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A. INTRODUCTION

1 MTR irradiated fuel reprocessing has been carried out at Dounreay - since 1958. he most
recent campaign was completed as recently as October 1996.

2. The original reprocessing policy arose from the strategic importance of HEU, its high
monetary value and supply shortages.

3. In the late 1950's the UKAEA had three HEU fuelled MTRs - two sited at Harwell (DIDO
and PLUTO) and one (DMTR) at Dounreay. Similar low power reactors were located at
other UK government research and educational establishments. The fuel element
manufacturing facilities were sited at Dounreay together with the reprocessing plant and
related support service facilities. A co-located MIR fuel cycle system was consequently
available from the earliest days. The only external fuel requirement was for a supply of very
highly enriched uranium for 'top-up' replacement of the burnt-up U235 and process losses.
External component and material suppliers have been very much involved in the non-fuel
component supply and in the technological developments.

4. Over the last four decades, the Dounreay MTR fuel cycle capability was extended to the
commercial contract supply of fuel elements for foreign customers and the provision of a
commercial reprocessing service.

5. With the passage of time and the progressive introduction of non-proliferation treaty (NPT)
safeguards, the emphasis on the need for reprocessing has shifted. While the original three
factors continue to be important, a fourth is that of effective safeguarding - where bringing
extraneous, otherwise waste, residues and irradiated fuel together and recovering it through a
plant which is Safeguarded to International standards considerably reduces diversion risks.
That is so whether the material is placed in secure storage or is reused in new fuel (again
safeguarded).

6. An additional issue is the sensible treatment of the radioactive waste - an issue that has been
of increasing environmental concern over the years. The essential design features of the
MTR fuel are such that some treatment is needed prior to very long-term storage or
engineered disposal due to the high fissile content. Reprocessing leads not only to the
recovery of reusable fissile material (ie recycling) but thereby leads to waste streams of only
trace fissile content. That leads to less restrictive waste disposal/storage requirements.

7. A present strategic issue is a shortage of HEU as the USA have adopted a policy of not
releasing EU onto the commercial market, even to fuel cycles and facilities fully covered
by NPT safeguards. Until such time as that policy is amended and until alternative supplies
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become available, the HEU fuel requirements are being met in part by the recovery of
material from existing stocks.

8. There is scope in the EU to continue to use US origin HEU subject to constraints and end
use. This arrangement is embraced within the recent 1996 Euratom US agreement. That,
however, in itself does not lead to a release of new additional material into the market.

9. Consequent upon the international political upheavals and realignments over recent years,
there is increasing concern over the security of nuclear materials - particularly HEU - that has
become surplus to individual nations' military needs. There are many NPT and diversionary
risk advantages in recovering such material and bringing it under full international
safeguards. For unirradiated material, the Dounreay HEU recovery plant - the downstream
facility associated with the irradiated fuel reprocessing plant - has a role in such an
arrangement.

B. THROUGHPUT

10. The initial operations from 1958 were directed at servicing the UK domestic MTRs. Due in
part to the excellent performance of the plant, capacity was made available in the early
1960's on a commercial basis to other reactor operators outside the UK.

11. Domestic priorities at Dounreay led to a reduction in foreign reprocessing in the early
1970's. However, due to significant international demands for the service and increased
plant availability, foreign reprocessing was pursued more actively again from the late 1970's.
Since the closure of the UKAEA MTR project in 1990, there has been increasing emphasis
on the provision of this service.

12. From 1973, the Dounreay reprocessing has been carried out under the safeguards
surveillance of Euratorn who have maintained an on-site inspection presence.

13. The first campaign processed unirradiated reject components from the Fuel Fabrication plant
and can be considered to be an active commissioning run. The first irradiated elements were
reprocessing in October 1958. Unirradiated material was frequently processed up to 1968.
Since 1968 processing of this type of material has taken place in the downstream Billet
Production and Recovery Plant.

14. Up to 1962, only fuel from UK reactors was processed. September 1962 saw the first
processing (Run 17) of fuel from DR2/3 (Denmark). Fuel from non-UK reactors was
processed up to October 1975 (Run 5 1). This work was carried out for reactors fuelled by
US origin HEU either under the EURATOMIUS Agreement, for reactors within the EC, or
for nominated reactors under the US/UK Memorandum. The recovered uranium was either
returned as fuel to reactors, returned to the US, or put to the USAX Memorandum account.

15. Following closure of the UKAEA MTR project, the first of the second tranche of non-UK
fuel was reprocessed in April 1992 (Run 59), which also saw the last UKAEA MTR reactor
fuel reprocessing. The run 61) in March 1996 reprocessed UKAEA NESTOR zero energy
fuel, the final inventory of the Scottish Universities Research Reactor fuel, fuel from the
Australian Hifar reactor, and fuel from the WI reactor. The latter part of this campaign
involved trials on LEU silicide fuel from Petten.
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6 In summary, the distribution of the reprocessing from the UK and other countries is
illustrated in Figure .
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17. Within the Dounreay Site, the unit of accountancy is the 'Plant'. The responsibility for
nuclear material, and accounting for it, rests with the 'Plant Manger' with the Analytical
Manager and Engineering Manager having responsibility for the analytical techniques and
instruments, The Nuclear Material Control Department collates and reports the information
generated and provides the Accountancy system structure, training and management. A
Computerised Nuclear Material Accountancy System operates to support the control, with
the Plant Operators iputting te data. Accountancy and safeguards reports are generated for
Euratom (and hence the 1AEA), Plant Management, UKAEA Management and UK
Government.

18. The accountancy structural nomenclature for the 'Plant' unit has evolved through the years
from the initial financial control structure (Cost Centre/Project based) to the present
Operational Accountancy Areas (OAAs). An OAA can be considered as a sub Material
Balance Area (MBA). At Dounreay a Safeguards MBA can comprise one or more OAAs.
The MTR Reprocessing Plant OAA equates to a single MBA (QDR2).

19. Since 1973, operations at Dounreay have been carried out under the surveillance of Euratorn.
For the MTR Reprocessing Plant this involves Euratom witnessing transfers from the product
tank and the analysis of the liquor. Random samples are also taken for independent analysis
at TUI Karlsruhe. Euratom also use the VOPAN 'Blind Analysis' technique for verifying the
UK analysis. A recent development has seen Euratom installing data-logger devices and a
state of te art Hybrid K-Edge/gamma spectrometer to provide fully independent
measurements of product transfer and head-end liquor analysis.

20. In the field of Accountancy and Safeguards, linked to MTR Reprocessing, Dounreay has
made contributions to ISO Analytical Standard Methods (Davies and Gray), Tank Weighing
(product tank) Verification of Operator Analysis (VOPAN) and 1AEA Inspector training
under the UK JAEA Support Programme. These demonstrate Dounreay's commitment to
Accountancy and Safeguards.
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21. The MTR Reprocessing plant accountancy boundaries are from element receipt at the DMTR
Pond (included as part of MTR reprocessing) for element storage, and the issues as the output
of the uranium product and the raffinate tanks. The accountancy model is:-

Inputs Measurements

Elements Shippers data
Excess Analytical Samples Volume, analysis
Recycled Product Ex BPRP Volume, analysis

Outputs Measurements

Product Transfers Volume, analysis
Analytical Samples Volume, analysis
Waste Liquors Volume, trace analysis
Solid Waste NDA

Inventories Measurements

Elements (2) Shippers data
Tank Heels Volume, analysis

(1) As the whole element dissolves solid waste is minimal
(2) After wash out.

22. The Dounreay reprocessing plant consists of a head-end above ground pond for fuel handling

and preparation for dissolution. There are then two nominal 150t dissolvers operating in
parallel. These are followed by conditioning vessels and then a series of transfer vessels
leading on to the solvent extraction stages.

23. The uranium aluminium alloy clad fuel is partially dismantled and then cropped into nominal
SO to 100mm lengths. These are charged to the dissolver where they are dissolved in
mercuric ion catalysed nitric acid to produce an anion deficient solution - that is a solution

containing an excess of aluminium above the stoichometric A NO3)3. The liquor is
transferred to the next vessel - the conditioner - where process analysis is carried out. This is
particularly important in control accountancy terms.

24. The cropped plates containing not more than a total of 550gms of U23's are fed into the
dissolver containing dilute boiling nitric acid. 12N nitric acid containing a small amount of
mercuric nitrate is fed to the dissolver over a period of about 25 hours and the resultant
solutions boiled under reflux for about hours. This method of dissolution produces a
solution which is deficient in nitrate ion. The solution is transferred to a conditioning vessel
where it is sampled and if necessary conditioned to between 20 and 30 molar aluminium
and 0.8 to 1.8N anion deficiency. (AD).

25. A particular issue arises from the higher rate of dissolution of the aluminium than that of the
uranium alloy, the latter particularly as the nitric acid becomes depleted due to the
aluminium dissolution. That leads to residual uranium being left in the dissolver at each
batch. It is for that reason that the subsequent batch is first charged with a 'mop up' volume
of nitric acid to dissolve the residual uranium before adding the fresh fuel and the balance of
the acid.
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26. Process control accountancy of uranium is carried out over the dissolvers and head-end
vessels in order to achieve criticality safety. These vessels are not geometrically criticality
safe at all foreseeable U235 concentrations. It is therefore necessary to maintain a batch-by-
batch cumulative assay of material resident in the dissolver in order to avoid an excessive
cumulation and an unacceptably high concentration. This is done by sampling and analysing
the liquor in the downstream conditioner vessel.

D. ACCOUNTANCY REVICEW

27. The Dounreay accountancy periods are in financial years April - March. There is no direct
tie-up between campaigns and accountancy years, however, stocktaking timing is arranged
on a flexible basis so that they are carried out at the end of campaigns. In earlier years there
were many campaigns in a financial year. Latterly campaigns may straddle accountancy
years.

28. In the early days the fissile material accounts were prepared on a quarterly basis, this was
relaxed to six monthly in the 1970s in order to better optimise the operational and
accountancy programmes.

29. Independently of the formal accountancy and safeguards recording and documented returns,
the plant management produce run/campaign accounts to check plant performance and for
process and contract control purposes. hese employ the same analytical data and are always
subject to ratification with the official returns.

30. For all accountancy and campaign returns, particular attention is given to any 'out-of-
balance' discrepancy. This feature is identified in safeguards parlance as MUF (Material
Unaccounted For) - a positive value is equivalent to a 'gain'. he concept of MUF has been
subject to considerable debate - in addition to any unknown losses or gains it embraces error
bands associated with assay uncertainties.

31. Reactor calculated data is now taken as the plant input. Therefore, shipper-receiver
differences are not reported. The MUF that is reported comprises inaccuracies in fuel
manufacture, bum-up, instrumentation measurements, volumes, sampling and analysis.
Quality Systems are maintained on all operating features and on all analysis. All instruments
and tanks are calibrated and frequently re-checked. Plant operating instructions define
mixing times to be used from tank mixing data generated for each tank during
commissioning and calibration exercises.

32. Any single MUF is considered in terms of its magnitude and the plant throughput over which
it arose. The level of concern is considered against safeguards diversion limits for both the
long and short terms. A level of 2 of throughput has been a common 'limit' applied in
safeguarding, but attention is now being applied to a new level of concern at a value of I%.
This is in line with the adoption of International Target Values for all measurements and
analysis within the Nuclear Industry. (Similar approaches are being carried out in most
industries which carry out such measurements). Dounreay is adopting this tighter approach,
the first steps being a full review of measurements uncertainties.

33. The cumulative MUF over the life of the plant to date reflects an overall gain (+). This,
however, relates to two phases over that time.
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Consequent upon this review, the reactor bum-up algorithms were revised to accommodate
newer physics data.

35. The situation since April 1970 reflects the revised reactor physics calculations and indicates
since then a cumulative MUF significantly less than I%.

36. These results confirm that up to March 1970, there had been a very significant bias in the
input assessment which led to high positive M`UFs in the early years. The present MUF
levels are consistent with a predominantly random eor situation.

37. Occasional process and accountancy difficulties do occur. A 1992/1993 positive MUF was
higher than normal and was traced in part to incorrect treatment of the product tank volume
calibration data and one abnormal liquor transfer to waste. Insufficient confirmed data was
available retrospectively to correct' the accounts. A computer program is now in place to
provide better control of product transfer recording. A 1993/1994 negative MUF was
attributed mainly to the uncertainties in material recycled from the downstream BRP plant.
The recycle control arrangements and procedures have been revised to overcome that
problem. The most recent campaign saw a low negative MUF within the 1 limit.

38. Overall the MUF assessments to an NMA accountant, suggests there is good control within
the plant and the associated measurements of the various input and output streams.

CONCLUSIONS

39. The reprocessing of irradiated BEU MTR fuel is a sensible part of a Safeguards regime. It
brings together fuel otherwise scattered around the world into a concerted accountancy and
protection arrangement.

40. From a Nuclear Material Accountants view the overall accountancy performance has been
excellent. While investigations have been required for a few individual MUFs or trends, very
little effort has required to be expended by the Nuclear Materials Control Department. That
is a definition of a 'good plant'; it operates, measures and records input and output streams,
and then the accountancy falls into place.

41. As identified in this paper, the accountancy of the nuclear material processed in the plant is
well founded and sound. The accountancy results over several decades confirm the adequacy
of the safeguards arrangements at Dounreay.

42. The processing makes good commercial sense and meets the current philosophy of recycling
valuable resource materials. The risks of operating the full fuel cycle are less than those of
extended storage of irradiated fuel at disparate diverse locations. The reprocessing at
Dounreay accords with all of these philosophies. The assessed risk is at a very low level,
well within published UK HSE 'tolerability of risk' regulatory guidelines. The impact of the
operations are similarly low within the guidelines, for the operators and for the general
public.
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