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FOREWORD 

Robert R.  Whi t e  
Di rector,  Academy Forum 

3 

Thi s  publication i s  the repo rt of the second Forum of the 19 79-1 9 80 
seri e s  on nuc lear act ivi ti e s ,  held a t  the Nati ona l Academy of Sci ence s  on 
November 19 , 1 9 79 .  Forum Mode ra tor E. Bright Wi l son of Harvard , aided by 

Forum General Advi sory Commi t tee Chai rman Dani e l  E .  Kos hland , Jr. , of the 
Unive rsi ty of Cali fornia,  Berkeley , focu sed the di scussion on what we 
know and wha t we need to know about the management , transport , and 
di spo sal of nuclear wa ste .  

O t her Fo rums i n  t hi s  se ries are "Nuc lear Radi ation :  How Dange rou s I s  
I t ?" ( Sept ember 2 7 ,  19 79 ) ;  "The Safe ty o f  Nuclear Reactor s" ( S pring 
1 9 80) ; and "Practical Alternative s to Nuc lear Energy and Oil"  ( early 
Summer 1980) . 

The Academy Fo rum offers a publi c  pla t form for the di scussion of the 
u se s  of science and technology . Every ef fort i s  made toward seeki ng 
source s of fundi ng for eac h Academy Fo rum that are a s  dive rsi fied a s  i t s  
parti ci pant s,  audience , and vi ewpoi nt s.  We wis h  to acknowled ge the 

I 
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support given to the development , presentat ion,  pub lication and 
rli s seminat ion of thi s nuclear seri es by : 

Al li ed C hemical Corpo rat ion 
Atlant ic Richfi eld Company 
Bechtel Powe r Co rpo rat ion 
Commonweal t h  Edi son Company 
Consume rs Powe r Compa ny 
D epa rtment of E nergy 
Depa rtment of Inte rio r :  u.s. Geological Survey 
Duke Powe r Compa ny 
Exxo n  Corporation 
General Atomic Company 
Gene ral Public U t i li ties Co rpo ration 
J .  Ray McDermott & Company 
Ke rr McGee Co rpo ration 
Merck & Company , Incorporated 
Na tional Academy of Sci ences 
Na t ional Cancer Insti tute 
Nuc lear Regula to ry Commi ssion 
Philadelphia E lectric Power Company 
TRW , Incorpo rated 
We st inghou se Electric Co rporation 
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MEMBERS OF THE PANEL 

E .  BRIGHT WILSON , Modera tor 
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Th eodore Wil liam Richard s  Profe ssor of Chemi stry Emeritu s  
Harva rd Universi ty 

KENNETH J .  ARROW 

Joan Kenney Prof e s so r  of E conomic s  
Professor o f  Opera tions Research 
S tanford University 

DAN IEL E .  KOSHLAND , JR. 
Chairman, Academy Fo rum Advi sory Commi t tee 
Professor of Biochemi stry 
Unive rsity of Cali fornia , Berkeley 

KONRAD B .  KRAUSKOPF 

Profe ssor of Geochemi stry Emeritu s  
Stanford University 

TERRY R. rls H  
Staff Scienti st 
Natural Re source s Defense Council 

M IKE McCORMACK 
Representa tive , Fourth D i strict 

State of Wa shi ngton 

BERTRAM WOLFE 
Vice President and General Manage r 

Nuc lea r Fuel and Services D ivi sion 
General Electric Compa ny 

Copyright © National Academy of Sciences. All rights reserved.

Nuclear Waste:  What to Do With It?
http://www.nap.edu/catalog.php?record_id=18790

http://www.nap.edu/catalog.php?record_id=18790


Copyright © National Academy of Sciences. All rights reserved.

Nuclear Waste:  What to Do With It?
http://www.nap.edu/catalog.php?record_id=18790

http://www.nap.edu/catalog.php?record_id=18790


INTROD UCT ION 

Daniel E .  Koshland , J r .  

Prof e s so r  o f  Biochemi stry 

U niversi ty of Cali for nia , Berkel ey 

7 

I would like to welcome you to t hi s  se s sion of the Academy Forum and to 
open wi th a few preliminaries be fore I turn the program over to t he 
Mode rato r .  I am Chairman of t he Gene ral Advi sory Commi ttee of the 
Academy Forum which ha s t he re sponsibili ty for selecting subject s  to be 
d i scu s sed and choosing the panel to di scus s  them . I am part icularly 

plea sed wi th the di stingui shed group we have before us at thi s t ime . 
I might tel l you a li t tle about the Forum' s object ive s to unders tand 

the function of the eveni ng . The Academy Fo rum deals wi th various i ssue s 
a t  t he  borde rline between sc i ence and so ci ety . It i s  not requi red ,  a s  
are many other Academy c ommi t tee s ,  to c ome to a deci sion,  but merely t o  
present t o  you t he  conflicting vi ewpoint s o r  the degrees of c onsensus 
pre sent around the subject . 

We have in the pa st had Forums on seawa rd devel opment , recombinant 
D NA ,  d rug safety , and so forth.  Tonight , t he second of two Forums on the 
subject of nuc lear energy,  the que st ion of nuc lear wa ste di spo sal wi ll be 
di scussed . The la st Forum wa s on the health haza rds of radia t ion.  In 
the future we wi l l  di scu s s  reactor safety and ot her pr oblems .  

We will focus on only one subject tonight . The forma t  we follow i s  t o  
consider va riou s que st ions that the panel ha s agreed on in informal 
di scus sion ahead of t ime . That the panel i s t s  have agreed on the 
que stions doesn ' t mean they ' ve agreed on the answe rs , a s  you wil l  hear . 
Thi s di scussion will be moderated by Profes sor Wil son of Harvard 
University to whom I wi l l  turn ove r the program in a minute . At the end 
of each period of panel di scu ssion we will throw the Forum open to the 
audi ence for some que st ions . 

The que st ions de signed by the panel wi ll proceed from a general area 
of what do we mean as acceptable sa fety,  to such q uestions a s  do we have 
t he technology now to sto re wa stes,  to que st ions of tra nspo rtation, 
storage for appropria te intervals  and so forth. 

I wil l not repeat de tail s printed in the program about our 
di stingui shed speake rs who have many award s  and credi t s  to t heir name s .  
But I wil l  give you a word about each when int roducing them . I should 
empha size tha t  each i s  invited as an ind ividual expert in hi s own area 
and does not speak for any ins t i tution. They may on othe r  occa sions , but 
tonight they ' re here to give their  own vi ews a s  expe rt s in the se a rea s 
and don' t represent nec e ssarily Harva rd or S tanfo rd or the Congres s  of 
the United States,  et cetera . 

Perhap s sta rting from r ight to lef t ,  D r .  Bertram Wolfe i s  the 

di stingui shed contributor, scient i s t ,  pa tent holder and so forth. He i s  
a n  expert on nuc lear energy and i s  probably the one on t he  panel who ha s 
t he  most "hand s-on" experience in dealing direc tly wi th nuc lear power 
pla nt s,  wa ste di spo sal and so forth. 

Next i s  Kenneth Arrow , Nobel Laureate and di st ingui shed economi st . 
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Bei ng in the sc ience profe ssion, some time s I am not sure in my heart 
that we consider economi c s  a science . But Kenne th Arrow comes a s  close 
to be ing a sci ent i st a s  I can imagi ne .  He i s  a member of the Academy 

Forum General Advi sory Commi t tee and , in addi t ion, of c our se , to the 
impo rtance of economic s  to nuc lear power , i s  an expert on t he evalua t ion 
of ri sks and benefit s .  

Konrad Krauskop f  i s  a Profe ssor o f  Geochemi stry Eme ritu s  a t  S tanfo rd 
Universi ty. One of the key problems of nuclear wa ste di sposal i s  to 
t hink in terms of ge ologi cal t ime and not just the next few mo nt hs or 
even t he next elect ion . 

Terry La sh i s  a di stingui shed sc i enti st and eloq uent advo ca te of a 
poi nt of vi ew in regard to nuclear di sposal problem s .  We searched the 
c ountry for individua l s  we t hought were the be st in their fiel d ,  and I 
wa s eno rmou sly impre s sed a t  the high regard given to Te rry La sh by both 
the people who are to the le f t  and the right of him. 

Congre s sma n  McCormack , we ' re particularly p lea sed to have you here a s  
i t ' s hard fo r members o f  Congress  to come fo r eveni ng s a t  any time . Mr . 
McCo rmack ha s t he di stinction, in addi t ion to bei ng a leader in Congr e s s ,  
o f  be ing one o f  the few sc i ent i s t s  in that body. Mo reover , he wa s a 
worki ng scientist  a t  the lab bench, whi ch get s  eno rmou s re spect a t  the 
Na tional Academy of Sci ence s.  

And final ly I want to introduce E.  Br ight Wil son,  who is  a 
di sti ngui shed theoretical chemi st . He contribute s  in many ways to no t 
only pure re search but to t he Na tional Academy of Sci ences and i s  a t  the 
moment Chai rman of the Academy ' s  Commi t te� on Radioact ive Wa ste 
Management • 

Before turning the program ove r  to Dr . Wil son,  I ' d  just like to say 
tha t I thi nk you' re in for a very excit ing eveni ng .  I heard a story the 
o ther day of a li t tle girl who wa s drawing picture s for a cla ss in which 
the children were told to draw picture s of familiar object s.  One child 
drew a chair , another a hou se , and so on. Thi s li ttle girl had a rather 
peculiar picture . When the teacher a sked her wha t she wa s doing ,  the 
child sa id , " I ' m  drawing God . "  The teacher said , " No body knows what God 
looks like . "  The little girl said , "When I fini sh, they wil l . "  

I t hink tonight when we fini sh you wi l l  know what to do about wa ste 
di sposal . Professor Wi l son .  

E .  BRIGHT WILSON: Thank you , D r . Ko shla nd . Al t hough we have here a 

panel of people who have speciali zed knowledge in variou s  sides of thi s 

problem , the problem a s  stated i s  real ly too big fo r u s  and we ' re go ing 
to have to narrow i t  down considerably to accompli sh anyt hing .  

The first pa rt o f  our program wi ll be centered on the que st io n :  Can 
we now sa fely di spo se of wa stes? But we have to lead up to tha t  first , 
so there wil l  be some introductory ma terial . Before I begi n  that , I ' d  
like to set some more boundary condi tions. 

There are many ki nd s  of nuc lear wa stes,  and we are going to be mainly 
concerned here wi th wa st e s  from spent fuel from c ivilian nuc lear power 
plant s.  We mu st point out tha t  there al so are la rge amoun t s  of mili tary 
wa stes.  In fact , their volume i s  a lot larger than that of the 
power-plant ma t erial at the moment . Fi nally, there ' s a very large and 
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wide spread vo lume of what we cal l low-level wa stes f rom thou sa nd s of 
hospi tals  and labora tori e s .  We ' ll come to tha t ,  I hope, toward t he end 
of t he program . 

Our spe nt fue l  can be put in many fo rm s .  Fo r example , we could just 
take t he fuel e lement s that have been u sed in a reactor. D epending upon 
your interp re tation of Pre sident Carter ' s  po sition on thi s  ma t ter, spent 
fuel rods currently can be . considered a s  one form of wa ste , wi t h  a lot 
of hardwa re and zi rconium ca ns contai ning uranium di oxide , al l 
contaminated by highly radioactive fi ssion product s producing da ngerou s 
radi ation and a good deal of hea t .  Thi s  rad ioac t ivi ty wi l l  decay i n  a 
relatively short time compared wi th the other ki nds pre sent . 

The se other ki nd s  of radi oactive product s result from the neutrons 
from the fi ssion reaction activating other element s in the ha rdware ,  
cans,  and uranium. Some of thi s  ma teri al produce s  very long-la sting 
actinides whi ch are lower in radioactivi ty but ultimately become the 
more da nge rou s pa rt of the spent fuel ove r a long pe riod . 

An alternative to s tori ng away the spent fuel a s sembli e s  i s  to 
reproce s s  the spent fue l -- sepa rate out the unburned uranium and t he  
fi ssion produc t s .  Several alterna tive s exi st ,  one of whi ch i s  a l so  to 
sepa rate t he plutonium produced in the reac tor . 

The se reproces sed wa stes can take many forms a t  the option of the 
d e signer . The al ternative s i nclude liq ui d  so lutions, so lid s ,  and 
material s i nco rporated in gla s s  bead s or ce ramic pel let s.  So  we have to 
worry ini tial ly about the dange rou sly radi oactive fi s sion product s such 
a s  strontium and cesium, and t hen in the long te rm we have to be 
conce rned mai nly about radium and othe r  daughter element s .  The low-level 
wa ste s  a re a somewhat di f ferent problem that we ' ll try to di scuss  la ter . 

Comi ng then to our program, the central top i c  of t he fi rst  pa rt i s  
whe ther nuclear wa ste can be managed sa fely and for a su fficiently long 
t ime . It seems to me that ' s the $64 , 000 o r  the $64 bil lion que stio n .  
But f i rst we have t o  di scu s s  wha t we mean by sa fely. What are the bad 
conseq ue nce s that we ' re wo rryi ng about , and how lo ng i s  long enough? 

At thi s  point , I ' m  goi ng to call on membe rs of the panel to elucidate 
the se poi nt s .  Le t ' s  start wi th safety and the bad consequences.  Of 
course , we ' re worried about the radioactivi ty get ti ng out from whe rever 
we put it and get ting into people or i nto the bi o sp he re in ge ne ral . 

I'm goi ng to a sk U r .  La sh how we cRn se t standa rd s of compa rison in 
thi s  si tua tion.  Do we say a plan i s  bad becau se l t' s  wo rse than 
some thing e l se ,  o r  good becau se i t ' s not so bad as somethi ng e l se?  Do 
we have any ya rds t ick we can go by? 

TERRY R .  LASH : When I wa s fi rst a sked some of the se q ue stions I wa s 
remi nded of a congre s sman who wa s complaini ng about scienti st s becau se 
they always said, "Wel l ,  on the one ha nd , but then on the othe r  
hand • • • •  " He want ed only one-handed scienti st s .  But I ' m  going to be 

unab le mo st of the eveni ng to be a one- handed sci enti st . �nd when I ' m  
a sked que stions about wha t l s  the level of sa fe ty that would be 
accep tab le for wa ste di sposal , I can refer to some mea sure s  that we ca n 

u se  for compa ri son. But ,  I ' m  not certain that we know preci sely how to 
gauge when a wa ste di sposal faci li ty would be safe enough . 
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The mea sure s  o f  compa ri son al l deal wi th human health,  becau se the 
primary hazard that would a ri se i f  large quant i t i e s  of wa st e s  e scaped i s  
human di sease , pa rt icula rly cancer .  I u se a s  a rule o f  thumb t hat 

during the f i rst 1000 yea rs of di sposal of t he wa st e s ,  we should plan 
not to have any of the wa ste s e scape into the ge neral envi ronment . 

Followi ng that ini t ial period of the greatest toxici ty o f  t he wa ste s ,  
I t hink we should se t a standa rd such that the expec t ed relea se of 
radioactivi ty would re sult in exposure s to people that are far below 
background radiation.  I ' m  not qui te sure wha t I mean by " fa r  below" 
background radiat ion , becau se it depend s in part on how many people are 
expo sed to that low-level radiat ion and the cumula t ive cance r deaths that 
may arise . 

I do not think that we should u se as  a ba si s of compa ri son of safety 
t he bene f i t s  of nuc lear power nor the ri sks a s sociated with other wa ste 
di spo sal problem s t han from nuc lear powe r .  Once you expa nd your horizon 
beyond the nuclear wa ste i t sel f , many othe r factors come into play and 
i t ' s a more complicated procedure . 

WILSON: I wonde r i f  O r .  Wo lfe would comment on t hi s. 

BERTRAM WOLFE : I would agree wi th O r .  La sh' s cri te ria in a prac t ical 

sense . Tha t i s , I beli eve we can di spo se of wa st e s  so as to meet hi s 
c ri te ria . But in approaching the problem I would se t some bounding 
criteria and t hen look for way s to improve on them in pract ice . 

For example , a minimum c ri terion might be that t he adve rse ef fect s of 
t he wa stes should be no greater than the e f fect s of wa stes or other 
adve rse af fect s fr om an al t erna te sour ce of energy. In othe r  word s ,  if 
wa stes are goi ng to be u sed to dec ide whether we should go forwa rd wi t h  
nuc lear energy , then i n  a broad se nse the ma jor c ri te rion should be that 
t he effects of the wa stes s hould be no greater than t he ef fect s of the 
wa stes of a replaceme nt ene rgy source . Ot herwi se , you run into the 
paradox of eliminating nuc lear power but havi ng health effec t s  from ,  say , 
coal o r  some ot her source which might be greater.  

Although I beli eve tha t  particular cri terion is one tha t  
p hilosophical ly should be cons ide red , f r om  a prac t ical standpoint i t ' s  
much too gros s .  I be lieve i t ' s  ea sy to mee t  that criterion. I would 
step down one level and say in a more prac t ical sense that t he ef fect of 
wa ste storage and di sposal should be no greater in terms of public 
radiation exposur e  than the normal va riation of background radiat ion that 
one receive s .  If one moved from a wood to a brick hou se thi s would add 
about 10 mil li rem to the annua l radi ation expo sure . I f  one moved from 
here to the Rocky M ounta in states tha t  might add 50 mi llirem per year.  
Thu s ,  a s  a rea sonable minimum sta ndard for a s se s si ng was te-di spo sal 
scheme s one might requi re tha t  over long period s ,  the wa ste should a f fect 
t he radiat ion which people recieve by no mo re than the se normal 

variat ions whi ch people accept in movi ng from place to place and doing 
normal thing s .  

The se f i r s t  two criteria might , t n  a sense , be criteria which ca n be 
u sed to help decide whe t her to move on wi th nuclear power.  But to  
de termine thereafter how one should proceed wi th the actual di spo sal of  
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nuc lear wa ste , I would agree wi th O r .  La sh' s cri teria , which say in 
general that we should attempt to f i nd means -- and I think the�e can be 
f ound -- where the radiation ef fec t s  on the popula tion are , in fac t ,  
substantially below the normal va riations i n  background radiat ion that 
p eop le expose themselve s to just becau se they ' re living be i ng s  on thi s 
plane t .  

WILSON: I wonde r i f  Profe ssor Ar row would defend ri sk and benef i t s  in 

thi s connect ion. 

KE NNETH J .  ARROW : Ye s ,  I ' d be glad to . I t  seems to me the natural 
que stion tha t  ari ses is the c ompari son be tween the nuclear wa ste di spo sal 
and the who le cyc le of which i t  is pa rt , on t he one hand , and the good 
that you get out of i t. In thi s  ca se , the most na tural way of mea suring 
t he good you get out of i t  i s  to conside r the alterna tive source s of 
energy that would be di splaced by nuclear energy. In fact , as O r .  Wol f e  
did point out ,  i t  would be pointl e s s  to demand a safe ty leve l f o r  nuc lear 
wa ste di sposal tha t  is  so high a s  to prevent i t  from bei ng achieved and 
t hen go to another cyc le tha t  ha s highe r  heal th haza rd s .  There are many 
health haza rds in the world other than nuc lear radia tion and ,  although we 
have di f ficulty in a q ua nt i tat ive a s se ssme nt , we know very wel l  that 
burning fossil fue l s  and relea sing the produc t s  in the air is likely to 
be one of them . We know we have eve ry evide nce tha t  i t  produce s  
signi f icant mo r tali ty due to re spira tory di sea ses and other cau se s. 

I ' m  not a sc i ent i s t ,  a s  D r .  Koshland ha s poi nted out , so I can me rely 
quote othe r s .  But it ha s been argued tha t there may even be a s  much 
radioact ivi ty put out by burning coal a s  would come f rom ,  le t ' s say , 
potential nuc lear wa ste leakage s or other a spect s of the nuclea r fue l  
cycle . S o  i t  seems t o  me that the argume nt should ins i st that a minimum 
c ri terion i s  compa ri son wi th the alternat ive ene rgy source s, and i t ' s a 
very rea sonable one . 

I wil l  say , to be careful about i t ,  tha t  thi s compa ri son i s  a l i t tle 
more c ompl icated than it might appea r at f i rst sight . As O r. La sh at the 
very e nd  hinted , the point i s  a comparison of the total nuc lear fue l  
cyc le wi th the total , say , coal cycle and not merely a compari son o f  thi s 
particula r a spec t  of the fuel cycle we ' re di scu ssing today -- namely,  
wa ste di sposa l .  Tha t ' s only part of  the story. There are other aspect s 
of the ma t ter that we ' re not taki ng up today . 

So I say , there fore , speaki ng very roughly,  tha t  the ri sks from 
nuc lear wa ste di sposal have to be �ery conside rably le s s  than the ri sks 
from c ombu st ion produc t s .  But wi th that q ual i f ication, I think the 
pr inciple i s  clearly one whe re ri sk-benefit analysi s ap plies. 

WIL SON: Co ngre s sman McCormack , would you say somethi ng on thi s? You 

know the re are state laws that e s se nt ial ly req ui re a shutdown of nuc lear 
ene rgy unle ss the wa ste prob lem is solved.  I don ' t know whe ther the se 
ha�e any standa rd s built  into them . 

MIKE McCORMACK: There have been laws pa s sed in some sta te s  that 
would prohibit nuc lea r powe r plants from ope rat ing beyond certain da tes 
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i f  there i s  not a demonstrat ion that nuc lear wa stes can be safely 
handled . However ,  the se laws would really not have any standing in 
f ede ral court i f  t hey were chal leng ed .  

I ' d  like to re spond more specif ically to the q uest ion about the 
standa rd s that could be or should be me t. I don' t think i t ' s po s sible 
to say in a scienti f ic c ommuni ty that we have to or that we c ould remove 
all wa stes from the bi o sphere in a li teral sense , a s  scient i st s are 
inc lined to u se the wo rd . We do have semantics problems at thi s point . 
The sc i entific communi ty alway s ha s di f f iculty c ommunicating wi th the 
non scient i f ic c ommuni ty in deali ng wi t h  word s l ike ab solute or certain 
o r  all or none . 

Bu t I believe that we can ea sily se t standa rd s for handling nuc lear 
wa stes t hat wi ll reduce the threa t to human bei ng s  to a l evel far below 
tha t ,  a s  far as  radiation i s  concerned , which we g e t  from normal 
ordinary background t hat all of u s  rece ive every day . The level would 
be far below t hat whic h would be provided by the be st of all  control 
systems for our coal plant s .  

Incidental ly , I wanted to comment on wha t I think Dr . Arrow wa s 
referri ng to when he spoke of the entire fuel cycle . I pre sume that he 
wa s referring to mil l taili ng s  a ssocia ted wi th the mining of uranium a s  
being pa rt o f  t he overall problem. I certainly would ag ree that ' s  part 
o f  the problem , but so indeed i s  the mining of coal and t he black lung 
di sea se that accompanies i t  for which we ' re spendi ng a bil lion dol lars a 
year today . 

I want to c i te just one bi t of information fo r you from hea rings that 
were held in Wa shi ng ton S ta te two yea rs ago ,  not by me but by anot her 
congressman, on nuc lear energ y  safety .  Thi s information rela tes to the 
Hanfo rd reservation, which happens to be in my cong ressional di stric t ,  
and whic h, I t hink one would have to say , i s  probably the mo st 
contamina ted of all of the ma jor nuc lear si tes in the country becau se of 
the very la rg e  de fense ac t ivi ties that have been ca rried out the re since 
194 3 .  

The que s t ion wa s on the environmental impact of radiation on t he 

surrou ndi ng area . Informat ion wa s provided by t he Environmental 
P rotec t ion Ag e ncy and by the Paci f ic No rthwe s t  Lab orato rie s ,  which runs 
i ndependent contracted surveys of the area for the D epa rtment of Energ y .  
The averag e  dose wa s 0 .002 mil li rem pe r year t o  the people i n  the area 
from the entire operation , inc luding the storage of all of that defense 
wa ste , which is t he la rg e st repo s itory of defense wa stes in the Uni ted 
States and not nearly so well packaged a s  we will ult imately package 
wa ste s from our nuc lear energ y  prog ram . When you realize that the 
averag e  dose to a human being i s  about 170 millirem s per year and the 
impact from Hanfo rd wa s 0 .002 mil li rem pe r year from thi s ve ry larg e  
complex t ha t  ha s a l o t  of contamination, one begins t o  put the whole 
q ue s tion i nto context . 

In the same hearing t he que st ion arose about th e problem wi t h  tritium 
contamination in t he river .  It wa s pointed out by the same research 
o rganizat ion that the amount of tritium from natural cosmic ray 

bomba rdment and traces from nuclear weapons fallout normally getting into 
the Columbia Rive r ,  which flows throug h the project , wa s 3 50 t ime s the 
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concent ration that came from the pla nt i t sel f . And final ly ,  the total 
dose to the populat ion in the area was 0 . 5  per so n-rem from ai rborne 
e ffluent s and 0 . 2  pe rson- rem from liquid ef fluents,  a s  compa red to a 
total of 2 4 , 000 per son- rem from natural background . 

So I think i t ' s obviou s that we could very ea sily package our nuc lear 
wa st e s  and , in layma n ' s term s ,  totally remove all of them completely f rom 

t he  biosphere forever.  

WILS ON: D r .  K rau skop f ,  do you have some thing to contribute? 

K ONRAD B.  KRAUSK OP F :  I don' t have a great deal to add to what ha s 
been sa id .  I would ce rtainly agree wi th Dr . La sh t ha t  our obj ect ive 

ought to be to keep radionucl ides out of the biosphere al together fo r 
1000 years or even fo r longer than t ha t .  I doubt that that can be 
guaranteed . I f  we have to set an upper l imi t I think the l imit tha t  D r .  
Wolfe propo sed , the va riations in the na tural radiation al l around us,  i s  
a good c riterion. 

Another c riterion that is often u sed in thi s connect ion is the 
radia tion from na tural ores of uranium. I thi nk the maximum pe rm i t ted 
by thi s cri terion would be about the same a s  that se t  by va riations in 
ambient radiation. 

WILSON: Thank you . I just wondered whe ther your conversa t ions wi th 

the Swedes had provided any enl ightenm ent on thi s  pa rticular q ue st ion.  
They demand abso lute sa fe ty. 

K RAUSK OP F :  Dr . Wil son refers to the fac t that I am currently involved 

wi th a revi ew of a report publi shed i n  Sweden outlini ng a possible method 
fo r di spo s ing of nuc lear wa ste.  The Swed i sh power indu stry prepa red thi s 
report becau se the Swedi sh parliament had pa s sed a law forbidding the 
l oad ing of fuel into ad di tional nuc lear reac tors un til a me thod had been 
demonstrated for di s po si ng of nuc lear wa ste wi th absolute sa fety. Thi s 
term "absolute safety "  had cau sed a good deal of argument among the 
Swede. s ,  a s  you m ight imagine . I n  the repo rt that my commit tee ha s been 
reviewi ng , the Swede s have adop ted the two cri teria that 1 ju st mentioned 
-- some of them u si ng one and some the ot her . The Swedish government 
agencies to whom the repo rt i s  ad dres sed evidently regard c ri t eria of 
thi s  sort as sa ti sfac tory in judging compliance w i th the req uirement of 
abso lute safety .  

LASH : I ' d  like to comment since I ' m  in the uncomfo rtab le pos i t ion of 
havi ng a number of people wi th whom I u sual ly di sagree agree wi th me . 

First of al l ,  my al lu sion a t  the end of my comments about the 
unrea sonablene s s ,  in my opinion, of compa ri ng the hazard f rom radioact ive 
wa ste di sposal to the benef i t s  de rive s from the fac t that nuc lear powe r,  
in my view ,  ha s ma ny ri sks a s sociat ed wi th it.  The mill ta iling s  
di spo sal problem i s  one ;  reac tor safe ty i s  anothe r .  To that I add the 
one tha t ' s  of greate st concern to me : the threa t  of widespread 

proliferation of nuc lear weapons , inc luding t ho se in the hands of pe ople 
who are terrori sts or subna t ional groups.  

Copy r i gh t  ©  Na t i ona l  Academy  o f  Sc iences .  A l l  r i gh t s  rese rved .

Nuc lea r  Was te :   Wha t  t o  Do  Wi th  I t ?
h t t p : / /www.nap .edu /ca ta log .php? reco rd_ id=18790

http://www.nap.edu/catalog.php?record_id=18790


14 

I wa s on the Na tional Academy of Sci ences panel a ssessing the 
compara t ive ri sks and impact s of alterna t ive energy source s ,  and the 
ma jori ty of the panel found i t  ex tremely di f f icult to compa re the ri sks 
of , say , the u se of coal to generate electrici ty wi th nuc lear power -­
so di f ficult that no speci f ic numerical compa ri son could be reached ; 
i ndeed , no f inal conclu sion could be reached , and t he panel agre ed that 

both coal and nuc lear should be avoided to the extent po s sible t hrough 
conse rvation and u se of solar energy . So,  I submi t that as a pract ical 
ma t ter,  we cannot make the kind of compa ri son that P rofe ssor Ar row urged 
upon u s .  

I would also like to remark about the Swedi sh si tua t ion in ca se i t  
wa s not clear from wha t P rofe s sor K rau skop f sa id . The Swedish 
gove rnment did not adop t a ze ro release foreve r cri ter ion as the one for 
ab solute safety. They relied on ra t her normal radiat ion protection 
standa rd s fo r tha t .  

A nd furthermore , I point out tha t  the geologi st s in Sweden who were 
given the task of finding a block of granite that wa s big enough to 
handle t he wa ste s from future nuc lear power plant s in Sweden could not 

find such a block of grani t e ,  and , as a technical ma t ter ,  they did no t 
meet the law . But initial ly the government ove rruled the geologi st s ,  
which removed the barrier to operating a few nuc lear power plant s .  

B efo re they could begin ope rat ion, howeve r ,  t he Three M i le I sland 
acc ident occurred,  and the government agreed to have a referendum on 
nuc lear powe r ,  which wil l  take pla ce early nex t  yea r .  

WILSON:  I think we ' re probably r eady t o  g o  on t o  the next prepara tory 
subtop ic , and that i s  -- how l ong do we have to ho ld thi s  wa ste so that 
nothi ng signi f i cant get s  out into the environment ?  Congre s sman, would 
you have a comment on tha t ?  

McCORMACK : I have a pi ece of obsidian a t  home which i s  about 4 cubi c 
inche s ,  about 1 . 6  inche s  on the side , which repr e sent s all of the 
high-level wa stes fo r the ent ire nuc lear program for the rest of the 

cent� ry for one per son in thi s country; one per son' s share of all of the 
wa stes in al l of the nuclear plants in the country for al l the rest of 
the century. I f  we have about 600 plant s on t he line a t  the end of the 
century , there would be about 4 cubic inche s of thi s ma te rial . 

The obs idian, a s  many of you know , i s  very much l ike a bar of silicate  
g la ss.  I t ' s between 15  and 20 mil lion years old.  Thi s ha s been 
duplicated at Hanford wi th ful l-sized container s of high- l evel comme rcial 
nuc lear wa stes in a demonstration. They have al ready done studies wi th 
the cani sters spiked wi th cerium. They have run them out ,  as far a s  
radia tion eq uivalence i s  concerned , t o  mo re than 2000 years wi th no 
damage . There have been theoretical and computer ized model s .  They have 
shown that the gla ss would la st i t s  entir e  lifetime and stil l be a so lid 
obsidian g la s s ,  q ui te the same as you ' ve seen obsidian when you ' ve held 
I ndian arrowhead s or other pieces in your hand . 

My point i s  that we can take all of the high-level nuc lear waste s ,  
wi th the excep tion of the inert ga se s ,  conf ine them a s  pa rt of the gla ss 
mo lecule , pour them a s  molten gla s s  i nto the se cani ster s ,  and seal them 
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shut in the steel cani sters for de ep geological bur ial . For al l 
pract ical purposes,  they will be there for mil lions of years.  And you 
would just simply remove the wa stes from the bio sphere forever . Of 
course , the wa stes are decaying , and wi thin 1000 years t he radiat ion 
level i s  down to the radiation equivalent of the uranium ore from which 
the fuel wa s original ly made . In 600 yea r s ,  you ' ve gone t hrough 20 half 
l ive s ,  or  reduced the a c t ivi ty level for ce sium and str ont ium to about 
one m il lionth of i t s  or iginal act ivi ty. 

So i t  seem s to me that tying i t  up in a ba r of silicate g la s s  or a 
calcium alkali si licate g la s s  or any one of the other gla sses that are 
availa ble or other so lid s ,  even concrete , you take the material out of 
t he biosphere for all the t ime tha t ' s  needed and in some ca ses a lot 
longer.  I t hink tha t ' s wha t we can do  routinely and i nexpe nsively. The 
French are doing it every day. Tha t ' s wha t we can do and tha t ' s  what we 
should do . 

WILSON: So your answe r  to the q ue stion i s  t ha t  you don' t have to 
wor ry about the t ime because thi s  g la s s  will take care of i t  almo s t  
forever .  

McCORMACK : Certainly. 

WILSON: Dr . K rau skop f ,  do you have a comme nt on thi s? I ' ve heard 
everythi ng from 100 to mill ions of yea rs from variou s  people and I ' m a 
l i t tl e  conf u sed myself . 

KRAUSKOP F: I wi sh I coul d  be as  op t imi stic a s  Rep resentative 

McCormack i s. l t  seems to � e  tha t  the si tuat ion i s  not quite that 
simple ,  although I do agree that sol id wa ste form s can be prepa red which 
will slow t he relea se of radionucl ides for t he necessary long t ime s .  

The gla s s  t ha t  Congre s sman M cCormack de sc ribe s i s  stab le a s  long a s  
tempera tures are rea sonably low. I ' m worried , how eve r ,  about the 
stabil i ty of the gla ss for ve ry long pe riod s i f  the tempe rature in a 
wa ste reposi to ry r i se s ,  say , above 1000 o r  1 50° Cent igrade . Regardless 
of the pa rt icular tempe rature , i f  ground wa ter eve ntua l ly ge t s  in contact 
wi th the g la s s ,  there wil l  be some di s solution of the rad ionucl ide s.  
D epending on the kind of repo sitory and depend ing on the kind of rock in 
which it is  located, you can imagine variou s  ways in which ground wa ter 
might ca r ry the di ssolved m a te rial to t he bio sphere. The amount wi l l  
doubtle ss be smal l ,  but I ' m  not sure tha t  gla s s  can be depended o n  t o  
ke ep i t  smal l  enough unle s s  the tempera ture i s  ma intained at a low level. 

I n  answer to O r . Wil son ' s q ue st ion about the length o f  time that i s  
necessary fo r i so la t ion o f  the wa ste,  o r  a t  least fo r keep ing the relea se 
of radionucl ides ve ry small, I agree wit h  Co ngre s sman McCo rmack that a 
mat ter of 500 to 1000 years probably should be suf fici ent. 

You ' ve doubtless heard other f igure s, ranging up to a mill ion years  
or even ten mil lion yea rs.  The di ff iculty here i s  that the rad ioact ive 
wa ste i s  complex; i t  contai ns ma ny ki nds of radioactive ma terials,  some 
of which decay much fa ster than others . 

The two radionucl ides that are most hazardou s i n  the f i rst few 
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hundred yea rs a re stront ium-90 and ce sium-1 37 . Certainly the se two must 
be kept out of the biosphere a s  c ompletely as possibl e .  Af ter about 500 
years -- the f igure i s  a li ttle indef inite but i t ' s on tha t  orde r -­
both element s  will have decayed far enough so that they are no l onger a 
p roblem . Thereafter the radioact iv i ty of t he wa ste i s  conf i ned largely 
to the heavy actinide element s and the daughter produc t s  that result 
from their radioa c t ive decay. 

The se element s, of cour se , a re stil l dangerou s .  They would be 
e specia lly da ngerou s  i f ,  by some stra nge accident , a reposi tory should be 
spl i t  wide open and i t s  content s exposed to the a i r  so that dust 
conta ining a ctinide element s could become a i rborne . A situa t ion t hat 
would lead to thi s  ki nd of accident , however ,  i s  difficult to imagine .  

I f  the actinide element s and their  daught ers stay i n  the reposi tory , 
most of the i r  compound s are very inso luble and would not be picked up by 
ground wa ter to a ny appreciable extent . The sma l l  amount s that did 
d i sso lve would be la rge ly ad so rbed on mineral surfaces as the ground 
wa ter moved . There fore i t  seems to me tha t  the se element s,  which have 
very long ha l f  live s and which wil l  continue to emi t  rela t ively feeb le 
radia tion for periods of hundreds of t hou sa nds or mil lions of yea r s ,  do 
not const i tute a ve ry grea t  da nge r .  The intens i ty o f  radia t ion from 
wa ste,  in fa c t ,  a f ter about a thou sa nd yea rs is l i t t le grea te r  tha n  tha t  

from the rad ioac t ive material o f  a medium-grade uranium ore depo s i t .  
Thi s i s  why , like Congre ssman McCo rmack , I p ick a f igure o f  500 to 1000 
yea rs a s  the t ime during which i so la t ion of the wa s te i s  mo st e ssential . 

Thi s becomes a ve ry important point . If we have to design a 
repo s i tory tha t  wil l  i so la te the wa ste fo r a mil lion yea r s ,  we face a 
very di f f icult geol ogic problem. We simply do not have the abili ty, so 
far ,  to make ge ologic predict ions wi th a s surance tha t  fa r into the 
future . For 1000 yea r s ,  on the other hand , we ca n make predict ions with 
c onside rable conf ide nce . So the ki nd of reposito ry we wi l l  need , and t he 
amount of re sea rch necessa ry before building i t ,  wi ll  depend very 
c ri t ical ly on whe ther we expect it to i so la t e wa ste for 1000 or 1 ,000 ,000 
yea r s .  In my opinion, 1000 yea r s  would be ample . 

LASH : I would certa i nly like to see Congressma n  McCormack' s 

col league s in t he u.s. Congre ss adopt a s  a matter of law tha t  we wil l 
c ontain these high-level wa stes abso lut ely and fo rever .  Tha t  would make 
my li fe a lot ea sier .  

Unfo rtuna tely ,  I don' t think the so lut ion i s  po s sible in an absolut i st 

sense , and I di sagree w i t h the sta tement t ha t  gla s s i s  so stable tha t  
unde r repository cond i t ions ove r  the se long periods of t ime i t  wi l l  
conta in the ra dioa ct ive wa ste . 

There' s no doubt but tha t  dur ing the first lOOQ-yea r pe riod the 
wa st es a re the most toxi c .  Tha t  doe s not mea n, a s  O r .  Krau skopf ha s  
i ndica ted , tha t  the re i s  no ha zard rema inir� i n  the wa stes a f ter tha t  
period of t ime . So I think we should break the problem down into two 
t ime pe riods,  t he first 1000 yea rs or first few hundred years,  a nd then 
a ve ry long a nd extended per iod a f ter tha t .  

I think tha t thi s rela te s  to my ini t ial rema rks tha t  af ter the f i rst 
1000 yea r s  we should be thinking of a series of mechani sms that we have 
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a high degree of conf ide nce wi l l  restric t the inev i table so lubil iza t ion 
a nd relea se of t he wa stes from the reposi tory to such a smal l  amount 
t ha t  rela t ively few people ca n be expected to be expo sed to radia t ion a t  
a nything more tha n  a few percent o f  background . 

Unfortuna tely, maki ng predictions about the behavio r  of tho se 
me chani sms i s  very difficult . We have to rely on va riou s  quantita t ive 
model s bo th for pr edic t ing the behavi o r  of wa ste s in geolog ical 
forma t ions a s  well a s  for predicting t he behavior of radionuc l ide s in the 
env ironment once they ge t out . 

Tha t  sugge st s to me tha t  we may have to u se analog s ,  a nd one analog 
tha t  we may be able to u se successfully i s  c omparing the behavior of the 
high- level wa stes a f ter 1000 yea rs wi th the be havior of the original 

ura nium o re from which the wa stes were der ived . There are , in fact , a 
number of people now who a re making a s se s sment s of how we ca n compa re the 
ha za rd posed by ura nium ore to the ha za rd of the high-level wa stes a f ter 
t he shorter-lived f i s sion produc t s  have decayed for a pe riod of , say ,  
1000 yea r s. 

If we ca n make t ho se compa ri sons reali stically,  the n  I think we ' l l 
have a proper sta nda rd for judging the acceptable l evel of safety of 
repo sitorie s .  

WILSON :  Wha t do you think i s  the ri sk from intru sion, of peop le going 
into the se p laces either accidentally or on purpo se yea r s  f rom now when 
everybody ha s fo rgot ten about them , and a narchy ha s reigned for hal f  a 
century or so ?  

LASH : One o f  my grea test concerns i s  the un intent ional remova l o f  the 

wa stes or the int ru sion of wel l s  in the vicini ty of the wa stes in the 
fut ure , such tha t  the wa stes wil l  be relea sed in grea ter amoun t s  than we 
would now predict . Tha t type of scena r io i s  not incredible ,  pa rt i cula rly 
when the u.s. Depa rtment of Energy i s  se riou sly contempla ting di spo sal of 
wa st e s  in sa lt dome s in the Gulf Coa st states.  The se a re pa rt icula rly 
a ttractive geological f o rma tions fo r a human act ivi ty , inc lud ing remova l 

of the sa lt and utiliza t ion of the space occupi ed by the sa lt dome s .  I n  
fac t ,  we al ready a re u sing salt dome s fo r the sto rage o f  o i l  i n  the 
stra t egic pe tro leum re se rve . Removal of the sa lt i s  not now routine ly 
mo ni to red fo r radioact ivi ty .  I f  such a n  ope ra t ion happe ned i n  the 
di stant future some hundreds of yea r s  from now , there c ould be very 
seriou s expo sure to people from tha t  r emoved salt conta ining the wa ste s .  

WOLFE : I wa nt t o  respond to several comment s tha t  have been made . 
I ' d  like to go ba ck to Dr . La sh' s comment tha t  he didn' t think you could 
c ompa re nuc lear ene rgy wi th other source s  of energy. I ' ll bypa s s  hi s 
rema rk ab out proli fera t ion a nd  won' t ment ion, for example , the counter 
view as expre ssed by the head of the Na tiona l Academy of the Soviet 
Union, tha t  wi thout nuc lea r energy we increa se the ri sk grea tl y  of a 
nuclea r  ho locaust becau se na tions will be f ighti ng over the o il in the 
Midea s t .  I just po int out tha t  one ca n a rgue tha t  po int o n  bot h side s .  

But i f  we ' re going t o  dec ide whe ther t o  g o  ahead wi th nuc lea r  power or 
not go ahead -- or wi th any other activity -- we ought to unde rs tand the 
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ba si s upon which the deci sion i s  be ing made . The po lls show tha t  the 
bigge st public concern about nuclea r  power i s  t he wa ste.  Thu s ,  we ought 
to se t standa rd s which rela te the problem of wa stes from nuc lea r pla nt s  
wi th wa stes from alter na te sources o f  energy . 

To put tha t  in some pe rspect ive, consider, for example, just the so lid 
wa stes from a coal plant . If one look s at i t s  ha za rd i ndex -- tha t  i s, 
t he amount of wa ter to dilut e i t  to a nonhaza rdou s level -- one find s  
tha t  the solid wa stes from a coal pla nt a nd a nuc lea r  plant a re abou t 
equa l a f ter a few hund red years.  But in the ca se of a coal pla nt the 
wa ste i s  placed nea r the surface . Some states  requir e tha t  i t  be a t  a 
l evel tha t  won' t be a f fected by, say ,  a lOD-yea r flood . But the se 
wa stes, of c ourse , do not decay a t  all , so they remain for mi ll ions of 
yea r -- fo reve r .  Thus,  i f  nuc lea r wa stes are a de termining fa ctor in the 
deci sion to proceed with nuc lea r  power or not ,  one ought to c ompa re the 
wa stes to wha t would re sult i f  we didn' t go wi th nuc lea r .  Thi s should 
include, a s  I ' m  sure O r .  La sh would agree , the effects of conserva t ion or 
i nsuf ficient energy. 

Wi th respect to t he time sca l e ,  I would like to add my perspect ive . 

The wa ste i s  ha za rdou s over the f irst few hundred yea rs due to the 
penetra ting radia t ion from the ce sium and stront ium tha t  O r .  Krau skopf 
mentioned . 

After about 500 or 600 yea rs the nuc lea r wa stes have about the same 
ha za rd potential a s  the uranium ore from whi ch they were origina l ly 
derived and emi t  t he same ki nd of radia t ion -- namely,  alpha radia t ion. 
Nuc lear wa stes should be i solated from the bi osphere for both t he sho rt 
a nd t he long term. In my vi ew ,  one shoul d do as much as po s sible to 
i so la te it foreve r .  But a f ter about 500 yea rs,  a s  I sa id ,  t he wa ste s 
have about the same hazard a s  na tural uranium. We should be ab le to find 
a loca t ion tha t  i s  further removed from flowi ng wa ter than na tura l  
uranium depo sit s.  Studies by t he Envi ronmental Protect ion Agency -­

ha rd ly a roa ri ng pronuc lea r  o rga niza t ion -- conc lude tha t  the ha za rd from 
na tural ly occurri ng ore bodies i s  highe r ,  for example , than the ha za rd 
from nuc lea r  wa ste buried in suitable sa lt deposi t s  even inc luding the 
probabi l i ties of extreme accident cond i tions . 

WILSON: Or. La sh, do you have a rebutta l ?  

LASH : The problem wi th high- level wa stes, a s  I wi sh to empha size , i s  
grea test duri ng the f i rst 1000 yea r period , due not only to t he toxici ty 

but due to the hea t tha t ' s rel ea sed from the f i s sioning of a tom s .  
Howeve r ,  i t  i s  very diff icult f o r  a nyone , EPA o r  O r .  Wolfe , t o  make 

solid compa ri sons of the haza rd of high-leve l wa ste di sposal wi t h  coal 

wa ste s or uranium ore because we don' t have a system to evaluate tha t  
haza rd wi th.  There ' s  no doubt tha t  unde r  the sc ena rio that wa stes bur ied 
in a sa lt dome a re removed from the sa lt dome and spread about , ma ny more 
dea ths would re sul t than from the coal wa stes or t he uranium ore . And 
t he quest ion i s  whe ther we ' re goi ng to take appropria te mea sures to 
prevent tha t  kind of ac cident from hap pe ning . Since a ma jor ef fort of 

the u.s. Depa rtment of Energy i s  to loca te sa lt dome s in the Gulf states  
a nd  put the comme rcial high-level wa stes there , I ' m  not convi nced tha t  
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O r . Wo lfe ' s  sta temen t s  a re co rrect . 

WILSON: Dr . Ar row, I hope you ' l l  talk about ethic s a nd  the di scoun t 

ra te, among other things.  

ARROW : You ' re rig ht, tha t ' s exac tly wha t I wa s go ing to talk about . 
I ' d like to introduce a nother a spect, a nother d imension, to the q uestion 
of how long we should be conce rned about the haza rd s .  

I think i n  all our dea lings wi th t he future, i f  we ' re going to analyze 
what we do every t ime we make a deci sio n about the future, we shouldn ' t 
trea t  the future on a pa r wi th the pre sent . We have, in the ordinary 
comme rcia l sense, a di scounting of the future .  I t ' s reflected in 
ordina ry transactions through a n  i nterest ra te, a nd I think society no t 
only should but does, i n  fac t, act simila rly in a l l  i t s  rela t ions to the 
futur e .  In other wo rds, somebody 50 yea rs hence or 100 yea rs hence i s  
not va lued a t  the same level a s  we va lue our selve s toda y .  There are 
va rious rea sons why I could defend tha t  po si tion, a nd if pre ssed I wil l . 
Bu t I think i t ' s fai rly c lear tha t  we always do tha t .  

You see, we ' re conce rned here about the ha za rds of wha t might happen 
in 500 or 600 years.  By any ra te of interest you ca n think o f, le t ' s say 
even some thi ng a s  low a s  2 percent, the va lue of a nything tha t  happens 
500 yea rs from now is ext remely smal l .  

Now, you may say, wel l, wha t about the ethics of thi s; we a re 
impo sing the ri sk upon the future, imposing a cos t  on the future , a 
potentia l  cost . Supposing the best a t ta i nab le sta nda rds a re such tha t  
we have some ri sks 500 yea rs from now . I am sayi ng, i f  we have the 2 
percent di scounting per yea r, i t  won ' t  c ome to a nythi ng .  O the rs may 
say, l ook a t  the ethic s .  

Wel l, we ' re impo sing a cost o n  people 500 years from now in 
innumerable way s .  Fo r one thi ng, eve ry t ime we u se up coal or oil, we 
a re impo sing a cost on the future; a cost tha t  not only i s  an economic 
cost but one tha t  undoub tedly will have hea lth effec t s .  O n  the who le, 
one of the main contributo rs, i f  I may be pa rochial, to the improveme nt s 
of t he standa rds of hea lth in the wo rld ha s been improvement in econom i c  
condi t ions : bet ter hou sing, better fo od, a nd al l the re s t .  Thi s come s 
a s  a result of actions tha t  have been taken.  I t  come s a s  a result of the 
exi stence of energy and other re source s.  

In fa ct, undoubtedly a considerable pa rt of  our present high standa rd 
of living i s  due to the accumula tion of cap i tal, the fac t  tha t  people in 
the pa st did not consume everyt hi ng they produced, but they lef t some 
ove r for ac cumula tion of bui l ding s and machine s and inve stment in 
resea rch a nd  devel opment a nd all the re st of the forwa rd-looki ng 
t ra nsac t ions of soci e ty. Now, to t he exten t  tha t  we save fo r the 
future, thi s  i s  a compa ri son for a ny possible addi t ional injuries in the 
ma tter.  

So for thi s  rea son I think the idea of looki ng a head mo re than a few 
hundred yea r s  rea lly doe sn' t make much sense . We ' re not ta lking he re 
about la rge ca ta strophe s, we ' re talking a t  be st about rela t ively sma l l  
ha za rd s; a nd i t  seems to me when you cons ide r tho se i n  perspect ive, 
they ' re smal l .  
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There i s, of cour se, a second rea son which should be obvi ou s to al l of 
you when you sta rt ta lki ng about t hese long periods of t ime . We simply 
don' t know wha t ' s go ing to happen.  We have no idea wha t  the future wi l l  
bring .  Two hundred yea rs ago no one woul d have ant icipa t ed where we are 
today. Whether some thing i s  good or bad for the future i s  very hard to 
a s se s s .  And while I thi nk  i t  behoove s u s  a s  ra t ional, prudent people to 
l ook a head a certain di sta nce in t he future, I t hink i t ' s an il lu sion to 
suppo se tha t  we ca n look a head 500 yea rs and have a ny idea whe the r  
leaving nuc lear wa stes would be good or bad. 

As far a s  the pa rticula r  example of unexpected intru sion, i t  strike s  
me a s  be ing so improbable tha t  i t ' s to be compa red wi th some of t he mo st 
minor ri sks.  The volume bei ng taken up is rela t ively smal l ;  the 
probabi li ty tha t  somebody, not knowi ng tha t  t here ' s nuc lea r wa ste t here, 
will go into i t  -- wi t hout a ny examina t ion for radia t ion, wi t hout usi ng 
techniq ue s which, I presume, wil l  be a good deal more advanced 500 yea rs 

from now tha n  t hey a re today -- and hi t tha t  spot, a rela t ively sma ll 
a rea, seems to me one of the very unlike ly po s sibili ties of hi story .  

I am not, by the way, depending on record keepi ng.  I ' m  quite willing 
a nd prepa red to beli eve tha t  in 500 yea r s  no one wil l  know where t he 
wa stes a re .  When one looks a t  the keepi ng of record s, even in modern, 
highly ef ficient orga niza t ions -- I wouldn ' t wa nt to count on tha t .  

Records will be on computers, a nd t here may be c o smic rays o r  ot her 
interference s with the memo ry, a nd  I just wouldn ' t wa nt to count on i t .  
Not to mention the fa ct tha t  nobody will think of goi ng into the memory 
and looki ng for the record s even if they a re there . 

So i t ' s not dependent on record keeping or anythi ng of tha t  kind . 
I t ' s the idea tha t  people, i f  they know there' s a la rge amount of wa ste, 

wil l  take precaut ion s. 
Refe rence ha s been made to t he po s sibil i ty tha t  civil iza t ion wil l  

suf fer cons ide rable damage, tha t  techniques will go ba ckwa rds, tha t  
people wi l l  lose track of wha t happened . There i s  ce rta inly no way of 
prec ludi ng the se possibi lities;  hi story cer tainly ha s not been a record 
of uninterrupted progre ss. If tho se cond i t ions a re to preva il, I think 
tha t  event i t self i s  fa r more signi f i cant a nd fa r more cos tly t han a ny 
po ssib i l i ties of some ki nd of a da nge rou s di scove ry. The haza rd s  here 
a re quite sma ll c ompared to thi s .  

WILSON: Are you counting i n  your di scount ra te the probabi l i ty tha t  
we ' ll blow our selves off the planet and tha t  there won' t b e  a ny people 

around he re a mil lion years from now? 

ARROW : Tha t  would certainly inc rea se the d i sc ount i ng of the f uture . 

In t hi s  context, by the way, on the que st ion of prolifera tion and wha t 
we may have to do about tha t -- thi s i s, of cour se, get t i ng of f t he topic 
here but it mu st loom a lot la rge r than ma ny other ri sks -- some a spec t s, 
not of wha t the sta nda rds a re but of how you ha ndle wa stes, a re rela ted 
t o  the po s sibi li ty of proli fera t ion. 

WILSON :  Do you have something more? 

LASH: I ' d  just like to say tha t  I think even a so f ter sc i ence, i f  
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the re i s  one , tha n  economic s i s  e thic s ,  a nd  I feel qui te uncomfo rtable in 
di scounting human l ive s i f  we ca n est ima te t hem. I understa nd wha t 
you ' re sayi ng , but I think you would agree tha t  i f  we ca n take rea so nable 
mea sures to reduce tha t  probability,  we should . 

ARROW : Le t me not i n  a ny way de ny or be a t tributed a s  de nying that 

la st sta t ement . Obviou sly, in the first place , we ce rta inly agree that 
t here i s  a pe riod of a couple hund red years where we ' re al l concerned . 
It a l so seems to be agreed tha t  tha t ' s t he period of most i ntense 
radioactivity .  And , of cour se , i f  a s  ma ny people certa inly a rgue a nd  
have even suggested al ready today,  we ca n mainta in maybe not a zero 
probabi l i ty of risk but extremely smal l  probabi l i ty of ri sk for a ve ry 
long period of time a t  quite modera te cost s,  a nd maybe even a t  high cost , 
by the way ,  tha t ' s a ga in which maybe i s  wel l  worth i t  by a ny ki nd of 
benef i t-cost analysi s .  

I may say , b y  the way ,  tha t  the prope r mea sure of high c o s t  or low 
cost in the di spo sal really should be t hought of in rela t ion aga i n  to the 
total fuel cycle . In other word s ,  to t he cost of elect ric i ty tha t  
result s from i t. And I think i t  fa i r  to say a nd I may c ome back to thi s 
po int la ter , tha t  qui te exceeding ly expens ive me thod s  of wa ste di spo sal , 
a s  compa red to other me thods of wa ste di spo sal , make only a minor 
va ria t ion in the cos t  of the f i nal electric i ty .  Therefore , i t  does 
certa i nly pay to err , i f  at a l l , on t he s ide of high sta nda rd s  becau se I 
don' t think the costs are ve ry grea t ,  rela t ively.  

WILSON :  I think we ' ve come t o  t he e nd of the prepa ra tory rema rks.  I t  

seem s  tha t  we have a mea sure of agreeme nt tha t  the fluctua t ions i n  
na tura l  background provide a rea sonable ba si s for compa ri son .  I t  seems 
to be roughly agreed tha t  the fi rst 500 yea rs a re the ha rde st , a nd tha t  
nevertheless we ought to do the best we can o n  the sca le o f  hundreds o f  
thou sand s  o f  yea r s .  And there ' s some feel ing tha t  thi s i s  ea sy a nd 
others think i t ' s not quite so ea sy . So le t ' s  go on then to t he main 
que stion, wh ich we ' re go ing to put i n  two di f ferent pa rt s .  The first 
q uestion is  whether i t  can be done now. In other word s ,  can we sa fely 
s tore the se wa stes wi th wha t we know now , if we sta rt tomo rrow to dig the 
place a nd put it away? And i f  we ' ve a n swered tha t  one , a nd suppose i t  
comes out i n  the nega t ive , then the second que stion i s  whe ther we a re 
quite sure that i t  can be done somewha t la ter.  Can we prophe sy with a 
high degree of certa i nty that just give u s  a li ttle mo re t ime a nd t hi s  
can be done ? 

So the fi rst q ue stion i s  -- Ca n i t  be done now? I wonde r if Dr . Wolfe 
wa nts  to sta rt out on tha t  one .  

WOLFE : I beli eve i t  ca n be done now in the se nse tha t  we have the 
technology to engineer a nd sta rt the construc tion of a repo si tory in 

which the se wa stes could be empla ced wi th hig h a s sura nce tha t  they would 
remain i ndefinitely . 

Having sa id tha t ,  I t hink I shoul d ,  a t  the same time , poi nt out tha t  
we have n ' t ye t done i t .  We have mined sa l t  i n  deep mine s ,  a nd my cho ice 
for t he first repo sito ry i s  salt becau se we ' ve done t he mo st wo rk wi th 
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sal t .  Neve rthele s s  I would expect tha t  i n  a la rge construction project 
whe re one is looki ng for very high qua l i ty sa lt deposi t s  -- or , say ,  
ba salt -- I would expect tha t  the re would be construction di f f icu l t i e s  of 
one sort or anothe r .  In la rge construction pro ject s one always runs into 
dif ficul t ies.  

In my view, t ho se di f f icul ties would not be  d i f ficul t ie s  of ba sic 
fea sibili ty.  They may be si t e- re la t ed di f f iculties or no rmal 
construction problems.  Al lowing fo r such d i f f iculties, I bel i eve we do 
have the technology to devel op a reposi tory a nd to emplace the wa stes 
sa fely. 

If I may go ba ck one step -- we al so have the technology to g la s si fy 
the wa ste s.  I t ' s  being done routinely in France a t  the present t ime . 
I t  ha s been done in a sma l l- sca le opera tion a t  Mike McCormack ' s Ha nfo rd 
labora tory. The gla ss technology i s  in ha nd . Encap sula ting a fuel 
e lement , if we go wi thout reproces sing , i s  a technology tha t  i s  
certainly ava ilable . 

Thus,  to take the fuel element s from a reactor; sto re them a s  we ' re 
doing now in water poo l s; then either reprocess them or encap sula te 

t hem; build a repo sitory and put the gla s si fied wa stes or the 
encap sula ted fuel elements  into the reposi tory -- I believe all the 
e lement s  of tha t  technology a re here . I would anticipa te tha t  in the 
construct ion of t he reposi tory a nd other fa cilities we would ha ve the 
norma l  construct ion and shakedown problems. 

McCORMACK: I do think we could go a head today and wi th a n  o rderly 
program. As a ma tter of fa ct , we al ready have it sta rted . 

Ha ving sa id tha t ,  I wa nt to ba ck off ju st one point a nd say tha t I 
f i nd mysel f in t he interest ing po si tion of se t ting much higher sta nda rd s 
for my sel f ,  for t he country, a nd for the technology than Mr. La sh seems 
to be wil li ng  to accep t .  I t hink thi s i s  a n  intere sting situa t ion. I am 
convinced from my knowledge of the te chnology tha t  we ca n reduce the 
expo sure to huma n be ing s ,  to the popula tion in ge ne ral and to the 
bi osphere in genera l ,  to a very sma l l  fra ct ion of the devia t ions in 
o rdi na ry ba ckground radia tion today . 

Le t me expla in wha t I mea n when I say tha t  we have al ready started on 
an orderly program. At thi s  time we are  mini ng in ba sa l t ,  tha t  i s , 
volca nic rock , a t  the Ha nfo rd Re se rva tion a se ries of test holes into 
whi ch, over the next four months or so , we wil l  be putting electric 
hea ters to simula te the hea t ge ne rated from wa ste ca ni sters.  We are now 
working on a 1 500- feet-deep si te in granite in Nevada . We will be 
put ting ca ni sters down in tha t  ho le so on , a nd we ' re working on a surface 
fa cili ty in New Mexico . 

I hap pen to di sagree wi th M r .  Wolfe on the media to use .  I bel i eve 
we would be much better off wi th ba sa lt or wi th grani te or even wi th 
tuff than wi th sa l t .  But I don' t thi nk i t  rea l ly make s much d i f ference . 
I beli eve we could use any one of tho se succe ssfully.  I just hap pen to 
prefer ba salt or granite . 

The tests wi l l  be underway so on, first wi th electric hea ters  and then 
wi th cani sters of spent fuel element s. The spent fuel will be ca nned and 
pla ced in the se holes in the ba sal t ,  and pe rhap s in gra ni te, to provide 
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bot h radiation a nd  hea t .  
I beli eve w e  should go to a deep ho le i n  bot h grani te and i n  ba salt as 

soon as we rea sonably can . I beli eve we could start r ight away. Thi s 
would be a demonstra t ion faci l i ty .  The important thing to remember here 
is that we ' re not in any frantic ru sh. We can s tack cani sters of gla s s  
f o r  a long time inside decommi ssioned nuclear reproce s sing facili ties 
that have p lenty of shi elding .  And remember ,  we ' re not dealing wi th very 
large vo lume s .  Each nuclear plant produce s about 10 cani sters pe r year ,  
so i t ' s a very small volume o f  material and we have a l ot of s torage 
fac ili ties  on the surface for the ma terial if we want to use them . 

I would propo se tha t  we go for about a 2 5-year demonstrat ion in a deep 
ho le . I t hink i t' s  impo rtant to recognize tha t  we can go deep enough so 
that we dramat ically reduce the potent ial for any entry of ground wa te r 
into the sto rage fa ci l i ty .  

We can simply pick a site , go i nto i t  and expl ore i t  in all di rect ions 

for hundreds of fee t ,  and if i t ' s not adeq ua t e ,  then abandon it and go to 
a di fferent site un ti l we f ind one that i s  adeq ua t e .  I n  othe r  word s ,  
find one tha t  doe sn ' t have any leaks to the out side . There are huge 
blocks of rock such a s  thi s not too fa r beneath the surface .  I ' m  sure 
O r .  Krauskopf will c omment on thi s .  We don ' t know for sure wha t ' s f ive 
feet beyond any ho le ,  but we can run test ho le s  a long way beyond the 
storage faci li ti e s  them selves to check ou t the fac ility. And we can , of 
c our se , u se ove rf i l l . We wi l l  make the gla ss cani sters diluted wi th 
inert , nonradioact ive gla ss so the temperature will be low and we ' ll pack 
t hem so that they ' ll be dry . I bel i eve , t hen, t ha t  we should run about a 
2 5-year demonstrat ion on thi s  wi th all the wa ste cani sters fully 
retrieva b le so that we can go back and pick them up for any rea son a t  
all .  

I beli eve we should sta rt becau se I don' t see any rea son why we 
shouldn' t . Al l we ' re doing now i s  real ly experimenting ,  we ' re searching .  
I f  we find that salt, ba salt , o r  grani te i s  substantial ly supe rio r to the 
other two; and if we find three or four good si tes;  and i f  we ' re 
sat i sfied that we can go on inde fini tely beyond the 2S-year 
demonstra t ion, t hen we can do so . Ther e ' s no ru sh to make a deci sion . 
We have plenty of time . We don ' t have any significant amoun t s  of 
c ommercial wa stes to speak of ye t ,  becau se we haven' t sta rted 
reproce s sing .  Even a f ter we do start our reproce s sing ,  i t  wi l l  take 
several yea rs be fore we have accumulated enough cani sters of gla s s  to run 
a decent sized demonstra t ion. So I t hink we should ge t sta rted . 

WILSON:  I have some q uestions which relate very much to your remark s 
which I ' d  like to direct to our geolog i st ,  and the se are comme nt s that 
I ' ve heard variou s  plac e s .  F o r  example, if i t  ha s been decided t o  go 
a head , and a si te ha s  been select ed and dri l li ng begun , how much can be 
learned from dri l ling about the suitability of a si te? 

KRAUSKOPF : You ca n tell a grea t  deal from drilling, from the u se of 
geophysica l instrument s in the drill holes and from ca reful examina t ion 
of the core s that come out of the dril l ho les.  You ca nnot , howeve r,  
fore see all of the pecul iarities,  all of  t he diff iculti e s ,  that you may 
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run into when you get underground . So I would ent hu sia stical ly agree 
wi t h  D r .  Wo lfe tha t  t he di sposal of wa ste i s  possible u sing present 
t echnology, but wi t h  t he caution tha t  you mu st expec t  to find 
unant icipa t ed problems a s  soon a s  you actua l ly get underground to 
explore a place fo r a wa ste repo sito ry. 

Ju st becau se you ca nnot de te rmine from the surface everything you wil l  
f ind underground should not mean t ha t  wa ste ca nnot b e  di spo sed of safely 
at t he pre sent t ime. I agree wi th Congre ssman McCormack that i t ' s 
important to ge t started now , not onl y  in one ki nd of geologic med ium but 
preferably in t hree or four . There a re a number of ca nd ida te media tha t 
look sui table fo r ge ologic repositories.  We ought to start exploring 
t hem unde rground so t ha t  we wil l  ha ve better i nforma t ion than we ca n get 
f rom t he surface only.  

The exploration shafts  and tunnel s ,  I t hink, ought to  be loca ted in  
p laces that look to  us from t he surface as  i f  t hey might ultima tely be  
good repo sito ry si tes.  But there must be a good deal of explora t ion and 
experimenta t ion a t  a ny given site before we a ctually conside r developing 
i t  into a repo sitory .  And we ought to always have i n  mind tha t  if a 
site prove s very unsui table , if t he di f f iculties ca nnot be corrected by 
engi neering technique s ,  we wil l  simply ba ck out of i t  a nd go to some 
other place . 

WILSON: Do you think t he pub lic bel i eve s tha t  t he gove rnme nt wil l  
back out , once work ha s sta rted , i f  di f f icul ties ari se ?  

KRAUSKOPF :  Tha t  i s  a po li tical que stion which i s  beyond my expe rt i se. 
But how to convince t he pub l ic of t he government ' s  good i ntent ions i s  one 
of my pr incipa l  worri e s .  O n  t hi s  one I refer t o  Congressman McCormack . 

WILSON : May I a sk you some more geological q uestions. How about 

seali ng the bore ho le s? I s  t ha t  go ing to be a ny problem? Ha s it been 
demonstra ted tha t  they ca n be sea led up for a mi l lion yea rs? 

KRAUSKOPF : Thi s i s  a question about whic h there i s  a grea t  deal of 
current controversy ,  among experts as wel l  as laymen.  

There' s a weal t h  of expe ri ence,  e specia l ly in t he petroleum indu stry , 
that rela tes to t he sealing of bore hole s. Ma ny of my friend s  think thi s 
should be no problem. The sealing of shaf t s ,  t he la rger opening s i nto a 
reposi tory , may be considerably more trouble some . Much experimenta l work 

i s  cur rentl y underway on thi s ,  and I ' m  conf ident tha t  wi t hin a few yea rs 
we wil l  have sati sfa ctory ways of sealing both sha f t s  a nd bore hole s.  

WILSON: If you go to a pla ce which is  a propo sed si te , how do you 
find all the hole s tha t  all the oil dri l lers,  sa lt drillers,  a nd 
wa te r-wel l dril le rs have made ? D o  you c rawl around on your stomach 
t hrough the bu she s a nd look for t he holes? 

KRAUSKOPF :  I doubt tha t  tha t  would be ve ry prof i table . One o f  t he 

di f f iculties a t  t he Ka nsa s  si te, which you remember wa s chosen a s  a 
pos sible repo si tory site back in t he middle of the la st decade , wa s the 
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fac t tha t a number o f  ho le s  pe netra ted the a rea about which the dril ling 
a nd loca t ion records had been lost . One rea son the Depa r tment of Energy 
ha s go ne to sout hea stern New Mexico for i t s  pre sent intensive work on 
sa lt i s  tha t  the amount of petro leum explora t ion in the pa st wa s very 
much le ss,  and the explora t ion of recent yea rs i s  al l wel l  recorded . 
Drilli ng records a re so ea sily ava i lable tha t  you wouldn ' t have to c rawl 
a round through the sagebru sh looking fo r the ho le s .  

When reposi tory sites a re sought in the future , I am sure tha t  p lace s 
wil l  be avoided where explora tion wa s intense in the more di sta nt pa st ,  

sa y more than a couple o f  decades ago , when record-keeping wa s of ten 
sporadic . 

WILSON: Does that leave much of the country? 

KRAUSKOPF :  Oh ye s ,  a grea t  dea l of t he country . 

WILSON: I t hought parts of our Wes t  were just like pi n cu shions . 

KRAUSKOPF : But tho se  a re the pa rts  where the rock ha s  characteri stics 
t ha t  look favorab le fo r the occurrence of petroleum. In la rge pa r t s  of 
the We st there i sn ' t a chance of finding pet roleum. 

WILSON: Wha t about t he ef fect of hea t on the geology invo lved ?  A lot 

of hea t wil l be relea sed by the wa ste.  I s  there a da nger of c ra cki ng or 
opening up f i s sures or othe rwi se  al teri ng the sys tem? 

KRAUSKOPF : Thi s i s  a nother controve rsial q uest ion , a nd i t ' s one that 

I t hink need s mo re expe rime nta tion than ha s been done to da t e .  
Rega rding temperature , I think f i r s t  it should be noted tha t the 

tempe ra ture of a wa ste repo si tory ca n be controlled . The amoun t of 
tempera ture ri se depends on t he age of the wa ste when you put i t  
underground; the longe r the wa ste i s  kept a t  the surface , the less hea t 
i t  can genera t e .  The tempera ture depend s a l so  o n  how much wa ste you put 
in a ca ni ster; tha t  i s ,  how much you dilute the wa ste when you fa brica te 
i t  i nto gla s s ,  a nd how many spent fuel rods you u se .  The t empera ture i s  
addi tional ly de te rmined by the spacing of the wa ste ca ni sters in the 
reposi tory. Thus t he  maximum tempera ture in a reposi tory ca n be kept to 
a lmo s t  a ny level you wi sh. In pa rt icu la r , the ri se in tempera ture ca n be 
kept sma ll enough so tha t  mecha nica l effec t s  on the rock wi ll be slight . 

Congressman McCorma ck mentioned the hea ter expe rime nt s that a re 
underway a t  Ha nford to test the re sponse to hea t of  ba sa l t ,  which might 
be cho sen a s  the medium fo r a reposi tory .  Simila r  expe riment s are 
underway at a sa lt dome in Loui siana ;  others have been t ri ed ,  a nd I 
believe a re stil l i n  progres s ,  in grani te a t  the Nevada test site . Thi s 
i s  a problem tha t  I don ' t rega rd a s  very seriou s ,  but one on which 
addi t ional da ta a re de si rab le of a so rt that the se  expe riments wil l  
produce . 

WILSON: Tha nk you ve ry much.  D r .  La sh? 
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LASH : A s  I recal l ,  your two q ue st ions we re essential ly can we dig now 
in preparing a ful l- scale reposi tory , and , i f  not , can we be conf ident 
whe ther we wil l  be able to bui ld a repo sitory some t ime in the future 
that we can a ssured ly expec t  to conta in the wa stes? 

My answe r to the first  q ue st ion is no , we do not have adeq ua te 
knowledge at thi s t ime to select a si te and develop a reposi tory wi th 
suf f ic i ent certainty that t he wa stes will be conta ined . And there have 
been a number of report s  in the la st couple of yea rs tha t  support that 
conclusion. The la test one wa s by the Pre sident ' s Interagency Review 
Group on Nuclear Wa ste Management , their  Subgroup I report , pa rt icularly 
Appendix A,  on mined geologic di spo sal of wa ste . That repo rt i s  a li tany 
of uncertainties  and gap s in knowledge about geologic di spo sal . 

There i s  now unde rway t he development of a pla n,  jointly by the u.s. 
Depa rtment of Ene rgy and t he u. s. Geological Survey , to prepare 
expe rime nts and tests to fil l t ho se important gap s in knowledge and to 
re solve tho se unce rtaintie s. 

And I would ment ion in answe ring your second q ue stion,  I know of no 
scient i f ic principle that would have to be violated in orde r to obtain 
t ha t  needed informa t ion , nor do I see on the ho rizon any extraordi nary 
te chnological feat tha t  may have to be pe rfo rmed to answer t hose 
q ue stions . But pa st at tempt s to find a sui table si te have not ye t proved 
succe ssful . 

We have some sop hi sticated techniq ue s for evalua t i ng  po tent ial si tes 
wi t hout digging a shaft or even drilling very many bore ho l e s ,  but the se 

techniq ue s I t hink today are inadeq ua te to a s sure that we can locate  an 
acceptable site wi th certainty . 

Addi t ional ly , we have substantial unce rtaint ies about the thermal 

mechanical ef fect s of putting high-level wa ste s  underground; we have 
uncertainty about wa ste-host  rock interact ions,  chemical interac tions; we 
have uncertainties about plugging bore ho le s;  and we have uncertainty 
about the importance of human intru sion and how to avoid that to an 
acc eptable level . 

The se problems have been po inted out in report s by t he u.s. 

Envi ronmental Protection Agency and t he u.s. Geological Survey, as wel l 
a s  some repo rt s by the Cal i fornia Energy Commi ssion. These repo rt s are 
in addi t ion to t he Pre sident ' s  Interagency Review Group on geologic 
di spo sal . 

S o ,  I t hink the sugge st ion that we should proceed with test ing , 
experiment s ,  leadi ng to demonstra tion and hopefully to final di spo sal of 
a full- scale na ture i s  wel l  taken, and t ho se program s  are and should 
proceed .  Indeed , I thi nk they should proceed more vigorou sly than they 
are now. But i t  i s  to o early, i n  sum , to say that geologic di sposal of 
wa stes ha s been demonstrated and that i t  will occur wi th accep table 
safety in the relatively near futur e .  

WILSON:  Could I a sk O r .  Arrow f i rs t ?  

ARROW : When i t  come s t o  the se engineering ma tters,  I mu st confe s s  my 

ignorance . 
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WILSON: I t  cos t s  money , though. 

WOLFE : I would l ike to charac terize the IRG report somewha t 
d i f fe rently than D r .  La sh did . As I recal l ,  D r .  Phil i p  Smi th who headed 
t ha t  IRG ta sk force testified before Congress to the effect that we had , 
i n  hi s view, t he technology a t  the pre sent t ime to provide ve ry good 
a ssurance that with conservat ive design and construct ion technique s ,  we 
could cons truct and ope rate a repo sitory that would successful ly i so la te 
t he  wa stes  from the environment .  

Sub seq ue nt to that testimony , which I don ' t believe he recanted , the 
IRG report was rewritten and wa s put in a lit tle sof ter language to the 
e f fect that we have the t echnology in hand a t  the pre sent t ime to start 
the design and construction of a reposi tory. 

In my view ,  t ho se are ba sical ly the same statement -- although there 
may be nuance s  between them -- becau se it says that we have the 
t echnology to start , and one wouldn ' t start costly construc t ion wi t hout 
high a ssurance of succe s s .  Plainly, if we start and we f i nd diff iculty, 
we ' l l have to regroup before moving on. 

In addit ion to tha t ,  there have been a t  lea st three recen t 
envi ronmental evalua t ions of sto rage of wa ste .  There wa s  a prel iminary 
analysi s by the Environmental Protection Agency which looked at sal t  

repo sito ries under the a s sumpt ion t ha t  wa te r  could intrude ; t he 
ac c idents tha t  D r .  La sh talked about were, i n  fact, cons ide red . Water 
i ntru sion is  not a cata strop he ,  alt hough one should take grea t pa in s  to 
avoid i t .  First of al l the water ha s to eat away the sal t ,  and t he se  
a re ma s sive sa l t  block s .  I t  then ha s  t o  di s so lve the wa ste g la s s  o r  
other so lid cho sen for i t s  low lea chabi lity.  I t  then ha s t o  transport 

the wa ste through the ground . Typical ground wa ter rates  a re fe et pe r  
year o r, i n  some plac e s ,  tens of feet per year.  I f  the repo si tory i s  
miles  o r  tens of mile s away from rive r s ,  i t  take s thou sand s  of years fo r 
the ground water to flow to the surfac e .  

I n  ad di tion, a s  i t  goe s  through the ground there ' s significant 
so rp t ion, as wa s demonstrated in the na tural reactor t ha t  God made i n  
Afr ica some two bil lion years ago . In t ha t  ca se ,  an a ssemblage of 
uranium came together and actual ly formed a nuc lear chain reaction. The 
re sult ing f i ssion produc t s  from t ha t  reactor were immobil ized in t he 
ground and remain just about where they were found . 

The EPA analysis ended up by concluding that the upper-limi t ri sk 
from t he  repository wa s somethi ng like 100 to 1000 deaths over 10 , 000 
years wi th le s s  pe ssimi stic estima tes be ing four o rde rs of magni tude 
lower.  

There ' s a second envi ronmental impact analys i s ,  by the D epartment of 
Ene rgy. Thi s is a generic envi ro nmental impact analysi s tha t examined 
eight or so diffe rent type s of geological media . I t ' s  in two vo lume s 
and i t ' s hard to read . But when you dig through i t ,  the ba sic 
c onclu sion i s  that , wi th any of the geological media examined , the 
effect on the popula tion in te rms of radia t ion expo sure i s  far ,  fa r 
below natural background radiat ion. 

There ' s  a third envi ronme ntal analysi s which is ba sed on the more 
detailed de sign of the Waste I sola tion Pilot P lant (WIPP)  facil i ty near 
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Ca rlsbad , New Mexic o .  Thi s analy s i s  put out by Sandia and Bechtel 
conc lude s tha t  the ma jor environmental ef fect is the ef fect of digging 
the salt out from underneath the ground during construct ion and put t ing 

i t  on the ground . There have been a la rge number of analyse s ,  and I 
think t hey al l conclude -- at lea st the one s that I read -- tha t  the 
problem i s  wi thin our technological ability.  

I think the the public de serve s a demo nstra tion of tha t .  I don ' t 
think ,  incidentally,  tha t  there ' s  any emergency. The problem we have i s  
one of public conf idence , and I bel i eve we ought to sat i sfy the public 

by an early demonstration. In terms of t he need for storage , all the 
spe nt fuel , from now to the end of the century , could f i t  a a wa ter pool 
30 feet deep and several hundred fee t by several hundred fee t ,  about 
hal f t he area of the ref lect ing pool of the Wa shing ton mal l .  

We have time to d o  t he job r ight . The urgency i s  twofold. First , to 
start doing it so that i f ,  i n  fac t , we do run into dif ficulties  we learn 
about them at an ea rly date . And second , to reduce t he concern of 
people in thi s audience and t he public in general who have been told 
that wa ste di sposal i s  an insoluble problem and thu s  nuclear power 
should be abandoned . I t hi nk  that our toughe st problem i s  to convince 
you tha t ,  in fact , we have the t ime and we have the techno logy. In my 
vi ew ,  t he technical pr oblem , when pla ced in the context of the difficult 
problems of our world ,  i s  not even one of the harder one s. 

WILSON: I wil l give the panel the chance to come hack to thi s la ter 
if anyone wants to a rgue , but I think at thi s point the audience ought 
to have the oppo rtunity to ge t in the act . We wi l l  throw ope n the se 
top i c s  which we ' ve been di scu s sing for audience q uestion s .  

STEPHEN BUD lANSKY , Environmental Science ! Technology : Congre ssman 
McCo rmack said tha t  we ' re not in a frant ic ru sh r ight now. Would the 
other members of the panel agree wi th that , and a re t he re any seriou s 
effec t s  of stori ng nuclear wa ste for f ive yea rs or ten yea r s  above 
ground ? 

WOLFE : I ' d be happy to invite you out to our pla nt at Morr i s ,  

Il linoi s,  where we ' re pre sen tly stori ng fuel from reactor s .  Actually , 

you can go to almo s t  any reactor and wa tch them sto re i t  at the reactor.  
So the answer i s  tha t  t he technol ogy is  well in hand ; we ' re doing i t .  
The faci li ties have gone through sa fety analyses and envi ronmental 

analyses.  I beli eve the answer i s  c lea rly that the technology i s  in 
hand to sto re fuel on the surface indefini tely.  

LASH :  The storage of  spent fuel in  wa ter pool s  is  not somethi ng tha t  
I ' ve spe nt a s  much time revi ewing , so le t me just pa s s  o n  some comment s 
tha t  I ' ve heard from others tha t  I think de serve some consideration . 

One i s, we have had relat ively li t tle long- term expe ri ence in sto ring 
so-cal led high burn-up spent fuel in wa ter poo l s .  Almost all of our 
expe rience ha s been wi th rela tively l ow bur n-up fuel . 

Therefore , there i s  some uncerta inty about the long-te rm integri ty of  
t he claddi ng and the presumpt ion that at some po int we ' l l have to recan 
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t ha t  spent fuel . And presumably , that can be done rela t ively safely. 
The q ue stion i s  whethe r  it  wil l  be done before the hazard become s 
unac cep tab le .  

T he second i ssue concerns a recently translated study from West 
Germany suggest i ng  that t here could be a very seriou s  accident at  a 
spent fuel sto rage pool i f  there wa s  a loss of coo lant . I haven' t gone 
over that study , but i t  wa s an of f i cial report , and i t ' s something that 
we wil l  spend more time taking a look a t  in t he near future . 

WOLFE : A s  I noted , we ' re storing high burn-up fuel at Morr i s .  I n  
o rde r t o  sto re it  we ' ve had t o  g o  through safety anal yse s .  We ' ve looked 
at the problem. Actually,  if water i s  lost in the pool after the fuel 
i s  there for a few years,  t here i s  no mel t ing of t he fuel . The problem 
is that t here ' s  some local shine , but t here i s  no d i sa ste r .  

McCORMACK : Excu se me . People are confused by the word s " local 
shine" . Would you explain what you mean actually?  Like , if t he water 
come s  out of the pool . 

WOLFE : At the pre sent time , i f  you go to our plant you can look at 

the fuel in t he pool through the water .  The water is  so pure that it  
me et s drinki ng  wa ter standa rd s ,  but i t  shields obse rvers from rad iation.  
If t he wa ter were to  leave -- and tha t ' s a highly improbable ca se for  a 
prope rly l ocated and de signed pool -- you would not t hen be able to look 
directly in the pool becau se you ' d get radia tion ( shine )  from t he fuel . 
But i f  you moved to the side where you didn' t ge t the di rect shine and 
were out a distance where you didn ' t get reflec ted shine , you ' d  have no 
d i f ficulty . 

McCORMACK : I want to po int out that a s  fa r a s  the sto rage of wa ste 

is conce rned , wi t hout deep geologic storage , we should recognize tha t  
we ' ve been sto ring gla ss at Hanfo rd f o r  almost 20 years.  Some of i t  has 
been highly spiked , so that the encap sulated material i s  repre senta tive 
o f  long- term irradiat ion . 

But more cla ssical ly , t he  French are gla ssifying their wa stes and 
simply put t i ng  them in a big block of conc rete that i s  the floor o f  
t he ir bui l ding .  They have 1 5 0  ho le s  i n  the floor , and every day they 
fill up a cani ster about three-q uarters the size of a 55-gallon drum 
wi th g la ssi fied wa ste s ,  weld i t  shut , put i t  down one of t ho se ho le s ,  
and put a plug o n  the top o f  t he hole;  you can walk r ight o n  top o f  i t .  
And when they ge t 10 cani sters in there ,  they ' l l  go to the next ho le .  
They can put 1 500 cani sters in the floor . They ' ll just leave them t here 
until t hey ge t ready to pick some site to put them in the ground . �d 
when I a sked t hem when they ' re goi ng to do it  they sa id , "Oh, there ' s no 
ru sh -- somet ime . "  

ANDREW REYNOLDS , Depa rtment of Energ y :  I ' d  like to ca rry on that 
conversation essent ially about high-level or high burn-up fuel , whi ch i s  
a di stinct wa ste a s  oppo sed to mil i tary wa stes whic h you di scussed , 
Congre s sman , most of the t ime . 
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The ma terials that have been vi tri f i ed at Hanfo rd are e s sent ial ly the 
re sult of low-level product ion reactor fuels  for bomb product ion .  And I 
t hink you are slightly mi staken on the French instance . The French have 
just begun to reproce s s  low-level burn-up fuels  and have not yet gone 
i nto extensive comme rcial high-level burn-up fuel reproce s si ng . 

I f i nd i t  intere sting in the di scu s sion of the panel ,  save Bert ram 
Wolfe , t he not ion that reproce s si ng  i s  a nece s sa ry step fo r the 
concentrat ion of high-level wa ste s .  That i s  an i ssue tha t  you gentlemen 
might ad dress,  becau se I don ' t know tha t  the audi ence ha s apprecia ted 
that reprocessing i s  a nece s sa ry step to vi tri fy high-level wa stes to 
t he concentrat ions of smal l block s ,  as you have me nt ioned . 

McCORMACK: Le t me fi rst of all set t he record stra ight . At Hanford , 
a number of years ago , we filled a number of cani sters wi th defense 
wa ste s. Some of thi s wa s spiked wit h  cerium. La st year , we f illed two 

cani sters of wa ste s wi th ful l-level commercial fue l  taken from one of 
the nuclear power plant s .  Thi s ma terial had been reproce s sed on- site 
and converted to g la ss .  One of the se cani sters is be ing u sed for 
examinat ion and de struct ive testing ,  and one of them wi ll be u sed for 
unde rground testing .  

At Marcoule Nuc lear Indu strial Center , t he French now are 
reprocessing commercial fuel to obtain unu sed uranium and plutonium and 
t hen gla s si fyi ng the re sulting wa ste s .  It make s good sense , in t he 
l ogi st ics of a fuel cycle and in maintaini ng proper invento ry , tha t  the 
fue l  i s  not reproce s sed a s  so on a s  i t  come s out of your reacto r .  I t  i s  
allowed to cool a s  long a s  i t  i s  economically convenient be fore you 
reproce s s  i t .  So you give i t  ple nty of t ime to cool of f .  

I t  depends o n  t he economi cs and t he size of your equipment and a l o t  
of othe r  t hing s  when you reproce s s ,  but a n  ave rage time could ea sily be 
t hree yea r s .  There ' s  no ab so lute emergency to glassifyi ng at tha t  
minut e ,  alt hough I would pref er to d o  so .  You can al low the liq uid s to 
stand in a storage tank and cool off some more . Then after you make the 
g la s si fied wa ste s in a cani ster, you can sto re the cani ster in a 
wa ter-cooled ba sin or you can store i t  in an air-cooled ba sin .  So you 
have al l t ho se step s for al lowi ng the sy s tem to cool of f .  

REYNOLDS :  I pe rhap s stand corrected on the French. They ' ve begun t o  
repr oce s s .  The demons tra t ion o f  comme rcial high-level wa st e s ,  a s  you 
pointed out , i s  two yea rs old in thi s  country. I ' ll offer a thi rd 

example : the Tokimura plant in Japan which bega n rep roce s sing in 1978 
and burned out t he actual di s solvi ng pot in a period of t hree months and 
ha s been down for f i f t een months replacing tha t  pot .  

Now , wha t we ' re sayi ng i s  that the character of commercial high-leve l 
wa stes i s  ve ry significantly di f ferent from the low-level ,  o r  ra ther,  
the low burn-up wa stes from mili tary prog rams that we have had grea ter 

expe ri ence wi th. I ' m  concerned about the conf ide nce level tha t  ext end s  
la rge commercial commi tment o f  capital to a reproce ssing i ndu stry that 
real ly ha s not been technical ly demonstrated . And certainly,  We st 
Val ley, New York, is an indicat ion of that as  wel l .  
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McCORMACK: I wil l not continue the di scu s sion. 

LASH :  I f  I c ould just mention tha t  I did not mean to imply in my 

remarks that I a ssumed reprocessing and gla ssificat ion of the wa ste s .  
I ndeed , i t  i s  my hope that we di spo se o f  the spent fuel after i t  ha s 
been canned . 

REYNOLDS : If I ' m  not mi staken ,  the Interagency Review Group on wa ste 

management , in fact , wa s leani ng that way -- that we should be 
demonstrating the di spo sal of spent fuel element s and not reproce s sed 
spent fue l .  Thank you very much. 

ARTHUR PURCELL , Pre sident ' s Commi ssion on the Three Mile I sland 
Acc iden t :  As you know , the C ommi s sion did not tackle the nuclear wa ste 
i ssue due to i t s  complexi ties and t he fact t hat the ac cident wa s not 
directly related to nuc lear wa ste problem s .  But , how do you view the 
signif icance of the Three Mile I sland accide nt ,  generally viewed a s  the 
worst in c ommercial power hi story? How do you vi ew the s igni ficance o f  

t hat ac cide nt in t e rm s  of the progre s s  in re so lving thi s problem and 
a chievi ng a sa fe , long-term storage capabi l i ty?  

WILSON: Si r ,  I ' m  go ing to rule that out of orde r in the sense that 
we ' re talki ng about t he nuclear wa ste problem and we ' re not really 
prepa red to talk about Three Mile I sland . 

PURCELL: Could I a sk one that may not be ruled out of order?  

KOSHLAND : I ' l l  ju st inv i te you to a future Fo rum where we wil l  
di scuss  reactor sa fety. 

KI NG HUBBERT :  I wa s a member of t he orig i nal advi sory commi t tee of 
the Na tional Re search Council to t he AEC on wa ste di spo sa l .  That 
c ommi t tee wa s responsible for orig i nal ly recommending the sto rage of 
the se wa ste s in a so l id ,  gla s sy slug in salt . 

The problem s that this commi t tee encountered were not so much 
problems of te chnical fea sibility. It  is my pre sent opinion, and i t  was 
t he  opi nion of the commi t tee, that it  is technical ly fea sib le to hand le 
the se  wa ste s ,  provided we ' re wil ling to do what i s  nece ssary with regard 
to them. 

The di f ficulty that we ran into fo r 1 0  years wa s the fact that the 
peop le who put up the money refused to spend that money to do anything 
right . We pointed out ove r and ove r again at every si te -- Savannah 
Rive r ,  Arco,  Oak Ridge -- thi ng s  that were bei ng done that should not be 
tolerated . 

The commi ttee la id down two principle s in the early day s  of i t s  
review. The first one wa s that thi s material should be i sola ted from 
the bio logical envi ronment as completely as po s sib le at al l t imes.  
Secondly, that no pract ice should be  tolerated now whi ch would not be  
accep tab le when thi s go t to  be  orde rs of magni tude large r .  

Thi s second princ i ple wa s consi stently violated i n  the pract ice s tha t  
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were go ing on at the t ime . We we re di scharging low-level wa ste s  into 
the very poore st ba salts  at Hanford and in Arco;  we were di spo sing o f  
low- level wa ste s in ope n dra inage di tche s at Oak Ridge and el sewhere . 
And when the se were pointed out , the local people in cha rge consi sten tly 
said , "Tha t ' s al l we can do; that ' s all the money they give u s . " 

In the report which I dra f t ed to Pres ident Kennedy for the Na t ional 
Academy of Sci ence s Commi ttee on Na tural Re sources it wa s recommended 
that the expendi ture s for wa ste di sposal should be increa sed by 
several fo ld . That wa s a recomme nda tion to t he AEC . 

Goi ng to the Kansas plac e ,  we to ok the people and showed them the 
s i t e ,  Lyons , Kansa s ,  unde rground . There ' s  a place where they cou ld 
experiment . 

WILSON: Si r ,  I wonde r i f  you could come to the que stion. 

HUBBERT : The question is pe rhap s a final statement that the real 
problem is a human problem . Techno logical ly , i t ' s manageab le . t ' m  not 
at all sure that i t ' s manageab le humanly.  In other words,  we have a 
short-term responsibi l i ty for a long- term problem , and whatever we do 
now , we ' ll all be sa fely dead be fore ve ry long .  

FRANKL IN GAGE , Ta sk Fo rce Aga inst Nuc lear Pollution:  I ' d  like to a sk 
each member of the panel who does not advocate shut ting down the nuclea r 
industry wha t they thi nk the correctne s s  i s  of inf l ic t ing the ri sk of 
wa ste prob lems on t hose who do not consent to that ri sk ,  either in thi s 
generation or in the future generations to come . I suppo se we have D r .  
Arrow' s answer on future generations,  bu t I ' d  like t o  hear from t he rest 
of you . 

WILSON: t ' m  go ing to a sk Congressman McCo rmack that becau se he ha s 

to get reelected foreve r .  

McCORMACK: O f  cour se , i t  i s  my bel i ef that i t  woulrl be a far greater 

i nsult to future generat ions for us not to move ahead now wi th nuclear 
energy than to go ahead . Our only opt ion fo r an adequa te supply of 
energy , as our supplies of pe troleum and na tural ga s dec line , is the 
burning of coal . No ma tter how much we want to succeed wi th our so lar 
programs and geothermal programs and conservation programs,  the fact 
remains that no ma t ter how spectacula rly succe s sful we are wi th al l of 
the alternate technologi e s  and wi th conse rvation, there is a huge gap 
easily projected under the mos t  op timi stic ci rcum stances be tween energy 
supply and demand for the year 2000 and beyond . Thi s can be f ill ed only 

wi th the bur ni ng of coal or the u se of nuc lear f i ssio n .  
Of the two , nuclear f i s sion i s  by far t he c leane st and sa fe st , both 

for the pre sent generation and for future ge nerations . There ' s  no 
quest ion about that . 

The fac t  i s  that the ma terial s we put i nto the bio sphere from mi ning 
and burni ng coal are a great deal more haza rdou s  than the one s from the 
e nt ire nuc lear fuel cyc le . Any object ive analys i s  wi l l  show that . t 
thi nk thi s i s  an important thi ng to remember .  
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Fur the r ,  the que stion is whe the r  we ma intain our socie tal stabil i ty 
during the comi ng decades.  I t ' s my hope that by t he year 2 000 we can 
have a fusion demons tra tion plant on the line ,  and we are pu shing very 
hard on the Admini strat ion to fund that program aggre ssively enough to 
reach that goal . But even if we make i t ,  and eve n if we start in the 
year 2 000 putting a 1 000-megawatt fusion plant on the line every week , 
i t  would still take u s  40 years just to replace the exi sting energy 
system in the year 2 000,  allowi ng for no growth at al l .  

A simple analysi s of growt h curve s make s the se simple fac t s  readily 
obviou s .  We mu st go ahead wi th our energy production and nuc lear energy 
i s  by fa r the sa fe st and the mo st benign . 

LASH :  And Co ngre ssman , although you didn ' t answer t he q ue stion tha t  
wa s po sed t o  you ,  I none thele s s  mu st take strong excep t ion to your 
eval\� tion of what i s  fact and what , in fact , i s  speculat ion about the 
f uture . 

In my opinion, there are seve re impac t s  from nuc lear powe r 
development compared to coal technology, and ,  furthe rmore ,  the re i s  no 
need fo r a se riou s gap be tween energy suppl i e s  and energy need around 
the year 2 000.  There are several credible technical studies  that I ' l l 
be happy to provide your of f ice that suppo rt that statement.  I think 
your conclusion i s  simply unsupportahle. 

WILSON:  On thi s happy not e ,  I t hink we ' l l cal l  for an intermi s sion. 

I N T E R M I S S I 0 N 

WILSON: The next top ic i s  whether the f i nsl sto rage , so-cal led , 
should be re tri evable and ,  i f  so ,  for how long .  Could I get a lit tle 
comme nt from the panel first?  Can we have retrievabi l i ty? Do we know 
how to accompli sh re tri evability for a sufficient length of time , and 
how l ong do you think that i s? 

WOLFE : I think the re are two a spe ct s of retrievabi l i ty .  The first  
i nvo lve s ini t ial reposi tory u se .  When the reposi tory i s  fi rst operated , 
i t  make s sense to mo ni to r careful ly the ini t ial emplacement of ei the r  
spent f uel o r  vi trified wa stes and to have the abili ty for some pe riod 
of time to retr ieve it if the re are unexpe cted e f fect s .  

The seco nd a spect , which i s  more global , ha s t o  d o  wi th the pre sent 
s i tua t ion: we ' re di scharging spe nt fuel from reacto rs and don' t know if 
we will ultima tely reprocess the fue l .  The energy in that spent fuel 
represent s the equivalent o f  trillions of ba rrel s of oil , if the 
plutonium i s  u sed in the breeder , so i t ' s a very large re source of  
ene rgy. It  make s se nse , therefo re , for the spent fuel comi ng from 
reactors to be sto red on the surface in a readily retrievable fo rm unt il 
a de ci sion on reproce s sing i s  made . I would sugge st that the wa ter 
pool s  in pre sent u se are sati s fac tory storage facilitie s ,  although there 
a re other de signs that would sto re spe nt fuel in shi elded a i r-cooled 
vault s .  
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WILSON: I ' m  real ly wo rrying about the permanent sto rage . Le t ' s say 
we build a geological reposi tory.  Do we insi st on retrievability and , 
i f  so ,  for how long ? 

WOLFE : Wel l ,  the duration of ready retrievabil i ty that pe op le 

consider i s  of the order of 20 to 25 years,  and that seems a rea sonable 
period to examine the ini t ial ef fect s from the emplacement of fuel . 
Thereaf te r ,  one could moni tor remotely. 

WILSON : One of the top i c s  that we heard about wa s the po s sible 
beneficial u ses of the wa ste materia l ,  the f i s sion product s .  

WOLFE : I wonde r ,  before you go on to that , i f  I could re spond to a 
question that wa s rai sed about i nvoluntary expo sure . Every t ime 
somebody turns on a light swi tch, ge ts a job ope rat ing a la t he ,  o r  does 
anything else that u se s  electr icity,  he requires electrical ene rgy . 
Whether he thi nk s  about i t  or not , he requi res some elect rical 
genera t ion fac ili ty to operate that affects t he rest of us for better or 
worse . 

Now, stripped of i t s  emot ional overtones ,  the e s sence of the que stion 
is the cho ice of the electr ical genera t ion plant whi ch i s  cau sed to 
ope rate,  o r  a deci sion to prohibi t a pe rson from turning on hi s light . 
The se are the cho ices that one ha s.  When one looks at the nuclear wa st e 
problem one should look at i t  in the context of the side ef fect s of a l l  
the alterna te means of prov iding powe r ,  or the ef fect o f  not providing 
power to those who need i t  or want i t .  

WILSON: Of  cour se , there are a lot of people who are claimi ng we 
could save enough electric i ty by cut ting out wa ste.  

WOLFE : In Cal i fornia , the S un De sert Nuclear Plant project wa s 
abandoned a t  least pa rtly on the ground that a coal plant could be 
subst i tuted in i t s  place . 

When legi sla tor Victor Calvo of Cali fo rnia introduced legi sla t ion to 
permi t a coal plant to be built instead of Sun Desert , the Na tural 
Re sour ce s Defense Council wrote him a letter sugge sting that coal wa s a 
bad thing to burn . 

WILSON: I ' m  going to stop you right there and let n r .  La sh come in.  

Then we ' ll go back to the topic.  

WOLFE : Since D r .  La sh wrote the let ter I t hink i t ' s appropriate . 

LASH :  A s  I ' ve expla ined to you several t ime s ,  both priva tely and 

publicly , the pos it ion of the Natural Resources Defense Council in the 
Sun D e sert Nuc lear Power Plant proceeding wa s that we needed nei ther a 
nuc lear power pla nt nor a coal- f i red power plant . And so our po s i t ion 
wa s entirely consi stent and well-documented and , to my knowledge , no t 
refuted . 

Copyright © National Academy of Sciences. All rights reserved.

Nuclear Waste:  What to Do With It?
http://www.nap.edu/catalog.php?record_id=18790

http://www.nap.edu/catalog.php?record_id=18790


3 5  

WOLFE : I know that i s  NRDC ' s  vi ewpoi nt , but i f  the electric i ty i s  
not there when people need i t  o r  want i t ,  then who wil l  take 
responsibil i ty fo r the lack of energy and the e f fec t s  of tha t  lack? 

WI LSON: Of course , t ha t ' s  really not qui te re sponsive , since 
D r .  La sh say s that their a t t i tude wa s t ha t  i t  wa sn ' t needed . Le t ' s 

leave thi s .  

LASH : I mu st observe t ha t  I ' ve had deba te s  o n  radioact ive wa stes and 

nuc lear power for yea r s .  I n  the early day s ,  just be fore t he meetings 
would start,  an of fic ial would always come ove r to me , ki nd of 
ne rvou sly ,  and say , " Now we ' re not going to talk about nuclear power,  
you understand . We ' re only going to talk about radi oac t ive wa ste.  
Right? Right . "  And now tha t  nuc lear power i s  in such terr ible trouble , 
I find tha t  every d i scu ssion of radioact ive wa ste immed iately expand s 
into a di scu s sion of nuc lear power overall .  

I don' t think i t ' s appropriate here to talk abou t nuc lear power 
ve rsus coal and other generat ion source s .  I obviou sly have substantial 
d i sagreement wi th some of the other gentlemen here . I t ' s a very 
c omplicated i ssue , and we ' re not going to re so lve i t  in t he next 2 0  
minutes tonight . 

WILSON : I agree , and the Academy Forum i s  go ing to look a t  thi s 
top ic in a broader context la ter .  Le t ' s go back to t he retrievable 
s to rage . 

ARROW : I concur wi th D r .  Wolfe ' s  empha si s; I mu st defer to technical 

expert s as to t he possibi lity.  But in the idea of retri evability,  a t  
lea st f o r  the near future , I think i t  i s  extremely important t o  pre serve 
the option of not reproce ssing .  I think we want to keep tha t  opt ion 
ope n fo r reasons havi ng to do ba sical ly wi th the faint hope -- and I 
mu st say I can' t put i t  more strong ly than that -- of controlling 
proli fe ration. We may wa nt to di scourage reproce ssing , d i scourage the 
ava ilability of plutonium in the pure form ,  and therefore , we ' d  like to 
keep the wa ste in the retrievab le state so we can consider thi s opt ion. 

Obviou sly , it might be better still to bury t he fuel rod s in a 
permanent di spo sal , and that would end the reproce ssing as fa r a s  thi s 
i s  concerned c ompletely. However ,  I must say I do shrink from tha t  
becau se the re i s  the fea r ,  which w e  can' t comple tely di scount , tha t  we 

may be runni ng out of uranium; that the availabili ty of U-2 3 5  for 
light-wa ter reactors may not be la sting very long . 

Personally,  I think all the latest indicat ions are tha t  there i s  
q ui te a bi t of uranium, but one can' t be that certain about i t .  So the 
opt ion of the breeder ha s to be maintained . But there ' s  a good chance 
tha t  we wi ll not need a breeder for a long time to come and ,  the refo re , 

everybody agree s  that reproce s sing for u se  in t he light-wa te r  reactor 
ha s no pa rt icular economic value . So fo r thi s rea son I ' d  say t he idea 
of maintaini ng a flexib le relation, po stponi ng reprocessing ,  i s  
extremely vi tal . 
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McCORMACK: I t hink that the que stion o f  proli ferat ion wi th respect 
to reprocessing i s  badly di storted and badly mi sunder stood . I t ' s 
impo rtant to recognize that the Uni ted State s ,  Rus sia , Great Britain,  
France ,  and China had nuclear weapons long before they had any nuc lear 
power plant s .  

Glenn Seaborg e st imates that there are three dozen countries in thi s 
world that could make nuclear weapons today wi thout having any nuclear 
power plant s at al l and wi thout having any a ssi stance from the Uni ted 
States.  Moreover , they c ould do it  i n  four to f ive yea rs for $50 
mil lion, 5 percent of the cost of a single nuc lear plant . 

Further ,  the p lutonium that i s  produced in a nuclear plant i s  
ext remel y  unsati sfactory fo r nuc lear weapon s ,  alt hough AEC many years 
ago demonstrated that i t  could be made to work. It i s  extremely 
d i fficult to make it work , even if you have the expe rience wi th u sing 
good q uality plutonium. I thi nk the proli feration i ssue i s  ext remely 
d i sto rted . The po tent ial fo r proliferat ion of nuclear weapons in the 
nuclear ene rgy program i s  ext remely smal l .  I f  a nat ion want s weapons i t  
won ' t g o  that route . 

WILSON: There are some who a re al leged to have go ne that rout e ,  I 
believe . 

McCORMACK : No , I beg your pa rdon. Thi s i s  not a ma tter of opi nion . 

There i s  only one nat ion where tha t  point i s  mi srepre sented and that i s  
I ndia , and they def initely made their plutonium from a smal l  
experimental reactor whi ch wa s del ibera t ely u sed for that purpo se .  They 
did not u se a power-producing reacto r .  Their plutonium wa s made so that 
they could have only one percent plutonium-240 . They made extremely 
pur e  plutonium, and they made i t  in a research reactor,  not a production 
reacto r .  

WILSON: We were o n  the point a minute ago of benef ic ial u se s ,  and I 
think I ' d  l ike to hear somebody talk about tha t .  

McCORMACK : I ' ll be ve ry brief about thi s. A t  Hanfo rd fo r many year s  
we have been extract ing the stront ium-90 and the cesium-1 37 from the 
mil i tary wa ste s ,  and we have in a sto rage pool the re a large number of 
cap sules of s trontium-90 and cesium-1 37 -- cap sul e s  t hree or four feet 
long and a couple inche s in diameter. The se are good fo r producing heat 
i f  one want s it , and t he cesium-1 37 is excellent for producing gamma 
radiation fo r ste ril izing thing s .  I t  can be u sed to sterilize sewage 
sludge , for instanc e .  You can run sewage sludge over it and completely 
kil l al l the bug s .  You al so can purify c i ty wa ter wi thout put ting any 
chlorine in i t .  

There are many u se s  f o r  gamma radiation , inc luding hardening of 
p la stic resins,  whi ch are ava ilable if we ever want to take advantage of 
t hem . 

LASH: I ' m  go ing to refrain from rebutting Congressman McCormack ' s  
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l a st two remarks just to save time , but I di sagree wi th much o f  wha t he 
sa id .  

WILSON: Suppo se we go next fo r a short , very brief di scu ssion of 
transportation problems. Dr . Wo lfe? 

WOLFE : I would say that we are transpo rt ing wa stes today on a fairly 
routine ba si s .  The standa rd s  for containers  whi ch transport nuclear 
wa stes involve such thing s as  be ing able to wi t hstand drop s of 30 feet 
on unyi elding surface s ,  drop s on na il sp ike s,  fal ling into a f ire of 
1 500 degrees fa renheit and then submer sion into wa ter -- very high 
sta ndard s .  The DOE has pe rformed tes t s  where such cask s  were , fo r 
example , put on locomot ive s traveling 80 mil e s  an hour that were c ra shed 
into concrete abutment s .  There were other test s  in which a train 
c ra shed into ca sks on a truck . The ca sk s  survived the se ki nd s  of  
inc ident s .  

There have been envi ronmental impact analyses by the D epartment of 
Ene rgy and the Nuclear Regulatory Commi s sion, whi ch conc lude that the 
major r i sk s  from the transportat ion of wa stes in t hi s  type of container 
are the r i sks of normal motor acc ident s .  

I d o  wa nt to po int out , to respond to the man f r om  Three Mile I sland 
and to Ki ng Hubbe rt , that when one wo rk s wi th any haza rdou s ma terial -­
c hl orine ,  propane , or nuc lear fue l -- one ha s to fo llow rigid procedures 
and ,  of cour se ,  safety depend s upon followi ng t ho se procedures.  

As  compa red to other haza rdou s ma terials tha t  are transpo rted it  
should be noted that an advantage of  nuclear power is  the small volume 
of i t s  wa ste pe r un it of energy,  o r  benef i t .  Fo r example , one can spe nd 
$1 00 , 000 to take care of a ton of nuclear wa ste and still not impac t  
signif icantly o n  t he  economic s o f  nuc lear powe r whe rea s such cos t s  would 
rai se t he  price of propane by a fac tor of over a hundred. S imila rly , 
when t he re i s  8000 t ime s a s  much solid wa ste from a coal plant pe r uni t  
of ene rgy then , of course , one ca n ' t af ford to spend a s  much for i t s 
care . In my vi ew ,  t he pe rspect ive that ' s  frequently mi ssing from 
di scu s sions of nuclear wa ste i s  tha t ,  in fac t ,  an advantage of nuclear 
power is t he character and ve ry smal l volume of its wa ste,  which make s 
i t  possible to i solate i t  and not spread i t  over the enviro nment a s  i s  
t he  ca se wi th wa ste s from other sources of energy a nd  other human 
act ivi t i e s .  

KOSHLAND : I g o t  a handout a s  I came in sayi ng , "Al ready there have 
been over 300 highway acc ident s ,  more than 1 00 i nvolving radioact ive 
release s . " I s  that accurate? 

WOLFE : I don' t know whe ther i t ' s accurate . I would make the 
following c omment . The characteri stic of all of the undesirable event s 
that one hears about wi th respect to wa ste -- the leaky wa ste tank s  a t  
Hanford; the Maxi-Flat s ca se ; the t ruck acc ident s wi th low-level 
ma terial or natural uranium, about as  hazardou s a s  di shwa ter soap -- the 
common i ngredient of all of them, inc ludi ng the one tha t  rece ives the 
mo st a t tent ion, the leaky wa ste tank s  at Hanf o rd ,  i s  that not a sing le 
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p erson ha s been injured as a result of them , and the envi ronment ha s 
been minimally af fected. The environmental impact nea r Congressman 
McCo rmack ' s  home town of Richla nd due to the leaky wa ste tank s i s  
limi ted to the soil i n  the de sert several feet underneath the tank s .  
D e spi te the pic ture you may have go tten from the newspapers of thi s 
de so late Hanfo rd a rea , Mike will tell you that the ma jor problem in the 
a rea i s  that people like i t  so wel l that the popula tion ha s  inc rea sed eo 

that they now have tra f f ic jam s .  
I don' t know whether the number i s  300. If  one i s  going t o  count 

every minor inc ident a s  an event wi thout saying what the conseq uence s 
a re ,  I ' m  not sure what the number i s. 

WILSON:  At thi s  point I ' ll turn to the audience on the la st two 
topi c s ,  the retrievabi l i ty que stion and the transpo rtat ion que stion. 

THOMAS GRAFF,  Environmental Defense Fund : My question deals  with the 
transpo rtation. In light of the recent actions taken by the pronuclear 
governors in the t hree states currently hou si ng l ow-level wa ste si te s 

restrict ing their use , wha t i s  your pr ognosi s for f i nding an ho spi table 
atti tude on the pa rt of a su f f ici ent number of state s  to transport 
high-level wa ste and to sto re it sa fely in pe rmanent repo sitories?  

McCORMACK : The wa ste sites to which the gentleman refers are 

l ow-level wa ste sites,  not high-level wa ste si te s ,  so they have nothing 
to do wi th high-level wa ste s .  

The si te s fo r low-level wa stes,  a s  you know , receive ma te rial from 
many source s.  There are more than 2000 hospitals in thi s country 

providing wa stes to our low-level wa ste sites,  al ong wi th resins 
containi ng impurities  from the cleanup water of nuc lear power plant s ,  
and low-level contamination material s from medical re search laboratories 
and from the radiopharmaceutical i ndustry . 

The Gove rnor of Wa shi ng to n  stopped shipment s to the Hanford site 
because the NRC and DOT were not enforci ng their rules and regulat ion s  
which they had estab li shed fo r the safe packagi ng and transpo rta tion o f  
low-level radioact ive wa ste s .  They we re simply not enforcing the rule s .  
And the Gove rnor simply sa id t ha t  she would close the si te until they 
agreed to enforce their own rules.  When they did ,  she reope ned the 
site . 

The Gove rnor of Sout h Ca rolina ha s stated that he would stop 

accepting nuclear wa stes in o rganic liquid s becau se he wa s concerned 
about the liq uid i t self , which happe ns to be to luene . It i s  flammab le 
and a potential source of f ire in the wa ste si te s .  He sa id the 
radioac t ivity had not hing to do wi th i t ; he didn' t want that flammable 
material around . 

The response to that ha s been, of cour se , a cry from al l over the 
country that we ' re soon going to have to stop providi ng nuc lear medicine 
for people in our hospi tal s .  About hal f  of al l the people that go to a 
hospital for a diagno si s or therapy direc tly or indirec tly receive some 
sort of treatment or tests using radi oac tive ma terial s .  Many of them 
are life- savi ng test s .  They will soon stop i f  there are no facilitie s 
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for hand ling the se low-level wa ste s .  

Accordingly, I have submi t ted legi slation , as  has Congre s sman But le r  
Derrick o f  South Carolina ,  to try to force people t o  think rat iona l ly on 
thi s subjec t .  The Derrick legi sla t ion would e f fect ively require every 
s tate to take care of i t s  own wa stes,  3nd ef fect ively stop the ho spi tal 
re sea rch and eve rythi ng e l se unless t ha t  state was wi l ling to do so . 
S tates could form compact s by regions and agree to handle their wa stes 
in a certain region . 

My leg i sla tion would create a dozen sites  run by the Depa rtment of 
Ene rgy on federal property. All costs would be re tri eved by service 
charge s to the va riou s u sers.  

I don' t know which one of t ho se or which combinat ion of t hem i s  go ing 
to be enact ed into law ,  but I ' m  sure that some thing i s  going to be 
enac t ed so that we wil l  have some so rt of facili t ie s  for handling 
low-level wa ste s .  

Now we are , o f  cour se , shipping high-level wa stes ac ros s  the country 
today , and I ' m  sure we ' l l conti nue to do so . When we have s torage 
repo s i tories or reproce ssing faci l i t i e s  the ca sk s  wil l  go t here . I 
t hink a l i t tle bit of public education will s how the people that t he 
ga soline in the ga s tank of the truck i s  a fa r greater hazard to people 
on t he highway or along the highway than t he radioact ive material in t he 
c ontainer.  

LASH: Mr . Chairman , I ' d  l ike to respo nd  a s  wel l .  Only in the 
pol i t ical a rena can you c ompare apples and orange s ,  and that ha s 
happe ned in Nevada . Thi s Sep tember I a t tended a Depa rtment of Energy 
sponsored meet ing at  which t he fo rmer Governor of Nevada , Michael 
O ' Cal lahan, repea ted a sto ry several time s that while he wa s in office 
he had to c l o se down the low-level wa ste burial site in hi s state 
becau se of some problems t here,  the mos t  impo rtant be ing the thef t of 
materials by empl oyees who were operating that si t e .  During the 
c losure , he obtained an agreement from the company t ha t  operated the 
si te to meet certain conditions , all of which he said have now been 
viola ted . Al t hough he i s  no longe r gove rno r ,  he ha s ca l led for the 
shutdown of the fac ili ty .  The current governor recently ha s c l o sed the 
site.  

But what ' s  impo rtant and relates to  the comment i s  that at  least in 
former Governor Michael O ' Callaha n ' s opinion , the previous acceptance of 
t he populace and the poli tic ians i n  that state fo r high-leve l wa stes 
being s tored at t he Nevada test site ha s now been reve r sed. The people 
of Nevada now feel that they cannot tru st that regulations wi l l  be 
prope rly followed , becau se they have been lied to by tho se in charge of 
t he  low-level wa ste bur ial si te.  

So , a t  least in the view of some of the poli ticians in that state 
there is a connection be tween the prob lems with low-level wa ste 

t ranspo rta tion and bur ial and t heir  wil lingnes s  to ac cept high-level 
wa stes in the f uture . 

WILSON: I ' d  like to go back to the audience now i f  you don' t mind . 
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DANIEL BURGE SS : I have two que stions . The first concerns the 
latency per iod for health ef fect s from radiation. I t  i s  a well known 
fact that of ten you ge t a 4Q-year gap . I a s sume Hanford wa s started 
around 1 9 4 0 ,  we ' re c omi ng into 19 8 0 ,  that would be 40 year s . Therefor e ,  
i t  i s  meaningle s s  to aay t hat no one has been hu r t  or injured becau ee i t  
would only just now b e  showing up . I ' d  like t o  get some re sponse from 
t he  panel on t ha t .  

The second que stion i s  that the pa nel ha s agreed t ha t  w e  should 
experiment wi th var ious wa ste di spo sal alterna t ive s ,  learn from our 
mi stake s ,  and progres s .  I would submi t that i n  t he Ural Mountains of 
t he Soviet Union a very great lesson about wa ste di sposal ha s  been 
taught , and I would ap preciate the panel spelling out to t hi s  group wha t 
that le s son wa s ,  and a l so  givi ng u s  some a ssurance t hat the area s i n  
Hanfo rd and in Oak Ridge which are o f f  limi t s  to pe rsonnel , t he area s 
that no one goe s  in becau se of shallow burying in the ea rly days of the 

weapons program , wil l  not have similar mud vulcano or wo rse type s of 
si tua t ion. I am unaf f iliated,  I am a concerned citizen. 

WILSON: D r .  Ko shland wi l l  comment on the health pa rt . 

KOSHLAND : The q ue st ion of the low-level radia tion extrapolat ion I 

won ' t dwel l on a t  length here , becau se that wa s the subject of our fi rst 
Forum in thi s  serie s .  I c ould just say brie fly that the Hanfo rd study 
i s  in some controver sy ,  a s  you know , but t he f igures  in general that 
t hey c ome by are that a nuclear regula tory worker get ting , by the l egal 
l imi t s ,  ten t ime s,  l et ' s say , wha t normal people get in their background 
radiat ion increa se s hi s chance of cancer from na tural thi ngs by t he 

o rde r of one pe rcent . And the Ha nfo rd worker s  probab ly have le s s  than 
thi s .  

Now ,  the de tailed studies  on popula tions that are ve ry smal l  are ve ry 
difficult when you ' re dealing wi th low probabili ty, so thi s  i s  an area 
of conside rable controve rsy and I think i s  probably of f the subject 
tonight . I hope that you wil l  all read the pro ceedi ng s  of the last 
Forum. 

WOLFE : I ' d  like to respond to the second pa rt becau se I think i t  

i llustrate s a problem. The q uest ion i s  about radioact ivi ty i n  the Ural 
Mountains which ha s been attributed by a Rus sian di s sident to a nuc lear 
explo sion at a wa ste di sposal site . The q ue stioner implies that in fac t 

such an event occurred . But excep t fo r t he Ru s sians -- who de ny i t  -­
none of us ha s t he fact s .  Certainly no one understand s  how , i n  
a ccordance wi th the laws o f  physic s ,  a nuc lear wa ste si te could lead to 
a nuclear explo sion. The book by the Ru ssian di s s ident , Medvedev , 
speculates on t he  ba si s of repo rt s in the li terature of radioact ivi ty in 
the area . In a recent Sc ience magazine t her e ' s an a rt icle by people at 
Lo s Alamo s who specula te t hat the radioact ivi ty in the area is cau sed by 
Rus sian weapons test s .  

The que stion ha s been a sked a s  though a nuc lear explosion wa s an 
e stabli shed fact . I am remi nded of the pre s s  repo rt s  of two years ago 
about the breeder reactor in Rus sia who se explosion wa s observed by a 
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u . s . sa tel li te .  Some of my colleague s have since vi si ted the plant , 
which conti nue s to operate , apparently unawa re of i t s  dramatic demi se . 

With respect to the Ha nfo rd si te,  I t hink one could also ci te a 

National Academy of Scienc e s  study of la st year on the wa ste di spo sa l  
si tua t ion at Hanford which,  a s  I recal l ,  concluded t ha t  there i s  not now 
nor wa s there ever a signi f icant hazard from t he storage of the wa stes 
at  Hanfo rd . 

JOSH LEVIN , Of f ice of Senator Charles  Pe rcy , Il li noi s :  We ' ve touched 

only brie fly tonight on some of the inst itutional problem s  a s sociated 
wi th t he di spo sal of nuc lear wa ste . Dr.  La sh has mentioned briefly that 
in many area s of the country public di strust ha s fouled up what may have 
been ve ry wel l  intentioned plans by the gove rnment . Thi s relates in a 
certain way to the q ue st ion whether , in fact , we want to build or build 
up our away-from- reac tor ( AFR) sto rage sites at  al l .  Sena tor Percy i s  
of t he belief that , i n  fact , we have a real danger of such sites  
becoming de facto pe rmanent sto rage si tes becau se we are  having so much 
trouble re solving the ultima te q uestion of permanent di spo sal .  He ha s 
favored a plan and I favo r a pla n of keeping nuc lear wa ste s on si te wi th 
the nuclear reactor i t self . 

I ' m  not cla iming to be an expe rt he re , and I ' m  certainly open to 
dif ferences of opinion . I ' d  l ike to be educated by the expe rt s here a s  
t o  whe the r ,  i n  fac t ,  thi s i s  a viable way o f  storing nuc lear wa stes 
temporarily so a s  to avoid whatever da ngers may exi st wit h  the creation 
of po s sibly de facto AFR di spo sal site s or sto rage sites.  

LASH :  I ' d  b e  happy to re spond t o  that . Ye s ,  it  i s  possible to 
i ncrease sto rage of  spent fue l  at  exi sting reac tor sites.  The Tennessee 
Val ley Authority ha s prelimi narily propo sed to do  just that at  thei r 
reacto rs , and they cho se at  lea st to put out fo r public comment that 
option instead of building AFR ' s. So i t ' s not only possible , i t ' s being 
chose n  by one ve ry la rge ut i l i ty .  

McCORMACK : There i s  a GAO study on thi s that came out in the la st 
three months . The GAO sugges t s  that it  may not be neces sa ry to build 
any AFR sites becau se of the abi l i ty to re- rack spent fuel a s semblies at 
exi st i ng plant s a nd to u se exi sting facilities such as Morri s ,  We st 
Val ley , and Barnwell for sto rage until we ge t a reproces sing program 
underway. 

I bel i eve that the demand fo r fuel and the economics of the si tua t ion 
will dete rmine that we wil l  go for reproces sing in the not too distant 
future . And I beli eve that we wi l l  not have to worry about inde f inite 
s torage , either at the plants  or at an AFR . The GAO study should be 
checked becau se it e s se ntially suppo r t s  your po si tion. 

WILSON:  May I interrup t ?  Dr . Purcell a sked a q ue stion in the f i rs t  
que stion pe riod , and I ruled i t  out o f  ord e r  becau se I f igured i t  wa sn ' t 
related to wa ste di sposal.  Then he explained that he would like to  know 
t he impact of the Three Mile I sland ep i sode on the wa ste di spo sal 
problem. I s  anyone able to comment on that?  
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WOLFE : To the ex tent that Three Mile I sland indicated that care ha s 
to be exerci sed wi th any of the se act ivi t ie s, I think tha t ' s a l e s son to 
be taken into conside ra t ion in the de sign of repo s i tories and the 
proc edures under which they opera t e .  

A s  far a s  the direct connect ion , D r .  Wil son,  between Three Mile 
I sland and the wa ste problem, I ' m  not sure there ' s  a direct relation 
there . Do you see one , Te rry? 

LASH : There is  one connection. Some states were not wil ling to 

rece ive the low-l evel wa stes that are being generated in cleaning up the 
a ccident . I frankly don' t know wha t ' s  goi ng to happen to the 
highe r-level l iquid wa stes  now in the contai nment . They ' re no t 

high-level wa ste s ,  but they ' re qui te radioact ive , I understand . And 
wha t ' s goi ng to happen to them when i t ' s  so l idif i ed I don ' t know . I 
doubt that i t ' s accep table to put i t  in shal low-land bur ial si tes,  which 
must mean some ki nd of surface s torage someplace . 

WOLFE : There are two pa rt s to the problem . One i s  the low-level 

wa ste at Three Mile I sland -- low-level in the sen se that i t ' s in the 
wa ter .  It ' s being cleaned up a t  the pre sent t ime wi th an ion exchange 
and evapora t ion proce s s ,  but it will require off-site shipment and 
t he re ' s a que stion of where that wa ste wi l l  ult imately g o .  

There a l so  will be a problem o f  removi ng the fa iled fuel tha t ' s i n  
t he reactor.  Ba sical ly , thi s  wil l  requi re that the fue l be remotely 
pul led out of the reactor and put into cans,  which can be put into ca Sk s  
and transported f o r  storage t o  some si t e .  Aga in,  there wi l l  have t o  be 
a cho ice of a si t e .  Once the fuel i s  in cans,  i t  ba s ically ha s the same 
hazard po tent ial a s  the standard fue l  element and can be shipped in the 
type of ca sk s  I mentioned before . 

We do have the po lit ical que stion, which Terry ha s po inted out , of 
gaini ng accep tance.  Wi th re spect to t ha t  point , I think the low-leve l  
wa ste i s sue bring s  the who le que st ion o f  wa ste i nto pe rspe ct ive . 

There are about six million pa tient u se s  of rad ioi sotopes per year i n  
t hi s  country . I unde rstand that one out of three diagnose s make s u se of 
radioi sotope s.  Now , one either ha s to beli eve that we know how to take 
care of low-level wa ste s so that pa tient s can receive the benefit  of 
i sotope s or we ought to require pa tient s to have other , less benef icial 
d iagnostic technique s -- to accept grea ter med ical r i sk s .  

I t  seems to me one always come s back t o  alternat ive s. One ha s to 
we igh the risks aga inst the bene f i t s .  Any di scussion about nuclear 
power or about wa stes that doe s not cover r i sk s ,  benefi t s , and 
alterna tive s i s  a meani ng le s s  di scu s sion. If the intent of some of the 
quest ions wa s to get me to say that nuclear power i s  not pe rfect , and 
t ha t  the di sposal of nuclea r wa ste ha s problem s and that i t  ha s to be 
done wi th care and dil igence,  t hen I ' l l say i t  -- all of that i s  true . 

T he real i s sue i s  how the r i sks compa re to the benef i t s  from nuc lear 
powe r ,  as c ompared to alternat ive s ,  inc luding lack of ene rgy . 

LASH : Le t me mention just very briefly that t he amoun t of 
radioact ivi ty for diagno stic and therapeut ic purpo se s i s  very smal l  
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compa red t o  t he l ow-level wa stes that come f r om  ope rat i ng  nuc lear power 
plant s .  

WOLFE : It ' s  about hal f of t he  l ow-level wa stes a t  t he pre sent t ime . 

LASH : Not on a longer- l ived ba si s i t ' s no t .  The central problem 

wi t h  l ow- level wa st e  di spo sal i s  the longe r-lived , l ow-level wa stes from 
commercial nuc lear power plant s ,  and not from diagno st ic o r  t herapeut ic 
u se s  of rad i oac t iv i ty .  

WILSON: Le t ' s  go to the audience . 

OSWALD ANDERS , Dow Chemical Company :  Woul d  t he panel agree t ha t  a 
defini t i on of radioact ive wa ste i s  really fundamental to t he i ssue ? 
We ' ve heard tha t  some of the high- level wa ste wil l  eventual ly decay by a 
fac tor of a million and t ha t  the Governor of South Carolina worrie s more 
a bout the to luene than about t he rad ioac t iv i ty .  There ' s a need for a 
defini t ion of what rad ioact ive wa ste i s  so tha t  we can face t ha t ;  zero 
a nd inf i ni ty are concep t s  which are not i n  our expe ri ence and we just 
are f ru stra t ed a s  all get out to deal wi th t ho se .  The philo sophical 
concep t s  have to be translated i nto some t hing t hat ' s technical ly 

mea ni ngf ul . 

WILSON: We' l l  go on to t he next que st ion. 

ANN CAREY, The Futures Group : I ' m  sure we ' re all goi ng to go home 

f e eling safer to night havi ng  heard mo st of you say t ha t ,  ye s indeed , we 

have t he te chnology today to di spo se safely of nuc lear wa st e s .  I f ,  t ha t  
i s, a s  Mr . McCormack sugge st s ,  a 2 5-year demonstrat ion program prove s 
succe ssful; if we don' t encounter i nsurmountable con struc t ion 
d i fficu l t ie s  or geol og ical problem s ,  a s  me ntioned in our di sc u ssio n ,  we 
can do i t  today. 

WILSON: Is thi s go i ng to be a que st ion? 

CAREY : No . I will not a sk you to expla in t he appa rent 

i nconsi stenci e s  of some of t ho se statement s. Ra t he r ,  my que stion i s  
pe rhap s a po l i t ical one and t hat i s ,  who i s  re sponsible for t he sa fe 
di spo sal of the se wa stes, and why i sn ' t i t  being done now? D r .  Wolfe , 

i s  General Electric re sponsible for t he wa ste s gene ra t ed a t  the i r  
reactors, o r  i s  t he now defunct Atomic Energy Commi ssion, o r  the 
D epar tment of Energy re sponsib le for priva t e ,  c ommercially generated 
nuc lear wa ste s? 

WOLFE : By law , the federal gove rnment is re sponsible for t he 

pe rmanent di sposal of high-l evel wa ste s. There has been some sugge st ion 
t ha t  maybe it would be more exped i t iously hand led if tha t  we re n ' t t he 
case . And to t he  extent you ' re argui ng that t he program o f  t he federal 
government ove r t he pa st decade o r  so ha s not been e f fe ct ive , I would 
agree wi t h  you . In fac t ,  I would a sk your que stion once mo re a nd a sk 
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who i s  responsib le , i n  t he gove rnment , fo r the high-level wa ste prog ram ?  
You ' l l f i nd tha t  i t ' s very ha rd t o  ge t an answer t o  that , a nd I thi nk 
t ha t ' s a di sgrace .  I ' ve t e s t i f i ed i n  front of Congres s  tha t  in t he 

Department of Ene rgy we should have someone set up a t ,  say , the 
a ssi stant director level who i s  re sponsible . If you ' re imply i ng  tha t  

t he federal government i s  no t doing an effect ive j o b  of demonstra t i ng 
permanent di spo sal of high-level wa stes,  I agree wi t h  you . And I t hi nk 
t ha t  members of the publ ic ought to wri t e  to t he i r  congre s smen and say : 
We unde rs tand t hat thi s i s  a se riou s problem . We want nuc lear energy i f  
we can take care of t he wa ste -- get o n  with t he jo b ! ! 

CAREY : Ha s  G . E .  pa s sed t he buck by havi ng the federal government 

l egal ly re spo nsible for thi s di sposa l ?  

WOLFE : It wa s taken away by law . G . E .  i s  not al lowed to d i spo se 

permanently of the wa s t e .  

WILSON: I ' m  sorry about the remaining que st ions. W e  have t o  cut i t  

of f ,  but t ho se who have que st ions could bri ng t hem up af terwa rd s .  One 
last quick one . 

EDWARD GROTH , Co nsume r s  Union: Our organiz a t i o n  i s  concerned wi th 
smoke de tecto r s  which cons t i tute a low-level bene f i cial u se o f  
radioact ive ma terial but po s sibly a sign i f icant di spo sal problem i n  t he 
long run. We ' re concerned wi t h  i f  you wil l , t he pro l i fera t io n  of t he se 
devices and the re sponsibi l i ty being di spe rsed among nontechnical ly 
trai ned c i t i zens for t he i r  u l t ima te di spo sal a nd proper hand l i ng .  And we 

wond e r  whether t here are any analogi e s  tha t  the panel could draw be twe en 
tha t  and some of t he i s sues tha t  you ' ve bee n di scu s si ng alread y .  

McCORMACK : Le t m e  make one comment . There a re var iou s type s of 
radioactive materials out t here on t he ma rket tha t  are not really 
c ontrolled by NRC .  I beli eve the americ ium t ha t ' s  u sed i n  smoke 

de tectors falls i n  tha t  cat ego ry. 
You may be i ntere st ed to know t hat a ma ntle fo r a Co leman la ntern i s  

very radioact ive by c ompari son to our standards. Tho se can be purcha sed 

i n  a hardwa re sto re . As a ma t t er of fact , I have a demo n stra tion where 
I u se  just one l i t tle mantle , and I get one milli rem pe r hour o n  a 
geiger counter. Thi s i s  as much a s  you get si t t ing at t he ga te of a 
nuclear power plant , 365 days a year , 2 4  hours a day. And you can get 
t hi s  wi t h  a mantle from a Co leman lant ern tha t  you can buy i n  a 
drug s tore o r  hardware s tore anyplace in t he coun t ry .  

T h i s  i s  just out side the normal realm o f  controls b y  NRC .  There are 
thi ng s  in t he marke t place that are not under control a nd t hat are a lot 
more radioact ive than a lot of the low-level wa stes t ha t  we ' re pa ckaging 

and transporting to special burial ground s .  

WILSON: I think we ' l l a sk the panel for wrap-up comment s t ha t  wil l  

e nd  our se ssion. So I ' l l start wi t h  Professor Arrow. 
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ARROW : It se em s  c lear in view of the di spa r i ty between the economic 
val ue of nuc lear energy for electricity purpose s  a nd the ,  wha t I 
consider more impo rtant , heal t h  ga i ns ,  t he avo idance of t he heal t h  

hazard• o f  coal- f ired plant 1 ,  t ha t  t here ' •  room for 1pendi ng a area t 
deal more on wa 1te di 1po 1al than i 1  now done .  The need fo r ae t tl i ng  the 
po11ibili ty of permanent di 1po 1al i 1  really quite uraent . I t ' • not 10 

nece1 aa ry that we actually 10 to i t ,  but i t  i 1  e11ential that we know 
and have e 1tabli 1hed publicly that thi 1 i 1  a viable ent i t y ,  which I 
pre1ume i t  1 1, but t hi 1  ha l  to be e1tabli 1hed . 

The que 1 t ion of r e 1pon1ibili ty ha l  been rai led here , and al ao by Mr . 
Hubbert in h1 1 earl i er remark s ,  and Congre 1 sman McCormack , in fact , 
referred to the fa ilures to enforce transport regula t ions by t he NRC , 

a nd  i t  i s  a very scary q ue st ion. If there i s  not a di stinct l i ne of 
aut hority I fear for t he future of t he program. 

KRAUSKOPF :  Two i tem s fr om thi s di sc u s sion stand out in my mind a s  
part icularly important . F i r s t  i s  t he fact , ment ioned repea t ed l y ,  t ha t  · 

t he re i s  no immediate hur ry about di spo sal of the wa stes. The wa stes 
can be kept i n  t emporary storage i ndefini t ely as long as surve il lance i s  
ma i ntained . Second , a demo ns trat ion i s  urgent t ha t  wa ste di spo sal ca n 
ac tually be aceompli shed. For thi s purpose we need i nve st iga t ion of 

va riou s geo l ogical med ia by means of explora to ry sha f t s  and tunnel s ,  so 
tha t  actual underground condi t ions can be documented a nd the nec e s sa ry 
preliminary in- situ experimentat i o n  can be carried out . Thi s prog ram 

should have high priori ty. 
Another t hought occurs to me t ha t  need s ment ion. Our di scu ssion 

tonight ha s been limi t ed ent irely to deep geological di sposal , the 
me thod of di spo sal t ha t  cur rently seems mo st promi sing . But other 
possibili t i es exi st tha t  need f urther study . For example , put t i ng the 
wa stes i nto the sed iment a t  the bot tom of the deep sea; put t ing the 
wa s t e s  above the wa ter table in some of the a r id la nd s of t he We st; o r  
put ting wa stes in very deep ho l e s ,  so deep t ha t  the wa ste would b e  below 
the zone of ground wa ter. The se other me t ho d s  give us further opt io n s  
for di spo s i ng  of nuc lear wa st e ,  hence provide addi t ional a s surance t hat 
the prob l em  can i ndeed be solved . 

WOLFE : I would like first to i ndicate to my fr iend , D r .  La sh, t hat 
we have been on the stage toge t her some hal f  dozen t ime s over the pa st 
few yea r s .  In each ca se ,  I ' ve ma d e  t he same po int t ha t  pe rhap s I have 
repea ted too ma ny t ime s he re : In di scu s si ng nuc lear wa stes or any 
a spect of nuc lear powe r ,  one has to look at al t e rna t ive s .  It doesn ' t 
make any sense to a sk whet her nuc lear power i s  a pe rfect source . 

Now , wi t h  re spect to t he wa ste , i t  seem s  to me the re are three thing s  
t ha t  ought to be remembe red. The first i s  t ha t  we ' ve been hand li ng 
wa stes safely fo r some 30 years . Al t hough there have been some 
problem s ,  the consequences of even t he mo st extreme of t ho se ,  i nvo lvi ng 
mil i tary wa stes at Ha nfo rd , were trivial i n  terms of heal t h  ef fec t s  or 
even environmental effect s .  

Second , we should recognize t ha t  the re i s  no emergency wi th re spect 
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t o  t he technical requi rement s o f  taking care of t he wa stes from the 
opera t i ng plant s ,  providi ng we construct t he storage poo l s  necessary for 
sto ri ng  spe nt fuel . It i sn ' t necessary to pe rmanently di spo se of spe nt 

f uel in t he near future , a nd t here may be some technical and po l i t ical 
rea sons why we shouldn' t .  

T he t hird po int I ' d  like to make i s  t ha t  t he urgency i n  demonstrating 

a mea ns of permanent di sposal i s  one of convincing you , t he public , and , 
a s  a ma t ter of fac t , me , t ha t  a t  t he t ime t ha t  we decide to pe rmanently 
di spo se of t he wa st e ,  t here wi ll be acceptable fac i l i t i e s .  My 
a s se s sment of t he t echnical problem s i s  t ha t  we have t he means to 
permanently di spo se of t he wa ste s in a sound way .  We need some 
ve rif ica tion of t hi s .  

S o  i n  my view we should ge t o n  wi t h  t he job o f  doing t he 
demonstration. We should do t he demonstra t ion in several media i n  
several place s ,  and we should do i t  wi t h  a l l  urgency . Then we ca n take 

our t ime to dec ide when and if we want to reprocess a nd when we want t o  
permanently d i spose of t he wa stes t herea f t e r .  

McCORMACK : F i r s t  o f  al l ,  I agree wi t h  t he crit ici sm of t he federa l 
government wi t h  respect to hand l i ng t he wa ste prob lem . In 19 7 5 ,  I 
pa rt icipa t ed in heari ng s  a nd i n  19 7 6  I chai red heari ngs i n  which we had 

unde rway programs fo r so lidi fica tion of wa ste and for ge o l ogic studies.  
The se programs have been e s sentially held up . The fact i s  t ha t  t he 
I nteragency Review Group study take s u s  back to some da te prio r to t he 
19 7 6  heari ng s  which I conducted , a nd I am ext remely frustra ted wi t h  thi s 
s i tua t ion .  

W e  have been pu shing t he Admini stra t io n  a s  hard a s  we can t o  try to 
get t hem movi ng . Thi s year we added to t he aut horiza t ion l egi sla t io n  
f o r  t he Department o f  Energy a program fo r g la ssi fying t he wa stes a t  
We s t  Va l l ey ,  New Yo rk . Thi s i s  t he o nly civi lian high-level nuc lea r 
wa ste t hat we have in t he coun try . We st Val ley ha s mo stly mi l i tary 
wa ste , but t here i s  about 40 percent c ivilian high- l evel wa ste in one 
t ank at t he reproce ssing plant . 

We have initiated a program, which we hope t he Admini stra t io n  wil l  
accept , to demo nstra t e  a t  We st Val ley t he  g la s si f ication o f  a 
sub stant ial amount of wa ste . We wil l  simply pump t he liquid s back i nto 

t he plant , g la ssify t hem in t he plant , and store t hem t here unt i l  we ge t 
ready to put t hem unde rground for test ing va riou s si t e s .  

I wa n t  t o  say t ha t  my sta t ement early o n  t ha t  I find my se lf se t t i ng 

much higher standa rd s t han some of the o t her members of the panel i s  
meant very sincerely . There ' s  an old c l iche about se ndi ng a t hi ef t o  
catch a t hief . I ' ve had a lot of pe rso nal expe rience wi t h  hand li ng 
nuclear wa st e s  and radioact ive ma terials of all sort s ,  and I am 
convinced t ha t  we can hand le t hem safely; but we do have to se t hig h 
sta ndard s. We can do i t ,  and we can ma i nta i n  t hem. 

F i nal ly , wi th re spe ct to t hi s whole que st io n  of high-level wa stes, 
I ' d  l ike to read to you just a couple of sentences from a heari ng t ha t  I 
conduct ed in May of t hi s  year when D r .  Ru stum Roy wa s a wi tne s s  before 
my subcommi t t ee . D r .  Roy i s  D i rector of t he Ma terials Re sea rch 
Laboratory a t  Pennsylvania State Universi ty . Dr . Roy po inted out in a 
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pub lic statement i n  Denve r in Janua ry t ha t  when borosilicate g la s s  i s  
sub jected to ve ry high t empera ture a nd very high pre ssure , then brine s  
would leach the gla ss. 

Wha t he meant wa s what every si ng le chemi st i n  the wo rld knows. I t  
wa s ab so lutely no surpri se t o  a nybody .  And when h e  came be fore our 
subcommi t t ee he test i f ied t hat everybody knew tha t .  Howeve r ,  he didn ' t 
set t he condi tions a s  bei ng repre senta t ive of t he cond i t ions of a 
propo sed repo s i tory envi ronment . Re wa s simply de sc rib i ng wha t someone 
found happened to g la ss under t ho se pa rt icular condi tions, which were 
c rea t ed in high-pr e s sure and high- tempe rature brine s .  He po inted out 
t ha t  t he way you hand le it is simply to store wa ste s  unde r cond i t ions 
where t here would not be damage . 

We got into a di scu s sion about t he value of va ri ou s type s o f  
so li d i f ica tion. He happe ns t o  be suppo rting a t echniq ue involving 
cerme t s . There wa s a nother scient i st a t  the hearing from Flor ida who i s  
a speciali st i n  gla s s .  He sa id t ha t  he would be much more comfo rtab le 
u si ng one of t he two favored type s of glass for so l id i f ica t ion. I a sked 
D r .  Roy what he thought about t ha t  sta t ement . Re sa id , "They ' re al l 
overkil l .  In t he sy stem i t  wi l l  be ove rkil l . "  Thi s i s  t he t hi ng we 
should remember. We can do i t .  The techno log y  i s  the r e .  

LASH : Profe s so r  Arrow mentioned ea rlier t ha t  history ha s n o t  been a n  
uni nterrupted l i ne of progre s s ,  and t hat i s  ce rtainly t he ca se wi th 
radioact ive wa ste d i sposa l .  In fact , t he recent stud i e s  of t he problem , 
i nc luding the of t e n  mentioned IRG repo rt , have increa sing l y  empha sized 
t he uncertai nt i e s  a nd  gap s  i n  knowledge in rad ioact ive wa ste di spo sal i n  
deep-mi ned fo �a t ions . 

I n  my opionion, d oubt ha s been ca st about t he ac ceptab i l i ty of gla ss 
a s  a wa ste form unde r repo si tory condi t io n s ,  a nd doubt ha s al so been 
cast on the ac ceptabi l i ty of sal t a s  a wa ste di spo sal med i um. 

But more impo rtant , I t hi nk ,  t han t he se technical uncerta int i e s  i s  
t ha t  wha tever techno l ogy i s  dreamed up on a piece o f  paper mu st be put 
into ef fect ive operation,  a nd t he history of t he radioact ive wa ste 
d i spo sal program is not one that give s me conf idence t ha t  t he u. s .  
D epa rtment o f  Ene rgy or a ny other federal agency t hat may succeed i t  
wi l l ,  i n  fact , accompl i sh t hi s goal al ong the li ne s  t hat have been 
sugge sted by technol ogical opt imi st s. 

I n  fac t , I have grea t concern that , i n  the ef fo rt to move 
expedi t i ou sl y ,  undue ri sks will be taken in selec t i ng s l t e s  and 
deve l oping them f o r  high-level wa ste di sposal . In t ha t  regard I can 
agree that we do not need to move immediately to commercial- scale 
d i spo sal of wa s t e s; rather we shou l d  move towa rd ,  a s  Profe s so r  Krau skop f 
ha s i ndica ted , a demonstrat ion in t hree or four d i f ferent geo l ogical 
medi a  to test out our current understanding of the re sponse of 
high- level wa st e s  to t he geologic environment . Duri ng t ha t  time 1 t hi nk 
i t ' s going to rema i n  a so ci e tal que st ion , one that I ca n' t answe r ,  a s  to 
t he importance of all t hi s  in the future of nuclear powe r .  

WILSON: And tha t ,  i t  se em s to me , l s  the prope r ad j ournment of t hi s  
Academy Forum. 
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