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THE THIRD MEETING OF INFCE WORKING GROUP 4 , SUB-GROUPS A AND B 
ON 31 JANUARY 1979 AT EPRI HEADQUARTERS, SAN FRANCISCO 

1 Mr Tamiya opened the meeting. 

2 Economic Evaluation of Reprocessing and Thermal Reactor Recycle 

Papers: 

Co-Chairmen/WG4/85 (A, B) Economic Evaluation of Reprocessing and 
Thermal Reactor Recycle (Discussion 
paper by Dr Marshall) 

2.1 Dr Marshall introduced his paper . After a b r i e f d iscuss ion i t was 
agreed t h a t the paper should be considered as a f i r s t d ra f t of tha t sec t ion of 
the f ina l report dea l ing with the economics of reprocess ing and thermal r ecyc l e . 

2.2 In subsequent d iscuss ion , the following points were made: 

(a ) the desc r ip t ion of f ac to r (g) in the second paragraph should read 
"the influence of eco log ica l , public acceptance, and non-p ro l i f e r a t ion 
considera t ions . . . . " ; 

(b) addi t ional f ac to rs should be added to paragraph 2: "macro-economic 
f ac to r s , not e a s i l y quant i f ied , such as balance of payment cons ider
a t i o n s , c a p i t a l in tens iveness of d i f fe ren t fuel cycles and f inancing 
condi t ions in each country"; 

(c) fac tor (d) should read: " the cost of f ab r i ca t i ng plutonium bear ing 
thermal reac tor fuel r e l a t i v e t o tha t for f a b r i c a t i n g uranium fuel" ; 

(d) f ac to r (e) should read: " the c a p i t a l cost of f a s t r eac to r s r e l a t i v e t o 
thermal r eac to r s , and the cos t s of the fuel cycle necessary t o sus t a in 
them . . . " » 

(e) fac tor (c) should read: " the cost of reprocess ing and waste d i sposa l " 
and ( i ) should read: " the r e l a t i v e cos ts of spent fuel s to rage , 
condi t ioning and waste d i sposa l " ; 

( f ) there was discussion whether the words "price of uranium" in fac tor (b) 
should be replaced by "cost of uranium" - i t was subsequently agreed 
tha t the term " p r i c e " should be used throughout 4 h e paper; 



(g) the paper should include the idea that the economics of reprocessing 
and recycle depended to some extent on the existence of a market by 
which the price of plutonium could be fixed; 

(h) the Canadian delegate would consider contributing a passage on the 
CANDU reactor and its place in the evaluation. 

2.3 It was agreed that an appendix to the Working Group report would 
describe the algebra of the phase diagrams representing the economics of different 
reactor choices. It would include two illustrative diagrams based on different 
assumptions about relative fuel cycle costs. The appendix would also include 
separate diagrams embodying the perceptions of various countries represented in 
the Working Group. It would also describe the difficulties of presenting such 
a complex problem in terms of a simple 2-D phase diagram. And it would point 
out that the diagrams did not make allowanceftr "mixed" strategies or "interim" 
strategies where a country might, for example, need to operate both thermal recycle 
and fast reactors at the same time. The last point would also be included in 
the body of the report. 

2*4 In further discussion the following points were made: 

(a) the discussion of the shortcomings of the phase diagrams on pages 3 
and 4 should .>ome before the general observations made about them on 
pages 2 and 3; 

(b) the third paragraph on page 1 should include reference to the future 
use of alternative thermal reactors and not just to fast reactors; and 
the word "two" in "two major factors'* in the second sentence should 
be deleted; 

(c) the paper and conclusions should not imply that the fast reactor would 
be used solely where the price of uranium rose rapidly; the fast reactor 
might become economic even at present uranium prices. The second 
sentence on page 2 should be deleted ("For example, ... happen " ) ; 

(d) the definition of the fast reactor premium on page 1 should be spelt 
out in greater detail; 

(e) the sentence in the second paragraph of page 2 saying that the fabrication 
cf plutonium bearing fuel for thermal reactors had not yet been 
demonstrated on an industrial scale should be amended to take account 
of the fact that the FRG had made such a demonstration, but not on a 
commercial scale; 

(f) the appendix to the report should draw attention to the differences in 
fast reactor premium caused by differences in financing conditions in 
different countries; 

(g) the meaning of the phrase "intrinsic merit" in paragraph 1 on page 2 
might be better spelt out in more detail; 

(h) a short breakdown of the costs of fabricating plutonium bearing fuel 
could usefully be includes) in the second paragraph on page 2; 
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( i ) in the second sentence on page 3, the words "and other fuel cycle costs 
do not change significantly** should he inserted af ter "sufficiently 
high"; 

( j ) the words "in the self-generating mode" should be inserted af ter "thermal 
reactor recycle" in the f i r s t sentence on page 3; 

(k) the l a s t paragraph on page 2 suggested that a country which did not keep 
open the option of fast reactors would suffer a large economic regret . 
Only a country could judge what regret i t had suffered by closing off 
a par t icular option. The paragraph should be redrafted to reflect t h i s ; 

( l ) paragraph 5(3) on page 3 should include a reference to the need to 
consider part icular national circumstances when moving from the phase 
diagram to a national strategy; 

(m) paragraph 5(7) should be amended to ref lect the fact that some nations; 
for example, US and Canada, would be including the effect of technical 
improvements to t he i r reactor fuel cycle in the i r national cases. The 
following wording was agreed: 

"the diagrams, as given, do not represent the effects of new 
technological ideas such as the improvement in LWR performance 
with, or without thermal recycle, the introduction of new, advanced 
thermal systems, or the poss ib i l i ty of recycle into CANKJ reactors . 
They can be extended to include these new ideas and several examples 
are displayed in the appendix." 

2.5 Summarising th i s part of the discussion, the Co-Chairmen said that i t 
would be necessary to arrange a meeting of experts to define notation and f ix 
terms and to establish qual i tat ively the topology of the diagrams. I t would then 
be the responsibil i ty of each nation to produce i t s own dia£rams(s)» 

2.6 The conclusions were then discussed. Several delegates were concerned 
that there were too many references to factors other than economic ones. The 
Co-Chairman explained that i t was very d i f f icul t t o r e s t r i c t the paper ent i re ly 
to an economic evaluation. Since the final draft of the paper would be included 
in the Pinal Report, some cross-referencing was necessary.There were also 
certain non—economic points which needed to be brought out to make the economic 
evaluation more meaningful. 

2.7 The following detailed points were made: 

(a) conclusions A to C were not drawn direct ly from the evaluation but i t 
was essential that they be included. They should, therefore, be 
incorporated into the f i r s t part of the paper; 

(b) conclusion A should be amended s l ight ly, since reprocessing of a l l 
types of OCR fuel was not "essential"; 

(c) the l a s t sentence of conclusion C should be drafted to read: "Some 
countries judge that mainly because of the perception of the i r 
populations of ecological factors, they must reprocess and demonstrate 
subsequent waste disposal"; 
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(d) in conclusion D the words " intr ins ica l ly better" should be avoided. 
A nat ion's choice of reactor could vary with time and t h i s point should 
be made; 

(e ) the types of reactor described i n D were too generalised. There was 
a l so an implication -bat CANDU was the only uranium e f f i c i en t thermal 
reactor. The Co-Chairmen agreed to redraft t h i s section; 

( f ) in the l a s t sentence of conclusion E, reference should be made to the 
fact that the economics of reprocessing in plants of modest s i ze could 
vary with time; 

(g) in conclusion E, i t should be made c lear that i t i s not from the s i z e , 
but from the reduced number of reprocessing plants that non-proliferation 
benef i t s a r i s e ; 

(h) conclusions F and G should be redrafted t o make two points: f i r s t , t o 
s ta t e that the economic case for reprocessing depends on the price of 
uranium, plutonium, and waste disposal; and second, to refer t h i s 
point t> the spec i f i c cases of thermal reactor recycle and fast breeder 
reactors respect ive ly . Reference should be made t o the contribution of 
thermal reactor recycle and fas t breeder reactors not only to "energy 
independence", but a l so t o "assurance of supply" considerations; 

( i ) in the original format of conclusion G, "just i f iable" should be replaced 
by "preferable"; 

( j ) conclusion H should indicate that economic "regret" could vary with time 
and a l so that countries might delay decision making for s trateg ic 
reasons; 

(k) the phrase "a l imited number of decades" in conclusion I should be 
replaced by "the interim phase with mixed strategies", and "thermal 
recycle" should be amended to read "Pu/U recycle in thermal reactors"; 

(1) the l a s t sentence of conclusion J should be redrafted to read: "On the 
other hand, i t s long-term non-use without adequate long-term storage 
and f ina l disposal of spent fuel i s not prudent either"; 

(m) the word "make" in the third l i n e of conclusion J was ambiguous* I t 
should be replaced by "separate"; 

(n) when the non-proliferation assessment of WG4 was complete, i t should 
be decided whether or not t o make reference t o non-proliferation 
factors in conclusions K( i i ) and K(iv); 

2.8 In further discussion the following points were made: 

(a) conclusion (v) should be revised along the l ine s of "Some countries *•• 
option of rt-cycle in LWRs . . . required* The economic incentive t o 
use recycle on a large sca le would be reduced i f e i ther *•» a t trac t ive" . 
The words in (v)(b) "the price of uranium grows" should be deleted 
and replaced by "that breeder cos t s fa l l" ; 
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(b) conclusion (vi) should be revised to include the words "Some countries ... 
required** and then to refer to the conclusion of WG5« Conclusion (vii) 
should be revised to include a similar reference to the conclusions 
of WG7 and WG8. The words in (vii) line 3 "satisfactory" should be 
deleted and replaced by "will meet their national needs"; and "be 
obliged to change" should be deleted and replaced by "reconsider their"; 

(c) the Technical Secretariat should include, in a new draft of the paper, 
any material from the FRG paper Co-Chairmen/WG4/98 (B) that was not 
already included and, in particular, material on macro-economic 
considerations. 

2.9 The Co-Chairmen, summing up, said that the Technical Secretariat would 
revise the paper in the light of the discussion. The revised draft would be 
circulated in the next week or two. It would be helpful if delegates could then 
send Dr Marshall their comments on the revised draft in writing, and copied 
to Dr Tamiya. A further draft would then be prepared and circulated for 
discussion at the meeting in April: this draft would not be a separate paper, 
but would be incorporated in the draft final report* He invited the Canadian 
delegate to prepare passages on the CANDU reactor for inclusion in the initial 
revision of the paper. 

2.10 The Co-Chairmen also proposed that a Group of Experts be set up to draft 
the appendix in the final report giving the description of the phase diagram. 
Dr Markl of the FRG agreed to lead this group. A preliminary meeting would be held 
the next day, and the next meeting would be held in Harwell (UK) in the near 
future. Delegations were invited to nominate representatives. 

3 Safeguards 

3.1 The Co-Chairmen introduced a note summarising the conclusions on safeguards 
reached at the joint meeting of the Sub-groups on 24 and 23 January. With some 
possible changes in style, the substance of the note, prefaced by a section 
covering the discussion at the joint meeting, would be included in Chapter VII 
of the draft final report. In addition, Chapter V of the draft report would 
include a description of existing safeguards measures and possible improvements. 
Chapter VIII would include a summary of the conclusions. 

3.2 The Co-Chairmen then 

(a) invited delegates to put their comments on the note to Mr Buck in 
writing, copied to Mr Crowfoot and Dr Uematsu, within two weeks; 

(b) invited the delegate of the FRG to prepare a short paragraph on 
the safeguarding of fabricated mixed oxide fuel at reactor s i tes , 
including unirradiated MOX fuel storage, the fuelling route to the 
reactor, and the discharge of spent fuel. This could be circulated as 
an addendum to their paper, Co-Chairmen/WG4/93(B). 

(c) concluded from the discussion in the earlier joint meeting that a 
particular fuel cycle fac i l i ty was either safeguardable or i t was not. 
There was no halfway house. 
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3*3 In discussion the US delegate said that further consideration of the 
note would be necessary. They would hope to see some additional material included 
in the final report: for example, words such as "safeguards should be designed to 
give the operator a high degree of confidence that his plant would not be the 
subject of diversion**. A considerable amount of development work on safeguards 
technology was being undertaken; but it was important to distinguish between hopes 
and expectations of what this might achieve. Other delegations said that it was 
also important to consider what had already been achieved. 

4 Assessment of Proliferation Resistance 

Papers: 

Co-ChairmenyAKU/lOO (A, B) Assessment of Proliferation Resistance of 

Thermal Recycle System (Technical Secretariat) 

4.1 The Technical Secretariat introduced their paper. They pointed out that 
when the paper was incorporated in the draft final report it would have to be 
integrated with the passages on safeguards. 

4*2 In paragraph 2: 

(a) the route to proliferation described in paragraph 2(b) had political 
aspects which the paper did not discuss. This point should be made clear 
in a separate paragraph; 

(b) the paper was primarily addressed to the technical and institutional 
features built into the fuel cycle to make the ••overt'* or "abrupt" 
abrogation of safeguards more difficult. This too should be made clear; 

(c) the delegate of the IAEA offered to help the TechnicalSecretariat in 
the redrafting of paragraph 2. In his view the central question in 
the assessment of proliferation resistance was "Does a particular type 
of fuel cycle, with its associated facilities, make it easier for a 
country to develop or construct its own dedicated weapons programme?'* 

(d) in paragraph 2(c) the words "one or more crude nuclear weapons" should 
be replaced by •'nuclear material". 

4.3 The words in paragraph 1.4, subparagraph (h), on page 2 of Co-Chairmen/ 
WG4/56 (A, B) should be included in paragraph 3s ie 

"The assessment must distinguish clearly between international safeguards 
and national concerns (physical protection) bearing in mind that the latter 
are outside the terms of reference of INPCE". 

4*4 In paragraph 4* 

(a) the word "alternative" in the heading and in the third line should be 
replaced by "different"; 

(b) the fourth sentence suggested that the precise form in which plutonium 
existed was of no importance in terms of proliferation. This would not 
be the case, for example, in a country with fuel fabrication but no 
reprocessing facilities. The paragraph should be revised, possibly 
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by including some of the passages on the importance of the quality of 
nuclear material contained in Co-Chairmen/WG4/56 (A, B). Inserting the 
words "In the case of overt diversion or theft** at the beginning of the 
paragraph could be helpful. 

4*3 Delegates suggested that paragraph 6 should be revised to take account 
of the following points: 

(a) the sensitive part of the reference thermal recycle system would vary 
depending on the nature of the threat. Thus, the part most sensitive 
to the threat of sub-national diversion was perhaps the transport of 
plutonium; the part most sensitive to abruptor ove i t diversion was 
perhaps the storage of plutonium oxide; and.part most sensitive to 
covert diversion, the process fac i l i t ies* 

(b) i t would be more correct to say that different elements in the fuel cycle 
required different resources to safeguard, rather than saying that one 
element was "easier" to safeguard than another; 

(c) the vulnerabilities identified at the end of the paragraph applied to 
£ systems other than the reference thermal recycle system; 

(d) the words "not subject to safeguards" should be added to the end of 
the fourth sentence. 

4.6 The French delegate said, however, that he could not accept paragraphs 
5, 6 and 7» They were concerned almost exclusively with theft, and the TCC had 
decided that this subject was outside the EJFCE Terms of Reference. He would submit 
a short redraft to the Technical Secretariat. The UK delegate and the Co-Chairmen 
pointed out that WG4 had OJV obligation to consider al l alternative technologies 
which could have a bearing on proliferation resistance - even i f i t was concluded 
that such processes as co-conversion, co-processing spiking, etc, were relevant 
only to the prevention of theft. The French and Italian delegates repeated the 
concern they had voiced on paragraph 2 that the paper did not address the 
relationship between proliferation resistance and safeguards measures. This was 
essential i f an objective assessment was to be made. The Co-Chairmen agreed that 
this point should be brought out when the paper as a whole was revised. 

4.7 Several delegates were concerned about the objectivity of paragraph 8 
£ and in particular the impression given that the alternatives were set out in 

^The Co- ranking order of proliferation resistance^and said that, ideally, the paper should 
,; i n .ci be completely neutral. The types of arrangement considered could be set out in 

reed, alphabetical order to avoid any suggestion that they were placed in order of 
increasing proliferation resistance. 

4.8 The Italian delegate suggested that the number of institutional options 
considered should be reduced. However, this suggestion would be diff icult to 
adopt because of the need for comparison with the assessment of alternative 
institutional arrangements, which considered al l the available options. The 
Co-Chairmen would reflect on this point. Without prejudice to whatever the 
Co-chairmen might decide, i t was agreed that the options, especially (a) and 
(c) should be more clearly differentiated. Option (d) should indicate that i f 
there were to be only a limited number of large reprocessing fac i l i t i e s , they 
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should operate competitively. Option (f) referred to the "pol i t ica l bar r ie rs" 
against a country's abrogating safeguards, and assurance that none of the . . . 
nations . . . had diverted material . . . " but made no mention of the importance of 
Article IV of the Non-Proliferation Treaty in th i s respect. This point should be 
brought out in the main body of the report . 

I t should also be made clear that Option (h) was more relevant to WG3 than WG4. 
Discussions about the establishment of an INFA were s t i l l in the very early 
s tages. 

4*9 On paragraph 9» i t was agreed that i t would be be t te r t o make the final 
section ("From th i s comparative assessment . . . . " ) into a separate paragraph. 
On the f i r s t section i t was agreed that the words af ter " isolat ion" in the 
f i r s t sentence should be deleted. 

4*10 Several delegates expressed reservations about the wording of the final 
section of paragraph 9» The main points were: 

(a) there should be a clearer reference to the place of thermal reactor 
recycle; 

(b) the new features which would improve proliferat ion resistance should 
be explained more clearly; 

(c) more prominence should be given to the need to consider the development 
of different fuel cylces with time; 

(d) the wording implied that a l l fuel cycles were or could be made acceptable 
from the viewpoint of proliferation resistance; t h i s should be stated 
expl ic i t ly; 

4*11 I t was agreed that delegates should write to the Technical Secretariat 
with the i r comments on proposals for the wording of th i s section. 

4.12 Turning to paragraph 10, the following points were made: 

(a) the wording of ( i ) under proliferation should be revised; i t implied 
that large plants were more safeguardable than small plants; the 
sense could be t te r be expressed by saying that the more plants thers 
were, the more safeguarding effort would be required; 

I 
(b) in ( i i i ) under "proliferation" the words "international or" should be 

added before 'multi-national"; 

(c) in ( i i i ) under "theft", i t was pointed out that storage was more 
sensitive to abruptv or overt, diversion by a national government than 
to thef t . 

4.13 In table I , i t was agreed that an entry should be made under "pTfocessing 
necessary" for fuel assemblies during irradiat ion, even i f t h i s was only 
"impossible"• 
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4»14 On Figure 2B, a letter indicating the level of protection afforded by 
mixed Pu/tF nitrate should "be shown. This might best be expressed by »D». 

4»15 In conclusion, the Co-Chairraen invited all delegates to submit any written 
comments to the Technical Secretariat for them to take into account in drafting 
the appropriate section of Chapter VII of the draft report. A shorten version 
would also be included in the summary to be given in Chapter VTII. 
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