal waste disposal program has had a history of 

·unbroken f a i lure to produce an acceptable method of waste 

d ispos a l . "�1 

Th is  is not to say that no research has been undertaken in  

thi s  a re a .  To the contrary ,  the resea rch has been unde rtaken, 

*1 R . G .  Hewlett,  Ch ief Historian, U . S .  DOE, " Federal Policy 
for the Disposal of Highly Radioactive Wastes from Comme rcial  
Nuclear Power Plants , an Historical Ana lys is , ·  ( March 9 ,  1978) , 
a t  3 ,  18 .  

**1  G .  Speth , ·Mandate for the Future : Nuc lear Wastes and the 
PUblic Trus t , ·  AAS , Houston , Texas ,  3anuary 5 ,  197 9 ,  a t  7 .  
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and i n  the mos t s igni ficant areas the proposals and research 

re sults have led to b lind a lleys.  The research t o  date has 

shawn promising concepts and sites to be unacceptable , but i t  

has n o t  y e t  Hucceeded in  achieving t h e  most important initial  

goal,  t he i dentif ication of  an acceptable d i sposal s ite.� 

As recently as 197 7 ,  � report prepa red by the Jet Propulsion 

La boratory for the President ' s  Office of Science and Technology 

Policy concluded that • • • •  the U . S .  program for high-level waste 

management has s ignif icant g aps and incons istenc i�s . ·� 
Viewed in l ight of this  history , there i s  no reason to 

believe that the ·program· descr ibed in  the DEIS w i l l  be 

car r ied  out .  The DEIS points to the proposed Test and 

Evaluation fac i l i ty as apparently a major development in waste 

management and state s  that i t  is scheduled to be in operation 

by 19 89.  Assuming the facil i ty w i l l  meet that deadline ,  which 

is fa r f rom certa i n ,  it is shocki ng in  the extreme that this 

has not been done before i n  the long history o f  Amer ican 

product ion of  highly r ad ioac tive wastes . The slightest 

knowledge and u nderstanding of v irtually any technolog ical 

development w i l l  conf i rm that such a faci lity represents only 

�/ � NRDC PS at 2 0 - 2 6 .  

**/ T .  Eng l ish,  et  a l . , · An  Analysis  of  the Back End of the 
NUclea r Fue l  CycIe WIth Emphasis on High-Level Waste 
�anagement , ·  Jet Propulsion Laboratory Pub. 7 7-59 ( August 1 2 ,  
1977 )  a t  v i i i .  

5 0  

the very early s tages of an effort  that may not reach f ruition 

for years to come .  I t  i s  a lso such a n  experimental stage that 

we -can expect significant reverses before solutions are found . 

But the most telling point i s  that DOE seems to believe that 

the results of  the testing and evaluation done at the faci lity 

will be uni formly favorable , and that we will learn nothing 

that would set back the d i sposal schedule or rende r proposed 

methods unacceptable.  Th i s  i s  t he height of a rrogance and 

contra ry to the purpose of the T&E fac il ity . By its  very 

definition a Testing and Evaluation fac i lity is i ntended to 

perform unbiased test s ,  not to prove the previously established 

assumptions of the Depa rtment of Energy.  I f  the  fac i li ty i s  

operated honestly , i t  wil l ,  n o  doubt , disprove some of those 

assumptions. 

With the intense pressure now being brought to bear to f ind 

a solution to the waste d i sposal problem at a l l  cost s ,  we are 

concerned that the T&E fac i l i ty represents a g r ave danger to 

the i ntegr i ty of the waste management program . Whle some such 

fac i l i ty i s  c lear ly necessary to undertake the necessary 

exper imentation,  i f  i t  is abused , i t  will  provide mislead ing 

i nformat ion. Equally important , once such a f ac il i ty i s  i n  

plac e ,  the pressure may become unbearable to expand i t  into a 

permanent f ac i l i ty ,  a lthough the s ite and the faci l ity will  not 

have been chosen or des igned with that in  mind . To a la rge  

�xten t ,  the  T&E fac i l i ty is  in  danger of becomi ng a poli tical 

footbal l  rather than a leg i t imate aspect of a comprehensive and 

integrated waste management progr am.  
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Und e r  today ' s  cond itions , and with thi s  bac kground , i t  i s  

unreasonable t o  c onclude that a r epository will be i n  place by 

th� late 199 0s or at any t ime i n  the reasonably nea r  future . 

Any d ec i s ion c oncern ing the LMFBR program must assume a high 

risk that the high leve l wastes that i t  will  generate will not 

be d isposed of safely in the near term a nd will pose a ser i ous 

threat to the publ ic health and safety for generat ions to come . 

b.  Lack of a Basis for Conclud ing t hat an 
Acceptable Site Ha s Yet Been Identified 

The h i story of s i te select ion and characte r i zation e fforts 

provides the c learest example of the failure s  o f  the waste 

management prog r am to d ate. The DEIS c i tes the Lyons , Kansas 

expe r ience as s imply one step i n  a long se r ies of exper iments 

i ntend ed to provide useful i nformation.  Th is is a 

mi scharacteriza t ion. In fact , the Lyons case demons trates that 

even when a s i te i s  viewed a s  a very favorable location, 

fu rther i nvest igation may well show that it is unacceptable.  

That i s  prec isely what happened . The Envi ronmental Impact 

Statement on the Lyons project concluded that 

The proposed fac i l i ty will safely conta i n  
these wastes for the requ i red per iod o f  t ime 
without any s igni f icant impact on the 
e nvi ronment.�1 

�I U . S .  Atomic Energy Commission, Envi ronmental Statement,  
Rad ioac t ive Waste Repos i tory , Lyons ,  Kansas (June , 1971) , at 1.  
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Ye t as site evaluat ion conti nued , it became clea r ,  a s  the DEIS 

adm i ts ,  that Lyons was unacceptable due to human i ntrusion.  

_The same was true o f  the Palest ine Dome , which was recently 

d isqua l i f ied as a potent ial s ite ,�1 and recent d iscove r ies of 

brine depos its will almost certa inly d isquali fy the Waste 

I sol ation Pi lot Proj ect s ite i n  New Mexico unless they are 

ove r r i dden for pol i t ical reasons .�1 The real point that 

this program has reached i s  tha t it now has the abil i ty to 

d isqual i fy unacceptable s i tes for many reasons . We do not know 

whe the r it can actually f ind an acceptable s i te unt i l  that 

occur s  and full i n  s i tu test i ng is performed . We certainly 

cannot know whethe r an acceptable site will be seleced by 19B B  

and i n  f u ll ope ration by 199B,  a s  the DEIS suggests. 

c .  Fa i lure of the DOE Waste Management Program To 
Fo llow the Concepts of a Systems Approach a nd 
Defense-in-Depth 

Al though the DEIS arg ues strongly t hat a systems approach 

relying on the concept of mu ltiple ba r r i e r  defense-in-depth i s  

essential t o  developing a safe and acceptable repos i tory , the 

DOE waste management prog ram meets nei the r of those c r i teria.  

Ra ther,  DOE ' s  concept of a systems approach seems to  be  one i n  

which all aspects o f  the system can be changed t o  f i t  with the 

�I DOE Statement of Po s i t ion at 1 1-10 6 .  

* *1 New Yor k  �, Decembe r 6, 1981,  at 4 1 .  
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o ther aspects , a s  long as DO E  i s  sti l l  a llowed t o  reach the 

u ltimate conclusion that i ts proposed r epos i tories a re safe and 

aCQeptable . In other word s ,  DOE is drawing the ta rget after 

shooting the a rrow. To do s o ,  it relies upon a lack of real 

and s t r i ngent site selection criteria  and on risk assessment 

and mathematical modeling techniques that allow DOE to trade a 

lack of protection in one a rea for allegedly g reater protection 

e lsewhere , that a re based on inadequate d ata, and that have yet 

to be ver ified scien t i f ically . 

DOE par t icula r ly emphas izes the use of the mult iple-bar r i e r  

defense-in-depth approach in  the a rea  o f  s i te selections , 

stating that 

A sui table s ite is one at  which a reposi tory 
would meet predetermined cr iteria and which 
would provide a high degree of assurance 
tha t r ad ioactive wastes can be isolated f rom 
the biosphere for per iods of thousands of 
yea r s .  ( 18 1) . 

We agree w i th that s tatement , proper ly applied .  Unfortunately , 

DOE ' s  site  selec tion does not comply with that approach.  

The key to s ite selection is the use of  predete rmined 

crite r i a ,  so that the site is chosen independently and solely 

on the basis of whether the s i te i tself would be an effective 

bar r ie r . Otherwise , trade-offs are possible that would allow 

the integr ity of the s i te to be compromised based on some 

theoretical compensatory measure taken in the eng inee r i ng 

aspects of the repos i tory . However , the process is a sham 

unless the c riteria  are stringent enough to requ ire  that the 
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s i te actually be chosen as an independent bar r ie r  and to 
preclude i r relevant considerations, such as whether or not the 
la� is already in federal  ownership. 

In fac t ,  DOE has thus far proceeded without predetermined 
c r iteria , and s i tes have been chosen primar i ly for pol i tical 
reasons .�1 The enti re d i scuss i on in  the DOE S tatement of 
Pos ition in the Waste Confidence Rulemaking Proceed ing is  based 
on self-e stablished c r i teria  designed to allow DOE to do 
wha tever it wished , while ignoring the draft cr i te t i a  that had 
been proposed by the Nuc lear Regulatory Commi ssion.�1 

Beyond tha t ,  even the proposed NRC c r iter i a  are  so weak as to 

be meaningless i n  restricting the choice of s ites to assure 

safety.� Accord ing ly ,  what DOE terms a systems , 

defens e-i n-depth approach i s  nothing of the sort and cannot 

form the basis  for a conclus ion that LMFBR wastes do not pose a 

serious threat to the envi ronment . 

One of the few requirements of the NRC cr iteri a  is that DOE 

present evidence of the exploration of three separ ate med i a .  

Accord i ng to  the DEIS , those a re salt,  basalt,  and tuf f .  

However ,  the v i abi l i ty of s a l t  is r apidly diminishing with the 

�I � �, NRDC PS at 3 9 .  

� � NRDC P S  a t  27- 3 0 ,  Joint CS at  15-23.  

* * * 1 See Comments of the  Natur a l  Resources Defense Counc i l ,  
lnC . , OO-Proposed Rule For Disposa l of High- Level  Wastes i n  
�ological Repos i tor ies ,  Proposed Rule , 4 6  FR 532 8 0 ,  f i led 
November 1 8 ,  1981 , at 8-9.  
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b r i ne and intrusion d iscover ies discussed above and the fac t 

that salt  is a valuable resource that w i ll attract intrus ion in  

th� future . Therefore , the facts will demand tha t  salt be 

rejected as an acceptable med ium. However ,  s ince budgetary 

reasons preclude signif icant investigation of other geo log ica l  

med i a  ( 18 5) , such pressures w ill also requ ire salt t o  rema in as 

one of the three med i a  stud ied for the NRC. The result will be 

ei ther that DOE will be unable to comply with the NRC cr iter ia ,  

o r  that  the  hazards of salt w i l l  be ignored , to the detriment 

of the public health and safety . 

In i ts effort to demonstrate that i ts waste disposal effort 

will succeed , DOE attempts to bound the various uncerta int ies 

and then demonstrate through mathematical modeling that the 

risk  of permanent waste d i sposal as currently envis ioned will  

be acceptable. ( 182 ) The attempt fails on i ts face because 

the DEIS is forced to admit  that some uncertainties cannot be 

bounded and will  have to be resolved during repos i tory 

construction.  It  necessarily follows that it  may not  be 

poss ible to resolve those uncertainties sat isfac to r i ly when we 

reach the point of actual construction. It is sheer 

speCUlation to assume the contrary . This point , a lone , could 

delay or prevent waste d i sposal for decades and more into the 

next century . 

The reliance on risk  assessment and mathemat ical modeling 

4 s  pa rticula rly t roubl ing for two bas ic reasons .  First,  by its 
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ve ry natur e  it is  contra ry to the approach of requ i r i ng 

mult iple independent bar r iers  to achieve defense- in-depth. The 

concept of risk  assessment assumes complete knowledge of the 

systems involved and permits trade-offs among them so that one 

system or bar r ier  can be less than acceptable as long as the 

efficiency is compensated for elsewhere to achieve an 

acceptable overall r i S k .  Second , the information and 

understanding s imply do not exist to a llow reliable risk  

assessment model i ng of permanent waste disposa l .  According to 

Dr . Fred Dornat h :  

T h e  accuracy o f  the r isk  assessment will be 
d i rectly propo rtiona l to the degree of 
understand ing of the system under analys is ,  
the adequacy of ma thematical models to 
descr ibe phenomena of s ignificance to t he 
system , and the completeness and accuracy of 
the data • • • •  Given the uncertainties 
assoc iated with our predict ive capabilities 
in  the earth sc iences , with the necessary 
mathematical overs impl ification of complex 
processes, and with the vari ability of rock 
prope rties and hydrogeolog ic cha r acteristics , 
a precise r i s k  assessment of nuclear waste 
di sposal in  deep geolog ic formations may 
never be possible.�1 

At t h i s  s tage of knowledge of waste d isposal ,  with a v i rtual 

absence of s ite speci f i c  data f rom in � explorations , and 

*1 Fred A. Dornath,  "The Role of Scientific Advisory Groups : 
Di sposa l  of High Level Nuc lear Waste , "  Report of the GSA 
Committee on GeOlo;� and Pu blic Policy, Geolog ical  Society of 
Amer1ca ( Augus t 19 ) a t  16. 
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w i th mathemat ical models tha t have not y e t  be e n  val idated , r i s k  

assessment is a n  utterly unreliable bas i s  f o r  j udg i ng the 

s afety of permanent waste d isposa l.� 

3.  Unacceptabi lity of Indef inite Above-Ground 
Sto rage as a Long-Term Waste Management Option 

Since there is no assurance that a safe permanent d i sposal 

reposi tory w i l l  be available for LMFBR waste unt i l  well i nto 

the nex t century , i f  the n ,  the DEIS must assume tha t LMFBR 

wastes w i ll be stored in sho rt-term f ac i lities.  To date , those 

fac i l i ties a r e  all act ively managed wate r-fi lled spent fuel 

pools . The use of these -s hort-term- f ac i l i ties w i l l  become 

long-term , however ,  as the sea rch for a permanent respos i tory 

continues to be frui tless . 

Long-term above-g round s torage is both practically and 

legally unacceptable . Reliance on interim storage for an 

i nde finite per iod has been rejected by the Environmental 

Protect ion Agency because i t  would interfere with the permanent 

resposi tory development .�/ Also it i s  unacceptable even to 

re ly upon thoroughly-tested shor t-term storage techniques 

*/ See NRDC PS at 60-64  and 30 int CS at 3 2 - 3 8  for more 
deta iled d iscussion of these po ints.  

�/ 3e t Propuls ion Laboratory , - An  Analysis of the Technical 
Status o f  High Leve l Rad ioactive Waste and Spent Fuel 
Ma nagement Systems , ·  JPL Publicat ion 7 7-69,  1977 ,  at 6 - 4 4 .  
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which involve active management , because thi s  opt ion cannot be 
relied upon for the per i ods of t ime that will be requi red .�/ 
Ab�ve-g round pass ive ( e . g .  d ry storage) alternatives a re 
unacceptable and have been s imilarly rejected as long-term 
opt ions i n  that they are less safe than the geolog ica l storage 
option. At th i s  poi nt , i t  is i llega l to proceed with any 
program tha t will  rely on long-term above-ground storage of 
h igh- level wastes because the l i abi lities of such s torage have 
never been examined as requ i red by the Nat iona l Environmental 
Po licy Ac t .�/ S i nce this DEIS does not i nc lude such an 
analy s i s ,  it canno t be rel ied upon to Support. long-term 

***/ s torag e .  __ 

4 .  Conc lu s ion 

The DEIS is woefully i nadequate in examining the 

envi ronmenta l r i s ks posed by the production of high leve l 

wastes by the LMFBR program. Wi thout reflecting in the 

slightest the substant ial  scientific d i sputes concerning the 

v i ability of the DOE program or the s igni f icant d oubts 

concerning whe the r the program ' s  t imetable will  be met,  the 

�/ � 30int CS at 77-79.  

�/ � Id . a t  13-15.  

� **/ See  NRDC PS  a t  8 8- 0 4  a nd Jo int CS  a t  6 7-80 for  further 
dTiicusSIOn .  
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DElS essentially assumes that waste management issues wi l l  

involve no e nvi ronmental i mpacts t hat mu st b e  taken i nto 

aCGOUnt in dec iding whe ther to proceed with the LMFBR prog ram .  

Th is assumption i s  i nvalid.  The ElS on the LMFBR prog r am must 

i nc lude a mo re balanced presentat ion , must address the 

l iabi lities of the inevi table long- term above-g round storage,  

and must identify a s ignif icant ris k of  eventua l  human exposure 

to the LMFBR wastes as a n  e nvi ronmental impact that must be 

taken into account . 

60 

D .  He alth Effects 

The DElS concludes that the health e ffects from release of 

tr&Rsuranics assoc iated with the LMFBR program is ext remely low 

-- 0 . 0001 cancers per 1000  MWe!year ( 2 0 6 ) . Th is conc lus ion is  

based upon a model which characterizes the potential releases 

of r adioactivity to the envi ronment , the princ ipal pathways by 

wh ich rad ioactivity is  transmi tted to humans , and the impact o f  

rad ioac tivity upon human health.  The DElS pu rports to desc r i be 

the u nce rtainties i n  the estimates used i n  the model ( 18 9 )  and 

to be "conservative" i n  reach ing the above-noted conc lus ion 

( 191) . Ye t the DElS ( 189-212 ,  Append ix D) ignores the widely 

d ivergent views of experts regard ing these unce rtaint ies and 

i ts conclus ions are by no means conservat ive . Th is results i n  

a serious unde rest imation of the potential health effects of 

the LMFBR program. 

1. "Mo st probable" and "conservative· estimates 

The DElS states tha t :  

The choice of values for the many parameters involved 
in the quant i tat ive applicat ion of the model is often 
d ifficul t .  Where d ata a re not ava i lable to support 
the choice of a "most probable" value , e st imates have 
been made that are c learly ·conservative . "  Th is 
approach leads to ove restimates of transu ranic 
deposi t ion i n  man, which must be kept i n  mind in 
conside r i ng the f inal results ( 191 ) . 

Whi le th is may appea r  to be a valid statement,  i t  i s  not 

statist ica lly c or rec t .  As a matter of sc ience , it is just 
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pla i n  wrong . A combination of "mean" and "conservative "  

parameter s ,  when inse rted i nto a model such as that used i n  t he 

DELS ( 19 0 ) , does not insure that the results are conservative .  

Moreover , the values DOE has chosen a s  "most probable" and 

"conservative" a re not viewed as "mos t probable" and 

·conservative" by a .numbe r of experts in the f ield.  See Ka r l  

Z .  Morgan ,  3 3  Ame rican Industrial  Hygiene Assoc iation 567 ( Aug . 

1975) ; Ca r l  J. Johnson, " Cancer Incidence i n  an Area 

Contaminated wi th Radionuclides Nea r  a Nuclea r Installation , "  

� Vo l.  10,  No . 4 ,  pp. 176-192 ( Aug . 1 9 81 ) ; Bernd Fr ank,  

" Rad iation Exposure and Health Damage Due to Nuc lear Power 

Production - - The Question o f  S tandards and the Need for 

Comparat ive Health Analysis"  (presented a t  the Annual  Meeting 

of the AAAS , Washington, D .C . , Jan. 4 ,  1982) ; Mancu3o , T . F . , A 

Stewa rt ,  and G. Kneale , " Radiation Exposures o f  Hanford Workers 

Dy i ng From Cancer and Other Causes , ·  33  Health Physics 369- 8 5  

( 197 7 ) ; Kneale , G.W. , A.M . S tewart , and T . F .  Mancuso , 

" Re-analysis o f  Da ta Relating to the Hanford Study of the 

Cancer  Risks of Rad iatio n  Workers , "  pp . 386-412  ( i n  Late 

Biolog ical Ef fects of  Ionizing Rad i ation, Vol .  I ,  Vi enna : 

Internationa l Atomic  Ene rgy Agency , 1978 ) ; Kneale , G .W. , A .M.  

Stewart ,  and T .F .  Mancuso , " Hanford S tudy I I I ,  A Cohort S tudy 

of the Cancer Risks from Rad iation to Workers at Hanfo rd 

( 19 4 4-19 77) by the Method of Regression Models in Li fe-Tables , "  

�e B r i t i s h  Journal o f  Indust r i a l  Medicine , Vol .  3 8 ,  pp . 156-66 
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( 19 8 1 ) : Kneale , G.W. , A . M .  Stewa r t ,  and T.F.  Mancuso , "Analysi s  

of  the Hanford Data I V" ( paper presented at  the AAAS Meeting i n  

Washington, D . C. , Jan.  1982 ) : Stewart , A .M. , G .  Kneale , and 

T . F .  Mancuso ,  " The Hanford Data - A Reply to Recent 

Criticisms , "  � , Vol .  9, NO . 2 ,  pp . 6 6- 7 3  ( 19 8 0 ) ; Kneale , 

G. , " Heterogeneity of Cancer SenS itivity and i ts Implications 

for the Problem of Est imating the Risks  of Low Doses of 

Rad iation" ( Envi ronmental Po licy Institute ,  Radiation Health 

Informat ion Projec t ) : Radford , Edward P. , " Statement Concerning 

the Cur rent Ve r sion o f  Cancer Risk Assessment i n  the Report of 

the Advisory Committee on the Biological Effects of  Ionizing 

Rad iation , "  in Na tiona l Academy of ·  Science,  The Ef fects on 

Populat ions of Exposure to Low Levels of Ionizing Radiation:  

1 9 8 0 ,  pp . 2 27-253  ( National Academy Press , 1908)  ( BEIR I I I) ; 

Radford , Edward P . , "Analysis of the Implications of the 

Reanalysis of the Revised Hiroshima Dose Da ta , "  213  Science , 

602  ( Aug . 7 ,  19 81) ; Gofman,  John W. , Radiation and Human Health 

( Sierra  Club Books , San Francisco , 1981) : Arthur  R.  Tamplin and 

Thomas B .  Cochran,  NRDC Supplemental Submiss ion to EPA on 

Plutonium and the Transuranium Elements,  Feb.  2 4 ,  1975 ; Tamplin  

and Cochr a n ,  Comments by  NRDC on the  Nuclea r Regulatory 

Commission ' s  Denial  of Petition for Rulema king [Docket No . 

PRM-20-5 1 ,  Re : Peti tion to Amend Radiation Protect ion Standards 

as They Apply to Hot Pa rticles (June 2, 1976) ; Tamplin and 

�chran ,  Natural Resources Defense Counci l  Critique of the 
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NAS-NRC Report  - Bealth Effects of Alpha-Emitting Particles  i n  

the Re sp i ratory Tr act- (March 1977) . 

2 .  Source Term 

The extremely small source term used in the model --

0 . 31 mCu of a lpha per 1000 MWe year ( 192 )  -- is 

nonconservative , and no uncertainty l imits a re provided . This 

source term i s  based on unval idated assumptions regarding 

postulated re lease rates that represent goals for future 

technolog i e s .  I n  some instances ,  confinement factors a r e  

several  o rders o f  magnitude better than conf inement factors for 

existing plants ( Rocky Flats and NFS-Erwi n) , plants operated in 

the recent past ( NFS-West Va lley) , o r  even proposed plants 

( Barnwe l l )  (cf . , Car l  J. Johnson, supra , and d i scussion in the 

Public Hearing Record on the Pr oposed Fi nal EIS on the Liquid 

Metal Fas t  Breeder  Reactor Program, May 2 7 - 2 8 ,  p .  338) . In 

fac t ,  the recent a nalysis correlating c ancer i nc idence with 

plutonium contamination levels a round the Rocky Flats plant 

( Ca r l  J .  Johnson, supra )  i ndicates that DOE estimates of the 

contamination a round existing plant s ,  where the data is actual 

r ather than hypothetical, a re nonconservative. 

Finally , the source term is based on the assumption that 

the cumulative releases from acc idents will be smaller than the 

cumulative routine release s .  There is n o  sc ientific or 

actuaria l  basis for a conclus ion that this is  a -most probable-

or conservation assumption. The Rocky Flats plant is one 

example where this conclusion is wrong . 
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3 .  Env ironmental Dispersa l 

Th� DEIS f ails to address a series of German studies 

wh±ch cons ider the uncertainties in  data , model s ,  and 

assumptions for pathway analyses of routine emissions from 

light water reactors ( LWRs) .�/ While these papers concern 

emiss ions from LWRs il) the Federal Republic of Ge rmany , their  

analysis is  relevant to the LMFBR and associated fue l cycle 

fac i l i ties s i nce the Ge rman pathway models and i nput parameters 

are based prima r i ly on u . s . data.  The final EIS should 

consider these s tudies and any reviews of them.�/ 

4 .  Estimate o f  Health Effects 

The book by Gefman, supra ,  and the papers by Morg an, 

supr a ,  and Johnson,  supr a ,  indicate that the assumptions i n  the 

DEIS concerning plutonium toxicity are nonconservative by a t  

leas t  two o rder s o f  magni tude . Recent exper iments o n  the 

*/ Un iversity of He idelberg , Department of Environmental 
Protection,  -Radiolog ical Assessment of the Whyl Nuclear Power 
Plant ( NRC Translat ion 5 20) , May 1978,  Revi sed Ju ly 1979:  Bernd 
Frank ,  supr a .  

**/ See , e . g . , NRC, -Staff Review of Radiolog ical Assessment 
Of the-right Nuclear Power Plant - (NUREG-0 6 6 8 ,  June 1980) . 
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induction by radon o f  tumor s  i n  beagles wer e  found to requ i re 

exposures i n  excess of 1 3 , 0 0 0  WLM ,  as c ompared to 120- 3 59 WLM 

fo� humans . �/ These f indi ng s  add suppor t  to Mo rg an ' s  

thesis.�/ Whi le we r ecogni ze the re a re uncertainties i n  

extrapolating lung tumor incidence f rom r adon exposure t o  other 

s i tes and isotopes,  nevertheless the poss ibility that beagles 

a r e  one or two o rder s  of magnitude less sens itive than man 

c annot be r u led out.  I f  a s imi larly l a rge d ispar i ty i n  the 

sensitivity between humans and beagles applies to plutonium 

oxides and other t r ansuranics,  t he DEIS estimates of health 

risks f rom transuranic exposures would be seriously 

underestimated . 

The DEIS s umma r i zes r i sk est imates from exposure to low LET 

radiation ( Append ix  H) . However ,  i t  does not d i scuss e :the r 

the widely d ivergent opinions on this subjec t ,  i nc luding those 

. of Radford , Mo rgan,  Mancusco , Steward , Kneele , Gofma n ,  Bros s ,  

and Tamplin,  supr a ,  o r  t he implications o f  t he new H i roshima 

and Nagasa k i  dose estimates for the BEIR I II results .�/ 

*/ F . T .  Cross,  et a l . , -Ca rc inogenic Ef fects of Radon 
Daug hter s ,  Uranium-ore-Dust , and Cigarette Smoke in Beagle 
Dogs , - 4 2  Health Physics 3 3 - 5 2  (January 1982 ) . 

* */ Lette r ,  dated May 5, 197 6 ,  from Ka r l  Morgan,  Georg i a  
Inst i tute of Technology to Robert Alexander ,  NRC .  

* * */ 2 1 2  Sc ience  900-3  (May 2 2 ,  1981) � 212 Science 1364-65  
\JUne 1981 ) � and Le t ters  to the Ed itor on this  subject 
published in subsequent issues of Science.  
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The BE IR I I I  estimates have been c r i t ic i zed as underestimating 

the actual r i s k ,  possibly by a factor of ten, because they 

neglect or d ismiss certain studies of populations exposed to 

low doses of r adiation, such as workers at  Hanford , i n  which 

More cancers have been observed than could be pred icted from 

the BEIR I I I  estimates . 

W i th r egard to the -hot part icle- hypothesis as proposed by 

Tampl i n  and Cochran, the DEIS state s :  

[T] he so-called -hot part icle problem- has been 
addressed by several spec ially appointed g roups 
and international bodies.  As deta i led in 
Append ix 0 ,  these groups have , wi thout exception , 
concluded that both on theoretical g r ounds,  and 
on the bas is of avai lable expe r imental dat a ,  no 
special  effects should be expected from these 
-hot pa rticle s . - If anything , exposure from 
pa rticles should be less hazardous than more 
uniform exposu r e .  The lack of observed health 
e ffects i n  workers that have i nhaled plutonium 
(usually in pa rt iculate form) also a rgues aga inst 
any supr is ingly large hazard due to these 
pa rtic le s .  The use o f  an average lung dose i n  
t h i s  estimation of health r i sks i s  t herefore 
cons idered an appropriate procedure , which does 
not underestimate r isks [footnotes excluded ] 
( 2 0 7-208) . 

Yet this conclus ion is incons istent wi th that of the BEIR 

I I I  repo r t ,  which states (p. 326) : 

The possible influence of -hot spots- of 
insoluble rad ioact ive pa rticles deposited in 
pulmonary t issues on cancer r isk has been 
evaluated in a previous report . The evidence is  
s t i l l  i nsuffic ient to determ ine whether 
aggregates of rad ioact ivity that rema i n  local ized 
in specific  reg ions of the lung s  g ive a greater 
or  smal le r  risk of lung cancer pe r average lung 
dose than uniformly depos ited radiation. 
Preliminary exper imental  data indicate that a 
small fraction of inhaled insoluble particles may 
remai n  in the bronchial epi thelial  layer for long 
per i ods,  but the s ignif icance of this local 
exposure on lung-cance r r i s k  is still  uncertain.  
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The above quote from the  DEIS c i tes three principal reviews 

of the Tamplin-Cochran thesi s ,  namely those of the Na tional 

Co�c i l  on Radiation Protec tion ,  National Academy of Sc ience-

Nat i onal Research Counci l  ( NAS-NRC) , and the Nuclear Regulatory 

Commission (NRC) ( footnotes 8 , 9 ,  10 at 212) . Although two of 

these reviews were cr·i t iqued by Tamplin and Cochran,  supra , 

ne i ther of these groups have responded to these c r i t ic isms . 

Indeed,  both the NRC and the NAS-NRC reviews misrepresented the 

Tamplin-Cochran hot-particle hypothesis.� 

Fo r the autho r ( s )  o f  this  section to s tate that "exposure 

from pa rticles should be less hazardous than more uniform 

exposure" is i nd icative of a f a i lu re to recognize that if tumor 

induction is proportional to particle number rather than o rgan 

do�e , then exper imental results , when analyzed on a tumor per 

nanocurie  ( o r  rem) bas i s ,  a re not a refutation of the hot 

part icle hypothesis.  This  is  t rue even if  the results appear 

consistent w i th the concept that uniform exposure carries a 

h igher tumor r i s k  than non-un i form exposure (� Arthur R .  

Tampl i n  and Thomas B .  Cochran,  "The Hot  Pa rticle Issue : A 

C r i t ique of WASH 13 20 As It Relates to the Hot Pa rticle , "  

November 197 4 ,  pp . 14-15) . Finally , "the lack o f  observed 

� See Tamplin and Cochran, "Comments by NRDC on NRC ' s  Denial 
of Petition , "  supra at 4 ,  and "NRDC Critique of NAS-NRC 
Report , "  supra at -16.  
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health effects in  wor kers (presumably excluding the  Hanford 

worker s tudies)  that have i nhaled plutonium" does not a rgue 

against the hot-pa rticle hypothesis .�/ 

*/ Tampl i n ,  Arthu r R . , and Thomas B .  Cochran,  "The Hot 
�a rt icle Is sue : A Cr i tique of WASH 1320 as i t  Re lates to the 
Hot Pa rticle Hypothesi s , "  November 1974.  
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v .  CRBR SITE SELECTION 

The d i scussion i n  the DEIS of the CRBR s ite selection 

process  is hopelessly inadequate , contains no new i nformat ion 

re levant to s ite selection other than unsubstantiated 

conclusions , and serves no purpose other than as an attempted 

j ustification of the -selection of the Clinch River s ite over 

five yea r s  ago ( Append ix G) . Upon examination, this appendix 

contains nothing more than a desc r ipt ion of t he i nitial  

selection proces s .  Given the new i nformat ion on both the 

Clinch River and a lternative sites that has been developed 

s i nce the FES was issued , a wel l  as the signific ant changes in  

the policy a nd requirements of the Nuclear Regulatory 

Commission (NRC) for s i t i ng of nuclear powe r plants, the DEIS 

falls far  short of NEPA' s requ irements for a reasoned and 

thorough  d iscussion of a lternatives t� the proposed project . 

DOE attempts to foster the impression that i t  has 

thoroughly · reevaluated· its initial  selec t ion of the Clinch 

River s ite based on present c ircumstances.  Ye t none of the 

.subsequent reviews· mentioned in Append ix G occured less than 

f ive years ago. S i nce that t ime , factors such as s ite 

availabi li ty , s i te l icensability ,  and the f inanc i a l  and 

management c apabi l i ty of various utilities has changed 

substantially .  Yet nowhere does the DEIS take these factors 

i nto account .  The only g l immer o f  recogni t ion by DOE that a 

current reevaluat io n  is necessary occurs  when the agency baldly 

7 0  

asserts tha t p revious conc lusions regarding three cand idate 

alternative s ites a re unchanged ( G-6) . Yet the DEIS g ives � 
inaication of the basis  for these assertions,  and thus totally 

f a i ls to  ·provide sufficient d ata and reasoning to a llow the 

reader to  evaluate the analysis and conclus ions of the agency,  

and to i ntell igently �omment on the E IS . ·  Natural Resources 

Defense Counci l .  Inc . v.  Callaway , 5 2 4  F. 2d 7 9 ,  9 3  ( 2d Ci r .  

H7� . 

Examples o f  changed c ircumstances and new i nformation on 

sites abound . For example , a numbe r of s ites i n i tially 

earmarked for other nuclear p lants are now available because of 

plant cancellation s .  Some of these s i tes,  such as the 

Washing ton Public Power Supply System (WPPSS)  Un i t  4 i n  

Hanford , Washington , may hold distinc t  cost advantages i n  light 

of the extensive s ite preparation activit ies already completed 

there . Also , s ignif icant new informat ion on the hydrology , 

meteorology,  ecology,  and other aspects of the CRBR s i te (as 

detai led by DOE in recent amendments to i t s  CRBR Environmental 

Report) should be i nc luded in any DEIS d iscussion of s ite 

suitabil ity . 

The most important change i n  the relative advantages of 

var ious s i tes , nowhere mentioned i n  the DEIS , is  the recent 

shift in NRC policy and requirements for nuc lear power plant 

sit ing in light of the accident at Three Mile Island . In  

�ugust, 1979,  the NRC S i ting Policy Tas k  Force recommended a 
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number o f  changes to existing NRC policy on nuclear power 

reactor s iting , i ncluding :  

( 1 )  

( 2 )  

reve r sal of present policy permitting p lant 
des ign factors to  compensate for unfavorable 
s i te characterist ics,  in favor of a new 
pol icy emphasi z i ng site isolation; and 

use of selective s i ting to reduce the r isks 
associated with acc idents beyond the design 
basis.  

. 

u . s .  Nuclear Regulatory Commission, Office of Nuclear Reactor 

Regulation,  Repor t  of the Siting Policy Tas k Force· (NUREG-0625)  

( Aug.  1979) . The NRC is  presently implementing these policy 

changes in a proposed rule reg a rding the review of alternative 

s i tes under NEPA ( 4 5  �. �. 24168,  Apr il 9 ,  1980)  a nd has 

d i rected DOE to use these rules as a guideline in reviewing 

a lternative CRBR s i tes. � Le tter , d ated Nov. 3 0 ,  1981 , f rom 

Pau l  S .  Check , Di rector , CRBR Program Office , NRC, to John R. 

Longnecker,  Manager , CRBR Licensing and Environmental 

Coord ination Br anch, DOE.�I 

�I Thi s  letter requ i res DOE to completely redo its previous 
analysi s  of alternative sites , i ncluding those outs ide the TVA 
region, based on new information a nd new NRC requi rements . 

72  

NRC i s  also  revising its own reactor Siting criteria  ( 4 5  

�. � .  50350 ,  July 2 9 ,  1980)  as d irected by Congress in the 

FY-1980 NRC Authorization Act ( P . L .  No . 96-2 6 5 ,  94 Stat . 780) . 

The Authorization Act requ i res  NRC to establ ish demog raph ic 

requ i rements for  facil ity Siting ,  based on consideration of a 

full  range o f  accidents , i nclud ing those beyond the design 

bas i s .  Finally , NRC has recently established new emergency 

planning regulations.  4 5 �. �. 5 5402  ( Aug . 19 ,  1980) ; � 

also U. S .  Nuclear Regulatory Commission and Federal Emergency 

Management Agency, Criteria  for Preparation and Evaluation o f  

Rad iolog ica l  Emergency Response Plans and Preparedness in  

Support o f  Nuclear  Power Plants,  ( NUREG-0 654 , FEMA-REP-l , Rev. 

1)  (Nov.  1980) . 

These new requ irements f avoring s i te isolation necessari ly 

reduce the attractiveness of the CRBR s ite in relation to other 

s ites. The DEIS itself acknowledges that a .s ignficant 

difference between the Clinch River site and the three 

c andidate s i tes is that these candidate a lternative s ites have 

a reduced population density relat ive to Clinch Rive r ·  (G-6) . 

Thi s  d i f fe rence i s  more than cosmetic;  it may ultimately serve 

to block the licens i ng of the Cl inch River s i t e .  And , s i nce a 

primary goal o f  t he CRBR Project (and the LMFBR program as a 

whole) i s  to demonstrate the licensabil ity of fast breeder 
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r e acto r s ,�/ the DEIS m u s t  d i scuss all f actors a ffecting 

l icensabil ity , and cons ider alternatives that could achieve 

th�t goal more read i ly .  Natural Re sou rces De fense Counc i l ,  
Inc . v .  Callaway , supr a ,  a t  9 3 .  The DE IS fails a bysmally i n  
th i s  respect .  

� */ See Comments o f  the Na tu ral Resou rces De fesne Counc i l ,  
Inc . and the S i er r a  Club i n  Oppos ition to Appl icants '  Exemption 
Request Under 10 CFR S 50. l2 ,  pp. 15-18 (3an. 18, 1982) . 
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CONCLUSION 

For the r easons set forth above , we bele ive that the DEIS 

does not provide an adequate bas i s  under NEPA for 

dec is ionmakers to determine whether and , if s o ,  how to proceed 

with the LMFBR Program .  The DE I S  rel ies more on rheto r ic and 

a ssert ions than on facts a nd analyses . The obvious b i as in the 

DEI S  towards the LMFBR Program may be a reflect ion o f  the fact 

that all o f  the pr incipal preparers of the draft are e ither 

nuclear eng ineers or nuclear scientists ( iv-v i i ) . 

Due to the g lar ing omissions and i na dequac ies in the DIES , 

we subm i t  that DOE shou ld not now seek to prepare a Final E I S  

on the LMFBR Program. Rather the DEIS should be substantially 

revised and reissued so as to preserve a mean ingful opportunity 

for publ i c  comment . 

I f  we c an be of any further assi stance in the r evis ion of 

the DE I S ,  please let us know. 

S i ncerely your s ,  

�e,UJ. �.:_,...",.... Barba r a  A .  Finamore 

;;1dM�jdvv---
� tacob Scherr 

Cornsel for NRDC 

-.:J� e. CM. ___ Thomas B .  Cochran 
NRDC Sen ior Staff S cientist 
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State of Missouri 

OFFICE OF ADMIN ISTRATION 

P.O. Box 809 
Jefferson City 65102 

January 2 7 ,  1982  

Mr .  Wallace R .  Kornack , NE- 6 GTN 
Office of Nuclear Reactor Programs 
Office of the Assistant Secretary 

for nuclear Energy 
U. S .  Department of Energy 
Washington, D .  C .  20545  

Dear Mr .  Kornack : 

Alden Shield •• Director 
Division of Budget and Planning 

Subj ect : 82010012 Draft Environmental Impact Statement :  
Liquid Metal Fast Breeder Reactor 

Program (Supplement )  

The State Clearinghouse , in cooperation with state agencies 
interested or possibly affected , has completed the A-95 
review on the above pro j ect applicatio n .  

None o f  the state agenc ies involved i n  the review had com
ments or recommendations to o ffer at this time . This 
conclude s the State Clearinghouse ' s  review . 

A copy of this letter is to be attached to the application 
as evidence o f  compl iance with the A-95 requirement s .  

Sincerely , 

+ C?� 
Lois Pohl 
Chie f ,  Grants Coordination 

LP : bjm 

� STl';/: C�U.r:��·: 2 : : j�S:.. 
FEDERAL ASSISTANCE 

4. Legel AppliCllnt/RKipient 

.1!1. Applicant Name : U .  S .  Dept . of Energy 
b. Organlzatton Unit : Office of Nuclear Reactor Programs 
c. Str8lil/P.O. Bo)( : Office of Assist . Secretary for 
d. CitY- : 'Washington e. County 

f. SUOt. : D . C .  g. Zip Code : 2054 5 
;g ,  h.  (�::��;��one �'" Wallace R .  Kornack, NE-6 GTN 

major 

SIGNOFF 

U . S .  Dept . of Energy 

7. Titl •• nd dncription Of appllcam I prolflC'1 Li quid Metal Fast Breed- ! B. Typll of agpliC8ntlr�iDient 

er Reactor Program-Draft EIS-Supplement to ERDA-1535 

electricity 
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Much of the future growth , i n  energy supplies will likely be met by i ncreased 
production of electric ity. Of the fuel alternat ives for electricity produc tion 
only coal and uranium o ffer much potential for the generation of large amounts 
of affordable electri� energy, into the early �art of the next century . 





TO; 
s_ ,,",ica�on. k1�1!f"r (SAl) 

Hr . Tom Swanson , Exec . Dir. 
Pima Association o f  Gov ' ts .  
405 Transamerica Bui1din� 
Tucson, Ar izona 85701 

F R O M ;  Arizona State Clearinghouse 
1 700 West Washington Street, Room 505 
Phoenix, Arizona 85007 

'JI\N i '3  \981 

Transportation 
Ag. & Hor t .  
Energy 
Pover 
Health 
Parks 

This project is referred to you for review and comment. Please evaluate as 
to the following questions. After completion, return T H IS F O R M  AND ONE 
X E ROX COpy to the Clearinghouse no later than 17 WO R K I NG DAYS from 
the date noted above. Please contact the Clearinghouse at 255·5004 if you 
need further information or additional time for review. 

t8J No comment on this project o Proposal is supponed as written 

Stlt, AZ No. 8 2 - 8 0 - 0 0 0 2  
6 Regions 

o Comments as indicated below 

1 .  Is project consistent with your agency goats and objectivesO Yes 0 No 0 Not Relative to thIS agency 

2. Does project contribute to statewide and lor areawide goals and oblectives of whIch you are familiar,D Yes 0 No 

3. Is there ov'erlap or duplication with other state, agency or local responsibil it ies and lor goals and objectives?D Yes 0 No 

4. Will project have an adverse effect on existing programs with your agency or Within project impact area7DYes 0 No 

5. Does project violate any rules or regulations of your agency ? 0 Yes 0 No 

6. Does project adeQuately address the intended effects on target population? 0 Yes 0 No 

7. Is project in accord With existing applicable laws, rules or regulations with which you are familiar? 0 Yes 0 No 

Additional Comments (Use back of sheet, if necessary) :  

Rev,ewers S'gnature LUi pt� 
Title' ________________________ _ 

Date It � IE J-
Telephone _________ _ 

); 
..... ,,",ic.�lon. Id.�t!f!.' (SAn 

Chris topher J. Bavas i ,  Ex. Dir . 
NACOG , Region III 
1 1 9  E. Aspen S t .  
F l agsta f f ,  A�i zona 86001 

tOM ; Arizona State Clearinghouse 
.l700 West Washington Street, Room 505 
I!hoenix, Arizona 8b007 

;YI\N 1 '3 \98� 

Transportation 
Ag. & Hort . 
Energy 
Pover 
Health 
Parks 

.\ ,)rOlect is referred to you for review and comment. Please evaluate as 
:11(' fol lowing questions. After completion, return THIS FORM A N D  ONE 
ROX COpy to the Clearinghouse no later than 1 7  WO R K I NG DAYS from 

, c1Jte noted above. Please contact the Clearinghouse at 255·5004 if you 
'" further information or additional time for review. 

• �o comment on this project o Proposal is supported as written 

State AZ No. 8 2 - 8 0 - 0 0 0 2  
6 Regions 

NACOG 
J�H 1 1 '82 

REC-1VED 

o Comments a s  indicated below 

Js proJect consistent with your agency goals and objectivesO Yes 0 No 0 Not Relative to this agency 

ODe'S project contribute to statewide and/or areawide goals and objectives of which you are familiar?D Yes 0 No 

IS �het'e overlap or duplication with other state agency or local responsibilities and/or goals and objectives?D Yes 0 No 

'1111' proJect have an adverse effect on existing programs with your agency or within project impact area?DYes 0 No 

D� project Violate any rules or recJulations of your agency? 0 Yes 0 No 

D'>e1 project adeQuately address the Intended effects on target population? 0 Yes 0 i'io 

Is prolect In accord With eXisting applicable laws, rules or regulations with which you are familiar? 0 Yes 0 No 

.\I')OI( Ion.11 Comments (Use back of sheet, i t  necessary) :  

��, . S,qn.tu . .  9t£� �Q. �. ,Lr 
II. I ' � t Iri stopher f): Bay�si , Executive Director. M OG 

Date ·�1�_�2�0-n8�2--�7�7T4-�lrn8�94r--
Telephone _________ _ 



TO: 
SUI_ Appllca�lon_ Id.�tlfi.r (SAl) 

Mr. David Landrith 

Executive Director, SEAGO 
1 1 8  Arizona. St. 
Bi.bee, AZ 85603 

F R OM: Arizona State Clearinghouse 
1 700 West Washington Street, Room 505 
P.!1oenix. Arizona 85007 

'JAN 1 3  \981 
Transportation 
Ag. " Hort . 
Energy 

Power 
Health 
Parks 

This project is referred to you for review and comment. Please evaluate as 
to the following questions. After completion, return T H I S  F O R M  AND ONE 
XE ROX COpy to the Clearinghouse no later than 1 7  W O R K I NG DAYS from 
the date noted above. Please contact the Clearinghouse at 255·5004 if you 
need further information or add itional time for review. 

(gJ No COmment on this project o Proposal IS supported as written 

St.te AZ No. 8 2 - 8 0 - 0 0 0 2 

6 Regions 

8 2 0 0 0 :3  

JA N 1 8 1 S82 

o Comments as indicated below 

1 .  I s  project consistent with your agency goals and Objectives-Q Yes 0 N o  0 Not Relative t o  this agency 

2. Does project contribute to statewide and/or areawide goats and objectives of which you are farni l iar?D Yes D No 

3 Is there overlap or dupl ication With other state. agency or local responSibil ities andlor goats and ob)ec:ives)DYes 0 No 

4. Will project have an adverse effect on existing programs with your agency or within prOject Impact area?DYes D No 

5. Does project Violate aflY rules or regulations of your agency? D Yes D No 

6. Does prOject adequately address the intended �ffects on target population' D Yes 0 No 

Is prOject In accord With eXisting applicable laws. rules or regulations with which you are familiar) D Yes 0 No 

Add itional Comments (Use back of sheet, If necessary) 

ReViewers Signature lZ-J.tt1J V. �1�4 , 
Title {"VJl-�-.,"m��,;:_JI <I' C-�" " 6  A .. d"e'� ;:t��n). ':'[J Pn l� .I1'l: ..... � • .,� 

Date II 1/? z... 
-

Telephone fp. · 132.- 5 3 0  f 

TO: Slate AppIlca�IOf! Id.�tlt!.r (SAil 

M r .  Le s o"r m s by ,  A dmin.  
A r i z ona Power A uthor ity 
1 8 1 0  West  Adams S t r e e t  

Phoenix, A r izona 85005  

F ROM: Arizona State Clearinghouse 
1 700 West Washington Street, Room 505 
Phoenix, Arizona 85007 

"JAN 1 3  \981 
Transportation 
Ag . & Hor t .  
Energy 

Power 
Health 
Parks 

This project is referred to you for review and comment. Please evaluate as 
to the following questions. After completion, return T H I S  F O R M  AND ONE 
XE ROX COPY to the Clearinghouse no later than 1 7  WO R K I NG DAYS from 
the date noted above. Please contact the Clearinghouse at 255·5004 if you 
need further information or additional time for review. 

�o comment on thiS p[oject o Proposal is supported as written 

Stete AZ No. 8 2 - 8 0 - 0 0 0 2  
6 Regions 

OComments as indicated below 

1 .  I s  project consistent with your agency goals and Objectives-Q Yes D N o  D Not Relative t o  this agency 

2. Does project contribute to statewide and/or areawide goals and objectives of which you are fami l iar?DYes D No 

3. IS there overlap or duphcation with other state agency or local responsibilit ies andlor goals and objectives/DYes D No 

4. Will oroject have an adverse effect on existing programs with your agency or within project Impact area7DYes D No 

5. Does project violate any rules or regulations of your agency? D Yes D No 

6. Does project adequately address the intended effects on target population? D Yes D No 

7. Is project in accord With eXisting applicable laws. rules or regulations with which you are familiar' D Yes 0 No 

Additional Comments (Use baCk of Sheet •. if  necessary): 

,�- ,,� .. "" �� Title 

Date V;M-
I 

Teleohone ________ _ 



TO: 

'd" "" 

. He:Jlth s.e,',iCt'$ 
cUi. (:f He:4'ur\ I!I.m.l1T'g 
� 140 ·V. p..�k.,;;, ;�1n. J i.."J 
Pbo�lLh.; .• f\.'Z �:'OO I 

Jt:'-'7J) r 'f .r "'/  -au 9' 
Slilte ApplicatIon Ideftt!fi,r.ISAIi 

r -- --�--/ 

. ;jAN 1 :3  198r s .... AZ No. 8 2 - 8 0  - 0 0 0 2 

Transportation 
Ag . "" Hort . 
Energy 

Power 
Heal th 
Parks 

6 Regions 

F ROM: Arizona State Clearinghouse 
1 700 West Washington Street, Room 505 
Ptloenix, Arizona 85007 

This project is referred to you for review and comment. Please evaluate as 
to the following questions. After completion, return T H I S  F O R M  AND O N E  
XE ROX COpy t o  t h e  Clearinghouse n o  later than 1 7  WO R K I NG DAYS from 
the date noted above. Please contact the Clearinghouse at 255·5004 if you 
need further information or additional time for review. 

'j:l�o comment on this project o Proposal is  supponed as written o Comments as ind icated below 

1 .  I s  project consistent with your agency goals and objectivesO Yes 0 No 0 Not Relative to this agency 

2. 

3. 

4. 

5. 

6. 

7.  

Does project contribute to statewide andlor areawide goals and oblectlves of which you are famlliar?D Yes 0 No 

Is  there Qv"ertap or dupl ication with other state. agency or local responsibilities and/or goals and object,ves?DYes 0 No 

Will project have an adverse effect on existing programs with your agency or within project impact area7DYes 0 No 

Does project Violate any rules or regulations of your agency? 0 Yes 0 No 

Does project adequately address the intended effects on target populatIOn] 0 Yes 0 No 

Is project in accord with existing applicable laws, rules or regulations with which you are familiar) 0 Yes 0 No 

Additional Comments (Use back of 'iheet, if  necessary) . 

� � 'O\l1ea\l 0 ' c" . . � .. ! �. I. n tcO�Or.-�\ � �:=? 0 ({ , ( I  I 
Rev'owers S'gnature . " ,'J J ( i !l.W (> I .( 1<. 

\t>.�\<jll\ " �w� 
Date I I �� ,��tl\"\'" ,�� 

Title SJ \.- If(:; " � " � \\:>' Telephone �.� .... ��/ 

TO: 'Su,. Ac»ph"�I� Id.�t!fi.r (SAil 

Director 
Agriculture &. Horticulture Dept. 
421 Capitol Annex West 
Phoenix, AZ 85007 

F ROM: Arizona State Clearinghouse 
1 700 West Washington Street, Room 505 
Phoenix, Arizona 85007 

,�JAN 1 3 1982 
Transportation 
Ag . "" · Hort . 
Energy 
Power 
Health 
Parks 

This project is referred to you for review and comment. Please evaluate as 
to the following questions. After completion, return T H I S  FO R M  A N D  ONE 
X E ROX COPY to the Clearinghouse no later than 17 WO R K I NG DAYS from 
the date noted above. Please contact the Clearinghouse at 255·5004 if you 
need further information or additional time for review. 

�NO comment on this project o Proposal is  supponed as written 

St8te AZ No. 8 2 - 80 - 0 0 0 2 
6 Regions 

o Comments as ind icated below 

1 .  I s  project consistent with your agency goals and ObjectivesO Yes 0 No 0 Not Relative to this agency 

2. Does project contribute to statewide and/or areawide goals and objectives of which you are familiar7D Yes 0 No 

3. Is there overlap or duplication With other state agency or local responsibilities and/or goals and obJectives?DYes 0 No 

4. W i l l  project have an adverse effect on existing programs with your agency or Within. project i mpact area?DYes 0 No 

5. Does project violate any rules or regulations of your agency? 0 Yes 0 No 

6. Does project adequately address the intended effects on target population? 0 Yes 0 No 

7. Is project in accord With eXisting applicable laws, rules or regulations with which you are familiar? 0 Yes 0 No 

Additional Comments (Use back of sheet., if  necessary) :  

,�.-:t'"" � T,lIe J-e;t;; '1.� 
Date [-21 - f2. 
Telephone .:l�r: </173 



TO: 
St ..... Apphca�lon. Id.�tdj.r (SAl) 

Art Auerbach, Supervisor 
Socio Economic Analysis Section 
Dept. of Transportation 
206 So. 1 7th Ave., Rm. 3 1 0  B 
Phoenix, AZ 85007 

F R OM: Arizona State Clearinghouse 
1 700 West Washington Street. Room 505 
Phoenix. Arizona 85007 

v 

-JM1 1 3  \981 

Transportation 

Ag , & Hort , 

Energy 

Power 

Health 

Parks 

This project is referred to you for review and comment. Please evaluate as 
to the following questions, After completion. return T H I S  F O R M  A N D  ONE 
XE ROX COpy to the Clearinghouse no later than 1 7  WO R K I NG DAYS from 
the date noted above. Please contact the Clearinghouse at 255·5004 if you 
need further information or additional time for review. 

�NO comment on this project o Proposal is supported as wrinen 

State AZ No. 8 2 - 80 - 0 0 0 2  
6 Regions 

D Comments as ind'icated below 

1 .  I s  project consistent with your agency goals and objectivesQ Yes 0 N o  0 Not Relative t o  this agency 

2. Does prOject contribute to statewide and/or areawide goals and obJectives of which you are familiar?D Yes 0 No 

3. Is  there overtap or duplication With other state agency or local responsibil it ies and/or goals ano objectlves?D Yes 0 No 

4. . Will project have an adverse effect on existIng programs with your agency or within project impact area? 0 Yes 0 No 

5. Does project Violate any rules or regulations of your agency? 0 Yes 0 No 

6. Does project adequately address the intended effects on target population? 0 Yes 0 No 

7. Is project in accord with existing applicable taws, rules or regulations with which.you are familiar? 0 Yes 0 No 

Additional Comments (Use back of sheet,. if  necessary) :  

R ..... 'ewers Signature ;12.a� 
Tttle GIkN":'" 6?/la.. . ."if 

R $5. . 2./,-f/fr'i 
Date ;? �� 19 )[>" 
Telephone a (" 1 - 7'';)'£/ 

LAMAR ALEXANDER 

Governor 

Stephen H .  Norris 

executive Director 

February 2 ,  1982 

Wi l l i am A .  Vaughn 
As s i s ta n t  Secretary 
Envi romental Protect i o n ,  

TENNESSEE STATE PLANNING OFFICE 
1800 JAMES K. POLK STATE OFFICE BUILDING 

505 DEADERICK STREET 

NASHVILLE, TENNESSEE 37219 

Sa fety , and Emergency Prepardness 
U . S  Department o f  E n e rgy 
Washi ngton , D . C .  20585 

Executiv .. Director 

741-1678 
St.te Planning Division 
741-1878 

Local Planning Dlvl,lon 

741-2211 

RE : CHHN020282-0 19 Draft E. I . S . - L i q u i d  Metal Fast B reeder Reactor Program 

Dea r Mr . V a ug h n : 

In a ccorda nce wi t h  OMB C i rc u l a r  A-95 and as the des i gnated State C l e a r i nghouse 
for federal grant p rograms . We have revi ewed your p ropos a ' and hav( u s s i gned 
thi s p roject the State C l ea r i n ghouse number i n di cated. 

Our e v a l u a t i o n  o f  s ubmi tted mate ri a l s  i dent i f i e d  no confl i c ts w i t h  exi s t i ng o r  
p l anned s tate acti v i t i e s .  We he reby a r e  not i fy i n g  y o u  that yo u r  propo s a l  i s  
deemed accepta b l e  o n  the bas i s  o f  the descri pti ve i n fo rmat i on you havp made 
avai l a b l e to thi s offi ce . We , or o t h e r  rev i ewi n g  authori t i es , may w i s h  to com
ment further at a l ater time. 

If o u r  offi ce , a s  the State Cl ea r i gnhous e ,  can be o f  further a s s i s tance , pl ease 

�n �0t ���i tate tn rnnt��t  mp 

S i n c e re l y ,  

��hC4-?""#£ 
Thomas M. Webb 
Manage r ,  E n v i ronmental S e r v i ces 

TMW : mcp 
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G O V E R N O R ' S  O F F I C E  O F  P L A N "'l I N G  CO O R D I N A T I O N  

C A R S O N  C I T Y ,  N E V A D A  8 9 7 1 0  

February 3, 1982 

Mr . Wal lace R .  Kornac k ,  NE-6 GTN 
Office of Nuclear Reactor Pr ogr ams 
Office of the As sistant Secretary 

for Nuclear Energy 
U . S .  Department of Energy 
Washington ,  D .C .  20545 

RE : SA l NV# 82300037 Pr oject : Draft - E I S  Suppl ement to ERDA-1535 

Dear Mr . Kornack : 

Thank you for the opportun ity to rev i ew the above ment ioned project . 

The State Clear i nghou se has proces sed the proposal and has no comment . Based 
on the i nformat ion contai ned therein and the responses of i nterested part i es ,  
the pr oposed project i s ,  as of th is  date , found not to be i n  confl i ct with  the 
State ' s  pl a ns , goal s and object ives . 

./ 2) ncerel Y�' 
I I '  / l ·kl/I'! / John Wm. arbel 

, State Pla nni ng Coord i nator 

JWS/sl 

82-3311-B161 

tennessee development district 
countieS4'ebruary 2 ,  1982 
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Mr . Wal l ace R. Kornac k ,  NE-6 GTN 
Office of Nuclear Reactor Programs 
Office of the Assi stant Secretary for 

Nucl ear Energy 
U .  S .  Department of Energy 
Washi ngton,  DC 20545 

Dear Mr. Kornack : 

SUBJECT: Resul t of Regional Rev i ew 
U. S .  Department of Energy - Draft Suppl emental Env i ronmental 
Impact Statement on the L i qu i d  Metal Fast Breeder Program 

The East Tennessee Devel opment Di strict has completed i ts rev i ew of the 
above-menti oned statement , in i ts rol e  as a regi onal clear inghouse to 
review federal ly-as s i sted projects . 

ETDD has no comment on thi s statement at thi s time.  However ,  ETDD or  
other reviewing agenc ies may w i s h  to  comment at a l a ter time.  

We  appreciate the opportun i ty to  work with  you i n  coord i nati ng projects 
in the regi on .  

:�r���:e�A/IYA� 
norris 

o�����: AWN/tg 
olivsr springs 

p.rro���i
i�: cc Mr. Mi ke Jones , Tennessee Sta te Cl eari nghouse 

philadelphia 
pigeon forge 

pittman center 
rockford 

rockwood 
rutledge 

sevierville 
sweetwater 

tazewell 
tellico plains 

townsend 
vonore 

wartburg 
white pine 

post office box 1 9806 • k n o x v i l l e ,  tenn essee 3 79 1 9  • t e l e p h o n e  ( 6 1 5 )  584-8553 
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HARRY HUGHES 

GOVERNOR 

Hr .  Wal lace R .  Kornack 

MARYLAND 
DEPARTMENT OF STATE PLANNING 

301 W. PRESTON STREET 

SAL TIMORE. MARYLAND 2 1 20 1  

Offi�e of Nuclear Reactor Programs 
Office of Ass i s t ant Secretary for N�lear Energy 
U . S .  Department of Energy 
NE-6 , Room H0404 
Germantown , Maryland 20545 

SUBJECT : ENVIRONMENTAL IMPACT STATEMENT ( E l S )  REVIEW 

App l i c ant . U . S .  Department of Energy 

CONSTANCE LIEDER 

SECRETARY 
February 4 ,  1982 

Project : Draft EIS - Liquid Metal Fas t Breeder Reactor Program 
ERDA - 1 5 3 5  

S t a t e  C learinghouse Control Number : 8 1-1-142 

State C learinghouse Contac t :  James W. McConnaughhay ( 383-78 7 5 )  

Dear Mr . Kornack :  

The State C learinghouse has reviewed the above s t atement . In accordance with the 
procedures establ ished by the Office of Management and Budget Circular A-95 , the 
S t ate Clearinghouse rece ived comments from the Department of Natural Resourc es , 
Department of Pub l i c  Safety and Corre c t i onal Services , Office of Environmen tal 
Programs , and our s taff not ing that the s tatement appears to adequa t e l y  Cover 
those areas of interest ot their agenc ies . 

Maryland apprec i ates your attent ion to the A-95 review process and ant i c ipates 
continued cooperation with your agency in the future . 

c c :  Thomas Schmidt /Herbert Sachs /Max Eisenberg/Dennis Taylor 

JMc : BG : pm  

TELEPHONE: 301.383.� OFFICE OF STATE CLEARINGHOUSE 
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� Burns and Roe, Inc. 

700 Klnderkamack Road _ Oradell. New Jersey 07649 _ Tel. N.J .  (201; 265 2000-N. Y. (2 12)  563-7700 
TWX 710 - 990'6637 • Cable aUROE QRADEL1.t.U 

Mr . Wa llace R .  Kornack 
Of fice of Nuclear Reactor Programs 
Office of As s i stant Secretary for 

Nuclear Energy 
U .  S. Department of Energy 
Washington , D. C .  2 0 5 4 5  

Dear Mr .  Kornack : 

MaIn Ofhce 550 Ktnderkamack Road 

Oradell, New Jersey 07649 
(20'; 265·2000 

February 8 ,  1 9 8 2  

On December 1 7 , 1 9 8 1 ,  the Department of Energy publi shed 
the draft supplemental Environmental Impact S tatement (EI S )  
DOE/E I S- 0 0 8 5-DC as a supplement t o  the final E I S  o n  the Liquid 
Metal Fast Breeder Program ( ERDA- 1 5 3 5 )  and invited comments 
thereon . Burns and Roe , Inc . has reviewed the draft supplement 
and we lcomes the opportunity to provide comments in relation to 
this environmental statement . 

Burns and Roe ,  an architect-engineering firm , has partici
pated in the design of many fos s i l  as we ll as nuclear power 
plants and is currently the A-E for the Clinch River Breeder 
Reactor P l ant which wi ll be used as the demonstration plant for 
the LMFBR Program. 

�urns and Roe concurs that the Cl inch River Breeder Reactor 
Pl ant should be completed as exped itiously as possible as an 
initial step in an LMFBR development program geared toward po
tential deployment early in the next century . Our analyses of 
future economic and e lectr i c i ty growth rates , additions and re
placements of various types of electrical generating capacity , 
and use of nuclear power and uranium indi cate the potential need 
for first commercial LMFBR p lant orders as early as the year 
2 0 0 0 , leading to first deployment sometime after the year 2 0 1 0 . 
Thi s  is based on maximum use of both renewab le resources and 
coal as wel l  as on expanded use of nuclear power in the interim 
per i od ,  which we believe is essential to the achievement of u . S .  
Government goals for future national economic and employment 
growth and stab i l ity . 

Burna and Roe, Inc. 
Mr . Wal lace R .  Kornack 
U .  S. Department of Energy 

February 8 ,  1 9 8 2  
Page 2 

Because of the long lead times inherent in LMFBR develop
ment , significant operating experience wi ll not be available 
from Cl inch River unt i l  the 1 9 9 0 ' s .  Success ful long-term 
experience will be needed from Cl inch River if the private 
se�tor is to consider first commercial plant orders around the 
year 2 0 0 0 . Thus , Clinch River is a timely and necessary step 
at thi s  time . 

Burns and Roe cons iders that completion of Cl inch River i s  
a prudent s tep in a proper national long-range e lectrical energy 
strategy in an age of uncertainty of energy supply . Clinch 
River w i l l  provide a national insurance pol icy for an unpredict
able future as we ll as confirm the value of the LMFBR concept 
for conserving nonrenewab le natural resource s .  

WHY : sv 

Very truly yours , 

7t-#f� 
W. if. YOu� 
Vice President 



f1.r\. - " .: � 
COMMONWEALTH of VIRGINIA 

J B JACKSON. JR 
ADMINISTRATOR 

Council on the Environment 90 3  NINTH STRfET 0"'" BU'LD"G 

February 8 ,  1 9 8 2  

Mr .  Wallace R .  Kornack 
Office of Nuclear Reactor Programs 
Office of Assistant Secretary for Nuclear Energy 
U . S .  Department of Energy 
NE- 6 , Room H-404 
Germantown , Maryland 2 0 5 4 5  

Dear Mr .  Kornack : 

RICHMO�.�.· 2 3 2 1 9  
804 7 8 6  4500 

The Commonwealth of Virginia has completed i ts review of the 
Draft Environmental Impact Statement ( Supplemental to ERDA- 1 5 3 5 , 
December 1 9 7 5 )  on the Liquid Metal Fast Breeder Reactor Program. 
The Council on the Environment is responsible for coordinating the 
State ' s  review of federal environmental documents and responding to 
appropriate federal officials on behalf of the Commonwealth . The 
Office of Emergency and Energy Services and the State Water Control 
Board j o ined in this review. 

We hope that the Final EIS will address the que s tion of impacts 
on Virginia ' s  water qual ity ,  if any , stemming from a pos s ible accident 
at the C linch River breeder reactor plant once that proj ect i s  put into 
operation . Apart from th i s ,  the Commonwealth favors the implementation 
of the reference alternative , which is the C linch River Plant and the 
Large Scale Deve lopment Program. 

Thank you for the opportunity to review this document . 

Sincerely , 

� 
Enclosure 

cc : The Honorable Betty J .  Diener , Secretary of Commerce and Resources 
Mr . A . E .  Slayton , Jr . ,  Office of Emergency and Energy Services 
Mr .  Brian Harrison , State Water Control Board 

JBJ/CHE/al l  

8 .  REVIEW INSTRUCTIONS: 
A) Please review the document carefully. If the proposal has been 

reviewed earlier (e .g. , if the current document is a FINAL E15) , 
please consider previous comments. 

B) Prepare your ag�ncyl s co�ents in a fOrQ which vould be acc�ptable 
for responding directly to a proj ect sponsoring agency. 

C) Use the space below for your comments. If additional space is 
needed , please attach extra sbeets. 

Re f"urn your comments to: 

Charles H. Ellis III 
Environmental Impact Statement Coordinator 
Council on the Environment 
903 Nintb Street Office Building 
Richmond ,  Virginia 23219 

< /£4!&� 
CHARLES H. ELLIS IIi"--

ENVIRONMENTAL IMPACT STATEMENT COORDDIA'IOR 

C O M M E N T S  

Based on our review o f  t h i s  supplemental Erivi ronmental Impac t .  
Stat ement , we bel i eve that b o th the Cl inc h Rive r Breeder Reactor 
Pl ant (CRBRP) and the Larg e - Scale Development Plant (LOP) should 
b e  compl e t e d  to s upport Li quid He tal Fast Breeder Reactor power 
plant des i gn and to validate commercial v i ab i l i � y  of tpe LMFBR 

(SIGNED) 
(TITLE) 

(DATE) January 1 2 , 1 9 8 2  

(AGENcY) S t a t e  Office of Emergency and Energy S e.rvi c e s  
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UEHORANDUM 

TO : 

FRm1 : 

SUBJECT : 

�"'..O::>' , '.",0 . l\'i" II � ",-p . )7  
"'�"'''i' "S . . .. 'r,;! 

'< 

CO]VlAl0i\1,VEALTH of VIRGINIA 
Council on the Environment 

February 5 ,  1982 

File 

Charles H .  Elli::,. I I I  a:d�-4-._ 

903 NINTH STREET OFFICE BUILDING 
RICHMOND 2 3 2 1 9  

B04 .  786·4500 

Department of Energy Draft EIS ( Supplement to ERDA- 1 5 3 5 )  
o n  Liquid Metal Fast Breeder Reactor Program 

State Water Control Board comments on the subj ect document, g iven 
over the phone today by Brian Harrison , are that the question of impacts 
upon water quality in Virginia stemming from a possible dis aster at the 
Clinch River plant in Tennessee should be addressed in the Final EIS . 

CHEla 1 1  

�, rlrKf;)\ ��'��J �� 
STATE OF NORTH CAROLI NA 

OFFICE O F  STATE BU DGET A N D  MANAGEM ENT 

JAMES B .  +fUNT. J R . ,  GOVERNOR 
AND D I R E�TOR OF THE BUDGET 

Febru ary 3 ,  1 982 

Mr. Wal l ace R. Karnack 
Offi ce of Nucl ear Reactor Programs 
Offi ce of A s s i s t a nt Secretary for Nucl ear Energy 
U . S .  Department of E nergy 
NE-6 , Room H-0404 
Germantown , Maryl and 20545 

Dear Mr . Karnack : 

J O H N  A .  WILLIAMS. JR 
EXECUTIVE ASSISTANT TO T H E  GOVERNOR 

AND STATE BUDGET OFFICER 

RE : SCH Fi l e  182-E-0000-5098; Draft Suppl ement a l  E nvi ronmental 
Impact Statement - L i qu i d  Metal Fast Breeder Program 

The S t ate C l eari nghouse h as received and revi ewed the above referenced 
project . As a resu l t  of th i s  revi ew , the State Cl eari nghouse fi nds 
t h at no comment i s  necessary on th i s  project at t h i s  t i me. 

Stu:;� 
Chrys Baggett (Mrs . ) 
C l eari nghouse D i rector 

CB/njh 

Iltl WUT JONES STREET-RALEIGH 278 1 1  ( 11 1 11 )  733-7081 
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February 8 ,  1982 

916/32 3- 6 2 3 7  

Mr .  Wallace R .  Kormack , NE-6 GTN 
Office of Nuclear Reactor Programs 
Office of the Assistant Secretary 

for Nuclear Energy 
U . S .  Departaent of Energy 
Washington , D . C .  2 0545 

Dear Mr .  Kormack : 

Please find enclosed the comments of the State of Cali
fornia on the draft environmental impact statement (DEIS )  
for the Liquid Metal Fast Breeder Reactor (00£/EIS-00 8 5-D) . 
Our review finds that the DEIS is not in compliance with the 
requirements of the National Environmental Policy Act (NEPA) 
and is therefore inadequate and should be withdrawn pending 
further revisions and comments. Due to the short period of 
ti8e permitted for comments , we were unable to comment fully 
on all the .. ctions of the DEIS . 

Please find enclosed comments from the following State 
agencie s :  

1 )  Governor ' s  Office - Energy and Environment 
- Office of Planning and Research 

2 )  Department o f  Conservation, Division of Nines 
and Geology 

3 )  California Energy Commission (with appendices 
attached) • 

If you have any questions concerning our comments , please 
do not besitate to contact us. 

Enclosure. 

di:�lq
G 

�'9 Y �� A. 
he Governor Assistant t 

Environme for Energ 

@ 
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ATTACHMENT 1 1  

COMMENTS OF THE GOVERNOR ' S  OFFICE--STATE OF 

CALIFORNIA--ON THE DRAFT ENVIRONMENTAL IMPACT 

STATEMENT FOR THE LIQUID METAL FAST BREEDER REACTOR 



COMMENTS OF THE STATE OF CALIFORNIA 
GOVERNOR ' S  OFFICE 

ON THE DRAFT ENVIRONMENTAL I MPACT STATEMENT 
FOR THE 

LIQUID METAL FAST BREEDER REACTOR 

INTRODUCTION 

The Draft Environmental Impact Statement for the Liquid 

Metal Fast Breeder Reactor Program is grossly inadequate and 

should be withdrawn and substantial ly revised to incorporate 

those aspects that are missing , incomplete , or substantially 

incorrect. 

Major flaws exist in every section of the DE I S ,  inc l uding 

a widespread fai lure to comply with specific provis ions of the 

National Environment�l Policy Act ( NEPA) , which out l ines the 

requirements for Environmental Impact Statements .  I n  l ight of 

past experience with the U . S .  light water reactor program, 

full compliance wi th NEPA is essent ia l .  I n  particular , the 

present problems in the LWR program related to basic health 

and safety, design , econom i c ,  and environmental problems result , 

in par t ,  from our headlong rush into a nuclear program without 

adequately addressing these i s sues . Unless these same i s sues 

are resolved for the LMFBR prior to extensive development , the 

breeder program is likely to run i nto the same d i ff i culties . 

We comment here on the def iciencies in the following areas , 

and note that the short time available for comments prevented 

us from commenting on other areas in the DEI S  that a lso were 

inadequate . 

- 1-

- 2 -

The section on the purpose and need for the LMFBR i s  

wholly inadequate . The apparent projected demand for e lec-

tri c i t y ,  particularly nuclear electri c i ty ,  is founded on 

outdated estimates of e lectric i ty demand , and on inaccurate 

a s sessments of the abi l i ty of alternatives to meet parts of 

that demand . 

The accompanying rationales for ��BR development are 

a l s o  unsatisfactory . Each of the four rationales presented , 

that nuclear energy i s  required to supply a s ignificant 

fraction of future e lectrical requirements , that uranium 

resources are so l imited as to constrain the LWR program without 

the breeder , that LM)BR cos ts w i l l  be low , and that the LMFBR 

is advanced compared to other long- term al ternative s , i s  mis-

leading or incorrec t .  The n e t  result i s  t o  leave n o  adequate 

rationale for LMFBR development at a l l . 

Finally , the section on the timing for the breeder sug

gests that there would be s igni ficant negative e f fects ar i s ing 

from any delay in breeder development. We find thi s  conclusion 

to be unsupportable and present evidence suggesting that delay 

would not only be beneficial to the national interes t ,  but 

potentially bene f i c i a l  to the breeder i tsel f ,  if later develop-

ment is required . 

Another major deficiency i s  in the treatment of a lterna-

tive technolog ies and the environmenta l  impacts of the LMFBR 

and i t s  a lternative s .  Considerable research has been done 

over the last six years on the comparative environmental 
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e ffects of energy technologies , yet the DEl S  states that insuf-

ficien t information exists on which comparisons can be based . 

We reject thi s  argument. as unfounded . Unti l such i nformation 

is incorporated into the DEl S ,  i t  wil l  remain inadequate and 

incomplete . 

The last maj or deficiency that we addressed in our com-

ments is a wholly unsati s factory treatment of the serious 

safeguards and pro l i feration r isks that wil l  accompany the 

development of the ��BR and i t s  associated fuel cycle . Per-

haps more than any of the previous deficiencies .  we are deeply 

concerned about the plutonium fuel cycle and the ramifications 

of the widespread use of the breeder reactor . Present safe-

guards are acknowledged to be inadequate and whether or not 

adequate safeguards can ever be designed and implemented within 

our framework of freedom and constitutional liberties remains 

highly doubtful .  S imilar ly , the proliferation o f  the plutonium 

fuel cyc le to other countries wil l  greatly increase the spectre 

of the prol i feration of nuclear weapons .  The LMFBR fuel cycle 

would greatly increase the avai labil i ty of weapons-grade mater-

ials -- which we deem an unacceptable r i sk unavoidably associ-

ated with the devel opment of the breeder reactor . 

For these reason s ,  the DElS.  is inadequate . not in compli-

ance wi th the requirements of the NEPA, and should be withdrawn 

pending revis ion and additional comment s .  Our detailed comments 

are presented in the foll owing section s .  

-4-

COMMENTS OF THE STATE OF CALIFORNIA" 
ON THE DRAFT ENVIRONHENTAL IMPACT STATEMENT 

FOR THE 
LIQUID METAL FAST BREEDER REACTOR 

The Department of Energy ( DOE) Draft Environmental Impact 

S tatement ( DEIS) for the Liquid Metal Fas t Breeder Reactor 

(LHFBR) is inadequate and fails to address s everal issues required 

by the Nat iona l Environmental Policy Act (NEPA) . For this reason , 

it should be withdrawn pending further revision and commen t . 

In particular , the Department of Energy has failed to 

adequately evaluate the complete range of a l t ernatives to the 

LMFB R ,  the comparative environmental impacts of those alternat ives , 

the effects of funding the breeder program at the expense of 
I 

a l ternative long-term electricity generating options , and o ther 

issues , inc luding the hea lth , safety , and environmental consequences 

of reactor accidents . In addition , we disagree with DOE assess

ments of the rat ionales for future nuclear electricity needs 

( specifically breeder el ectricity) , the adequacy of safeguards 

agains t plutonium diver s ion , the adequacy of proliferation s a fe

guards , and the s tatus , development , and t iming o f  high - l evel 

was te storage fac i l i t i es . 

Full compl iance with the provisions of �EPA is required before 

embarking on a s ignificant commi tment to LMFBRs . Although we 

be lieve that there is no need, and w i l l  be no nee d ,  for breeder 

reactors , there are compel l ing reasons for a complete , c lear , and 

conci s e  environmental impact s tatement on the proposed p rograrr. . 

Moreover . because it is the NRC ' s  pos it ion that the Cl inch River 
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breeder reactor program and alternatives to i t  can only be 

addressed in the DElS on the entire breeder program, l/ it i s  

crucial that t h e  DElS adequately address these i s s ues . The 

current ver s i on does not do s o .  

The les sons o f  the l ight-water reactor program sugges t that 

it may b e  better to have no program at all than to have a 

program at a l l  costs . Forcing through an incomplet� inappropriate , 

and expens ive breeder reactor program is not in the national 

interes t . For these reasons , we concur with the Department of 

Energy ' s  Energy Research Advisory Board : 

.. . . .  cons truction of a demons trat ion plant in the 
early 1980s is no t an urgent national priority . 
Sufficient coal and uranium suppl ies exi s t  to 
sati sfy proj ect levels of electrical demand for 
at least 40 years and pos s ibly well beyond . For 
these reasons , the panel recommends cont inued 
research and development on the l iquid metal 
breeder reactor , as well as other breeder con
cepts , but that demons trat ion of breede2

/
tech

nology be delayed until a future time . "_ 

PUPYOSE AND NEED 

Role of Nuclear Energy . The typical j us t ificat ion for large- s cale 

electricity generating faci l i ties has been , and continues to b e , 

ant i c ipated large increases in e lectricity demand and the urgent 

y 

?:..I 

Cl inch River Breeder Reactor P lant ( Docket No . 50- 537) , CCH 
Nuclear Regulatory Reporter Para 30 , 09 4  (1976) .  
"Federal Energy R&D Prior i t i es", Report of t h e  Research and 
Development Panel : Energy Res e arch Advisory Boar d ,  Nov . 19 81 . 
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need to replace increasingly scarce and cos tly imported o i l . We 

find neither of these rationales s uffi cient to j ustify the greatly 

expanded role of nuclear energy s uggested by the DEIS . 

Present demand for electricity is well below the levels 

antiCipated in the early 1 9 7 0 s .  A s  energy prices have r i s en , the rate 

o f  increase in demand has fallen . In Cal i fornia alone , the need for 

42 large e l ectr i c i ty generating fac i l i ties antic ipated in the 1 9 7 0 s  

h a s  been e l iminated, at great savings t o  both util ities and rate-

payer s .  W e  find n o  reason t o  expect the rate o f  demand t o  increase 

s i gni ficantly . 

The ab ility o f  e lectricity to di splace significant quantities 

o f  oil has been greatly di scredited , short o f  a radical and rapid 

change in national transportation use patterns . Oil presently 

produced less than 10 percent o f  total U . S .  electricity -- and this 

share i s  decreasing annually . I f  the U . S .  total ly e l iminated u s ing 

o i l  to produce electr icity , the national o i l  savings would not be 

substantial . 

There is no prior rationale for the use of nuclear energy . 

The production and use o f  energy occurs to provide society with certain 

bene fit s .  I f  those same benefits can b e  obtained by alternate means , 

with less soc i a l ,  economic , environmental ,  or political costs , then 

society may choos e  that a lternative . To attempt to j ustify nuclear 

simply on the basis of its ab i lity to provide energy is nei ther 

appropriate nor proper in an EIS . 
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Energy and the Economy .  The o l d  argument that GNP and energy · 

use trends w i l l  continue in lockstep is a myth with no place in 

3/ 
federal documents written later than 1 9 7 4 .- There is a link 

between economic growth and electrici ty demand , but there is clearly 

tremendous flexibi l i ty in the nature of the linkage .
!/ 

The California 

Energy Commission has examined this l ink and considers low electricity 

growth rates to be "entirely cons isten t "  w i th a strong and growing 

Cal i fornia economy " .
�/

The s tatement that "the recent rate of effi-

ciency improvements , about 1 . 5  percent per year in response to greatly 

i ncreasing costs" ( DEIS p .  3 2 ) , will not be exceeded is unsupported 

by fact or historical evidence . 

The final argument in the DEIS , that electricity can help in the 

" very large energy Substitution problem faced by the U . S .  as fos s i l  

fue l s ,  especially o i l  and natural gas , become increasingly scarce and 

costly " ,  ( DEIS p. 3 2 )  is also a fallacy as noted above . Al though 

there is indeed a large sub sti tution prob lem , greater use o f  

electricity w i l l  not permit s i gnificant reductions in U . S .  o i l  and 

gas use. 

.Y 

y 

�/ 

Committee on Nuclear ' Alternative Energy Systems ( CONAES ) ,  

Energy in Trans i t ion 1 9 8 5- 2 0 1 0  ( 1 9 81 ) . 

Darmstadter , J . , J .  Dunkerl'ey , J .  Alterman , " International 
Variations in Energy Use : Findings From a Comparative 
Study , "  Ann . Rev. Energy ( 19 7 8 )  3 : 2 0 1- 2 4 .  

California Energy Commi s sion , " Electricity Tomorrow , "  p .  2 9 .  
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The Rationale for LMFBR Development . Research , development ,  

and deployment for the LMFBR should continue only i f  reasonable 

rationales can be given for the high cost of that research . In 

fact , the rationales given in the Draft EIS are neither reason-

able nor sufficient to support continued funding for the breede r .  

The first rationale , that nuclear power i s  necessary t o  

meet a significant fraction of future electrical energy require-

ments ,  is incorrect . Despite the most sincere wishes of nuclear 

proponent s ,  by the year 2 0 0 0  it appears l ikely that nuclear 

power wi l l  not supply s ignificantly more than the same fraction 

of the U . S .  e lectri cal requirements than it supplies tOday _ _  

approximately 1 2  perpent. Furthermore , even i f  nuclear were 

able to supply a signifi cantly larger fraction of U . S .  elec-

tricity requirement s ,  that rationale alone does not imply that 

breeder reactors wi l l  or should be a neces sary component of 

the nuclear supply system. 

The second rationale given is that l imits to economica lly 

recoverable uranium resources can be extended by shifting to 

the breeder reactor . Although this may ultimately be true , it 

has no validity a s  a rationale for the immediate development 

of the LMFBR for three reason s :  ( 1 )  uranium resources are 

considerably larger than previously anticipated ; ( 2 )  e stimates 

of the need for uranium are s ignificantly lower now than they 

were during early breeder development ;  and ( 3 )  there exist 

several reactor technologies that could greatly extend the 

ava ilabi l i ty of uranium resources beyond that achievable with 

the current generation o f  inefficient li ght-water reactors . 
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Examination of the l i terature on the subj ect of uranium 

resources and the breeder reactor leaves l ittle doubt that the 

principal rationale for an early commitment to the LMFBR was 

the prospect that uranium resources were short and that the 

United States l i ght-water reactor program might be squeezed 

6/ 
h '  1 as a result . - Re cently , however ,  t e extens1ve exp oratory 

work done under the' NURE program yielded discoveries of signi

f i cantly greater quantities of uranium than were previously 

known . As resource constraints have been greatly reduced , so 

has the need for early development of the breeder reactor . 

Uranium resource pressures have also been removed by the 

tremendous reductions in the actual number of l ight-water reac

tors and hence in estimated uranium demand for the LWR program. 

As economic , environmenta l ,  and social forces have reduced the 

number of reactors expected to be operating in the next few 

decades ,  the need for an assured source of f i s s i l e  fuel has 

s imultaneously been reduced. 

Fina l ly ,  the current PWR/BWRS in use in the United States 

are very ine f f i c ient in thei r  use of uranium. If the need 

arise s ,  there exist alternative commercial reactor techno logies 

with considerably higher uranium burn-up e f f i c iencies . These 

include the CANDU reactor and modified l ight-water reactor 

systems. 

y Holdren , J .  P . , " Uranium Avai labil ity and the Breeder 
Decision" , Energy Systems and Policy ,  Vol .  1 ,  No . 3 ,  
(Crane , Russak & Co . ,  1 9 7 5 ) . 
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The third rationale given in the DEI S  for breeder-

development is " forecasts for LMFBR electrical generation 

costs . "  Although it is not stated in the DEIS , presumably 

these costs are pro j ected to be favorable for LMFBR ' s  devel-

opment. The DEI S  fails to provide supporting data for its 

conclusion that such cos t s  wi l l  be competitive .  We find this 

conclusion to be extremely un l ikely. Even i f  LMFBR costs are 

competitive with the costs of l ight-water reactor s ,  electricity 

costs are l ikely to be too high for uti li ty purchase s .  There 

are reason s to believe that the actual costs w i l l  be consid-

erably above current LWR cost s .  Further , the additional costs 

as sociated with the �ncertainty of a new technology can only 

exacerbate the cost problems of LMF BR s .  

I t  i s  inappropriate to j ustify t h e  LMFBR o n  the bas i s  o f  

estimated costs because of the gross uncertainties in these 

cost s .  In fact , the DEIS i tself abandons its j ustification 

based on costs when it s tates : 

" Regardless of whether a part icular economic 
model predicts 2 01 0  or 2 0 3 0  or some other date 
of economic competitiveness be tween LMFBRs and 
other technolog ies , responsible national energy 
policies d ictate that the pace of the LMFBR 
development program be structured to accommodate 
signif icant uncertaintie s . " (DEIS p .  3 8 )  

Thus , if the costs of e lectri city from the LMFBR turn out to 

be unacceptably high , the DEI S  argues that some undefined 

" national energy pol icy" s t i l l  d i ctates that the LMFBR i s  

needed . We reject this argument as self- serving and a c lear 
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violation of the NEPA process and guidelines cal ling for a 

" fu l l  and fair di scus sion • •  J"'! 
The fourth rationale given for breeder development i s  

that the breeder is i n  a " re latively advanced" state compared 

to alternative inexhaustible technologie s .  We believe thi s  to 

be untrue . The technology for wind turbines and photovoltaics 

i s  considerably more advanced toward commercial deployment 

than is the technology for the LMFBR. In fact , commercial

scale wind turbines are being deployed throughout the United 

State s ,  particularly in Cal ifornia . It now appears that 

a 3 5 0  MWe windfarm, scheduled to begin full operation in the 

mid- 1 9 8 0 s ,  wi l l  be operating in Cali fornia decades before 

commercial LMFBRs are operating . 

" Even with a relatively vigorous LMFBR develop
ment program , a commercially viab le LMFBR cannot 
be available for several decades . "  (DEIS p .  3 9 )  

S imilar l y ,  photovoltaics are technically ready for deploy

ment . If they appear to be expens ive , we note that their 

present costs are comparable to the 3 5 0  MWe LMFBR costs , which 

are proj ected at $ 3 . 3 bi l l ion so far ( $ 9 , 5 0 0  kW) . Moreover , 

the possibi l i ties for tremendous cost reductions in photovol taic 

manufacturing lead us to conclude that among the alternative 

inexhaustible technologie s .  photovoltaics and wind offer s i gni

ficant advantages over the breeder reactor . 

21 4 0  Code of Federal Regulations 1 5 02 . 1 

- 1 2-

The complete discuss ion of costs in the DEIS in inadequate 

for both the LMFBR and the alternative long-range technologies . 

Such a discuss ion would be informative and enl ightening . It 

is also required by NEPA . 

One- sided Risk of Delay. The DEIS claims (p . 3 9 )  that the 

" penalties for developing the breeder too early are small com

pared to the pena lties for deve loping too late . " We reject 

this claim. Such a claim i s  based on the assumption that LMFBR 

electricity costs wi ll be lower than the average cost of elec

tricity .  Thi s assumption i s  un supportable by fact . Moreover ,  

there i s  a very strong possib i l i ty that the development o f  the 

LMFBR wi l l  drain s i gAificant R&D money away from energy research 

l ikely to produce alternatives with signi ficantly lower economic 

and social costs than the LMFBR . 

The failure to discuss the effect of draining funds from 

other long- term alternatives to fund the breeder program is a 

vio lation of the requirement that an environmental impact state

ment " pre sent the environmental impacts of the proposal and the 

a lternatives in comparative form, thus sharply de fining the 
81 

issue s  and providing a clear basis for choice among the options . "-

When a proposal has the effect of draining funds from the develop

ment of these alternative s ,  such effects should be considered as 

�I 4 0  CFR 1 5 0 2 . 1 4 
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part of the EI S .  This conclusion i s  further supported by the 

requirement that DEI S s  offer "meaningful , timely information 

on the effects of agency action . "
�/ 

The failure to discuss 

the effect of devoting b i l lions of dollars to breeder develop-

ment at the expense of R&D for conservation and a l ternatives 

violates thi s  requirement .  

ALTERNATIVES 

40 CFR 1 5 02 . 1 4 requires that Environmental Impact S tatements : 

.. . . .  should present the environmental impacts of the 
proposal and the alternatives in comparative form, 
thus sharply defining the i s sues and providing a 
clear bas i s  for choice among options by the decision 
maker and the public.  In this section agencies shall : 

( a )  Rigorously explore and objectively evaluate all 
reasonable alternatives , • • •  

( b )  Devote substantial treatment to each alternative 
considered in detai l . . . .. 

The DEIS fai l s  to adequately address the alternatives to 

the LMFBR . ( 1 )  No information is given on the specific ad van-

tages , disadvantages , barriers to commercialization , and com-

parative costs for each technology . ( 2 )  No assessment has 

been made of the comparative risks , reliability , safeguards 

and proliferation aspects of each technology . ( 3 )  No evalu-

ation of the status of commercial development is given even 

though sign ificant development has occurred since 1 9 7 5 .  ( 4 )  

discussion o f  alternative breeder designs i s  included , even 

�/ Scientists Institute for Public Information , Inc . vs . 
Atomic Energy Commission 4 B l  F. 2nd . 1 0 7 9  (DC Cir.

-r9 7 3 ) . 

No 
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though there are doubts about the C linch River LMFBR des ign . 

The DEIS i s ,  therefore , inadequate . 

ENVIRON�ffiNTAL IMPACTS OF ALTERNATIVE LONG-TERM TECHNOLOGIES 

We d isagree wi th the statement at the beginning of the 

section on the Environmental Impacts of Alternative Long-Term 

Technologies which states : " Comparative quantitative analyses 

of alternative long-term technologies are not pos s ible at this 

time . "  (DEIS p .  2 1 3 )  In fact , extensive quantitative environ

mental assessments have been done for both conventional and 
1 0 - 1 6/ 

renewable energy source s . ----- The most advanced work has 

corne from the Energy and Resources Group at the University 

of Cal i fornia and frJm Brookhaven National Laboratory in 
1 0/ 1 3/1 6/ 

Upton , New York . -- -- -- Earlier work was done at the Jet 

Propulsion Laboratory and the California Institute of Tech-
1 4 / 1 5/ nology . -- --

1 0/ Holdren , J . P . , G .  Morr i s , I .  Mintze r ,  " Environmental As--
pects of Renewable Energy Sources" , Ann. Rev .  Energy 
( 19 B O )  5 : 2 4 1- 2 9 1 .  

1 1/ Coma r ,  C . L . , and L . A .  Sagan , " Hea lth Effects o f  Energy --
Production and Conversion " ,  Ann . Rev . Energy ( 1 9 7 6 )  
1 : 5 B l- 5 9 9 .  

1 2 /  Committee o n  Literature Survey o f  Risks Associated with 
Nuclear Power , " Ri sk Associated with Nuclear Power : A 
Critical Review of the Literature" ,  National Academy of 
Science s ,  Washington DC , 1 9 7 9 .  

1 3 /  Holdren , J . P . , K .  Anderson , P . H .  Gleick , I .  Mintzer , G .  --
Morris and K .  Smith , " Ri sk of Renewable Energy Source s :  
A Critique o f  the Inhaber Report" , Energy and Resources 
Group , ERG 7 9- 3 ,  University of Cali fornia , Berkeley , 1 9 7 9 . 
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These works should be reviewed and incorporated into a 

comparative a s sessment of environmental impact s .  They d o  not 

evaluate all environmental risks , nor do they claim t o .  Never

tne less , they provide useful i nformation on risk assessment 

methods and drawback s ,  actual occupational and public health 

and safety risks , and they are careful to highlight those risks 

that cannot presently be included due to lack of data . 

The l i s t  of impacts in Table 11 is gros sly incomplete : 

" Land use'l , "Water Use'l , and two " C onstruction Materia l s "  

estimate s .  On the basis o f  this scanty data , the DEIS con-

cludes : 

" It can be inferred from this tab le that the 
environmental impacts associated with construc
tion wi l l  be less for the LMFBR than for most 
other long-term technologies . "  (DEIS p. 2 1 3 )  

I n  fact , it i s  not possible t o  infer this from the table . 

Even if these measures were complete , which they are not , 

lY 

1 5 /  

1 6 /  

Caputo , R. , " A n  Ini tial Comparative Assessment of Orbi tal 
and Terrestrial Central Power Systems " , Jet Propu l s ion 
Laboratory Report 9 0 0- 7 8 0 ,  Cali fornia Insti tute of Tech
nology , Pasadena , Ca l i forni a ,  1 9 7 7 .  

Herrera , G . , ed . ,  "Assessment o f  RD&D Resource s ,  Health 
and Environmental E ffects , O&M Costs , and Other Social 
Costs for Conventional and Terrestr ial Solar E lectric 
P lant s ,  Jet Propulsion Lab Report 9 0 0- 7 8 2 ,  California 
Institute of Technology , Pasadena , Cali forni a ,  1 9 7 7 . 

Brookhaven National Laboratories , Matri x  of Energy
Environmental Residuals Ana lys i s  (MEE RA )  Data Base , 
Upton , New York , 1 9 7 9 .  
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the LMFBR is third out of s i x  in land use ; fourth out of f ive 

on water use ; and first out of five on a very l imited materials 

l i s t .  

I n  the actual descriptions of the specific envi ronmental 

impact of the a lternative long-range technologies , the DEIS 

state s :  

" . . •  the overall impacts o f  wind energy systems 
are relatively minor . . .  " (DEIS p .  2 2 0 )  

" Overa l l ,  however ,  photovo ltaic technology appears 
to face only moderate environmental constraints . "  
(DEIS p .  2 2 3 )  

" I t  i s  believed that [potential impacts ] can be 
adequately contro l le d ,  and that solar thermal 
technology faces minimal environmental constraints . "  
(DEIS p .  2 i 4 )  

Given these conclusion s ,  we find unacceptable the conclu-

sions in the summary and overview sections that the LMFBR will 

have fewer environmental impacts than most other long-term 

technolog ie s .  Moreover , g iven the advances in envi ronmental 

impact information for both conventional and renewable energy 

source s ,  we also reject the statement that " Detai led quanti-

tat ive compari sons between the LMFBR and alternative long-term 

technologies are not possible because only the envi ronmental 

impact information for the LMFBR i s  complete at this time . "  

(DEIS p .  2 7 )  Without thi s assessmen t ,  the DEIS i s  incomplete 

and inadequate . 

Health Effects . The SOurce term descr ibed in the DEIS (p . 1 9 2 )  

includes only " r outine" release s .  However ,  i f  i t  is t o  be 
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complete , the E I S  must examine the consequences of accident s .  

I n  fact , we are not convinced that accidents will play such a 

minor ro le , ei ther in the total public exposure or exposure to 

workers. Accident sources should be included in the E I S . 

The DEIS contends that it is appropr iate to exclude con-

tamination of water supplies because of the " small fraction 

released to wate r ,  the low solubility of most transuranic com-

pounds , and the great d i lution volume ultimately provided by 

the world ' s  oceans . "  (DEIS p .  19 2 )  This contention fai l s  to 

fulfill the disclosure requirements of NEPA. We are concerned 

about the potential for transuranics to harm downstream drink

ing supp l ie s .  Analysis of the risk of contamination of drink-

ing water , ground water , evaporation and subsequent rainfal l ,  

river and lakebed sediments and soil expo sed by indirect means 

should be discussed in the E I S . 

The as sumptions made for terrestrial dispersal are very 

confusing . If it is known that radionuclides migrate down-

ward through the soi l ,  why is it assumed they remain in the 

root zone? The DEIS states that this assumption makes esti-

mates of exposure higher than expected. While this may be 

correc t , the same assumption ignores possible entry into the 

hydrologic system via groundwate r .  

SAFEGUARDS AND PROLIFERATION 

Safeguard s .  The discussion of safeguards in the DEIS i s  in

adequate . One of the most serious ri sks associated with the 
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deve lopment and use of the fast breeder reactor is its depen

dence on the pl utonium fuel-cycle , which requires the circula

tion of large quantities of plutonium among various faci l i ties . 

�lutonium is f i s s i le material suitable for making nuclear bombs . 

Although the DE IS describes gener ic safeguards , there is no 

indication that actual safeguards suffi cient to ensure protec

tion of the small quantities of pluton i um  needed to make 

nuclear bombs will be available at the necessary time . 

It is widely accepted that the most significant barrier 

to the construction of atomic bombs i s  not the design and 

development but the acqu isition of weapons mater i a l s :  highly 

enriched uranium, or
I

Plutonium.
1 7 /  

In fact , this " truism" is 

becoming increasingly less true , as nuclear fac ilities and 

material spread throughout the wor l d .  There is n o  fundamental 

reason why nuclear weapons materials are diff icult to obta i n ,  

other than the fairly complex technology required . Unless 

satisfactory controls on this technology are instituted , grow

ing number s of countries wi l l  soon be able to acquire bomb-

grade materia l s .  W e  c a n  only guarantee some degree of protec

tion against this threat if satis factory safeguards , under 

inte rnational control , are set up . The spread of breeder 

technology would be accompanied by a concomitant spread of 

faci lities handling special nuclear mater ial s .  I f  LMFBR 

17/ Wohl stetter , Albert , e t  a l . , " Moving Toward Life in a -
Nuclear Armed Crowd? " ,  prepared for U . S .  Arms Control 
and Disarmament Agency ACDA/PAB- 2 6 3  (April 1 9 7 6 ) .  
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safeguards are simi lar to current LWR safeguards , they are 

sure to fail with even more dire consequences guaranteeing 
that large quanti ties of weapons materials would enter inter

national circulation . It is widely acknowledged that present 

safeguards are unsatisfactory. 

" S trict accounta b i l i ty of f i s s i le material cannot 
be achieved practica l ly throughout the entire 
fue l  cycle . " 1 8/ 

David Fi scher , retired IAEA assistant director genera l ,  has 

pointed out that "a measurement on a certainty of a half a 

percent could mean an uncertainty of 50 ki lograms of pluto

nium ei ther way" in a large reprocessing plan t .  
1 9 /  

NRC 

safeguards director Robert Burnett said , "We have not solved 
the nuclear materials accountabi l i ty problem" and " the 

approaches available now are unl ikely to be acceptable" .
20/ 

The safeguards described in the DEIS rely extensively 

on systems under conceptual development only .  Clearly , hypo

thetical systems can be conceived of that provide foolproof 

protection , yet we are highly skeptical that adequate systems 

that are cost-effective and responsive to civil liberties and 

constitutional guarantees can be deve loped. 

1 8/ 

!2./ 

2 0/ 

" Report to 
Cycles and 
Volume 5 0 , 

the APS by the Study Group on Nuclear Fue l 
Waste Management" , Review of Modern Physics , 
American Physical Society (January 1 9 7 8 ) . 

Nucleonics I·'eek , March 9 ,  1 9 8 1 .  

Nucleonics Week , March 1 3 ,  1 9 8 0 .  

-20-

Pro l i feration . The concern over the pro l i feration of nuclear 
materials is that such proliferation poses significant real 
threats to international peace and stabi l i ty .  As civi lian 
�uc lear power systems become more widespread, the pos sibi lity 
increases that they wil l  be used as sources for , or routes t o ,  
nuclear weapons materia l s .  The spread of l iquid metal f a s t  
breeder reactors would contribute significantly t o  thi s threat . 
P l utonium , the principal fuel and product of LMFBRs , i s  a very 
attractive nuclear bomb material . The d i version of even a 
sma ll fraction of reprocessed plutonium would be suffi cient 
for constructing a reliable , high-yield nuclear weapon . Even 
fresh fuel for the L¥FBR is usable for the production of weapons .  

" A  bomb made direct ly even from fresh LMFBR mixedoxide fue l ( 1 5- 2 5 %  Pu) is theoretica l ly pos s ible , though unwieldy . "�/ 
The International Nuclear Fuel Cycle Evaluation ( INFCE ) COn-

cluded that the " relationship between civi lian nuclear fue l 

cycles and the prol i feration of nuclear weapons cannot be 

resolved by technical ingenuity"�/ 
and that no conceiv-

able fuel cycle could much reduce the pos sibility of pro l i f

eration . INFCE went on to conclude that the diversion risk 

21/ 

22/ 

Lovins , A . B . , "Nuclear Weapons and Power Reactor Plutonium" , Nature , Vol . 2 8 3 ,  p .  8 1 7- 8 2 3  (February 2 8 ,  1 9 8 0 ) . See a l s o :  Nonproliferation Alternative Systems Assessment Program , "Nuclear Proli feration and Civi l ian Nuclear Power" , Vol . 2 ,  2-4 0 ,  Draft Report DOE/NE- O O O I  ( December 1 9 7 9 ) . 
" INFCE Brings International Agreement on Nuclear Fuel Cycle No Nearer" , �, Vol .  2 8 3 ,  p. 8 0 8  (February 2 8 ,  1 9 8 0 ) . 
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encountered in the various breeder reactor fuel cyc le stages 

presents diversion risks equivalent to those o f  the light-

water reactor with plutonium recycle . The LWR with plutonium 

recycle is highly vulnerable to materials diversion in the 

reprocessing and reprocessed fuel-fabrication stages .
!l/ 

The 

fact that LMFBR fresh fuel i tself is attractive to diverters 

makes the entire LMFBR fuel cycle a more attractive target 

overa l l  than the LWR with plutonium recycle . 

2 3/ Office of Technology Assessment, Nuc lear Prol i feration and 
Safeguards ( 1977 ) .  
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ATTACHMENT 2 :  

COMMENTS OF THE CAL IFO&� IA DEPARTMENT OF CONSERVATION 

ON THE LIQUID METAL FAST BREEDER REACTOR 

DRAFT ENVI RONMENTAL IMPACT STATEMENT (DOE) 

COMMENTS OF THE STATE OF CALIFORN IA _ 
RESOURCES AGENCY - DEPARTMENT OF CONSERVATION 

DIVISION OF MINES AND GEOLOGY 
ON THE DRAFT ENVIRONMENTAL IMPACT STATEMENT 

FOR THE 
LIQUID METAL FAST BREEDER REACTOR 

The California Department of Conservation has reviewed the 

U . S .  Department of Energy ' s  (DOE ) Draft EIS addressing the 

proposed Liquid Metal Fast Breeder Reactor (LMFBR) Program . 

Whi le we have reviewed the Draf t EIS and prepared the 

following comments , the extremely short period of time avail-

able between receipt of the document in late January 1 9 8 2  and 

the deadline for the submittal of comments makes a comprehen-

s ive review impossible . We therefore reserve the right to 

submit additional comments at a later date if we determine i t  

to b e  necessary . The proposed LMFBR Program is a highly com-

plex and controversial i ssue , and the State of Cali fornia , as 

wel l  as the general publ ic , deserved a reasonable period of 

t ime to analyze and weigh the informat ion presented in the 

document . 

The Draft EIS supplements an ear lier E I S  published in 1 9 7 5 ,  

and only addresses particular subj ects identi f ied by the DOE for 

which there is substantial new information . This include s 

radioactive waste management and di sposa l ,  to which we address 

the bulk of these comment s .  However , the DOE has not addressed 

structur a l  design technology and requirements re lated to seismic 

safety , stating that the 1 9 7 5  di scuss i on remains valid today . 

Because the state-of-the-art technology is rapidly advancing , 

the DOE must reassess th is aspect of development . 

- 1-
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A s  stated above , our review of the Draft EIS centers o n  

waste management and d i sposal .  The proposed LMF B R  Program 

con s iders concurrent development of waste management essential 

to signi ficant development of breeder reactors ,  and waste 

management is tied to the ava i labil i ty of a geologically sound 

d i sposal fac il ity. If LMFBR development progresses as proposed , 

thi s  fac i l i ty will be needed as early as 2 0 0 5 .  

The Department o f  Conservation parti cipated i n  the u . s .  

Nuclear Regulatory Commi s s i on (NRC ) Waste Confidence Rulemaking 

proceedings on the storage and d i sposal of high- level waste. 

We consi stently questioned whether the DOE can construct and 

operate a high-level 1 disposal faci li ty within the anticipated 

1 9 9 7  to 2 0 0 6  time frame , which complies with NRC regulation s 

and Environmental Protection Agency (EPA) performance standard s ,  

neither o f  which have been developed and approved . There are 

serious uncertainties surrounding s i te selection and develop

ment of a high-level waste disposal faci l i ty which have yet to 

be answered. 

Below is a l i sting of s ignificant i ssues which we identi

fied during the Confidence proceedings , and addressed in the 

documents referenced on the attached l i s t .  We believe that 

these i ssues must be resolved before the DOE constructs and 

operates a geologic reposi t ory for high-level wastes . 

1 .  I t  i s  que s t i onable that a waste d i sposal fac i l i ty 
wil l  be operational by the period 1 9 9 7  to 2 0 0 6 , 
and that i t  wi ll be in a geologi c  medium which 
meets NRC regulations and EPA performance standard s .  

2 .  

3 .  

4 .  

s .  

6 .  

7 .  

8 .  
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Ten thousand years may not be sufficient time for 
storing nuclear waste in a mined reposi tory which 
meets NRC and EPA requirement s ,  unless Significant 
containment integrity is achieved beyond this time 
period . 

The potential effects of future climatic change make 
it difficult to document whether a high- level waste 
repository can meet NRC and EPA requirements. The 
DOE must i n clude such consideration in its plans to 
develop an acceptable fac i li ty .  

The hydrological condi tions of potential s ites must 
be well characterized to assure that the sites com
ply with NRC and EPA requirements . Thi s capabi l i ty 
must be developed and implemented before establi sh
ment of operation a l  fac i l i ti e s .  

A fail - safe system of monitoring fac i lity performance 
must be devised and installed at the time the reposi
tory goes into operat i on .  The system must be capable 
of detecting a l l  malfunctions that might Occur in the 
repository during and after the operational period . 

Expertise must be available to completely and per
manently seal the shafts , borehole s ,  and exploratory 
openings used to develop and characteri ze s ite s .  
DecommiSS ioned repositories must b e  sealed t o  pre
vent contaminati on of the biosphere . 

Retrievab i l i ty of wastes i s  a critical capability 
that must be bui l t  into fac i l i ty selection , design , 
construction and operation . The DOE included 
inadequate d iscussion of this i ssue in the report 
" Earth Science Technical P lan for Disposal of Radio
active Waste in a Mined Reposi tory , DOE/TIC-II0 3 3 ,  
Apr i l  1 9 8 0 " . 

The DOE has not found a potenti a l  site without s ig
n i f i cant geologic problems . What i s  the certainty 
that s i tes wil l  be found whi ch have acceptable geo
logic condi tions? 

In summary , we believe that the DOE cannot achieve the 

LMFBR Program within the proposed time frame , as the Program 

objectives and scheduling are dependent on the completion of 

an operating high-level waste di sposal faci l i ty prior to 
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commercia l  operation of the reacto r .  We therefore feel that 

no LMFB reactor should be licensed for operation prior to 

thi s  event ,  and we recommend that the DOE re-evaluate and 

modify the proposed time frame for the LMFBR Program , to 

a s sure that a l icensed d i sposal s i te i s  avai lable before the 

commercial operation of reactors under this program. 

-5-
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COMMEHTS OF THE .CAlIFORNIA· ENERGY COMM I S SION 
ON THE DEPARTMENT OF ENERGY ' S  DRAFT ENVI RONMENTAL 

IMPACT STATEMENT FOR THE L I OU I D  METAL FAST 
BREEDER REACTOR PROGRAM 

1 .- INTRODUCTION 

The Depa rtment of Energy ' s  ( DOE ) Draft Envi ronmental Impact Statement 

( DE I S )  on the L i qu i d Metal Fast Breeder Reactor Program ( LMFBR )  fai l s  to 

comply wi th the requi rements of the Na ti onal Envi ronmental Pol i cy Ac t 

( NEPA ) , does not adequately justi fy the need for the LMFBR pro�ram, fa i l s 

to provi de an adequate d i scu s s i on of al ternati ves and the i r  envi ronmental 

consequences in compari son wi th impacts of the proposed proj ect, and 

therefore shou l d  be wi thd rawn and substanti al l y  rev i se d .  

Of major concern i s  that the devel opment of the breeder reactor program 

woul d d i vert l imi ted federal research dol l ars from other energy research 

and devel opment programs ( s uch as al ternati ve energy technol ogi es , 

conservati o n ,  reactor sa fety and rel i abi l i ty ,  nucl ear waste mana gement) 

that offer a more susta i n abl e ,  l east-cost energy futu re. Sh i ft i n g  

federal research empha si s toward the breeder program wou l d move the 

n a t i on toward rel i ance on a pl utonium economy , requ i ri n g extraord i na ry 

safeguards a ga i nst sabotage , fuel di vers i o n ,  and acc i dent s .  Because o f  

t h e  s i gn i fi cant hazards a n d  econom i c  uncerta i nties of a pl utonium fuel 

cycl e ,  espec i al ly in v i ew of the i ncreased devel opment of al ternati ve 

sou rces of energy s i nce ERDA ' s  1975 EIS on the breeder reactor, the D E I S  

shoul d careful l y  expl ore the need f o r  th i s  program, envi ronmental 

i mp ac t ,  a n d  feas i b l e al ternati ves. Such a n  extensi ve review of the 

breeder program is parti cul arly needed in v i ew o f  the Nuc l ea r  Requl atory 

:- , LC 



Commi ss ion ' s  ( NRC ' s )  posi ti on that review of the need for the Cl i nch 

R i ver breeder reactor and al ternatives to i t  a re not proper i ssues for 

the NRC ' s  Cl i nc h  Ri ver l i cens ing  proceedi ng but only can be addressed i n  

the O E I S  on the enti re b reeder reactor program. � �  � 
� �, (Docket No . ,  50-537 ) ,  CCH Nuc. Reg. Rptr. , 30, 094 

( 1 976 ) .  

The OEIS  does not present a forthri ght d i scussion o f  i ssues confronti ng 

the devel opment of the breeder reactor pr09ram--safeguards ; safety ;  pros

pects for commercia l i zation;  techni cal , envi ronmental ,  and economi c prob

l ems i n  eXi sti ng foreign �reeders and Uni ted States prototypes ;  and 

uranium a vai l abi l i ty ,  to name a few. The OE I S  fa i l s  to provi de an objec

ti ve review of the need for the breeder program, i ts envi ronmenta l 

impact ,  and the exi stence of more economical  and envi ronmenta l ly beni gn 

a l ternati ves . In our deta i l ed comments bel ow, we di scuss the fai l ure of 

the DE I S  to meet �'EPA reoui rements (Secti on I I) , i nadeouaci es of the 

DEIS '  review of the need for the LMFBR ( Secti on I I I ) ,  the avai l ab i l i ty of 

a l ternatives to the LMFBR ( Section I V ) , and the envi ronmental impacts of 

the program ( Section V ) ,  wi th emphas i s  on safeguards and prol i feration ,  

s afety and waste management. 

2 
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I I .  FAILURE OF DE IS  TO MEET NEPA REQUI REMENTS 

The DEIS fa i l s  to canply wi th the fo l l owi ng requi rements of NEPA : 

r.r.-4 LC 

1 .  "NEPA documents must c oncentrate on the i ssues that are truly s igni
ficant to the action  i n  Que stion rather than amass ing need less  
detai l " ( 40 CFR  1500. 1 ( b » . 

I s sues s ign ificant to the action in Question i ncl ude : 

o The envi ronmental consequences ( i n  pa rtic u l a r ,  i ssue s rel a ted 

to prol i ferati o n ,  safegua rds , safety ,  waste management, and 

decanmi ssioning of contami nated fac i l i ti es and equi pment ) of 

the proposed LMFBR program in canpa ri son to the env i rormental 

consequences of al ternative technol og i es .  

o The need fo r the LMFBR program, rel a tive to al ternati ves ,  a s  

i nfl uenced by decreasi ng proj ections o f  energy demand growth ,  

cancel l a tion o f  nuc l ear reactors , s urpl us uranium i nvento ri es 

a nd dec l i n i ng uranium prices . 

o The potential for canmerc i al i zation of the breeder reactor. 

o The opportun i ty c ost  of suppo rt i ng a b reeder R&D program a t  the 

expense of al ternate federal R&D programs ( for  exampl e ,  

research to improve nuc l ear safety a nd pl ant perfo rmance , waste 

management , conserva tion and al ternatives ) .  

On pp .  152 - 1 57 (OE I S )  ef��rts to improve safeguards appl i cabl e  to 
the LMFBR are bri efly overv i ewed . However,  the ri sk s  and env i ron

mental impact of sabotage and theft of nuc l ea r  materi al s at al l 

s tages of the LMFBR fuel cyc l e  ( reproces s i ng ,  was te ma nagement , 

3 
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reacto r, transpo rtati o n )  are n o t  dl sc u s sed . Nuc l ear weapons 

prol i feration has been cons i dered to be the potent i al l y  most seri ous 

c a tastrophic prob l em posed by nucl ear power ( CONAES study p .  x v ) . A 

maj o r  de fici ency that shou l d be addressed i s  the env l roll11ental 

Impact of the expanded use of pl utonium In v i ew of current safe

guards uncerta i nt i es and l i m i tati ons and to wh a t  extent a de l ay I n  

the LMFBR to avert further nuc lear pro l i feration and s afeguards 

problems can resul t In better control i ns t i tu t i ons b e i ng put i n to 

pl ac e .  ( See Section V o n  envi roMlenta1 i mpacts of the U1FBR 

program) • 

The DE I S  does not addres s the reduc tion i n  need for the breeder 

reactor as the resul t of surpl u s  uran ium i nvento ri es and the cancel 

l a tion of reacto rs . Moreov e r ,  the DE I S  fail s to acknowledge that 

the di version of b i l l i ons of dol l a rs of a very l i mi ted federal 

budget I nto thi s program i s  done at the expe nse of research to 
addres s reactor safety a nd waste management i s sue s and deve1 opi ng 

c onservation and a1 ternatlve energy sources . NRC Commi ssi oner 

V i c to r  Gi 1 i nsky stated in 1981 : 

" I f  nuc l ear power shou l d fail  to surv i ve I nto the twe nty
f i rs t  century, I t  wi l l  be at l east in part beca u se 2 5  
years of hard sel l for an al l -nu c l e a r  future got i n  the 
way of common-sense conso l i d a tion of thi s new technol ogy . 
W h i l e ' problems i n  ex i sti ng pl ants cri ed for attenti o n ,  
i nd u s try a n d  goverrment pursued v i  si ons o f  even grander 
reactors . In my v i ew ,  the romance wi th the p1 utonium
fue l ed breeder wh ich was supposed to sol ve al l ou r energy 
prob l em s  diverted attention from the hard busi ness of 
mastering the commercial reactors we have been bul l dl ng 
and operati ng . "  ( Bu l l . Atom. Scien . ,  January ,  1980 ) .  

4 

After commenti ng on prob1 e�s confron t i n g  the nucl ear I ndustry ,  

Commi s s i oner Gl 1 1 nsky stated: 

"The cOt1ll!lI tment to the C 1  i nch RI ver Breeder Reactor is a 
d i strac ti on from these prob1 e�s. Not only wi l l  I t  consume 
�oney I n  l arge quanti ti e s ,  but i t  wi l l  al so eat up the 
government ' s  bureauc ratic energies to l i ttl e effect In the 
period of time we mu st ta l k  abou t .  To use a n  economi s t ' s 
term, the opportu ni ty cost i s  very h i gh .  My own feel i n g 
i s  that even though the breeder reactor i s  currently 
funded, I t  i s  not goi ng to be bu i l t .  The country I s  j u s t  
n o t  I n  a mood t o  f u n d  projects t h a t  do n o t  m a k e  sense 
economical l y .  And th i s  one does not make sense a t  th i s  
poi nt because ura n i um i s  pl enti ful and the number of 
reactors expected to use it I s  di .. i n i sh i ng. " 1 

2. The DOS .. ust offer "meani ngfu l , timely i nfomation of the effects 
of a gency action" ( Sc i enti s t s '  I n stitu te for Publ i c  I n fomati o n ,  
I nc . :!..:... A tom i c  � Commi ssion , 481 F .2d1019TD:C. C i r .  1973) . 

3.  
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T h e  DE I S  provi des n o  di scu s s i o n  of t h e  effect o f  devot i n g  bi l l i ons 

of federal R&D dol l ars to the devel opment of the breeder reactor 

program at the expense of R&D fun d i n g  for conserva tion and renewa bl e 

energy resources and fund i n g for research that addresses .. ajor prob-

1 em areas In nucl ear reactors ( s afety, improv i n g  the rel i ab i l i ty of 

nucl ear pl ants , waste managemen t ) . 

Envi ronmental I mpact statements " s hal l provi de ful l and fa i r  
di scus s i on o f  si gn i fi cant envi ronmental impacts and shal l i n form 
dec i s l onmakers and the Dub1 1 c  of the reasonab l e  al terna ti ves wh i c h  
wou1 d avol d or m l  nlml z e  

'
adverse Impacts ' o r  enhance the Qual i ty of 

the human envi ronment" ( 40 CFR 1 502. 1 l .  

The DE I S  does not provi de a fai r and ful l d i scu s s i o n  o f  the envl ron-

m, .ta1 impacts of the U1FBR and a l terna ti ves . Only sol ar e l ec t r i c  

a n d  f u s i o n  a r e  di scus sed a s  al ternate l on g  term technol ogi e s .  A 

..ajor overs i ght i s  that I t  I gnores the s i qni fi cant contri buti ons 

made by conservation in reduc i n g  nati onal dependence on i mported 
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petroleum, as reported in five major national studi es (CONAES2 ,  the 

Harvard Bus iness School Study3, SERI4 , RFF5 , Ford Foundation6 ) .  

4 .  "The di scussion wi l l  incl ude the envi ronmental ill1pacts o f  the 
a l ternatives i ncl udi n g  the proposed acti on,  any adverse envi ron
mental effects which  cannot be avoi ded shou l d  the proposal be 
i mol emented, the rel ationship between short-term uses of man ' s  
envi ronment and the ma i n tenance and enhancement o f  l ong-term produc
t i v i ty ,  and any i rrevers i b l e  or i rretri evabl e co...mi tments of 
resources whi ch woul d  be i nvol ved i n  the proposal shou l d  i t  be 
impl emented . " 

It sha l l i ncl ude di scussions of :  

" (  e )  Energy reQui rements and  conservat.i on potenti a l  of  
various al ternatives and  miti gation measures . "  

" ( f)  Na tural o r  depl etabl e resources requi rements and 
conservation potential  of various a l ternatives and 
m i ti gati on measures . "  (40 CFR 1 502 . 1 6 )  

The OE IS fai l s  to i denti fy any adverse envi ronmental effects whi c h  

cannot b e  avoi ded a n d  t o  d i scuss the rel ationsh ip between short-term 

u ses of the envi ron",ent and the enhancement of l ong-term produc-

t i v i ty and any i rrevers i bl e commitments of resources which  woul d  be 

i nvol ved. In parti cu lar,  l ong-term envi ronmental impacts from the 

decommissioning and d isposal of contaminated fac i l i ties ,  equi p",ent,  

and wastes shoul d be i denti fied and di scussed. 

5. Agencies sha l l  "devote substanti al treatment to each a l ternative 
consi dered in deta i l  incl uding the proposed acti on so that reviewers 
may eval uate thei r comparati ve ",erits . "  ( 40 CFR 1 502 . 1 4 )  

A major i nadequacy o f  the O E I S  i s  i ts fai l ure t o  provide a n  objec-

t i ve a ssessment of conservation and al ternative technol ogies for 

compari son with the LMFBR program ( see Secti on IV di scussion on 
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al ternatives ) .  An exampl e o f  the poor qua l i ty o f  the analys i s  of 

a l terna ti ves is Fi gure 1 (OE I S ,  p. 3 1 )  which provides a dated ( 1 976 ) 

cornpari son of energy ava i l  abl e from renewable energy resources . 

Such i nformati on does not refl ect s i gni ficant recent advances i n  

renewabl e energy techno l ogies,  particul arly i n  photovol taics ,  wi nd, 

smal l hydroel ectric,  etc • •  

6 .  Envi ron",ental i"'pact sta tements "shal l be conc i s e ,  cl ear and to the 
po int,  and sha l l  be supported by evi dence that the agency has made 
the necessary envi ronmental analyses" (40  CFR 1 50�. 1 ) .  

The OE IS vaguely states that, " None of the new i nformation develooed 

s i nce EROA-1535 i ndicates a si gni fi cant change in the envi ronmental 

consequences of the LMFBR Program over those analyzed in WASH- 1535 

and EROA-1 535" ( OE I S ,  p.  1 1 2 ) . However, there i s  no di scussion of 

the nature of the "new i nformation developed s i nce  EROA- 1 535" nor 

the extent to which  the data and conc l usions drawn in EROA-1 535 were 

subjected to cri tical analyses i n  l i ght of new findings.  

7 .  Envi ronmental impacts must be consi dered early enough i n  the 
pl anning of federal programs to ensure that the E I S  process does not 
beco",e a rationa l i zation of oast deci s ions ( see , e . Q . , Scientists '  
I nsti tute for  Publ i c  Infor...ation , I nc .  v .  Ato� Energy Comml ssl0n,  
481 F.2d Ilm T!J.r.C1r .  1973) . -- - --
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The  OE I S  i gnores thi s requi rement by supporti ng the  devel opment of 

the breeder reactor program, not because the envi ronmental impacts 

of  the program are minimal or can be mi ti gated, but because of past 

federal support of the project and the resources commi tted to the 

project ( see, OE I S ,  pp . 86 -90 ) .  



8 .  The envi ronmental impact statement " s houl d present the envi ronmental 
i mpacts of the proposal and the al ternati ves i n  comparati ve for�, 
thus sharply defi n i n g  the i ssues and prov i d i ng a c l ea r  ba s i s for 
choi  ce among opti o n s  by the deci si onmaker and the publ i COO ( 4 0  CFR 
1502 . 1 4 ) . 

The D E I S  provi des only a l imi ted d i scussi on of sol ar e l ectr i c  sys-

tems and fusi on ( p p .  94 106 ) .  I t  does not provi de an objecti ve,  

thorough d i scussion of the maj o r  i ssues ( s a feguard s ,  prol i ferati on,  

economi c s ,  waste management ,  safety) i denti f i ed wi th b reeder devel -

opment, nor does i t  prov i de a c l ear assessMent of al ternative tech-

nol ogies and conservation and the i r  respecti ve envi ronmental 

i mpacts . 

Consequences of Fa i l u re .!£ Comply wi th NEPA 

In summary , the D E l S  does not meet NEPA req u i reMents because i t :  

o Fai l s  to concentrate o n  the si gn i fi ca n t  i ssues.  

o Fai l s  to offer mean i n gful i nformation  on  the effects of a oency 

acti o n ,  e . g. , reduction i n  al ternate RD&D p rograms . 

o Does not pro v i de a ful l and fai r  d i sscussi on  of si gni ficant 

i mpacts and rea sonabl e al terna t i v e s .  

o Fa i l s  'to d i scuss adverse envi ronmental effects which  cannot be 

a vo i ded, i rrevers i b l e  impacts and i rretri evabl e resource s .  

o Does not provi de a deta i l ed treatment o f  al t2rnati ves and  the i r  

comparati ve mer i t .  
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o I s  not supported by evi dence that the necessary envi ronmental 

anal yses have been mad e ,  and  

o I s  a rationa l i zati on o f  past acti ons . 

F u l l compl i ance wi th NEPA before embark i ng upon a major comm i tment 

to breeder reactors i s  not only mandatory but al so necessary for 

i n formed pol i cymak i n g  as i s  demonstrated by our experi ence wi th the 

l i ght water nuc l ear reactor ( LWR ) .  I n  the past , qovernMent and 

i ndustry did not adequately address basic safety , envi ronmental , and 

econom i c  probl ems wi th LWRs and  the l oweri n g  of projected el ectri cal  

demand growth , whi l e  ever l arger LWR ' s  were pl anned. Fail  ure to 

suffi c i ently address these probl ems has seri ously daMaged the L�R 

i ndustry ,  caus i n g  escal ati n g  costs and turn i � g  nucl ear i nto a h i ghl y 

questi onabl e energy source . *  Consequentl y ,  no LWR ' s  have been 

o rdered s i nce 1978,  p r i vate i nvestors are  unwi l l i n g  to  fi nance new 

nucl ear projec ts,  and many uti l i ti es are cancel l i n g  nucl ear reactors 

*Poor pl ant performance i s  an  ongo i n g  probl em. Desi gn errors,  equi nment 
fa i l ures , and the acci dent at  Three Mi l e  I s l and have l ed to wi despread 
shutdown s .  The 62 l i censed reactors in the Un i ted States wi th over 400 MW 
capac i ty averaged s,l i ghtly u n der 57 percent capac i ty fac tor from J a nu a ry 
1979  through J u ne 1 980. The 39 l arge pl ants ( over 800 MW ) averaged only 5 1  
percent capac i ty factor duri n g  the same 1 8  months ( B ul l .  Atom. Sc i en . , 
November 1 980,  Charl es Komanoff,  " U . S .  Nuc l ea r  P l ant  Pe rformance:-""} anh e  
7 2  nuc l ea r  p l ants wi th operati ng l i censes , 25 were shut down as of  
Feb.  6 ,  1981  accordi n g  to  an  i nformal Associ ated Press  su rvey of the u n i ts .  
( Sacramento B e e ,  Feb . 7 , 1 98 1 ) '  
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under construction.*  Accordi n g  to a Congressi onal Research Service 

estimate , more than 40, 000 megawatts ( or 40 mi l l ion k i l owa tts ) of 

nuc l ea r  or  coa l - fi red generating capac i ty that had been schedul ed to 

be i n  serv i ce by 1�85 h a s  been cancel l ed or deferred beyond 

1 990. 7 

Because DOE ' s  DE IS  on the l i quid  metal fa st breeder reactor program 

c l early fa i l s  to sati sfy NEPA requ i rements,  we urge that it be wi th

drawn unti l a compl ete and real i stic assessment of  the need for the 

program, i ts environmental impacts , and a l terna ti ves to it i s  

performed. 

*A report by the Securi ties Research D i v i s ion of  Merri l l  Lynch ( U ti l i ty 
Nucl ear Power P l antS--The Outl ook for the ' 80 ' s )  l i sts 1 8  p l ants as candi
dates for cancel1at1 0n to 1mprove the near-term fi nanc i a l  si tuation of some 
uti l i ties ( N uc l eonics  Week , Apri l  2 ,  1981 ) .  A Wal l Street Journal arti c l e  
(November 20, 1980, "Generati ng  Doubt: Some Investors Shun �Juc l ear Powered 
Uti l i ti e s ,  Jeopardi z i n g  Funds to Bui l d  New AtOmic  Pl ants" ) s imi l arly 
reported that some uti l i ties  wi l l  be hard pressed to fi n i S h  nuc l ear projects 
underway , not to mention any new ones . Peter Bennett, a mana ging di rector 
who works on private debt pl acements for the :·lerri l l  Lynch White ,  Wel d Caei
tal Markets Group ,  an  arm of Merri l l  Lynch , estimates 25  -30 percent of  h i s  
f i rm ' s  200 c l i ents who d o  l ong tel"'n l ending  now " shy away" from nuc l ear. 
( I d . ) Carl eton Burtt, Exec u ti ve V i ce Presi dent of Equ i tabl e Li fe Assurance 
Society states: "We are very concerned about the financ i a l  obl i gations of 
the uti l i t i es that face l arge unfi ni shed nuc l ear Dower fac i l i ti es • • •  " Equ i 
tab l e  i s  ·work i n g  out an i nvestmen t strategy that wi l l  a v o i d  uti l i ties with 
heavy nucl ear cOllll1i tments . "  (.!E.. ) 
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I I I .  DEI S  I NADEQUACIES IN REVI EWING THE NEED FOR THE LMFBR PROGRAM 

The need fo r the LMFBR can be dete�ined by a sses s i ng :  

o Projected U . S . energy demand growth ,  

o Po rtion  o f  U . S .  energy demand that i s  provided by el ectrical 

energy , 

o Portion  of U . S .  el ectric i ty needs projected as being suppl i ed by 

nuclear power,  

o Ava i l abi l i �  a nd price of  uran ium and ,  

o Pros pects fo r breeder canmerci al i za tion ( i . e . , abi l i �  of  breeder to 

be made c anmerci al ly avai l ab l e ) .  

However,  the DE I S '  di scus sion  of the need fo r the LMFBR Program does not 

adequately rev i ew these i ssue s Ins tead of presenti ng a detail ed need 

a n alys i s fo r LMFBR devel opment, the DE I S  rel i es upon vaguely stated and 

a t  times erroneous j usti fications fo r the breeder reactor--the need fo r 

nuc lear powe r to meet future energy requi rements , economic growth 

requi rements,  1 imi ted uranium suppl i es , breeder el ectri cal generati ng 

c osts ,  the rel a tively advanced state of b reeder reactor devel opment, a nd 

the un avai l abi l i ty of al ternatives . We address bel ow t he de fic i encies i n  

the DE I S '  di scussion  of each o f  these facto rs .  

Projecti ons of Growth i n  U . S .  E nergy and El ectri c i ty Demand 

F i rst ,  t he projected national energy needs that are u sed to justi fy the 

DEI S '  assessment of the need fo r the breeder program a re unclear.  Wh i l e  

the DE I S  does not fo recast future energy growth,  i t  appe ars that the 
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rational e for the need for the breeder i s  ba sed upon assuming a 3 percent 

or hi gher energy growth rate (OE I S ,  p. F-7 ) .  However ,  there is consi der-

able  uncerta i n ty of future demand . Current proj ections ( see Tab l e  1 )  

_ range fran - 1 . 4  to 5 .4 percent annual growth rate .  As shown i n  Tab l e  1 ,  

the Exxon,  Audubon , and SERI studi e s  predi ct  future demand growth b el ow 

that assumed by DOE i n  the OE IS .*  Nowhere does the OE IS mention such 

l ower forecasts of demand growth and thei r impl i c ations fo r the need fo r 

the LMFBR program. 

Proj ected el ectri ci � growth rates al so requi re careful rev i ew .  For 

exampl e ,  the Cal i forni a Energy Canmi ssion ' s  (CEC)  forecast for Cal i for-

n i a ,  adopted after extensive analyti cal rev i ew a nd publ i c  heari ng s ,  proj 

ects statewi de peak demand to grow at 1 .6 5  percent per year and annual 

s al es at 1 . 44 percent per year through 2000** ( ET ,  p .  92 ) .  As we found :  

" In the year si nce the 1979 Biennial Report was i ssued , the 
s tunn i ng decl i ne in the el ectri ci ty demand growth rate has 
c onti nued , wi th expected growth rates now bel ow 1 - 1 /2 percent 
per year versus  foreca sts of over 5-1/2  percent in 1975.  The 
debate over demand foreca sti ng has eased as uti l i ties have 
begun to accept that the post-embargo drop in growth rates i s  
perma nent" ( p . xv )  

Y$ee for exampl e ,  The Sol a r  Energy Research I nsti tu te study , A New ?ros
pri tYh lJulT(f1ng ' � Sustai nabl e Energ,t Future , 1981 wh ich  shoWeO' that 
t roug i ncreased energy eff1cl ency-;--t:f1e u�States c a n  ach i eve a ful l 
empl oyment econany a nd i ncrease worker producti vi ty ,  wh i l e reduci ng national 
energy consumption by nearl y 25 percent ( p .  1 ) .  The report of The Er.ergy 
Project at the Harvard Susi ness School ( E ner� F u ture , by Robert Stobaugh 
a nd Daniel Yerg i n ,  1979) simi l a rly predi cts a ec.,.,-neQf 30 - 40 percent i n  
the Uni ted States energy consumpti on gi ven a nati onal canmi tment to conser
vation ( p .  1 36 ) .  The CONAES report shows that U . S .  energy demand ( 78 q Jads 
u sed in  1978)  by 2010 coul d be as l ow  as 58 quads ( CONAES, p .  9 , 128 ) .  

**The CEC undertakes a thc rougr rev i ew of Cal i fo rni a ' s  energy s i tua ti o n  every 
two years and i ssues a "Bi enn i al Report" summa ri zi ng i ts fi ndi ngs .  The SEC 
adopted i ts Thi rd Bi ennial Reoort in December 1980. Thi s report conta i ns 
two vol umes ( E nergy Tomorrow , referenced as ET i n  thi s  document ( Append� x 
A )  and E l ectrl cl ty Tomorrow ( Appendi x B) referenced as El ec . T . ) .  
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Table 1 
fORECASTS Of ELECTRICITY DEMAND GROWTH 
SOURCE D.�-:1': PUBLISHED 

EPRI'" 1978 

EEI\21 

NERC(3) 1980 

E:E'c::ncial WorldlC) 1980 

PIRINC" 
DOE ElA�El 1980 

DOE.ElA(7) In Dra/t 
EXXON'" 1978 

ACCUBON,9J In Draft 
SERf '0) 1981 

(l) E:Ktr.::: ?OW'I! R�!lrd, 1:-ISt.Me 5uppk; n. �1r' 1978 'GUOI� In "j},� £r1"!lY Foa 8000It 
':Of1gtGMOI'Ial P'",scarch S�J'\.'u, Corr.m:t'!" �nl 96-iFC-60. p. 66.3) 

(2) ::d,tOn EJ� fnsrn.;lv, EconomIC Gro,,-1"!n The F:..ru�. 
(3, ;-"atlOoal El.rctz'ICr,; F:1!�.abwty �QI. 1980 Summ.:l'1l 0/ p� Pr.lk o.mand.. «. 

�. n. . 
i';\ �"-::'lr.cal Wond. 31st Annuol ElcCMC:ly J"dustry Fo�, �li""'I'!t-" 15. 19'80 
,5- �'Rl:"'C ,ql,.,:'loIC �n TI; .. E,,� Fa::J 500". CO"9"UIOr\4, ��ar,h SoIrV\U. CCimnunCIli PM1 

%-iFC-6tJ p ro':l) 
'S) ! ;  5 C'�1T'1WI"1 �' E .... :-gy. A"nucIl Rt'�I"f IO CO"'_. 1979. VoiUrM 3: Syn� 

CDr. t::A-\:'�:-J"i)\ � S'r�1 OcIO(Wl' :'}l'O 
i';'\ :.J S ���n! or Er ... !�· Anr"'!.Ml' .:(tpGl'f:-;- CO"!1"'"* lCJBO ;Dr�fu 
!$! EJUon '.Cluoto!:c n ThII" ':nv'9" F;a Boc:..:. C"nyrnloOn.aI �Mo!Ir:::'l .5 ... 1'VI(' .... Comm,rtft PrInt 

'1t. lFC-60. ;:l (-591 

PERIOD 

1977-2000 

1978-2000 

1979-1989 

1979-1990 

1990-2000 

1980-1990 

197!>-1995 

197!>-1995 

199()..2000 

1980-2000 

1980-2000 

\,) • .'�l!m;bon 1:.:1 ... :q\. r--Jr. :� tit' ? ... !)j'5MfC "', �ahON!.l ;"l.� ... bon Seo::reri :1'1 �.ly l��l. quol!l'd in. C"i.n �(\rm.!"' . . E.""'�;;i '.:.::,n,.,. .... ,)n.)n "-h., Dc(l<!lIV B.t;;-,s. S"cll,-� ���. 2� A:"nl .981; 
nO) ::-o:'�r �,ott.::o..· R,;o�r<:"'! \:'1smutc RrPO'" on S .... t!u."9 Q S.u.u::..-:::j;e ,"Ull,,,,., C�ml�" 01"1 

E.."'"""1'I _nd COI.l1ITWn:e. C�mrr.ln.re P:1nu 'il7.« and �7-L ':;17:10 Conqrnll, APJOI l��l 

ANNUAL GRO\vTH (".l 

5.4 

2.0 10 5.1 

(4.3 in " preferred" scenario) 
4.1 

3.9 

3.0 

3.3 

3. 1 103.2 

3.0 10 3. 1 

1.9 

1.3 

-1.4 10 2.0 

( F rom Future of E l ectri � Power IiQrk shoo Su:rrnary , ThE :·I ITR� Corporation ,  �u ly  1 �31 . )  
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"The Commi ssion forecasts a continu i ng moderation i n  the growth 
of el ectri c i ty demand for the rest of th i s  century" ( p .  35 ) .  

I n  fact ,  many of the Cal i fornia  uti l i ties '  proj ections are  as l ow or  

l ower than CEC proj ections . 

The DE I S '  assertion that a heal thy American economy depends upo n a high 

energy growth rate (9E I S ,  pp .  29 - 3 1 )  is a much contested theory .  I t  i s  

the CEC ' s  posi tion that :  

Wh  i l  e there i s  sti l l a l i nk between economi c  growth and el ec
tri c f ty demand , the l i nkage has changed dramatical l y  si nce the 
early 1970s . As a resul t ,  the l ower el ectri c i ty growth rates 
forecasted a re enti rel y c onsi stent wi th a strong and growi ng 
Cal i fornia  economy" ( E l ec .  T . , p. 29 ) .  

Th i s  conc l usion  i s  suppo rted by the Cal i fornia  Bui l di ng Indu stry 

Associ ation : 

"The conventi onal vi ew that conservation  means deprivati o n ,  
l ower producti v i ty ,  a n d  a l ower standard o f  l i v i ng i s  simply 
i ncorrect . The past three years have shown that improvements 
i n  effici ency wi l l  save energy, money, and are consi stent wi th 
i ncreased productivi ty .  The v i ew that conservation is equa ted 
wi th curta i l ment i s  not only erroneou s ,  but dangerous to a 
heal thy state economy" ( ET ,  p .  163 ) .  

The CONAES Study a l so concl uded : 

" i t  appears that the energy-to-economic output ratio i n  the 
Uni ted States economy can  be l essened , over the l ong term ,  and 
the prudent,  susta ined pol i c i es can hel p the economy conti nue 
growi ng wi th cons trai ned growth of energy cons umption" ( CONAES 
p .  120 ) .  

The Harvard Busi ness School Stu dy repo rted that there has been wi de and 

erratic variation in the rel a tionship between energy a nd GNP i n  the 

Un i ted States ( Harvard Bu s i ness School Study , p .  142 ) .  Simfl arly,  the 
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Resources fo r the Future study noted that rarely has  there been a 1 0ck-

s tep rel ationship  between energy a nd the GNP a nd that a g i ven rate of GNP 

growth need not s i gn i fy an equi v al ent or a near eq u i v a l ent growth rate i n  

energy demand ( RFF,  p .  8 5 ) .  

None1 ectri c i ty O i l  Usage 

The DE I S  c o rrectl y states that o i l  currentl y suppl i es o nl y  a smal l por

tion of total el ectri c i ty u sage and that the maj o ri ty of the nation ' s  o i l  

c onsumpti on  i s  i n  none1 ectri ci  ty sectors . * The DE IS hypothes i zes that 

substanti al none1 ectri c i ty oil usage wi l l  convert to el ectri c i ty u sage 

and thus requi re i nc reased el ectri c i ty suppl i es from the breeder reactor 

( DE I S ,  p p .  28 - 29 ) .  The DE I S  presents no facts support i ng t h i s conjec-

ture . Thi s  assumption m i stak i ng1y repeats a simi l a r m i sc oncep t i o n  that 

LWR s wou l d be i ns trumental i n  di spl ac i ng oi l .  As a recent study po i nted 

out ,  LWRs are di spl ac i ng coal , not o i l , and LWRs i n  1979  di spl aced only 

o ne-tenth ( 87 -mi l 1 i on ba rrel s )  the amount of oil  that the federal gove rn

ment c l a imed they woul d fo r that year ( Barron ' s , August 24,  1981 , p .  5 ) .  

The DE IS  fail s to give any b a s i s  fo r assumi ng that nonel ectric u ses of  

o i l  wi l l  actual ly c onvert to  b reeder- suppl i ed el ectric i ty .  Wh i l  e the 

D E I S  c i tes el ectri c cars as a j u s t i fi c a ti o n  fo r the breeder reacto r 

progr am ( DE I S ,  p .  28 ) ,  s uc h  c a rs sti l l face maj o r  technol ogi c al barri ers 

( ET ,  p .  77 ) wh i c h  are not menti oned i n  the DE I S .  Moreov e r ,  t h e  current 

*The oEIS states that o i l  prov i des  ab out 10 percent of U . S .  e1 ect r i c i  t'j " OW ,  
a nd i t  i s  projected t o  produce onl y about 1 pe rcent i n  the year 200C :0 :828 
t imeframe ( OE I S ,  p .  29 ) .  Whi l e  petrol eum suppl i es approxima te� y 61  ' e ·-:cr,t 
of the primary energy consumed in Cal i fo r n i a  ( E T ,  p. 9 ) .  o i l -fi red e ' �c-_ - i c  
generation suppl i es l ess  than 4 percent o f  Cal i forni a ' s  total end-u se energy 
c onsumption  ( n ,  p. 5 ) .  More than hal f of the petroleum ( 62 perce o t )  i s  
u sed for transpo rta t i o n ,  wh i c h  i s  a1 so the l a rgest overal l energy e nd-u se 
sector ( E i ,  p. 9 ) .  
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CEC el ectrical forecast a ssumes that el ectric vehi c l e s  wi l l  account for 

about 2 percent of the total m i l e s  d ri ve n  in Cal i fo r n i a  in the yea r  2000 

and s ti l l  projects an e1 ectrica1 growth rate of o nl y  1 . 6 5  percent fo r 

peak demand a nd 1 .44  percent fo r sal es  ( ET. , pp . 7 8 ,  92 ) ,  far bel ow 

l evel s used i n  the DE I S .  

Furthermore , a s sumi ng that the DE IS  correctl y states that the real need 

for the b reeder reactor program i s  to reduce o i l  u s age i n  sectors 

currentl y n ot dependent on  el ectri c i ty (DE I S ,  p. 29 ) ,  t he DE I S  does not 

exam i ne al ternatives to the b reeder reacto r fo r di spl aci ng oi l u sage i n  

t he none1 ectric i ty secto r .  The au tomobi l e  i s  estimated to ac count fo r 

about one thi rd of total pe trol eum cons umed i n  the U . S . 8 I n  the trans-

portation  sect o r ,  potenti al al ternati ves i ncl ude i nc reasi ng energy 

effi c i ency ( through improved automo b i l  e effic i ency , f uel  effi c i  ent ca  r 

ma i ntenance and dri v i ng prac t i c e s ,  i mproved traffic  control sys tem s ,  mo re 

effi c i ent freight hand l i ng methods ) ,  al ternati ve trans portation  sy stems 

(mass trans i t ,  rideshari ng , b i cycl i ng ,  tel ecommu n i c ati ons ) ,  and a1 ter-

n ative fuel sources ( pure al cohol  fuel s ,  ga soho l , di esel fuel ) ( E T . , p p .  

6 1  - 76 ) .* These al ternatives are not ment i o ned i n  the DE I S .  

Energy Contri butions of the Proposed LMFBR P rogram 

Another cruci al omi s s i o n  from the DE I S '  need a s sessment i s  i de nti fication  

of the capaci ty ' a nd projected energy contri b u ti ons from the  LMFBR program 

*The Energy Pol i cy a nd Conservation  Act of 1975  manda ted that the fuel 
economy of new cars ri se from an average 18 . 0  mpg fo r 1978 model ye ar to at 
l east 27 . 5  mpg in 1985.  A new Vol kswagen car is  under advanced devel opment 
t hat is expected to ac h i eve a fuel economy rati ng of 60 mpg . Therefo re , by 
2000, t here wi l l  be a s igni fic ant sav i ngs  i n  petrol eum use simpl y through 
the use of more effi c i ent c a rs . The DE I S  does not addres s thi s  al ternat i ve 
method of dec rea s i ng o i l  u sage . 

1 5  

GC-4 LC 



to the nati on ' s  el ectri ci ty gri d .  The origi nal ERDA E I S  proj ected 80 

l a rge LMFBRs ( D E I S ,  p. 1 1 )  apparently suppl yi ng 80, 000 MW. The new DE I S  

references a " mo re l imi ted program" b u t  never ident i f i es what i s  the size 

of the program. The �E I S '  effort to dete rm i n e  the need for the L�FBR 

program , i ts env i ronmental impacts and al ternati ves has 1 imi ted u seful -

ness wi thout knowl edge of program s i ze .  I n  addi t i o n ,  wh ere the DE I S  

h i nt s  a t  program s i ze , t he assumptions of s i ze a r e  contrad i ctory .  A 

program 1/ 1 0  the size of the ori gi nal prog ram ( o r  8 , 000 MW) i s  as sumed 

for reprocess i ng ( D E I S ,  p .  80 ) ,  wh i l e  a reduct i on to 1 /20th the s i ze ( o r  

4 , 000 MW) i s  assumed for fuel fab rication  ( D E I S ,  p .  84 ) .  

Forecasts for LMFBR E l ectri c i ty Costs 

The DE l S  i denti f i es " fo reca sts for LMFBR el ectrical generat i ng costs" a s  

a n  " important el ement i n  the rati onal e fo r Uni ted States LMFBR devel op

ment" ( D E 1 S ,  p. 33 ) .  However, the studi es ci ted compa red cos ts of  LHFBRs 

wi th onl y LWR s ,  did not use cost i nformation from fo reign b reede r  

experi ence , a nd a re h i g h l y  dependent o n  u ncertai n  assumpti o ns that cannot 

be veri fied un til  breeders approach c ommerc i al ava i l abi l i ty  ( D E I S ,  p .  

3 7 ) .  De spi te the uncerta i n ty o f  LHFBR cost estimates , the DE IS  conc l udes 

that the LMFBR is neverthel ess j usti fied because " respons i b l e  nati onal 

energy po l i cy di ctates that the pace of the LMFBR devel opment program be 

s tructured to acccrnmoda te s i g n i ficant uncerta i nties"  ( D E I S ,  p .  38 ) .  How

ever ,  i n  v i ew of the se rious cost overruns and pl ant cancel l a ti ons 

p1 agui ng 

b reeder 

the LWR i ndustry , s i g n i ficant economic 

devel opment wa rrant concern . The DE IS  

uncerta i n t i es rega rdi ng 

shoul d i nc l ude a more 

extens i ve anal YS i s  of LMFBR el ectri c i ty costs,  i nc l udi ng cost i nformati o n  

from foreign breeder programs , s i nce these cos ts are cruci al to the 

success ful commerci al i za t i o n  of the breed e r .  

16 
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Ura n i um Avai l a bi l i ty 

The DE I S  a sserts that l imi ts on economi cal l y  recoverabl e u ran i um wi l l  

restrict  the use o f  nuc l ea r  powerpl ants and  that breeders , offeri ng an 

essenti a l l y  u n l imi ted fuel supp l y ,  are therefore requi red (DE I S ,  p.  33 ) .  

However , an  analys i s  o f  the uran i um market does not support thi s  hypo

thes i s .  Uni ted Sta tes produc tion  of uranium is more than twi ce that con

sumed by uti l i ti e s ;  m i nes  and mi l l s  a re cl osi nq, and yel l owcake ori ces 

have been droppi n g  for over 20 mont h s . 9 F urther, the D E I S  projecti ons of 

u ra n i um resource requi rements and reserves ( D E I S ,  p. 3 6 )  i gnore: ( a )  any 

reduction i n  LWR uran i um requi rements through i nc reased fuel -use  effi 

c i ency and reduced l osses duri n g  enrichment with advanced tech no l ogy ( 30-

5 0  percent improvements have been projected ) and ( b )  any imp rovements i n  

uranium m i n i n g  technol o gy  over the next 3 0  - 6 0  years. lO The purported 

need for rap i d  depl o�ent of  b reeders decreases with  the conti nui �g  

decl i ne o f  ura n i um pri ces ( 540 per pound i n  1979,  528 per pound i n  

December 1 980, to 523 . 50 per pound i n  December 1 98 1 ,  and sti l l  fal l i n g ) . 

DOE ' s  Energy Research Advi sory Board predi cts that s u ffi c i ent uran i um 

s uppl i es exi st to sati sfy p rojected l evel s of el ectri c demand for at 

l east 40 years and possi bly  wel l heyond. l l  

Contrary to DOE ' s  bel i ef s ,  new LHRs beyond those bui l t  o r  under construc

ti on  a re extremely u n l i k e l y .  NRC Commi ssi oner V i c tor Gi l i nsky , i n  

remarks made before the Worl d Nucl ear Fuel 1�arket' s I nternati onal Confer

ence on Nuc l ear Energy , October 2 7 ,  1 98 1 ,  reported that 72  nucl ear 

reactors ( ha v i n g  a total generat i n g  capa c i ty of 5 5 , 000 MW) are cu rrently 

l i censed for commerc i al operation  and 77 l arge pl ants ( about 1 , 000 MW 
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each }  are i n  vari ous stages of compl eti on ,  wi th some nearly fini shed , and 

others barely begun .  ( Th i s  number does not  i nc l ude 1 2  pl ants whi ch were 

under construction and whi c h  have been cancel l ed si nce 1975 ) .  The 

Commi ssioner expected that at l east a nother 20 of the 7 7 pl ants under 

construction wi l l  al so be cancel l ed. Therefore , no more than about 50 

new pl ants ( about 60, 000 MW) appear to be headed for comol etion and 

operati on.  I t  i s  i nteresti ng to note that a study by Merri l l  Lynch 

recommended that whi l e  nucl ear pl ants above 95 percent compl eti on shoul d 

be compl eted, those pl ants whose construction has not progressed beyond 

1 5-20 percent shou l d  be consi dered candi dates for cancel l ation . 12  

DOE ' s  own fi gures (DE I S ,  App .  A )  on uran i um suppl i e s  in  the  Uni ted States 

show sufficient fuel for the enti re l i fe-time of up to 2 1 5  reactors .  

Uni ted States and worl dwide uran i um oroduction has exceeded consu�ption 

by over two to one. I n  1980, Un ited States produced about 42 � i l l i on 

pounds of U308 , whereas Un i ted States uti l i ti es only burned about 1 8 

mi l l ion pounds to produce el ectri c i ty .  There i s  l i ttl e doubt that 

uran i um i nventories wi l l  i ncrease substanti a l ly  in the years ahea d . 1 3 

Thus ,  there i s  l i ttl e bas is  for the DE I S '  a ssumption that a greatly 

i ncreased supply of uran i um wi l l  be needed for L.R s .  More importantl y ,  

the DE I S  fai l s  to i ncl ude avai l abl e urani um suppl i es outs i de o f  the 

Un i ted S ta tes . In 1980, worl dwi de uran i um production was 1 10 mi l l i on 

pounds of whi c h  40 mi l l ion pounds were used for el ectri c i ty producti on . 14 

I n  v iew of the surpl us  of uran i um i nventories  and the decl i ne i n  new 

reactor orders ,  the need for breeder devel opment at thi s  time i s  

unjusti f i ed .  

18 
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Commerc i al i zati on of LMFBR 

The DE I S  states ( p .  38 ) ,  "The LMFBR i s  i n  a rel a tively advanced state of 

devel opment, both i n  the U . S .  a nd worl dwi d e . "  However, the report does 

not i ncl ude a di scussion  of experience wi th actual breeder reactors nor 

does i t  i ncl ude a canpl ete di scussion  of the status of other major  can

ponents of the LMFBR fuel cyc l e  ( reproces s i ng ,  fuel fab rication ,  etc . ) .  

The DE I S  shou l d  i nc l ude a more canprehens ive anal ys i s  of the perfo rmance, 

statu s of devel opment and econanics of fo reign breeders and Uni ted States 

prototype s .  The DE I S  further states ( p .  46 ) " I f  the U . S .  were to rej ect 

current devel opment,  of the LMFBR, i t  woul d be rej ect i ng or deferring a 

rel a ti vely certa i n  technol ogy capabl e of produci ng i nexhau st ib le  el ec

trical energy suppl y . "  An assessment of the performance and econanics  of 

foreign breeders and Uni ted States prototypes is c l early warranted to 

support or  refute thi s  c l a im .  Moreover, an i ns pection of these breeder 

programs reveal s a number of s igni ficant technical and econanic  prob lems , 

e . g .  cost overru n s ,  wh ich the DE I S  i gnores . 

Pa st U . S .  experi ence does not provide reassurance of accep tab l e  tech

n ical , econanic and safety r i sk s  of the breeder program15 : 
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o The core of EB R-1 mel ted down and wa s repo rted to have nearly 

expl oded due to an autocatal ytic reactivi ty effect; 

o The Fermi reactor suffe red a mel tdown of two fuel duc t s ;  

o EBR- I I  was to b e  operated a s  a power pl  ant b u t  h a s  operated at oniy 

about one-hal f of i ts des ign power l evel ; 
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o West Germany ' s  K a l � a r  b reeder ( 300 �W )  was nearly cancel l ed due to 

financ i a l  probl ems . 

- Al thou9h the D E I S  ( p .  4 5 )  refers to the " excel l en t  breeder progress i n  

France" , i t  shoul d b e  noted that France ' s  breeder devel opment program i s  

decades from mak i ng any si gni ficant addi tion  t o  the c ountry ' s  nucl ear 

power supp l y .  O n e  smal l pi l ot ol ant (Pheni x ,  250 M W )  i s  i n  operati on . 

Even the Superpheni x  ( 1 200 MW ) i s  not a orototype for commerc i al breeder 

reactors.  Yet  another sti l l  l a rger pl ant wi l l  be  needed to demonstrate 

commerc i a l  power producti on. A recent report by the France ' s  Groupenent 

de Sc i enti fi ques d ' l n formati on sur 1 ' Energie �ucl eai re ( Nuc l eonics  Week , 

March 1 2 ,  1 98 1 )  noted that the costs of the Superpheni x  have grown from 

ori gi nal estimates of 5400 mi l l i on i n  the early 1 970 ' s  to 5 2 . 2  b i l l ion  i n  

1 98 1 .  The study concl uded that the Superphenix  posed serious techni cal 

hazards and econom i c  u ncerta i nties and attacked efforts to c l a i m  the 

Superphen i x  safe by simply extrapol ati ng from operati n g  experience at 

sma l l er prototypical  breeders s uc h  as the 250 MW Phen i x .  The report 

further stated that no serious economic analys i s  of breeders has been 

done in France and that b reeders may be decades from p rofi tab i l i ty .  

The U n i ted Ki ngdom ' s  Atomic Energy Author i ty h a s  expressed hope that i t  

wi l l  aChi eve a 5 0  oercent pl ant capaci ty factor wi th i ts 2 50 �w Prototype 

Fast Reactor ( PFR ) at  Dounreay , Scotl and. I f  it does , the ?FR wi l l  

p roduce more el ectri C i ty i n  1 981/82 than i t  has i n  6 years ( Nu c l eonics 

Week , Mar:h 9 ,  1 981 ) .  I n  over 7 3  months the pl ant produced about o"e-

thi rd l ess  power than the Phen i x  reactor in France produced in 1 980 a � one 

whi c h  corresponds to a l i fetime pl ant factor for PFR so far of  around 7 
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percent. Due to technical  prob l ems , ?FR ' s  potenti al maximum output has 

been cut by approximately 20 percent. PFR ' s  poor performance, as 

expl a i ned by the Oounreay di rector Cl i ff B l umfi el d ,  was due to the fact 

that the B r i ti sh  desi gn " took more technical  risks and  more c l osely 

approximated commerc i a l  breeder des i gn " .  T h e  di fference between PFR ' s  

performance and the output o f  France ' s  Phen i x  was thought to be due to 

the substanti al di fferences between the Phenix  and commerc i a l  fast  

b reeder reactor s .  ( Pheni x fuel el ements a r e  n o t  ful l si  z e  and i ts 

mOdu l a r  boi l ers a re very di fferent from a commerc i a l  desi gn . )  

The D E I S  states that concurrent devel opment o f  other el ements of  the 

LMFBR fuel cyc l e  ( reprocessi n g, fuel fabrication , transportat i o n ,  and 

waste management) i s  rec o gni zed a s  essenti al to any a ssessment by the 

nucl ear i ndustry of rea d i ness to depl oy breeders in s i gn i fi cant numbers . 

Therefore, successful  commerc i a l ization of the b reeder reactor i s  depen

dent on the progres s of work i n  other areas of the LFMBR fuel cycl e. The 

O E I S  does not pro v i de suffi c i ent i nformation on the status of  these other 

i mportant components of  the fuel cycl e  and fa i l s  to adequately note the 

s ubstantial  researc h ,  devel opment and demonstrati on work that is sti l l  

requi red to bri n g  them to state of commerc i a l  a va i l abi l i ty .  For 

examp l e ,  reproce s s i n g  of spent breeder reactor fuel requi res extensi ve 

engi neeri n g  devel opmen t ,  fol l owed by experi ence at the p i l ot-sc a l e  pl ant.  

The h i gh pl uton i um content of breeder fuel s necessi tates addi tional 

redesi gn for c ri tical i ty control . These modi ficati ons shou l d  be denon-

strated before proceedi ng to ful l i ndustrial -scal e b reeder fuel repro-

cessing.  Other components of  the  fuel cyc l e  simi l arly requi re exten s i ve 

devel opmental work . 
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I V .  AVAILAB I L ITY OF ALTERNATIVES TO THE LMFBR 

Potenti a l  for Conservation 

There is  a seri ous fail ure in  the DE I S  to make a rigorous and obj ective 

eval uation of al l reaso nably a v ai l ab l e  al ternati ve energy resources . The 

report conc l u des  that the breeder reactor program i s  the only a l ternati ve 

fo r meeti ng the goal s of a heal t hy econany a nd dec reased oi l u s age . How-

eve r ,  the only al ternatives di scu s sed are fusi on and so l a r  el ectric 

systems o n  the ba s i s  that "other al ternati ves are ei ther too smal l i n  

potential ( e . g . , geothermal o r  expanded hydroel ectric faci l i ti es )  o r  too 

far off wi th un certa i n  devel opment sched u l e s  ( e . g . , s o l a r  el ectri c i ty or 

f u s i on ) "  ( D E l S ,  p. F-6 ) .  The report further states that the only c e rt a i n 

a l ternatives fJ r el ectri c i  ty produc t i o n  on the sc al e requi red are coal 

a nd nuc l ear energy . As mentioned , t h i s  statement ignores c o nc l u s i ons by 

maj o r  national studi es by the Nati onal Academy of Sc i ences ( CONA ES ) , the 

S o l a r  Energy Research I nsti tute,  and the Harv a rd 3usi ness School wh i c h  

s tressed t h e  oppo rtun i t i es for reduci ng n a ti onal dependence on  impo rted 

petroleum by both c onservati on and swi tch i ng to al ternative technol og i es .  

The CONAES s tudy c oncl uded that " redu c i ng the g rowth o f  energy demand 

s hou l d be accorded the highest pri o ri ty  i n  national energy pol i cy"  

( CONAES,  p .  xi i i ) .  

D E I S  statements o n  p .  32 a nd F-3 wh i c h  d i  smi ss  the impo rtant contribu-

t i o ns o f  c onservation i gnore the substanti al  i mpact of improved energy 

effici  ency repo rted i n  recent studi  es . The study by t he Sol a r  Energy 

Research Insti tute* concl uded that through i nc reased energy e f f i c i ency , 

" the Un i ted States c a n  achi eve a ful l -empl oyment economy a nd i nc rease 
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worker produc ti v i ty ,  whi l e  redu c i n q  nati onal energy consumption by 2 5  

percent .  " The study estimated about 20 - 30 percent of the reduced 

demand cou l d  be suppl ied  by renewabl e resources ( S ER I ,  p. 1 ) .  "A 

s trategy bui l t  around energy e f f i c i ency and the wi despread u se o f  renew-

abl e resources cou l d resul t in v i rtu a l  el imination of  o i l  imports . "  

( SER I ,  p .  1 )  

Conservation and the i nc reased use o f  a l ternati ve energy resources 

( sol a r ,  geothermal , cogenerati o n ,  w i n d ,  smal l hy�roel ec tri c ,  b i omass ) a re 

the focal poi nts for Cal i forni a ' s  l on g- term energy supply i nvestment 

strategi e s .  A deta i l ed report on Cal i forni a ' s  projected energy suppl i es 

and state-of-the-art energy demand forecasti n g  methods by the C a l i fo r n i a  

E n e r gy  Comm i s s i on concl uded that, 

" A  concerted, but  reasonabl e ,  accel erati on of  pro grams to 
c hannel pub l i c  and  ?ri vate i n vestment i nto conservati o n  and 
al ternati ve suppl i es woul d y i el d substanti al add i ti onal  bene
fi ts . Such an  approach wou l  d ,  by the year 2000, more than 
ouadrupl e the present contribution o f  a l ternati ve and renewabl e 
energy suppl i e s  i n  Cal i forni a .  8y expandi no thi s  state ' s 
al ready strong programs to el i mi nate energy waste , Cal i fo r n i a  
cou l d s h a v e  another 1 0  percent off  i ts total energy use b y  the 
year 200e equ i val ent to s a v i n gs of 400, 000 barrel s a day of 
o i l . "  (ET, 1 981 , p.  1 6 5 ) 

C a l i forni a ' s  exi sti ng  conservati on programs for el ec tri c i ty a n d  natu ral  

gas are projec te1 to  save the equ i val ent o f  over 1 00 m i l l i o n  barrel s o f  

o i l  p e r  year by 2000 ( E T ,  p .  187 l .  E nergy Tomorrow estimated that these 

savi ngs and conti nued efforts to improve transportation  effi c i ency can 

resul t in v i rtual l y  zero growth in end-use energy demand over the com i n g  

20-year period whi l e  al l ow i n g  heal thy econom i c  growth . Moreove r ,  when 

renewabl e and al ternati ve energy sources,  a s  wel l as conservati on a�e 
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consi dered , these suppl i e s  can furn i sh a l most 22 percent o f  Cal i forni a ' s  

energy needs i n  2000, eou i va1 ent to over 700, 000 b arrel s of o i l  per day 

( p .  187 ) .  

Potenti al for Al ternat i ve E nergy Resources 

The D E I S '  c u rsory d i smi ssal of wi n d ,  geothermal , cogenerat i o n ,  b i omas s ,  

a n d  hydroe l ectric as a l ternati ve energy sources t o  the b reeder reactor,  

is  unwarranted and  viol ates )/EPA ' s  mandate t�at the DEIS ful l y  expl ore 

a l terna t i v e s .  The D E I S  i gnores comprehens i ve studi es , i nc1 udi �9 st:Jdi es 

done by DOE i tsel f,  that these sources are fea s i b l e ,  l ess  envi ronmenta l l y  

d i sruptive than nucl ear powe r ,  and  wi l l  di spl ace o i l  more rapi d l y  than 

b reeder reactors ( see Appendi ces A and B ) .  The DE I S '  a sserti on that 

" o ther al ternati ves are too sma l l in potent i a l  ( e . g . , geothermal or 

expanded hydroel ec tric faci l i ti es ) "  ( D E  IS,  p.  F-6 ) ,  is s i mply unfounded. 

For i nstance: 
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1. Coqenerat i o n  

The market potential  f o r  c o generation  appl i cations i s  qu i te l arge. 

DOE ' s  own estimate is that cogenerat i on coul d provi de 4 0 , 000 �.W of  

el ectrical capac i ty by the year 2000. 16 General E l ectric Company , 

the l eadi n g  manufacturer of cogeneration  turbl nes , estimates 50, 000 

�W by the year 2000. 1 7  Resources for the Future ,  on  the ot�er han d ,  

projects a possi b l e  total cogeneration el ectrical capa c i ty o f  

134, 000 �N b y  t h e  e n d  of the century. 18  T h e  State o f  C a l i forni a 

has a dopted a goal of i ns ta l l i n g  6000 �W of co�eneration  by 1 990. 19 
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2 .  Geotherma 1 

I t  has been estimated that there are suffi c i ent geothermal resources 

in the U . S .  to supply a l l of i ts future energy need s . 2O The State 

of Cal i fo r n i a  has adopted a goal of produc i n g  5 , 000 MW of geothermal 

e1 ectri ci ty generati on  by the year 2000. 2 1  T h e  Energy Department 

has adopted a nati onwi de goal of 7 , 500 to 1 5 , 000 MW of a n t i C i pated 

geothermal contri bution by 1 990. 22 The Na t i onal Academy of Sc iences 

has estimated that wi th a national  commitment the max imum potenti al 

real i zabl e from geothermal energy cou l d  be just over 60, 000 MW by 

t he year 2010. 2 3  

3 .  Wi nd 

As a near-term source of ene r gy ,  wind energy devel opment has become 

an  i nc reasi ngly attracti ve i nvestment area . Ba sed on extens i ve wi nd 

d a ta studies prepared for the state, the Cal i forn i a  Energy Commis

s i on has i dent i fi ed 1 3 , 000 MW o f  wi nd resource potenti a l , not 

i nc l u d i n g  potential  coastal offshore wi nd resources . 24 I n  a dd i ti on ,  

the state has adopted a goal o f  bui l di n g  7 , 700 MW o f  i nsta l l ed wi n d  

power capac i ty by t h e  year 2000. 25 Nationwi de,  D O E  i tsel f estimates 

that wi nd power cou l d  provi de the Un i ted Sta tes with 60, 000 MW of 

i nstal l ed capac i ty by the year 2000 . 26 

4. Sma l l  Hydroel ectr i c  
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At t h e  nati onal l evel , DOE ' s  own estimate i s  t h a t  sma l l  hydro cou l d  

provi de the Uni ted States wi th an  additi onal 20, 000 MW of el ec

tri C i ty by the year 2000 i nc rea s i ng to 5 0 , 000 MW by the year 2020. 27 

An even hi gher estimate is  projected by the U . S .  Army Corps of 
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Engi neers . Based on an anal ys i s of the watersheds of ex i st i ng dams ,  

the Corps estimated that  " 5 4 , 600 M il  o f  addi ti onal el ectrical gener

ati ng capaci ty i s  ava i l a b l e  fo r immedi ate devel opment i n  ex i st i ng 

dam s . " 28 The Cal i fo rn i a  Energy Commi ssion  estimates that about 2000 

Mil of smal l hydro rema i n  to be devel oped at ex i sti ng dams i n  

Cal i forni a . 29 

Addi tional deta i l ed i nformati on on the feas i b i l i ty a nd av a i l abi l i ty of 

t hese technol ogi es ,  as wel l as b i oma s s ,  sol a r ,  and other sources , can  be 

fou n d  in El ectri c i ty Tomorrow ( Appendi x  B ,  pp.  203 - 298; see al so , 

Append i x  A ) . The DE I S  shou l d  be rev i sed to refl ect thi s i nfomati o n ,  

partic u l  a r l y  DOE ' s  own statements on  the ava i l  a b i l  i ty of these al tern a-

t i v e s .  

Energy R&D Al l ocations 

The DEIS overstates the need fo r and economi c  potenti al of the breeder 

prog r am s .  In i ts i n i ti al eval uation  o f  D O E  energy R & D program s ,  a t  

l east two-thi rds o f  t h e  members of DOE ' s  Energy Research Advi so ry Board 

( E RAB ) agreed that the C l i nch River Breeder Reacto r has � u rgency , � 
economic potenti al , � benefi t-to-cost rati o and that fundi ng shou l d  � 
reduced. Three-qua rters of  the ERAB members recommended that the 

" ( breeder reacto r )  demo�stration be del ayed until a future time . ,, 30 

The DE I S '  unde rstati ng poten t i al contr ibutions of conservati o n  ar.d al ter

n atives and overstati ng the potenti al for nuc l ear programs,  i n  pa rt i c 'J l a r  

the breecer ,  i s  refl ected i n  the Energy Research Advi so ry Soard ' s  eval ua

tion of DOE energy R & D  program s .  The 30ard noted i mbal ances i n  energy 

programs such as : 
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o There is very heavy stress on  el ectri cal technol ogy in FY 8 1 ,  

further accented i n  FY 82 , al though i t  i s  noted that fl u i d  fuel s 

consti tute our princi pal vul nerab i l i ty .  

o Simi l arl y ,  wi thi n  t h e  el ectri c i ty secto r ,  federal l y  sponsored 

nuc l ea r  programs are recei v i n g  a l arger orooorti on of fund i n g  than 

the exoected nuc l ea r  share of the Un i ted States energy mi x dur i ng 

the next few decade s .  

o Conservat i o n ,  a very sma l l  fraction of  t h e  energy R & D  budget i n  FY 

81 , i s  further and dra s ti c a l l y  reduced i n  FY 82, a l though i t  has so 

far contri buted much more than supply a u gmentati ons in reduc i ng our 

dependence on i nsecure o i l  imports . 

The D E I S  state s ,  "A rel ati vely v i gorous path of L�FBR devel opment i s  

therefore prudent for the �overnment t o  pursue, based o n  the promi se of 

the U1FBR and the uncertai nty over future energy events . "  ( D .  4 6 )  How

ever, the DOE ' s  Energy Research M v i  sory Board concl uded " constru c ti on 

of a demonstration pl ant i n  the early 1 980s i s  not an u rgent nati onal 

priori ty. Sufficient coal and uran i um suppl i es exi st to sati sfy pro-

jected l evel s of el ectri cal  demand for at  l ea s t  4 0  years and poss i bl y  

wel l beyond . "  The panel , i n  fac t ,  recorrmended that demon strati o n  of 

b reeder techno l o gy  be del ayed u n t i l  a future time. 

In addi ti o n ,  al though the QEIS argues that the cancel l a ti on of CRSR wi l l  

resul t i n  the l oss o f  staff resources and  a n  i nvestment o f  over 5 1  b i l -

l i on a l ready i ncu rred, i t  i s  neces sary to wei gh forward benefi ts o f  the 

program agai nst  forward cos t s .  Cu rrent estimates  of the total CRBR c osts 
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are approxi matel y 53 . 2  bi l l i on ( 1981 dol l a rs )  mak i ng the fo rward costs $2  

b i l l i on .  

mi l l i on ) .  

( I n  compa r i so n ,  the estimate i n  1 9 7 3  for the proj ect w a s  S 7eO 

The que stion  ari ses whether the LMFBR program is rece i v i ng a 

_ l arger po rt i o n  of fundi ng compl etel y out of l i ne wi th the expected 

nuc l ear share of future Uni ted States energy supply a nd to wh a t  extent 

t h i s  research i nvestment wi l l  contribute to reduc i ng the nati o n ' s  depen-

dency o n  fo rei gn oil import s .  ,A.s the three n a ti onal studi es c i ted i n  

t h i s  report have concl uded , improvements i n  energy e f f i c i ency have proven 

to be a more cost-effect i ve means of meeti ng the natio n ' s  energy needs . 
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v .  EfIVI RONMENTAL IMPACTS OF THE LMFBR PROGRAM 

T here are several key envi ronnental i s sue s that are not adeoua te1 y 

a d dres sed i n  the OE I S :  

o Safeg ua rds and prol i ferati o n  concerns , gi ven the current s tatu s  of  

materi al  s accountab i l  i ty methods and  i nsti tutions to  control the u se 

of nuc l ear materi al s ,  

o Uncerta i nti es a s soci a ted wi th heal t h  and safety ri sk estimate s ,  

( e . g . , C l a s s  9 a c c i dents a n d  acts o f  sabotage ) ,  a nd 

o Maj o r  un resol ved waste management i ssue s .  

Comments o n  speci fi c  sections of the OE I S  are prov i ded bel ow.  
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1 .  Prol i feration Concerns Assoc i ated wi th a P l u to n i um Economy Are Not 

Adequately Addressed 

Prol i fe rati on  ri sks woul d be extreme in a pl uto ni u i m  economy. )Ii th 

devel opment of the breeder program l a rge amoun ts of  pl utonium wou l d  

c i rcu l a te through the LMFBR system ( reacto r reproces s i ng ,  fuel 

fabrica tion ) in fo rms requi ri ng extraordi naril y  t i g h t  phy s i c al 

secu r i ty .  I t  has been estimated that more than 1 0  mil l i on k i l ograms 

per year of fi s s i l e pl utonium woul d ci rcul a te in fresh fuel in a 

pl u tonium 
' breeder-ba sed nuc l ear economy. 3 1  ',o/idespr ead acces s to 

t h i s materi al wou l d remove a maj or barrier to the construction  of 

nuclear weapo ns . By maki ng pl utonium more read i l y  a v a i l abl e ,  these 

pl utonium fuel cycl es c ou l d  cut  down or even el i m i n ate the l e ad t i me 

req u i red for a pol i tical ent i ty  to bui l d  or u se a nuc l ear we apo n .  

A s  a resul t ,  deci si ons i nvol v i ng the depl oyment o f  pl uto n i um recy c l e  
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are i ntimately connected to the acceptabi l i ty of s a feguards to 

protec t the i r  u s e .  A 1 9 7 7  report sponsored � y  t h e  Fo rd Foundati on 

s ta ted : 

" I n  our v i ew, the most serious r i sk associated wi th 
n uc l ea r  power i s  the a ttendant i nc rease i n  the number o f  
countries t h a t  have access t o  technol o gy ,  ma teri al s ,  a n d  
fac i l i ti e s  l eadi ng t o  a nuc l ear "eapons capabi l i ty . . .  I f  
wi despread prol i ferati o n  actual l y  occ urs , i t  wi l l  prove an 
extremel y  s e rious danger to U n i ted State s  secu ri ty and to 
worl d peac e and stabi l i ty i n  gene ra1 . " 32 

Moreover , a recent s tu dy by the Amer i c a n  Phy s i cal Soc i ety stated, 

" S t r i c t  accounta b i l i ty of f i s s i l e  materi al cannot be achi eved 

p racti cal l y  throughout the enti re fuel cyc 1 e . " 33 The s tudy recom-

mended an eval uation  of " safeguards advan tageou s "  fuel cycl es u s i n g  

l ow-enri chment u ra n i um fuel . Of majo r  concern are l arge pl ants i n  

wh i c h  nuc l ea r  materi al s accountab i l i ty becomes a n  even greater 

probl em. Da vi d F i scher,  recently reti red as I n ternati onal �tom i c  

E nergy "'gency ( I AEA ) assi stant di rector general and s ti l l  con sul tant 

to the agency,  sa i d  that I AEA safeguards experts concerned wi th the 

d i versi on o f  nucl ear mate r i a l  Must be�i n to cons i de r  the possi b l e  

c reati on  i n  t h e  1 990s of l a rge enri c hmen t o r  reproces s i n g  �l ants 

where a measurement of uncerta i nty . o f  a hal f  of perc ent cou1 d mean 

an  uncertai nty of 50 k i l ograms of pl uto n i um e i ther way ( Nu c l eo n i c s  

Week , Aor i 1  9 ,  1 981 ) .  He further s ta ted ( N u c l eon i c s  :ieek , March 9 ,  

1 981 ) that the accounti n g  of nuc l ear materi al s i s  a s l ow oroces s .  

Simply rel y i n g  o n  accounti n g  to f i n d  o u t  whether a country has o r  

has not made expl osi ves may i nvol ve a del ay J r  3 0  days for the 

report to be sent and perhaps an  add i ti onal 3 months by the time the 

report i s  anal yzed and i n spected. As D a v i d  F i scher stated, "Th i s  i s  
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not an  i deal s i tuation  if you a re deal i ng wi th l a rge quanti ti es  of 

p1  uto n i um . "  �jRC ' s safeguards d i rector Robert 9urnett ( Nuc1  eon i c s  

�, Apri l 1 3 ,  1 980 ) s i mi l arly expressed concern about t h e  l evel o f  

a ttent i on bei n g  p a i d  to s a feguar r1 s :  " W e  have n o t  sol ved t h e  nucl ear 

materi al s accoun ta bi l i ty p robl em" --" there are si gn i f i cant materi al s 

d i fferences that cannot be expl a i ned . "  He fu rther remarked that i f  

the U n i ted States moves t o  the u se o f  cOlll1lerc i al reproces s i n g  and 

the u se of mi xed oxide fuel s ,  " then the approaches a v a i l abl e now are 

u n l i kely to be acceptab l e . "  He c i ted the case a t  Erwi n ,  Tennessee ' s  

fuel fabrication faci l i ty o f  Nucl ear Fuel Servi ces  a s  bei n g  tota l l y  

u nacceptabl e i n  fai l i n g  t o  account for over 300 k g  of u ran i um over 

1 5  yea r s .  

The D E I S '  d i scussi on  of i n ternati onal s a feguards a n d  i nsti tu ti onal 

measures to a1dress the ri sks of prol i feration ( p p .  167  - 1 6 9 )  fa i l s  

to recogni ze these safeguards probl ems and fai l s  to provi de 

a s surances that adequate control measures  can be put i n  pl ace . The 

D E I S  refers to the Presi den t ' s Nuc l ea r  Nonprol i feration Pol i cy 

Statement of J u l y  1 6 ,  1 98 1 ,  proposi n g  to improve nonoro1 i fera t i o n  

objecti ves b y  s trongly suoporti n g  and con t i n u i n g  t o  work wi th the 

I n ternational Atom i c  Energy Agency. However, the report does not 

recogni ze that Un i ted States �ffi c i a 1 s have recentl y expressed 

concern about the I AEA and �ave d i scus sed the possi b i l i ty o f  Un i ted 

States wi thdrawal from the agency and possi b l e  a gency col l apse 

( N u c l eon i c s  Week , November 5, 1 9'11 ) .  The DE I S '  fai l u re to 

adequately addres s  concerns rega�di n g  e x i s t i n g  nonprol i fera tion 

i nsti tuti ons  and  control measures is a major i nadequacy of the 

report.  
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2 .  The DE I S '  D i s cu s s i on o f  LMFBR Heal th and Safety I ssues Is  Seri ously 

I nadea u a te 

The di scussion  on U�FBR s afety technol o gy  rel i es heav i ly on, i n forma

ti on presented s i  x years a go ('AASH-1535  and ERDA- 1 5 35 ) .  I t  does not 

prov i de a compl ete up-to-date d i scuss i on o f  safety i s sues  a s s oc i a ted 

wi th the breeder ra i se d ,  for exame l e ,  by the Na ti onal �esearch 

Counc i l ,  the Nuc l ear Regul atory Commi s s ; on , �nd the Counc i l  on  

Envi  ronmental Qual i ty .  The Na ti onal  Researc h  Cou�c i l  ( 1 9?� )  

sUl'1mari zed the unanswered Questi ons rema i n i n g  for U�FBR sa fety :  

whether i n herent o r  engi neered safety features el imi nate o r  greatly 

reduce the probab i l i ty o f  core mel t i n q ;  whether, i f  th i s  probab i l i ty 

c a nnot be reduced to des i rabl e u n l i kel i hood,  engi neered features can 

c onta i n  the consequences , and  by what mechani s�s reasonabl � 

consensus can be reached that these obj ectives have or ha�s not been 

met. 34 

I n  add i ti o n ,  the Pres i den t ' s Counci l  on Envi ronmental 

advi  sed former ��RC Chai r.'1an John Ahearne ( �1arch 1 980 ) that 

�uai i ty 

Cl a s s  9 

aCCi dents shoul d be fu l l y d i scus sed i n  future E I S '  on NRC l i cen s i n g  

acti o n s .  Si nce the NRC s ta ff c l assi f i ed THI a s  a C l  a s s  9 event,  i t  

i s  n o  l onger pos s i b l e  t o  avo i d  ful l d i scussi on o f  s u c h  acc i oents . 

The D E ; S  needs to address c urrent i n formation  on Cl ass 9 acci jents 

and  thei r impl i ca t i ons for sa fety imeacts rel a ted to b reeder de',si 

opr.1e�t.  The c onsequences of Cl  a s s-9 a c c i  dents i n a breeder �ed��,r 

coul d exceed the consequences cal cul ated for the worst 3 c c i dents b 
1 i ght water reactor s .  35  
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In  add i tion , the DE I S  f a i l s  to d i scuss  the potent i a l  impacts o f  

sabotage even tho u gh such 1 arge consequences l'Iay b e  t h e  m a J o r  con-

tri butors to publ i c  risk . An assessment of the true r i s k s  of th� 

proposed eroject ,  as requi red by �E?A , is therefore not presented. 

The CRBR r i sk a ssessment ,  patterned after the Reac to r  Safety Study 

(�ASH-1400 ) ,  concl uded that CRB R  r i sk s  are compara b l e  to those from 

LWRs a s  characterized i n  �ASH-1400 (DE I S ,  p. C-I ) .  However , the 

CRBR r i sk assessment fa i l s  to ack nowl edge major weak nesses o f  the 

WASH - 1 400 s tudy reported by the Ri sk Assessment Review Group to the 

Nuc l ea r  Re gul atory Comm i s s i o n . 36 T h i s  revi ew group was organ i zed by 

NRC to c l ari fy the achi evements and l imi ta t i o n s  o f  �ASH- 1 400, assess 

the peer comments a nd response s ,  and study the present state o f  r i sk 

analys i s  methodol o gy .  

The Rev i ew Groue concl uded that: 3? 

o Stati stical  analyses i n  WASH- 1 400 suffer from a spec trum o f  

prob l ems , rangi n g  from l ack of  data on wh i c h  t o  b a s e  i nput d i s

tributions  to the i nvention  and use of  wrong stati s i c al 

metho d s ;  

o T h e  peer revi ew p rocess of \,ASH - 1 400 was defect i ve i n  many 'flays 

and the review was i n adequate ;  

o The l ac k  of  scrutabi l i ty i s  a �ajor fai l i ng  of  t h e  report 

impa i r i n g  both i ts useful ness and the Qual i ty of  possi b l e  peer 

review; 
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o The Re v i ew Group was unconv i nced of the c o r rectness of the 

WAS H - 1 400 c o ncl u s i o n  that i n i ti a t i n g  events ( e . g . , fi re s ,  

e a rthquakes , human a c c i dent)  contri bute negl i g i bl y  t o  overa l l  

r i  sk ; a n d  

o Error bounds i n  e s t i ma tes o f  t h e  p robab i l i ti e s  o f  acc i dent 

sequences a re greatly understa ted due to a n  i n adequate data 

base, Ques t i o n a b l e methodol o g i c a l  and s ta t i s t i c a l  Drocedu res 

and i n ab i l i ty to auanti fy common cause fa i l u re s .  

T h e  Fo rd!�1 i tre s t u dy a l  s o  fou n d  tha t " toe ilASH-1400 p robab i l  i t;; 

e s t i mate coul d be l ow ,  under extremely pe s s i m i s t i c  a s s umpt i ons , by a 

fac tor of as much as 500" a n d  tha t the ex pected number of c ancers 

for a gi ven acc i dent " c ou l d  be several t i mes h i gher" than In WASH-

1 400 . 38 Th i s  i mp l i es a n  upoer l i mi t r i s k  1 500 - 3000 t i mes t�e 

ilA SH- 1 400 :ne d i a n  v a l ue , or 36 - 72  c a n c e r  deaths per reactor year.  

I n  addi t i o n ,  to perfo rm a n  adeauate r i sk assess:ne n t ,  the ohy s i c a l  

processes mu s t  be u n derstood a n d  c o rrec tly mode l e �  a n d  u n c e r ta i n t i e s  

prooerly taken i n to acc o u n t .  S u c h  a c ompl ete a s s e s s�ent o f  t h e  ri sk 

a s soc i a ted wi th the CRBR and other components of the b reeder fuel 

cyc l e  i s  n o t  provi ded in the D E I S .  

3 .  T h e  D E I S  F 3 ' l s to A �rlress U n re s o l ved � a s t e � a n a geme n t  ; s s"es  

The D E I S '  d j sc u s s i � n o f  waste �ana oe�en t ,  one of  t h e  f o u r  envi ron-

Mer':al i rr. ;)  .. � c t s  of the b reeder Drog r�rn a d d r� s 5 e d  ;:1 the coc'Jr'2'l t ,  � � 

i n aaea u a te .  The J� : S '  very frai" i n g  of the wa ste d i s D o s a l  i s s c e - - ':n! 

a v a i l a b i l i ty o f  a 11 genera l l y  a c cepted n'!e t h o d "  for h a n d l i n ?  r3c i o-

a c t i ve waste ( p .  1 7 3 1  i s  i m p rooer. By c h aracter i z i n q  the i s s ue t � i ; 
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way , the D E l S  imp-' i es that there i s  an acceptabl e method for 

h a n d l i n a  wa s t e s .  flo method for the permanent d i sposal  of ',..ra ste 

e x i sts , a s  DOE has  admi tted i n  i t s fi l i n g s  w i th the NRC in the waste 

c o n f i dence proceedi n g. ( � RC Docket P R - 50 ,  51 . )  Th u s ,  from the 

outse t ,  the D E I S ' d i sc u s s i on of waste mana nemen t  i s  s t ructu red to 

m i nimi ze the s i gn i fi cance of the i s sue . 

The DE I S  

adeauate 

c o n s i s tently u n derstates the obs tac l e s to devel opi n g  an 

waste management pro gram. '4h i l e  the DE I S  summa r i z e s  at 

l en gth JOE ' s  pro gram, it fa i l s  to acknowl edge the s h a rp d i spute over 

the adequacy o f  the pro gram and the conc l u s i o n o f  ",any that 90E ' s  

p r o g ram i s  i n s u f f i c i e n t  to assure that permanen t ,  s a fe d i s p o s a l  o f  

rad ioacti ve was tes wi l l  be devel oped i n  t h e  fo reseeab l e  f u tu re . The 

i n adequ a c i es of 90E ' s  waste �anagement pro gram a re summa r i zed in a 

recent consol i d a ted f i l i n g  s u bmi tted by the C a l i fo r n i a  E n e rgy Com

mi S S i o n ;  C a l i forn i a  Department o f  Conserv a t i o n ;  the Atto rney General 

o f  the State of Ne w York ; I l l i no i s ;  M a s s a c husett s ;  i1 i nn e s o ta ; 0h i o ;  

� i scon s i n ;  D e l awa r e ;  a n d  Oc ean County a n d  Lowe r  Al l oways C reek Town

s h i o ,  New Je rsey , i n  the NRC ' s  waste confi dence proceed i n g. * ',.Ie 

have i nc l u ded th i s  fi l i n g  a s  Appe n d i x C .  

*The O� IS ?a , l s  t o  d i s c u s s  the ongoi n g  mo d i f i c a t i o n s  t o  i t s wa ste ma n a geme n t  
p rogram, D r e s i dent R e a gan ' s  p l a n  to a b ol i s h  DOE , a n d  t h e  i m o e c t s  o f  toese 
c n a n ges on deve l op h g  a '.a s te ma n a aement � r09ram for the b reeder reac t c r .  
A s  w e  and o t h e r  s tates h a v e  p O i nted o u t  i n  our f1 1 i n gs , t h e  i n evi ta b l 2  
r e s u �  t s  O f  these c ha n ge s  '.i l l  b e  further del ay i n  an.' resol u t i c n  o f  the 
radi oacti ve waste d i s posal  p ro b l em .  ( " Stateme n t  of the C a l i forn i a  
Deoa rtment o f  C o n s e rva ti o n  a n d  C a l i fo r n i a  :nergy Comn i s s l o n  Concer n i n g  the 
Impact of ,ecent Deve l opments o n  a Comm i s s i o n De c i s i o n i ,o Th i s  P r oceed i n g " ,  
�IRC 'i a s te C o n f i dence Procee d i n g ,  Docket )10 .  D R - 5 0 ,  5 1 ,  December 1 8 ,  1 98 1 . )  
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N e i ther the tec h n i c a l  nor t h e  i n s t i tu t i onal  defi c i en c i es in  DO� ' s  

'..ta s t e  ma na ge.,en t  p ragr3;Tl, s�.,rnarized  ; .'1 � D Den rj i x  C: ,  are ad1res s e 1  � �  
the O E T S .  For i ns tanc e , whi l e  DO[ ' s  p rogra� i s  b a s e d  o n  " the �i �e� 

geo l o g i c  reposi tory s t r a te �v for d i sposal  o f  co�erc i a l l y- ge nera:�d 

h i gh- l evel a n d  t r a n s u ra n i c  r a d i oacti ve w a s t e s "  ( O E I S ,  o.  1 78 ) ,  t",e 

s c i e n t i f i c  fea s i b i l i ty of i so l a t i n g  r 3 d i oact i ve wa stes fro� the 

b i o s p here for the e x tens i ve p e r i o d s  reau i red to a s s u re hunan sa7ety 

h a s  n o t  been v a l i da te d .  ( A p pe n d i x C ,  D .  5 ) .  The J E : S  f a i l s :� 

ack nowl edge t, i s - l ack o f  sc i e n t i f i c  veri f i c a t i o n .  

T h e  OE I S rel ies i n  l a rge part upon J OE ' s  " sy s tem a poro ach "  i n  

c o ncl u d i n g  t h a t  p robl ems wi th wa s t e  d i spos a l  a re i n s i ?n i fi c a n: . 

( D E T S ,  D .  1 80 . ) However , as Appen d i x  p o ' n t s o u t :  

" DOE ( a n d the i n dus try )  h a v e  adooted a systems approach to 
wa s te d i spos al - - u s e of a se r i e s o f  natural  a n d  engi neered 
b a r r i ers that suppo sedly pro v i d e a de gree o f  i s o l a t i on n o t  
p os s i b l e  for the n a tu r a l  systems a l one . J O E  fa i l s t o  
rec ogn i z e that th i s  a p o roach i s  s t i l l  lypotne t i c al  a n d  
needs t o  b e  s c i e n t i fi c a l l y  veri f i e d  wi th res pec t t o  t�e 
r e d u n d a n cy ,  e f fec t i venes s , and i n dependence of a ser i e s of 
b a r r i e r s  that are sti l l  b e i n a  conceotual i zed . "  ( Apoen d i x 
C ,  p. 6 ,  f . n .  4 ) .  

- . 

T h e  OE I S  a l so fa i l s  to acknowl edge the nume rous gaps i n  present 

tec h n i c a l  k nowl edge concern i n g  perma n e n t  wa ste d i sposal . These 

tec h n i c a l  gaps i nc l ude: 

a .  Wa ste �cck i n tera c t i o n - -Th ere is no real u n dersta n d i n g  o f  the 

i n terac t i oc of wa 5 te wi th host roc( and therefore no a s s u r 3 n C 2  

that the �"}' 5 i c a ; . ·: hemi c a l , a n d  the mal effec ts i nduced by t r �  

presence of t h e  �aste w i l l  not c a u s e  un�a n a gea � l e  d i srupti o n s . 

( Appe n d i x  C ,  p. 7 ) .  
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b. Hyd ro l o gy - -L i ttl e i s  k nown a b o u t  wate� transport of ra d i o

n u c l i des to the n i o s p h e re . ( App e n d i x : , P .  7 ) .  

c .  Se l ec t i o n  o f  geo l o g i c a l  med i um s--The O E I S  a s s e r t s that " a ny o f  

( the pote n t i a l  host rock s )  c a n  prove to b e  accepta b l e for the 

m i ned geo l o g i c  reposi tory " ( JE I S ,  P .  1 85 ) ,  C o n trary to th i s  

a s serti o n ,  " n one o f  the geo l o g i c a l  med i ums u n d e r  s t u dy have been 

shown to be tech n i c al l y  c a pa b l e o f  a s s u r i n g  s a fe i so l ati o n .  

E a c h  med i um u n der c o n s i dera t i o n  i s  k nown t o  p resent se r i ou s ,  

t i me-consum i n g ,  a nd po s s i b l y  i n surmou n ta b l e  p robl em s .  

( Append i x  C ,  p .  8 ) .  

d .  Fu ture c l imati c c h a n ges , s h a f t  seal i n g  a n d  boreh ol e pl u ggi n g ,  

mon i to r i n g ,  c a n n i ster degra d a t i o n ,  wa s te form d i s sol u t i o n ,  

reacti on i n  the overpack regi o n ,  roc k mech a n i c s ,  retri ev-

a b i l i ty ,  sei s;n i c  a n d  tec to n i c  a c t i v i ty ,  a n d  wa s te pa c k a g i ng . 

( �ppend i x  C ) .  The D E I S  a d dresses none of these prob l ems . 

The s t a t e s '  comments on DOE ' s  presenta t i  on of i t s waste program i n  

the NRC waste c o n f i dence proceed i n g  are equa l l y true for the J E : S '  

d i sc u s s i on o f  DOE ' s  p l a n s  for h a n d l i n g  wastes fro� the b reeder 

reactor:  

" G i ven i ts l ack o f  tnowl edge , DOE b as i ca l l y  contends tha t 
the mere e x i stence of i ts waste program i s  grounds f�r 
a s sura n c e .  DOE resorts to spec u l a t i o n  t h a t  it wi l l  s"c
c e s s fu l l y  overcome all  o f  these tec h n i c al barriers in  the 
n e a r  f�tu r e ,  desp i te the l ack o f  s c i enti f i c  k n owl edge 
a fter 25 y e a rs of study .  

S u c h  s t a temen t s  d o  not d i s gu i se that these are importa n t ,  
e < i s t i n g  data gaps , a n d  t h a t  there i s  no a s s u r a nce a t  th i s  
t i me that these gaps wi l l  be succes s fu l l y  f i l l ed i n  the 
future " .  ( Append i x  C ,  p. 9 ) . 
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A th i rd tec h n i c a l  probl em that the D E l S  fa i l s  to a de q u a tel y address 

i s  the state o f  80E ' s  ma toemati c a l  model s .  ( I) E ! S ,  p .  1 82 ) .  "he 

mOdel s a re used to compen s a :e fJr unce rta i o ti e s  io tech ni c a 1  � n owl -

edge . ( D E I S ,  p .  1 82 ) .  Howev er , the D E l S  fa i l s to a c k nowl e d ge t"at  

the model l i n g  is  c u rrentl y u n devel oped , th a t  there is  no i n d i c a t i o n  

t h a t  i t  wi l l  be s u c c e s s fu l l y  devel ope d ,  � n d  t h a t  � SGS h a s  rejec ted 

rel i a n c e  on model s .  ( Appen d i x C ,  p. 1 0 ) . 

Other tec h n i c a l  defi c i e� c i e s  i n  the DE l S  i n c l urle the f a i l u r e  to 

a n a l y z e  how many s i te s  wou l � be needed for d i s p o s a l  of w a s t e s  a n d  

t h e  fa i l ure to d i s c u s s  t h e  l a c k  o f  e v i dence tha t s u f f i c i e n t  s i tes  

for h a nd l i n g wastes wi l l  be fou n d .  ( Appen d i x C ,  p p .  10- 1 l 1 .  There 

i s  a l so a fa i l ure to p rov i de i n formati o n  on how l on g  the wa s tes wi l l  

be s tored o r  that they c a n  be s t ored s a fe l y  for the requ i s i te 

peri o d .  � i n a l l y ,  t h e  D E I S  a l l udes  t o  " p redeter"i oed cri teri a "  fcr 

the waste d i soosal  repo s i tory . ( J E l S ,  p .  1 81 ) .  However , envi r�n-

men ta l , s i te sel ecti on , and performance c ri te r i a for a reposi tory 

are s ti l l  soecul a t i ve , as i s  a demonstra t i o n  that the c r i te r i a c a n  

b e  Met. ( Appen d i x  C ,  Pp . 1 2- 1 3 ) . 

::Jne of the :'lost i mporta n t  stud i e s  on w a s te 'lana geme n t , the : n ter-

a gency Re v i ew Sroup· repo rt,  concl uded that the resol u t i o n  of 

s o c i a l , pol i ti c a l , and i n sti tu t i o r a l  concerns i s  necessary to per"l i t 

the o rderly i r1p l emen u t i o n  of a n u c l ear "a s te p rogram a n d  t h a t  

" resol uti on o f  i n s t i tu:i cn31 � s i u e s  ��y we l l  be m o r e  d i f f i c � 1 t ! h a r  

*The : � �e r a �ency Rev i ew Gr 'Juo on �I u c l e a r  ·.� a ste :�a n a ge'nent 'Has e s t ah ' ; s � e Cl ; �  
�la rc h  1 9 7 8  b v  P r e s ; ';ent Ca rter to make rec ommen d a t i o n s  for the e s t :! b l ; s r�e!1': 
o f  a n  i n tegr� ted a n d  cred i b l e nu c l e a r  '.a s te mana 1er1eflt pol i C;I .  

38 

';c - ..: SC-4  LC 

f i n d i n g  sol u t i o n s  to rema i n i n g tec h n i c a l  prOb l em s " .  ( Ap p e n d i  x C , 

p p .  1 3- 1 4 ) .  �everthel e 5 s , the D E ! S '  d i s c u s s i o n of i n s t i tu t i o n a l  

ob s ta c l e s  t o  DOE ' s  w a s t e  management p ro gran i s  a l mo s t  nonex i sten t .  

( D E I S ,  p P .  180, B- 3 ) . 

There i s  no menti o n  whatsoever of the numerous p robl ems on the 

federal l evel wh i c h  have prevented a s a t i s fac tory w a s te d i s po s a l  

pro gram--DOE ' s  fa i l ure t o  m a i n ta i n  c o n s i stent �rogram, the 

s u b s ta n ti a l  c h a n qe s  in p ro gram goal s wi th each  s u cc e s s i ve acmi n i -

s tra t i o n ,  t h e  p ro l i fera ti on o f  dec i s i on-ma kers  i n  t h e  federal 

governme n t ,  and the d i v i s i on o f  j u r i s d i c t i o n  in :ongress  over waste 

d i s p o s a l . ( A ppe n d i x  C ,  pP . 1 4 - 1 6 ) .  

S t a te a n d  l oc a l  concerns over waste d i s p o s a l  a re a n  eau a l l y  i mpar-

tant i s sue . In th i s  a rea , the D E l S  f a i l s  to a n a l y z e  the probl em s  a t  

a l l ,  a n d  s i m p l y  a s serts that J O E  i s  " c oll111 i tted t o  provi d i n g  a n  

e f f ec t i v e  rol e "  for state s  a n d  l oc a l  oovernments a n d  I n d i a n  t r i b e s  

( D E l S ,  p .  1 80 ) .  Cl ea r l y ,  thi  s c u r s o ry s t a tement does not p resent 

the a n a l y s i s  requ i red by NEPA.  The s t a te s '  re'l i ew o f  DeE ' s  presen-

ta ti on o f  th i s  i s s u e  in  the NRC w a s te c o n f i dence p rocee d i o 9  appl i e s  
e q u a l l y  wel l t o  t h e  D E l S :  

" A s  DCE i tsel f ack nowl edges , the publ i c  i s  very c oncerned 
a bo u t  the conseque�ces o f  b u i l d i n g  repo s i �ori e s ,  a n d  � a ny 
s t a te a o d  l oc a l  governmen ts , t h rough  l e gi s l a ti on or otr,er-
w i s e ,  have expressed op90 s i t i o n to a c c ep t i n g  reposi t o r i e s .  
E v e ry gove rnment effort t o  d a te t o  sel e c t  �a rti c u l dr s i te s  
h a s  b e e n  o p p o s e d .  Si n c e  d o z e n s  o f  c a n d i � a te s i te s  �u s �  j e  
s e l e c ted for te s t i � a  a n d  ev a l uati o n ,  the a c k nowl e d 0ed 
pu b l i c  oppo s i t i o n  c reates doubt that repo s i tori es a c t u a l � y  
wi l l  be e s t3 b l i shed" . 
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"DOE ' s  resp onse i s  t h a t  i t  wi l l  e n qaqe i n  c o n s u l t a t i o n  
wi th a ffected s ta te a n d  l oc a l  ?overnme nts a n d  t h a t  objec
t i o n s  therefore wi l l  d i s a p p e a r .  Th i s  a p proac h ,  however , 
i s  n a i v e ,  because d i s c u s s i o n s  a re n o t  l i k e l y  to over r i de 
s tr o n g  l oc a l  o b j ec t i on s  to the s i t i n g  of the reposi tory . 
�oreo . e r ,  DOE h a s  c o n s i s te n t l y  fa i l e d to a d h e r e  to i t3 
pu rported pol i cy of ' c o n su l t a t i on a n d  c o n c u r renc e ' . DOE ' s  
p r om i se i n  i ts f i l i n o s  to deal '.i th s t a tes i s  su spec t ,  
g i ven i t s fa i l ure t o  even i n form <l i sc o n s i n  o f  i t s d i sposal  
p l a n s  for t h a t  s t a t e  dur i n g th i s  proceed i n g .  A s  � i sco n s i n  
say s ,  DOE del i ber a t e l y  concea l ed from t h e  s ta te a report 
s h owi n g  that the s ta te was t h e  p r i m a ry c a n d i d a te for 
e x p l o r a t i on o f  9ra n i te fomati o n s . "  

" O n  a n  equ a l l y  f u ndamen t a l  l evel  i s  DOE ' s  pervas i v e 
i n ab i l i ty to deal wi th the concept of p u b l i c  t r � s t  and 
p a r t i c i aa t i o n .  DOE ( a n d  the �RC Work i n g S r ou p )  c o n t i nues 
to v i ew the p u b l i c  a s  a spec i al i nterest group whose sup
p o r t  i s  des i ra b l e but u n neces s a ry . D O E  h a s  no mea n i n qful 
i n tern a l  mecha n i sm f o r  i n s t i l l i n g  publ i c  c o nfi dence

-
a n d  

t h i s  l i mi t a t i on wi l l  m o s t  l i k ely e f f ec t i v e l y  frus tra te 
s i te s e l ec t i o n  a n d  devel opme n t .  DOE fa i l s  even to 
a c k n owl e d ge the e x i s tence of a c red i b i l i ty prob l em ,  l e t 
a l one b e gi n the arduous task of dea l i n g wi th i t .  I n s t e a d ,  
DOE S i mp l i s t i c a l l y  a r gues t h a t  t h e  pu b l i c  s h ou l d j u s t  
a c c e D t  Nhatever r i S K S  DOE d e termi n e s  s h o u l d �e acceDted 
f r om r a d i o ac t i v e wa s t e s .  S u c h  a n  approach c l ea r l y  does 
n o t  prese n t  a f a c t u a l  ba s i s  f o r  c o nc l ud i n 9  that i n s t i tu
t i o n a l  b a r r i e r s  wi l l  be overcome . "  ( Appe n d i x  C ,  pp . 1 6 -
1 7 ;  c i tes om i tted ) .  

I n  sum, the D E I S  fa i l s  t o  address the many tech n i c a l  a n d  i n s t i tu-

t i o n a l  i s sues a s s oc i a ted wi th wa ste d i sposal  f o r  the breeder reac t o r  

program . Ha d t h e s e  i s sues b e e n  a dequately a ddres sed , the D E  I S  c ou l d  

n o t  h a v e  c o nc l u d ed , a s  i t  doe s ,  t h a t  " [ t ] here does n o t  appear t o  be 

a ny c o n s t ra i n t  on the L'�FA R  Pro gram imposed by � i s p o s a l  reou i re"le n ts 

for h i 9h-l evel or t ra n s " ra n i c  rad i oa c t i v e  w a s t e s "  ( D E l S ,  P .  1 74 )  a n d  

t h a t  wa ste mana ge"lent wi l l  n o t  h a v e  a s i g n i f i c a n t  env i ro nmen t a l  

i mpac t .  ( DE I S ,  c .  7)  ',Ie therefore reco",",end t h a t  the D E  I S  he wi th-

drawn u n t i l a compl ete a n a l y s i s o f  t� i s  c ruc i a l  i s sue i s  perfor�ed 

and that the federal goverr.me n t  no t a d d ,  t h rOUGh the b reeder reac tor 

40 

GC-4 LC 

p r o gram, to the ex i s t i n g  wa s te d i sposal prob1 e"l u n ti l the tec h n i c a l , 

i n s t i tu ti o nal , soc i a l , a n d  pol i ti c a 1  b a r r i e r s  to .a s te d i spo s a l  a re 

s i on i fi c a n t 1 y  d i m i n i s h e d .  
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In t h e  �a : t e �  c f :  

Apvend i x  C 

UNITS� S : � :�S SF � �� ? : C A  
fJ U C L F A ?  R EGULA:CB�  CO�� � I S S I O �  

P ? - 5 0 ,  5 �  
P ro o os ed R u l e� 2 � i n �  o r. S t o r a g e  D i s D o s a l  

- o f  tl u c l e a !" Ha s t e , 1 0  c n  P a r t s  5 0  a r.c 5 1  
( 4 4  r ?  0 , 3 72 ) 

p-!a s t e  Co:,, [ i d en c e  R u '  er"ak '; !'i ;o \  

CONSOLiDATED ST A�E�E�T � �  !H� ST �T�  G �?a? 

I .  I HT�OCUC:ION  

':' � i s  con s c l i c a t ed S t a t err: e !1 t  is  s u b r"! !. t : e �  c r .  � e � a : f  c f  

t he Ca l i !'o r n :'a D e � a r t� e n t  o f  C o n s e r v a t i o n  ( " C : C " ) ,  Ca l i -

f o r n i a  E n e r g y  Commi s s i o n  ( " eSC " ) ,  I l l i n o i s , ��a s s a c :; L!s e t t s ,  

� i n n e s o t a  ( " M i n n . " ) , A t t o r � e y  G e n e r al: o !'  t h e  S ': a t. e  o !'  � Ie ·,.; 

Y c !"'k ( "�: YAGn ) ,  O c e a n  C O U !1  ty a r.c  L ;;we r- Al l o ;.; a ? s  C r e e:': ':'ot; n -

s h i �  ( New J e r s e y ) , Oh i o , W i s c on s i �  a � d  D e lawa r e , p � � s � a � t  � o  

t h e  Corn� i s s i or. s '  S e = o � c  P r eh e a r i n g  � e m o ra n cu� a r. :  C re e r ,  
d a t e d  �Ic v e!!! b e !"  6 ,  1 9 8 1 .  T h e  re� a i n i r. g  p a r ':. ':" c ':" ? a :-: : s  c c � -

s o l i d a t e c!  i n  G r o u p  3 ,  l i s t � c  o n  p .  7 o f  t h e  � e � o !" a :: du� 2. !1 C  
O r d e r , h a v e  n o t  j oi ne d  i �  t h ! s  S t a t e � �n t . 

Th e r e  i s  no fa c t u a l  b a s i s  t o e a :1 f o �  e o r. : .:.. c e :! c e  e i t r. e :-
t h a t  n � c l e a r  w a s � e  ' .... .:. 1 1  t oe  s a f e l y  d i s ;J o s e d  o �  " . , 

- �  :' :; e 

n e c e s sa ry t !� e  f � a=e o !" t h a �  ! t  w i l l  b e  s 2 �e : r  s t o r e j  � n � ! :  
i t  � s  d i s p o s e d  o f  s a fe �y . F� !" t � e r� o !" e , b e ca � s e  a p e r� a ::e � : ,  

$ a fe s o l u t : o n  t o  t::e �a s t. e  r:: a n a g e � e :! t  ? :--o b l e!:! \.; i l l  r. e t.  b e  

a v a i : a b l e  w � e n  n e e d e d , b e t h  t h e  Ca l i �o rn :a E n e r g y  C c = �i s s ! : �  

a n d  t h e  � t � � r n e y  G e :: e r a l  o f  t h e  S t a � e  o f  N e w  Y o r� s u p ; � !,, � a 

p o l i c y o f  c e a s i � g  t o  i s s � e  n e w  c c n s :' r u c t i o n  D e r� ':" t s  � o r  
1 .  



n u c l e 2 r D o w e r  p l a !! t s  u n t i l  the  t e c h n i : ? l ,  i n s t i t :� : :" c :-: a ::' ,  

s o c i a ! a n d p c l i t. i c a l  b a r r ! e r s  a � e  s i z � i �i c a n : l y  � !� ! � i s � e � . 

� ! .  THE' C C �·1 �� ! � � I O N  �,(U ': T  ��:' : !1 �4 ! :! E  l, r:::::-:2? (] ?  :!C: I:' IS : �c. '  .. ! 
C O ! ' F I C E HT , ON T H E  B A S I S  Of ;:: Y : S T : t� 'J  r A CT � , T H A T  To';::? ::  
W I L L  E E  S � fE D I S P O S A L  O f  N U C L ;:: A F  WAST E .  

A t  i s s u e  i s  n o t �h e t h e r  � ac i c a c t i v e  wa s t e s p r o c � c e d  b v  

n u c l e a r  fa ci l i t i e s  " c a n "  b e  d i s pc s ed o f  s a f e ly  b u t  ·..:� e t :"l e r  
t h e y  " w� ' l  b e "  s a f e l y  d i s p o s e d � y  2 s ? e c i f ! ed c 2 t. e . C 4  r e d . 
R e g .  6 1 3 7 2 - 7 3  ( O c  to b e !" 2 5 ,  1 9 7 9 ) . ( e::,p h a s � s ad c e c ) .  1 Th e  

� e !'" e  c o n c l 'J s o r y  s t. a t e � e r. t s  b y  !)C�  t ha t t h e :- e  c a n  � e  s ;; � �  

w a s t e  � i s p o s a l  a r e  a n  i n s u f ! i c i e n �  b a s i s  f o r t h e  N R C  � c  

c o n c l u d e  t h 2 t  i t  h a s  a s s u r a n c e  t h 2 �  w2 s t e s  w i l l  � e  � : s ? c s e c  

o f  s a fe l y . 

DOE h a s  n o t  m e t  i t s  b u r d e :r c f  p r o v i :-: g  th2 :' a f a c c u a :  

b a s i s e x � s t s . I � s  f i l i n g s  c o n s i s : e n : � y  i g :. o � e  � a s t  e v e n t. s ,  

C O  r. o t  s h o w  r e 2 s o n a b l e  f 2 C t. S  exi s t i r. g  t. o d a �r f o !'"  2 s s !..: r a :! � e  

t h a t w2 s t e  d i s p o s 2 1  w i l :  o c c u r ,  a � d  :" r! s t. e 2. d  s �e c 'J 1 2 ,; e  t h a t.  
d i s p o s a l  c a n ,  � a y , o r  s � c 'J l d  o c c u � . �� e � e c ! s i o n  t o  a � c : ! s �  
D O E  � a k e s  D e E ' s  p o s ! t i o �  e v e n  � o r e  i l l u s c ry . 

In o � c e �  t o  m a k e  a f i n c : � g  o f  c o � f i � e � c e  a t  : h i s  � :"� e , 

':. � e  CC�Ti s s i � � , 2 � O � g  o t � e r  t � ! r. Fs , � c � l c  t a v e  to c � n � l � d e ,  

1 .  A �  a �i n i�u m , t h e  l e g a :  s t; 2 n � a � �  � = r  � h e  � f?: t =  u s e  

whe t h e r i t  h a s  l' r e2 ! � � 3 t l �  a s s L r � � : e l' � � a t  �2 s � e s  � i  
� e  d i s p o s e d  o f  s a fe l :: . �;:; i : e  '") a ; � i c i ;: a n t s  r: ave '..!s 

d i f fe r i :1 g  p h r a s e s  ':.0 c e s c r i ': e  � r: i s  :' u � � e n ,  a : 1  s t � ':. � s  

j o i n i n g  i n  ':. h i s  � i l i �; 2 g r � e  ':. � a ':.  D O E ' s  f i l i � � s  d e  � o t  
sa t i s fy � h e  " r e a s o �2 � � e  a s s u � 3 � � e 'l s ta � � a rd . 

2 .  

f r om f a c t s  e x i s t i n g  tod a y ,  t ha t  a l l  t e c h n i o a l  a � d  r o l i � i c a ! -

s c c i a l  ( " I n s t i t u t i o n a l " )  p ro b l er.'ls '''i l l  t r u l y  b e  r e s c ! ·! '! d  � y  
a s p e c i :' i e d  d a t e .  Bowe v e r , t � e !'" -e  i s  r. o  bas i s f o r"  r e a C :-: :' � F  

t h a t  c o n c l u s i o n . I n d e e d , e v e n  i �  s a !"e � i s p o s a l  i s  t e � � 

� i c a l l y  f e a s i b l e , i n  t h e  s e n s e  t h 2 t  n o  k n ow n s c i e � t i f i c  

p � i n c i p l e  wo u l d  o r e v e n t i t s  b e i r. �  a c � ! e v e d , � o n e t t e l e s s , � h e  

C o m o i s s i o n  c o u l d  n o t.  f i n d c o n f i c! e n c e  b e c a u s e  ( i )  !:' a r: :r 
r e �o si t c ry s i t e s  a r e  n e e d e d  b u t  no s i t e  h a s  b e e n �o u n d  �h i c h  

wo u l d  be s u i t a b l e ,  a r!. d  q u e s t i o r. s  a r e  k n o'''n t o  e x i s t  2 b o u ':  

t h e  s u ! t a b i l i � y  o f  a l l t h e  v a !'" i o u s  r e g � o � s  a n d  � e � i a  u n � e r 

c o n s i d e r a t i o n ; ( i i )  i t  i s po s s i b l e  t h a � tec h n i c a l  s o l � t i cn s  

t o  o u t s t a nd i n g p r o b l ems wi l l  n o t  b e  f o u n d  b y  t h e  s pe c i !' � e c 

d a t e ; a n d  ( i i i )  i n s t i t u t i o n a l  p !" o b l er.:s c o u l d  ;: !" e v e ,, �  t h e  

e s t 2 b li s � r.'! e !1 t  o f  a n :, !'" e p c s i t. o' r i es :y t h e  s p e c i fi e� : a t. e . 

I n s t e a d  o f  d i s c u s s i n g l o n g - t e r� s a �e : Y t  D O S  � ra� e s  i t s  

c a s e  i n  t e r � s  o f  w h e t h e r  i t  � i l l s u c c e e c  i n  ; e t t i r. g o n e  

r e p o s i t o ry l i c e n s e d  b y  t h e N R C  b y t h e  y e a !'"  2 0 0 7 . Bu t t h a t  
q u e s t i o n  m i s s e s  t h e  po i n t . F i r s �  o �  2 1 1 ,  � 2 n y  � e p o s ! : o !'" i e s  

w i l l  b e  n e ed e d ,  n o t  o n l y  o n e . S e c o n d l y , e ve n i f  a l i c e n s e  

i s  o b t a i n e d , t h a t d o e s  n o t  a s s � r e  e s : a b l i s hr.: e n t  o f  a r e � os i -
t o ry b e c a u s e  p u � l i c  o p p o s i t ! o �  c ou l �  p rev er. t i t .  Fu r t h e r , 

t h e  n e re e x i s : e � c e  o f  a l i c e n s e  d o e s " r. o t  e s t a b l ! s h  t; !; 2 t  ': h e  

r e p o s i t o � y  �i ll fu� c t ! o n  � i t � o u t  a c c ! d e n �  fo r the  n e c e 5 s a � y  
t i � e  p e r i o d . E 'l e n � s  a t  Th re e � i ! e  ! s l a � d , E ; c�n ' s  F e � �y a �� 
D i a b lo Ca n yo n  � e� o r. s t :2 � e  t h i s  p o i n � .  

A c t u a l  f a c t s ,  r a t t e r  t h 2 n  b e l i e f s , a � e  r e a u ! r e d  i n  

d e t e rmi n i n �  c o n f i d e � c e , ? a r t i c '..i l a r l y i n  v i e� 0 :- t :-: e pas t 
3 .  



h i s t ::: ry c �  ... a s t. e  d i s o o s a ! e f f � r � s  ( n a n  u r. : r :: k � r!  !,,; i � t c r" Y  � !"  
f a i l u r e " ) .  ( C E C  S ?  � O ;  �� ��� I l l i n o i s  S ?  4 - 5 ; � i r. � .  
S ? ,  D r .  A t: !"' a h a;:!l s o n ' s  C C i.'l me n t s  ' :; - 2 � . )  �. d c : t : o r. a l l �/ ,  ":. � e  

n a t u !"' e  ::; f  t r e  ;: r o c l e r.1 - - e x t !"' e � e l y  l o �g - t e :",� ·: a r! : e r  � o  � a !"! y  

f u t u r e  g e n e ra t i o n s - - c a l l s  f e r  t h e  M i g :t e s t  C 2. r- e  !. n  r ea c h i r; g  

c o n c l u s i o n s  i n  t h i s  p r o c e e d i ng . 2 

D O E  a n d  t h e  - i n d u s t r y  g r o u p s  s ,, :' e !" r o n e o u s l y  t h a t 

b e c a u s e  r-e s e a !'" c h  is p l a n r. e d  c r  i n  p r e c e s s  ..... e c a n  b e  c c � !" i -

d e r. t  t o c a y  .t h a �  sa fe d is p o s a l  joI i l !  � e  a c h i e ', e c .  :: o 'tl e v e !'"  , 

f o r  y e a r s  g o v e r � =e n t  o f f i c i a l s  h a v e  � i � l e� t h e pub l i c  ;.;!. t �  

a ss u r a n c e s  t h a t  t h e  t e c h n i c a l  s o l. u t i o n s  were a ':.  h a n d .  7h e 

t r u t h  i s  t h a t  we d o  n o t  k n o �  t o c a y w h e t h e r  t h e  o n g o i � g  

� e s e a r c h  wi l l  r e � o v e  a l l  e b s t a c l e s ; i n s t e a d , i t  �a y f a i l  t o  

2 .  D i s p o s a l o f  n u c l e a �  w a s t e  p :' e s e n t s  u n i q � e  p � o b l e � s  
b e c a u s e  n e v e r  b e f o r e  h a s  a n y  s o c i e t y  h a d t o  d e v i s e  
p l a n s  t o  a s s u !'" e  s a f e t y  s o  far i n t h e  f c t u r e ,  a n d  n e v e r  
b e fo r e  h a v e  g o v e !"' :1 � e r; t  a g e n c :" e s  h a d  t o  de'l i s e  r- e g � 
l a t i c n s  tc a s s u r e  s u c h  s a fe ':. y . Th u s , i t  i s  m o re t h a n  
n a t u r a l  t o  ex p e c t  t h c. �  e r  r o rs ;..r i l l  o c cu r i n  t h e  t e c h 
n o l og y ,  a r. d  t h a t t h e  r e g � l a t i o n s  t h e� s e � �,e s  ',;i l l  b e  
l e s s  t :: a n  p e r fe � t .  ! n d e e c , t h e  U . S .  G e o l o � i c a l  S u n· ey 
( " LTSGS " ) h a s  no t e d t h a t  wa s t e  c i s 9 0 s a l  tt re c L! i re s :1 e ',; 
a n d  h i t h e r t o  u n t r i e d  t e c h n o l o g y "  ..... � i c t  " t y p i c a l l y "  
i n v o l v e s  " i n i t i a l  f a i l u r e  o f  s o � e  c o � p o � e n t s  t o  
p e r f o r :n  a s  o r i g i n a !. l y c o r. c e ':" l -e d , d i s c o y e r :r  o f  n e '''; 
p ro b l e c s  to be r e s e l v e d , a �c r e ::! o n s i d e :oa t i o n  o f  c e s i ; � 
c o n c e p t s . "  U S G S  S P  5 . "  T h i s  v :" e'..I i s  in a c � c !"" d ',; i '; �  
t h a t  ta� e n  b y  t � e  N � C  i �  :.. t s  t :' 2 f':. t e c h r. ! c a l  c :o i t e r ! a  
t o !'"  r e g-u : a t i n g  c i s �e s a !. ,  t � a t  b L! : l c i :1 �  a re p o s :' ':. c r :.'' 
!t i s  a n e w h U w a n  e n t e r p r i s e , "  : :1 ':  i t  i s  t h e !'" e � o � e  
" rea s o na b l e t o  e x � e c t  t h a t ,  w t a t e v e r  t h e  c a r e  e x e !'" c :' s e d  
a n d  h c w e v e � a d v2 � c e c t t e  t e : h n i : u e s , � i s � a k e s  w i l l  
o c c u r ,  i rr: p r-o v e d  t e � ;-, n o : .) ?, : e 3  ,: e l' � : o ;, e d , b e � t e r  c e s i � :: s  
c r e a t e d , 2 n d  o p e r- a t ! 0 � a l  � � .) c e � � r es i�� !"' o v e� . "  U S  F e d . 
R e g . 3 1 3 98 , c o l . 2 ( �: c:y  1 3 ,  1 ? 2 r: ) . ( *  U S ? "  r e f � r- s  :' 0  
t h �  p a r- t. i c i ;;· a n : s  I S � a t. e r.: e ;: t s o f  P o s i t i o :1  a n d  " C S "  
r e f e r e n c e s  t h e  C r o s s - S t 3 : e� e :. : s o f  ? o s i t : o r. . )  

4 .  

d o  s o , o r  e v e n  u n o o v e r  new u n c e r t a i n � i es o r  p r o � l e� s  r a k ! � �  

t h e  t a s k  s t i l l  �o r e c i f f i c u l t  t o  a c � i ev e . C o n : : c e � c e  � a r. � � t  

b e  p r e d i c a t e d  o n  h o p e  o r  b l i n d t e c h n o l c g i c a l  o p t i r. i s � . 

-Un t i l  t h e  r e s ea !" c h  h a s  b e e n  c Or.1p l e t e d  a n c  h a s  suc c e s s !' u l l y  

reso l v e d  al l t h e  t e c h n i c a l  d i !' f .!. c u l t i e s , i t  i s  p r e!:' a t u !" e 

e v e n  to t a l k  a bo u :  c o n fi d en c e . 

I I I .  THE R E  IS NO F A C T U A L  B A S I S  TO � A '!  F O ?  C O N ? I r E �lC S !;;,I.-;
T E C H N I C A L  B A R 3 I E R S  TO THE S A f E  D I S P O S A L  O F  WASTE WILL 
B E  S U C CESSFULLY O V E ? CO � E . 

A .  T h e  s c i e n t i f i c  f e a s i b i l i t y  c f  i s o l a t i � l  r a � � o 
a c t i v e  w a s t e s  fro� t h e  b i o s � h e !"' e t o !'"  � h e  e x t e n s i v e  
p e r i o d s  r e q :J i r e d  t o  a s s u :' e  :;u� a n  s a � e � y  h a s  :'l o t  
b e e n v a l i d a t e d .  

A k e y  f a c t o r  i n  t h e  s t a t e s ' p o s i t i o n  t h a �  t h e r e i s  n o  

p r e s e n t , r ea s o na b l e  a S S � !" a n c e  t h a t  t e c h r! i c a l  !) a !'" !" i e !"' s  t o  

s a f e w a s t e  d i s p o s a l  ,tl i I"i b e  s U r' -:1 c u n t e �  i s  t h e  !. a c k  o f  

s c i e n t i f i c  v e r i f i c a t i o n  o f  t h e  F e o ! o g i c  :' e ? o s i t o r y  c o � c e ; t .  

( C EC S P  6 . )  A c � ua l a s s u r'a!'l c e tha t g e o l og i c r e p o s :" : o r: es 

c a n  i s o l a t e  r a d i oa c t i v e  w a s t e s  r e Q u i r e J : 

" [ C ] o m p a r i n g  t h e  r e s u l t s  o f  f i e l �  e x p e :' i � e n � s  
t o  t h e  m o d e l ? r e c i c t i o � s  a n :  � o d i f y i n g  t h e  
m o d e l s . • T h e  e x p e r i � e n t s  � u s t ,  o f  c o u r s e , 
b e  c a r- r i e d  o u t c n c e �  c o � c i t i o n s  r e o r e s e r. : a t i v e  
o f  t h o s e  i n S i d e  2. l o a d e d r e p o s i t o � :: i  t !"! a t i s ,  

�� . I t  i s  o n l y  u n d e r- t h e s e  c i r- c u = s t a n c e s 
t h a t  t � e  i � o :a : :" e r.  h y ?o th e s : s C 3 �  �e v3 1 ! �2 :e c  a nG 
re a. s e na b l e  a S S L! :-- a � c e  a c r. :" e v ed . "  ( C EC S ?  7 ;  � 
� N YA G  S ?  6 0 ; W i s c o n s i n  S ?  8 ;  D e l, 2 yTa r e  S ?  6 . )  

N o n e  o f  t h e  W 3 s : e  e X D e � i :.1 e n t s  t o  d a t e  h a v e  � t i l i :: e r.  a 

v i � o r c u s  s c i e n � i f i c h y ? o : h e s i s  t e s t i � �  a � d  � o d e l  v e :", : !" : -

c a t i o n  r.- e t h o d , a n d c e r- t a i :"l l y n o  in- s � t!J t e s t e x ;: e r : � e � t s  

h av e  b e e :"l  p e r- f o r:!1 e :t  w :, i c h  d e r. o n s t r a t e  v e � i ri c a t i o :'l  o �  t h e  

5 .  



g e o l o g i c  r e c o s i t o � y  c o n c e p t  ( C E e  s ?  1 2 ; A p pe n d � x  C ;  S�� a:30 
Wi s c on s i n  S P  3 - U ) .  

D e E  a d�i t s t h a t  i o - � i �u t e s t : r. g  is r. e c e s s ar y t o  a s s � r e  

a d e c u a t e  s i t e c h a ; a c : e � i z a t i o n  2 � d  v e r i f i c a t i o n  :! r! d  t o  

v e r i fy t he � c d e l s  u s ed f o r  pe r f o rm a � c e a s s e s s� e n t . ( D O E  C S  

I I - 1 l! 3 .  ) H o w e v e r ,  i !'l  t h i s a r e 2  a s  i n  o t h e r s , D O ::- l o o k s  

t o  a d d i  : i O !"l 2 1  " p ! a n n e c  i "' - s ":  �u t e s : s  to p ro v id e s u ff i c ! e :; t  

d a t a "  ( D O E  CS ! ! - 1 4 C ) . D O E  t h u s  a d r. : t s  t h a t  c o� c e p � f e a s i -

b i l :. t y  h a s  n o t  b e e n  p rc "e n , 3 a r;c t r. a t i t s  o p t i;: : s-::: t h a t  i t  

w i l l  be s h own :'s c e p e � d e � t  u p o n  s L: c c es s :':..; : � () r: ;: l e ': i o !!  o f'  

a s- y e t  u r. pe r f o r�e c in-s i ;u e x p e r i� e n t s .
4 

E .  T h e  n u:.! e ro u s � a ;; s  i r:  ? r e s e n t  t e oh :1 i : a l  k r: o w l e d g e  
c·o n c e r n i n g  p e r� a n e n t  wa s � e d i s p o s a l  � � e v e n t a 
fi �d i n g  of c c n : : c e r! c e 2 t  � h i s  t i� e . 

Ev e � y  � i : i � g  in t h i s  p ro c e e c i r. g  i d e � � i : i � �  = 2 � y  g e � e � i 2  

u n c e r : a i � t i e s  a � d  c a t a  g a p s  i �  t h e  t e c � � o l o g y  fo r w a s ': e  

3 . 

II 

: h e  I , G  r e ? c r t  r e c c g � i z e c t h a t  c o � c e � t f e a s � � : l i �y f 8 ;  
g e o l o g i c re p o s i tc r : es i s  u n ? r ov e � : 

I' T h e  fea s i b i l i t y  o f  s a fe l y  d i s p c s ! n �  0 :  h :g� 
l e v e l w a s t e  in � i n e d  r e s � o s � : o � i e s c � �  o n l y  b e  
2 s s e s s e d  c n  the b 2 S i s  c :  s ;; e c : : i : i n v e s t i � a � i o n s  
a t  � � c  d e t e r� i na t i o � s o f  S U i t 2 � i : i :y o f  p 2 r t i c � : a r 
s i t e s . 'f ( ? e fe r e � c e  1 3 ,  C £ C  SF S . )  
rOE: ( a r'! =  � � e  i ;; : u s : � y )  :: av e a � c ;: � e d  a s y s : e;.! s  a � ;:- :, o a :  
t c  w a s � e  � � s ? o s a ! - -c s e o �  a s e � ! e s o f  n a t u r a l  2 �  
e n g ! n e e � e d  t 2 � � i e r s  : � a t  s u ? p c s e � l y  : r c v i � e  a d eg � e e  c 
i s o ! a t i c � :'l o t  p o s s i b l. e  fo � t � e  :':2 ': :.J !'" 3. 1  sys t e r: s  2 1 cr:e 
D O E  f 2 1 : s � o  � e c o g n � ! ?  � � 3 �  � h � s  2 p ; r o a c � i s  s : i :  
h y� o t h e t :' c a l a r! d  :l e e d s  : :  :. � s : : e '-. � ::' f i. : a l l y v e r : f ! e  
w i t �  r e s p e c t  t o  t � e  r � d u � j a � c y ,  � � � e c � i v e n e s s , a :; 
i r. d e p e !"' d e r. c e  o f  a. s e r i e s  :: �  :' a :" : :' e rs t :t 2 :  a r e  s t :!. :  
b e i n g c o n c e p t u a l i : e d . ( e S C  s ?  � 5 . )  

6 .  

d i s c o sa l . T h e s e  Ea ?s p r e c l u d e a s s ur an c e  a t  t. � i s  t i � e  t h a t  

t e c h n i c a l  p r o b l e � s  w i t h  wa s t e  d i s D c s a l  w i l :  b e  o v e r c ot""e .  

( tlYAC SF 7 7 - 1 0 � ; C E C  SP 6 - 1 2 ;  A ;l p e n d i c e s  A .  i! ? n c C ;  C I:' C  S F  

5 - 8 ; C " � 
� '"'  C S  : 6 - 3 8 . ) I t  i s i m p o s s i � : e  to e v e n  l � $ t  2 : 1  

t h e  e x i s t i r. g  d a t a g a ? s  i n  t h e  l i � i t e c  s pa c e  a : l o w e d  � O �  t � : s  

s u", � a ry . H owe v e r , s o m e  o f  t h e m o s t i�p o r t 2 n t  c a : a  g 2 ? S  a n d  

u n c e r t a i n t i e s  a r e : 

1 .  lla s t e - r s c k  i n t e rac t i o r. s - -� SGS h as s : a t e c  � h 2 t " t h e  

u n c e r t a i n t i e s  a s s o c i a t e c  w i t h  h o :  w a s t e s t � a t  i n t e r a c t  

c h e r: i c a l l y  2 r:d m e c h 2 n i c 2 l 1y wi th t h e  �o c k 2 !; C  !'l!.l 7.. c s ys :e::  
a p p e a r  v e r y  h i gh " ( N YAC S ?  7 9 ; cec cs  : ) . D O E  a c k � ow! e c g e s 

t h a t  t h e  e f f e c t o f'  t h e  h e a t  ema n a t. i n g  !" r o ["!'l  t h e  ',.;a s ': e s o r. 

t h e  s u r ro u n d i ng r o c k  o f  a r e po s i t o r y  i s  "2 � 2 � c r  t.: nKn ct,.;n 
g e o l o g : :  f a c t o r  ( p r e s e r: t :' �g )  t h e  � o s t  d i f!' i c u l :  e n F i r. e e r : � g  

u n c e r t a : :; t i e s . "  ( N '!. A C  S P  7 9 ·. )  O n e  p 2 r t i c : ? a � ':  h a s  

c e s c � i � e d  i n  c e t a i l  t h e  � a p s  i n  knowl e d ge t h a �  p � ev e n :  2 � y  

u n d e r s � 2 n d i � g o f  t h e  i � t e r a c t i o n o f  v2s te wi th h o s t  r o � k  2 � C  
t h e  r e s u l t i r. g l a c k  o f  a s s u ra n c e t h a t  t � e  p h y s i c a l , c h e� : c a : ,  

a ::1 c  the :,,� a l  e !'f e c t s i n d u c e c  b y  t :; e  p r es e n c e o f  � h e  � ... a s � e  

w i l l  n o t C 2 u s e  u n� 2 !1a g e2 :: 1 e d i. s � 1j p � i c :-: s . C :: '!. A G  S P  7 8 -c � . )  
I t  is  s i � p ! y  n o t k�own i f  a n y s i � e  w i l l  b e  a. b l e  t o  p e � f o � �  

i : s  f' :.z n c ,: :" c �  Il·:" v e �  '; � e  he 2 : a n c  ra c ::' a t :. c r. t e l !"": &," e;:! : :. e ·j ":J y  

t h e wa s � e . ( �rYAG  S F  7 8 -8 11 ;  �. � c : c  � ?  i C . ) 

2 .  H y c � o l o g y--DC:: 2 : n i t s t h a :  " z n o'.,; l e c g e 0 :- p: r o t.: r. � -

wa t e r  hy d �c l o g' :t 1 !. S  pe :--ha :: s ,  t h e  !T o s t  ii:" p o r � a r. t  r e q u i !" e � e :: ':  

f o r  u n d e r s ,: a o c i � g t t e  : o � g - t e �� b e ha v ! c �  o f  2 � i n e �  �e o l o � ! c  

7 .  



r e p o s i t o ry . "  ( DO E  SP I I - 7 6 . )  � e v e r t h e l e 3 s , l i t t l e  is k � o � n  

a b o u t  wa t e r  t r a n s p o r t  o f  r 2 d i � n u c l i d e s  t o  t h e  � i o s ; � e r� � � DC 
S P  1 5- 1 7 ;  C D C  CS 1 3 - 1 5 ,  1 8 ,  2 G - 2 1 ; c lO e  S P  1 0 ,  5 C -'5 5 : . 

USGS h a s  s ai � :  

• T � e  n e e d fo � s u c h  d a ta s e v e r e ly t a x e s  b o t h  

t h e  a v a i l a b l e d a t a b a s e  a n d  t h e  t e c h n o l o g y  

f o �  g en e ra : i n g i t . � o s t  o f  t � e  !"' e q u i s i t e d a t a  a r e  

p r e s en t l y  u n a v a i l a b l e ;  � o s t  o f  t h e  a va i l a b l e  d a t a  

h a v e  s u c h  l a � g e  e r � o r  l i� i ts t � a t t h e � r  u se � u � � es s  

i n  p r- ec i c t lv e m o d e l s  i s  1 1r.:! i t e d . "  C i rc u l a r 7 7 9 , 
p p .  8-9 . 

As 

3 .  S e l e c t i o n  o f g e o : o ; i o � e d :' u� - -i! � i : e  s a l t ,  s !1 a l e , 

b a s a l t ,  a n d  g r 2 :1 i t. e a r e  a l l  u r. c e !"" s t u d y  a s  lJ o t e r: t. i a l 

r e p o s i  t o ry r.: e d l a , n o n e  h a 'f e  b e e ::  s h own to b e  t e c h n i c a l l y  

c a p a � l e O" r a s s u r i n g s a � e i s o l a t i o n . E a c h  � e c i � � u � c e !"" 

c o n s i d e r a t i o n  i s k n own to p r e s e n t  s e r i o u s , t ::1 e - c :) :; s 'J.= i :: g , 

a r. c  p o s s i !J l y  i n s u r ::: o '.1 n :' a b l e p :- o = l e r.i s  ·", h i e :'  l e a v e s  t :: e  

p o s s i b i l i :' y o f  a c h i e " e� e � t  TJ i t h i !1 t � e r e � 'J i s i t e  t i � e  !' :-- a:! e 

s pe cu l a t i v e . ( NY A G  S ?  8 4 - 9 2 ; C D C  S? 9 - 1 0 ,  2 4 - . 5 ;  C D C  CS 3 , 
6 ,  3 3- 3 6 ;  : e �  a l so D e � awa r e S P  5 . )  

4 .  Fu t u r e  c l i :!! a t :.. c c h a � g e s - - I t r e �a :' n s  t o  b e  e s t a : -

l i s h e d  t h a t  r e p o s i t o r i e s c a n  b e  l o c a t e d  t o  wi t h s t a �d f u t � � e  

c l i R! a t i c  c h a n g e s  s u c h  a s  r e - g l a c i a t i o r. o r  s i g !! :' f i c a p. t 

i � c r e a s es i� p r ec ! � i � a t io n o r  s � r fa c e e r � s io n .  ( :;YAG S ?  � 7 ;  

C D C  S P  1 2- 1 3 ;  C:C C S  1 0 - 1 2 . )  

5 . S h a !" t  s e a l :" :! g  2. :1d t o r e :: o l e  ,; � ',,! � !i :-:g --7h e � e i s  n o  

e s t a b l i s h e d  "./ a y  t o  s e a l" a r e p o s i t. o r y s o  a s  t o  p r e ·r e r. t  

r a d i o n u c l i d e  r e l � a s e t o  t � e  b ! o s ; � e � e  f o r � h e  n e c e s s a r y  

8 .  

p e r i o d  o f  t im e . ( C EC S ?  1 (1 ;  N Y A G  S 2  9 9 ; e e c  S? 1 9 - 2 ; ; c:;e  
C S  2 5 - 2 9 . )  D O E  h a s  t e r � e d  t t e  s e a : i n F  � r o b l e !" a " :': e :r 

u n kn ow n "  ( H YAG S? 9 9 )  b u :.  t h e !"' e :' 5  no c o r. s e � s u s  t h a t  t !": e  

t e c h n o l o g y w h i c h  i s c u r r e n t l y a n t ! c i o a t e d  w i l l  p r o v i d e 

a d e q ua t e  s ea l s  f o r  e v e n a few d e c a d e s . ( l>:.. 9 9 . ) 

6 .  �o n i t o r i n g - -;jh i l e  C O E  b e l i e v e s  t h a t  a m o n i t c !" i n o: 

s y s t er.1 s h o u l d  be d e v e l o p e d  to o p e !"' a t e  fo !'" a few c e !"! t u r i e s 

( N ':'AG SP 1 00 ) ,  D O E ' s  fi l i n g s  i g n c � e t h e  l a c �  0 :- e c :.; i p c: e n t  

a n d  me t h o d o l o gy fe r � o n i t o � i � g  t h e  r e p o s i t o r y  a f t e r c : o s U� e . 
( � . ; D O E  SP I I - 2 8 0 ; CDC S ?  1 8 - 1 9 ;  CDC CS 2 3 - 2 7 . )  

G i v e n  i t s l a c k  o f  p r e s e :: t k n cwl e c g e , 5  DeE'  b a s :' ca : : y  
c o n t e n c s  t h a t ·  t h e  :l e re e x i s t e n c e  c !'  i t s  wa s t e  ? !"" o g' !"' a :.!  i s  

g !"' o u n d s f o r a s s u !"" a n c e . D O E  r e s o r t s  t �  s � e c u l a : i o n  t h a t  

i t  w i l l  s u c c e s s f u l l y  o v e r c o m e  a l l  o f  t h e s e  t e c r: n i c a l  

b a � � ! e � s  i n  t h e  n e a r fu : u �e , d e s ? i : e  t r. e  l a c k  o f  s c i e n t i � i �  

k n o w l e d ge a f t e �  2 5  y e a r s  o f  s t u d y . ( D O E  S ?  I - 5 ;  C E C  S F  

1 0 - 1 1 ,  4 6 . )  S u c h  s t a t em e n t s  d o  n o t  d i s � u i s e  � h a t t h e s e 

a r e  i m p o r t a n t , e x i s t i n g  d a t a  g a p s , a n d  t h a t  � h e r e i s  � o  

a s s u r a r. c e  a t  t h i s  t i m e  t h a t  t h e s e  g a p s  w i l l  b e  s �c c e s s f � l : y  

f i l l e d  i n  t h e  fu t u r e . ( CEC S ?  u 6 . )  C O e ' s  a b c l i sh � e � t  � a k e s  

i t s r e p r e s e n t a t i o n s r e g a � d i r. �  t h e  f u t u r e s u c c e s s  o �  i : s  

w a s t e  p r o e � a �  e v e n  e� p t i e r .  

5 . O t h e r  i d e r! t. i f i e d k n ':> �' l e d g' e g a p s  i :l c l u d e c a r. n :' s ': e  
d e g � ed a = i o n  ( C EC S ?  5 0 ) ,  w a s t e  :- o r� d i s s o l u � i o n ( CEC S 
5 2 ) , r e ac t i o n i" t h e  c v e r o ac k r e , i o n  ( C:: C  S ?  5 3 ) , r o c  
r.: e c n a n i c s ( C EC S? 5 4 ) ,  r e :' !" i e v a � i l i ty ( C: C  S ?  2 3  2 4 ; 
C D C  CS 3 0 - 3 2 ) , s e i smi c a r! d  t ec : o n i c  ac t i v i t y . < r:YA S ?  
4 6 ;  C E C  S ?  1 0 ) , a n d wa s � e  � a c k a l' i n g  ( I 1 l i � o i s  S ?  0 . )  

9 .  



c .  � e c e s s a � y � a t � e - a t i c a :  M o � e � i � � � �  r e c G s i � : r y  
pe r f c ��a nc e i s  � � � e v e l o � e d . 

3 e c a u � e �e o l o � i :  a n d  o : � e �  s � ! e r t i � ! c  d a t a a �e u r a � a i : -

_ a t- I e ,  r:C::  w a n t s  �c :J s e  C o� c 'J : e r  r. = � B :' : :: �  to d e::: o :"; s t r a ':. e  t. t e  

va l i d i ty o f  t h e  g e o l o �i c w a s ':. e  c o � c e p ':.  2 � d  � a n t s  t c  h a v e t � e 

C o � rn i s s i o r.  f i � d  c o n � i d e n c e b a s e c  o n  t h e s e rr. o d e l s  a n d o n  

r e s u l t s  c �  � u t u r e � o d e l � n �  s t � = i e s . T h e r e  i s  n o  � l e a r  

i n d i c a t i o �  o f  w h e t h e !'"  �o c e ! ! n g w i l l b e  s u c c e s s f�l o r  wh e t h e r  

i t  c a n  b e  s u c c e s f'J : l y  a c � i e v e c  c ;J r : :; g  t h e  � e c e s s a !"':' t i:;: e  

f r a o e . ( C D C  S P  4 . )  A n d , ':. r. e r e  i s  n a  v a l i d  b a s i s f o !'"  

a s s i g � i n g  n �m b e r s  t o  r e p r es e r. t t h e  p r o b a b i l i t y  0 :  2 n  e a � t h -

Q ua k e , h U � ::i n  i n t ru s i o n , � e - g l a c ': a ': i o n o r  o t h e :- r e p c s :" : c r y 

fail u r e  rn a � y  y e a r s  i n  t h e  � u t il r e . USGS , i n  i t s  P r e l :"� ': n a r y  

S t a t e::!'�r. t  o f  A p r i l 1 5 ,  1 g e C  ( p D .  j 1 - 1 2 ) , r e j e c � e ::: r e : i a :; c e  

o �  m o d e l s , a n d  i n s i s � e d  o n  � 2 !"' �  d a � a  � r o �  s ! t e - s ? E c ': f ': c  

i n v e s t i g a t i o � s . T h e r.: c � e l s  2 !"' e  n o t.  b a s e d o n  c e : 2 i l e c  

s i t e-s pe c i fi c i � fo rm a t � o � , a � d  t h e � e �o re , a ;e � o t  s u b j e c � t c  

v e (" i. f i c a t ! c � .  ( C : C S ? 2 C . ) I n  a n y  e v � � � , DOE  c c n c e d s s  t � a t  

e v e n  t r. e  t"' o c e : s  a � � e a d y c i t e d • ... ·i l :.  n e t  � e  a '/ a : l a b l '8  � o r  a 

n u� o e r  o f  :/ e a rs . ( D OE S? : ! - 2 0 3 , 2 1 9 ,  2 2 2 . ) S i r.: p : y  h a o, ing-
a n  e x t e n s i v e  p r o � r a �  !' o r  i � p r � '/ e r: e r: t  e �  n c c e 2. s  :' s  n o t  

� v i d  e n c e  o f  c o n  f i d  e :; c e  r. c<;" t :-_ a :' t :-. e  f a :-'- f i e l .:: ;: :-, e d :: 2  :' i c r s  

w i : 1  � e  � c re a : c � r a t e . ( C DS S ?  2 �· . )  

D .  T :: e r e  i s  ne ba s i s  :c :- c 8 ;. f :' d e :"1 c e  : r: 2 t.  s tl f : i ::: i e :l t  
s i :' e s  w i l l  � e  f c u � j .  

r o c:  s a y s t h a t a s  !: a r! Y  a s  e ':' � :--. ':  ; e � :- s i :: o !'" i e s ',.: c t.: : d  t- e  

n e e d e c i f  s a l t  o r  s h 3 : e  i s  � s e �  2 S  :: h �  � e d � � � . ( r C �  � p  

1 0 .  

I I - 2 8 9 . ) I f  IJ l t i rn a t e l y  e i � h t  s i t. e s  ar'! n eed ed , c o z e n s  o f  

s i t e s  m e e t i � �  a l l  t h e  t ec h n i c a l c r i t e r i a  m u s t  b e  l o c a t e �  s o  

t h a t  i n - s itu t e s t i n g c a r. b e g i n .  S u c h  ':. e s t i n g  '.J i l l  l i k e l y  

d i s c o v e r o r o b l e � s  w i t h a t  l e a s t  s o m e o f  t � e  s i t e s . F o r 

� e x a n p l e ,  t h e  S a l t  V a u l t  s i t e  i n  L y o n s , Kar. sas wa s a ba n d o n e d 

a f t e �  a d e c a c e o f  t e s t i n g , w h e n  i t  w a s  f i n a l l y  fo u n d  t o 

b e  u n s u i t a b l e .  ( N Y A G  S P  6 1 . )  A l s o ,  e x t !'" a r e p o s i t o r y 

s i t e s  a � e  n e e d e d  i n  c a s e  or a n e e d  to c u i ck l y  t �a ns f e r t h e  

� u c l e a r  ... a s t e  f r o !:1  a n  e x i s t i n g r e p o s i t o r y wh i c !1.  h a s  p r :Y/ e :"!  

u n s a t i s f a :: t o ry . 

T h e r e  is � im p l y  no bas i s  fo r c o n f i d e n c e  t h a : d o z e n s  o f  

s i t e s  m e e t i n g a l l  t h e  t e c h n i c a l  c � i t e r i a  v i I I  b e  f c u � d . 
T h e v a g u e  a s s u rn p t i o � s t h a t t h e  e x p a n d e d  N a t i o n a !  W a s t e  

T e r � i n a l  S t o r a g e  P r o g ra� J b e c a u s e  i �  i � c l � d e s  a l ar g e r  a � e a  

f c r  c o n s i d e r a t i o r. , p r o v i d e s t h e  c o n � i c e n c e  � e c e s s 2 r y  � o  

b e l i e v e  t h a t  t h e  t im e t a b l e  w i l l  b e  I:: e t , i s  u nac c e p � a b l e . 
T � e  s i  te s e l e c t i o n  p r o c e s s  h a s  n o t  e v e n  b e e n  p r- o p e r l y  

s t a !"' t e d  y e t ,  a n d  t h e � e f c r e , c a n n o t  p o s s i � l y  d e m o n s : !"' a t e  

c o n f i d e n c e  n o w  t h a t a r e p o s i t o � y w i l l  b e  a v a i l a b l e  b y  

1 9 9 7 - 2 0 0 5 . ( C D C  CS 3 3 - 3 5 . )  I n d e e d , D02 a n c  USGS a c k n c w -

l e d g e  t h a t  u nk n o w n  d e f i c i e n c i es � a y  e x i s t  i n  � a ny o f  t � e  

re g i o � s  u nd e r c� n s i � e !"' a t :" c n  a n d t h a t  k n o w l e d ge a � o u t  a l l  t h e  

� e g i o � s  i s  i � s u f f i c i e � t  t o  p � o j ec t ':. h e  l o c a t io:"! o �  r. u l t i p : e  

s u i t a b l e  s :' t e s . ( � YA� SF 6 5 - 6 7 ; N !A G  C S 4 2 _ 45 . ) 6 

6 .  !-' o re o v e r ,  � v e �  i :" d c: e r. s c f  s i t e s a re !' o u !'1 d  i n i t :' a l l :.- , 
r:'1 a r. y  o f  t �l e :n !!l a y  b e  r e :"! c e :- e d  u n s t.: i :: a b � e  d u r i � g  b s 'i. : l"; 
t e s t i r.g 1 b e c3 u s e  n o n - d e s t r L! c :' i 'l e  t e s t i rl g  n e t h o <i s  h 3. 'J' e  

Fo o t n o t e  c o n t i � � e d  C :l  r. e x t  p a g e  

1 1 .  



E .  r O F  r, 2 S  n o t  s h o !"; r. ,  a � d  : 'J e s  n o �  e v e :.  c :" :a i:- ,  t �a t;. 
d ':' S P O S 2 l.  '''' i l l  be s a !' e f':)::, t:' :-: e  r. e c e s s =3. :"Y p -e ; i -: c' . 

r::J c l e a r  f,J2 s : e , 2 5  !:'C ::  a d:r. : t. s , �t..: s t.  b e  l s c :' 2 ':. e : : o r  1";;:. 

t o  O � e  m i : l i � �  y e a r s . ( :, :: A ·3 S ?  3 0 . ) Ho we ve ; , D S : ' �  �: ! i !'1 g  
� r ed i c t s  i s o l a t i o n  fo r o n l y 1 0 , 0 0 0  y e a r s , c n : y � p e r c e n t o f  

t h e  t i m e  fo r wh i c h  'i s o l a t i � n i s  n e e d e �  � o r  s a f e t y , b y  D O E ' s  

own ad=:i s s i o :1 . U: YAG S 2  3 0 . 1 I n d � s : ry 2 ::,g u e s  : � 2 t  nu c l e 2 �  

wa s t e  wi l l  b e  t r u l �  � az a rd o u s f o r  2 � e r e few h un d r e �  y e a rs , 

i g n o r i r.g tha � so � e e l e� e � � s  ha v e  t a l f l i v e s  o f  � u r: c ; e c s  o �  

t h o u s a n d s  o f  y e a r s . : n  f 2 � t , a c � a r t  s u b � � � � e d  !J , �  ... .., e> �" ... . .  -

u t i l i � i e s  s t o � s  t � a t  s p e � t [ u e !  � � l l  b e  � o r e t c x i c  t � a �  
u r a n i u m o r e  f o r a b o u t ll O , C O O  y e a r s . ( D o c . 3 ,  p .  2 - 8  o f  

U:ili�f G - 2 :  S ?  1 A n o t � e r  s O t..: !"' c e  c :. t e c  by i n c u s :' r y  s a y s  t � a �  

s o � e  o f  t h e  wa s t e  p !"'o d u c t s  !'"e� a i n  h a z a. rd o u s  f o r � i l l i c n s  o f  

y e a r s . ( !. Y A G  C S  � 0 - 1 1 . )  � C E  h a s  f a i l e d  t o  p !'" c v i d e  a � 1  

a ss u r a n c e  t h a :'  i � s p r = g r a �  w i l l  p r o v i d e  p � c t e c t i c n  �C � :' � a �  

p e r i o d  o f  t � � e  a n d , i n  fa e : ,  2 d� i t s  � h a :  i �  h a s  r. o  ? l a � s t o  

e � s u r e  s u c h  i s o ! a t i c n . ( � � C8 C  SP 5-6 . 1  

F .  !:' n v i r o n r.1 � n t a l , 
c r i t e r i a  [ o r  2 
d e .:n o n s t r a t. i o n  

s i � e s e l e c t i o n , 2 � C  = e � � � !'" � a � c =  
repos ! t o r y  2 � e s p e c u : 2 � ! v e  a s i s  a 

t h a :  t h e  c r i : e !"" i 2 c � �  b e  � e :' .  

S e v e r a l  p a r '; i c i � a r. t s  � a·t e ;: c i :1 : e :  � :.; �  t � a t  e s : a :. 2. i s :: -

� e r. �  c f  e :; " i !"" c n � e I'! t a l ,  s i � e .s e !. e c t :. c :; ,  a r: d  ;:; e !", :"' o !"' :- a � c e  

:1 0 ';  b e e ::  .::! e ::-: o r; s : r a : e d . C"::;, :}  S ?  6 : - 6 i.J . )  .. � :; :! ,  s i : e s  
s u r v i 'l i n g t h 2 t � u !""d ! e  � a y  t e  � r e a c � e � d u r � � F  e X C 2 -
v 2 t i o n ,  beca u s e  t :-: e !"' e  t o :>  r .. o � - d e s : :'"'�.;c : i v e  t e � ;i :-: o : ;:,  y 
h a s  n o t  b e e �  d e v e : c p e d . ( �r � A G � ?  9 6 . )  T h e r e f c �  
s i t e s  w h i c h  a re o t h e rw ! ! e  s a f e  c a y  b e  !"' e � � e � e d  u � s � !  _ 
a b l e b e � o r e  2 r e � o 3 i :' o r l c a �  �e e s t a � l i sh e� . 

1 2 .  

c ::' i t e r : a fo r a � e p o s : : o r y a n d  � e � o n s t � a t i o �  t � a :  : h e s e  

c ri t e r i 2  wi l l  b e  s a t i s fi ed , a !"' e  n e c e s s a. r :v" fo r a rea s c r. a b l e  

a s s u !"' 3. r. c e  t � a :  s a f e wa s : e  : i s ? c s a l W' i ! l  !:: e a v a : !. a � l e . 

( � i n � . S ?  � ;  C D C  S P  6 ;  I l l i n o i s  S ?  2 . 1  E ? A  h a s  !'l o t  y e :.  

- p u � l i s � e d  e v e ;:  i t s ;; r o p o s e d  e r. v i r o n c e n : a l  c r i t e r i a  f o r 

d i s p o s a l  o f  h i gh - l e v e l  w a s t e s . C :..;. . ) �rpc h a s  e o:!! i t t e �  t r. a  t 

t h e r e  i s  :" n s u f fi c i e n :'  ea !""t !1  sc :' e :1 c e k :1 o � l e d ge t o  se t fo ro :' :;  

g e n e ra l s i t e a c c e p t a b i l i ty c ; i t e ri a , and t h a t  t h e r' e :"' � !'" e  i �  

� a y  b e  n e c e s s a ; y  t o  de t e r� i n �  s u i t a b : l i ty 0 :1  a r. � � � a s i s  
{ o r  e a c !1  t e n � a t i " e  s i t e .  ( M i n n .  S ?  5 . 1  w h i l e  �! :1 C  c: a s  

p r o p o s ed t e c � n i c a l  c r i t e :- i a  ( 4 6 Fe d .  R e g .  3 5 2 8 0 - 9 6 , J u l y  8 ,  
1 9 8 1 ) ,  t h e c r i t e r i a  a r e  n c �  y e t f i n a l . Th e a. � s e r: c e  0 :'" 
f i r. 2 1  r e gu l a t i o r. s  a !1 C  s i � e s  to c O r.!p a. r e  t h e �  ;.: :' � h  p r e � : 'J c e s  

c o n f i c e � c e  a t  t h ! s t i rJ e .  � R C  i s a l s o  r e s � o � s i � l e  f o !'"  

i s s u i � g p e r for � 2 � c e s t a n d 2 !'"� s .  �h ! ! e  t t e  � � C  h a s  i d e � t i � i e �  

p r e l i = i n a ry t e c h !'l i c a l p e � f o r !!' a :1 c e  c � i. � e � i a  ( �fi n r. . S P  6 » ) 

D O S ' s  f i l i n g s  i g :1 c r e  t h e s e  r e q u .i r e :.o: e r. t s a :: d  p !"" o �t ':' d e n o  
a s s u ra � c e  � h a � t h e y  w i l l  b e  � e t . ( �! i n n .  S ?  7 - 1 1 . )  

I V .  I �T S : : T U 7 : 0 N A L  E A R � ! E R S  ? R E V E N :  A F :�rD:NG 
THAT ! 3 ! R E  WILL B E  W A S : E  O :S ?G S A L . 

C? C O N ::r:�� ;:::  

A .  U n r e s o l v e d i n s t i t u � i o r. a l i s s u e s  a !"" e a s  � !"" e 2 t  E 
h i � c ra n c e t o  a f i n d .i � g  o f  c o n fi c e n c e  a s t ec� r. i c a ! 
o b s t & c l � s . 

T h e r e  i s  !10 b 2 S i s  fo r c ;:, n t" : d e r: c e  t � a t  i � s t i t u � :, o :'1 a l  

p ) b l e � s  C 2 �  b e  r e s o l v e d . ( � Y A G  S ?  6 8 - 7 5 ; O � ! C  S 2  1 5 ;  
W i s � cn s i r.  S ?  2 ;  Hi n -:; . oS ?  5 ,  a :'i G  D r .  :1.!: !'"a har.s o n ' s c or.: :-e � '; s 

2 3- 3 0 . 1  T h e  l R G  r e p o r t c o r. c l u d e d  t h a �  t h e  reso l u t i o j  o f'  
s oci a l , p o l i : i ::: a l ,  a n d  i ns t i tu t i o r.al  c on c e r!"' s i s n e c e s s a !"'y 

1 3 . 



t o  � e r � i t  t � e  o r d e � : y � � p l e M e n � a � � o �  : f  � � � c : e 2 r � a s � e  

p r o g r2=t a � d  t h a t.  It r e s o l !,.; t i o �  o f  ! r. .s : i � '.l t i o !'i ? :  i s s 'J e s :-: =: "  

w e l l  � e  w o r e  c i : : :' c � l : :' :t a r.  : i n c ':' !i �  s o : :..: ':. :" c r: s  t. o  r e� a i r. ':' ;. £,  

t e c h n i c a l  o r c t : e � s . lf ( I ?! G ,  p .  8 7 ; :; ;: A G  S ?  6 8 - 6 9 . )  r; .: ::  l; a s  

a c k n ow l e d g e �  t. h a t " l e s s  c o n f i d e n c e  C 2 �  b e  � : a c e d  i �  a s s e s s -

D! e r. t  o f  ( i n s t i t u t i o n a l ]  i � p a c "; s o n  t h e  :, e � o s i : c :" y  p r o g r 2. � "  

t h a n  t e c h n ! c a l  i s s u e s  ( !) O E  S ?  I I I - e 7 )  a n d  t h a t  i s  

" p o s s ! b l e  t h a t  u n a n : i c i p a � e d o r  u n r e s c ! v e d  i s s u e s  o �  c = � c e r � 

a t  t h e  S t. a t e  c r  l o c a l  l e v e l  c au l ':  c a 1J s e  p r o l o i' E e -:  p e � t �.: :, -

b a t i o r. s  i r.. t h e  s c h e c u :!. e .  tf ( !) O E  S? ! I :: - 3 '! . )  '!' t E  s : 2 t e �  I 

s u !) o i t :' a l s  ( a n �  i ::. d e e d , a l m o s :  a l l  n o r. - ::' n c 'j s "; :- y  2 ;' �  n c :; -

f e d e r a l  g o v e r �m e � t  fi l i n g s ) h a v e  p o i � t e d  c u t  t h a � � : : ' s  

t: l !. � � e  c o n c l u s i o r.  t h a t i r.. s t i t :J t i o � a l  c o r. c e r ::! ':: C 2 �  b e  

r e s o : v e d  i g n o r e s  r e a ! i ty a n d  i' r e s e r. : s  ;' 0  fa : : '..; a l  b a s i s  f� '!'" 

c o � !' i : e :1 c e  t � a :  t � e y  t.-; i "  b e  r e s o l '/ e : . 7 

s .  ! r. s t i t � t i o n a :  p r o b l e �s 
s i g n i f i c a r. t  o b s t a c l e  
c o n !'i c e r. c e . 

a t.  t t e  !'e c e '!'" a :!. 
;: r e c l u d i !1 g'  c. 

2. e v e l  2 r' e  a 
!" i n c ! � g  o !  

7 h e f e d e � a l  g o v e r � � e n t ' s  o w n  h a n d l i � g o f  t h e  w a s t e  

d i s p o s a l  p r o b l e � p r e c : u : e s  f ! r. � ! � g  a s s u r a � � e  t � 2. t  � a s � e  
c i sp o s a :"  '..1 : : 1  b e  av a i :!. ab l e .  I:OE , t h e  ! e z d  :'" e c e r !i l  a � e :: '2 :! 

V � r' tt: a l l y a l l  t :: e  i :1 s t :' : :J. t :" c � a l  : a. c t o r s  c :" ':. e d  :,y t :: e  
s t a t e s  i �  t :: e =.. :- !" i l i � � s  a s  ;: r e c : t.: j :' r �  � o ;. !" ':' = e :; c e  : t a ':  

t h e r e  wi l l  b e  s a !'e s t c �a g �  o f  � a s t e  i' e� a ':' � . ? r e s i � e :: �  
R e a g a � ' s  s � ? p o r t f o �  r � p r c c e s s � :: l  s � c � s  � � a t , o � c e  

a g a i � t  a c �a r F e  i �  a � � i � i s t :, a t : : � s  � a s  = 2 � s e d  2 c � a � ;  

i n  t h e  b a s i c  o b j e c t i � e s  o �  t � e  � a : : c � ! s  � a 3 t e  � i s ; o ! a  
p ro � rat'! . E i t t e r  s � r '''' � f 2. e s  :: :; ;. - :. :; :..: e ;:IV !; :- ': :-: e  !":- -:--:"" a :; 
g o a l s  o f  !.J;;t s t e  c i s j: :J s a :' l e ! � s l a : :. o :,; � r2. '!'" :. :" � u l a !"' : y  .,.: :. ... 
r e � a r c  to s � a t e  g o v e :- ::::: e ;: :  a r .:!  : c ..: a :  ; a r- : :' '2 : p a t :. ::- :;  
t h e  p r c g rar.: . 

1 4 . 

res p o ns i b l e  fo r t h e  wa � t e d i s p o s a l  p r O .i! r'2rr' , s u !' f -e :' s  !' r o �  

d i s j c i n t e c  p r c j e c t  :!!a n a � er. e n � .  ( C E e:  S P  1 9 - 2 0 . )  DO!': h a s  

f a i l e d � o  = a i n t a i �  a c c � s i s t e n � p r c g � a �  a n d  o b j e c t i v e s , 1 � e  

a t  l e a s t  i �  p a r t t o  t t e  fac t � h a t  t � e  p r o g ra� i s  a � e na : l e  t o  

- d ra s t i c  c h a n g e  w i t h  e a c h  s u c c e s s i v e a c � i � i s t :"a t i o n  a n d  t h a t  

C o r. g r e s s  h a s  y e t  t o  t a k e  a c t i o n  t o  p r o v i d e  s : a b � : : t y t o  t h e  

p :, o g ram .  ( O hio S P 5 - 1  1 . ) T h e  o v e r a l l  fec e !"' a l  gc .., e rr:o e n � 

m a na g- et: e n t  s t :"u c t u r e  1 s  i n a d e q ua � e  Oi ::' s c o n s i n  S ?  ll ) , c h a r-

a c t e r i z e d  b y  a d is o r g a ni z e d  p r o l i f e :, a t ::' c �  o f  d e c i s i = r. - � a k e r s  

( a t  l e a s t  s i x  o t h e r  a g e n c ! e s  i n  t h e  E x� c u t i v e  � r a n c h  a l o � e 

c o m p e t e  w i t h  D O E  f o r  j u � i s � i c : i c n  0 7 e i' wa s t e  d i s � o s a l ) ( C 2: 
S P  2 0 ) ;  d is a g re e m e n t  a!r.o ng t h e s e  d e c i s i o n -m a k e :' s  ( eEe: S ?  

2 1 - 2 2 ) ;  a n d  i n e !'f!. c i e n t c o o r d ina t ! c n  o f  t h e  d e c i s i o � - � a k e i' s ' 

a c t i v i t i e s . ( O h i o  S ?  1 0 ;  C E C  S ?  2 0 . )
8 

I n  a c d i t i o n ,  t h e r e  i s  t � e  c o n t i � u i n g  i n s t : : � : i o r. a �  

u n c e :- t a i :1 t y  i n  p r es i c e � t ':'a l  i r. p u t , as i l l u s t ra t e :!  :-:' t h e  

s u c c e s s io n  o f  p r es i d e � t s  �i t h  d i � r e r i � g wa s t e � a n a g e� e � : 

p o l i c i es . ( O h i o S P  6 . )  C o n g r e s s  f t � r o u g h  i t s  � u d g e t a :, y  

a n d  s t a t u t o r y a u t h o r i t y ,  i s  o b v i o u s l y  a l s o  e s s e n t � a l  t o  

t i r.1 e l y  i m p l e r.1 e � t a t i o n  o f  a n  e f !' e c t i v e  w a s t e  c i s p o s a l  

s o l u t i o r. . J u r i s d i c � i o n  i n  C o r. g r e s s  o v e r  w a s t e  i s  s p l i t  

a m o n !?  r; u m e � o u s c o ::'! � : : t e e s  ( 'I1' !. s c o n s i r:  S ?  5 )  E. :1 C  r. o  J i l l  
e s � a b l i sh i � g  2 n 2 � i � r. a l  p r o g ra� h a s  ; 2 s s e d . ( Oh i o S ?  8 - 9 . ) 

M o s t  i m p c !'" t a n t l y , s ':' g n i � i c a :1 t  c h a :1 � e s  i n  c o n g r e s s !. :)r� a :  

8 . Pa r : i c ! p a � t s � a v e  a l s o  p c � � t e d t o  t h e  r e p ea t e d  f3 i l � � e  
o f  t h e  A E : , E R D ; ; a n d  � o �  E ? A  a n d  D C �  t o  m e e t  t � e i r o � �  
t i m e t a b l e s . ( Oh i o  S ?  1 0 ;  V e r � o � t  S ?  2 . ) 

1 ;  . 
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:: v e n  i :- , . " , c o u ! d  b e  S 2  j. :  ·,·r ': t r- C Q :! f i d 2 :-- : e  t r  � � S 2. :' '2 

d i s p c � a :  w i ! !  t e  2 c � � e v e d  u l : ir a � e : y , : h e �� i s  no t a s ! s  � O �  

c o n � i d e n c e  t h a t ! t  w i l l b e  a c h i e v e �  b y  a � y  g i v e n  d a t e . T h i s  

i s  b e c a u s e  t h e :-- e i s  n o  w a y  8 f  z :1 o,,.; i n g  ',;� e n ,  i �  a t  a l l , t h e  

r e a u i r e d  n u!::'! :- e r  o �  !'" e p o s :" t c � j  s : t e s  ::! e e : :' :: g 2 : 1  t t e  t. e :: :; -

n i c a l  r e q t.: i !""' e m e n t s  w-: l l  c e  �o u :1 d , v e r i f i e d  t :-: r o L.: g �  -: � - s ':  : 'J 

t e s t i r. g ,  a :: c  a � � e � t: e d  � y s t a :. e  2 :i C  � o c a :  g o v e :-r.:TI e n : s . I ':.  

a l s o  c a n � o �  b e  k � o�� � h e � , i �  a t  a l l , o � g � ! :! g  � e s e a � � �  � � ! :  
f u r n i s h  s a t i s �a·: 'C o !""' y a n s ',.r e :" s  ' .... i t ;;  r e s ;: e c t t o  : h e  e x ':' s :. : :-: g  

d a t a  g a p s  o r  k � o � n t e c � � i c 2 1  p ; a � l e � s . D C 2  i � s e l f ,  :" n  

c o � � e � t i � g  o �  2 r e p o r t  i s s u e �  � y  t � e  G e n e � a l A c c o u � t i n g  

O f f i c e  i :1 J u r. e  1 9 7 9  O !i t h e  n e e � f' Q r  s p e � ': f u e l  S � O � 2 !; e  

f a c i l :. t i e s  J s a i d  : h a t  \"' 2 S  � o :  ': h e n  p o s s i :; l � t o  d e v e : ::: ;:; 

s p e c ! :- :' c  � :!. � e  f r a � e s  f o r  : h e  !' i :, a !  d ':' S ;: C S 5 :  c :" s ;; e :1 t  �:le : . 
C lI !A G  S ?  3 6 . ) T � e  A � e r :" c a n  N u c l e a !""' S o c i e t y  s a y s  : � 2 ':  t � e  

. t ! � i n g  o f  W2 s � e  d j ! p o s a :  : s  � " ? Q : i t i c a l a u e s : i o n "  a � e  t � a ':  

unde r c e r ta i n p o l i � i c a l  a s s � � p t i 8 n s - - s u c h  a s  't r e d � c � i o r s  ! �  

f u n d i n g , 2 !1': p o l i c y c � 2 ;"! g e s " - - � :--: e c c � e  C [' :':: p l e� e :: :. 2. ':. ::' c �  

woe l e  � e  l a t e !'"  t � a �  � s  p � = j e c t e �  b y  D O S  i �  t � ! s  p � c c e e � : � g . 

( .4 1;S S 2 .  p .  a n c  [n . )  

uses  a l s o r e : o � :; i z e s  t � 2 t  

i � s  S : a :' e � e ;. t.  o �  ? ::J s i t i o :; , a s  

:; 0  ::: a ': �  

i :-:  i ': s  

c a n  t e  e s t ':' � a � e � . _ �  

? ; e : i � i r a !""' y S : a : e � e � �  
o !"  :' s r i �  1 5 ,  � ? 5 0 ,  :':�GS ? O ':' � � 5  t o  2. : i  ,: ... � !'" ;. s e a. :,, : �  t � � �  � '..! s :  

s t ': :" l  b e  c "J n e  ':' r  s o  :::E :1j' a ;- e 2. s , 

e s t. : :-"1 a ': e  · .... h e n  � · .... a s ';. e J  C :' S PC S 2 !.  
1 e .  

2. � a  

" � � � ... - .... -

s a l' s  .: :  ': s  1T \..! ;. 2 t : e  : :::: 

:e a ·l a ': : a : : e tl t e c :::' 1..: s e  

s u c h  o r e d i c t. i o n  " w i- I I  b e  i :"" p r e c ':' s e  a r. c  p r e :.' a t � !"" e u r. t. i l  

� a r. y  o f  t h e k e y  i s s u e s  i d e n : i !"' i e ":!  i rl  t h i s � t a t e r.'l e !"! :  :: a 'l e  

b e e n  a d d r e s s e d . 1f ( U S G S  S ?  4 . 2 9 . ) " F r c ::'l  a t e c :: :! i � a :" 
s t a n � ? o i � � , 1f a d c s U � G S , e s t i� 3 t i�g a � 3 t e  �o r � a s t e  d i s ? � s a :  

i s  imp o s s i b l e  b e c a u s e  � n ew a n d  h i � � e r : o u n t r i e e  t e c h n o ! o g y "  

w i l l  b e  rl e e d e d  1 a n c in: t :' a :  fai l u !'" e s  a r e  t h e r e f o r e  l i ke l y . 

( � .  a t  5 . )  " H o w  � u c h  t i � e  s h o � : d b e  a l l c � e d  f o r  s u c h  

c o n : i n g e � c i e s  i s  · n o t  c l e a !""' . "  ( Li . ) E s t i � a t i � g  a d a : e  

i s  a l s o  i � p o s s ! b l e ,  s a y s  U S G S , : e c 3 u s e  o �  i n s t i � u t. i o r. a :  
u r. k n o w n s .  ( li .  ) 

V I . THE R E  I S  NO B A S I S  F O R  C O N � ! D £ �fC� T � A !  �J G C � E A �  WAS:E C A�r 
3£ S A FE L Y  S T O R E D  FOR TEE N E C E S S A ? !  P E R : O e . 

i f  

L o n g - t e r� s t o ra g e ,  � o r  t h e  i n d e � : � i t e  p e r : � d  u � : i l  

s a � e d i s p o s a l b e c o � e s  a v a ! ! a � l e , i s  n o  2 � s we ; . 1 0  
a � d  

c c u: d : e  d e c2 e e s , c r  e v e n  c e :1 : u r : es o !'"  :::1 c r e J = e :·:) ;-e s a : e  

d i s p o s a l  i s  a c h i e v e d , a nd t :: e :- e  i s  n o  b a s : s  f ::: r c o n � i d -e :-: c e  

t h a t  n u c l e a r  wa s t e c a r.  b e  s a � e l y  s t o :" e d  f o r  t � a : ; e !'" i o d c f  

t i=. e .  7 0  t h e  c o n t r a r y , a r e p o r t  p r e ; 2 r e d  f o r  ':. � e  : e � � e s s e e  

V a : l e y  .A. u t h o r i t y  C " T V A ff )  h a s  s 2 i c  2 J O U :  t e c :: n i q l1 e s  f o ;,  

s t � r : � g  s ? e � t  fu e l : 

1 � .  

" [ S ] i r. :: e  o p e r a ':. i :: g"  e x; e :' i e n c e  fc:,  :: o r e  t :, a :; 
2 0  y e a r s  i s  n o �  2 v a � : 2 t l e , a v e � y l c � g  � a s s 2 g e  
o f  t i :n e  ( i . e . , s e 'l e � a .!. e e c a d e s .: r  l a r. g e !""' )  a l s J  
� 2 y  � a k e  t � e  : u e l  a s s e � � l i e s  : e s s  r e : i a � l e  � y  
w e a k e � i :1 g  t � e  :: :!. 2 d � ':' :1 g- , H r. i :: �  � e a. :1 S  ':. � a t.  t h e  
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S T A T E  P L A N N I N G  B U R E A UI�� State Capitol � � ...... -.: • ...... ' ... '11.. Office of Pierre, South Dakota 57501 

6051773.3661 Executive management 

February 4, 1 982 

Mr .  Wa l l ace R. Kornack, NE-6GTN 
U . S .  DOE, Assi stant Secretary for Nuc l ear Energy 
Of f i ce of Nuc l ear Reactor Programs 
Wash i ngton, D . C .  

RE : S08201 07-E26 
DRAFT E I S  l i q u i d  Meta l Fast Breeder Reactor Program 

Dear Mr . Kornack : 

The State C l ear i nghouse has d i str i b uted for rev i ew  the above stated env i ronmenta l 
I mpact ana l y s i s .  No comments were rece i ved I n  regard t o  th i s  document, but thank �opportun l ty to rev i ew and comment. 

S I �ere l y ,  

( 

TCM: J r r  

� � . . �\ s ,I:j . m, �:�;� J STATE CLEAR IN G H O USE 
3 0  EAST BROAD S T R E ET . 39TH FLOOR . C O L U M B U S .  OHIO 4 321 5 

Mr. Wal l ace R .  Kornack 

82-02 - 1 0  
09 

Office of Nuclear Reactor Programs 
Office of Ass ' t  Secretary for Nucl ear Energy 
U . S .  Department of Energy 
NE-6, Room H-404 
Germantown , Maryl and 20545 

· 6 1 4 / 466 · 7 4 6 1  

P 

RE : Review of Envi ronmental Impact Statement/Assessment 
T it le :  Draft Suppl ement Envi ronmental Impact Statement on the  l i q u i d  

Metal Fast Breeder Reactor Program. 
SAl Number :  36-471 -001 6 

Dear Mr.  Kornack: 

The State Cl ear i nghouse coordi nated the review of the above 
referenced envi ronmental impact statement/assessment .  

This  envi ronmental report was reviewed by al l i n terested State 
agen c i es . No revi ewer has stated concerns rel at i ng to thi s  report. 

Thank you for the opportuni ty to review thi s  statement/assessment. 

JYB : l r  

cc:  DNR , M i ke Col v i n  
EPA, Anthony Sasson 

S i ncerely,  

('L� �Lj. Rn�� �d:th Y : �achman 
Admi n i stering Officer 



COMMONWEALTH OF PENNSYLVANIA 
DEPARTMENT OF ENVIRONMENTAL RESOURCES 

P.O. Box 2063 
Harrl.bura. P A 17120 

The SecTeIDry (J 1 7 )  787-281 4 

Februa ry 5 .  1 982 

W.i l l iam A. Vaughan 
As s i s t an t  Secretary 
Env i ronmenta l Protect ion , Safety 

and Emergency Prepa redne s s  
Depa rtment of Energy 
Was h i ngton , DC 2Q585 
Dear M r .  Vaughan : 

The Commonwea l t h has r ev i ewed t he Draft Supp l emen t a l  Env i ronmen t a l  
Impact Sta tement lE I S ) t o  the F i na l  E I S  o n  the L i qu i d  Met a l  F a s t  Breeder 
P rogram and has no comroent to make at thi s t ime .  

Thank you for the opportun i ty t o  rev i ew the Impact Sta tement . 

O.'e E.. Mol.I, 
FEDERAL AID COORDINATOR 

February 5 ,  1982  

�.::,,� �tr��; . ,j� , 
'e-��! .. -",;,t:</ <r .  �J 

The State of North Dakota 
FEDERAL A I D  COORDINATOR OFFICE 

State Capitol 
Bismarck, North Dakota 58505 

224·2094 

Allen I .  Ola.on 
GOVERNOR 

" LETTER OF CLEARANCE" I N  CONFORMANCE W I TH OMB C I RCULAR NO . A- 9 5  

To : US Department o f  Ene r gy 

STATE APPLI CATION IDENTI F I ER :  ND820 1 070007 

Mr . Shelby T .  Brewer 
A s s i s t . Secretary for Nucl e a r  Energy 
US Department of Energy 
Wa s h i ng t on , DC 2 0 5 8 5  
Dear Mr . Brewer : 

Sub j ec t :  D r a f t  Envi ronmental Impac t S t a t ement for the L i q u i d  Me t a l  
F a s t  Breeder Reac t or Program. 

Th i s  Draft EIS was rece i ve d  i n  t h i s  o f f i c e  on January 7, 1 98 2 .  
Thank you for subm i t t i n g  your draft envi ronmental impact s t a t ement for 
r e v i e w  and comment thr ough the Nor t h  Dakota S t a t e  Intergove rnmental 
C l ear i nghou s e .  

Your draft was referred t o  t h e  appropr i a t e  agenc i e s ,  and n o  commen t s  
were rece i ved to t h i s da t e .  

Plea s e  send cop i e s  of t h e  f i na l  envi ronment al impact s t a t ement and any 
supp l emen t a l  impact s t a t emen t s  t o  the Nor t h  Dako ta agen c i e s  that have 
comment ed on the draft and t o  t h i s  offi c e .  The oppo r t un i t y  t o  rev i ew 
your draft i s  apprec i a t e d ,  and i f  t h i s  o f f i ce dS C l ear i nghouse can be 
of fur ther a s s i s t ance with t h i s  p r o j e c t , please l e t  me know . 

S i ncerely your s ,  

�rf:� 
Coor d i na t o r  
Sta t e  I n t e r gove rnmen t a l  C l e a r i nghou s e  

BAB/gd 

Sute ".n .. '", 01"'0 .. 
114-21" 

Law ' ... om. Aa.lsUnDII OffIce 
. _. 

Horth Dakou Energy Off ... 
224-2210 
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lfICTOA A n"l'IfH 

Executive Department 
1 55  COTTAGE STREET N.E., SALEM, OREGON 97310 

February 9 ,  1 9 8 2  

Shelby T .  Brewer 
Assi stant Secretary for 

Nuclear Energy 
Department of Energy 
Washington , D . C .  2 0 5 8 5  

Dear Ms . Brewer : 

Liquid Metal Fast Breeder Reactor Program 
OR8 2 0 1 1 1 - 022-4 

Thank you for submitting your draft Environmental Impact 
Statement for State of Oregon review and comment . 

Your draft was referred to the appropriate state agencies 
for review . The consensus among reviewing agenc ies was 
that the draft adequately described the environmental 
impact of your proposal . 

We will expect to receive copies of the final s tatement 
as required by Counci l  of Environmental Qua l i ty Guideline s .  

Sincerely , 

INTERGOVERNMENTAL RELATIONS D IVISION 

wtl� 
Jack Carter , Manager 
Program I nformation and 
Analysis Section 

JC : cb 



John V. Evans, GO\',,"O, 
D.ft�1 T. Emba,&. Adm,"umlfo, • Sial. Capilol Building 

Boise, Idaho 83720 

DIVISION OF ECONOMIC AND COMMUNITY AFFAIRS 

F�ruary 17 , 1982 

Mr . Wallace R. Rornack , NE-6 GTN 
Office of Nuclear Reactor Program 
Office of the Assistant Secretary for 

Nuclear Energy 
U . S .  Department of Energy 
Washington, DC 20545 

Dear Mr .  Rornack : 

The Idaho State Clearinghouse has completed i ts review on the 
DRAFT ENVIRONMENTAL IMPACT STATEMENT LIQUID METAL F�ST BREEDER 
REACTOR PROGRAM - SAl 00126526 . The following agencies were 
contacted for their review and comment: 

Panhandle Area Council 
Clearwater Economic Development Associ ation 
Ida-Ore Regional Planning and Development Association 
Ada Planning Association 
Region IV Development Association 
Southeast Idaho Counci l  of Governments 
East Central Idaho Planning and Development Association 
Department of Health and Welfare/Division of Environment 
Department of Agriculture 
Department of Transportation/Division of Highways 
Department of Transportation/Division of Aeronautics and Public Trans . 
Idaho Historical Society 
Department of Fish and Game 
Department of Parks and Recreation 

At the time of sign-off ,  comments have not been received from 
the reviewing agenices . 

T�ank you for letting us assist you with the review of this 
project. I f  you have any questions , do not hesitate to contact 
either myself  or Lois Wade at ( 2 0 8 )  334-471 8 .  

S incerely , 

�AuL � 
Gloria Mabbutt , Coordinator 
Idaho State Clearinghouse 

GM: lw IDAHO . ..... , .. ........ 

STATE OF DEL.A WARE 
ExECUTIVE DEPARTMENT 

OFFICE OF THE BUDGET 
Dow", DI[l".A.wAJIII. 18'101 

February 16, 1982 

Office of Nuclesr Reactor Programs 
Office of Assistant Secretary for Nuclear Energy 
U.S. Department of Energy 
Attn: Mr. Wallace R. Kornad< 
1£-6, Room H-404 
Q!rmantown , 140 20545 
Dear Mr. Kornad<: 

Tn..I.PttOHr: (302) 736-4205 

RE: Liquid 14e� Fast Breeder Reactor Program (Supplement to ERDA-15J5) 

The Office of the 9.Jdget , in its fLllCtiai as the Sta te Clear in!tlouse , has 
reviewed the above listed supplemental draft EIS and has no negEltive cOllllents 
to offer at this time. 

H.D:FB:jlll 
D261y 

z" -� State 9.Jdget Director 



X I I I .  RESPO NSES  TO COMME NTS 

Changes i n  the text of t he Supp l ement are i nd i c ated by a vert i cal  l i ne and the 

number of the comment l etter ( see page xv i i i ) . 

Exampl e :  ( page 36 , l i ne 1 ) 
The annual  urani um requ i rement for a LWR vari es between 1 40 and 200 ST 

A. Ge neral Comment s 

1 .  Programmat ic  and Pol i cy I s s ue s  

Commen� ( Letter #1 1 ,  pages 13-16 ) : 

The reasonab ly  foreseeab l e con sequence s of the LMFBR program were not 

addres sed ( and s hou l d h ave been ) . 

Response : 

As d i scu s sed i n  t he Su ppl ement ( pages 1 12 a nd 1 1 3 ) , none of the new 

i nformat i on devel oped s i nce ERDA-1 535 i nd i c ates a s i g n i f icant change 

in the envi ronmenta l  consequences of the LMFBR Program over those anal yzed 

in WASH-1 535 and ERDA-1 535 ,  except for the spec i al case of rel eases of 

tran s uran i c s , wh ich  wa s addres sed i n  the Suppl ement ( pages 22-2 6 ,  189-2 12 , 

and Appe nd i x  D ) . The reasonab l y  foreseeab l e conseque nces of a depl oyed 

LMFBR economy were addressed i n  deta i l  i n  WASH-1 535 .  The scope of WASH-1 535 

and ERDA-1 535  compl etel y e ncompa sse s pos s i b l e  i mpacts  a s soci ated wi th  the 

l e s s  exten s i ve program addres sed i n  the Supp l ement . 

x i x  



Comment ( Letter #2 , pages 1 -5 ; # 9 ,  page 1 ;  # 1 1 ,  pages 4-1 2 ) : 

An u pdated econom i c  cost/benefi t  ana lys i s  of the LMFBR Program s hou l d have 

been prepared and i nc l uded in the Draft Supp l ement , to  a i d dec i s i on mak i ng 

co ncern i ng t he LMFBR Program . 

Response :*  

The  ba s i c  rea so ns for not prov i d i ng any cost/benef i t ana lyses  i n  the  

Suppl ement were stated on  pages  3 a nd 4 .  

" Cost/benefi t anal yses of t he LMFBR program were i nc l uded in  WASH-1 535  

and  ERDA-1 53 5 .  Howeve r ,  no  such further co st/benefi t ana l yses have 

been performed and  none , t herefore , a re i nc l uded in  t h i s suppl ement 

for the fo l l owi ng rea sons : 

1 .  Cost/benefi t an a lyses  are not requ i red i n  an E IS ( see  CEQ 

regu l at i o ns , 40 C FR 1 502 . 23 ) , 

2 .  Cost/benefi t i n format i o n  for al ternat i v e  l ong-term techno l og i es 

( fu s i o n  and so l ar el ect r i c )  has  not been  devel oped to a degree 

that wou l d make cost/benefi t an al yses of t hese al ternat i ves  

mean i ngfu l , a nd 

3 .  Parameters ( e . g . , d i scount rate ( s ) , LMFBR i ntroduct i o n  date( s ) , 

fut ure nuc l ear capac i ty ,  f ut ure cost of coal ) used i n  compl ex 

cost/benefi t anal yses of the  LMFBR are so uncerta i n  at present  

that the val ue of such ana l yses  wou l d be quest i onab l e .  I t  i s  a 

goal of t he breeder research and deve l opment program to  reduce  

s uch  uncerta i nt i e s . "  

*See al so pages  cxxv i  to cxxv i i i .  
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Uncerta i n t i e s i n  el ectr ica l demand growt h ,  resource base , uran i um and 

LMFBR pl ant costs , a nd othe r pl ann i ng a s s umpt i o ns make th i s type of 

proj ect i o n  a very poor pl anni ng basi s fo r l ong-range programs . Sel ect i o n  

of a breeder commerc i al i za t i o n  date ba sed u po n  such a project ion  woul d be 

hi gh ly  uncerta i n .  

Because of l a rge uncerta i nt i es , prudence requ i res a cont i nuat i o n  

o f  the devel opme nt and demo nstrat i o n  program s o  that LMFBR commerc i al i za

t i o n  wou l d be pos s i b l e  when  needed . The consequences of earl y devel opme nt 

are m i nor compa red to the consequences of po s s i b l e  el ectr i c i ty shortages 

and the atte ndant econom i c  pe nal t i es res ul t i ng  from l ate devel opme nt . To 

be ab l e  to have breeder depl oyme nt c apab i l i ty e arl y i n  the next cent ury 

requ i res an act i ve breeder devel opme nt and demonstrat i o n  program . S i g n i 

fi c ant program del ays a t  th i s  t ime wou l d destroy t he cont i n u i ty that i s  

essent i al to any h i gh technol ogy devel opme nt area and push  the commerci al i 

zat i o n  potenti a l  of the breeder wel l i nto the 2 1st  cent ury .  

The LMFBR program i s  a compl ex undertaki ng requ i ri ng ye ars of i nte ns i ve 

work . The program scope i s  beyo nd the i nve stme nt/t ime hori zo ns of any 

dome st ic bu s i ness  grou p .  The fed era l  ro l e  fo r devel opme nt of breeder 

reacto rs i s  to suppo rt neces sary research , devel opme nt , a nd demonstrat i o n  

to  reduce the uncerta i nt i e s  i n  the potent i a l econom ic , e nv i ronme ntal , a nd 

safety a rea s of the breeder so that pr i v ate i ndu stry c an make the commerc i a l i 

zat i o n  dec i s i o ns a t  a vent ure ri sk l evel that i s  consi stent wi th normal 

bu s i nes s  pract i ce s .  It i s  expected that i ndust ry wou l d  make th i s dec i s i o n  

based o n  i t s  own cost/benefi t  anal yses , a s  wel l as  on  numerous  other  

co ns i derat i ons . 

xx i 



Comment ( Letter #1 1 ,  pages 19  and 20 , #2 1 ,  attachment 3 ,  pages 5 ,  6 and 

22-24 )  : 

Co nservat i on and improved energy eff i c i e ncy were not d i scu ssed ( as 

al ternat i ve s )  • 

The effect s of  conservat ion  and improved energy eff i c i ency , a s  wel l as 

factors that woul d i ncrease fut ure energy demands , are i n cl uded i n  

proj ect ions of fut ure en ergy demand ( see , for exampl e ,  Append i x  F i n  t he 

Su ppl ement ) . The se effect s are i ncremental re l at i ve to the purpose and 

need of the LMFBR program and therefore are not i n  and of themsel ve s 

cons i dered al ternat i ve s . 

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

*See al so page s xc i x  to c i i .  

xx i i 



2 .  LMFBR Safety ( pages  xxi i i  to  xxx ) 

Comment ( Letter # 1 1 ,  page 3 1 , second paragraph ) :  

The aut ho rs of t he DE I S  presented t he LMFBR s afety i s sue i n  the most 

favorab l e  l i ght  and have down pl ayed or excl uded data cast i ng doubt on  

breeder safety .  

Response : 

DOE has  attempted to present a comprehens i ve and bal anc ed v i ew of LMFBR 

safety .  The Su ppl ement prov i des  i nformat i o n  on the stat us of reso l ut i o n  

of  key safety i ss ue s  t hat  were i dent i fi ed i n  ERDA-1 53 5 ,  a s  wel l as  othe r 

i s s ues t hat have ar i sen si nce ERDA-1 535 wa s publ i shed . Taken  together , 

th i s  set of o l d and new i ssues  covers al l maj or  areas of LMFBR reactor 

safety concern . Furthe r ,  t he Su ppl ement recogn i ze s  t hat , wh i l e  s ubstant i al 

progres s i s  be i ng made , safety rese arch conducted to date ha s not e l im i nated 

al l concerns . Th i s  i s  i l l ustrated on page 1 22 :  l iThe data and codes al so 

i nd i c ate th at a 1 o ss-of-fl ow event wi th  fa i l ure to sc ram wou l d most l i ke ly  

progres s to  who l e-core d i sru pt i o n  • • •  , "  and on page 1 24 :  " However ,  

rec ri t i ca l i ty events d ur i ng t he who l e-core mel tdown phase st i l l  cannot be 

compl etel y  ru l ed out • • • •  " The Su ppl ement al so s u ppo rts the need for 

addi t i o nal safety research . Page 1 1 5  of the Su ppl ement make s a general 

st atement on  th i s :  " There are certa i n  sa fety-rel ated areas where the 

ava i l ab i l i ty of  add i t i ona l  i nformat i o n  woul d permi t the desi gners  of 

fut ure l arge LMFBR pl ants  to prov i de more cost-effect i ve de s i g n s  wh i l e  

meet i ng al l safety requi rement s .  Present  and fut ure Safety Program 

effort s wi l l  concentrate on prov i d i ng t hese el ements of improved safety 

tec hnol ogy . "  A more s pec i fi c  statement i s  found on page 1 26 :  l iThe 

current techno l ogy base s upports  the po s i t i on t ha t  the CRBRP has t he 

xx i i i  



core debri s accommodat i on capab i l i t i e s  neces sary to  meet l i cen s i ng requi re

ments associ ated wi t h  core d i sru pt i ve acc i dent s . 39 At the same t i me , a 

number of i ss ue s  i n  core-debri s accommodat i o n  techno l ogy must  be stud i ed 

further i n  order to assure that  que st i o n s  o n  opt imal  contai nment des i g n s  

a nd  l i cen s i ng concerns  for l arge pl ants  can be  adequate l y  reso l ved .40 

These quest i o ns  ar i se for l arge pl ant des i g ns  due to the muc h  l arger fuel 

i nventory a nd t he associ ated decay heat l oads . "  

The safety que st i o ns  that  rema i n  open ar i se pr imar i l y  i n  connect i o n  

wi th  postu l ated core d i sru pt i ve  acci dents  i n  fut ure l arge LMFBR s .  Th us , 

much of t he d i scu s s i o n  i n  the  Supp l ement addres se s  these que st i ons . Th i s  

empha s i s  sho u l d not l ead to t he conc l u s i o n  that suc h  event s are cons i dered 

l i ke l y  to occur . As stated i n  the Suppl ement ( page 1 16 ) : 

l i lt  i s  es sent i al to apprec i ate the mass i ve efforts t hat have been devoted 

to assur i ng that  LMFBRs can be and are des i gned , constructed , a nd operated 

to have an extremel y  l ow probab i l i ty of occurrence of core d i srupt i ve  

acc i dent s .  The strategy t hat ha s been used to  accompl i s h th i s  o bj ect i ve 

i s  to prov i de a des i g n  that i s  sound , conservat i v e , a nd i nt r i n s i c al l y  safe 

dur i ng normal operat i o n , and  has suffi c i ent  marg i n  to safe l y  accommodate 

ant i c i pated , u n l i ke l y ,  a nd extreme ly  un l i ke l y  events ( t he t hree l eve l s of 

desi g n  sa fety a pproach d i sc u s sed i n  Sect i o n  4 . 2 . 7 . 3  of WASH-1 535 ) . "  

Further pers pect i ve i s  prov i ded through the  real i za t i o n  that  s i g n i f i cant  

exper i e nce ha s been  g a i ned in  the des i gn of systems and features to m i t i gate 

the consequences of  sev ere acc ident s ,  a ss um i ng  they occur . Th i s  exper i e nce 

prov i de s  confi dence that such  systems and features can read i l y  be  prov i ded 

i n  fut ure l arge LMFBRs . The fo l l owi ng Su ppl ement pa ssage ( page 1 1 7 )  i s  

a pp  1 i c ab 1 e : 
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"Wh i l e  some res i dua l  uncertai nt i es rema i n  as to how best to des i gn these 

systems and feat ures for fut ure l arge pl ant s ,  s uffi c i ent conservat i sm i s  

emp l oyed i n  the des i gn of present p l ant s  to ens ure that they can meet 

safety req u i rement s .  Th i s  conservat i sm i s  provi ded by requ i ri ng t hat 

s i gn i fi cant margi ns be provi ded i n  the des i gn of these systems and features 

and by provi di ng redundancy and di vers ity of systems and structures . Opera

t i on  of F FTF and CRBRP wi l l  provi de addi t i onal  evi dence of the adequacy of 

the des i gn of these pl ants w ith  respect to safety . As st ated earl i er ,  

present and future efforts i n  the  Safety Program are ai med at reduci ng 

uncertai nt i es and f urther i mprovi ng des i gns  so that pl ant cap ital and 

ope rat i n g  costs can  be reduced by e 1 i mi nat i ng exces s i ve conservat i sms 

wh i l e  st i l l  meet i ng s afety req u i rement s . " 

Comment ( Letter # 1 1 ,  page 3 1 , l ast  l i ne ) : 

The DE I S  admi ts to the "exp l os i ve potent i al "  of l arge breeders . 

Response : 

The term "exp l os i ve potent i a l " i s  not u sed i n  the  S upp l ement , or  i n  the 

LMFBR safety research commun i ty i n  ge neral , becau se i t  is  con s i dered to be 

an erroneou s term for the HCOA energet i c s  phenomenon .  The  top i c  of 

l a rge breeder HCDA energet ics  i s  di scu s sed i n  one of the fou r  pl aces c i ted 

by NRO C ,  page 1 3 5 .  The k ey po i nt s  are : " For LMFBRs l a rger than CRBRP , 

such as LOP , i t  i s  bel i eved to be prude nt to obt ai n addi ti onal  confi rmat i o n 

t hat pract ica l  pr imary system bounda ry des i g n s  prov i de adeq uate capabi l i ty 

to accommodate HCOA energet ics . . • • These [research ] programs are 

expected to prov i de the necessary conf i rmat i on . " The i ntent was to 

descri be the need for addi t i onal  research on an important safety quest i on , 
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and not to convey the noti on  that DOE bel i eves  th i s  to be so seri ou s a 

probl em a s  to defy reso l uti o n . On the contrary . DOE has h i gh con fi dence 

that  the comprehens i ve re search program ci ted i n  the S u ppl ement wi l l  

produce affi rmati ve re su l ts . 

Comment ( Letter #1 1 ,  page s 32 and 3 3 ) : 

Wi th re spect to LMFBR and . s peci fi cal ly . CRBR safety .  the DE I S  does not 

con s i der :  ( 1 )  the di sagreements between NRC a n d  D O E  o n  a n  " adequate 

ene rgeti c con sequence envel ope" a nd s i x  other i ssues ; ( 2 )  the approximately 

100 s afety i ss ue s  comp i l ed by NRC i n  the 1978 Gammi l l  to Caffey l etter ;  

( 3 )  the di scu ss i on a nd  concl u s i on s  of the 1979 Wh i te House Report o n  CRBR ;  

a nd  ( 4 ) the l i cens i ng i ss ue of whethe r a core di srupt ive acc i dent shoul d 

be a des i gn ba s i s acci dent . 

Re sponse : 

Pa rts ( 1 ) , ( 2 ) , and ( 4 ) : 

Al thou gh the Suppl ement con ta i n s  some i nformat ion on CRBRP safety work 

wh ich  ha s been accompl i s hed as part of the LMFBR program . i t  i s  not the 

purpose of the Supp l ement to con s i der speci fi c u nre so l ved CRBR s afety 

i s sue s .  Such i s su e s  are be i ng addres sed i n  the C RBR l i cens i ng proces s  

through i nte racti on wi th NRC . 

Rega rdi ng  part ( 4 ) , the fo l l ow i ng quotation  from the May 6 .  1 976 l etter 

from R .  P .  Den i se ( NRC ) to L .  W .  Caffey ( CRBR Project Offi ce ) may be of 

i nterest : li l t  i s  our current pos i ti o n  that the probabi l i ty of  core mel t 

and di sru pti ve acci dents can  and must be reduced to a suffi c i ently  l ow 

l eve l to j u sti fy the i r  excl u s i o n  from the des i g n ba s i s acci dent spectrum . 

We wi l l  therefore not cons i der  CDAs as des i gn ba s i s acci dents . "  Th i s  

po s i ti on i s  currently under revi ew by the NRC . 
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Part ( 3 ) : 

Ch apter  V I  of the Wh i te Hou se Report addresses  CRBR s afety i s sues on l y  to 

the extent of refe rri ng to the 1978 Gammi l l  to Caffey l ette r and s ummari z i ng ,  

wi thout  d i scu ss i o n , some safety i s sue s from that l etter .  As stated pre

v i o u sly , i t  is not the purpose of the Supp l ement to con s i der spec i fi c  

u nre so l ved CRBRP safety i s s ue s .  I t  shou l d be noted , however ,  that the 

CRB RP Safety S tudy ( see Appe ndi x C of the S uppl ement )  concl uded that  the 

CRBRP r i s k s  are comparab l e to LWR ri sks . 

I t  shou l d al so be noted that  the General Accounti ng Offi ce has  cri tic i zed 

the treatment of safety i ss ue s  in the Wh i te Hou se Report . Spec i fi cal ly , 

the Wh i te Hou se Report was sa i d  to l ack proper bal ance , to be m i s l eadi ng , 

and to have reduced credi b i l i ty becau se of omi s s i on of important i n forma

tion  ( see " Comments on the Admi n i s trati on ' s  Wh i te Pape r :  The C l i nch R i ver  

Breeder Reactor  Project An End  to the Impasse , "  EMD-79-89 , J uly  10 , 

19 79 , pages 25-3 1 ) .  

Comment ( Letter # 1 1 ,  pages 33 and 34 ) :  

The DE I S  fa i l s  to di scu s s  a number of important l essons  l earned from 

the TM I acc i dent and the effects of po st-TMI NRC ru l es and standards 

on the l i censab i l i ty of CRBR and other LMFBR ' s . 

Respon se : 

The footnote on page 137  s hows that the CRBRP Project recogni ze s the 

i mp l i cati ons  of the Three M i l e  I s l and ( TM I ) acc i dent and i s  tak i ng 

appropr i ate acti ons . Requ i rements and regu l ati on s resu l ti ng from the 

assessment of the TM I acc i dent are bei ng  comprehens i vely addres sed i n  the 

CRB RP l i cens i ng proceedi ng . The CRBRP wi l l  accommo date al l appl i cabl e 

po s t-TM I requ i rements . The same wi l l  be true for fu ture LMFBRs . 

xxvi i 



Comment ( Letter # 1 1 ,  pages 34 and 3 5 ;  #2 1 ,  attac hment 3 ,  pages 33 and 3 4 ) : 

The CRBR r i sk a ssessment , patte rned after WASH-1 400 , fa i l s to acknowl edge 

maj or  weaknesses  of WASH-1 400 , as stated by t he R i s k  As se s sment Rev i ew 

Grou p and ot he rs . The DE IS  s hou l d prov i d e  a compl ete assessment of ri sk  

fo r CRBR and  other compo nents  of t he breeder fuel cyc l e .  

Response : 

I n  addi t i on to the fi nd i ngs c i ted i n  the comment s ,  t he R i s k  As se ssment 

Rev i  ew Group al  so concl uded : "De spi te i ts s ho rtcomi ngs , WASH-1 400 

prov ides  at th i s  t i me the most compl ete s i ng l e  p ict ure of acc i dent  

probab i l i t i e s  associ ated wi th  nucl ear reactors . The fa ul t-tree/event tree 

approach cou pl ed wi th  an  adequate data ba se i s  t he  best ava i l ab l e  tool 

wi th  wh i c h  to quant i fy t he se proba b i l  i t i e s . "  

The Rasmu ssen  Repo rt was ment i o ned i n  the Su ppl ement because  i t  served 

as a pattern for the  1 9 7 7  CRBR Safety St udy and wa s referred to i n  t he 

conc l u s i o ns of that  study .  The pub l i c at i o n  of the CRBR s tudy was an  

impo rtant  event  in  the ongoi ng devel opment of LMFBR ri sk  a s sessment and  

was desc ri bed in  that  context in  t he Su ppl ement . The Suppl ement al so  

states  ( page 1 39 )  that  the CRBR st udy " • • •  i s  b e i ng revi sed to account  

for changes i n  pl ant des i g n and ri sk assessment methodol ogy , a nd to  

address earl i er  comments . "  The revi sed CRBR s t udy wi l l accoun t  for t he 

Lewi s Repo rt and other cri t i c i sms of WASH-1 400 to  the extent that  t hey 

app ly  to t he content of t he rev i sed study .  

Ri sks  as soci ated wi t h  other compo nents  of t he breeder fue l cyc l e  ( fuel 

fab ri c at i o n , reproces s i ng ,  t ranspo rtat i o n ,  e tc . )  were addres sed i n  WASH-1 535 

( Vo l ume I I ) .  
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Comment ( Letter #2 1 ,  a ttachment 3 ,  page 32 , f i rst paragraph ) :  

The DE I S  rel i es he av i l y  o n  s i x-year ol d i nfo rmat i on and fai l s  to prov i de 

compl ete and u p-to-date d i scu s s i ons  of  safety i s sues  rai sed by several 

organ i zat i ons , or  d i scuss by wh at mechan i sms a reasonab l e  consensus  ( that 

safety obj ect i ve s  can  be met ) can be reached . 

Response : 

The S u ppl ement summari ze s  i n format ion  prese nted i n  ERDA-1 535 merely a s  

background for d i scu ssons of  changes t hat  have taken pl ace si nce ERDA-1 535 

wa s i ss ued and of current status . The rel i ance i s  o n  the best ava i l ab l e  

i nformat i o n , some o f  wh i c h  was presented i n  ERDA-1 535 ana some o f  wh i c h  i s  

more recent . The set of i s sues  d i scu s sed i n  the S u ppl ement covers t he 

s i g n i fi c ant areas of  LMFBR reactor safety concern , i ncl ud i ng t he techn ical 

quest i ons  c i ted i n  the comment . DOE does not bel i eve that there i s  an 

unan swered q ue st i o n  regard i ng mechan i sms for reach i ng a conse ns us t hat  

safety obj ect i ve s  have been met . The Federal Governme nt ' s ( i . e . , NRC ' s ) 

nuc l ear reacto r l i cen s i ng process i s  the  mechan i sm .  

Comment ( Le tter #2 1 ,  attachment 3, page 32 , s econd paragraph ) :  

The Counc i l on Env i ronmental Qual i ty advi sed NRC t hat fut ure NRC l i cens i ng

rel ated E IS ' s  s hou l d d i scu s s  Cl ass  9 acc i dents . Th us , t he DE IS  needs to 

address  Cl ass  9 acc idents  and t he i r  impl i c at i ons  for breeder devel opment . 

The conseque nces of  C l ass  9 acc i dents i n  breeders coul d exceed t hose of LWR ' s . 

Response : 

The CEQ s uggest i o n  that E IS ' s  shoul d i ncl ude d i scu s s i o n  of Cl ass  9 acc i dents 

appl i es to E IS ' s  i ss ued by NRC for convent i o nal LWRs . The S uppl ement does 

conta i n  con s i derabl e d i scuss i on of C l ass  9 acc i dents ( HCDAs ) ;  see pages  
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122- 1 24 ,  125-1 26 , and 1 31 - 1 3 5 .  ( HCDAs were d i scu ssed at greater l e ngth i n  

Sect i o n  4 . 2 . 7 . 8  of WASH-1 535 and Sect i o n  I I I  B . 2 o f  ERDA- 1 535 . ) As stated 

i n  the S upp l ement ( footnote , page 134 ) , s uc h  d i sc u s s i on  has been prov ided 

i n  NRC ' s  E IS for CRBRP and can be ant i c i pated i n  E IS ' s  for i nd i v i dua l  

fut ure l arge breeders . Regard i ng the consequences  of Cl ass  9 acc idents  i n  

breeders and LWRs , t he CRBRP E IS ment ioned i n  the Su ppl ement footnote 

make s t he fo l l owi ng statement ( N UR EG-0 139 ,  page 7 -1 1 ) : li The staff bel i eves 

it is wi th i n  the state-of-the-art to de s i g n , construct and operate the 

CRBRP i n  such  a manner that the consequences  of acc i dents wi l l  not be  

s i g n i f i cantl y d i fferent from t hose al ready asse ssed for LWRs . "  
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3 .  Heal t h  Effect s ( pages xxxi  to x l v i ) *  

Comment ( Letter #1 1 ,  page 63 ; #2 1 ,  attachment 1 ,  pages 16 and 1 7 ) : 

The source term for rel eases of trans uran i c s  i n  the E IS i s  not con servat i ve 

because acc i dent al rel ea ses were not i nc l uded ( and s ho u l d have been ) .  

Response : 

The source term for rel eases of transuran i c s  i nc l udes  on ly  rout i ne rel ea ses 

because acc i dental rel eases have been est imated to be cons i derab ly  smal l er ,  

a s  shown i n  the fo l l owi ng mater i al from WASH-1 535 ( see pp . I I . G-5 to I I . G-1 0 ) . 

I ISeveral commenters have quest i oned t he treatment of un sc hedul ed event s .  

NRDC stated that 

There is  no j ust i f icat i o n  for the assert i on  that acc i dental  rel eases 

' wou l d make a negl i g i b l e  contr i b ut i o n  to the source term . ' • • •  

l iThe l a st col umn of Tab l e I I . G-2 l i st s  t he cont r i but i o n  of t he 1000 MWe

ye ar trans uran i c  so urce term from t he tabul ated acc i dent types , a s s umi ng 

that fue l  fabr icat i o n  and fuel reproces s i ng acc i dents occur at 10-year 

i nte rval s and that other acc i dent s occur as  descri bed i n  footnotes to the 

tab l e .  The total est imated contr i but i o n  from acc i dents i s  0 . 010 mCi , 

wh i ch i s  smal l i n  compa ri son  to the est imated rout i ne re l ease  of 0 . 36 mCi � 

It i s  therefore concl uded that the 0 . 36 mCi j 1 000 MWe-year source term 

accounts  adequate ly  for both rout i ne and acc i dental  t ran suran i c  rel ease s . 1I 

Comment ( Letter #1 1 ,  pages 60-63 ) :  

1I • • • t he DE IS  • • • •  i g nores t he wi de ly  d i vergent v i ews of  experts regard i ng 

these uncerta i nt i e s  ( s i c , i n  the est imates used in the model ) and i t s  

*See al so page s c i x  to cx i  and cxv i t o  cxxv . 
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* 

conc l u s i on s  are by n o  means  conservati ve . Th i s  resu l ts i n  a seri ous  

undere sti ma ti on of the potent ia l  heal th effects of the  LMFBR program . "  

Response : 

Excep t for a few i tems , the comme nter does  not present evi dence a s  to 

wh i c h  estima tes  i t  cons i ders to be nonconservati ve , or why they a re 

con s i dered to be no nco n serva ti ve . The commenter rel i es upo n l engthy 

l i sts of references to arti c l es th at  propo se di fferent estima tes from 

tho se empl oyed i n  the Suppl ement , and does  not presen t reasons why these 

esti ma tes  shou l d be preferred to the ones empl oyed i n  the Suppl eme n t .  

The v i ews espou sed by mos t  of the au thors referenced by the commenter i n  

su pport of i ts pos i ti o n  have been cr i ti c i zed by t h e  maj ori ty of  workers i n  
* 

the fi el d and thi s cri t ic i sm was con s i dered at l ength i n  WASH-1535 ( 1 ) 

and ERDA 1 535 ( 2 ) . DOE does not consi der i t  necessary to repeat ,  i n  

de tai l ,  the di scu ss i ons previ ou sly presented ,  part i c u l arly s i nce l i ttl e new 

mate ri al has  bee n presente d .  

Th i s  commenter i n c l uded a l i st o f  1 5  references to publ i cations  th at  

purportedly do  not v i ew the  va l ues  for model pa rameters empl oyed by D OE 

as  ei ther " mo s t  probab l e "  or " conservati ve . "  Of  the 1 5  publ i cati ons , 3 a re 

5- to 7 -year ol d reports of the NRDC i tsel f ,  wh i c h  re sta te prev i ou s  conten

ti ons th at have been co ns i dered at  l ength in  the pa st ( 1 , 2 ) . Other 

refe rence s c i ted wh ich  were rel eva nt  to the tran suran i c  el ements appear to 

offer  l i ttl e beyond op i n i ons  previ ously con si dered ( 3 , 4 )  a nd/o r have been 

Refe re nces are gi ven at end of thi s heal th effects sec tion  ( pages x l i i  
to xl vi ) .  
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addre ssed el sewhere by the sc i enti fic  commun i ty ( 5 , 6 , 7 ) . One reference ( 8 )  

wa s to B E I R- I I I  ri sk coeffi c i ents , wh i c h  are not re l evant to the ri sk  

coeffic i ents for al p ha i rradi ati on empl oyed i n  the S uppl ement .  The 

rema i ni ng 6 papers are al l concerned wi th a study of mortal i ty among 

Hanford workers - - a study whose concl u s i o n s  have been wi dely cri ti c i zed by 

other ep i demi o l ogi sts ( 9 , 10 , 1 1 ) .  

The commenter stated the cri ti c i sm that use  of a combi nati on of "mean"  

and "con servati ve " va l  ues  for model parameters " does not i n sure that the 

resu l ts are con servati ve . " The Suppl ement statement that suc h an approach 

" . . . l eads to ove restimates of transurani c depo s i ti on i n  man . . .  " i s  charac

teri zed 0y the commenter as not stati s ti cal ly  correct and " j u st pl  a i n  

wrong . II To c l a ri fy the i ntent of the statement i n  the S u ppl ement , the 

wordi ng  has been changed to read , "Th i s  ap proach l eads to conservati ve 

esti mates of transuran i c  depo s i ti on i n  man . . .  , "  to avo i d any impl i cati on  

of  abso l ute certai nty about the di recti on  of  unce rta i nty . ( Change occurs 

i n  l i ne 1 0 ,  page 19 1 . )  

The fi nal sentence on page 63  of the commenter 1 s l etter  i mpl i ed that  the 

contami nati on  of the envi ron s  of the Rocky F l ats P l ant was the resu l t of 

an acci dent .  Th i s  con tami nati o n  wa s due , a l most  enti rely , to l eakage from 

barrel s of waste stored i n  a manner con s i dered adequate at that ti me ( 1 2 ) . 

Th i s  wa s ,  i n  retrospect ,  a very poor way to handl e the se wa stes ( and one 

wh i c h  is not apt to be repeated ) .  

Comment ( Lette r #1 1 ,  page 6 4 ) : 

li The DE I S  fa i l s  to address  a seri es of German stu d i es wh i c h  con s i der the 

uncerta i nt i es in data , model s ,  a nd as sumpti ons for pathway a nal yses of 
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rout i ne em i s s i ons  from l i ght  water reactors ( LWRs ) . Wh i l e  these pa pers 

concern emi ss i on s  from LWRs i n  the Federal Rep ub l i c  of Germany , t he i r  

an alys i s  i s  rel evant to the LMFBR and assoc i ated fue l  cyc l e  fac i l i t i e s 

s i nce  the German pathway model s and i np ut parameters are based pr imar i l y  

o n  U . S .  data . The fi nal E I S s hou l d con s i der t he se stud i es and any rev i ews 

of t hem . 1I 

Response : 

The He i del berg Repo rt ( 1 3 )  referred to i s  an asse ssment of t he rad i at i on 

dose s  to cr i t ica l  popu l at i on groups as soci ated wi t h  a spec i fi c  pres s ur i zed 

water reacto r in Ge rmany .  As s uch , i t  ha s l i ttl e d i rect re l evance to the 

generic assessment of trans uran i c  heal t h  effects  from an  LMFBR technol ogy .  

The report ha s rece i ved con s i derab l e  pub l i c i ty ,  howeve r ,  because i t s  est i 

mates o f  dose are several orders o f  mag n i tude h i gher than those general l y  

cal cul ated for a pl ant o f  t h i s type . The He i del berg group  empl oyed 

general ly  accepted methods of ca l cul at i on ,  based on those of the  

U . S .  Nuc l ear Regu l atory Commi ss i o n ,  but i ncorporated parameter val ues of  

t he i r  own cho ice  for source terms , for tran sfer  t hrough food cha i n s  and  

for i n corporat i o n  and  retent i o n  in  man .  

The concl u s i o ns o f  t h i s group  have been rev i ewed at some l ength by t he 

U . S .  N uc l ear Regu l atory Commi ss i on ( 14 ) , a nd bri efly rev i ewed by t he 

Nat i o nal Rad i o l og i cal Protect i on Board of the  Un i ted Ki ngdom ( 1 5 ) . These 

revi ews concl ude that un real i st i cal l y  conservat i ve parameters were chosen 

throughout the He idel berg eval uati on , a nd that t he re su l t i ng pred i c t i ons 

are not on ly  sc i e nt i f ica l l y  i ndefens i b l e ,  but are i n  sharp confl i ct wi t h  an 

accumu l at i ng body of env i ronmental  meas urement data from t he v i c i n i ty of 

operat i ng reactors i n  the  U . S .  Perhaps the  c h i ef rel evance of t h i s report 
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to the present LMFBR eval uat ion  i s  the exampl e i t  prov i des of how overl y 

con servat i ve a s s umpt i ons  of parameter val ue s c an comb i ne i n  env i ronmental 

model s to  produce rad i at i on expos ure est i mates that are excess i v e .  

Comment ( Letter #1 1 ,  pages 64 and 6 5 ) : 

The book by Gofman and the pa pers by Morgan and John so n  " • • •  i nd i c ate that 

the assumpt i ons  in the DE IS  concern i ng pl uton i um tox i c i ty are nonconserva

t i ve by at 1 east two orders of magn i tude . II 

Response : 

Al t hough the bas i s for th i s statement wa s not g i ven by t he commenter , DOE 

a s s ume s that the numer ical j udgement probab ly  der i ve s  from Morgan ' s  paper , 

i n  wh i c h  he attempted to demonstrate that the expos ure l im i t for 2 39pu  

wa s too h i gh by a factor of 240 ( 4 ) . Th i s  content i o n  wa s cons i dered i n  

some deta i l  dur i ng the d i scuss i on fol l owi ng presentat i o n  o f  a pa per by 

Ch arl es  W .  Mays at an IAEA Sympo s i um ,  where a factor of 9 wa s conc l uded to 

be more reasonab l e ,  t hough st i l l pos s i b ly  excess i ve ( 5 ) . Morgan ' s  content i o n  

wa s a l so d i scu ssed , at  l ength , i n  the Env i ronmental Impact Statement for 

the Rocky Fl at s Pl ant s i te ,  wh i c h  concl udes wi th the fo l l owi ng  s ummary ( 6 ) : 

" Morgan ' s  overal l factor of 240 wou l d therefore , more real i st i ca l l y ,  be  

re-eva l uated as someth i ng between one and  fi ve . Hi s i s ,  moreover , o n ly  a 

pa rt i a l approach to the eval uat i o n  of pl uton i um hazards ; many other 

factors m i ght  be con s i dered . Al l s uch  factors are under cont i nua l  rev i ew 

by n at i o nal  and i nternati onal  bod i es charged wi th the res po n s i b i l i ty for 

such eva l uat i ons . Wh i l e  some changes i n  pl uton i um expo s ure standards may 

be expected to res ul t from the cont i n u i ng  accumul at i o n  of better data , 

there i s  no present i nd i cat i on that suc h changes wi l l  be l arge . "  
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Si nce Morgan ' s  pub l i c at i o n ,  t he Intern at i onal Commi s s i on on  Rad i o l og i cal 

Protect ion  { I CRP }  has made changes i n  i t s  pl uton i um expo s ure l im i t s  { 1 6 } . 

Changes i n  the  ICRP metabol i c  model s for the tran s uran i c  el ements were 

i ncorporated i n  the  rev i sed dose cal cul at i ons  for the Su ppl ement and 

are deta i l ed i n  Tab l e  I I . G-9  { Repl acement } , pages 0-1 3 and 0-1 4 .  

Carl Johnson ' s  c l a i ms of i ncreased cancer i nc i d ence due  to pl uton i um 

contami nat i o n  from t he Rocky Fl ats P l ant { 1 7 , 18 }  have been refuted { 7 } .  A 

cruc i al po i nt i s  the  und i s puted fact that the concentrat i o n  of pl utoni um 

from weapons  test fa l l out i n  the Denver area i s  nearl y 1 0  t imes as l arge 

as the concentrat i on of pl uton i um ori g i n at i ng from Rocky Fl at s ,  a nd t he 

rad i at i on dose to the l ungs  of  Denver re s i dent s  from natural sources i s  

100 t imes that  from pl uton i um .  Aga i n st such  a background of rad i at i o n  

from other sources , a ny e ffect from Rocky Fl at s pl utoni um cou l d never  be 

demonstrated { 7 } . 

The commenter s uggest s t hat  a purpo rted d i spar ity i n  rad i osens i t i v i ty o f  

beag l e  dogs and h uman s t o  radon expos ure cast s seri ous  d oubt on  t h e  heal t h  

ri s k  e st imates i n  t h e  Suppl ement . The est imates o f  heal t h  r i s ks i n  the 

Su ppl ement are based u po n  h uman dose-res po nse data , and not upon  experimenta l  

st ud i e s  in  beag l e  dogs . Furthermore , t he referenced st ud i e s  { 1 9 } , a s  

ack nowl edged by the  commenter , deal wi th  radon  and radon da ughter expos ures , 

not wi th  trans uran ics . The referenced stud i es d o  not address  the  quest ion  

of mi n imum rad i at i on  dose l ev el s at  wh i c h  l ung  t umors can be  produc ed i n  

dogs , s i nce on ly  a si ng l e ,  very h i gh dose l evel wa s stud i ed ;  n o  dogs 

survi ved more than about 6 years fol l owi ng  i n i t i at i o n  of expo s ure { sc arcel y 

l o ng enough for cancer expres s i o n } , a nd muc h  of  the tota l ca l cu l ated 

rad i at i o n  dose wa s recei ved too l ate i n  the  surv i val  per iod  to be  effect i ve  

i n  cancer prod uct i o n .  A more rel evant compari son of  t h e  rad i osens i t i v i ty o f  
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beag l e  dogs and man i s  prov i ded by the very extens i ve  data rel at ing  rad i um 

depo s i t i o n  and bone cancer i nducti on , wh ich  s how the  dog to be more 

sens i t i ve  tha n man  ( 20 ) . 

Comment ( Letter #1 1 ,  page 6 5 ) : 

l iThe DE IS s ummari ze s  r i s k  e st imates from exposure to l ow LET rad i at i on  

( Appe nd i x  H ) . Howeve r ,  i t  does not  d i sc u s s  e i ther the wi de ly  d i vergent 

opi n i ons  o n  th i s  subj ect , i ncl ud i ng t ho se of Radfo rd , Mo rgan , Mancu sco , 

Steward , Kn eel e ,  Gofman ,  Bros s ,  a nd Tampl i n ,  supra , o r  the impl i c at i o ns of 

the new H i ros h i ma and Nagasaki  dose est imates fo r the BE IR- I I I  resu l t s . 1I 

Response : 

Appe nd i x  H prov i des  a tabu l ar compa ri so n  of the se r i sk e st imates as they 

have been recommended by s uch authori tat i ve  sources as the U . S .  Nati onal 

Academy of  Sc i ences ( B E IR Commi ttees )  ( 2 1 , 22 ) , t he I nternat i onal Commi ss i on  

on  Rad i o l og i c al Protect i o n  ( I CRP ) ( 2 3 ) , t he Un ited Nat i ons  Sc i ent i fi c  

Commi ttee o n  t he  Effect s  of Atomi c  Rad i at i o n  ( U NS CEAR )  ( 24 ) , t he U . S .  

Env i ronmental Protect i o n  Agency ( 2 5 , 26 ) , a nd the U . S . N uc l ear Regul ato ry 

Comm i s s i o n  ( 2 7 ) . Appe nd i x  H wa s i nc l uded onl y to prov i de some pers pect i ve 

o n  the range of val ue s agreed u pon  by t hese groups . No ne of the se ri s k  

factors were empl oyed i n  the Suppl ement . The ri s k  facto rs that were 

empl oyed are those appropr i ate to the h i gh LET al pha pa rt i c l e  emi ss i ons  

character i st i c of  tran s uran i c  el ement s ; t hese r i s k  factors were d i scu ssed 

( a s noted i n  Append i x  H )  i n  Sect i o n  V I . A( 4 ) and i n  Appe nd i x  D .  

The re-eva l uat i o n  of H i ros h i ma and  Nagasak i  dose est i mates wi l l  certa i n l y  

have some effect i n  mod i fyi ng ri sk  e st imates for expo s ure t o  l ow LET 

rad i at i o n , a nd po s s i b l y  to neutrons . Th i s  re-eval uat i o n  i s  i ncompl ete 
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and co ncl u s i o ns c annot be  drawn at th i s  t ime . The s i t ua t i on i s  wel l 

s ummari zed by t he fo l l owi ng excerpt from a commentary on  a sympos i um at 

the 29th Annual  Meet i ng of the Rad i at i on Research Soc i ety , hel d on 

May 31 , 1981 ( 28 ) . 

"The pa pers and t he d i scuss i on cl earl y i nd i cate that the re are 

many uncertai nt i es yet to be re so l ved . Thei r effect s wou l d seem 

to be comparat i ve ly  m i nor , but i t  i s  too early to be certa i n  and 

th us specu l at i o n  s hou l d be kept to m i n i mum . However , s i nce some 

s pecu l at i o n  i s  un avo i dab l e ,  t he fo l l owi ng may be  j ust i fi ed .  There 

i s  the pros pect that these re-exam i nat i o ns of t he dos imetry s i tua t i on 

wi l l  l ead f i rst to a l os s  of i nformat io n  on the effect s of neutrons 

on  humans ( and therefore a need to rel y on an imal data and ot her 

so urces fo r neutron tox i c i ty )  and second to r i s k  e st imate s for 

Y rad i at i on wh ich , becau se of the potent i al improved ag reement 

between the two ci t i es ,  may merit  more confi dence  than before 

and may not d i ffe r marked ly  t han tho se  from other so urces of 

h uman data . "  

I n  any case , t he ri s k  e st imates empl oyed i n  the Su ppl ement are for al pha 

rad i at i o n  to s peci fi c organs  and have l i ttl e rel evance to the H i ros hima

Naga sa k i  data . 

Fo r the same rea sons , t he commenter l s reference to " • • •  st ud i es of 

pop u l at i ons  exposed to l ow doses of rad i at i on , s uch  as  wo rkers at Hanfo rd • • •  " 

i s  i rrel evant , s i nce the expos ure of t he se wo rkers wa s predomi nantl y to 

l ow LET rad i at i on -- not al pha emi tters .  

Comment ( Letter #1 1 ,  page s 66-68 ) : 

The " hot  pa rt ic  1 e"  hypothe s i  s wa s not con s i dered properl y . 
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Response : 

Th i s  hypothes i s ,  p ut forward by A.  R .  Tampl i n  and T. B .  Cochran i n  1974 

( 29 ) , h as ,  a s  noted i n  the Suppl ement , been d i scus sed at great l ength , a nd 

fo rmal l y  rev i ewed by s pec i fi cal l y  a ppo i nted grou ps represe nt i ng a number 

of prest i g i ou s  and authori tat i ve bod i e s .  These groups are more numerous 

than ment i o ned i n  the Su ppl ement and i nc l ude the Nat i onal  Academy of  

Sc i e nces- Nat i onal  Re search Counc i l ( 30 ) , t he Nat i o nal Counc i l  on  Rad i o l og i cal 

Prot ect i on and Measurement ( 3 1 ) , t he Nuc l ear Regul atory Comm i ss i o n  ( 32 ) , 

the Med i cal Research Counc i l  of the Un i ted Ki ngdom ( U . K . )  ( 3 3 ) , t he Nat i o nal 

Rad i o l og i cal  Protect i o n  Board of the U . K .  ( 34 , 35 ) , t he German Mi n i stry of 

the I nter i or  ( 36 ) , a nd the Internat i onal  Commi ss i on on Rad i o l og i cal 

Protect i o n  ( 3 7 ) . Some of the se groups a l l ow t he po ss i b i l i ty that , under 

spe c i al c i rcumstances not yet experimenta l ly  or  cl i n i c al l y  defi ned , 

" aggregates of rad i oact i v i ty that rema i n  l ocal i zed i n  spec i fi c  reg i on s "  

( 2 2 )  may represent a greater cancer ri s k  than the same quant i ty of  rad i o

act i v i ty un i formly  d i s persed . However , none of the se groups  ha s accepted 

the quant i tat i ve  impl i c at i ons  of the Tampl i n-Cochran Hot Part i c l e Hypothes i s ,  

and none has recommended abandoni ng t he pract ice  of bas i ng r i s k  e st imate s 

on average organ dose . The commenter prov i des no new ev i dence that wou l d  

al ter the concl u s i ons  prev i o u s l y  expres sed by the groups referenced above , 

and there seems  no need to rev i ew t hese conc l u s i ons  i n  greater deta i l .  

The commenter ' s statement that the l ac k  of observed heal th effects i n  

pl uto n i um workers " • • •  does not argue aga i n st the hot part i c l e hypothes i s " 

( pages 67  and 68 )  requi res some res pon se . The parenthet i cal comment 

" • • • ( pres umab ly  excl ud i ng the Hanford worker st ud i es )  • • •  " i mpl i es that the 

Hanfo rd worker st ud i e s had s pec i fi cal l y  eval uated effects of pl utoni um 
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expo s ure .  Th i s  i s  not true ; Hanfo rd worke rs were exposed predomi nant ly  to 

l ow LE T rad i at i o n .  Epi dem i o l og i c  stud i es are underway , e ncompa ss i ng l a rge 

numbers of pl uto n i um workers , but on ly  prel im i nary resul t s  are as yet 

ava i l ab l e  from t hese st ud i e s ( 38 , 39 , 40 ) . These prel im i nary data s how no  

ev i dence of  t he extreme toxi c i ty pred i cted by t he Hot Pa rt i c l e  Hypothe si s .  

To c l ari fy t he pos i t i o n  on the Hot Pa rt i c l e  Hypothe si s and to avo i d  

pos s i b l e  m i s i nt erpret at i o ns , t he pa ragraph overl appi ng p p .  207-2 08 i n  

the Su ppl ement i s  changed to read , i n  i t s  ent irety : 

1 I0f greater i n tere st are the po s s i  b 1 e conseque nces  of i n ha l  ed pa rt i c l  es . 

I s  the i nte nse rad i at i on dose to t i s s ue surroundi ng a part ic l e  more 

hazardous  than the dose from t he same quant i ty of  rad i at i o n  d i spersed 

more un i formly  t hroughout the l ung? Th i s  que st i o n , t he so-cal l ed I I hot 

part i c l e  prob l em , 1I has been addres sed by several spec i fi c al l y  a ppo i nted 

groups and i nternat i o nal bod i es ( 23 , 30 , 31 , 32 ) . As referenced i n  g reater 

deta i l  i n  Appe nd i x  D ,  t hese groups have found ne i t her  theoret i cal nor 

expe rimenta l  g rounds for confi rm i ng the extreme toxi c i ty attr i buted to 

II hot part i c l e s ll by Tampl i n  and Cochran ( 29 ) . 

l iThe po s s i b i l  i ty of en hanc ed effect s from part i c u l  ate i rrad i at i on of 

s pec i fic  t i s sue reg i o ns cannot be  excl uded , but un i fo rm  expo s ure to 

total organs  wou l d  general l y  be  pred icted to be more hazardous than  

expos ure to  ' hot  part i c l e s . ' The l ac k  of  any unusual i n c idence of  

heal t h  effects among workers that have i nhal ed pl uto ni um ( us ua l ly  i n  

part i cu l ate form)  a l so argues  aga i n st any s urpr i s i ng ly l arge hazard 

due to the se pa rt i c l es ( 40 ) . The use of a n  average l un g  dose i n  the 

est imati o n  of he al t h  r i s ks i s  therefo re cons i dered an appropr i ate 

procedure , wh ich  i s  not expected to underest i mate ri s ks . 1I 
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I n  Append i x  0 ,  t he sect i o n  on p .  0-9 ent i t l ed ,  "Prob l ems of Averag i ng Do se , "  

i s  changed to read , i n  i t s  ent i rety : 

P robl ems of Averagi ng Dose 

Th i s  fi nal  Sect i o n  of WASH-1 535 , Appe nd i x  I I . G ,  wa s concerned wi th 

the so-cal l ed " hot part i c l e hypothes i s "  of Tampl i n  and Cochran ( 29 ) , 

wh i c h  wa s a controvers i al i ss ue at the t i me .  The d i sc u s s i o n  rema i n s 

val i d .  Si nce i s suance  of WASH-1 53 5 ,  t h i s  que st i o n  has  been addres sed 

by several s peci a l ly  appo i nted grou ps , government agenc i es ,  and 

i nternat i onal  bod i e s , i nc l ud i ng the Nat i o nal Academy of Sc iences 

Nat i onal  Research Counc i l  ( 30 ) , t he Nat i o nal Counc i l  on Rad i at i on  

Protect i on and  Measurement ( 3 1 ) ,  t he Nuc l ear Regu l atory Commi s s i o n  

( 32 ) , t he Med i c al Research Counci l o f  the U . K .  ( 33 ) , t he Nat i o nal 

Rad i o l og i cal Protect i o n  Board of t he U . K .  ( 34 , 35 ) , t he German Mi n i stry 

of the I nter ior  ( 36 ) , and  the I nternat i o nal Commi s s i o n  on Rad i o l og i ca l  

Protect i o n  ( 3 7 ) . Some of these groups  a l l ow t he poss i b i l i ty that , 

under spec i al c i rcumstances not yet experimenta l l y  or  c l i n i c al ly  

defi ned , aggregates of rad i oact i v i ty that rema i n  l ocal i zed i n  spec i fi c  

reg i ons  may represent a greater cancer ri s k  than the same quant i ty of 

rad i oac t i v i ty un i formly d i s persed . However , n one of these groups ha s 

accepted the quant i tat i ve impl icat i on s  of t he Tampl i n-Cochran Hot 

Pa rt i c l e  Hypothes i s ,  a nd no ne ha s recommended abandoni ng  the pract ice  

of  bas i ng ri s k  e st imate s on  average organ dose . 
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4 .  Safeguards  and No nprol i ferat i o n  

Comment ( Letter # 1 1 ,  pages 36-4 1 , #2 1 ,  attachment 1 ,  page 3 and pages 8-2 1 , 
and -attachme nt 3 ,  page s 29-3 1 ) : 

LMFBR devel opme nt i s  l i kel y to l ead to t he prol i ferat i o n  of nuc l ear weapo ns  

to  nat i o n s  not prese ntl y po s se ss i ng nuc l ear weapons . Th i s  impact sho u l d 

be addres sed i n  the Su ppl ement . 

DOE i s  cog n i zant  of  recent st ud i e s  th at have addres sed , amo ng other 

t h i ngs , t he impl i c at i o ns of  LMFBR depl oyme nt to fo re i g n  nat i ons  wi th 

respect to the potent i a l fo r prol i ferat i o n  of n uc l ear weapo n s . I n  addi t i o n , 

DOE has  d i rected i t s  own stud i e s 1 and has  been a part i c i pant  i n  i nter

nat i o n al stud i es2 on th i s subj ect . DO E i s  al so aware of t he shades  of 

di fference i n  the concl us i ons of these st ud i e s  wi th re spect to the prol i f-

erat i o n  impl i c at i o ns of  t he LMFBR f uel cyc l e .  

Wi th  re s pect to the Suppl ement , however , t he rel evant que st i o n  i s  t he 

l i nkage , i f  any , between U . S .  LMFBR devel opme nt and the ri s k  of  furt her 

prol i ferat i o n .  DO E bel i e ve s that such a l i nkage i s  remote and s pecu l ati ve 

for a number of  rea sons . F i rst , DOE ' s  efforts  are d i rected towa rd conduct i ng 

research , devel opment , a nd demo nstrat i o n  on the LMFBR fuel cyc l e .  No 

dec i s i o n  i s  current l y  be i ng  made e i ther to depl oy t he LMFBR commerc i a l ly  

or to  export assoc i ated reprocess i ng fac i l i t i e s . 

Second , t he breeder , i ncl ud i ng i t s associ ated re process i ng techno l ogy , i s  

1 .  De pa rtme nt of  E nergy , Nuc l ear Pro l i ferat i o n  and C i v i l i a n Nuc l ear Power , 
Report ���onI2Tol fferatlon- A!lern��iy�_Systems Assessment P rogra� , 
DOE/N E -OOOl , J u ne  1980 . 

2 .  I nte rnat i o nal Atom i c  Energy Age ncy ( I AEA ) , I nternat i o na l  Nuc l ear Fue l  �yc l e  
�val uat i o n :  Fast Breeders , Re p���_9�_W���i n�Group _�, V i enna , 1 980 . 
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under devel opment i n  ot her countr i e s . I n  th i s rega rd i t  shou l d  be noted 

that past U . S .  effort s to pers uade a number of devel oped countr i e s  to 

po stpo ne the i r  co nstruct i o n  of reprocess i ng pl ants  and the i r  R&D on  

breeders were not successful . Dur i ng t he per i od 1 9 7 7-1980 ,  t he prev i o u s  

Adm i n i strat i o n  attempted to i n fl uence other nat i o ns to defer reprocess i ng 

and t he recyc l e  of n uc l ear fuel by un i l ateral ly ha l t i ng U . S . reprocess i ng 

act i v i t i e s  and by attempt i ng to cancel the CRBRP . The fl aws of th i s 

un i l a teral U . S .  po l i cy were recent ly  rev i ewed by two of i ts fo rmu l ators . 3 

No ev i dence  ex i st s  that U . S . cont i nua t i o n of i t s LMFBR program wou l d 

ad verse l y  i mpact nonprol i ferat i o n  obj ect i ve s .  I t  i s  un l i ke ly  t hat the 

Un i ted States goi ng ahead wi th the LMFBR devel opment program woul d 

i n fl uence other na t i o n s  not now devel op i ng t he breeder to do so . The 

Internat i o nal Nuc l ear Fuel Cyc l e  Eval uat i o n ( I NFCE )  stud i es s u pport 

th i s  conc l u s i o n . 4 

Th i rd ,  t here are other aven ue s for nat i o ns to obta i n  we apo ns usab l e  

mate ri al s .  The se i nc l ude purchase and theft , a nd the construct i o n  of 

fac i l i t i es ded i cated to that purpose ( a s opposed to d i vers i o n  from 

commerc i a l sys tems ) as wel l as d i vers i o n from non-LMFBR commerc i a l 

systems . The pa rt i c u l ar avenue that a nat i on m i ght empl oy i n  secur i ng 

nuc l ear we apons depends  upon desi red obj ect i ve s , for exampl e ,  t he s i ze and 

devel opment t i me of the weapons  force des i red and a vari ety of  charac-

ter i st i cs of the coun try i t sel f ,  and fo r exampl e ,  i t s technol og i cal 

capab i l i ty ,  t he ava i l ab i l i ty of other nuc l ear fac i l i t i e s , sen s i t i v i ty to 

detect ion , v u l nerab i l i ty to sa nct i o ns , a nd po l i t i c al rel at i o ns h i ps .  Gi ven 

3 .  Gerard Smi th and George Rathjens , " Reassess i ng Nuc l ear No nprol i ferat i o n 
Po l i cy , "  Forei gn Affa i rs ,  pages  875 -894 , S pr i ng 1 98! . 

4 .  IA EA , O P e  c i t . , page s 1 5  and 1 6 .  
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the great v ar i ety of  facto rs , i t  i s  ext reme l y  d i ffi c u l t  to e st ab l i sh any 

causat i ve re l a t i o n s h i ps  b etween  t he devel opment of a pa rt i c u l ar  commerc i a l 

fuel cyc l e an d t he prol i ferat i o n  of n uc l ear  we apon s . 

F i na l l y ,  i n  those n at i o ns now h av i ng ad vanced nuc l ear- powe r  prog rams , f u l l 

sc al e dep l oyme nt of b reeders  i s  un l i ke l y  befo re the year 2000 , and  t he refo re 

th i s a l l ows s ubstant i a l t i me to devel op more effect i ve tec h n i ca l  safeguard s  

and i nternat i o na l  i n s t i tut i o nal fr ameworks . Bec a u se o f  t h i s t i me sc al e ,  

t he cost , a nd ot her factor s  i n vo l ved , t he l i ke l i hood t hat ot her na t i o n s  

wou l d p ur s ue maj or i ndepe nd ent program s  o f  b reeder  devel opment i s  l ow .  

I n  fut ure decade s whe n  LMFBRs a p proach commerc i a l i za t i o n , no nprol i fe rat i o n  

and i nternat i o n a l  s afeg ua rd s  i ss ue s  m ust  cont i n ue t o  b e  reexam i ned . 

I n  the meant i me , s t rengt he n i ng s a fegua rd s  i ns t i t ut i o n s  l i ke the IAEA , 

and advanc i ng t he tec h no l og i es of ac countab i l i ty and  s urve i l l a nce , a re no t 

o n l y  of i nterest fo r poten t i a l  f ut ure LMFBR a p pl i c at i o n s , but are of 

i n tere st now fo r LWR ap pl i c at i o n s . 

C�m_ment ( Letter # 2 1 , Attac hme nt 2 ,  page 3 ) : 

" P resent safeguard s  a re ac knowl ed ged to be i n adeq uate and wh ether or  

not adequate s a feguard s  c an ever  be  d e s i g ned and imp l eme nted wi th i n  o ur 

framewo rk of freed om and co n st i tut i o na l  l i b ert i e s  rema i n s  h i gh l y  d oubtful . "  

F i s s i l e  materi a l s h ave been hand l ed i n  the U . S .  i n  both the c i v i l i an and 

m i l i ta ry secto rs over the pa st 35  years d ur i ng wh i c h  t i me the dome st i c  

safegua rd s  me a s ures  have prove n h i gh l y  s uccessfu l  wi thout a ny de tract i o n  

from pe rso nal  freedoms  or  co n st i tut i o nal  l i b ert i e s .  There i s  n o  ev i d ence 
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to s uggest t hat  safeguard s  systems c an not be  equa l l y  s ucce s s fu l  i n  t he 

fut ure w i th eq ua l l y  smal l i mpac t s  o n  c i v i l 1 i bert i e s .  Wi t h  t he LM FB R 

prog ram out l i ned i n  t he Supp l ement , c ommerc i a l i za t i o n  of the  LM FBR w i l l  not 

occur befo re the 2 1 s t  century , wh i c h a l l ows many refi nement s to take p l ace 

i n  safeguard s  sys tem s  prese nt l y  under devel opme nt . 

_��n:!��I!�_ ( Letter # 1 1 ,  p age s  36-3 7 ,  #2 1 ,  attachme nt  1 ,  page 1 8 ) : 

I n  rega rd to dome st i c  safeguard s  on  LM FBR s , t he S upp l ement l ac k s  q ua l i tat i ve 

and q u a nt i ta t i ve data on proj ected threa t s , s a fegua rd s  goa l s ,  s a feg u a rd s  

capa b i l i t i e s , a nd cost s . 

Th e goa l s a nd other  i nfo rma t i o n  fo r the  DOE safegua rd s  prog ram a re presented 

i n  WASH- 1 53 5  and ERDA-1 53 5 .  The safeguard s  as pect s of a dep l oyed LMFBR 

fuel cyc l e  we re ad dre s sed in  WASH-1 53 5 .  

The Su ppl eme nt expl a i n s c u rrent c a pab i l i t i e s and  s ummar i ze s  wh at  ha s been 

and i s  b e i n g  done to i m prove effi c i ency and  effect i ve ne s s . I n asmuc h a s  an  

ac t i ve prog ram on dome st i c  s afeguard s  fo r the  bac k e nd of t he fue l cyc l e  

wa s underway i n  1 9 7 5  a nd wa s d e sc ri bed i n  ERDA-1 535 , Vo l .  1 ,  Sect i o n  I I I -C . 2 ,  

i t  wa s c on s i dered a p propr i ate to re po rt o n  the  c urrent st a t u s  of t h i s 

prog ram i n  t he  Su ppl eme nt . 

There are a number of stu d i e s c i ted i n  the  S upp l ement  t h at exam i ned the  

t hreat to  dome st i c  nuc l e ar  fac i l i t i e s  and s u pp l ement the d i sc u s s i o n i n  

WASH - 1 535 a nd ERDA- 1 53 5 .  S i nce a number of exi st i ng DOE fac i l i t i e s 

( reactors , reproc es s i ng ,  fabr i c at i o n )  and s h i pme nt s are s i m i l ar i n  c h aracter 

to those fo r the  LMFBR fue l  cyc l e ,  a p i c t ure of the t hreat as  prese n t l y  



understood h a s  been d i rect l y  de sc r i b ed . However , a s  newl y pe rc e i ved 

threat s evo l ve i n  t i me ,  t he LMFBR s a fegua rd s  and sec ur i ty techno l ogy a nd 

phys i c a l  prot ect i o n  strateg i es wi l l  a l so  evol ve , a s  t hey h ave over t he 

1 a st 35  years . 

New DOE fac i l i t i es ,  s uc h  a s  the new p l uto n i um sto rage vau l t at Rocky 

Fl at s ,  t he sma l l m i xed-ox i de fuel fab r i c at i o n  l i ne a s soc i ated wi t h  t he 

FFTF , t he fa st b reeder  s pe nt fuel reproc e s s i ng fac i l i ty b e i ng deve l oped by 

Oak R i d ge Na t i o na l  Laboratory , a nd t he CRBRP , a re al l be i ng de s i gned fo r 

effect i ve safegu a rd s , emphas i z i ng automat i o n ,  ma s s i ve cont a i nme nt , o n- l i n e 

me as ur i ng  i nstrument s ,  control  of perso nnel and cont i nuo u s  surve i l l a nce . 

As each of t he se come s i nto operat i o n ,  t he sa feg ua rd s / p hys i c al protec t i o n  

fe at ures wi l l  b e  te sted i n  order t o  detect and remedy we aknes se s  and to 

l earn  how to  des i gn t he  next s uc h  fac i l i ty fo r more effi c i e nt sa feg u a rd s . 

The t i meta b l e th rou ghout the propo sed RD&D pha se c a l l s  fo r s i mu l t a neou s 

safeg uard s  system des i g n  and eval uat i o n  al ong wi t h  the de s i g n  and eva l uat i o n  

of the  i nd i v i d ua l  fac i l i t i e s .  

Sa fegua rd s  and  ope rat i ng req u i rements  often  compl ement each  othe r .  

I s o l at i o n  of  p l uto n i um fuel s i n  nuc l ear fue l proc es s i ng fac i l i t i e s , 

s h i el d i n g , remote control , o n- l i n e me asur i ng i n strume nt s , a nd automat i o n  

may red uc e  ex po s ure of pe rso nne l  t o  rad i at i o n , red u c e  t he r i s k  of  a 

cr i t i c al i ty excurs i o n ,  a nd i mprove prod uc t i o n  qua l  i ty c ontrol . I n  add i t i o n 

they a l l cont r i bute  to s a fegua rd s  effect i ve nes s .  The maj or  d i rect c a p i ta l  

and ope rat i ng s a fegua rd s  costs  are as soc i ated wi t h  ext er na l  barr i ers , 

i nt ru s i o n  d etecto rs , h a rdened g uard post s , a nd secur i ty pe rso n nel . The se 

cost s fo r present maj o r  LMFBR fac i l i t i e s amount  to l e s s  t h a n  3% of to tal  

fac i l i ty ope rat i n g  cost s .  S i m i l ar co st s c an be proj ect ed fo r fut ure LM FBR 

fac i l i t i e s .  
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The q ua l i ty of  a d ome st i c  s afeguard s  sys tem s ho u l d not be  a s s e s sed on l y  

o n  the b a s i s o f  the accuracy o f  meas urement s  o r  on t he potent i a l re s u l t s  

of pe r i od i c  mate r i a l  ba l a nces , but  rat her  on a comb i n at i o n of measures  

wh i c h  i n c l ude control l ed acc e s s ,  c onta i nment , s urve i l l ance , etc . ,  wh i c h  

a re t he prope r me a sures  t o  deter o r  to de tect and  res po nd to attempted 

the ft s  o r  d i ve rs i o n .  

C l a s s i c al l y , mate r i a l  accoun t i ng h a s  emp h a s i zed peri od i c  p hys i c al i n ven

to r i e s , c om pa r i n g  wh at  wa s fo und  to what the rec ord s  of  rec e i pt s ,  s h i pme nt s ,  

and  d i scards  i nd i c ated s ho u l d be there , a nd determi n i ng t he book- i nventory 

d i ffe rence and  t he com b i ned u n certa i nt i e s  i n  the d i ffe re nce . C l ear l y , 

d i scove ri ng t hat somet h i ng m i ght  have been sto l en a fte r many mont h s  of 

ope ra t i o n  wou l d  not b e  very u sefu l  fo r sto p pi ng or re s po nd i ng to a 

d i vers i on . Systems have been de s i gned and  demo nst rated wh i c h  emp l oy 

on- l i ne i n st rument s  to cont i n ua l l y  me as ure the materi a l  fed i nto and t hat  

wi thd rawn from eac h u n i t  proce s s  i n  a fue l  fab r i c at i o n  p l ant . Al go r i t hms  

have a l so been devel oped t hat u se the data from t he se sys tems to  detect 

sma l l and abrupt or  more prol onged d i ve rs i o n  from eac h stage of the  

proc es s .  U . S .  s a fegua rd s  today empl oy c onta i nme nt , s urve i l l a nce , mate r i al 

ac cou n t i ng , personne l  po rta l  mo n i tors  and  ot he r me a s ures  to catc h  a ny 

i n terna l  ad ver s a ry befo re that pe rso n c an remove mater i a l s from a fac i l i ty .  

Pe r i o d i c  p hys i c al i nve nto r i e s  and  mate r i a l  ba l ances  cont i n ue to be usefu l  

to  determi ne whet he r or  no t t he prornpt d etect i o n  el eme nt s and  safeg ua rd s  

a s  a who l e  a re pe rfo rm i ng adequate l y .  

Comment  ( Letter # 1 1 ,  p a ge 3 7 ) : 

li The DE IS  me nt i o ns t h at the B a rnwe l l Nuc l ear Fue l P l a nt i s  b e i ng  u sed 

to deve l op advanced s a feguard s  and  t he l atest  meas ureme nt and  control  
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techno l ogy . To wh at  ext ent i s  the BNFP  to be i n corpo rat ed i n  the LM FBR 

program? I s  it d e s i g n ed fo r fu l l y  remote re proc e s s i ng and t he ut i l i za t i o n  

of advanced s a fe g ua rd s  techno l og i es ? "  

Res ponse : 

Al t hough  the  BNFP  i s  not a pa rt of t he LM FBR program , re s u l t s  of safeguard s  

RD&D ac t i v i t i e s  a t  t he BNFP  wi l l  b e  used as  appropr i ate i n  LM FBR- rel ated 

fac i l i t i e s .  

The Ba rnwe l l fac i l i ty i s  d e s i gned fo r a com b i nat i o n  of c ontac t  and remote 

reproces s i ng .  S i nce 1 9 7 6 , s c i e nt i st s  at t he Ba rnwel l fac i l i ty h a ve 

conducted s t ud i e s o n  s pe nt fue l management , a l ternat i ve fue l cyc l e  mater i al s ,  

reproce s s i ng  methods , a nd s a feguard s . S i nc e Ba rnwe l l has o n l y  proces sed 

co l d  u r an i um so l ut i o n s , i t  h a s  been po s s i b l e  to i n s ta l l ad d i t i ona l  eq u i p

me nt fo r safegua rd s  and  secur i ty .  The Ba rnwe l l fac i l i ty has  an ad vanc ed 

dome st i c s afeg ua rd s  operat i ng sys tem . I n  ad d i t i o n , i t  h a s  been used fo r 

stud i e s of nea r- rea l -t i me proce s s  mon i tor i ng techn i que s wh i c h  may be  u se-

ful  fo r i ntern at i o na l  s a feguard s . The h i gh l y  a ut oma ted mate r i a l cont rol 

and ac cou n t i ng  system , a nd t he phys i c a l  protect i o n  system , wh i c h i n c l udes 

cont i nuo u s  TV s urve i l l a nce of  al l area s ,  a re desc r i bed i n  n umerou s pa pers  and 

re po rt s . I n  add i t i o n to those  references c i ted i n  the Dr aft Su ppl ement , s ome 

rec ent pa pers  de sc ri b i ng s a feg u a rd s  c apab i l  i t i e s  are l i st ed bel ow : 

Charl es  Joseph , " I n s pect i o n s  - A Co st  Effect i ve Ap proac h "  

( com put er i zed nuc l e ar  mate r i a l cont rol and account i n g system 

use s ) , Jou r n . N uc . Mat . Man . ,  Vo l . 1 0 , P roceed i ngs  I s s ue 1981 , 

page s 52-5 7 . 

L .  D .  Barne s , " Acces s  Control  Sys tem Ope rat i o n , "  i b i d , pages  232- 2 37 . 
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D .  D .  Co b b , et  a l . ,  " Devel opme nt  and  Demo nstrat  i o n  of Nea r- rea l -t  i me 

Ac coun t i ng  Sys tems fo r Re proces s i ng P l ant s , "  i b i d , pa ges  41 1 -42 1 . 

D .  D .  Co bb , et  a l . ,  " Demo nst rat i o n  of Near- real -t i me Accoun t i n g : The AGNS  

1980 M i n i run s , "  J o ur n . Nuc . Mat . Ma n . , Vo l . 1 0 ,  No . 1 ,  1 981 , pages  34-4 3 .  

L .  D .  Ba rnes , e t  a l . ,  "Automa t i c  Sys tem fo r Control l i ng Aut ho r i za t i o n , 

Ident i fi c a t i o n , a nd En try i nto Nuc l ear Fac i l i t i e s , "  P roceed i ngs  1981  

Ca rnahan  Co nfe renc e on  Cr i me Co u n termeas ures ( May 1 981 ) .  

Iom���� ( Letter # 1 1 ,  p a ge s  36 to 39 , #23 , a ttac hmen t  1 ,  pages  1 8  to 2 1 ) :  

" Dur i ng t he l a st fi ve ye ars , t here have been a se r i es of U . S .  Gov ernme nt 

Accou n t i n g  Offi c e  ( GAO ) stud i es c r i t i c a l  of ex i st i ng secur i ty meas ures to 

protect nuc l ear  we a pon s , n uc l ea r  mater i a l s ,  a nd nuc l ear  p l ant s .  G i ven  t he  

fa i l ure of  t he  U . S .  government a nd  commerc i a l  opera to rs to  prov i d e  

ad eq uate protec t i o n  fo r nuc l ear  mater i a l s and fac i l i t i e s , wh at  i s  the  

ba s i s  fo r the  appa rent opt i mi sm i n  the  DE I S  t ha t  DOE  wi l l  be  a b l e  to  

devel op a nd imp l eme nt an effect i ve safeg u a rd s  sys tem fo r an  LM FBR fue l  

cyc l e  wh i c h  wou l d  req u i re m uc h  more ext ens i ve hand l i ng and  tran s po rtat i o n  

o f  we apo n s - u s ab l e  mater i a l s ? "  

The breed er  fuel cyc l e  d i ffers  s ubstant i a l l y  from , and  presents  g reater 

safegua rd s  and secur i ty r i s k s  t h a n , t he LWR fue l  cyc l e ,  e i ther  wi t h  once

through  fuel or wi th  p l uto n i um recyc l e .  

The commenter does not c l ear l y s pec i fy wh at i s s ue s  d i s c u s sed i n  t he 

GAO report s represe nt the  ba s i s fo r t hese  a s sert i o n s . The GAO repo rt s  
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conta i n  a wi de m i xt ure of recommendat i o ns  and fi ndi ngs  about safety and 

safeguards  appl i ed to several agenc i es of the U . S .  Government and to both 

domest i c  and i nternat i onal safeguards . The GAO report s  do  not contend 

that the concerns i dent i fi ed i n  the se reports cannot be sat i sfi ed . What 

the se report s  do  i ndi cate i s  that the GAO , i n  performi ng i ts rol e of 

overs i ght and anal ys i s ,  i s  cont i nua l l y  tryi ng to hel p improve U . S .  

safeg uards , based on i t s  own perspect i ve .  

I NFCE and NASAP stud i es have an al yzed the d i fferences between the breeder 

fuel  cyc l e  and a wi de  vari ety of  al ternat i ve breeder fue l cyc l es and 

LWR fuel  cycl es , i nc l udi ng those of the once-through and of the pl uto n i um 

recyc l e  type s .  The I NFCE st udy part i c i pa nt s , i ncl udi ng the Un i ted States 

and more t han  fi fty n at i ons and i nternat i o nal organ i zat i ons , concl uded 

that al t hough c l osed cycl e systems mi ght be l e ss  prol i ferat i o n  res i stant 

if depl oyed today , no s i ng l e  j udgment about the r i s k  of  d i vers i on from 

the d i fferent fue l cycl es  can be made that i s  val i d  over t i me .  Moreover , 

I NFCE Work i ng Group  5 concl uded t hat the d i vers i on ri sks  of the fa st 

breeder reactor fuel cycl e were no greater than the l i ght water reactor 

wi th recyc l e  or the l i ght water reactor wi th the once-through cyc l e  i n  

the l ong term . 

The NASAP studi es , d i rected by t he De partment of Energy , recogn i zed that 

each reactor and i t s associ ated fuel cycl e create un i q ue safeg uards  and 

secur i ty requ i rements , and each wi l l  req ui re a un i q ue safeguards  res ponse 

and approach . However , NASAP a l so concl uded that t i me and the evol ut i o nary 

devel opment of safeguards  cou l d be a maj or factor i n  reduc i ng  the d i ffer

ences i n  the rel at i ve prol i ferat i o n  res i stance of al ternat i ve fuel cycl es .  
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Sen s i t i ve poi nts i n  the nuc l ear fuel cyc l e  as i denti f i ed by I NFCE i ncl uded 

breeder mi xed oxi de fuel , urani um enri c hment fac i l i ti es and tech nol ogy ,  

spent fue l  storage , reproces s i ng ,  pl u ton i um s torage , MOX fab ri cati on , 

once-through cyc l e  spent fue l  and transpo rtat i on . Reactors wi th batch 

refue l i ng we re vi ewed as bei ng l es s  sens i ti ve than other s teps of the fuel 

cyc l e .  

Both I NFCE and NASAP recogn i zed that  safegu ards and securi ty ri sk s are 

di fferent for di ffe rent fue l  cyc l es ,  that these ri sks  are affected by the 

deg ree to wh i c h  appropr iate safeguards are devel oped and i mp l emented ,  a nd 

that over  th e l ong term ,  no pa rt i cu l ar fue l  cyc l e  wi l l  necessari ly  produce 

an excepti onal  prol i fera tion  r isk . 
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5 .  Waste Management 

Mos t  of the comments  on the Suppl ement concern i ng wa ste management  i s sues  

were prev i ou sly rai sed and addres sed du ri ng the course of  the  NRC  Waste 

Confi dence Ru l emak i ng proceedi ngs ( N RC Docket PR-50 , 5 1 ; 44 Federal 

Reg i ster 61372 ) .  Re sponses  to comments often i nc l ude references to DOE l s 

Statement  of Po s i ti on and Cros s-Statement  fi l ed i n  the NRC Waste Confi dence 

Ru l emak i ng proceedi ngs . Page and paragraph numbers of appl i c ab l e  materi al 

from DOE l s  s tatements are prov i ded as ap propri ate .  

Comment ( Letter #2 1 ,  a ttachment 2 ,  page 2 ;  and attachment  3 ,  Appendi x C ) : 

li l t  i s  que sti onabl e that a wa s te di sposal fac i l i ty wi l l  be operati onal 

by the peri od 1997 to 2006 , and  that i t  wi l l  be i n  a geol og ic  medi um wh ich  

meets NRC  regu l at i ons and  E PA  pe rformance standards . 1I 

Response : 

DOE bel i eve s that i ts sc hedu l es for di spo sal  act i v i t i e s  rep resent an 

appropri a te pl ann i ng bas i s and adequately i dent i fy the acti v i t i e s  ( a nd 

the i r  durati ons , i nc l ud i ng conti ngenc i es to al l ow fo r publ i c  heari ngs  and 

publ i c  i nterac t ions , i n  both the s i te sel ec t ion  and s i te devel opment 

s tages )  needed to compl ete the projects i n  a rea sonabl e ti meframe . The 

exi sti ng and devel op i ng NRC regu l ati o n s , and devel op i ng EPA s tandards , h ave 

been taken  i nto co n s i derat i on i n  devel op i ng these schedu l es .  

( C ross-Statement  page 1 1 -46 , paragraph 3 ;  page I I -52 , conc l u s i on paragraph ;  

and page 1 1 - 1 30 , paragraph s 1 a nd 2 . )  
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_�_�m.e_�� ( Letter #2 1 ,  a ttachment 2 ,  page 3 ;  a nd attachme nt 3 ,  Appe nd i x  C ) : 

" Te n  thou sand  years may not be  s u ffi c i e nt t i me fo r sto r i n g  nuc l ea r  wa ste i n  

a m i ned repo s i tory wh i c h  meets NRC and  EPA req u i reme nts , u n l e s s  s i g n i f i cant 

conta i nme nt i n tegr i ty i s  ac h i eved beyo nd t h i s t ime pe r i od . "  

Mo st  eva l u a t i o n s  i nd i c ate that , d u r i ng t he fi rs t 1 0 , 000 ye ars , t he rad i o

l og i c a l  ha za rd d ue to s pe nt fue l or  h i gh  l eve l  wa ste p l aced i n  a repo s i tory 

wi l l  decrea se to a p prox i mate l y  t he l evel s of rad i o l og i c a l  h a za rd a s soc i ated 

wi th  natura l l y  occurr i ng  uran i um ore bod i e s .  Th erefo re , reaso nab l e  as s urance 

that  i so l a t i o n  wi l l  be  ac h i eved d ur i ng t he fi rst 1 0 , 000 ye ars  wi l l  be prov i d ed , 

w i th  no pred i c t i o n  of s i gn i f i c ant dec reases  i n  i so l at i o n  beyo nd that  t ime . 

( Cros s-Statement page I I - 72 , pa ragraph 2 t hrough page I I -74 , f i rst  pragraph . )  

Comment ( Lette r #2 1 ,  attachme nt 3 ,  page 3 9 ,  a nd Ap pe n d i x  C ,  pages  13 a nd 1 4 ) : 

The DE I S  d i scu s s i o n  of i ns t i tut i o na l  obstac l e s to DOE ' s  wa ste manageme nt 

program i s  a l most  no nex i stent . 

The purpose  of t he S upp l ement i s  to present an update of i n fo rmat i o n  pe rt i 

nent to the LMFBR prog ram . I n st i t u t i o na l  obsta c l e s  to wa ste management 

prog rams a re not new . A p rog ram to dea l  w i th these obstac l es ha s been better  

def i ned s i nce  1 9 75 and  i s  de sc r i b ed i n  the S upp l eme nt ( Sect i o n  V I . A . ( 3 ) 

and Appe nd i x  B ) . I n  i t s  Cros s-Stateme nt , DOE  ag reed wi t h  ot her pa rt i c i pants  

that i n  the pa st t he federa l  government h ad  not  adeq uate l y  addres sed no n

tec hn i c a l  prob l ems , i . e . , i n st i t ut i o na l  obstac l e s  ( DOE Cros s -Stateme nt at 

page I I I -5 ) .  Th i s  i s  not the case  today . DOE h a s  estab l i s hed agreeme nts  
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wi th  state s and accoun ted for i n st i t ut i o na l  concerns  i n  i t s  pl ann i ng .  

I n  add i t i o n , DOE be l i eves  that  the nat i o n  ha s dec i ded that  reso l ut i o n  of 

the nuc l ear  waste i s s ue i s  e s se nt i a l . Therefo re , t he pub l i c  wi l l  h o l d i t s  

i ns t i tut i o ns accoun tab l e  for exped i t i ou s , good-fa i th efforts  t o  reso l ve 

the i r  d i ffe rences . ( Ad d i t i o na l  d i scu s s i o n of  t h i s  matter i s  fou nd i n  t he 

DOE Cros s-Statement at Sect i o ns I I -A and I I I -A . ) 

Comment ( Letter #2 1 ,  a ttac hment  3 ,  page 39 , a nd Ap pe nd i x  C ,  page s 14- 1 6 ) :  

The DE I S  d oe s  not addres s :  1 )  DO E ' s  fa i l ure to ma i n ta i n  a con s i st ent 

pr og ram ; 2 )  the s ubsta nt i a l changes  i n  prog ram goal s wi t h  eac h s ucce s s i ve 

adm i n i strat i o n ; 3 )  t he prol i fe rat i o n  of dec i s i o n makers i n  the  federal  

gov ernme nt ; a nd , 4 )  the  d i v i s i o n  of j ur i sd i c t i o n  i n  Cong res s over wa ste 

di sposal  • 

Response : 

The re are exampl es o f  pa st pe rfo rma nc e wh i c h  c ontr i buted to var i at i o ns  

of  t he wa st e ma nageme nt prog ram . However , s i nc e  1977  there h a s  been a 

s i g n i f i c ant i nc rease i n  fund i ng ,  i nc rea sed i nterage ncy c oope rat i o n , 

and t he i n i t i at i o n  of a fo rmal , b ut fl ex i b l e ,  ma n ageme nt sys tem to  meas ure 

prog ress . The se me a s ures  wi l l  enab l e  DOE to ma i nt a i n  co n s i ste ncy i n  i ts 

effo rt to compl ete the  wast e i so l at i o n  prog ram s uccessfu l l y .  ( Add i t i o n al 

i nfo rma t i o n  on t h i s  i s sue can  be fou n d  i n  Sect i o n  I I -A. 5 of t he DOE 

Cros s-Stat eme nt . )  

DO E n ote s t hat  t he most rec ent c h an g e  i n  adm i n i strat i o n  d i d  not res u l t  

i n  c hanges  t o  t he b a s i c  structure  and goal s of  t he ong o i ng NWTS prog ram . 

The current admi n i strat i o n  i n i t i ated effo rt s to ac cel erate the  prog ram and 

prov i de fo r a test and eva l uat i o n  fac i l i ty .  I n  fact , t he Pres i de nt ' s 
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Nuc l ear  Po l i cy St atement of Octo ber , 1981 , em phas i zed the  nec ess i ty o f  a n  

ac c el erated wa st e management program . Th i s  ha s not res u l t ed i n  a c h ange  

i n  the goa l  of prov i d i ng a m i ned geol og i c  wa ste d i spo s a l  system i n  a t i mel y ,  

s afe , a nd en v i ronmenta l l y ac c ept ab l e  manner . ( Add i t i o na l  i nfo rmat i o n  o n  

th i s  i s s ue c a n  be fo und i n  Sect i o n  I I -A . 2 . 2  of t he  DOE Cros s- Stateme nt . )  

DOE ac knowl ed ges  t h at there  a re a n umber of fed eral  age nc i e s  i nv o l ved 

i n  the d ec i s i o n  proce s s  re l at i ve to wa ste management . Th i s  en sures 

cons i de rat i o n  of d i verse  v i ewpo i nts . DOE a nd ot her i nvo l ved agenc i es 

have rec og n i zed the need to coope rate a nd to t h i s end h ave ent ered i n to 

and est ab l i shed var i o u s  mec h an i sms , s uc h  a s  memo rand a of understa nd i ng a nd 

i nterage ncy wo rk i ng comm i ttees . Examp l e s  are the Earth  Sc i ence s Tec h n i c a l  

P l a n  w i th t he U . S .  Geo l og i c al Survey a nd coope rat i ve effo rt s wi th  the  

Bureau of Land Manageme nt and t he U . S .  Army Corp s o f  Eng i neers . ( Add i t i o n a l  

i nfo rmat i o n  o n  th i s  i s s ue can  b e  fo und i n  the  D O E  Cros s-St ateme nt a t  pages  

I I -8 to  I I - l l . )  

The De pa rtment d oes  not bel i eve that mu l t i p l e commi ttee j u r i sd i ct i o n  i n  

Co ngres s has  had an ad ve rse effect o n  t he wa ste management prog ram . 

C omment ( Letter #2 1 ,  attac hme nt 3 ,  page 39 , a nd Ap pe nd i x  C ,  p ages  16 a nd 1 7 ) : 

The DE I S  does  not a n a l y ze the prob l ems a s so c i ated w i t h  state and l oca l  

concern s ove r waste  d i s po s a l  a nd  t he federal  gove rnme nt ' s  c ons i ste nt 

fa i l ure  to deal  w i th  these i ss ue s . 

It i s  not the  i ntent of  t he S upp l eme nt to d i scu s s  t he deta i l s  o f  t he 

prob l ems a s so c i ated wi t h  st ate and l oca l  govern nme nts  oppo s i ng t he s i t i ng 
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of was te di sposal s i tes wi th i n  thei r re specti ve boundari es . Appendi x B of 

the Suppl ement  doe s set forth DOE ' s  pol i cy that dec i s i ons  wi l l  be made 

openly a nd subject to publ i c  scru ti ny ,  part i c i pati on , and rev i ew .  As 

di scu ssed i n  DOE ' s Cross-Statement , the mechan i sms to i ncorpo rate s ta te 

and l ocal v i ews are s ti l l  evol v i ng ( DOE Cross-Statement at  page 1 1 - 1 6 ) . 

Mechani sms to exchange i nformat i on and to address  the concern s rai sed by 

s ta te and l ocal governments are i n  pl ace ( DOE Cros s-Statement at pages 

1 1 - 1 9  and 1 1 -20 ) . For exampl e ,  agreements have been entered i nto wi th 

s tates , and l i cens i ng ,  arb i trati on , and reso l u tion  by the Pres i dent and/or 

Congres s are al ways  ava i l ab l e  confl i c t  resol u t i o n  mechan i sms . Confl i ct 

re so l u t i on i s  al so addres sed i n  many of the nuc l ear wa ste management bi l l s  

curre ntly  before Congres s .  ( Addi ti onal di scu ss i on of th i s  matter i s  found  

i n  Sect i o n  I I -A . 4  of  the Cros s-Statement . ) 

Comment  ( Le tte r #1 1 ,  page 4 9 ) : 

The Test and Eval uat ion  F ac i l i ty ( TEF ) wa s characteri zed as  a maj or 

s tep to hel p i denti fy i s sue s  tha t mi gh t  s i g n i f i cantly  del ay the wa s te 

management  program . I t  wa s suggested tha t i f  the Test  and Eval u ati on 

Faci l i ty i s  cons tructed at a po ten ti al repo s i tory s i te i t  wi l l  jeopardi ze 

the i n tegri ty of the proposed s i te .  

Respon se : 

The Tes t  and Eval uat ion  F ac i l i ty ( TEF ) i s  i ntended to confi rm de s i gn and 

pract i cal  co n s i derat ion s  rel a ted to occu pati onal expo sure protect ion , wa ste 

handl i ng ,  a nd shaft and vent i l a ti on perfo rmance .  I t  i s  poss i b l e  that  

the name Tes t  and  Eval uat ion  Fac i l i ty mi scon strues the objecti ve of  the 
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fac i l i ty .  I t  i s  not u n l i ke a p i l ot pl ant o r  sca l ed- down vers i o n  of 

the actua l  repo s i to ry .  

The TEF i s  n ot o n  t he c r i t i c a l  des i gn  and engi neer i ng path  for con struct i ng 

a repos i tory .  The TEF wi l l  not addres s  s i te- s pec i f i c  i ss ue s  rel ated to 

the sa fety of pe rma nent l y d i s pos i ng of and i so l at i ng h i gh- l evel  wa st e . 

The l oweri ng a nd p hys i c al emp l ac eme nt of he avy c an i sters i nto an underg round 

env i ronme nt is  not a part i c u l ar l y u n i q ue or comp l ex req u i reme nt . Al so , 

the  phys i c a l protect i o n  of wo rke rs hand l i ng rad i oact i ve mater i a l s  i s  not 

a new prob l em a nd has been s uc ce s s fu l l y  accompl i s hed fo r ye ar s . 

Co nsequent l y ,  t he purpose of t he TEF i s  to confi rm and f urther eval uate 

the perfo rmanc e of p rototyp i c a l eq u i pme nt , i n strume nta t i o n ,  a nd tec h n i q ue s .  

I t s  funct i o n  i s  o ne o f  ve r i f i c at i o n on l y .  The TEF s hou l d not b e  con fused 

wi th  at-depth test i ng wh i c h  wi l l  be pe rfo rmed at eac h  repos i tory s i te . 

The sc i ent i fi c  re se arch d one d ur i n g  t he at- depth test i ng phase  wi l l  

s pec i f i c a l l y  addre s s  t he  c apa b i l i ty of the  l oca l  geol og i c  e n v i ronme nt to 

i so l ate h i gh- l evel  nuc l ear  wa ste over l ong pe r i ods of t ime . 

I f  a TEF i s  s i ted at a s i te proposed fo r a re po s i tory , DOE  i s  c ommi tted 

to a s s ure that the TEF doe s  not i n  any way j eopa rd i ze the i nteg r i ty of  

t he proposed s i t e .  

Comment ( Lette r # 1 1 ,  p ages  42 a nd 4 3 ) : 

" The DE I S  seeks  to g l o s s  over the wa ste man ageme nt i s s ue w i t h  a b r i e f  

a nd g l owi ng  d i sc u s s i o n  . . .  The DE I S  i n  t h i s  a rea i s  i naccur ate a n d  gros s l y  

m i s l ead i ng . . • The Wa ste Co nfi dence R u l emak i ng comment s • • • s hou l d b e  refe rred 

to at l engt h i n  the prepa rat i o n  of the  F i na l  En v i ronmental  Impact Stateme nt 

and i n  re ac h i ng a fi na l  dec i s i o n  on the LMFBR prog ram . "  
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DOE acknowl ed ged i n  the Supp l ement t h at the  maj or  wa ste man ageme nt 

i s s ue i s ,  and  h a s  been , t he un ava i l ab i l i ty of a general l y  accepted method 

fo r remov i ng a nd segregat i ng  h i gh - l evel and tran s uran i c  rad i o act i ve wa stes 

from man ' s  env i ro nme nt fo r the l ong t i me pe r i ods  req u i red fo r these wa ste s 

to dec ay to s afety l evel s ( S u pp l ement , page 1 73 ) . 

I n  ad d i t i o n ,  t he Depa rtme nt acknowl ed ged that  t he Nuc l ear Reg u l ato ry 

Comm i s s i o n  ( NR C )  i s  c o nd uct i ng a ru l emak i ng proceed i ng to rea s ses s  i t s  

degree o f  c onf i denc e that  h i g h - l evel  rad i oact i ve waste wi l l  be s a fe l y  

d i sposed of , a s  we l l a s  t o  determ i ne when such  d i spo sa l  wi l l  be ava i l ab l e  

and whether such  wa ste s c an be s a fe l y  sto red un t i l t hey a re s a fe l y  d i s posed 

of ( S u p pl eme nt , page 1 78 ) . It  wa s be l i eved t hat  t he se stateme nts  are 

suffi c i e nt to a l ert t he pub l i c  that t here are orga n i zat i o n s , s tate and 

l oca l  gove rnme nt s ,  a nd i nd i v i d u a l s t h at ho l d  the op i n i o n  that  there wi l l  

not be  a d i s po sa l  sys tem i n  pl ace as  p l a nned fo r by DOE . 

The i s s ue s  a s soc i ated wi t h  wa ste man ageme nt ra i sed by t he comme nters 

are addres sed i n  the  Co nf i denc e  Ru l ema k i ng .  DOE ' s  res po nse to these and 

other i ss ue s  are conta i ned i n  the Stateme nt of Pos i t i o n  of  the Un i t ed 

St ate s Depa rtme nt of Energy ( DOE/NE-000 7 )  a nd the Cros s-St ateme nt  of t he 

Un i ted States Depa rtme nt of  Energy ( DOE/NE-0 00 7 ,  S u p pl eme nt 1 ) .  Th e 

rec ord of th i s  proc eed i ng i s  so vo l umi no u s  that  i t  i s  not pos s i b l e ,  n o r  i s  

i t  neces s ary ,  to ad dress  al l the se i s s ue s  i n  the Su ppl eme nt . Some s pec i fi c 

res po ns e s  to the i s s ue s  ra i sed i n  s pe c i fi c  comme nt s are prov i ded , however . 

Comme nt ( Letter  # 1 1 ,  page s 46-5 7 ) : 

" Fa i l u res  and  Defi c i e nc i e s t h at Have P revented S ucce s sf u l  Waste Manageme�!. 
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l����_..?_��_l��t_£!:.��l�.d�.�Jlndi  n_Lt h��_J:.�� P u�LL�wi l l_��otected 

from LMFBR Wa stes  . • .  

a .  pOE '2.Ji�s_t� Man�9.eme�tlE.ogra�-.-rn_��� be V i ewed i n  L i ght  

.2f.JJ:� __ tlJ�_tory �_t����t e ��_J�i.l�re • • • 

b .  -'=-�<:.�_ of.��a_�i.�_for _Co nc 1 ud  i ng  t.hat i�_�_A�eptab  1 e S i te 

Has  Yet Been I dent i fi ed • . .  

c .  Fa i l u re of the  DOE Waste Ma n ageme nt P rogram to Fo l l ow t he 

Co ncept s of a Systems  Approach a nd Defe n se- i n-Dept h  • . • " 

The wa ste ma nagment program i n  the  Un i ted States  ha s been  underway fo r a 

number of years .  Dur i ng t hat  t i me , however , a nd contrary to t he comme nter ' s 

a s sert i o n , s i g n i f i c ant progre s s  ha s b een  made i n  both the  tec h n i c al and 

i n st i t ut i o na l  area s .  

Co ncer n i ng comme nt " a , "  i t  i s  noted that ste ady a nd co nt i n u i ng prog res s 

ha s been  made i n  both the tec h n i c al and " i n s t i tut i o na l " a s pect s of  wa ste 

d i s po s a l . Fo r exampl e ,  f i el d tests  are und erway , or have been conduc ted , 

i n  a n umber of te st med i a  i n c l ud i ng s a l t ,  g ran i te ,  basa l t ,  t uff and c l ay .  

The te sts  have prov i d ed tec h n i c a l  data fo r phys i c a l  c har ac te r i za t i on of 

the v a r i o u s  med i a  and fo r ut i l i za t i on i n  the devel opme nt of model s .  

Furthe r ,  o n go i ng f i e l d exp l orat i o n  act i v i t i e s  cont i n ue to prov i d e  s i te 

s pec i f i c  data fo r u s e  i n  the  se l ect i o n  proc es s .  

The comp l ex i ty of  t he wa ste d i spo sa l  i s s ue i s  fu l l y recog n i zed by t he 

Depa rtme nt . As a co n se q ue nce of t h i s recog n it i o n , t he Depa rtme nt ha s 

estab l i shed a d eta i l ed p l an fo r i n teg rat i o n  of b ot h  tec h n i c a l  and 

i nst i t ut i o nal  concerns i n c l ud i ng s i t i ng , reg u l atory , s oc i o- po l i t i c al , 
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and env i ronme nta l  req u i reme nts  i n  a t i me l y  manne r .  Th e De pa rtme nt 

rec ogn i ze s  t h at the pred i c t i o n  and eval ua t i o n  of so c i o-econom i c  and 

po l i t i c al i s s ue s  c an not be  made w i t h  the same l evel  of conf i denc e  as  t he  

case fo r techn i c a l  i ss ue s  b ut cont i n ue s to  ma i nt a i n  th at  evol v i ng p ub l i c  

and l eg i s l at i ve awa reness  o f  the  sc ope of t he wa ste man ageme nt prob l em ,  

co u pl ed wi t h  a recog n i t i o n  of t he soc i al imp l i c at i o n s  of t he program , wi l l  

res u l t i n  reaso nab l e  a s s urance t h at the  pr og ram i s  c o nt i n u i ng to make 

progress  toward a s afe and env i ronme nt a l l y  acceptab l e  repo s i tory wi t h i n 

the t i mefr ame s i nvo l ved . ( De ta i l ed cons i dera t i o n s  of the se po i nt s  a re 

fo und  i n  t he DOE Co nf i d enc e  R u l emak i ng Pos i t i o n  St a teme nt  at pages  1 1 -244 , 

1 1 -288 , 1 1 1 - 6 5 ,  a nd 1 1 1 -86 , a nd i n  the  DOE Cros s-Stateme nt  at page 1 1 -28 

and page s I I - 5 5  to 6 1 . )  

Reg a rd i ng t he comme nt er 1 s second maj o r  po i n t ,  DOE l s  s i te se l ect i o n  and 

te s t i n g program i s  b e i ng conducted in a numbe r of med i a  and potent i a l s i te s  

wi th  t h e  rec og n i t i o n  o f  a cert a i n probab i l i ty t ha t  some o f  t he poten t i a l  

s i te s  wi l l  be foun d  t o  b e  u n s u i t ab l e ,  o r  l es s  s u i t ab l e  t h a n  ot hers . 

Bec ause o f  t h i s c o n se rva t i ve , s tep-by-step  approac h , t he De pa rtme nt  i s  

confi dent t h at a s a fe and env i ronme nta l l y  acceptab l e  re po s i tory wi l l  beg i n 

ope ra t i o n  between  1 9 97 and  2 00 6 .  ( For further i n fo rma t i o n  see t h e  DOE 

Cros s-Stateme nt at  pag e s  1 1 - 1 38 to 1 40 ,  a nd t he DOE Po s i t i o n  Statement  

at page 1 1 - 1 28 . ) 

Co ntrary to  the commenter l s as sert i o n  t h at DOE i s  not a p p l y i  ng a II sys tem ll 

and II defe n se- i n- dept h ll a p proach  to wa st e  man ageme nt , t he De partme nt  h a s  

con s i st ent l y  r e i t erated i t s ded i c at i o n  to both o f  t he se conce pt s .  The 

defe n se- i n-dept h  c o ns i derat i o n s  i nherent  i n  the DOE program are be st 

i l l u s trated i n  the red und ancy o f  b arr i ers  found  i n  the i ntegrat i o n  of t he 
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natura l  and eng i neered sys tems i nto an  overal l repo s i to ry sys tem , a s  wel l 

as c on s i dera t i o n  of t he i n teract i o n  of o n e  pa rt of the  sys tem wi t h  another  

i n  de s i gn of t he sys tem ( fo r  ex amp l e ,  t hermal impac t s  o n  the  med i a ) . Th i s  

ap proac h not o n l y e n a b l e s t he app l i c at i on of c o n serva t i ve des i g n pr i nc i pl es , 

but a l so prov i d e s  a tec h n i que fo r add i ng t he fl ex i b i l i ty necessary to 

i nc rea se system effect i venes s and to rel ate the wa ste form a nd package to 

s pec i f i c  med i a .  C r i ter i a  have been devel oped and de sc r i b ed rel at i ve to 

bot h  the nat ura l  and e ng i neered system wh i c h  may n ot be dev i at ed from 

wi tho ut a c l e arl y demo n strab l e  benef i t  i n  overa l l system effect i venes s . 

I n  rega rd to the  statement that poten t i a l  s i tes  have been sel ected on  

a " federal  owners h i  p It ba s i  s a nd w i  thout predeterm i  ned  cr iter i  a ,  t he  DOE 

program i s  not l i m i ted to federa l l y  owned prope rty but i s  ac t i ve l y 

i n ve st i ga t i ng potent i a l s i t es  l oc ated on pr i vate prope rty . S i te se l ect i o n  

fac to rs we re spec i fi c a l l y  c h o sen  ba sed o n  t h e  ch aracter i st i c s  needed to 

i so l ate the waste from t he b i o s phere , a nd have been and w i l l  cont i n ue to 

be s ubject  to rev i ew by r ecogn i zed ex pe rt s .  Th e DOE prog ram i s  structured 

to al l ow c o n se rvat i sm rel at i ve to safety by means  of ( a )  a step-w i se 

approac h enab l i ng cont i nu a l  re- eva l uat i o n  of t he ex i st i ng state of knowl ed ge , 

( b ) t he use of rel at i ve l y  i nd epe ndent mu l t i p l e  barr i ers  to make overa l l 

system fa i l ure nearl y i mpo s s i b l e ,  a nd f i na l l y  ( c )  t he u se  of d e s i g n  and  

ope rat i ng margi n s  ( sa fety fa cto rs ) to  ac count fo r any rema i n i ng a rea s of 

uncerta i nty . As the  DOE has prev i o u s l y  st ated , t he mU l t i pl e  barr i e r  

sys tem i s  a s sumed t o  co n s i st o f  t hree maj or  su b systems , t he nat ural  

system , t he wa ste pac kage , a nd t he repo s i to ry ( eng i neered system ) . 

The nece s s i ty fo r r i sk a sse s sme nt and mathemat i c a l  mode l i ng i s  se l f- ev i dent 

d ue to the per i ods  over  wh i c h  a repo s i to ry must funct i o n .  The defe n se- i n

dept h concept i s  not i n co n s i stent wi th  the  r i s k  a ss e s sment approac h , prov i ded 
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adeq uate marg i ns of  sa fety ( conserv a t i sm)  a re co n s i ste nt l y i nc l uded to 

accoun t for 1 e s s  t h a n  " compl ete k nowl ed ge"  i n  any part i c u l  ar area . A 

defi n i t i o n  of " acc eptab i l i tl' i s  o n l y pos s i b l e  wi t h i n t he b roader " system s "  

concept . Much of  t he i n fo rmat i o n  neces sary fo r r i s k  a sse s sment wi l l  be 

der i ved from s i te s pec i fi c  s t ud i es , wh i c h , a s  prev i ou s l y  n oted , a re now 

underway a s  pa rt of the s i te se l ect i o n  prog ram . I n- s i tu st ud i e s  now 

underway , a nd p l a n ned fo r s pec i f i c  s i te s , a re en ab l i ng t he De pa rtme nt to 

veri fy model s at an i ncreas i ng pace wi th  a v i ew to demo nstrat i ng t hat  

there i s  rea so nab l e  a s s urance  of overal l repo s i to ry safety . ( Deta i l ed 

d i scu ss i o n  of the  the se i s s ue s  may b e  found  i n  the  DOE Po s i t i o n  Statement 

at page s 1 -1 5 to 1 9 ,  1 1 -4 , 1 1 - 1 6  a nd 1 7 ,  1 1 -2 2 to 2 6 ,  1 1 -44 , 1 1 -4 6  and  4 7 ,  

1 1 - 1 29 and  1 30 ,  1 1 - 202 to 2 07 , a nd 1 1 1 -3 2 ;  a nd the DOE Cros s-Statement at 

page s 1 1 -3 1 a nd 3 2 ,  1 1 -3 6 ,  1 1 -8 1  to 8 6 , a nd 1 1 - 1 30 . ) 

Comment ( Letter # 1 1 ,  page 5 7 ,  #2 1 ,  a ttachme nt 3 ,  page 38 ) : 

S i nce there i s  no  a s surance  that  a sa fe pe rmanent  d i spo sa l  repo s i t o ry wi l l  

be ava i l ab l e  fo r LMFBR wa stes , i t  m u st be  a s s umed that  LMFBR wa stes  wi l l  

be sto red i n  s hort-term fac i l i t i e s .  Th e s ho rt-term fac i l i t i es wi l l  become 

l ong-term a nd t h i s i s  both pract i c a l l y  a nd l ega l l y  un accept ab l e .  

I n  t he DOE Po s i t i o n  St atement and Cros s-St ateme nt , DOE conc l uded t h at 

( 1 )  s pe nt n uc l ear  fuel  fr om l i c en sed fac i l i t i e s  can  be d i s po sed of i n  

a safe and  env i ronme nta l l y  acceptab l e  man ner , a nd ( 2 )  t he Fed eral  Go vernment ' s  

p l a n  for estab l i s h i ng geol og i c  repo s i to r i e s  i s  a n  effect i ve and  reaso nab l e 

mean s fo r devel op i ng a s afe and  env i ronme nta l l y  accepta b l e d i spo s a l system . 
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Fo r t he rea son s  g i ven  i n  the  DOE Pos i t i o n  Stateme nt  and Cro s s-Stateme nt , 

DOE d i sagree s  wi t h  t he comme nt that a pe rma nent re po s i to ry wi l l  not be  

ava i l ab l e  fo r LMFBR h i gh l evel  a nd  TRU wa ste s .  I n  t he u n l i ke l y  event  that 

wa ste from t he LMFBR fue l  cyc l e requ i res  sto rage , i t  i s  not the i ntent of 

DO E to have a ny i nter i m s to rage fac i l i ty t urned i nto l o ng-term above- ground 

sto rage . 

fom���� ( Letter #21 , attachment 3 ,  page 3 5 ) : 

" No method fo r t he perma nent d i spo sa l  of wa ste ex i st s ,  a s  DOE h a s  adm i tted 

i n  i t s  fi l i ng s  wi t h  the NRC i n  the wa ste co nfi dence  proceed i ng . "  

The DOE  po s i t i o n  i n  t he  Wa st e  Co nf i dence  R u l em a k i ng Proceed i ng h a s  been  

t hat attempt i ng to  ac h i eve a b so l ute conf i d enc e t ha t  a perma nent  wa ste 

d i s po sa l  method ex i st s  i s  un rea l i st i c . Th e De pa rtme nt ' s po s i t i o n i s  

b a sed on t he accepted pr i nc i p l e of reasonab l e a s s urance . The NRC h a s  

co ncur red wi th  t h i s  a pproac h .  DOE  h a s  s hown , t hroughout i t s  po s i t i o n  and 

c ros s- stateme nts  i n  the  Confi denc e  R u l emak i ng Proceed i ng s , t hat recog n i zed 

tec h n i ca l  and i ns t i t ut i o nal i ss ue s  are be i ng ad dres sed wi t h i n t he h i g h

l evel  wa ste manageme nt prog ram , a nd that  a comm i tme nt ex i st s to addre s s  

any n ew i s s ue s t h at may devel op . 

I n st i tut i o na l  concerns  i nc l ud i ng l eg i s l at i o n , i ss ue reso l ut i o n ,  s ta te/ 

l oc al / federa l  government i n teract i o n s , l ega l  proceed i ng s  ( hear i n g s ) ,  

s o c i o-eco nom i c  i mpact s ,  a nd t he reg u l ato ry proc e s s  have been d i s c u s sed 

ext en s i ve l y by t he DOE  i n  i t s  Po s i t i on and Cro s s - statemen t s  fo r the  Wa ste 

Co nf idence Ru l ema k i ng Pr oceed i n g .  In recog n i t i o n  of t he i mpo rtance  of 

such  i ss ue s , t he De pa rtme nt has d evel oped s pec i fi c  p l a n s  for , a nd devoted 
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s i gn i f i c ant re sources to , t he i r  re so l ut i o n .  The co n s i d erat i o ns  i n vo l ved 

i n c l ude eq u i tab l e treatme nt  of the  concerns  of al l pa rt i e s  i nvol ved , 

i nc l ud i ng m i t i ga t i o n  p l a n n i ng where a p propr i ate ) c l ose l i a i so n  wi th  

regu l ato ry agenc i e s ; a nd t he devel opme nt  of  a Nat i o na l  S i t i ng P l a n  and  

as soci ated env i ronme nta l  a s ses sment . 

Rega rd i ng t he concern  that re so l ut i o n  of tec h n i c a l  q uest i o n s  may not 

occur i n  a t i mel y fa s h i o n , t he De pa rtme nt  no tes that  i t s  sc hed u l es  

have  been der i ved based on  an t i c i pated R&D  and  regu l atory req u i rement s .  

Add i t i o n al l y ,  t he DOE  bel i eves  that  the broad range and co n serva t i sm 

( step-wi se a p proac h ) i n herent i n  i t s  tec h n i c a l  devel opme nt  prog ram 

prec l ude the  nec e s s i ty to p l ace total  rel i an c e  on  sat i sfactory c omp l et i o n  

of i nd i v i d ua l  R&D effo rt s .  ( Further i n format i o n  on  t hese po i nt s  i s  fo und  

i n  the DOE Cros s-Stateme nt at pa ge s 1 -6 ,  1 - 7 , 1 1 -3 to 2 2 ,  1 1 -4 5 to  50 , 

I I - 52 to  54 , a nd 1 1 - 70  to  7 9 �  a nd t he DOE Pos i t i o n  Statement at page 

1 1 -298  a nd page s 1 1 1 -6 5  to 6 8 . ) 

�omment ( Letter #2 1 ,  a ttac hment 3 ,  page 3 8 ,  a nd Ap pe nd i x  C ) : 

The number of s i tes  needed fo r d i s posa l  s hou l d h ave been ana l yzed . 

Response : 

The que st i o n  of ava i l ab i l i ty of acce ptab l e  s i tes h a s  been  ad dre ssed 

prev i o u s l y  a nd t he DOE po s i t i o n  cont i n ue s  to be th at the cu rrent prog ram , 

i nvol v i ng severa l  med i a a nd a number of po tent i al s i te s , prov i d e s  reaso nab l e  

a s s ur ance  t h at an  acce ptab l e  s i t e , or s i te s ,  wi l l  be ava i l ab l e .  The 

De pa rtme nt ma i n ta i n s that  the number of repos i tor i e s  u l t i matel y n eeded 

( est i mated at 3 to 6 depe nd i ng on nuc l e ar growt h and re po s i tory heat 

l oad i ng a s s umpt i o n s ) doe s  not adverse l y  i mpa ct current s i t e  sel ec t i o n  and 
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re search a nd deve l opme nt programs . Co nstruc t i o n  a nd l i c e n s i ng of s ubseque nt 

repo s i to r i e s  wi l l  not occur  i n  the same t i me pe r i od a s  the  fi rst  fac i l i ty ,  

a nd t here  wi l l  be no d i l ut i o n  of e i t he r  the De pa rtment s '  o r  t he NRC ' s  

act i v i t i es .  I t  shou l d  a l so be noted that  s i nc e  potent i a l  repo s i to ry s i t es  

are  w i d e l y  d i st r i b uted geog raph i c a l l y , a nd a re i n  seve ra l  med i a ,  t he 

c umu l a t i ve impact of more than  one  fac i l  i ty wi l l  be m i n ima l , a nd t he 

chan ces  of l ocat i ng a n umber of ac cept ab l e  s i te s  are enhanced . ( For  

add i t i o nal i nfo rma t i o n  see the  DOE Cros s-Stateme nt , Sect i o n  I I . A . ! ! . )  

Iom���� ( Lette r #2 ! ,  a ttac hme nt 3 ,  page  3 6 ,  a nd Appe nd i x  C ,  page  7 ) :  

" There i s  no real und ersta nd i ng of t he i nterac t i o n  of  wa ste wi th  host  

roc k a nd the refo re no  a ss u r anc e t ha t  the phys i c a l , c hem i c a l , a nd thermal  

effect s i nd uc ed by t he prese nce of  the wa ste  wi l l  no t c a u se unma nageab l e  

d i s ru pt i o ns . "  

The Depa rtment recog n i ze s  the need to understand and eval uate the  effect s 

of heat a nd rad i at i o n  o n  a s i te .  A body of  k nowl ed ge o n  these  effect s  h a s  

been devel oped . St ud i es have shown t h a t  the effect s of  rad i at i o n o n  rock 

strengt h  are l i m i ted to wi th i n o ne mete r  of t he wa ste ca n i ster and do not 

affect room or  reg i o n a l  sc al e rock respo nse . The rad i o l yt i c  effects  of 

br i ne  c hem i st ry ( fo r  sa l t  as  a host med i um )  a re be i ng facto red i n to wa ste 

pac kage materi a l  se l ec t i o n  s t ud i es .  Ot he r effect s of  rad i at i o n  have been 

shown to be i n s i gn i f i c ant . Th ermal  effect s have been and a re be i ng 

stud i ed and i nc orpo rated i nto mod e l s of  l oca l  rock respo nse . 
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The uncert a i nt i es t h at rema i n  c a n  be accommodated by u se of c o n serva t i ve 

de s i gn s .  Repo s i to ry des i g n s  are be i ng ba sed o n  conserv at i ve tempe rat ure 

l i m i ts . Wa ste pac kage  de s i g n s  a re be i ng deve l oped to l i m i t the effect s of 

wa ste- roc k  i nteract i o n . ( For  furt her i nfo rma t i o n  see DOE Cr oss-St atement , 

page s 1 1 -94 to 9 6 . )  

Comment ( Letter # 2 1 , a ttac hment  3 ,  page  3 7 ,  a nd Ap pend i x  C ,  page  7 ) : 

" L i tt l e i s  k nown about water trans po rt of rad i onuc l i d e s  to the b i os phere . "  

DOE ' s  s i te  c haracter i za t i o n  approach i nc l udes  c areful  eva l u at i o n  of s i te 

hyd rol ogy . St andard tech n i q ue s  ex i st fo r t he eva l uat i on of g round  water 

fl ow t hat prov i de s uffi c i e nt de scr i pt i o n  of t he hyd rol og i c  sys tem to 

a l l ow a s se s sme nt of s i te perfo rma nce . I n  fac t , deep hyd rol og i c  sys tems 

( e . g . ,  geot hermal  systems )  h ave been model ed and s uc ce s s fu l l y  descr i bed . 

Where un certa i nt i es d o  exi st , b ound i ng ca l cu l a t i o n s  are carr i ed out to 

determi ne  t he conseque nc e s  of t he uppe r  l i mi t s  of uncert a i n pa ramete rs . 

I n  add i t i o n , model deve l opme nt and f i el d and l ab or atory stud i es  are i n  

pr og re s s  to  red uce  un certa i nt i e s  i n  i mpo rtant  a rea s  s uch  a s  refi neme nt of 

model s for fl ow i n  fr act ured med i a ,  r ad i onuc l i de sorpt i o n and s pec i at i on , 

and to obt a i n s i te s pec i fi c  pa ramete r s . ( See  DOE Cr os s-Stateme nt Sect i o n  

I I . B . 6 . 1  fo r furthe r  i nforma t i o n . )  

Comment  ( Le tter # 2 1 , a ttachme nt 3 ,  page 3 7 ;  a nd Ap pe nd i x  C ,  page  8 ) : 

" The  DE I S  a s serts  t h at l any of ( the potent i a l ho st roc k s )  c an prove to 

be ac cepta b l e  for t he  m i ned geol og i c  repo s i tory l  ( D E I S ,  p .  185 ) .  Co ntrary 

to th i s a s sert i o n , n o ne of t he geol og i c  med i ums  u nder  st udy h ave been 
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s hown to be  tec h n i c al l y  c a pa b l e  of a s s ur i ng safe i so l at i on . Each med i um 

under  co ns i derat i o n  i s  k now to present se r i ou s , t i me-co n s um i ng , a nd 

po s s i b l y i n s urmountab l e  prob l ems " . 

A l a rge  amount  of te c h n i c a l  data ha s been co l l ected o n  the prope rt i es 

of po tent i a l s i te s .  S uffi c i ent i n format i o n  ex i st s  to bound the effe ct s  of 

uncerta i nty on s i te perfo rma nce . Th ere i s  no e v i denc e  t ha t  the uncerta i nty 

as so c i ated wi th  sc i ent i f i c  knowl ed ge about any med i um has  adverse  imp l i c a

t i o ns about t he adequacy of t he med i a  be i ng s t ud i ed .  ( I s s u e s  s pe c i fi c  to 

each med i um a re d i scu s sed i n  Sec t i o n  I I . B . 6 . 4  of t he DOE Cros s -St ateme nt . )  

Comme nt ( Letter #2 1 ,  a ttac hme nt 2 ,  page 3 ,  a ttac hme nt  3 ,  page 3 7 ;  a nd 

Ap pe nd i x  C ,  page  8 ) : 

li l t  rema i n s t o  b e  estab l i shed t ha t  re pos i to ri e s c an be  l oc ated to w i thst and 

fut ure  c l i ma t i c  c hanges  s uch  a s  re- g l ac i at i o n  or s i g n i f i c ant  i n c reases  i n  

prec i p i ta t i o n  o r  s urface eros i o n . "  

R e s ponse : 

The Depa rtme nt  recog n i ze s  the need to u nd ers tand the effects  of c l imat i c  

ch ange s .  The i n vest i ga t i o n  o f  potent i a l s i tes  i nc l udes  the eval uat i o n  

of the pote nt i a l fo r c l i ma t i c  changes  and t he po s s i b l e  effects  o n  the  

s i t e ' s hyd rol og i c  reg i me .  St ud i e s a re i n  progres s  th at i n corpo rate 

con s i d erat i o n  of a wi de range of natura l  proce s se s ,  i nc l ud i ng c l imat i c  

ch ange s .  ( See t he DOE Pos i t i o n  Stateme nt , page 1 1 -97 , a nd t he DOE Cro s s 

St ateme nt , p a ge I I - 1 2 5  fo r ad d i t i o nal i nfo rmat i o n . )  
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�om�en� ( Letter # 2 1 , attachment 2 ,  page 3 ,  a nd attachment 3 ,  page 37 , a nd 

Appe nd i x  C ,  page 8 ) : 

" Expert i se must be  ava i l ab l e  to compl ete ly  and pe rmanently seal the shafts , 

boreho l es , and expl oratory ope n i ngs  used to devel op and characteri ze s i tes . 

Decomm i ss i o ned repo s i tori e s  must  be  seal ed to prevent contam i nat i o n  of t he 

b i  o s phere . "  

Response : 

The extent to wh i ch boreho l e s and s hafts  m u st be seal ed must be  determi ned 

on a s i te- s pec i fi c  ba s i s .  Sys tems assessments of repos i tory performance 

have not i nd i c ated that comp l ete seal i ng i s  requi red to ensure that adequate 

i so l at i o n  i s  ach i eved . In add i t i o n , t he fi nal  cho i ce of seal i ng mater i al s  

need not be  made unti l after repo s i tory operat i ons  are concl uded . Past 

exper ience w i th seal s has  s hown seal s to be effect i ve i n  a vari ety of 

envi ronments . St ud i es of se al l ongev i ty h ave been underway a nd h ave 

not reveal ed ev i dence of s i gn i fi c ant deteri orat i on of seal s .  ( For 

further i nformat i on see DOE Cross-Statement at pages 1 1 -1 06 to 1 09 . ) 

Comment ( Letter #2 1 , atachment 2 ,  page 3 ;  a nd attachment 3 ,  page 37 ; 

and Append i x  C ,  page 9 ) : 

" A  fa i l - s afe system of mon i tor i ng  fac i l  i ty pe rformance must be dev i sed 

and i nstal l ed at the t i me t he repos i tory goes  i n to operat i o n .  The system 

must be capab l e  of detec t i ng a l l mal funct i o ns that m i ght occur i n  the  

repos i tory dur i ng and  after the operati onal peri od . "  

l xx i i i  



Response : 

The Depa rtme nt bel i eve s tha t envi ronmental mon i tori ng fo l l owi ng decommi s

s i o n i ng wi l l  not be nec essary .  The ti me tha t wi l l  pass  fo l l owi ng 

repos i tory c l osure befo re any radi onuc l i de rel ease coul d be de tected 

extends far beyond the t ime span presently  con s i dered reaso nab l e fo r 

rel i ance on i n s ti tu t i o na l  co ntrol s .  S i nce moni to ri ng fal l s  wi th i n  the 

category of i ns t i tu ti o nal co ntrol s ,  i t  i s  not prudent  to rely o n  suc h 

meas ures for safety .  Therefo re , the Depa rtme nt  i s  des i g n i n g  the di spo sal  

sys tem so that  l ong-term mon i tori ng i s  not a prereq u i s i te to  ensuri ng  

safe ty .  Prov i s i ons  wi l l  be made , however ,  t o  estab l i sh mon i tori ng programs 

requi red by NRC or s tates or l ocal commun i ti e s .  ( See DOE CrosS-Stateme nt  

at  pages 1 1 -1 14 to  1 16 fo r fu rthe r i nforma ti o n . ) 

Comment  ( L etter #2 1 ,  a tachment  3 ,  pages 34  and 3 5 ) : 

li The DE I S t ve ry frami ng  of the wa ste di sposal i s sue- -the ava i l ab i l i ty 

of a ' ge neral ly  accepted method '  fo r handl i ng radi oac t i ve wa s te ( p .  1 73 )  

i s  improper .  By charac ter iz i ng the i s sue thi s way , the DE I S  impl i es that 

the � i s  an acceptab l e  method fo r handl i ng wa stes . "  

Respon se : 

I t  shou l d be noted that the deep geo l og i c  di sposal concept ha s been 

de s i gnated as  the prefe rab l e  al ternat i ve i n  both the Confi dence Rul emak i ng 

Proceedi ng and i n  the DOE F i nal E n v i ronme ntal Impact S tateme nt for the 

Manageme nt  of Comme rc i a l ly  Ge nerated Radi oact i ve Waste ( D OE/E IS-0046F , 

Octobe r 1980 ) . I n  addi ti o n , a record of dec i s i on wa s i s sued i n  May 1981 
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( 46 F R  26677-26679 ) i n  wh i ch DOE documented i ts dec i s i on to adopt a 

s trategy to deve l op m i ned geol og i c  repo s i tori es and accompl i sh the 

neces sary devel opment  act i v i t i e s . 

The " techn i cal " a nd " i nsti tut i onal " a spects of the Departme nts ' Wa s te 

Management  Program have been exhau st i ve ly  di sc u s sed i n  the vol umi nou s 

subm i ttal s prepared for the Waste Confi dence Rul emak i ng proceedi ng a nd are 

summari zed i n  res ponse to other comment s .  A new paragraph was added on 

page 173 of the Suppl ement  to s how that a permanen t di sposal  method 

( geol ogi c di sposal ) exi sts  and to add reference to the F i na l  E I S on the 

Management  of Comme rc i al ly Generated Rad i oact i ve Waste and to the Record 

of Dec i s i o n .  These docume nts were referenced i n  the Suppl eme n t  prev i ou sly 

_ refere nce 5 ,  page 1 7 7 ; and  reference 1 ,  page s 174 a nd 1 78 .  ( More 

deta i l ed di scu ss i ons  of thi s  po i nt are found  i n  the DOE Pos i ti on Stateme n t ,  

pages 1 1 -28 a nd 2 9  a nd page 1 1 1 -38 , a nd the DOE Cros s-Statement ,  pages  

1 1 - 143  and  1 44 . )  

Commen t  ( Le tter # 1 1 , pages  43-46 ) : 

DOE l ac k s  the commi tment  to ach i eve a wa ste di spos al so l u t i o n . The LMFBR 

program s hou l d not go fo rward u n ti l  permanent ,  safe di sposal of  h i gh - l evel 

wa s te can be demonstrated . 

Re sponse : 

DOE bel i eves  that the Su ppl ement  amply demon s trates tha t  a program i s  

i n  pl ace that wi l l  res u l t i n  perma nen t di spo sal of h i gh - l evel wa s te .  The 

DOE Statement  of Pos i ti o n  and Cros s-Statemen t  conta i n seve ral hundred 

page s de scri b i ng DOE ' s program to ach i eve waste i so l a ti on .  The ti me and 
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resou rces currentl y  be i n g  expe nded on  th i s  program certai n ly  do not 

i nd ic ate a l ack of commi tme n t .  

The i s sue rai sed by the comment i s  bei ng addres sed i n  the NRC Wa s te 
Co nfi dence  Ru l emak i ng .  Upon comp l etion  of NRC ' s  Wa s te Confi dence  
Rul emak i ng ,  the  Commi s s i o n  wi l l  promu l ga te a ru l e  addres s i ng the 
co n s i derat ion  of d i sposal  of wa s te i n  i ndi v i dua l  l i cen s i ng proceedi ngs . 
( For  addi ti onal  i nfo rma t ion  see the DOE CroSS-Statement ,  page 1 1 -2 7 ,  l a st 
pa ragrap h ,  a nd page 1 1 -29 , fi rs t  paragraph and concl u s i o n  paragraph . )  

Comment  ( Le tter #1 1 ,  page 5 9 ) : 

" . . . the DE I S  e s senti al ly  a ssume s th at wa s te ma nageme nt i ss ue s  wi l l  

i nvo l ve no envi ronme ntal i mpacts that mu s t  be taken  i n to accou n t  i n  

dec i di ng whether to proceed wi th the LMFB R program . "  

I t  wa s s tated that th i s  a s sumpt ion  i s  i nval i d  and that the E I S  on the 

LMFBR program mu st  i nc l ude a mo re bal a nced presentat i o n ,  address the 

l i ab i l i ti es of i nev i tab l e  l ong-term above-ground s torage , a nd i denti fy 

the s i gn i fi cant  ri sk of eventual huma n expo sure to LMFBR wa stes  as  

lI a n  env i ronmental i mpac t that must  be  taken  i n to accoun t . " 

Re spon se : 

Th i s  as sumpt ion  i s  not found i n  the Suppl ement  nor i n  WASH- 1 535  or E RDA-1 535 . 

The env i ronme ntal ri s ks  associ ated wi th above-ground s torage of LMFBR 

wastes  were addres sed i n  WASH-1 535 ( Sect ion  4 . 6 ,  Vol ume I I ) . I t  wa s shown 

i n  ERDA- 1 535 that a pe rma nen t geol og ic  di sposal  fac i l i ty shou l d be ava i l ab l e  

wel l befo re i t  i s  requ i red i n  order to hand l e  h i gh - l evel and tran suran i c  

wa s te s  from commerc i al LMFBR s .  A s  stated i n  the Suppl eme nt ( page 1 73 ) , 
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LMFBR h i gh - l ev el  and trans uran i c  wa ste s d o  not po se new or  u n i q ue prob l ems . 

I ITh i s  probl em i s  not un i q ue to t he LM FBR fuel  cyc l e ,  but  al so m u st be  

re so l ved fo r the LWR or other  nuc l e ar  fuel cyc l es befo re there i s  a 

need fo r d i s po s al of h i gh- l eve l  and trans uran i c  wa ste s fo r the LM FBR 

fue l cyc l e .  Furthe rmo re , t he q ua nt i t i e s  of LMFB R h i gh- l eve l  and 

trans uran i c  wa st e s  wi l l  be c o n s i derab l y  smal l er than the  quant i t i e s  

of s uch  wa ste s from the LWR fue l  cyc l e  o r  from defe n se prog rams un t i l  

we l l i nto t he twe nty-f i rst cent ury .  For purpo s e s  of t he wa ste man ageme nt 

prog ram , LMFBR and LWR h i gh - l evel and tra n s uran i c  wa ste s are es sent i a l l y  

t he s ame . 1I 

Comment ( Lette r #2 1 ,  attachment 3 ,  page 3 7 ) : 

There i s  a g a p  i n  techn i c a l  k nowl edge i n  rock  mechan i c s . 

The re s ponse of the l oca l  ho st  rock to pe rt urbat i o n s  c au sed by excavat i o n , 

heat , a nd rad i at i on  have been and are u nder  ext en s i ve study i n  l ab or atory 

and i n  s i tu tests  a nd i n  mode l  deve l opme nt . Co n st i t ut i ve mode l s to 

pred i c t th e res po nse of the l oca l  host rock , wh i c h  addre s s  the stres s- stra i n 

response of t he rock  a s  a fu nct i o n  of tempe rat ure , l oad , l oad- rate , 

st r a i n- rate , l oad- path , a nd durat i o n , h ave been devel oped . I n  s i t u  tests  

of  roc k  st ab i l i ty i n  the presence of  tempe ratures beyond those expected i n  

a re pos i tory h ave been conducted H i t h  no re s u l tant  i nd i c at i o n of adverse 

effect s .  DO E be l i eve s t ha t  a wi de  range of knowl edge on rock mech an i c s  

exi st s and  t ha t , w i th i n the range o f  c ond i t i o ns t h at wi l l  exi st i n  a 

prope rl y  des i gned repo s i tory ,  no  roc k mech a n i c s  phenome na  have be en  shown 

to have pos s i b l e  effect s t h at wou l d j eopa rd i ze t he repos i to ry pe rfo rmanc e .  
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( Further i nfo rmat i o n  on rock mechan ics  can  be found i n  the DOE Cros s-

St atement , pages 1 1 -1 00 to 1 1 - 1 06 . ) 

Comment ( Lette r #2 1 ,  attachment 3 ,  page 3 7 ) : 

There i s  a gap  i n  techn i c al knowl edge i n  II c an i ster degradat i o n , wa ste form 

di sso l ut i o n ,  reac t i o n  i n  the overpac k reg i o n ,  • • •  and wa ste packag i ng . "  

Response : 

DOE has  an extens i ve prog ram di rected at devel opi ng l ong- l i ved mul t i b arrier 

wa ste packages . The se st ud i e s  address  the wa ste form a nd mater i al s for 

st ab i l i zers ; can i ster , overpac k , a nd s l eeve materi a l s ;  a nd ho l e  bac kfi l l  

mater i a l s .  I n  addi t i on , pac kage des i gn , t esti ng , a nd pe rfo rma nce a ssess-

ment s  are al so i n  process . DOE bel i eve s  that the body of  i nformat ion  

ava i l ab l e  s u p port s  i ts po s i t i o n that l ong- l i ved mul t i pl e  barr i er packages  

c a n  be  des i gned and bui l t  i n  a t i me ly  ma nne r .  ( S pec i fi c  i s sues  rel at i ng 

to the wa ste package are di scu ssed i n  deta i l  i n  the DOE Cross-Statement , 

pages 1 1 -93 to 1 1 - 1 00 . ) 

Comment ( Letter #2 1 ,  a ttac hme nt 3 ,  page 3 7 ) : 

There i s  a gap  i n  techn i ca l  knowl edge on  " se i sm i c  and tecton ic  act i v i ty . "  

Response : 

The determ i nat i o n  of the rates  of occurrences of potent i a l  se i sm i c  and 

tecto nic  eve nt s wi t h  abso l ut e  certa i nty i s  not req u i red to ens ure that 

i so l at i o n  i s  ac h i eved . The DOE ' s  c onservat i ve a pproac h i ncorpo rates  the 

con s i derat i o n  of potent i a l  catastroph i c  events i n  i t s  eva l uat i o n  of system 

pe rfo r �anc e .  The l i ke l i hood and potent i a l effect s of suc h eve nt s c an be 
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adequate l y  bounded and accounted for by t he use of conservat i ve system 

de s i g n  and the sel ect i o n  of s i tes to avo i d  areas where the l i kel i hood and 

effect s of such event s are un acceptab ly  h i g h .  The USGS s u pports  the use 

of a con servat i ve ap proach  and feel s that acceptab l e  re po s i tori es  c an be 

constructed u s i ng s uch  an approac h .  ( See DOE Cross-Statement , page s 

1 1 -1 27 and 1 28 . ) 

Comment ( Letter #2 1 ,  attachment 3 ,  page 3 7 ) : 

There i s  a gap  i n  techn i cal knowl edge on  retrievab i l i ty .  

Response : 

DO E i s  comm i tted to ma i nta i n i ng retr ievab i l i ty a s  a pl anned cont i ngency 

i n  i t s  approach to re pos i tory devel opment and operat i o n .  The requi rements 

imposed by retr ievab i l i ty are factored i nto wa ste package and repos i tory 

de s i g n . Wa ste pac kage s are bei ng des i g ned to conta i n  the wa ste and to 

al l ow retr i eval throughout the operat i o nal phase and beyond . Re po s i tory 

de si gn feat ures requ i red to ens ure operator sa fety dur i ng ret ri eval  

operat ions  are wi th i n  the state of the art appl i ed in  nuc l ear fac i l i t i e s  

and i n  recovery o f  nuc l ear mate r i al s .  Reentry o f  empl acement rooms can be 

ac h i eved u s i ng co nvent i o nal m i n i ng techn i q ue s  coup l ed wi th rad i at i on 

protect ion  measures . No substant i ve i s sue s regard i ng retr ievabi l i ty have 

been  rai sed . De si g n s  and p l ans for retrievab i l i ty wi l l  be fi nal i zed on a 

s i te- s pec i f i c  ba s i s when  NRC requ i rements for the retr i eval  per i od are 

estab l i s hed . ( See DOE Cross-Statement , page s 1 1 -1 09 to I I -1 1 3 . ) 
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Comm�nt ( Letter #2 1 ,  attachment 3 ,  page 38 , and Appe nd i x  C ,  page 1 2 ) :  

li The DE IS  al l udes  to ' predetermi ned cr i teri a ·  fo r the wa ste d i sposal 

repo s i tory ( DE IS , p .  181 ) .  However ,  e nv i ronmenta l , s i te sel ect i o n , 

and pe rfo rmance cri teri a for a repo s i tory are st i l l s pecul ati ve , a s  i s  a 

demo nstrat i on  that t he cr i teri a can  be met . 1I 

Response : 

I n  add i t i o n  to meet i ng l i cens i ng requ i rements , t he DOE i s  i ndependent l y  

respons i b l e  for the safety a nd envi ronmental acceptab i l i ty of any wa ste 

d i sposal system i t  devel ops . The DOE has  devel oped gui del i ne s  and cri te r i a  

for t h e  conduct o f  i t s  programs  to ensure that safety and env i ronmental  

accept ab i l i ty a re ma i nta i ned . Therefore , t he absence of regu l atory 

cr iteri a d oes  not hamper  the progres s  of the  program . 

The standards  i s sued by t he NRC are prel i mi nary at  th i s  t ime and many 

changes are expected be fore a fi nal  ru l e  i s  i s s ued . When  fi nal  standards  

are i s s ued by NRC and EPA , t he DOE wi l l a s se s s  i t s  program act i v i t i e s  

to ensure that they wi l l  re s u l t  i n  a repos i tory t hat compl i e s  wi th  tho se 

st andards . ( See DOE Cros s-Statement , page s 1 1 -3 1  t hrough 1 1 -3 4 ,  a nd 1 1 -36 

through 1 1 -38 . ) 

Comment ( Letter #2 1 ,  a ttachment 3 ,  page 38, a nd Append i x  C,  page 1 0 ) : 

I IA  t h i rd techn i c al probl em t hat t he DE IS  fa i l s to adequate l y  address 

i s  the state of DOE ' s  mathemat ical model s ( DE IS , p .  182 ) .  The model s are 

used to compe nsate for uncerta i nt i es i n  techn i c al knowl edge (DE IS , p .  182 ) .  

However , t he DE I S  fa i l s  to ac knowl edge t hat model i ng i s  currently 
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undevel oped , that there i s  no i n di cation  that i t  wi l l  be successfu l ly 

devel oped , and  that USGS has  rej ected rel i ance on mode l s . "  

Response : 

Model i ng i s  u sed i n  the DOE program for two purposes , to a i d  i n  s i te 

sel ecti on and repos i tory and waste package de s i gn ,  and  to qual i fy and 

l i cense a wa ste di sposal  system . Further devel opment of model i ng 

capab i l i ti es i s  requ i red to su pport l i cens i ng dec i s i ons . Howeve r ,  

the sc i ence o f  model i ng i s  wel l adva nced , a n d  before l i cens i ng the se 

model s can be and are bei ng u sed to as sess performance of the system and 

i ts subsys tems . These assessments are made us i ng conservati ve , boundi ng 

assumptions  that re su l t  i n  pe s s imi sti c predi cti ons of repos i tory perform

ance , and  are u sed to bound  uncerta i nti es  so that they can be  compensated 

for .  

Curren tly , the DOE programs are di rected toward re fi ni ng and coupl i ng 

model s and extendi ng the data to be used wi th them . Model s are bei ng 

veri fi ed u si ng correl ati o n s  wi th l aboratory a nd i n  s i tu te sts and  natural 

sys tems . Extens i ve fi el d ,  l aboratory and i n  s i tu te sts are underway to 

provi de i n put  data . I n  partic u l ar , p l ans for si te- speci fic data acqu i s i t ion  

are defi ned . The l ack of s i te- s peci fic  data i s  not  an i ndi cati on of  a 

" techn i cal gap"  but i s  rather  the res u l t of the fact that  no spec i fic  s i te 

h as yet been cho sen . 

I n  s ummary , the Department bel i eves that the model s presently avai l ab l e 

can be u sed wi th conservati ve as sumpti ons  to bound  uncerta i nti es  and that 

deve l opment  programs are u nderway or pl anned that are adequate to provi de 

for the i mprovement of model i ng capabi l i ti es neces sary for qual i fi cati on 
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and l i cens i ng of a repos i tory .  ( Further i n fo rmat i o n  can be found i n  the  

DOE  Cros s-Statement , pages 1 1 -81 t hrough  1 1 -86 . ) 

Comment ( Letter #2 1 ,  attachment 3 ;  Appe nd i x  C, pages 5 and 6 ) : 

Act ua l  ass urance that geol og i c  repo s i tori e s  c an i so l ate rad i oact i v e  wastes 

requ i re s : 

1I ' ( C ) ompari ng t he re su l t s  of fi e l d exper iment s  to t he model pred i ct i ons  

and  mod i fyi ng the  model s • • • .  The experiments must , of  course , be 

carr i ed out under cond i t i ons representat i ve of t hose i n s i de a l oaded 

repos i tory ;  t hat  i s ,  �i t u .  I t  i s  o n ly  under the se c i rcumstances t hat 

the i so l at i o n  hypothes i s  c an be val i dated and reasonab l e  ass urance ach i eved . '  

IINo ne of t he waste expe riment s to date have ut i l i zed a v i gorous sc i ent i fi c  

hypothes i s  te st i ng and model  veri f icat i o n  method , a nd certa i nl y  n o  i n  s i tu 

te st exper iment s  have been perfo rmed wh i c h  demonstrate ver i fi cat i o n  of t he 

geol og i c  repo s i tory concept . 

I IDOE adm i ts  t hat i n  s i tu  test i ng i s  necessary to assure adequate s i te 

character i zat i o n  and veri f icat i o n  and to veri fy t he model s used fo r 

perfo rmance asse ssment . However , i n  t h i s area a s  i n  others , DOE  l ooks  to 

add i t i o nal ' pl anned i n  s i t u  te st s to prov i de suffi c i e nt data . '  DOE t h us 

adm i ts t hat concept feas i b i l i ty has not been proven ,  a nd that i ts o pt im i sm 

that i t  wi l l  be shown i s  depe ndent u pon  successful  compl et i o n  of as-yet 

unperfo rmed i n  s i t u  exper iments . 1 I ( Footnotes and references were omi tted . )  
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Response : 

The approach be i ng  u sed by the Department i s  a conservati ve step-wi se 

progres s i on through s i ti ng and repos i tory a nd waste package des i gn .  

At each step i n  the process appropri ate te sts are to be conducted . I n  

s i tu te sti ng i s  a n  i mportant part o f  th i s  process  and i s  i nc l uded i n  

DOE ' s pl ans . Numerou s fi el d tes ts are presently underway that have 

prov i ded " i n  s i tu " data fo r the veri f icat i on of model s and i nput  to the 

si ti ng and de si gn  efforts . ( For further i nformati on on the f i el d tests 

presently underway , how i n  s i tu i n formati on i s  used , a nd what i n  s i tu 

testi ng i s  pl anned , see the DOE Pos i ti on Statement ,  pages 1 1 -248 through 

1 1 -258 ; and the DOE Cros s-Statement ,  pages 1 1 -140 through 1 1 - 143 and page 

1 1 -82 . )  

l xxxi i i  



6 .  Al ternati ve Technol ogi es  

Comment ( Letter #1 1 ,  pages 29 and 30 ; # 2 1 , attachment 1 ,  page 9 and 

attachment 3 ,  pages 22-26 ; #8 ) :  

The d i scu ss i on of al ternati ves was i nadequate because  many a l ternati ve 

technol og i es ( e . g . , geotherma l , b i omas s ,  CANDU reactors , advanced/modi fi ed 

LWRs , cogenerati on , hydroe l ectri c , advanced converters , l i g ht  water 

breeder reactors , fus i on-fi s s i on hybri d breeders ,  etc . )  were not addres sed . 

Response : 

Di scu s s i on i n  the Suppl ement focu sed on maj or l o ng-term techno l ogi es . 

Al ternati ve nuc l ear technol ogi es such as  advanced/modi fied LWRs , CANDU 

reactors , advanced converters , and l i gh t  water breeder reactors e i ther 

extend the uran i um re source base  on ly  modestly , or ,  based on  i ndu stry pl ans , 

are not l i ke ly  to be competi t i ve ; therefore , these opti ons  cannot be con

s i dered true a l ternati ves  to the  LMFBR .  Geothermal , b i omas s , cogenerati on 

and hydroe l ectri c are al l expected to make smal l ,  reg i onal contri butions  

to the l ong-term el ectri c i ty supply . However,  at  the  present time , none 

of these techno l ogi e s  seems to be capabl e of prov i d i ng a maj or port ion  of 

proj ected basel oad capaci ty requ i rements . F u s i on-fi s s i on fi s s i on hybri d 

reactors are con s i dered to be one facet of the fus i on opti o n ,  wh i c h  i s  

di scu ssed . I t  i s  recogn i zed that wh i l e  th i s  concept i s  not the subject of 

exten s i ve research i n  th i s  country ,  i t  i s  rece i v i ng s i gn i fi cant attention  

abroad , parti cu l arly i n  the USSR . As  stated i n  the  S uppl ement ( page 94 ) : 

"So l ar  el ectri c  and fu s i on were the two tec h nol ogi es s i ng l ed out i n  

ERDA- 1 53 5  a s  maj or cand i dates , i n  addi ti on to the breeder ,  to prov i de an  

essent i al ly i nexhausti b l e source of energy to hel p meet the Nati on ' s  
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el ectri cal energy needs i n  the next century .  These are st i l l the primary 

cand i date s for meet i ng l ong-term U . S .  e nergy need s .  Government po l i cy i s  

that pub l i c  s pend i ng i s  appropr i ate i n  l ong-term energy research , where 

t he ri sks  and potent i al payoffs are h i g h . 1 2  The LMFBR , so l ar el ectric 

and fus i on programs are al l be i n g  pur sued . "  

I n  add i t i o n , many of the se al ternat i ve techno l og i e s  were d i scussed i n  

WASH-1 535 ,  a s  s hown i n  the fo l l owi ng tab l e :  

Technol ogy 

Hi gh-Temperature 
Ga s-Cool ed Reactors 

Li ght Water 
Breeder Reactors 

Gas-Cool ed Fast 
Breeder Reactors 

Hydroel ectric  

Geothermal 

B i omass  
(Organ i  c Wa stes )  

CANDU Reacto rs 

Comment ( Letter #1 1 ,  pages 18-1 9 ) : 

Sect i o n  i n  WASH- 1535  

6A . 1 . 2  ( Vo l ume I I I )  

6A. 1 . 3  ( Vo l ume I I I )  

6A . 1 . 4  ( Vo l ume I I I )  

6A . 3  (Vo l ume I I I )  

6A . 4  (Vo l ume I I I )  

6A. 6 . 5  ( Vo l ume I I I )  

(Vo 1 ume V )  

The DE IS does not compare commerc i a l i za t i on goal s and read i ne s s  d ates 

for al ternat i ve techno l og i es . The DOE so l ar photovol tai cs  goal of $ 700/peak 

kw by 1986 wa s c i ted as maki ng th i s technol ogy compet i t i ve for central 

stat ion  ut i l i ty a ppl icat i o n s . 
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Response : 

The Suppl eme nt does consi der wi nd , so l a r photovol tai cs , so l ar thermal , and 

geothermal  ene rgy as potenti al  l ong-term contri butors to the nati onal energy 

supply . Howeve r ,  the Suppl ement  does no t gi ve equal we i g h t  to every c on

tri buti ng or po tenti al ly  c ontri buti ng technol ogy ,  but  rather emphas i zes 

technol ogi es th at are expected to make maj or contr i bu tions  to energy supply 

in the foreseeabl e fu ture . Maj or contri butions  are not expected from wi nd , 

sol ar-el ectri c ,  or  geothermal energy i n  the near term . Mi drange proj ecti ons 1 

to the year 2000 show prima ry energy di spl acement  i n  el ectri c i ty producti on 

to be 0 . 5  quads by wi nd , 0 . 4  quads by geothermal ene rgy , a nd 0 . 14 quads by 

sol a r-el ectr ic  tec hnol ogi es . Th i s  total of j u st  over 1 quad comp ares wi th 

a proj ected to tal of ove r 32 quads due to coal and nuc l ear energy . 

The proj ec ti on of a rel ati vely mi nor rol e for these technol og i es i n  

the near term i s  cons i s tent wi th the vi ew o f  the CONAES s tudy o f  the 

Nati onal Research Cou nc i l : 2 

"Because of thei r hi gher economi c cos ts , sol ar  energy technol ogi es 

other than hydroel ectri c power wi l l  probably not contr ibute muc h more 

than 5 percent  to energy supply i n  thi s century , un l ess  th ere i s  mass ive  

gove rnment i ntervent i on i n  the ma rket  to  pena l i ze use of  non-renewab l e 

fuel s and subs i di ze the use of renewabl e energy resources . "  

The DOE cost goal of $ 700 per peak k i l owatt by 1986 i s  c i ted as evi dence 

th at sol ar  photovol tai cs coul d be competi ti ve for centra l  s tation  appl i ca-

tio n s .  I n s tal l ed i n  a uti l i ty system , th i s  goal corresponds to about  $2 

per peak watt , as  abou t two-thi rds of the sys tem cos t i s  due to non

pho tovol tai c  ap para tus . 3 At th i s  l evel , so l a r pho tovol tai c el ectri c i ty 

1 .  DOE/PE -0029 , " Energy Proj ec ti ons to the Year 2000 , "  J u l y  1 981 , pages 9-7 , 
9-8 , 9-9 , a nd 10-9 . 

2 .  CONAES , op . c i t .  page 7 1 . 
3 .  EPR I  Journal , Dec . 1 981 , page 51 . 
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beg i ns to be compet it i ve wi th the most expens ive  ut i l i ty el ectr i c i ty 

today , peak-period el ectri c i ty produced by o i l - f i red power un i t s . 3 

The cost target i s  st i l l cons iderab ly  above today ' s cost fo r el ectric ity 

ge nerated by new n uc l ear or coal -fi red powerpl ant s .  Si gn i fi c ant di s

pl acement of basel oad ca pac i ty woul d requi re i ntegrat i on o� storage 

c apac i ty i nto the photovol ta ic  system , t hus  i ntroduc i ng a further eco nomi c 

di sadvantage . 

It s hou l d al so be po i nted out that $2 per peak watt i n stal l ed i s  a goal , 

and that present photovol ta i c s  system costs  are around $30 per peak 

watt i n stal l ed3 • The target cost may be too opt imi st i c , 4 , 5  and the 

outl ook for ac h iev i ng the goal by 1 986 i s  uncerta i n . 3 , 4  

Pe ak-period  el ectr ic i ty prod uc ed i n  o i l - f i red powerpl ant s a l so represents 

the cost target fo r so l ar-thermal el ectr ic  pl ants and wi nd t urbi nes . 

These al so represent i ntermi tte nt el ectr i c i ty sources . Geot hermal pl ants , 

however , prov i de ba sel oad el ectr i cal capac i ty .  

Reduc i ng cost s to acceptab l e  l evel s i s  a maj or prob l em i n  the devel opme nt 

of so l ar-thermal el ectric  pl ant s .  E l ectr ic i ty from the Themi s so l ar 

el ectric  pl ant i n  France i s  expected to cost a l most 25  t ime s as muc h as  

that from Su perphen i x , t he fi rst ful l - sc al e LMFBR pl ant6 • I n  the U . S . , 

d i rect cou pl i ng of sol ar-el ectric  pl ant s wi th oi l or gas-fi red pl ants i s  

cons i dered a promi si ng tec hnol ogy , prov ided s i gn i fi cant cost reduct ions  

4 .  CONAES , O P e  c i t .  page 368. 
5. EPR I Journal , Dec . 1 981 , pages 46 and 7 6 .  
6 .  The Energy Da i l y ,  Jan uary 2 1 , 1 981 , page 2 .  
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can be  effected . 7 
Near-term compet i t i o n  wi th convent i o na l  basel oad 

generat i ng pl ants does not appear fe asi b l e  and i s  refl ec ted i n  the DOE 

proj ect i ons . 1 

S im i l arly , wi nd energy c an be expected to make smal l ,  l ocal  contr ibut i ons  

i n  a fue l -saver mode over the  next two decades . Econom i c  devel opment of  

h i gh- grade geothermal resources i s  a l so ex pected . The 0 . 9  q uads of 

pr imary e nergy proj ected to be d i spl aced by the se two tec hno l og i es by the 

year 2000 i s  based on the assumpt i o n  that present technol og i c al d i ff i cu l t i e s  

c a n  b e  overcome8 • 

The importance of  the  cumul at i ve effect of smal l contr i but ions  from 

many techno l og i es to the overal l nat i o nal energy suppl y  i s  recogn i zed . 

Neverthel ess , i t  seems appropri ate to restr ict  the Su ppl ement to a 

di scuss i o n  of  maj or future contri butors to the nat i o n ' s el ectr i c al 

capac i ty .  I ndeed , so l ar photovol ta ics  i s  ment i oned throughout the 

Su ppl ement as a potent i a l ly  s i gn i f i cant contri buto r in the l ong term , 

a l ong wi th coal , fus i o n , a nd the LMFBR . However , i t  i s  not obv i ous that 

photovol ta i c s  wi l l  be in d i rect compet i t i on wi th these other technol og i es , 

g i ven i t s  i nterm i ttent nature as a powe r source .  Operat i ng as  a fue l - saver 

i n  the ut i l i ty mode , i n  i ndustr i a l appl i c at i ons , a nd i n  areas not serv i c ed 

by a central el ectr i c i ty d i st r i b ut i on  system , s o l ar photovol ta i c s  coul d 

co ntr i bute s i g n i fi c ant ly  i n  a compl ementary rol e .  

Add i t i onal  i nformat i o n  co ncern i ng commerc i al i za t i o n  goal s fo r al ternat i ve 

tec hnol og i es i s  g i ven i n  the fo l l owi ng tab l e . 9 

7 .  EPR I Journal , December 1981 , page 40.  
8 .  DOE/PE -0029 , pages  9-7 and 9-8 . 
9 .  DOE/PE -0040 ( Vo l . 2 ) , Sun set Rev i ew ,  Prog ram-by-Prog ram Ana lys i s ,  

Februa ry 1982 . 
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1 0 .  
I I . 
1 2 .  
1 3 .  

Technol ogy 

Sol ar photovol ta i c s  

Wi nd energy systems 

Ocean  thennal 
energy convers i o n  

Sol a r  t hennal 
( ut i l i ty e l ectr i c  power )  

DOEjPE -0040 ( Vo l . 2 )  , page 
DO EjPE -0040 ( Vo 1 .  2 )  , page 
DOEjPE -0040 ( Vo 1 .  2 )  , page 
DOEjPE -0040 ( Vo l . 2 )  , page 

Goal s 

$1 . 2 5  per peak  watt i n stal l ed  

by fi sc al year 1988 . 1 0  

2 , 000 peak megawatts t o  be 

produced i n  fi scal year 1 988 . 1 0  

Reduce average cost o f  el ectric ity 

from wi nd energy systems  to l evel 

compe t i t i v e  wi th  conventi onal 

systems by 1988 . 1 1  

Reach total wi nd energy system 

capabi l i ty of 800 MWe by 1 988 . 1 1  

As stated i n  Su ppl ement ( page 109 ) 

and i nstal l at i o n of 10 , 000 MWe of 

commerc i al capac i ty by 1 999 . 1 2  

$ 1 , 300 per kWe by 1985_87 . 1 3  

146 . 
1 59 .  
162 . 
1 56 .  
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7 .  Env i ronmental Impacts of Al ternat i ve Long-Term Technol og i e s  

Comment ( Letter #2 1 ,  a ttachment 1 ,  pages 14-1 6 ) : 

I I We d i sag ree wi th the statement at the beg i nn i ng of the sect i on on the 

Env i ronme ntal  Impacts  of Al ternat i ve Lo ng-Term Technol og i es wh i c h  

state s : I Comparat i ve q uant i tat i ve analyses o f  a l ternat i ve l ong-term 

techno l og i es are not pos s i b l e  at th i s  t ime . 1 ( DE IS p .  2 1 3 )  I n  fac t ,  

exten s i ve q uant i ta t i ve envi ronmental assessme nts have been do ne for both 

convent i o na l  and renewa b l e  energy so urces  • • • •  

I IThese works shou l d be rev i ewed and i ncorporated i nto a comparati ve 

asse s sment of env i ronmental impacts .  They d o  not eval uate � 

env i ronme nta l  ri sks , nor do they c l a im to . Neverthe l ess , t hey prov i de  

useful  i nformat ion  on ri s k  a ssessment methods and drawback s ,  actual  

occ u pati onal and publ i c  heal th and safety r i sks , and they are careful  to 

h i gh l i g ht  tho se r i sks  that cannot presently be i nc l uded due to l ac k  of  

data . 1I 

Response : 

The i n i t i a l stateme nt i n  the Su ppl ement ha s been del eted and repl aced 

wi th a rev i sed i n troductory sentence for the seco nd parag raph on page 214 .  

The references referred to  i n  the  ful l comme nt , and rel ated references , 

were rev i ewed . They were not i ncorporated i nto a comparat i ve assessment 

of env i ronme ntal impacts because there were sub stant i a l q uan t i tat i ve 

d i fferences among them ( e . g . , i mpact s est imated by Hol dren et a l . often 

d i ffered from tho se est i mated by I n haber by o ne or more orders of mag n i t ude ) . 
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Comment ( Letter #2 1 ,  attachment 1 ,  page 1 5 ;  #6 , page 1 ) : 

"The  l i st of impact s i n  Tab l e  1 1  i s  g ross l y i ncompl ete : 

' Water Use , '  and two ' Construc t i o n  Mater i al s '  e st i mates . 

of thi s sc anty data , t he DE IS concl udes : 

' Land Use , '  

On the bas i s 

' I t can  be i n ferred from th i s tab l e that the env i ronmental 

impacts a ssoci ated wi th construc t i o n  wi l l  be l es s  for the 

LMFBR than for most other l ong-term techno l og i es . ' (DE IS P .  2 13 ) "  

Thi s statement i s  m i sl ead i ng/ i ncorrect . 

Response : 

It i s  ag reed that thi s statement i s  m i sl ead i ng .  It ha s been  del eted 

from the text of the Suppl ement . 
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8 .  Purpose of and Need fo r the LMFBR Program 

Comment ( Letter #2 1 ,  a ttachme nt 1 ,  pages 10  and 1 1  and attachme nt 3 ,  

page 1 6 ; # 1 1 ,  pages 26 and 2 7 ) : 

The DE I S  fa i l s  to provi de data su pport i ng i ts concl u s i o n  that LMFBR cos ts 

wi l l be competi ti ve wi th LWR cos ts . The DE I S  concl u s i o n  that LMFBR 

devel opment  i s  favored by projected cos ts of el ectri c i ty from the LMFBR i s  

i na ppropr iate when the unce rtai nty i n  LMFBR cos t est imates i s  con s i dered . 

Re spon se : 

E s ti mated de l i ve red costs of el ectri c i ty ,  a nd the unce rta i nty a s soci ated 

wi th the est ima te , a re a con s i derati on i n  DOE ' s  recommendat ion  for 

al l ocation  of research  a nd devel opment fu nds . 

I t  i s  true that stud i es exi st  wh i c h  es t imate that the LMFBR wi l l  not be eco

nomi cal ly  competi ti ve wi th LWRs unti l the second hal f of the next cen tury . l 

I t  i s  a l so true that other studi es exi st wh ich  es tima te a muc h earl i er date 

fo r LMFBR  competi ti venes s . 2 That so wi de a va r iat ion  ex i sts  s i mp ly  

refl ec ts the sens i ti v i ty of the re su l ts  to as sumpt ions  of  future events 

( e . g . , di scou n t  rates , ura n i um co sts , future p l ant cos ts for bo th LWRs a nd 

LMFBR s ,  numbe rs and performa nce characteri st i c s  of pl a nts  depl oyed ,  etc . ) .  

1 

2 

B .  Chow , Econom i c  Compari son of  Breeders and  L i gh t  Water Reactors , 
Pan  Heuri st ics  Corp . ( 1979 ) . 

See , for examp l e :  

C .  E .  T i l l ,  et  a l . ,  Fast  Breeder  Reac tor Studi e s ,  ANL-80-40 , Argonne 
Nat ional  Laboratory ( 1980) . 

M .  K .  Wh i te and E .  T .  Merri l l ,  E va l uat ion  of the Commerc i a l  FBR  I n troducti on 
Date , PN L-3597 , Pac i fi c  Northwest  Laboratory ( 1981 ) . 
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The LMFBR i s  s uffi c i entl y  advanced i n  the U . S .  and other countr i e s  to al l ow 

cost compari sons wi th  ex i st i ng technol og i es .  The Br it i sh report a capi tal 

cost goal for t he i r  Commerc i al Demonstrat i o n  Fast Reactor ( CDFR)  of no 

more than 20% above Advanced Ga s Reactors ( AGR s )  or  no more than 40% above 

the new U . K . PWR . 3 As wi t h  al l compari sons  between LWRs  and LMFBRs , t he 

l atter can have a somewh at hi gher capi tal cost and st i l l  be cost-compet it i ve 

s i nce fue l costs wi th  the LMFBR are expected to be l ower .  

I n  France , S u perphe n i x  I costs  appear rough l y i n  l i ne wi th  t he concl u s i on 
. 

above . Even an organ i zat ion  known for i t s  oppos i t i o n  to the French breeder 

program ( GS I E N )  has  reported a Su perphen i x  I cost e st imate of $2 . 2  b i l l i on  

( 1 981 dol l ars , see Nucl eon i cs Week , March 1 2 , 1981 ) ,  or  $ 1830j kwe . Such  a 

capi tal cost for a nucl ear p l ant wi th  fuel cost s even l ower than those 

for an LWR s impl y c annot be  termed uncompet i t i ve .  

I n  the U . S . , t he co sts  of the CRBRP  ( e st i mated at $3 . 2  bi l l i o n )  are 

apprec i ab l y  h i gher than that wh i ch wou l d be commerc i al ly  compet i t i ve 

for a 3 50 MWe pl ant . Cl earl y ,  t hough , t he CRBRP i s  not a commerc i al 

prototype . Among other factors i t  i s  fi rst-of-a-k i nd and s i gn i f i c antl y 

smal l er i n  s i ze than i s  cons idered opt imum for a commerc i al nucl ear pl ant . 

I n  add i t i o n , t he del ays i ncurred by t he proj ect , for exampl e dur i ng the Carter 

Admi n i strat i o n  where the Congress opposed cancel l at i o n  but the Admi n i strat i o n  

prevented con struct i o n  act i v i t i es , h ave added to  t he  proj ect cost . 

3 Nucl ear News , Americ an Nuc l ear Soci ety , i,  page 6 7  ( October 1981 ) .  

xci i i  



Comment ( Letter #1 1 ,  pages 1 7  and 18 ; #2 1 ,  a ttachment 3 ,  pages 14 and  15 ) :  

The Suppl eme nt does not j u st i fy the need to repl ace o i l  con sumption  wi th 

el ectri c i ty consumption . The potenti a l  ro l e for nuc l ear-generated el ec-

tri c i ty i n  any o i l  substi tut i on process  i s  sma l l .  Al so , the Suppl ement 

doe s not
' 
con s i der the rol e of o i l  conserva t i on in  the tra n spo rtation  secto r .  

Response : 

The rol e of nuc l ea r-generated el ectri c i ty has recently been s tated1 , 2 as  

contri bu ti ng to the di spl acement of oi l  from the  el ectri c i ty-generati ng 

sector to other h i gher-val ue uses . The sub sti tuti on for o i l  and  natural 

gas i s  percei ved to be a l ong-range probl em , but there i s  a s i gni fi cant 

impetus to beg i n now to make ava i l ab l e for the future l arge-sca l e ,  

i nexhau s ti bl e energy tec hnol ogi es . Si nce 70% of  the u . S .  energy dema nd i s  

suppl i ed by o i l  and natural gas ,  a nd s i nce oi l a nd ga s production even at 

current  ra tes through the year 2000 may be extremely d i fficu l t and expens i ve 

to ac h i eve , 3 substi tute energy suppl i es may become very desi rab l e .  

El ec tri c i ty can substi tute for scarce oi l and  ga s fuel s i n  a l l end u se 

sectors of the economy . E l ectri c i ty price  growth i s  expected to be l e ss  

4 than for o i l  and gas . Accordi ngl y , addi ti onal  el ectri c i ty use coul d 

di spl ace o i l and ga s i n  the res i dent i a l  sector ( e . g . , heat pump s ) , i n  the 

1 Report to the Congress , Departme nt of E nergy O rgan i zat i o n  Act ,  Sun set 
Rev i ew ,  Summa ry Report , DOE/PE -0040 ( Vo l . 1 )  page 19 ( 1982 ) . 

2 

3 

4 

Nati onal  E nergy Po l i cy P l a n ,  House Document  No . 97-77 , J u l y  1981 , page 1 5 ;  
a nd DOE/S-0008 , The National  E nergy Po l i cy P l an , J u ly  1981 , pages 7 a nd 1 1 . 

E nergy I nfo rma ti on Admi ni stra t i on , DOE/E I A  1 981 Annual  Report to Congress . 
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i ndu stri al  sector ( e . g .  new processes ) ,  and i n  the tran sportation  sector 

( e . g . , e l ectric  veh i c l es ) .  Based on op timi sti c  assump ti ons abou t expanded 

el ectri c i ty use , the addi ti onal potenti al  coul d be anywhere from one and 

one-hal f to five quads of el ectric i ty ,  equiva l ent to di spl aci ng between 

one an d four mi l l i on ba rrel s of o i l  per day . 

The Suppl ement uses  the poten ti a l  substi tut ion of el ectri c i ty for o i l  a s  

pa rt o f  the rati ona l e for expecti ng el ectri c i ty growth rates somewhat 

h i gher than growth rates for total energy . The present N ati onal Energy 

Po l i cy P l an5 and recent energy use data support th i s  argument . For 

exampl e ,  between the years 1979 and 1980 , the total U . S .  energy u se 

dec l i ned 3 . 4% bu t el ectri c i ty producti on i ncreased 1 . 7% ( 1980 Annual 

Report to Congress , D OE/E IA-07 1 3 ( 80 ) /2 page 155  and page 7 ) .  About one 

mi l l i on barrel s of o i l  per day , mos tly res i dua l  o i l , are con sumed i n  the 

producti on  of el ectri c i ty .  For the past several years , the amount of oi l 

u sed i n  el ectri cal  generation has  been ap proximately equal  to tha t imported 

from Saudi Arabi a .  Repl ac i ng oi l and gas fi red el ectri cal  generati ng 

cap aci ty and u si ng el ectri c i ty generated by other fue l s l i ke ly wi l l  

contribute i n  some measure to substi tu tion  for oi l and gas .  

Some changes have been made on page 28 of  the Suppl ement to c l arify th i s  

i ssue .  A s econ d chang e o n  page 28 o f  the Suppl ement repl aces the exampl e 

of el ectri c vehi c l e ,  wi th the examp l e of h i gh-eff ic i ency heat pump s i n  

the commerc i al /res i dent i al sector . Suc h heat pump s  are expected to 

have a greater impact on oi l sub stituti o n  than the el ectri c vehi c l e .  

Con servation , eff i c i ency improvements , and  al ternate l i q u i d  fue l s are 

of great impo rtance wi th i n  the tran sportati on sector and can have a 

s i gn if i cant effect on overal l o i l  con sump tion . However , such  advances 

5 
Nati onal  Energy Po l i cy P l an ,  op c i t .  
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are not l i kely to have a s i gn i f i cant effect on any of the var ious  l ong

term el ectri c i ty supply opti on s .  

Comment ( Letter #1 1 ,  pages 20 and 2 1 ; #2 1 ,  a ttachment 1 ,  page 6 and 

attachme nt 3 ,  pages 1 1 - 1 4 ) : 

The Suppl ement overestima tes the future demand for energy i n  gene ral and 

for el ectri c i ty i n  pa rt i cu l ar  and u ses  i nappropri a te analy ses  i n  estab -

l i s h i ng fu ture dema nd . 

Respon se : 

The Suppl ement doe s take a reasonab l e  pos i ti on on poss i b l e future energy 

and el ectri c i ty dema nd and the Suppl ement ' s  d i scuss i on of future dema nd 

i s  supported by h i s tori cal  da ta and i s  i n  many i ns tances not greatly a t  

va ri ance wi th th e stud ies  c i ted by the S tate o f  Cal i forn i a .  

I t  shoul d be noted that the Suppl ement i s  not i ntended to be a deta i l ed o r  exh au s-

t ive s tudy of  future trends i n  the economy or  in energy u se .  There have been 

many such studi es conduc ted recently and the current DOE energy supply and demand 

proj ecti ons al ong wi th compari sons  wi th other proj ect i ons  have been pub l i s hed . 1 

A s tudy of  th e i nterrel ati ons h i ps of energy and the economy was a l so publ i shed 

by DOE . 2 Appendi x  F ( page 4 )  notes the wi de range of proj ecti ons con s i dered 

by the CONAES pane l . 3 The energy u se data and economi c data are u sed i n  

the Suppl ement to present background i nforma ti on to support the need to 

devel op l ong- range el ec tri c i ty supply tech nol ogi es of al l types .  I n  order to 

to cl ari fy the rol e of the economi c and energy u se date i n  the Su ppl ement ,  

addi ti ons have been made to the text of  the Su ppl ement on  page 30 . 

As stated on page 30 of  the Suppl ement , one purpose of wri ti ng the 

Supp l eme nt was because II there have been some s i gn i f i cant quanti tati ve 

cha nges i n  the tren ds i n  U . S .  e nergy con sump ti on and i n  the percei ved 
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fu ture growth i n  energy demand ll s i nce 1975 . I t  i s  spec i fi cal ly  po i nted 

out that the rate of i ncrease i n  energy demand has been reduced . 

H i stori cal data , i nc l ud i ng years through 1980 , a re presented i n  Appendi x F 

to i l l u strate the GNP-energy cons umpti on trends . The Suppl ement does 

recogn i ze that the GNP-energy con s umpti on rel ati ons h i p  i s  fl exi b l e .  No 

effort i s  made i n  the Suppl ement to draw quanti tati ve projections  from the 

GNP -energy con sumpti on data . The only conc l u s i on drawn i s  that future 

econ omi c growth i s  l i ke ly  to be accompani ed by some future , pos i ti ve  

energy demand growth . 

The c l a i m  by the State of C al i forn i a  that the Suppl ement as serts that 

a heal thy economy depends on a II h i gh li energy growth rate i s  a mi s i nter-

pretati on of the Suppl ement .  After conc l ud i ng that some future total -

energy demand i nc rease i s  probabl e ,  the S u ppl ement ci tes h i stori cal 

evi dence ( page s  F-3 a nd F -4 )  wh i c h  i nd i cates that el ectri c i ty has , wi thout  

excepti on  i n  the years 19 50-1 980 , i ncreased i ts share of  the total u . S .  

energy market .  These data , comb i ned wi th a l ong-term need to substi tute 

for oi l and ga s consumpti on , l ead to the concl u s i on i n  the S uppl ement 

that demand for el ectri c i ty ,  from a l l sources , wi l l  probabl y  grow at a 

fa ster rate than total energy demand . Th i s  concl u s i on i s  i n  agreement 

wi th the Nati onal Energy Pol i cy P l an . 4 

The Suppl ement does recogn i ze that any speci fic estimate of future energy 

or el ectri c i ty demand i s  h i gh ly  uncerta i n .  The 3% val ue for el ectri cal 

energy growth stated on  page F-7 of the S u ppl ement i s  the pres ent DOE 

estimate and i s  con s i dered reasonabl e . 2 

1 Energy Proj ecti ons to the Year 2000 , DOE/PE-0029 , J ul y  1981 . � I nterrel ati on s h i p s  of Energy and the Economy , D OE/PE-0030 , J ul y  1981 . 

4 CONAES , op . c i t . , page 9 .  
Nati onal E nergy Pol i cy P l an , op . c i t . , page 2 1 . 
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Commen t  ( Letter #1 1 ,  pages 24 a n d  25 ; #2 1 ,  a ttachment 1 ,  pages 5 a n d  9 

and attac hment 3 ,  pages 17  and 18 ) :  

Lower proj ecti ons  fo r LWR dep l oyment wi th dec reased uran i um demands and 

i ncreased es t ima tes  of  uran i um resources remove a fundamental rat ional e 

for devel opment of the LMFBR . 

Respon se : 

The avai l ab i l i ty o f  natural uran i um ,  i . e . , depl eti on of u ran i um resources 

i n  LWRs , i s  but one facet of the total rati onal e for devel opment  of the 

LMFBR . The fundamental rati onal e i s  that  i nexhau s ti bl e energy tec hnol ogi es  

are essenti a l  to  sati s fyi ng future U . S .  and  worl d energy needs . Fa i l u re 

to devel op as advanced and promi si ng an i nexhau s ti b l e  energy tec hnol ogy as  

the LMFBR on the premi se tha t  it  i s  not  pres ently needed coul d prove costl y  

i n  the future . 

I f  the expectati on we re that l a rge numbers of LWRs wou l d be depl oyed , 

wi th assoc i a ted h i gh dema nds on urani um re source s ,  then a nuc l ear  energy 

fu ture i s  condi ti onal  on devel opment of the LMFBR . Suc h wa s the case as  

l ate a s  the early 19 70s , when severa l  hun dred LWRs were expected to 

depl ete U . S .  u rani um re sources by the end of th i s  centu ry . Rel axati on of 

th i s  dema nd does  not mean  that the LMFBR opti on s hou l d be c l osed , bu t only 

that  the uran i um resource i ssue may no l onger be a domi nant factor i n  

the timi ng of LMFBR depl oyment . Neverthel ess , resource depl eti on rema i n s 

an i s sue i n  that LWRs wi l l  u l t ima tel y be  drawi ng on a urani um resource 

base that i s  becomi ng more scarce and more expens i ve ,  the reby enhanc i ng 

the competi ti veness  of al l other tec hnol og ies  avai l ab l e ,  i nc l ud i ng the 

LMFBR . 
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Improved condi ti ons  wi th re spect to urani um re sources s hou l d be no more 

val i d  a rea son to s u s pend LMFBR researc h  and devel opment .  than i t  wou l d 

be a val i d  reason to forego any other .  or  al l .  of the i nexhau sti b l e  

el ectri c i ty technol og i es . 

Comment ( Letter #1 1 .  page 19 ) :  

The Suppl ement i gnores potenti al savi ngs i n  el ec tri c al generati ng capac i ty 

from end- u se effi c i ency i mprovements i n  home appl i ances and commerc i al 

l i gh ti ng .  

Respon se : 

End-u se eff i c i ency i mprovements are di scu ssed i n  the Suppl ement on pages 

F-2 . F-3 . a nd 32 . The speci f ic  sav i ngs quoted by the commenter have 

certa i nly not been demonstrated and are not rea sonabl e .  The commenter 

proj ects sav i ngs of 150 . 000 MWe by i mprovements i n  home appl i ances . wi th 

another 100 . 000 MWe savi ngs projected fo r commerc i al l i ghti ng . These two 

projected sav i ngs ( 250 . 000 MWe ) represent about 23% of the projected year 

2000 U . S .  generat i ng  capac i ty .  I n  1980 . appl i ances and commerc i al l i ghti ng 

represented about 19% of the total U . S .  e l ectri cal ge nerati ng  capac i ty .  

The projected 250 . 000 MWe sav i ngs appear u nreasonab l e becau se  home 

appl i ance  a nd comme rc i al l i ghti ng e l ectri c i ty u sage cannot be reduced to 

zero .  

Comment ( Letter #1 1 .  p age 2 2 ) : 

Pe r cap i ta energy use  data for Cal i forni a and abso l u te energy effi c i ency 

data for othe r cou ntri es  i nval i date the Suppl ement ' s  conc l u s i on concern i ng 

el ec tri c i ty growth rates . 
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Response : 

The data i n  the Suppl ement ( pages F-3 and F-4 ) s how that el ectri c i ty has 

i ncreased i ts share of the total U . S .  energy supply c onti nual ly  s i nce 1950 . 

I n  addi ti on , the exampl es  of Cal i forn i a  or other countri es shoul d not be 

taken as  the bas i s  for nati onal pol i cy si nce energy c ons ump tion patterns 

in Cal i forn i a  or othe r coun tri es  may not bear any rel ati onsh i p  to the res t  

o f  the U . S .  due to di fferences i n  i ndu stri es , l i vi ng pattern s ,  and c l imate . 

Comment ( Letter # 1 1 , page 19 ; #2 1 ,  attachment 3 ,  pages 5 ,  6 ,  1 3  and 22-24 ) : 

The Suppl ement does not adequatel y take i nto account the contributi ons  

from conservati on and  end-u se effi c i ency improvements . 

Respon se : 

The Suppl ement does present the recent data for energy effi c i ency improve

ments on pages F-2 and F-3 . Total energy consumpti on trends are di sc u ssed 

on pages F-1  and F-2 . I n  the con text of the Suppl ement , conservati on i s  

the reducti on  o f  energy consump ti on ( e . g . , dri v i ng fewe r mi l es )  and improve

me nts in energy effi c i ency ( e . g. , getti ng more mi l es oper gal l on ) . The 

effects of con servati on are refl ected i n  energy consumption trends . End-use 

effi c i ency improvements prov i de the same end u se wi th the consump tion of 

l e ss energy ( e . g . , dri vi ng the same number of  mi l es wi th a hi gher mi l es-per

gal l on veh i c l e ) . The  Suppl ement  exami nes end-use effi c i ency c ha nges by 

exami ni ng the ra ti o of  gros s nati onal product  to total nati onal energy 

consumpti on . These data on pages F-2 and F-3 show that energy effi c i ency 

i nc rea sed very sl owly from 1950 to 1965 and then decreased si gni f i cantly 

between 1965 and 1970 . Between 1970 and 1976 energy eff ic i ency regai ned 

i ts sl ow i ncrea se . 

began to i ncrease . 

Begi nni ng i n  1977 the rate of  effic i ency imp rovements 

The data for the decade of the 1970s are : 
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Year 

1971 
1972  
1973 
1 974 
1975 
1976 
1977 
1 978 
1979 
1980 

%Effi c i e ncy* 
�rovement 

0 . 73 
1 . 25 
1 . 1 1  
0 . 86 
0 . 66 
2 . 7 1 
1 . 62 
2 . 63 
3 . 2  ( est imate ) ** 

The average of the 1972-1 97 9 improvement val ues g i ves  the 1 . 5% quoted 

on page 32 of the Supp l ement . I nc l u s i on  of the 1980 est imate g i ves an 

average of 1 . 6% .  The i s sue i n  the  an al ys i s  of the data i s  how many years 

to i nc l ude i n  any extrapo l at i o n  to future effi c i e ncy improvement s .  Th i s  

i s s ue wa s addressed i n  the Nat i o nal Energy Po l i cy P l an 1 where it  wa s 

noted that the importance of short-term changes i n  energy cons umpt i on 

pattern s s hou l d not be exaggerated . The po si t i o n  i n  the Su ppl ement i s  

that i t  i s  i n appropr i ate to i nc l ude on ly  the l ast few years of the decade 

of the 1970s because of the extreme r i se in energy cost s , wh i c h  i s  not 

l i ke l y  to be repeated . Sim i l arl y ,  t he data from the l ate 1960s s howi ng 

effi c i ency dec reases are not i n c l uded because it is un l i ke l y  that th i s  

" cheap e nergy" era wi l l  be repeated . 

The 1 97 1 -1 980 average of 1 . 6% annual  effi c i ency i mprovement i s  con s i dered 

a reasonab l e  est imate of susta i nab l e ,  decade-average ann ua l eff i c i e ncy 

improvements .  The Nat i onal Energy P l an proj ect s  effi c i e ncy improvements 

of 1 to 1 . 5% per year for the com i ng decades . The effects  of e nergy 

1 Nat ional Energy Pol i cy Pl an , op  c i t . , page 1 6 .  

* Source - Su ppl ement , Append i x  F ,  references  1 ,  2 ,  a nd 3 .  
** Source - Wa l l Street Journal , February 23 , 1 982 . 
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effi c i e ncy i mprovements were a l so d i sc ussed i n  the recent ERAB report . 1 

The i nc l us i on i n  the Su ppl ement of  e ffi c i e ncy improvement s i s  a s i g n i fi c ant  

change from earl ier d i scuss i on s  and  cannot be  character i zed as  i g nor i ng 

the contr i b ut ion  of conservat i o n  and effi c i e ncy c hanges . To c l ar i fy 

further the d i scuss i o n  i n  the Su ppl ement , a word i ng change has been made 

on page 32 of the text . 

Comment ( Letter #2 1 ,  a ttachment 3, pages 19-2 1 ) : 

The Su ppl ement overstates the  advanced state of devel opment of the LMFBR .  

Response : 

It i s  true that  s i g n i f icant work rema i n s  to  be done to br i ng the LMFBR 

to  the po i n t  where commerc i al i za t i o n  can occur . Indeed that i s  why the 

LMFBR prog ram i s  federal ly-funded . But rel at i ve to other i nexhaust i b l e  

el ectr ic i ty technol og i e s that can potent i a l l y  s at i sfy a l arge demand , DOE 

bel i eves that  the LMFBR technol ogy i s  s i g n i f ican t ly  advanced . 

In  the U . S . , t he EBR- I I  has  operated as  an e l ectr ica l  power  stat i o n  

s i nce 1964 .  The Cal i forn i a  comment that  " EBR- I I wa s to  be  operated as  a 

power pl ant but ha s o perated at on ly  about one- hal f of  i t s  des i g n  powe r 

l evel , "  i s  wi thout a ny b as i s i n  fac t .  To the co ntrary ,  t he EBR- I I h a s  

operated at  i t s  des i g n power l evel * of  62 . 5  MWt s i nce 196 9 ,  fo l l owi ng a 

fi ve-year power ascent program . EBR- I I h a s  supp l i ed nearl y 20  MWe to a 

ut i l i ty gr id  dur i n g  th i s  per i od , wi th impres s i v e  capac i ty factor stat i st i c s .  

I n  each o f  the  l ast s i x  years , for exampl e ,  c apac i ty factors have exceeded 

70% ,  a nd reac hed 77%  i n  1981 , i n  s p i te of  the fact that EBR- I I wa s conduc t i ng 

1 Federal Energy R and D Pr ior i t i e s , Re po rt of t he  Research and 
Devel opment Panel , Energy Re search Adv i sory Board , November 1981 . 

* Ba sed on a des i g n  that i nc l uded b l anket fue l , wh i c h  wa s l ater repl aced 
by a refl ector .  
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an experimental fuel s i rrad i at i o n  prog ram dur i ng th i s t ime wh i c h  i t se l f 

penal i zed capac i ty factor performance by at l ea st 3-5%. 

In Franc e ,  prog ress  has  been even more impress i ve .  It is hard ly  fa i r  

to characteri ze the 250 MWe Phen i x  reactor as a II smal l pi l ot pl ant , 1I or 

vague ly  to refer wi thout ampl i fi cat i o n  to Su perphe n i x  at 1 200 MWe as  no n

prototyp ic  for commerc i al breeder reactors .  Phen i x  has performed we l l  as 

a demonstrat i o n  LMFBR , a nd the capac i ty factor exceeded 70% dur i ng 1 981 . 

Su perphe n i x  operat i o n  i s  sc hed ul ed for 1984 , a nd fo l l owi ng that France now 

i ntends to b u i l d  Su perphe n i x-2 a nd -3 at 1 500 MWe . The l i ke ly  resul t i s  

that  Frenc h LMFBRs wi l l  be commerc i al l y  avai l ab l e  i n  the 1990s . The state

ment that I I France ' s breeder devel opment prog ram i s  decades away from mak i ng  

any s i g n i fi cant add i t i o n  to the country ' s nuc l ear power s u pp ly ll i s  not  val i d . 

In  the U . K . , t he Prototype Fast Reactor ( PFR )  has  not operated rel i ab ly  

s i nce i t s  construc t i o n .  Probl ems have been due  al most e nt i rel y to poorl y 

desi g ned steam generators , n ot wi th  the reactor performanc e .  The des i g n  

and operat i o n  o f  rel i ab l e  steam generators i s  prec i se l y  the k i nd of 

eng i neer i ng prob l em t hat LMFBR programs , i nc l ud i ng that i n  the U . S . , a re 

desi g ned to so l ve .  Wh i l e  the steam generator i ss ue can be an eng i neeri ng 

prob l em  ( al though  EBR- I I and Phen i x  steam generators have performed we l l ) ,  

i t  i s  not the k i nd of prob l em for wh i c h  sc i e nt i fi c  breakthroughs  are 

requ i red . 

I n  the Sov i et Un i o n ,  t he l argest LMFBR stat i on i n  the worl d ( 600 MWe ) 

began operat i o n  i n  1980 and has  been reported to be operat i ng qu i te 

s uccessful l y  ( N uc l ear News , �, page 72 , October 1981 ) .  The U . S . S . R . 

i ntends to have an 800 MWe stat i o n  i n  operat i on by 1 990 . 

Wi th  re spect to fue l reprocess i ng , i t  i s  true that LMFBR fue l  reprocess i ng 
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i s  more dema ndi ng than wi th LWR fuel for wh i c h  commerc i a l reprocess i ng 

i s  now offered i n  Franc e .  I n  the U . S . , urani um/p l u toni um fuel s have been 

reprocessed for decades i n  the defense programs . A great  deal of reproces

s i ng expert i se now ex i s ts in  the  U . S . , a nd based on th i s  experi ence i t  i s  

DOE ' s bel i ef that the addi ti onal  di ffi cu l ti es posed by breeder reactor 

fuel s are probl ems tha t wi l l  be sol ved by orderly devel opment .  DOE ag rees 

tha t  " these modi f icat ions  shou l d be demonstrated before proceedi ng to ful l 

i n du s tr i al -scal e breeder fuel reproces s i ng , "  and that i s  one object ive  of 

the DOE fuel cyc l e  p rograms . The need for a ful l i ndu s tri al -sca l e breeder 

fuel reprocess i ng fac i l i ty i s  decades away , and suffi c i en t  t i me i s  ava i l ab l e 

to overcome any eng i neeri ng di ffi cu l t i es . 

S imi l arly , fuel fabr icat ion  i s  not a maj or i s s ue i n  the LMFBR program . 

Oxi de fuel  fabri cat ion  has been demons trated for the FFTF , and  DOE ' s  

co nti nui ng fuel fabri cati on  program wi l l  prov i de fue l  for devel opmental  

p l ants . There i s  h i gh con fi dence that  the DOE fuel fabri cat ion  program i s  

capabl e of l eadi ng to a succes sfu l  ful l -scal e breeder fue l  fabri cat ion  

fac i l i ty ,  when i t  i s  necessary a t  some future time . 

DOE w i she s nei ther to gl o s s  over nor overstate the prob l ems tha t  rema i n  

to bri ng the LMFBR to a poi n t  where the pri vate sector cou l d comme rc i al i ze 

the technol ogy .  Wh i l e breakthroughs  as  wi th p roof-of-pr i nc i pl e i n  fu s i on , 

or co s t  reduct ions  as  wi th sol ar  photovol ta ics , a re not requ i red , a 

s i g n i fi cant  amount  of engi neeri ng  and  engi neeri ng-sc al e demons trat i on i s  

requ i red . DOE s trongly bel i eves  that  the present  LMFBR program i s  

des i gned to address  these engi neeri ng probl ems i n  an orderly and sys temati c 

way . Evi dence from other LMFBR programs i ncreases confi dence i n  the DOE 

po s i t i on .  
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Comment ( Letter #2 1 ,  a ttachment 1 ,  pages 4 and 1 2 ,  a nd attac hment 3 ,  

pages 3 ,  4 ,  8 and 2 6-28 ) : 

The Su ppl ement i s  defi c i e nt because i t  does not d i scuss  the  effects of 

spend i ng LMFBR program funds on other energy-rel ated prog rams such as 

con servat i o n  or al ternat i v e  techno l og i e s .  

Response : 

Di sc us s i ons  of e nergy research and devel opment fun d i ng pr i or i t i es are 

ne i ther appropr i ate nor usefu l  in th i s  Su ppl ement . The present Federal 

energy po l i cy i s  s ummari zed in the DOE Energy Pol i cy P l an 1 a nd Sun set 

Rev i ew . 2 Al l energy-rel ated programs are funded accord i ng to the i r  

mer i t s  and Federal fund i ng gu i del i nes . Ba s i ca l l y ,  Federa l researc h  and 

devel opment s pe nd i ng i s  b e i ng l im i ted to " l ong-term , h i gh- ri sk  but 

potent i a l l y  h i gh- payoff techno l og i es "3 where " pr i vate fi nns coul d not 

expect to recoup ,  t hrough profi t s , e nough  of the  benefi t s  of the new 

techno l og ies  to st imu l ate the necessary expend i tures . "3 

1 Nat i o nal Energy Pol i cy P l an , o p  c i t .  

2 DOE/PE -0040 ( Vol . 1 ) , De partment o f  Energy Organ i zat ion  Act , T it l e X ,  
Sun set Rev i ew ,  February 1982 . 

3 Idem , page 1 2 .  
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B .  Spec i f i c  Comment s 

Comment { Letter #1 9 ,  pages 1 and 3 } : 

Impacts on  water qual i ty i n  V i rg i n i a  from a po ss i b l e  acc ident at the 

CRBRP shou l d be addressed in the Su ppl ement . 

Response : 

Matters rel at i ng to the  s i te  spec i fi c  env i ronmental impacts associ ated 

wi t h  the CRBRP have been addres sed i n  NRC ' s  fi nal  E IS for the CRBRP 

{ N UR EG-0 1 39 } . I f  the  NRC determ i ne s  t hat  s i g n i fi c ant changes hav e  

occurred s i nce 197 7 ,  a suppl ement t o  NUREG-0 1 39 wi l l  be prepared . 

Comment { Letter #9 , page I } : 

1I • • •  text i n correct ly  states that the l i fet i me uran i um requ i rements for a 

LWR v ari e s  between 140 and 2 00 ST  U308 • Th i s  i s  the annual  uran i um 

requi  rement s for a LWR .  II 

Response : 

The text ha s been corrected { page 36 , l i ne I } . 

Comment { Letter #9 , page 2 } : 

II Sentenc e  does not make sense i n  i t s  current form . 1I 

Response : 

The text has  been corrected { page F-6 , l i ne  1 9 } . 

Comment { Letter #9 , page 2 } : 

3 . 3$ shou l d be 3 . 3% .  
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Response : 

The text has  been corrected ( page F-7 , footnote ) .  

Comment ( Letter #7 , page 2 ) : 

" The  NSF t ran sferred l ead respons i b i l i ty for so l ar and geothermal  energy 

researc h  to ERDA i n  1975 . Th us on  page 107 , reference to current NSF 

act i v i t i e s  i n  these areas i s  i ncorrec t . "  

Response : 

Th i s  materi al  has been del eted from the text . 

Comment ( Letter #6 , page 1 ) : 

" Under ' I n st i t ut i onal ' o n  page 106 , t he reference to ' l i censi ng requ i re

ment s '  need i ng to be exam i ned s hou l d be del eted s i nce NOAA has  pub l i shed 

the l i cens i ng requ i rement s for commerc i al OTEC p l ant s ( 1 5 CFR Part 981 ) . " 

Response : 

An appropr i ate footnote has been added ( see page 106 ) . 

Comment ( Letter #6 , page 1 ) : 

li The pa rag raph st art i ng wi th  ' Research and devel opment--- ' at m i d - page on  

page  107 i s  another topi c and  s hou l d be d i fferent i ated wi t h  an appropr i ate 

head i ng . "  

Response : 

An appropr i ate head i ng has  been added . 
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Commen� ( Letter #9 , page 2 ) : 

" Wh at i s  the bas i s for the as s umed AMAD of 0 . 3  �m? " ( pg .  207 , para . I )  

Response : 

The bas i s  i s  g i ven i n  the fo l l owi ng paragraph from WASH-1 53 5 ( Vo l ume I I ,  

pg . 4 . 3-3 7 ) . 

" These rad i onuc 1 ides woul  d be i n  the form of part icu l  ates of Pu02 , 

U02 , a nd ( U-Pu } 02 . The mass  med i an part ic l e  d i ameter of the Pu02 

powder used i n  the m i xed-ox i de  pl ant wo ul d be primari l y  i n  the range 0 . 2  

to 3 0  �m ; a bout 10% wo ul d hav e  a s i ze l es s  than 1 �m . The U02 powder 

woul d have  a mass  med i an part i c l e d i ameter l es s  t ha n  1 �m . The maj ori ty 

of the part icu l ates rel ea sed wo ul d be expected to have a ma s s  med i an 

d i ameter of about 0 . 3  �m s i nce  t h i s part i c l e s i ze has the greatest 

fract io nal pe netrat i o n  th rough a HEPA f i l ter .  Ac tua l  measurement s at 

pl uto n i um-fabr icat io n  pl ants  showed rad ioact i ve  part i c l es down st ream from 

g love  box HEPA f i l ters ( and j ust u pst ream from the ma i n  b u i l d i ng stack and 

i ts HEPA f i l ters )  to have an ac t i v i ty med i an aerodynam i c  d i ameter of 1 . 0  

to 4 . 0  � m .  We st i nghouse report s t ha t ,  o f  the part i c l es down st ream from 

the HEPA f i l ters i n  the i r  recyc l e- fue l s pl ant , 74% wi l l  hav e  a mass  med i an 

d i ameter i n  the range  0 . 05 to 0 . 1  � m  and 2 5% i n  the range 0 . 1  to 0 . 3  �m . "  

DO E has rev i ewed the a s s umed va l ue and cons i ders it  to be st i l l val id  

tod ay .  
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Comment ( Letter #1 1 ,  page 6 3 ) : 

l iThe extremel y  smal l so urce term used in the model -- 0 . 31 mCi of al pha 

per 1000 MWe year -- i s  nonconservat i v e ,  a nd no uncerta i nty l im i ts are 

prov i d ed .  Th i s  source term i s  based on unval i d ated assumpt i o n s  regard i ng 

po st u l ated rel ease rates that represent goal s for fut ure tec hnol og i e s .  I n  

some i n stances , c onfi nement factors are several orders o f  mag n i t ude  better 

than confi nement factors for ex i st i ng pl ant s ( Rocky Fl at s and NFS-Erwi n ) , 

p l ants operated i n  the recent pa st ( NF S-We st Va l l ey) , o r  even  proposed 

pl ant s • • •  " 

Response : 

The source term for tran suran i c  re l eases  i s  d i sc us sed i n  WASH-1 535  ( see 

espec i a l l y  pp . 4 . 3-47 to 4 . 3-39 and pp .  4 . 4-4 5  and 4 . 4-46 ) ,  n ot i n  thi s 

Su pp l ement .  DOE h a s  rev i ewed the source term and con s i ders i t  to st i l l  be 

val i d  today .  Confi nement factors are , i n  fact , cons i stent wi th those from 

pa st experi ence and tho se for proposed fac i l i t i e s . The NF S exper i e nce i s  

an exampl e ( see pg . 4 . 4-46 of WASH-1 53 5 ,  Vo l ume I I ,  a s  quoted i n  the 

fo l l owi ng  2 parag raph s ) . 

li The 1969 PHS s urvey i nc l uded stack a i r  samp l es from wh ich  Pu-238 and 

Pu-2 39 act i v i t i e s  cou l d be i dent i fi ed .  From the se meas urement s ,  a n  

approx imate cal cu l at i o n  c a n  b e  made wh i c h  p l aces  the pl ant confi nement 

factor for a i rborne pl uton i um at about 2 x 1 09 dur i ng a 28-day per i od of 

cont i nuous  f ue l  d i s so l v i ng and reprocess i ng .  From thi s base po i nt ,  

add i t i o nal  i n ferences  may be  mad e ,  a s  fo l l ows : 

( I )  Ass um i ng that pl ant perfo rmance throughout 1969 remai ned 

cons i stent wi th  the PHS measurement s ,  t he p l uton i um confi nement 
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factor was about 3 . 6  t imes g reater than that for beta part icu l ates 

( 2  x 1 09 vs 5 . 6  x 1 08
) .  

( 2 )  The improved beta part i c u l ate co nfi nement in  1971  ( 5  x 1 0
9

) ,  

ac h i eved after i n stal l at i o n  and operat ion  of an improved a i r  

vent i l at i o n  system , i mpl i e s  a p l uto n i um confi nement factor  o f  the  

order of 101 0
, a s s um i ng tha t the  rat io  i n ferred above wa s 

ma i nta i ned . 

II From t he se cons i derat i o ns , t he co nfi nement factor assumpt i o n  used in th i s  

Statement of 5 x 1 0
9 for beta part i cu l ates and tran s uran i c s , other than 

pl uto n i um ,  s eems reasonab l e . The a s s umpt i o n  of  2 x 1 09 for p l uton i um 

nuc l i d e  confi nement i s  con si stent wi th early NFS  exper i e nce but i s  probab l y  

conservat i ve  i n  the l i g ht  of more recent experi ence . 1I 

Comment ( Letter #5 , page 1 ) : 

II Under Sect ion  I V ,  A,  2 ,  c ,  ( 1 )  F ue l  Reproces s i ng ,  we woul d s uggest that 

some ac knowl edgement be made of the  fact that LMFBR fuel reproces s i ng 

i s  we l l  al ong towa rd be i ng a demonst rated tec hnol ogy . Br i t a i n  and France 

ha ve al ready s ucce ssful ly  reproces sed s ub stant i a l  quant i t i e s  of s pent LMFBR 

fue l from DFR ,  P FR ,  Ra psod i e  and Phen ix  at the i r  re s pec t i ve reprocess i ng 

fac i l i t ies  at Do un reay , Sc otl and and at Marcou l e and LaHague i n  France . 

( Ref.  BNES Conference on Fast Reactor Fue l Cyc l es ,  London , November 9-1 2 ,  

1981 ) "  

Response : 

An appropri ate footnote has been added ( see page 7 9 ) . 
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Comment ( Le tter #6 , page 1 ) : 

" • • •  a desc ri pt i o n  of the  OTEC process  shou l d be the fi r st i tem of 

d i sc u ss i o n , fol l owed by ment i o n  of the pros and con s . "  

Response : 

The OTEC proces s  ( i nc l ud i ng pros and con s )  wa s desc ri bed i n  WASH-1 535  

(Vol ume I I I ,  pages  6A. 6-5 to  6A . 6-8 ) . 

Comment ( Letter #5 , page 2 ) : 

"We woul d apprec i ate yo ur add i ng t he Atom i c s  I nternat i o nal D i v i s i o n  of 

Rockwel l I nternat i o nal to your l i st of I ndustri al  Organ i zat i ons  o n  pag� i x . "  

Response : 

Th i s  overs i ght  has  been corrected . 

Comment ( Le tter #5 , page  1 ) : 

" U nder Sect i on V I , A ,  4 Hea l t h  E ffect s , s ome recogn i t i on shoul d be g i ven  to 

the muc h  l ower dose rates rece i v ed by LMFBR workers than  by convent i o nal LWR 

pl ant worker s .  For i n stance , t he total expo s ure rece i ved by a l l workers i n  

the fi r st e i ght years of Phen i x  operat i o n  ( 60 person- rem ) i s  l es s  than that 

rece i ved i n  one month by al l workers i n  a typi cal U . S .  LWR i n  1 980 ( 6 5 . 9  

person-ran ) . ( Ref .  2 1 .  Sect i o n  I I I  and I ns i de E nergy September 1 8 ,  1 981 ) "  

Response : 

Th i s  i n format ion  i s  useful , b ut i t  i s  not rel ated to Sect i o n  V I . A. ( 4 ) , 

Hea l t h  Effect s , wh i c h  wa s concerned wi t h  pred i ct i ng the heal t h  effects i n  

the general U . S .  po pul at i o n  d ue to rel eases of transuran i c s .  
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Comment ( Letter #6 , page 1 ) : 

" I n d i sc u s s i ng work conducted to  date , t he  Mi n i -OTEC a nd OTEC-1 proj ects  

s ho ul d be  d i sc ussed . "  

Response : 

The Mi n i-OTEC was a 50  kw  demonstrat i o n  fac i l i ty .  OTEC-1 wa s a heat 
exchanger test fac i l i ty .  They were not d i sc ussed in the Supp l ement 
because they were not cons idered as  s i g n i fi cant as  the  l arger demonstrat i o n  
fac i l i t ies  t h at  were l i sted and d i sc ussed ( see pages 107  and 109 ) . 

Comment ( Letter #9 , page 2 ) : 

li The rel at i v e  env i ronme ntal impacts  of a l ternat i ve techno l og i e s  are 

not supported i n  the text .  For exampl e ,  t here i s  no bas i s  for the 

d i fferent acreages reported for tran sm i s s i on l i nes . Water use for OTEC 

i s  re ported l y  very l arge and yet there i s  probab ly  l i tt l e or  no actua l  

consumpt i o n ,  a s  compa red to , s ay ,  LMFBR cool i ng towers . The tab l e  i s  

m i s l ead i ng . "  

Response : 

The rel at i ve env i ronmental impacts are s u p ported by the references , not 

the text . Transm i s s i o n  l i ne acreages were ca l cu l ated assum i ng 20 or 2 1  

ac res per m i l e o f  transm i s s i o n  l i nes  and rea sonabl e a s s um pt i o n s  concern i n g  

the m i l es of  transm i s s i o n  requ i red for eac h tec hnol ogy . Water u se  fo r 

OTEC i s ,  i n  fact ,  very l arge , a nd as soc i ated env i ronmenta l  impacts coul d be 

S i g n i fi c ant  ( see Supp l ement , page 224) . Consumpt i on i s  not a maj or i s s ue 

for OTEC or  LMFBR wa ter use s i nc e  on ly  about 1% of the  water used i s  actua l ly 

con s umed ( i .e . , e vaporated ) .  
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�om���� ( Letter # 1 1 ,  pages  69-73 ) :  

li The d i sc u s s i o n  i n  the DE IS  of the  CRBR s i te se l ect i o n  proces s  i s  ho pe

l es s l y  i nadequate , "  because it conta i n s  no new i nfo rmat i o n  re l ev a nt to 

s i te sel ect i o n  a nd bec a u se it does  not addres s c h ange s i n  NR C regu l atory 

c r i te ri a concern i ng s i t i ng . . . .  Th u s , li t he DE I S  fal l s  fa r s ho rt of 

NEPA ' s requi reme nts  fo r a reaso ned and t ho rough  d i sc u s s i o n  of a l terna

t i ve s  to the propo sed proj ecL " 

Response : 

The d i sc u s s i o n  i n  the  Supp l ement  con s i ders  the  ava i l ab l e  re l evant  new 

i nfo rmat i o n .  I n  add i t i  o n , t he " c hanges  i n  NRC reg u l  ato ry c r i ter i  a 

concern i ng s i t i ng "  c i ted by t he comme nter are not app l  i c ab l e to the  CRBRP . 

NRDC po i nted out t h at new i nfo rma t i o n  ha s b een  devel oped on  t he C l i nc h  

Ri ve r s i te and al tern at i ve s i tes s i nce i s s ua nc e  of t he NRC FES ( N UR EG-0 1 3 9 )  

i n  Feb rua ry 1977 . Th i s  new i nfo rmat i o n  i s  refl ected i n  CRB RP ' s  u pdate t o  

t h e  al t er n at i ve s i t i ng a n a l ys i s  i n  the  CRB RP E n v i ronmenta l  Repo rt . 1 

Th i s  i nfo rmat i o n  rec onfi rms t he conc l u s i o n  of the  o ri g i na l  s i t i ng ana l ys i s  

a nd s uppo rt s t he co nc l u s i o ns i n  Ap pe nd i x  G of the  Su pp l ement . The C l i nc h  

Ri ver  s i te rema i n s t he be st a l t ernat i ve fo r meet i ng prog ram a nd proj ect 

obj ect i ve s .  

NRDC refe rences to rev i s i o ns to t he NRC reactor  s i t i ng c ri te r i a a re 

not rel evant . The proposed rev i s i o n s  referred to by NRDC ar i se from t he 

FY 1980 NRC  Authori zat i o n  Act ( P . L .  96-2 9 5 ) .  The i mpre s s i o n  g i ve n  

i s  t hat  t h i s revi s i o n  h a s  some rel evance  t o  t h e  CRBRP a l tern at i ve s i te 

cons i derat i o n .  However , t he FY 1980 NRC  Author i zat i o n  Act i nc l udes  t he 
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stateme nt : " Reg u l at i o n s promu l gated under th i s  sect i o n  s h a l l not a p p l y  to 

any fac i l i ty fo r wh i c h  an  a p p l i c at i o n  fo r a construct i o n  pe rm i t  wa s f i l ed 

on or before October 1 ,  1 979 . "  As the  CRBRP c on struct i o n  pe rm i t  a p pl i 

cat i o n  wa s f i l ed i n  Apr i l  1 9 7 5 , t he se revi s i o n s  o bv i ou s l y  do  no t a p pl y .  

NRDC a l so referred to new NR C emergency p l a n n i ng regu l at i o n s  ( N UR EG -0654 , 

FEMA-R EP-1 , Rev i s i o n  1 ,  November 1980 ) .  The se regu l at i ons  m i g ht  impo se 

some add i t i o n a l  req u i reme nts  on CRBRP d u r i ng t he const ruct i o n  perm i t  

rev i ew .  The se requ i rements  wi l l  b e  addres sed i n  the  CRBRP l i c en s i ng 

proces s .  No i n surmounta b l e  ob stac l es have  been i dent i fi ed regard i ng 

eme rge ncy p l a n n i ng fo r CRBRP . Th i s  to p i c  i s  d i sc u s sed on page 128 of 

the Su pp l eme nt . 

Letter , J .  R .  Lo ngen ecke r ,  DOE , to P .  S .  Check , NR C ,  II Re spo nse  
to  Req uest fo r Al ternat i ve S i te s  I n fo rmat i o n , 1I Feb rua ry 1 2 , 1 982 . 

( Ava i l ab l e  from DOE u po n  req ue st . NR C Do cket No . 50-5 3 7 . ) 
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Comment ( Letter #4 , pages 1 and 2 ) : 

u . S . n uc l ear fac i l i t i e s  are vu l nerab l e  to attack s  by fore i g n  gov ern

ments ( us i ng both convent i o nal and nuc l ear weaponry ) . 

Response : 

The weapons  del i v ery systems accurac i e s  needed to cause s i g n i fi cant ly  

greater n um bers of  casua l t i es ( than wo ul d be  caused by t he weapons  them

se l ves , e s pec i a l l y  n uc l ear weapo n s )  exceed the capabi l i t i e s  of most 

ex i st i ng depl oyed strateg i c  weapo ns  systems . Target i ng of U . S . n uc l ear 

fac i l i t i e s  i s  un l i ke l y  due to the very l arge numbers of weapon s  that wo ul d 

be requi red to cause suffi c i ent  damage to these fac i l i t i e s  such  that 

si g n i fi c an t  q uant i t i e s  of rad i oact i v i ty woul d be rel eased . 

Comment ( Letter #2 1 ,  a ttachment 3 ,  page 6 ) : 

li The DE IS  fa i l s  to i dent i fy any adverse env i ronmenta l effects  wh i c h  cannot 

be avo ided and to d i sc uss the rel at io nshi p between short-term uses  of t he 

env i ronment and  the enhancement of l ong-term product i v i ty and any i rrevers i b l e  

commi tments  o f  resources wh i c h  woul d be i n vol ved . I n  part i cu l ar , l ong-term 

env i ronmental  impacts  from t he decommi s s i on i ng and d i spo sal of contam i nated 

fac i l i t i es , e qui pment , a nd wa stes shoul d be i dent i f i ed and d i sc ussed . "  

Response : 

The State of  Cal i forn i a  re peatedl y  refers  to the Su ppl ement as  the  DE I S .  

Many of  the i ss ue s  rai sed concern i ng the Supp l ement were addres sed i n  the 

Fi n al Env i ronmental Statement ( ERDA-1 535 )  and/or the Propo sed Fi na l  

Env i ronmental  Statement ( WASH-1 535 ) , a s  shown i n  the  fo l l owi ng tab l e . 

These i s s ue s  have been rev i ewed and DOE has  determi ned that the d i sc us s i o ns 

of  them i n  ERDA-1 535 are st i l l  val i d .  
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I s sue Sect i o n  o f  WASH- 1 535  

Short-term bene fi t s  Sect i o n  9 
and l ong-term l os se s  

I rrevers i b l e  and Sect io n 10 
i rretri evab l e  comm i t-
ments of resources 

Decomm i s s i o n i ng Sect i o n  9 . 2  

Unavo i dab l e  ad verse Sect io n 8 
env i ronmenta 1 impacts  

Comment ( Letter #2 1 ,  attachment 1 ,  page 1 7 ) : 

( Vo l  ume I V )  

( Vo l ume I V ) 

( Vo l ume I V )  

( Vo 1 ume I V )  

" The  DE IS  contends th at it  i s  appropr i ate t o  excl ude contam i nat ion  o f  

water supp l  ies  because o f  the " sma l l frac t i on re l eased to water ,  t he 

l ow so l ub i l ity o f  most trans uran i c  compo unds , a nd the great d i l ut i on  

vol ume u l t imate ly  prov ided by the  worl d ' s ocean s . "  ( D E I S  p .  1 92 )  Th i s  

content i o n  fa i l s  to ful fi l l  the d i sc l osure requ i rement s o f  N E PA .  We are 

concerned about the potent i al for tran suran ics  to harm down stream dr i n k i ng 

suppl ies . Ana lYS i s of  the r i s k  o f  contam i nat ion  of  dri n k i ng water , g round 

wate r ,  evapo rat i o n  and s ubsequent ra i nfa l l ,  r i ver and l akebed sed iments 

and so i l  expo sed by i nd i rect mean s shou l d be d i sc ussed in the E IS . "  

Response : 

The que st i on s  posed wi th regard to " • • •  the r i s k  of  contam i nat i o n  of  

dri n k i ng water , g round water ,  e vapo rat i o n  and s ub sequent ra i nfa l l ,  r i ver 

and l akebed sed iments and so i l  expo sed by i nd i rect means • • •  " are important 

que st i ons , wh i c h  sho u l d i ndeed be cons i dered i n  any env i ronmenta l  impact 
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statement wr i tten  for a s pec i fi c  pl ant and s i te .  However , s i te- s peci fi c  

parameters are o f  suc h control l i ng importance t o  any cons i derat i o n  o f  aqueous 

d i spersal pathways that it i s  d i ff icul t to i ncorporate suc h  cons i derat i ons 

i nto a gener ic  env i ronmental  impact ana lys i s  i n  any mean i ngful  manner . I n  

the Su ppl ement i t  was  assumed that al l pl uto n i um depo si ted from atmospher ic  

d i spersal wi l l  be  tran sported to  man  on ly  v i a  the  so i l - pl ant pathway . Th i s  

oversimpl i f i cat i o n  wa s i ncorporated by c hoos i ng parameters , desc ri pt i v e  

of the  so i l - pl ant pathway , t hat  l ead t o  greater depos i t i on i n  m a n  than  

coul d concei v ab ly  be  atta i ned by a l ternat i v e  pathways . 

Comment ( Letter #2 1 ,  a ttachment 1 ,  page 1 7 ) : 

li The assumpt i o ns made for terrestr i a l d i s persal  are very confus i ng .  If  

it  is  known that rad i o nuc l i des  m i g rate downward through the so i l , why i s  

i t  a s sumed they remai n i n  the  root zo ne? The OE IS  s tates that  th i s  

a s sumpt i o n  make s e st imates  of expo sure hi gher than  expected . Wh i l e  t h i s 

may be  correct , t he same as sumpt i o n  i g nores po ss i b l e  entry i nto  the 

hydrol og i c  system v i a groundwater . 1I 

Response : 

The parameters  empl oyed to descri be the so i l - pl ant-man pathway l ead to 

the ul t i mate i ngest i o n  by man of approx imate ly  0 . 1% of al l of the source 

term tran suran i c s ( al l as sumed to be un i formly depo s i ted , a nd to remai n 

for the i r  l i fetime , i n  the to p 20 cm of U . S . so i l ) .  See Tab l e  I I . G-8 

( repl acement ) ,  o n  page 0-1 2 of the  Suppl ement . Any t ran suran i c s  that  

mi g ht fo l l ow a n  aqueous pathway wi l l  be  l ost to the so i l - pl ant pathway , 

a nd wi l l  t h us reduce the amount reac h i n g  man un l es s  t h i s  aqueous pathway 

i s  more effi c i e nt than the  so i l - pl ant �athway i t  repl ace s . *  

*See page I I . G-2 9 ,  WASH-1 535 .  
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It i s  d i ffi cu l t to co nc e i ve of an aqueous pathway that coul d l ead to 

an overal l tran sfer  of 0 . 1% of i t s  tran s uran ic  co ntent to man . The 

aqueous route i s  i n herent ly  i neffi c i e nt , b ecause trans uran i c s  wi l l  not 

rema i n  for l o ng i n  any aqueous state access i b l e  to man . Because of the i r  

chem i cal  character i st i cs  they are apt to b e  l argel y ad sorbed to i n access i b l e  

sed iments . To the extent that they rema i n  i n  aq ueous so l ut i on  or s u s pe n

s i o n  they wi l l  become rap i d l y  d i l uted wi th t ime . I n  any c ase , a n  extremely  

sma l l fract i o n  of any aqueous poo l  wi l l  ever fi nd i t s way to  human consump

t i o n .  The se are , adm i tted l y ,  q ua l ita t i ve arguments .  They seem more 

a ppropr i ate , h owev er , to  thi s generic  apprai sal than a deta i l ed q uant itat i ve 

ana lys i s ,  wh i c h  wou l d requ i re cons i derat i on of a wi de  range of a s s umpt ions , 

a nd wo ul d l ead to re s u l ts  wi th s uc h  a wi de  range of uncerta i nty as  to be 

esse nt i al l y  mean i ng l e ss . 

The c ri t ic i zed a s s umpt i o n  that trans uran ics  do not m i g rate from the root 

zone i s ,  o f  course , o ne of the ass umpt i o n s  des i g ned to ens ure that the 

great l y  overs impl i f i ed food cha i n to man rema i n s conservat i v e  overa l l .  

The ass umpt i o n  of a 10-2 concentrat i o n  factor from so i l  to p l ant-der ived 

food i s  anot her s uc h  conse rvat i ve factor .  More rea l i st i c  factors cou l d be 

j ust i fi ed ,  b ut one wo u l d then  be constrai ned to consi der al ternate pathways 

i n  muc h  greater deta i l . 

Comment ( Letter #9 , page 2 ) : 

" P l ea se defi ne I l i fet ime of the rad ioac t i ve materi a l s . '  I s  th i s ten 

hal f- l i ves , or the b i o l og i ca l  ha l f- l i fe ,  or some comb i nat i o n  of the 

rad io l og ica l and b i o l og i c al ha l f- l i ves ? " 
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Response : 

The phrase , " l i fet ime of the rad i oact i v e  mater i al s "  means  total  l i fet ime ; 

i . e . , every rad ioact i ve d i s i nteg rat i o n  wa s con s i dered unt i l  not a s i ng l e  

atom of t he  rad i onuc l i de  rema i ned . I n  pract ica l  terms , o f  course , n o  

s i g n i f i cant quant i ty remai n s  after 10 ha l f- l i ves , b ut ca l cul at i ons  i nc l uded 

every atom of the rad i o nuc l i de .  ( page 22 , l ast l i ne )  

Comment ( l etter #9 , page 1 ) : 

" Reasons are g i ven  as to why a l l of the so urce term i s  a s s umed to be 

rel eased to the atmosphere . It wou l d i mprove the argument to i n c l ude an 

ana lys i s to s how t hat the contr i but i o n  from t he aqueous pathway to human 

expo sure ( &  heal t h  effects ) wi l l  be s i g n i fi cantl y l es s  than the atmospher i c  

pathway . Wi t h  respect to the acc ident contr i but i o n  to the source term ,  a 

cross reference to p .  1 34 and the footnote thereon wou l d be useful . "  

( page 192 , p arag raph 2 )  

Response : 

The more deta i l ed consi derat i o n  of the  so urce term i n  WASH-1 535 ( Ap pe nd i x  

I I . G )  pred i cts  a l i qu i d  tran suran i c  effl uent on ly  for the fue l fabr icat i o n  

pl ant , i n  a n  est imated amount of 0 . 046 mCi / l 000 MWe Yr . Th i s  l i qu i d  effl uent 

wa s d i sreg arded for two pr i nc i pal rea sons : ( 1 )  i t  was smal l compared to 

the est imated 0 . 36 mCi / l 000 MWe Yr ai rborne rel ease from t he fue l reprocess i ng  

pl ant and is  certai n l y  wel l wi t h i n the uncerta i nty l im i t s  of that h i g her 

est imate , a nd ( 2 ) because the env i ronmental d i spersa l of a l i q u i d  transuran i c  

effl ue nt i s  a s i te- s pec i fi c  prob l em that wou l d b e  d i ffi cu l t to hand l e i n  

any gener i c  se nse . It wa s stres sed i n  WASH-1 53 5  ( Appe nd i x  I I . G )  t hat  suc h 

l i q u i d effl uents woul d need to be cons i dered i n  connect ion  wi th  the 

env i ronmenta l impact of any s pec i fi c  fue l fabr icat i o n  pl ant . 
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Comment ( Letter #9 , page 1 ) : 

II Terrestr i al D i spersa l - i t  i s  ackn owl edged that the assumpt i o n  of  un i form 

d i st r i b ut io n  of  TRU over the u . s .  wi l l  underest imate the depo s i t i on 

immed i ately downwi nd from the source , and may underest imate the TRU 

reach i ng man v i a  food cha i n s .  It woul d be appropri ate here to make a 

statement as  to the po ss i b l e  mag n i t ude of  the underest imate . 1I ( page 1 95 ,  

pa rag raph 2 )  

Response : 

The assumpt i o n  of un i form di st r i but i o n  of  depo s i t i on of trans uran i c s  over 

the u . s .  wi l l  underest imate depo s i t i o n  immed i ate ly  downwi nd from the so urce . 

Th i s  wi l l  resul t i n  a rel at i ve underest imate of tran suran i c  el ements 

reac h i ng  man v i a  food cha i n s onl y i f  food produc t i o n  per un it  area i s  

greater i n  th i s  downwi nd area of enhanced depo s i t i o n  than i t  i s ,  o n  

averag e ,  t hroughout the u . s . The magn itud e  of th i s  rel at i ve underest imate 

wi l l depend very cr it i ca l ly  u po n  pl ant l ocat i on and cannot be spec i f i ed i n  

any gener i c  sense . An appropr i ate cho ice  o f  pl ant l ocat i o n  wi l l  avo id  the 

prob l em .  I t  shoul d al so b e  noted that , under any c i rcumstances , a n  

absol ute underest imate of transuran i c s  reac h i ng man i s  hi ghl y u n l i ke l y  i n  

v i ew o f  the many other co nservat i ve factors empl oyed i n  the est imate , a nd 

in  v i ew o f  the wi d e  d i spers i o n  o f  food prod uc t i o n  ac t i v i t i e s  th roug hout 

the u . s . 

Comment ( Letter #9 , page 2 ) : 

li lt  wa s assumed that  the  co ncentrat i o n  of TRU in  food re s ul t i n g  from LMFBR 

rel ease s  wi l l  be 1 percent of the concentrat i o n  of the top 20 cm of so i l . 

Wh at i s  the range of uncerta i nty i n  th i s  est imate? 1I ( page 1 96 , parag raph 2 )  
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Response : 

The ass umpt i o n  that food wi l l  conta i n  a tran s uran i c  concentrat i o n  equal  

to 1%  of the  concentrat i o n  in  the top 20 cm of so i l  cannot be bounded 

by any stat i st i cal l y  deri ved uncerta i nty rang e .  Data o n  wh i c h  the est imate 

i s  based ( as  d i sc ussed and referenced i n  the Su ppl ement , Appe nd i x  D ) are 

mai n l y  l aboratory stud i es of uncerta i n  rel evance to real -worl d s i t uat i ons , 

part ic ul arl y as  these s i t uat ion s  may devel op after several h undred years 

of weat heri ng . Probab ly t he most rel evant data are those rel at i n g  to the 

co ncentrat i on of pl uto n i um from weapons te st fa l l out i n  so i l  and food , 

where concentrat i o n s  i n  food average about 0 . 1% of the concentrat i o n  i n  

so i l . Th i s  fal l out n umber i s  al so a n  overest imate of  uptake from so i l , 

s i nce it  i s  deri v ed i n  l arge part from d i rect fa l l out depo s i t i o n  o n  the 

food . The 1% ass umpt i o n  i s  retai ned in the face o f  muc h data fav ori n g  a 

l ower n umber because of the  po ss i b i l i ty that uptake i n  the fut ure may 

i nc rease d ue to chem ical changes i n  the so i l  or al tered ag r icul tural 

pract i ces . 

Comment ( Letter #9 , page 2 ) : 

II How woul d the po ss i b l e  10-fo l d  vari at i on i n  the quant ity o f  TRU i nha l ed 

affect the  est imate s of  d oses to the popul at i o n? 1I ( page 209 , fi r st ful l 

paragraph ) 

Response : 

The 10-fo l d range i n  the qua nt i ty of  tran suran i c s  i nha l ed wa s est imated for 

the d i rect i n hal at i o n  from the i n i t i a l pl ume ,  wh i c h  amounts to about 30% 

of the  total  est imated i nhal at i on . *  The remai n i ng 70% i s  i n hal ed fol l owi ng 

res uspen si on , over l ong t ime per i od s , a nd wo ul d be expected to show l es s  

*See page I I . G-2 4 ,  WASH-1 535 .  
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var i at i on  wi t h  l ocal po pul at ion  den s i ty .  I n ha l ed tran s uran i c s  are 

respons i b l e  for the total est imated dose to the l un g , and  for about 

60% of t he dose to ot her organ s , a s  deta i l ed i n  Appe nd i x  O. A 10-fo l d 

range i n  d i rect i n hal at i o n  woul d therefore co rrespo nd to 3-fo l d range i n  

l un g  dose and s l i ght ly  l ess  t han  a 2-fo l d range i n  dose t o  t he other 

organ s .  I t  s ho ul d be noted t hat th i s v ar i at i on due to po pul at ion  d i st r i 

but i o n  c a n  be  cont rol l ed by s i te l ocat i o n .  The l ocat i o n  on  wh i c h  t he 

model  wa s based wa s a poor s i te from the stand po i nt of  m i n im i zi ng  

po pul at i o n  dose and any " real " s i te woul d probab ly  b e  chosen  to  reduce 

th i s  expo s ure .  

Comment ( Letter #9 , page 2 ) : 

" Ev i dence ,  o r  a reference ,  s hou l d be c i ted to s how t he co nservati sm of 

the  so i l - pl ant-man pathway ment i o ned here . "  ( page 0-1 , parag raph 4 )  

Response : 

E l eme nt s  of  t h i s conservati sm are desc ri bed , expl ai ned and/or referenced i n  

the pages fo l l owi ng t he referenced paragraph i n  Append i x  0 ,  i n  the Heal th  

Effects  chapter , a nd in  respo nses to other comment s .  

Comment ( Letter #9 , page  2 ) : 

" What  i s  t he bas i s for the statement t hat the 50-year expo s ure  per i od 

wi l l  overest imate act ual  expo s ure? " ( page 0-5 , paragraph 2 )  

Response : 

U se  of a 50-year per iod for dose accumul at i on impl i e s  that for peopl e 

l i v i ng beyo nd age 5 0 ,  d ose  wi l l  not be co unted from i ntake s t hat occurred 
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more than 50  years earl i er .  However , dose from i ntakes occurr i n g  l es s  

than 50  years before death are overcounted , s i nce t he  person h a s  d i ed 

before the  50 years of dose accumul at i on ha s l apsed . The net effect i s  an 

overest imate of actual  dose recei ved un l ess the person l i ves beyond the 

age of 1 00 .  

Comment ( Letter #4 , page 1 ) : 

" The  DOE s pe nt s i x  hundred m i l l i o n  dol l ars  on  hardware for t h i s proj ect ,  

but d i d  not spend any for test of the  damage done to human cel l s  by l ow 

l ev el nuc l ear rad i at i o n , by s uc h  emi nent  Mol enuc l ear B i o l og i st as 

Mr . Wa l ter Gi l bert and h i s col l eag ues--- for to do so , woul d so prej ud ice  

your case for Nuc l ear powe r , ( Of  any ki nd . )  it  wo ul d make the Nuc l ear 

( l et ' s borrow money to  do i t . ) advocates l ook l i ke c l own s . " 

Response : 

The De partment of  Energy and i t s  predecessor agenc i e s , t he Energy Re search  

and Devel opment Admi n i strat i o n  a nd  t he  Atom i c  Energy Commi ss i o n ,  have  

supported mol ecul ar and cel l u l ar rad i at i o n  effects  st ud i e s  for decades , 

thereby prov i d i ng muc h of the  bases for our knowl edge i n  the fi e l d of 

rad i at i o n  b i o l ogy . The total  s u pport for these stud ies  approaches two 

hundred m i l l i on dol l ars . I t  may be  of i nterest to note that sc ient i f ic  

stud ies  on  the effects of rad i at i on on  l i v i ng cel l s  were carried  out  a s  

early a s  the  earl y 1900s , o ne of  t he  fi rst pub l i s hed reports hav i ng been 

pr i n ted i n  1906 . 

Comment ( Letter #4 ,  page 2 ) : 

" I n each  case where stast i t i c s  have been col l ected and correl ated , 
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Enzyme Di sfunct i o n  D i sease s , ( Heart , Fetal deaths , Stroke s , a nd Cancer . )  

have accel erated the death tol l i n  t he po pul at i ons  who l i ve  near and 

adj acent to Nuc l ear I n sta l l at i o n s .  Rocky Fl at s ,  Hanford ,Wash i ngto n , The  

Sav annah R i v er Atom i c  Energy Reservat i o n  at  Barnwe l l , S . C .  ( Fi n i al Impact 

Statement 1975 ) and Dr . Sterng l ass ' s  correl at i ons . Low l evel Nuc l ear 

Rad i at i o n  k i l l s  fo l ks , a nd as more escapes i nto our Env i ronment , more 

bod i e s  wi l l  fa l l . " 

Response : 

I n  s p i te of  a l l egat i o n s  made by some i nd i v idua l s ,  to  date there have  

been no confi rmed sc ient i fi c al l y  val id ep idem i ol ogi cal st ud ies  s howi ng  an 

i ncreased i nc i d enc e of rad i at i on i nd uced d i seases among po pul at i o n s  l i v i ng 

near or adj acent to the nuc l ear fac i l t i e s  at Rocky Fl ats , Co l orado ; 

R i chl and , Wa sh i ngto n ;  or  Barnwe l l ,  South  Carol i n a .  

The a l l egat i on s  o f  D r .  Sterng l as s  have rece i v ed extens i ve attent i o n  both 

wi th i n  and out s i d e  the sc ient i fi c  commun ity . Many knowl edgeab l e  persons 

and organ i za t i ons  hav e  rev i ewed h i s f i nd i ngs and found them to be unsubstan-

t i ated by t he data he presents .  A part i al l i st of t hose rev i ewi ng  h i s 

a l l egat ions  and d i sagree i ng wi t h  hi s concl us i ons  i nc l ud e :  

The Pennsyl van i a  De partment o f  Env i ronmenta l  Resources 

( " Summary Statement o n  Dr .  Sterng l as s '  Al l egat i o n s  Concern i n g  
Nuc l ear Power and I n fant Morta l i ty , "  Offi ce of Rad i o l og i cal Heal th , 
Pennsyl van i a  De partment of Env i ronmenta l Re sources , February 8 ,  1 97 1 . )  

A s pe c i al i n vest i g at i n g  commi ttee appo i nted by t he Governor of Pennsyl van i a  

(Re port to t he Governor , S h i ppi ngport Nuc l ear Power Stat i on , Al l eged 
Hea l t h  E ffect s , prepared by Governor ' s  Fact F i ndi ng  Commi ttee , 1 974 . ) 
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The u . s . P ub l i c  Heal th  Serv i ce  

( P reface to  Eval uat i o n  of a Po ss i b l e Ca usal  Re l at i onsh i p between 
Fal l out Depo s i t i o n  of  Stront i um 90  and  I n fant and Fetal Mortal i ty 
Trends , P ub l ic Heal t h  Serv i ce , October , 1 96 9 . ) 

The u . S .  Env i ronmental Protect i o n  Agency 

( "As se s sment of Env i ronmental Rad i oact i v i ty i n  the Vi c i n i ty o f  
the S h i ppi ngport Atom i c  Power Stat i on , "  an i nter im  report by t he 
Ea stern Env i ronmenta l Rad i at i o n  Fac i l i ty ,  J ul y  2 0 , 1 973 . ) 

The New York  State Department of  Heal th  

( " l s  There Ev i dence for an As soc i at i on of Rad i oact i v e  Fa l l -Out to 
Le u kem i a and Fetal Mortal i ty i n  New York State? , "  Dr . Peter Greenwa l d ,  
Di rector , Cancer Control Burea u ,  a nd Sandra Ki nch , D i rector , Heal t h  
Stat i st i c s , New York  State Department of  Heal th . )  

The Mi ch i gan Department of Pub l i c Heal th  

( " A Rat i o nal e of Dr . Sterng l as s '  P a per  ' I nfant Morta l i ty Changes  Near 
the B i g  Rock Po i nt Nuc l ear Power Stat i o n , Charl evoi x ,  Mi c h i g an . ' "  
The Mi ch i gan De partment of Pub l ic Heal th , February 1 9 ,  1 97 1 . )  

The State of I l l i no i s  

( P ub l ic Statement by Dr . Frankl i n  Yoder , D i rec tor , I l l i no i s State 
Department of Heal t h , October 22 , 1 970 . ) 

The Amer i c an Academy o f  Ped i atr ic s  

( Commi ttee on  Env i ronmental Hazards . Ameri can Academy of  Ped i atri c s ,  
News l etter Supp l ement , Apr i l  1 5 ,  1 970 . )  

Sc i ence Magazi ne  

( " Erne st J .  Stern g l as s :  Controversi a l  Prophet of Doom , "  Sc i ence ,  
October 1 0 ,  1 969 . ) 

Comment ( Letter #2 1 ,  a tt ac hment 3, page 7 ) : 

" An exampl e of the  poor qual i ty of  the an al ys i s  of  a l ternat i ves i s  

Fi g ure  1 ( D E I S ,  p .  3 1 ) wh i c h  prov i des  a dated ( 1 976 )  compari son o f  e nergy 

avai l ab l e  from renewa b l e energy resources . Suc h i nformat i on does not 
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refl ect s i gn i fi cant recent advances i n  renewabl e energy technol og i es , 

pa rt i c u l arly i n  photovol tai cs , wi nd , smal l hydroel ec tri c , etc . 1I 

Response : 

Th i s  fi gure represents the mos t  recent i n formati on avai l ab l e .  Al so , i t  

shows that renewabl e energy technol ogi es are i nexhaust i b l e .  II Recent 

adva nces ll i n  tec hnol ogy devel opment have not changed resource est ima tes  

for renewabl e energy technol ogi es . Data for the  more conventi onal  sources , 

however ,  h ave changed somewh at , a s  s hown i n  the fo l l owi ng tab l e .  

Energy 
Sou rce 

Gas 

Petrol eum 

Geotherma l 

Oi l S hal e 

Coal 

Uran i um 

- L i gh t  Water Reactors 

- Breeder Reacto rs 

ERDA 
76-1  
F i gure* 

1 , 030 

1 , 100 

3 , 434 

5 , 800 

1 3 , 300+ 

1 , 800 

130 , 000 

New 
F i gure ( s ) * 

688-958 

545-783 

7 10-3400 

6 , 187 

19 , 000 

1 , 812  

139 , 400 

Source of 
New F i gures  

USGS ( 1980 est imate ) 

DOE/E IA-02 16 ( 80 )  

USGS C i rcul ar 790 ( 1978 ) 

DOE/E IA-0 173 ( 80 ) /3 

DOE/E IA-0280 ( 79 )  

DOE/GJO-1 1 1  ( 80 )  

* I n  Quads ( 1015 
Btu ) , po tent i al ly  recoverab l e  con s i deri ng tec hno l ogi cal  

a nd econom i c  ( bu t  not envi ronmental ) con stra i nts . 

Comment  ( Letter #1 1 ,  pages  7 and 8 ;  #2 , page 3 ) : 

Many LMFBR cos t/benefi t ana l yses have been prepared s i nce 1975  ( ll s evera l  

of  wh ich  were authored by DOE ll ) and  coul d have been used to rev i se the 

FES  cost/benefi t ana lys i s .  
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Response : 

The idea t hat mater i al prepared by DOE a l ready ex i st s  wh i c h  co u l d be 

used as an u pdated programmat i c  co st/ benefi t anal ys i s i s  i ncorrec t .  

The l ast comprehens i ve cost/benefi t ana l ys i s o f  t h e  LMFBR made by t he 

Department of  Energy or i t s  predeces sors wa s that presented i n  the " F i na l  

Env i ronmenta l  Statement - L i qu i d  Metal  Fa st Breeder Reactor Prog ram , "  

( ERDA-1 535 ) , d ated December 1975 . Here , a tota l of 65  cases were ana lyzed 

in wh i c h  the energy d emand , U 308 supp l y and cost , LMFBR i ntroduct i o n  

date , a nd LMFBR cap i ta l  cost were var ied  parametr i cal l y  wi th  benefi t s  

ca l cul ated over a 50  year per i od u s i ng  d i scount  rates of 7 . 5 and 1 0% .  

Si nce i s su i ng  ERDA-1 535 , ERDA a nd i t s  successor DOE h a ve performed 

a number of econom i c  stud i e s  of s i n g l e p l ant s  and comparat i v e  power cost s  

o f  var iou s  breeder reac tor des i g ns a l ong wi t h  other reactor types .  The se 

i nc l ude the references c i ted i n  the NRDC comment s i n  add i t i o n  to a number 

, of U . S . p apers tab l ed in  the I n ternat i ona l  Nuc l ear Fue l  Cyc l e  Eva l uat i o n  

( I NFCE ) conference .  These ca l cul at i o n s  are o f  two bas i c  types ,  f i n i te ore 

ana lyses  and econom i c  i nd i fference determ i n at i ons , and deal wi t h  the t im i ng  

of an economi c  commerc i al breeder rather than  wi t h  an overal l cost/ bene fi t  

o f  i t s  a ppl i cat i o n .  For co st/benefi t ana lyse s , o ne wou l d need to return to 

the methodol ogy a l ready ut i l i zed i n  ERDA-1 535 .  

The useful ne s s  o f  a co st/ benefi t ana lys i s  a s  a s i g n i fi cant  el ement i n  the 

dec i s i o n  process  i n  a very l ong- range program suc h a s  the  breeder program 

i s  que st i onabl e .  About al l that can be shown real i st i cal l y  i s  t hat there 

are c i rcumstances wh i c h  can be rea so nab ly  po st ul ated i n  wh i c h  the benefi t s  

from the prog ram can mater i al l y  exceed the co st a n d  there are a l so future 

c i rc umstances i n  wh i c h  the absence of  a breeder prog ram can be very cost l y  
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to th i s country .  Th i s  wa s c l early d emonstrated i n  the ERDA-1 535 st udy and 

i s  st i l l va l i d  today .  

Comment ( Letter #2 1 ,  a ttachment 3 ,  page 29 ) : 

II I t  has  been est  imated that  more than  10  m i  1 1  i on  k i l ograms per year of 

fi ss i l e  p l uto n i um wo ul d c i rcu l ate in fres h  fue l in a pl uto n i um breeder

based nuc l ear economy . 31 1 1 

Response : 

Th i s  n umber ( 1 0 mi l l i o n  k i l ograms ) a ppears to be i n  error . The reference 

LMFBR u sed by I NFCE had an annual  rel oad of 1466 Kg  of fi s s i l e  Pu for 

a 1 GWe breeder at 0 . 7  capa c i ty factor.  Co upl ed wi th  the 10  mi l l i on Kg , 

t h i s i mp l ies  6800 GWe of fa st breeders . The t imeframe for th i s i s  

uncl ear--the I NFCE h i g h  case  a s s umed onl y 3900 GWe tota l worl d nuc l ear 

capac ity by the year 2025 , a nd I NFCE  work i ng group  V d id  not a s s ume suc h a 

total i n sta l l ed nuc l ear capac i ty ( 6800 GWe i nc l ud i ng both LMFBRs and LWRs ) 

unt i l  2075 fo r the h i g h  case . 

Comment ( Letter #2 1 ,  attachment 1 ,  page 5 ;  #1 1 ,  page 24 ) : 

DE IS fa i l s  to prov i de any mean i ngful rat i onal e for the LMFBR prog ram . The 

fi ndi ngs  of DOE ' s  E nergy Research Adv i sory Board ( E RAB)  ca l l for a del ay 

i n  breeder reactor demonst rat i o n .  

Response : 

The rat i o nal e for t he LMFBR prog ram has been fa i rl y  presented and d i sc us sed 

in reaso nab l e  deta i l  in the Su ppl ement ( pages 32-3 9 ) . The c i tat i o n  of the 

ERAB f i nd i ng s  can be m i s l ead i ng in  t hat , t a ken  o ut of  context wi th  the 
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overal l fi nd i ngs , o ne coul d be l ed to bel ieve  that the Board does not 

support the breeder program . As a po i nt of fact , t he Board does su pport 

the breeder prog ram and prov i des  a s  i t s  rat i o nal e the fo l l owi ng : 

" Breeders wi th atte ndent reprocess i ng co ul d have a h i g h  u l t imate 

impact on energy s u ppl y secur ity . "  

Th us , t he Board co nsi dered i t  des i rab l e  to ma i nta i n  present l eve l s of 

effort in the LMFBR base prog ram and fue l cyc l e R&D . 

On the matter of the des i rab i l i ty to proceed at th i s  t ime wi th  the C l i nc h  

Ri v er Breeder Reactor Proj ect , DOE does not ag ree wi th the Board ' s  recommen

dat i o n  because  of the pr i or i ty and importance of CRBRP to meet i ng overal l 

breeder prog ram obj ect i ves i n  a t ime ly  manner .  The spec i fi c  i s s ue of  the 

pace of b reeder devel opment i s  d i sc us sed in  Sect i o n  I I I . D  of  the Su ppl ement . 

An important co nc l u s i o n  of  th i s and other pert i nent sect i o n s  of the 

Su ppl ement i s  that the CRBR  Proj ect s hou l d proceed exped i t i o u s ly . 

Comment ( Letter #8 ) :  

The Su ppl ement does not g i v e  suffi c i ent con s i derat i o n  to fi s s i on reactor 

types other than the LMFBR . 

Response : 

The fi s s i o n  al ternat i ves c i ted fa l l  i nto two general categor i e s  -- converter 

reactors and al ternat i ve breeder reactors .  The fi rst category i nc l udes  

improved LWRs , t he l i ght  water breeder reactor ( LWBR ) , and s uc h  advanced 

converters a s  the h i gh  temperature gas  cool ed reactor ( HTGR ) . The second 

category i nc l udes the gas-cool ed fa st breeder reactor ( GC FR )  and the 

fus i o n- fi ss i on  hyb r id  reactor .  
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DOE does no t con s i der reac tors i n  the f i rs t  category to be v i abl e opt i ons  

for extendi ng the  potenti al for nuc l ear power to  es sent i al ly  i nexhau st i b l e 

proport i ons . At mos t ,  these reactors woul d extend the ava i l ab l e uran i um 

supp ly by a few years1 ( i . e . , l es s  than a decade ) and therefore cannot be 

con s i dered as competi tors of the LMFBR for l ong-term el ectri c i ty produc ti on . 

There may be s ubstanti al advantages for the pr i vate sector to devel op some 

of these opt i o n s  tha t  make more effect i ve u se of uran i um resource s .  

The GCFR and the fi s s i on-fu s i on hybri d  breeder do represent potenti al 

al ternat i ve s  to the LMFBR .  However ,  the  dec i s i o n was  made years ago 

to concentrate fi s s i on breeder reactor devel opment  i n to the mos t  advanced 

and promi s i ng tec hnol ogy , the LMFBR , i n  order to con serve technol og i cal  

resources and mi n im i ze fundi ng requ i rements . Mak i ng the LMFBR the breeder 

of reference i s  cons i stent  wi th dec i s i o n s  made i n  al l o ther nat i o n s  wi th 

advanced nuc l ear programs . Con sequently , the GCFR concept has  l agged far 

beh i nd i n  terms of technol ogi ca l  readi nes s .  On the other hand ,  the fi s s i on-

fu s i on hybri d breeder concept is  bei ng devel oped wi th i n the  context of the 

fu s i on research  program . Howeve r ,  i t  i s  not the focu s  of the fu s i on 

program wi th i n  the U . S .  Proceedi ng wi th the LMFBR devel opment  program 

doe s not prec l ude the emergence of ei ther the GCFR or the hybri d  breeder . 

Comment  ( Letter #9 , page  1 ;  # 1 1 , page 2B ; # 2 1 , a ttachment  1 ,  page 1 2 ) : 

The Suppl eme nt i s  defi c i ent i n  i ts one- s i ded ri sk  of del ay argument . 

C .  E .  Ti l l ,  e t  al . ,  F a st  Breeder Reactor Studi e s , ANL-BO-40 , Argonne 
Nati onal  Laboratory ( 19BO ) . 
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Response : 

Letter #2 1 s tated that the co s t  of del ay i s  i ncorrectl y ba sed on LMFBR

gene rated el ectri c i ty be i n g  l ower than the average cos t  of el ectri c i ty .  

I n  re sponse to thi s comment , i t  sho u l d be noted that the LMFBR wi l l  be 

depl oyed only i f  the co s t  of LMFBR-gene rated e l ec tri c i ty i s  economi cal ly  

competi t i ve wi th other competi ng generat i ng  technol ogi es at the t i me 

of dep l oyment . 

Letter #9  noted that the ri s k  of del ay ana ly s i s was quanti tat i ve and 

i ncl u ded i ndi rect effects wh i l e  the ri s k  of too-early devel opment  was 

only qual i tat i ve and  di d not i nc l ude i ndi rect effect s .  The text ( page 43 ) 

has  been rev i sed i n  re sponse to the commen t  from Letter #9 . 

Commen t  ( Le tter # 1 1 ,  pages 2 0  a n d  2 1 ) : 

"The DE I S  me nti ons the envi ronmental concerns wh i ch may l i m i t U . S .  commi t

men t  to the expanded u se of coal ( 29-30 ) , but fa i l s  total ly  to menti on  the 

economi c ,  soc i a l , a nd envi ronmental probl ems pl agu i ng the present  generat ion  

of nucl ear power pl ants . There has  no t been one  new order for a nuc l ear 

power pl ant i n  the U n i ted S tate s  s i nce 1975 , wh i l e  over 60 nuc l ear pl ants  on 

order or under con struc t ion  have been cancel l ed . "  

Respon se : 

Probl ems concern i ng the present genera ti on of nuc l ear power pl ants  were 

di scu ssed i n  the S u ppl ement  ( see page F -7 ) . The nuc l ear powe r pl ant 

cancel l ati ons are pr ima ri l y  due to curre nt  economi c condi t i o n s  ( h i gh 

i n terest  rate s )  and  reduct i o n s  i n  U . S .  e l ectri ca l  energy dema nd proj ect i ons . 
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Comment ( Letter #1 1 ,  page 2 9 ) : 

"The DE I S  fa i l s  to di scu s s  al ternat i ve s  i n  comb i nati on . "  

Re spon se : 

Comb i nati ons  of al ternati ve s ,  such  a s  geotherma l , b i oma s s ,  cogene rati on  

and hydroe l ectri c power pl a nts , were not d i scu s sed because , at  present ,  

even  comb i nat ion s  of these technol og i es do not seem to  be capabl e of 

prov i di ng a major  porti on of projected U . S .  base l oad el ectri c i ty 

capac i ty req u i rements . 

The se al ternati ve s  provi ded 5 q uads  of U . S .  e nergy i n  1 980 ( out  of a 

total of 78 q uads , or  about 6% )  a nd are expected to prov i de 6 . 4* q uads  

in  1 990 ( out  of a total of  87  q uads , or  about  7% )  a nd 9 . 7* q uads  in  2000 

( out  of a total of 100 q uad s ,  or about 10% ) . 

These al ternati ve s prov i ded 3 . 2  quads of U . S .  e l ectri c i ty i n  1 980 ( o ut of 

a total of 24 . 8  quads , or about 13% ) a nd are projected to prov i de 3 . 8  

quads** i n  1990 ( out  of 32 . 7  quads , o r  about 1 2% )  a nd 5 . 5  quads** i n  2000 

( out  of 4 1 . 4  q uads , or about 13% ) . 

*DOE/PE-0029 , page 1- 9 .  

**I b i d ,  pages 1 0-8 and 1 0- 9 .  
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