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THE SIXTH MEETING OF INFCE WORKING GROUP 4, SUB-GROUP B 

29-30 JANUARY 1979 AT EPRI, SAN FRANCISCO 

1 Opening of the Session 

Or. Tamiya opened the meeting and welcomed the Russian delegation. 

2 Adoption of the Agenda 

The revised agenda at Annex A was adopted. 

3 Record of the Fifth Meeting of the Sub-group 

The record of the fifth meeting was approved subject to the following amend
ment suggested by the Canadian delegate: 

- 1n paragraph 9-4 on page 6, subparagraph 2, line 10: delete "The 
Canadian thought this. . . .IAEA", and replace with, "The Canadian 
delegate stated that the IAEA/Canada programme of work on CAMDU 
had yielded results with which the IAEA had expressed satisfaction. 
Consequently, the task, although difficult, was yielding to 
development." 

4 Matters Arising 

It was noted that the Japanese paper on fuel cycles in the Japanese Fugen-HWR, 
discussed and adopted at the previous meeting, had been circulated as 
INFCE/WG4/54 (B). 

5 Task 1 - Collection of Basic Data 

Papers: 

Co-Cha1rmen/WG4/3l (A,B) Rev 3 

INFCE 

IMFCE/WG.4/58 (B) 
«**roh 1979 
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Co-Chairmen/WG4/51 (A,B) Rev i 

Co-Chairmen/WG4/82 (R) 

The Technical Secretariat said that the revisions in Co-Chairmen/WG4/31 (A,3] 
Rev 3 were based on information provided by Japan and Italy. Information 
from the USA and Sweden on some aspects covered by the Working Group's 
questionnaire was not yet available and the tables were, therefore, not 
complete. In discussion the following corrections were made to Table 5.1A 
on page 18 of the paper: 

- Spain's answer in the column headed "current plans'' (for Thermal 
Recycle) should read "Not in the immediate future"; Sweden's answer 
in the same column should be "No definite plans"; the USA's should 
be "Indefinitely deferred"; and India's, "Being planned". 

Introducing Co-Chairmen/WG4/51 (A,B) Rev 1, the Technical Secretariat 
explained that the apparent differences between the estimates of cumulative 
spent fuel arisings used by WG4 and WG6 had now been satisfactorily resolved 
Additional WG6 information had been incorporated in the revised version of 
the paper. The WG1A/2A Secretariat had also cross-checked the figures in 
Table 2 with their computer model. There was a remarkable agreement between 
the sets of figures, as shown below: 

Cumulative Spent Fuel 

Year 

1977 (end) 

1985 

1990 

2000 

Yellow Book 

6.2 

37/38 

80/92 

273/388 

Arisings 10 

Table 1 

6.58* 

50.3 

U5.3 

349.7 

tu 

WG1A/2A 

3.3* 

52-55 

105-115 

294-368 

*Co-Chairmen/WG4/31 (A,B) Rev 2. 

Year 1977 only - other figures are cumulative. 

The figures for Sweden and the USA in the paper had been estimated by the 
Technical Secretariat. 

The Technical Secretariat Introduced their summary of plutonlum usages, 
Co-Cha1rmen/WG4/82 (A,B), dated 29 January 1979. The paper combined infor
mation derived from the WG4 questional res, and from some estimates based 
on the Interim Information from WG1A/2A. In discussion the following 
points were made: 

(a) There was some danger 1n mixing figures based on replies to the 
WG4 questionnaire and WGlA/2A's information. The two types of 
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figures should be clearly distinguished. The Technical Secretariat 
explained that the numbers In parentheses were estimates from 
WG1A/2A, but all the other figures were from the questionnaire 
replies. 

(b) No attempt should be made to work out from the tables in the paper 
a "plutonium balance" describing the deployment of plutonium in 
the world at any time because the table did not include figures 
for the quantities of plutonium incinerated by fissioning in 
reactors. 

(c) The figures in the paper did not take into account the probability 
that some plutonium would be separated by the reprocessing of fast 
reactor fuels by the end of the century. 

(d) The figures for-cumulative spent, fuel arisings could be revised 
to include the information from WG6 on non-OECD countries-, which 
was contained in Co-Cha1rmen/WG4/51 (A,8). 

(e) The information provided by Japan on plutonium usage was based on 
the following policy assumptions: plutonium would be used In 
the Joyo experimental reactor and 1n RO&D on recycle In LURs and 
advanced thermal reactors. A prototype fast reactor was planned 
for 1985; a demonstration reactor for 1993; a commercial reactor 
for 1995; and after 2010, Japan planned to build only fast reactors. 
Thermal recycle would not be Introduced commercially until the 
late 1980s. 

5.4 The Co-Chalrmen, summing up, said that the data presented in these three 
papers would be Included In a consistent and compact form 1n the draft of 
the final report and would be reconsidered at the next meeting. The report 
would clearly distinguish between those figures that were based on countries' 
replies to the WG4 (and 6) questionnaire and those which were estimated. 
Every country that had additional data should make every effort to send 
this to the Technical Secretariat as soon as possible. 

6 Task 2 - Current Methods of Plutonium Storage: Base Case 

Papers: 

Co-Cha1rmen/WG4/6l (6) Paper by the FR6 on a Base Case Conversion 
Plant 

6.1 The Sub-group agreed that the FRG paper should be given general INFCE circula
tion subject to the following qualifications: 

(a) a footnote should be Included to point out that the technology 
described was Illustrative only; 
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(b) the FRG paper assumed co-location of the conversion plant with the 
fuel fabrication plant. The draft report of the Working Group 
assumed, for the base case, that the conversion plant was co-located 
with the reprocessing plant, but that the fuel fabrication plant 
was located on a separate site; other possibilities would be 
considered as alternatives to the base case. 

7 Task * - Technological Alternatives for Plutonium Storage 

Papers: 

Co-Chairmen/WG4/63 (B) Rev 1 

Co-Chairmen/WG4/7! (B) 

7.1 The Spanish delegate introduced paper Co-Chairmen/WG4/63 (B) Rev 1. He 
pointed out that the figure for maximum plutonium production on page 6 
should be 50 kgs/day and not 5 kgs/day. In discussion the following points 
were made: 

(a) the cost figures were dependent on assumptions about the critical 
mass. The paper assumed a low critical mass of 10 kg. Bearing 
in mind that the plutonium would probably be diluted, a figure 
of 50 kg might be a more realistic figure for the critical mass. 

(b) the cost figures would also depend on the safety and licensing 
standards applied to the store, and on the load factor. For 
instance, the paper assumed that the plutonium would remain in 
store for some time, and that the load factor would be high. A 
different analysis of costs would be required for a store in which 
plutonium was only stored for a short time and where the load 
factor might be as low as 10%. 

(c) the Belgian delegate said that their figures for the overall costs 
of storage w e e $400-600/kg of fissile plutonium. This included 
the cost of insurance and safeguards. 

(d) in connection with some points of detail raised by delegates, the 
Spanish delegate said that the paper did not cover the problem 
of repackaging the plutonium, but it did include the effect of 
moisture In producing excess pressure within the storage containers; 
the figure for the thermal conductivity of the plutonltim powder 
was taken from the published document? referred to. 

7.2 The Co-Chalrmen, summing up, said that a separate meeting of those delegates 
concerned should be set up to study the costs of plutonium storage. The 
Belgian delegate offered to organise this. 

7.3 The UK Co-Chairman then presented Co-Chairmen/WG4/71 (B) on technological 
alternatives for plutonium storage. The paper examined store design, the 
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form 1n which Plutonium might be stortd, store locations, physical protection 
measures and institutionel aspects. 

4 Several delegates commented on tire form in which plulonium should be stored. 
It was agreed that MCX offered an increased degree of proliferation resis
tance. However, there were disacvantages with KOX: the uranium oxide used 
in the mixture could vary and this could resit it in proolams for the fuel 
fabricator; MOX was classified as a soluble plutonium compound and this 
might be reflected ir. the licensing conditions; and iTjore R&D was required 
on the density and heat transfer coefficients. 

5 It was suggested that blendirg before shipment would not necessarily reduce 
blending operations at the fabrication plant. However, if storage was in 
the form of a master blend, then no further blending would be required 
before transport. Some delegates pointed out that there would be operational 
advantages in storing plutonium in irore than one fonri; for example, Pu02 and 
MOX in a range of concentrations. 

6 The Netherlands delegate asked whether there was evidence to support the 
statement in paragraph 3(c) about the costs of storing Pu as MOX. The 
Co-Chairmen replied that there was, as yet, nc detailed information on this 
subject since R&D was required on the problems of long-term storage of MOX. 
However, this topic could be included among the things to be considered at 
the meeting being organised by the Belgian delegate. 

7 Summarizing the discussion, the Co-Chainr,en said that the Technical 
Secretariat should now take account of the paper and the points made in 
discussion when drafting the final report. Conclusions (i) (iii) (v) (vi) and 
(v1i) were broadly agreed, although reference would need to be made to the 
safeguards discussions In the joint 4A/4B meetings, and the discussions 
organized by the IAEA on IPS. Conclusion (ii) would need some amendment 
to reflect delegates' comments and conclusion (iv) would need to be rewritten 
1n the light of the conclusions reached at the separate meeting on cost 
factors. 

8 Subsequently, the Belgian delegate reported that the Workir.g Party had 
identified various parameters affecting capital and operating costs. These 
parameters varied greatly from country to country, producing a cost range 
of $100-1000 per kg H.M./annum. These findings would be included by the 
Technical Secretariat 1n the draft final report. 

Task 5 - Technological A?ternat1ves for Plutonium Transport 

Paper: 

Co-Cha1rmen/WG4/70 (S) Technological Alternatives for Plutonium 
Transport (Technical Secretariat) 

1 The UK Co-Chalrman presented Co-Chairmen/Wfl4/70 (B). The paper concentrated 
on international transport of plutonium and/or MOX fuel from reprocessing 
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plant to reactor. This point would be made clear in the relevant section of 
the final report. The paper examined the impact factors for transport alter
natives as set out in the provisional format for the Final Report (prolifera
tion resistance and safeguards, environmental and safety aspects, and 
economic aspects) and the sections could be identified with those listed in 
Co-Chairmen/WG4/56 (A.B). 

8.2 It was concluded that over long distances air transport was preferable, 
while over short distances both road and rail transport were acceptable. 
The form of Pu transported should be that requiring the longest time 
between diversion and nuclear weapons manufacture. 

8.3 The IAEA delegate explained that the scope of the International Convention 
on the Physical Protection of Nuclear Materials, referred to in Paragraph 5.3, 
had not yet been agreed. It was hooed that this would be resolved in the 
forthcoming meeting on the Convention in February. The IAEA delegate added 
that a recent EEC Court ruling could also affect the organization of this 
meeting. 

8.4 Many delegates commented that the paper was ^ery objective. In discussion 
the following points were made: 

- It was important to reduce diversion risks by improving transport 
and communication measures. 

- Protection of materials by irradiation could reduce proliferation 
risks, but operational exposure would be increased and heavy cost 
penalties would be incurred. This measure would also be contrary 
to the spirit of environmental protection. 

- National and sub-nationa- threats were considered together in the 
paper. It was difficult to distinguish successfully between the 
two, but if possible specific points about sub-national threats 
should be treated in a separate paragraph. 

- Nuclear material should be transported 1n the most proliferation 
resistant form consistent with the end use. 

- Paragraph 5.2 (iv) was too specific. Other countries had, and could 
in the future conclude, international arrangements of this nature. 

- Paragraph 6 (v) and (vi) were premature. The form 1n which nuclear 
material was transported should be decided with reference to the 
whole fuel cycle and not simply the transport benefits. 

- With reference to Paragraph 2 (1) it was pointed out that neither 
INFCIRC 225 nor US law required 'dedicated" vehicles. 

8.5 Summarising the discussion, the Co-Chairmen said that the Technical 
Secretariat would now be Invited to draw on the paper and the points made 
1n discussion in drafting the appropriate section of the final report. 
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The conclusions in the paper had been broadly agreed but the reservations 
expressed by delegates about concisions (v) and (vi) would need to be taken 
into account. The protection of material by radiation, raised in conclusion 
(vlii), was a broad topic which had also been studied under other tasks 
and note should be taken in drafting the report of all the Dapers and 
discussions which had taken place. 

Task 6 - Alternative Institutional Arrangements 

Papers: 

Co-Cha1rmen/WG4/72 (8) 

Co-Chairmen/WG4/72 (B) Add 1 

Co-Chairmen/WG4/78 (A,B) 

Co-Chairmen/WG4/102 (B) 

The IAEA delegate gave a report on progress in the IAEA Expert Group on 
Internat ional Plutonium Storage (IPS) (Co-Chairmen/WG4/102 (B) ) . In discus
sion the fol lowing points were made: 

(a) Sub-group 4B welcomed the IAEA i n i t i a t i v e in set t ing up the Expert 
Group and noted that the main consideration of th is subject was 
now the responsib i l i ty of the Expert Group; 

(b) I t was clear that the Expert Group could not reach conclusions in 
time for them to be ref lected in the dra f t report of the Working 
Group. The draf t report could at present only note progress wi th in 
the Expert Group. 

(c) Subject to the agreement of Working Group 4, Sub-group 4B should 
contribute documents, which had been agreed by the Sub-group, to 
the Expert Group, as that Group had requested. 

(d) Sub-group 4B could also of fer to discuss any subjects that the 
Expert Group suggested. 

(e) Some delegations proposed that the Sub-group should give the Expert 
Group a posit ive recommendation on the form 1n which plutonlum 
should be stored and transported when outside an Internat ional 
Plutonium Store, and that the recommended form should be mixed 
oxide. Other delegations reserved the i r pos i t ion. 

The Co-Chairmen, summing up, said that Sub-group 48 should not prejudice 
the work of the Expert Group. A possible guideline was that the Sub-group 
should look at the technical aspects of internat ional plutonlum storage 
and the Expert Group at the Ins t i t u t i ona l aspects. There should be a f u l l 
flow of information between the two groups and sat is factory arrangements 
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for this had been established. The proposal that Sub-group 48 should 
recommend to the Expert Group that plutonium be handled as mixed oxide 
when outside IPS should be discussed at the next meeting. 

The French delegation introduced their paper on international plutonium 
policy (Co-Chaimen/NG4/78 (A,Sj). The central points were: 

(a) the use of plutonium was accompanied by the risks of diversion 
by sub-national groups and of proliferation. These problems could 
be given reasonable but separate solutions without excessive 
penalties on energy production; 

(b) measures to minimize the risks of proliferation must be based on 
improvements to IAEA safeguards; the risks of sub-national 
diversion could only be reduced by national measures, possibly 
with some international coordination; 

(c) possible measures to reduce the risk of proliferation included: 
an international storage scheme based on Article XII A5 of the 
IAEA statute, but with additional conditions on the release of 
plutonium from storage worked out between "eprocessors and 
approved internationally; technological improvements to the 
safeguards system based on confinement and surveillance measures 
(e.g., PIPEX); and measures to avoid the spread of small reprocessing 
plants over many countries, including the creation of multi-national 
facilities; 

(d) possible measures to reduce the risks of sub-national diversion 
Included the containment of reprocessing plants, the transport of 
plutonium only as mixed oxide, and the co-location of reprocessing 
and fuel fabrication plants. Radiation barriers should be avoided 
as a method of physical protection. 

(e) the measures in (c) and (d) could be adopted more readily than the 
Implementation of a scheme for international plutonium management, 
whereby the decision whether or not plutonium should be transferred 
from one country, or from an international store, to another country 
was taken by an international organization or controlling body. 

In discussion, the following points were made: 

(a) Some delegations did not agree that minimising the number of sites where 
plutonium was stored under International arrangements was a strong 
priority. They did not agree with the French suggestion that co-location 
of stores with fuel fabrication plants should be avoided. On the other 
hand, some delegations argued that reprocessing capacity should be 
constructed only to meet the demand for plutonium and that international 
stores should be co-located only with reprocessing plants. 

(b) Some delegations questioned whether a scheme for IPS should be based on 
Article XII A5 of the IAEA statute. The phrasing of the Article was not 
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completely clear, especially on what "uses for research" plutonium might 
be released frcm storage for. Nor had tne Expert Group on IPS yet 
decided wh&: role the I>£A should have in the operation of any scheme. 
It might be better to leave the legal aasis of the scheme undecided 
until the Expert Group had, if possible, worked out the practical details 
of a scheme. 

(c) It was not correct to suggest that the IAEA safeguards system did not 
make use of containment and surveillance technology. 

(d) Some delegations said that any scheme for international plutonium 
storage should include a system for verifying that any agreed release 
criteria had been met, beyonc' that provided by the IAfcA safeguards 
system. 

(e) Some countries with a need for reprocessing for environmental and public 
acceptance reasons might be unable to obtain reprocessing services, 
especially if reprocessors were forced by the same pressures of public 
opinion not to offer services to overseas customers. It might then 
be Impossible to stop the spread of rational reprocessing facilities. 

(f) India and Pakistan reserved their position on ? paper. 

9.5 The Co-Chairmen, summing up, said that those delegations that had reserved 
their position should put their comments on the French paper in writing to 
the Technical Secretariat. The Technical Secretariat would draft a chapter 
on alternative institutional arrangements for the final report, in the 
light of these comments and the discussion. When this chapter had been 
discussed and agreed by the Working Group, it would be communicated to the 
IAEA Expert Group on IPS. Meanwhile the Technical Secretariat would 
communicate to the Expert Group any papers which it would be useful for 
the group to study. 

10 Task 8 - Assessment of Base Cases 

Papers: 

Co-Chairmen/WG4/83 (8) Plutonium Recycle in Light Water Reactors (FRG) 
Co-Cha1rmen/WG4/84 (8) Economic Assessment of Plutonium Recycle to 

Light Water Reactors (Technical Secretariat) 

10.1 The Japanese Technical Secretariat presented their paper on the economic 
assessment of plutonium recycle to light water reactors (Co-Chairmen/WG4/84 
(B)). Economic data presented by national delegations to WG4 had been used 
to calculate the total, discounted and levellzed fuel cycle costs for four 
national nuclear power growth pattern scenarios based on WG1A/2A data. The 
economics of uranium and plutonium recycle and the once-through cycle were 
compared for each scenario. 

10.2 It was concluded that there would be some advantages 1n recycling uranium 
and plutonium this century only if large reprocessing facilities were 
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available. However, the margin wes so small that individual nations would 
undoubtedly recch differert conclusions. These wou^d be based not only 
on micro-economic factors, but also on macro-economic, resource utilization, 
environmental and non-proliteration ronriderations. 

10.3 Delegates were concerned aoouc the U3O3. spent fuel storage and disposal 
and waste disposal coses which w".*« assumes. The U30g pr-'ce might rise 
only very slowly, and it would be useful to carry out a constant price 
calculation. The plutoni'jm storage costs, at $321/'<g/year, were almost 
three times greater than those quoted in Co-Chairme»\/WG4/53 (B) Rev 1 
($110/kg/year). The FRG said that the net spent fuel disposal costs of 
$150/kg H.M. were very low compared with their estimates. 

10.4 Both the US and Belgian delegates commented tnat the variations in the input 
data were so large that it would probably not be possible, and indeed, would 
be positively misleading, to draw any more detailed conclusions from the 
paper. The FRG delegate agreed and suggested that it would be preferable 
to use a diagrammatic approach, with each country supplying its own figures. 
The UK delegate said that the variatior in economic assumption between one 
country and another wrs so large that it would be impossible to establish a 
range of conditions under which all countries' positions could be represented. 
The US delegate suggested that the two approaches should be combined in the 
drafting of the final report. It would be useful to show the levelized 
calculations simply to prove that no definite conclusions could be drawn 
from them. 

10.5 The delegate of the FRG introduced their paper, Co-Chairmen/WG4/83 (B), on 
the programme 1n the FRG on plutonium recycling in LWRs. The conclusion 
was that plutonium recycle in LWRs was technically feasible on an industrial 
scale. It had not yet been proven on a commercial scale. It was as 
reliable and as safe as uranium fueling of LWRs; and its environmental 
Impact was similar. Even at uranium ore prices of $20/1b plutonium recycle 
in LWRs would be, for the FRG, more economically attractive than uranium 
recycle alone. 

10.6 In discussion the following points were made: 

(a) The suggestion in the introduction that reprocessing was "considered 
a necessary step towards the safe and environmentally acceptable 
disposal 0* radioactive waste" referred to circumstances 1n the 
FRG, where construction permits for new LWRs would not be issued 
without proo* that the resulting spent fuel could be reprocessed. 

(b) Table 4-5 on page 50 gave the natural uranism savings of uranium 
and plutonium recycles as ?3','> and 21%, respectively. The figure 
given for U/Pu recycle was 19%. tarlier discussions in Sub-group 4A 
had Indicated figures of 15% for both U and Pu recycle, and 30S 
for U/Pu recycle. The difference between these two sets of figures 
was partly the result of different assumptions about the tails 
enrichment. But the Technical Secretariat should ensure that there 
were no Inconsistencies :n the figures usad for resource sav:ngs 
by the Working Group. 
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(c) Table 4-1 on page 46 showed that plutonium recycle produced five 
times mort a act-Snide waste than the once-through cycle. Some 
delec/t^'cns suggested this was ar underestimate. The FRG said 
that recent data had, on the contrary, suggested that the figure 
was closet to 2, not 5. It was agreed that the Sub-group should 
seek to agree on a figure, or at least a statement on the point. 
Not only was the data important for W67's calculations on heat 
generation in waste depositories, but some statement would be 
important in presenting to the public a correct appreciation of 
the waste produced by recycle. 

(d) Figure 3-15 on page 27 showed that the FRG's experience was that 
multiple recycling involved no significant economic or enrichment 
penalties over at least 30 cycles or four or five generations of 
recycle. Other delegations said that diminishing returns meant 
that multiple recycles might lose their advantages after 2 or 3 
generations of recycle. 

(e) The FRG paper showed that they had committed considerable resources 
to the optimization of plutonium recycle. This was necessary 
largely to meet their licensing or safety standards. The economic 
advantages gained by this optimization might not be crucial in 
making thermal recycle economically attractive overall. 

10.7 The Co-Chairmen, summing up, said that the Technical Secretariat would use 
the FRG's useful paper in preparing the draft report of the Working Group, 
bearing 1n mind the comments made in discussion, Any delegate wishing to 
make further comments should put.them to the Technical Secretariat in 
writing. 

11 Task 9 - Plutonium Recycle: Reactor Alternatives 

Papers: 

Co-Chairmen/WG4/64 (8) Assessnert Studies on Plutonium Recycle in 
CAHDU Reactors (Canada) 

Co-Cha1rmen/WG4/93 (8) Effects of Potential Once-through Improvements 
on Uranium Utilization in the Closed LWR 
Cycle Assuming Self-Generated Recycling 
of Uranium and Plutonium (FRG) 

11.1 The Canadian delegate said that some revisions to t;>eir paper would shortly 
be circulated on the effect of spiking on Pu utilization. In a brief 
discussion, the follows? points were made. 

(a) There were difficult fabrication problems associated with the 
Tandem fuel cycle; 

(b) The economics of recycle in HWRs could be improved by increasing 
plutonium concentrations in a few fuel rods and driving them to 
high burn-up. 
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11.2 The Co-Chairmen, summing up, said that when the paper had been revised, i t 
should be given c i rcu la t ion under an INFCE number. 

11.3 The FRG delegate introduced the i r paper, Co-Chairmen/WG4/93 (8 ) , which had 
also been presented to INFCE Working Group 3. The conclusion was that the 
35-40* difference in uranium use between the once-through cycle and U/Pu 
cycle, using self-generating recycle, would not be reduced to less than 
25-30X i f both cycles were improved and reoptimized independently. 

11.4 In discussion tne fol lowing points were made: 

(a) The US delegate offered to make available to other delegates the 
papers they had submitted to Working Group 8. Their calculations 
showed that the difference in uranium use between the improved 
once-through cycle and improved recycle in LWRs was less than 
25%. I t was doubtful whether thermal recycle had any advantages 
over an improved once-through LWR cycle. This argued for deferr ing 
decisions on thermal recycle, especial ly i f a country needed 
plutonium for the development o f a fast reactor programme. 

(b) I t was for Sub-group 4B, and not Working Group 8, to provide 
WG1A/2A with fuel cycle data on recycle and Improved recycle 
systems. 

11.5 The Co-Chairmen, summing up, said that the Technical Secretariat would draw 
on the FRG paper and on the comments made in discussion in dra f t ing the 
Working Group's f i na l repor t . Any delegate wishing to make further comments 
on the paper should put them to the Technical Secretariat in w r i t i n g . 

12 Task 11 - Plutonium Recycle: Reprocessing Alternat ives 

Papers: 

Co-Chairmen/WG4/52 (A,B) Rev 1 Definition of Terms (Technical Secretariat) 
Co-Cha1rmen/WG4/66 (B) Possible Improvements to the Reference 

Plutonium Fuel Cycle (Belgium) 
Co-Cha1rmen/WG4/87 (B) Non-proliferation Aspects of Radiation 

Barriers (US) 

12.1 The revised version of Co-Chairmen/WG4/52 (A,B) was agreed with one amendment 
to the de f in i t i on of master blend. The I t a l i an delegate proposed that 1n 
l i ne 1 the words "so l id or l i q u i d " be deleted and the words "or so lut ion" 
Inserted af ter "mixture". 

12.2 The Belgium delegate presented paper Co-Chairmen/WG4/66 (8) summarising 
possible Improvements to the reference plutonium fuel cycle. Both co
processing and co-conversion had advantages for fuel management, occupational 
exposure and p ro l i fe ra t ion resistance. However, there was a great deal of 
work to be done on selecting and developing the optimum co-conversion route. 
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12.3 The Co-Chairmen commended the Belgian delegation for their succinct and 
helpful paper. He asked the Technical Secretariat to summarize the points 
made for inclusion in the Final Report. 

12.4 The US delegate presented Co-Chairmen/WG4/87 (B), which examined the advantage': 
and disadvantages of various methods of producing radiation barriers. 
Radiation barriers could provide a substantial deterrent against sub-
national diversion, but were less valuable against national threats. 

12.5 In discussion the following points were made: 

- the earlier the stage at which the spike was introduced into the 
reprocessing, conversion, or fabrication process, the more difficult 
safeguarding would become, and the greater the amount of shielding 
required; 

- pre-irradiation of fuel was a practical protection method. However, 
it might be very costly if there was no immediately accessible 
irradiation facility; 

- both spiking and partial decontamination were undesirable because 
of their adverse effects on occupational exposure a.,J the environment; 

- the increase in the cost of fabricating recycled spiked fuel would 
probably be much more than the figure of 503 quoted in the paper. 
An increase of 300% or even 400* was possible, the exact amount 
depending on the degree of shielding and complexity of the reference 
fabrication plant; 

- the use of 60Co as a spike would mean that the parasitic Isotope 
59co was unavoidably introduced into reactor fuel rods. This 
would have an adverse effect on reactor power output; 

- the widespread use of 60co would be costly. The use of readily 
available Americium, already present in spent fuel, would be much 
cheaper; 

- physical protection could be provided by reprocessing methods where 
physical access to sensitive material was made very difficult. 
Radiation barriers should be treated as an additional protective 
measure, for use only when necessary. 

12.6 The Co-Chalrmen thanked delegates for their contribution to the discussion, 
and asked the Technical Secretariat to make use of the points 1n preparing 
the relevant section of the Final Report. 

13 Future Meetings and Programme of Work 

Paper: 

Co-Chairmen/W64/75 (B) A Progress Report on the Work of Sub-group &c 
(Co-Chairmen) 
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The Co-Chairmen inv i ted the Technical Secretariat to present the progress 
report on the work of Sub-group 4B. The Technical Secretariat explained 
that the report covered only the period uo to the end of 1978; they proposed 
revisions to take into account discussion at the present meeting of the 
Sub-group. Many of the tasks were now complete. Those where work s t i l l 
remained would be considered further in the context of the dra f t report 
or In j o i n t sessions with Sub-group A. 

13.2 The Co-Chairmen then asked i f delegates accepted that there was no need for 
any further separate meetings of Sub-group 3. ^his was agreed. Any out-
Standing Issues would be discussed at future j o i n t meetings of Sub-groups 
A and B and the Working Group. Meanwhile, a l l delegations were inv i ted to 
send to the Technical Secretariat any further wr i t ten comments on any of the 
papers discussed at the present meeting. 

14 Any Other Business 

1 4 . 1 The Netherlands delegate suggested that the terms " internat ional management 
of Plutonium" and " internat ional plutonium storage" should be defined in 
the final report . I t was agreed that he and Or. James should collaborate 
on t h i s . 

14.2 The Co-Chairmen announced that revised papers on the economics of reprocessing 
and thermal reactor recycle, p ro l i f e ra t ion resistance assessment and safe
guards were being prepared^ and would be avai lable for discussion at the 
joint 4A/4B meeting on 31 January 1979. 

14 
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ANNEX A 

AMENDED AGENDA FOR THE SIXTH MEETING OF INFCE WORKING GROUP 4, 

SUB-GROUP B 29-30 JANUARY 1979 AT EPRI, SAN FRANCISCO, AT 09.30 HOURS 

1 Opening of session by Mr. Shigefumi Tamiya. 

2 Opening remarks by Co-Chairmen: 

- Mr. Shigefumi Tamiya (The Federation of Electric Power Companies) 

- Mr. Cyril Buck (British Nuclear Fuels Ltd) 

3 Adoption of the agenda. 

4 Record of the f i f th meeting of the Sub-group. To note INFCE/WG4/53 (B). 

5 Matters arising 

The following paper is circulated for information only: 

Co-Chairmen/WG4/36 (B) now 

INFCE/WG4/54 (B): "Fuel Cycles in Japanese Fugen - HWR" 

6 Task I. Collection of Basic Data 

( I ) Co-Chairmen/WG4/31 (A,B) Rev 3 (Revised analysis of questionnaire 

responses - to note). 

( I I ) Co-Chairmen/WG4/51 (A,B) Rev 1 (Revised comparison of estimates 

of cumulative world spent fuel arisings - to note). 

( I I I ) Co-Cha1rmen/WG4/82 (B) (Summary of Plutonium Use to 2000 -

Japanese T.S) to be presented. 

7 Task 2. Current Methods of Plutonium Storage: Base Case 

Final discussion on FRG paper on a base case conversion plant 

(Co-Chairmen/WG4/61 (B)). 
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8 Task 4. Technological Alternatives for Plutonium Storage 

(1) Oral updating on paoer by Spain on plutonium storage 

(Co-Chairmen/WG4/63 (B) Rev I). 

(1i) Comments by Belgium on paper by Spain. 

(Hi) Discussion paper by !'K Co-rhairmen on Technological alternatives 

for plutonium storage (Cc-Chiirmen/WG4/71 (B)). 

9 Task 5. Technological Alternatives for Plutonium Transport 

Discussion paper by UK Co-Chairmen (Co-Chairmen/WG4/70 (B)). 

10 Task 6. Alternative Institutional Arrangements 

(I) Report by Dr. James on progress in the IAEA Expert Group on 

International Plutonium Storage (Co-Chairmen/WG4/72 (A,B) 

and Co-Chairmen/WG4/72 (A,B) Add 1 refer.) 

(II) Paper by France, International Plutonium Policy, to be 

presented (Co-Chairmen/WG4/78 (A,B)). 

11 Task 8. Assessment of Base Cases 

(I) Paper by Japanese Technical Secretariat on the economic 

assessment of thermal reactor recycle (Co-Chairmen/WG4/84 (B)). 

(II) Paper by the FRG, Plutonium recycling 1n light water reactors -

The programme of the FRG (Co-Chairmen/WG4/83 (B)). 

12 Task 9. Plutonium Recycle: Reactor Alternatives 

(I) Paper by Canada - Assessment Studies on Plutonium Recycle 1n 

CANDU reactors (Co-Chaimien/WG4/64 (B)). To conclude discussion. 

(II) Paper by the FRG, Effects of potential once-through Improvements 

on the uranium utilization in the closed LWR cycle assuming 

self-generated recycling of uranium and plutonium (Co-Chairmen/ 

WG4/93 (B)). 



13 Task 11 . Plutonium Recycle: Reprocessing Alternatives 

( I ) Def in i t ion of terms (Co-Cha1rmen/WG4/52 (A,B) Rev 1) 

Revised paper by T.S. to be noted. 

( I I ) Paper by Belgium (Co-Cha1rmen/WG4/66 (B)) . To conclude 

discussion. 

( I I I ) Paper by US on Non-proliferation aspects of radiation 

barr iers (Co-Cha1rmen/WG4/87 (&)) . To be presented. 

14 Future meetings and programme of work. 

Paper by the Co-Chalrmen (Co-Cha1rmen/WG4/75 (3)) reviewing the 

Tasks to be presented. 

15 Any Other Business. 
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INFCE WG4 SUB-GROUP 48 

LIST OF RELEVANT DOCUMENTS 

INFCE/WG4/53 (B) Record of 4B Meeting 1 December 1978 

INFCE/WG4/52 (A,B) Record of Joint 4A/4B Meeting 30 November 1973 

Task 1 . Collection of Basic Oata 

INFCE/WG4/18 (A,B) Group 4 Questionnaire 

Co-Cha1rmen/WG4/31 (A,B) Rev 3 Present situation and Future Programs for 
Reprocessing, Plutonium Handling and Recycle (Technical Secretariat) 

Co-Cheirmen/WG4/51 (A,B) Rev 1 Comparison 3etween Estimates of World 
Cumulative Spent Fuel Ar1sings (Technical Secretariat) 

Co-Cha1rmen/WG4/82 (B) Table of Plutonium Usage up to 2000 (Technical 
Secretariat) 

Task 2. Current Methods of °lutonium Storage: Base Case 

Co-Chairmen/WG4/61 (B) Fuel Fabrication Facility - Base Case Conversion 
Plant (FRG) 

Task 4. Technological Alternatives for Plutonium Storage 

Co-Cha1rmen/WG4/63 (B) Rev 1 Plutonium Storage (Spain) 

Co-Cha1rmen/WG4/71 (B) Discussion Paper on Technological Alternatives for 
Plutonium Storage (UK Co-Chairmen) 

Task 5. Technological Alternatives for Plutonium Transport 

Co-Cba1rmen/WG4/29 (B) Note by Co-Chairmen 

Co-Cha1rmen/WG4/70 (B) Discussion Paper on Technological Alternatives for 
Plutonium Transport (UK Co-Chairmen) 

Task 6. Alternative Institutional Arrangements 

(1) Co-Cha1rmen/WG4/72 (A,B) Report of the Rapporteur on the f i rs t 
meeting of the TAEA Expert Group on International Plutonium 
Storage (IAEA) 
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( I I ) Co-Chairmen/WG4/72 (A,8) Add 1 Statements made by national 
representatives at the IAEA Expert Group's meeting"(IAEA) 

( I I I ) Co-Chairmen/WG4/78 (A,B) International Plutonium Policy (France) 

Task 8. Assessment of Base Cases 

Co-Chairmen/WG4/84 (B) Economics of Plutonium Recycle (Japanese Technical 
Secretariat) 

Co-Cha1rmen/WG4/83 (B) Plutonium Recycling in Light Water Reactors - the 
Programme of FRS (FRG) 

Task 9. Plutonium Recycle: Reactor Alternatives 

Co-Chairmen/WG4/36 (B) Fuel Cycle in Japanese Fugen - HWR (Japan) 

Co-Cha1rmen/WG4/64 (B) Assessment Studies on Plutonium Recycle in CANDU 
Reactors (Canada) 

Co-Cha1rmen/WG4/93 (B) Effects of Potential Once-through Improvements on 
the Uranium Utilization in the Cosed LWR Cycle Assumed Self-Generated 
Recycling of Uranium and Plutonium (FRG). 

Task 11. Plutonium Recycle: Reprocessing Alternatives 

Co-Cha1rmen/WG4/38 (A,B) Commercial Nuclear Fuel Reprocessing Plants for 
Light Hater Thermal Reactor Fuel (US) 

Co-Cha1rmen/WG4/39 (B) ) Mixed Uranium, Pu Oxide Fuel Facility: 
Co-processed Feed pelletlzed Fuel (39), 

Co-Cha1rmen/WG4/40 (B) ) Gel-Sphere - Pac Fuel (40) (US) 

Co-Cha1rmen/WG4/52 (A,B) Rev 1 Definition of Various Terms Adopted by 
Working Group 5 

Co-Chairmen/WG4/66 (B) Possible Improvements to the Reference Plutonium 
Fuel Cycle (Belgium) 

Co-Cha1nnen/WG4/88 (B) Non-Proliferation Aspects of Reprocessing Alternatives 
(US) 

Future Meetings and Programmes of Work 

Co-Chairmen/WG4/75 (B) Review of Tasks (Co-Chairmen) 
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ANNEX C 

FUTURE MEETINGS AND PROGRAM* E OP WORK 

Bate Group Place 

2-6 April 4A/4B and 4 Vienna 

15-18 May 4A/4B and 4 Vienna 

* A meeting of group 4 i s to "be arranged on one of the days 
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