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1) 

I) 

I .  INTRODUCTION 

Assessing p r o l i f e r a t i o n  res i s tance  o f  nuc lea r  power a l t e r n a t i v e s  
was c e n t r a l  t o  t h e  N o n p r o l i f e r a t i o n  A l t e r n a t i v e  System Assessment Program 
(NASAP). Assessment e f f o r t s  were made by several  o rgan iza t i ons  assoc ia ted  
w i t h  NASAP. 
NASAP program understand t h e  many f a c e t s  o f  t h e  p r o l i f e r a t i o n  problem and 
c a r r y  o u t  i t s  r e s p o n s i b i l i t i e s  o f  p r o v i d i n g  R&D guidance. 

These e f f o r t s  produced papers and documents which a s s i s t e d  the  

Th is  r e p o r t  b r i e f l y  reviews these papers t o  document t h e  chronology 
o f  t h e  process, t o  observe the  e v o l u t i o n  o f  t h e  assessment e f f o r t  and t o  
i d e n t i f y  a d d i t i o n a l  e f f o r t s  which migh t  be approp r ia te  even though NASAP i s  
complete. 

b 
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3 .  

11. O V E R V I E W  

i? 

i )  

P 

There were nine major papers or documents prepared fo r  the NASAP 
proliferation assessment e f for t .  These were prepared by personnel from f ive 
organizations and  spanned a three-year time frame. 
l i fe ra t ion  resistance a t t r ibu tes ,  proliferation resistance methodologies a n d  
proliferation resistance design c r i t e r i a  and overall pro1 i ferat ion resistance 
judgments. 
are presented in Figure 1. The figure shows the more concentrated e f fo r t  i n  
1977 w i t h  continued e f fo r t  t h r o u g h  1980. 
discuss each of these e f fo r t s  i n  chronological order using the codes (ANL-1, 
D O E - 1 ,  e t c . )  established in Figure 1. 

The e f fo r t s  produced p r o -  

The organizations preparing the papers o r  documents and  the t i m i n g  

The following paragraphs will briefly 

I t  should be noted t h a t  other e f fo r t s  of proliferation resistance 
evaluation were performed outside the program and are  not discussed in th i s  
paper. 
d a t a .  

These outside e f for t s  were examined by NASAP for useful concepts a n d  
When any were f o u n d ,  they were incorporated into the NASAP e f fo r t .  

2 
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Figure 1 
Chronological Order of Various Proliferation Resistance Efforts. 



r r I .  REVIEW OF PROLIFERATION RESISTANCE E V A L U A T I O N  EFFORT 

9 

9 

This section provides a brief review of the papers and  documents 
prepared for  the NASAP proliferation resistance evaluation e f fo r t .  The review 
i s  presented in the chronological order of the papers and  serves t o  i l l u s t r a t e  
two major fac t s :  

1. The assessment e f fo r t  evolved from an analytical nature t o  a 
more useful subjective nature b u i l t  on the concensus of a 
broad-based advisory g r o u p .  

2. Spin-offs from the assessment e f fo r t  provided subsystem design 
guidance and  overall pro1 i ferat ion management guide1 ines. 

DOE/SA I - 1 

This early 1977 e f fo r t  was the f i r s t  proliferation resistance 
methodology and ut i l ized the quantitative analytical concepts of the Department 
of Energy's (DOE) Nuclear Energy Assessments Office along with the input d a t a  
estimates and calculational support of Science Applications, Inc. (SAI).  The 
approach, called Charm, assigned empirical values t o  assessment factors  and  
combined the factors i n  a formula t o  give an overall r isk index. This work 
was useful in demonstrating tha t  (1) some relevant factors were missing from 
methodology and ( 2 )  a quantitative analytical method which rel ied on neces- 
s a r i l y  subjective or uncertain i n p u t  d a t a  would be d i f f i c u l t  t o  use success- 
fu l ly  in the proliferation resistance evaluation e f for t .  
acknowledgement of  shortcomings of numerical analytical methods which l a t e r  
e f fo r t  attempted t o  address. 

I t  led to  an 

SAI-1 

The second major e f fo r t  a t  proliferation resistance methodology 
development was presented by Science Applications, Inc., i n  a June 15, 1977, 
report. 
ment e f fo r t  (DOE/SAI-1) by establishing a more complete l i s t  of proliferation 
resistance indicators or factors. While i t  d i d  not provide a rigorous method 
for cohbining the factors into a single index, the e f fo r t  was s t i l l  targeted 
toward a f i n a l  product of fuel cycle rank ordering. As such i t  was backing 

I t  recognized and accounted for  the shortcomings of the f irst  assess- 

4 
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P 

away from the quantitative analysis goal of the f i r s t  proliferation evaluation 
e f f o r t ,  b u t  s t i l l  hoped t o  f i n d  a method fo r  rank-ordering al ternat ives .  

ANL- 1 

A proliferation resistance assessment by Arnonne National Laboratory 
was presented i n  July of 1977. The e f fo r t  d i d  n o t  fo l low the analytical p a t h  
of previous e f fo r t s  b u t  used a basic assumption t h a t  "fuel reprocessing, when 
done exclusively i n  internationally safeguarded s i t e s ,  presents no incremental 
proliferation r isk compared t o  the once-through fuel cycle." This assumption 
led t o  conclusions which detailed how internationally managed and controlled 
s i t e s  m i g h t  carry out the a c t i v i t i e s  o f  fuel recycling and uranium enrichment. 
Material which l e f t  the s i t e  and  had  chemically separable f i s s i l e  material 
would be protected by r a d i a t i o n  barriers of 1000 rem/hr a t  1 meter. 

Some problems existed with the e f fo r t  and as a resu l t  they were n o t  
fu l ly  accepted. The major problems were: 

2 .  

P 

1. They d i d  not address R&D f a c i l i t i e s  or operations, a major 
area of proliferation concern. 

i )  

They rel ied heavily on the successful international management 
and control of sensit ive f a c i l i t i e s .  In  f ac t ,  this i s  expected 
t o  be d i f f i c u l t  to  achieve because sovereign nations will n o t  
place themselves in positions w h i c h  reduce future options w i t h o u t  
s ignif icant  short term -gains. 
tional measures for  control of  sensi t ive technoJogies, no discrimi- 
nation among the fuel cycle technical a l ternat ives  was made. 
Therefore a l l  technologies  were f e l t  t o  be equally acceptable. 

Furthermore, by relying on institu- 

3 .  They arrived a t  t he i r  judgment without any rigorous ident i f icat ion 
or analysis of technical and pol i t ica l  variables. 

T h i s  e f fo r t  acknowledged the subjectivity of the proliferation 

I t s  major shortcoming was t h a t  i t s  answer d i d  n o t  have a 
resistance analysis and therefore went immediately t o  the author 's  perception 
of the answer. 
properly based concensus. 

OSTP- 1 

A report by the Office of Science and Technology Policy grouped 
reactor systems irl to different  categories with apparent nonproliferation 
s imi la r i t i es .  I t  developed four categories, these being br ief ly  

is 5 
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3) 

d 

b 

B 

B 

1. Systems which a re  most i d e a l  from a n o n p r o l i f e r a t i o n  v iewpo in t  
such as the  molten s a l t  r e a c t o r  

2. Systems which i n v o l v e  c u r r e n t  types o f  technology such as the LWR-OT 

3 .  Systems which i n v o l v e  p r o l i f e r a t i o n  b a r r i e r s  adequate t o  r e q u i r e  
c o n s t r u c t i o n  o f  new reac to r ,  reprocess ing o r  enrichment f a c i l i t i e s  

4.  Systems which p lace r e l i a n c e  on i n s t i t u t i o n a l  b a r r i e r s  and the re -  
f o r e  cou ld  cover any technology. 

This  approach a l s o  bypassed the  a n a l y t i c a l  e f f o r t  and went d i r e c t l y  
t o  personal  pe rcep t ion  f o r  grouping o f  f u e l  c y c l e  systems. L i k e  the ANL e f f o r t ,  
i t  d i d  n o t  p rov ide  an i d e n t i f i c a t i o n  and a n a l y s i s  of t echn ica l  and p o l i t i c a l  
f a c t o r s  which supported i t s  judgments about grouping i n t o  p r o l i f e r a t i o n  r e s i s -  
t a n t  categor ies.  I t s  judgment was too  narrowly  based i n  j u s t  OSTP. 

DOE- 1 

A d r a f t  DOE paper dated August 31, 1977, examined f a c e t s  o f  t he  
p r o l i f e r a t i o n  problem. 
t i veness  o f  p r o l i f e r a t i o n  e f f o r t ,  ( 2 )  t he  use of benchmarks f o r  j udg ing  f u e l  
c y c l e  a1 t e r n a t i v e s ,  ( 3 )  i n s t i t u t i o n a l  arrangements t o  increase the  d i f f i c u l t y  
of a p r o l i f e r a t i o n  e f f o r t ,  and ( 4 )  a c t i o n s  t o  reduce t h e  f u e l  c y c l e  vu lnera-  
b i  1 i t y  t o  t e r r o r i  sm. 

It looked a t  (1) general a c t i o n s  t o  reduce the  a t t r a c -  

The r e p o r t  e x p l i c i t l y  concluded t h a t  t he  area of p r o l i f e r a t i o n  
r e s i s t a n c e  assessment r e q u i r e d  the  use o f  s u b j e c t i v e  f a c t o r s  and consequently 
any conclus ions would be sub jec t i ve .  
i n g  group be assembled t o  d iscuss p r o l i f e r a t i o n  r e s i s t a n c e  and develop, if 
poss ib le ,  a concensus on the  t o p i c .  

It recommended t h a t  an in teragency work- 

SAI-2 

This  was an at tempt  i n  November o f  1977 a t  m o d i f i c a t i o n  o f  the June 
1977 methodology f o r  t h e  e v a l u a t i o n  o f  p r o l i f e r a t i o n  res i s tance .  
r e i d e n t i f i e d  parameters o r  f a c t o r s  which were t o  be used f o r  p r o l i f e r a t i o n  
r e s i s t a n c e  assessment b u t  f u r t h e r  backed away f rom t h e  goal o f  p r o v i d i n g  a 
f i n a l  rank o r d e r i n g  of f u e l  c y c l e  a l t e r n a t i v e s .  
p rov ide  t h e  b a s i s  f o r  t he  assessments sponsored by NASAP, and f o r  t h e  U.S. 
c o n t r i b u t i o n  t o  t h e  IMFCE working groups. 

The r e p o r t  

These f a c t o r s  d i d ,  however, 

6 



DOE/SA 1-2 

4 

1) 

This  e f f o r t  b u i l t  upon t h e  prev ious  assessment i n  t h a t  i t  used t h e  
e s t a b l i s h e d  assessment f a c t o r s  b u t  i t  went f u r t h e r  and at tempted t o  draw con- 
c l u s i o n s  o r  make assessments. 
would r e s u l t  i n  more p r o l i f e r a t i o n  r e s i s t a n t  systems. The exac t  impact o f  
these des ign  approaches on t h e  o v e r a l l  system p r o l i f e r a t i o n  r e s i s t a n c e  was 
unknown b u t  t h e  e f f e c t  was f e l t  t o  be p o s i t i v e ,  i . e . ,  implement ing these 
approaches would i n c r e a s e  p r o l i f e r a t i o n  r e s i s t a n c e .  Th is  paper was i m p o r t a n t  
because i t  showed t h a t  a concensus was b u i l d i n g  f o r  t h e  assessment f a c t o r s ,  
i t  suggested t h e  types  o f  systems t h a t  were acceptable and i t  a l s o  s t a r t e d  t o  
make d e f i n i t i v e  statements about methods t o  inc rease t h e  p r o l i f e r a t i o n  r e s i s -  
tance o f  n u c l e a r  f u e l  cyc les .  

It a l s o  suggested des ign  approaches which 

M I T - 1  

Graduate s tudents  and t h e  f a c u l t y  o f  Massachusetts I n s t i t u t e  o f  
Technology prepared a methodology f o r  assess ing p r o l i f e r a t i o n  r e s i s t a n c e  o f  
a l t e r n a t i v e  f u e l  c y c l e s  i n  September, 1978. The a t t r i b u t e s  o f  c o s t ,  weapon 
development t ime,  i n h e r e n t  d i f f i c u l t y ,  weapons m a t e r i a l  and warn ing t i m e  were 
combined u s i n g  t h e  p r i n c i p l e s  o f  M u l t i a t t r i b u t e  Dec is ion  A n a l y s i s  t o  produce 
t h e  methodology. 

The use of t h i s  methodology o u t s i d e  t h i s  s tudy  was n o t  e x t e n s i v e  
because i t  r e q u i r e d  s u b j e c t i v e  judgments and t h e r e f o r e  rendered t h e  r e s u l t s  
u n c e r t a i n  and suspect.  
t a t i v e  methods c o u l d  n o t  be e x a c t l y  a p p l i e d  t o  t h e  p r o l i f e r a t i o n  r e s i s t a n c e  
assessment problem. 

It appeared t o  demonstrate c o n c l u s i v e l y  t h a t  q u a n t i -  

SAI-3 

Another e f f o r t  was presented by SA1 i n  t h e  e a r l y  p a r t  o f  1979. Th is  
paper c a r r i e d  f u r t h e r  t h e  des ign  guidance s t a r t e d  i n  DOE/SAI-2. 
guidance on s p i k i n g  and suggested t h a t  i f  s p i k i n g  i s  t o  be used i t  should be 
~ 1 0  R/hr a t  1 meter  i n  o r d e r  t o  r e q u i r e  remote process ing  and ~2500 R/hr a t  
1 meter  i n  o r d e r  t o  d e t e r  m a t e r i a l  t h e f t .  

It presented 

3 

This  e f f o r t  was an assessment s p i n - o f f  and was s i g n i f i c a n t  i n  tha t  i t  
p o i n t e d  o u t  a way t o  improve pro1 i f e r a t i o n  r e s i s t a n c e .  Rather than address ing 

7 



the larger problem of system proliferation resistance assessment, this effort 
selected a specific characteristic of a subsystem and set specific performance 
standards relative to the characteristic. This was one of the few such sub- 
system development or design requirements established by NASAP. 
if implemented, would be effective in lowering proliferation resistance of 
future nuclear energy options. 

This approach, 

S A I - 4  

3 The last effort in the proliferation resistance area was completed 
by SA1 in June of 1980. This paper addressed the overall issue of dealing 
with proliferation threats and actions. 
dealing with the many technical and institutional issues associated with pro- 
liferation. It, like the previous SA1 paper, was a spin-off from the assess- 
ment effort. It drew on the assessment to identify the types of action which 
could be done to help manage the proliferation problem and then worked to place 
them in a larger structure. 

It provided an organization for 

P 

This completes the review of the various assessment-related papers 
It shows the evolution that occurred from 

It also shows the 
and documents prepared for NASAP. 
a more analytical approach to a more subjective approach. 
development of spin-off activities which are useful beyond the immediate 
assessment needs of NASAP. 

8 
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@ 
IV. CONCLUSIONS 

Based on the review of the history of proliferation resistance 
assessment and related efforts, two conclusions appear appropriate. 

1. 

2. 

The evolution of the evaluation effort to find the limits of 
analytical ability was necessary. The fact that it did evolve 
testifies to the serious and dedicated effort which was made by 
program participants. 
for other complex political-technical analytical problems. 

A similar evolution should be expected 

The spin-offs, design criteria and overall proliferation risk 
management approach are useful even after the completion of NASAP. 
They are aids in dealing with a real problem of proliferation 
resistance even though the problem may not lend itself to complete 
quantification. 
proliferation resistance, it should be focused on these areas. 

If any future work is to be done in the area of 
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