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FOREWORD
The IAEA contributes to the international community in providing

technical information on nuclear energy, in acquiring the consensus on the
policy relating to nuclear development and in making efforts to prevent
proliferation of nuclear weapons. Growing attention has recently been
directed to the back-end of the nuclear fuel cycle. The Agency has been
expected to play, as normal, a role in this field, following the
recommendation of INFCE and the succeeding ISFM programmes.

The back-end of the fuel cycle consists of the major steps of spent fuel
transportation, storage, treatment of spent fuel and preparation of wastes.
Recycling of fissile material is another directly connected subject. To give
a complete view on the back-end of the fuel cycle it is now very important to
present the technological background on all the major processes involved in a
balanced manner. The Agency has been conducting scientific and technological
activities in this area.

The purpose of the present report is to cover the transport of spent
fuel and feed arrangements to treatment plants, and more specifically the
chemical process technology and associated waste treatment technology in the
present plants for LWR fuel and in the next generation of commercial plants
being constructed for this purpose.

To complete this task, valuable information was collected from past
Agency publications such as "Regional Nuclear Fuel Cycle Centres", "INFCE",
"Conference on Nuclear Power Experience", and from a number of publications on
spent fuel management. This information was supplemented by other published
papers and literature supplied by experts in the relevant facilities and
discussion at the Advisory Group Meeting on Spent Fuel Management held in
Vienna, March 1984.

The Agency wishes to thank all those who contributed to this task with
their papers and their participation in discussion. Special thanks are due to
the Agency Consultant, Mr. C. Buck (UK), who prepared this document.

The officer of the IAEA responsible for editing and finalizing the
document was M. Ugajin of the Division of Nuclear Fuel Cycle. His predecessor,
Mr. Y. Fujii, began this task by organizing the first Consultant Meeting.
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1. INTRODUCTION

1.1 The Light Water Reactor Fuel Cycle

The light water reactor fuel treatment cycle illustrated in
Figure 1 applies to both pressurised water reactor and boiling water
reactor systems. Uranium ore, after purification, is converted to
uranium hexafluoride, which is then enriched in the isotope U-235 and
then reconverted to uranium oxide. The enriched uranium oxide is
fabricated into pellets and inserted into Zircaloy or stainless steel
tubes which are then fabricated into fuel assemblies. The assemblies are
charged into a light water reactor where the fuel is used as a source of
energy. When the irradiated fuel is discharged from the reactor it
contains unconsumed uranium, fission products, plutonium and some other
heavy elements. The fuel continues to generate heat and is passed to
ponds filled with water to allow fission product decay and cooling to
take place. After cooling three options may be considered.

(1) Treat the spent fuel in order to recover the uranium and plutonium
for re-use, and reject the fission products as waste.

(2) Store the fuel pending a decision.
(3) Prepare the fuel for ultimate disposal.

This Survey Report will consider the first option which some
countries believe best meets the needs of their energy strategy. The
spent fuel is fed to a treatment plant where the uranium and plutonium
are separated from the fission products. The uranium is then available
for re-enrichment and re-fabrication in the normal LWR cycle and the
plutonium is available for re-cycle in a thermal reactor system as mixed
oxide fuel (MOX) or for use in the fast reactor system. In broad terms
the recycling of uranium and plutonium in light water reactors reduces
uranium requirements by up to 30%. Recycling of plutonium in a, fast
reactor system could lead to "breeding" of more fissile material than is
consumed.

1.2 Background of Technology

LWR reprocessing technology is largely based on the long and
successful operational experience of the treatment of metallic fuels in



several countries. The fundamental chemistry of the separation of
fission products and the separation of the plutonium and uranium is well
understood; considerable experience was gained in plant design and
maintenance and the high standards set for plant construction were fully
justified by the operational reliability of the plants (Ref.25,26). It
is noteworthy that a number of the metallic fuel plants are still in
operation some thirty years after start up and continue to have a key
role in national and international fuel cycle activities. In order to
meet the reprocessing requirements of the rapidly growing LWR programme
extensive research and development programmes were initiated in a number
of countries. The methods for fuel disassembly, the consequences of
higher fuel burn-up and equipment maintenance were the main features of
these programmes.

1.3 Present Plants and Status

Following these developments some metallic fuel plants were
modified to treat oxide fuels by the addition of head-end facilities for
fuel disassembly and dissolution, with the capability of continuing to
treat metallic fuels on a campaign basis. In other countries, plants
were designed and constructed specifically for oxide fuels. These
plants are listed in Table 1 with indications of present status and the
quantity of fuel treated. Of the generation of plants listed in
Table 1, La Hague UP2 France, WAK Germany, Tarapur India and Tokai Japan
remain in operation. The experience in operation, the problems
encountered and the measures taken for improvement have been reported
(Ref.2,3,A,5,6,27).

It has been acknowledged that the great success of the metallic
fuel treatment plants may have led to some over optimism in the design
of plants for LWR fuel. In certain cases the effects of higher
irradiation throughout the operation were underestimated. In some
instances where equipment of sophisticated design was used, particularly
in areas of high activity, operational and maintenance problems were
encountered. Typical examples are the centrifugal contactors and high speed
centrifuges chosen for the particular duties. In other cases design was
not sufficiently robust for remote operations. Lack of clarity in water
shielded processes made some visually controlled operations difficult.



Some of the high standards of engineering set for the metallic
fuel plants were not then used in the LWR plants, and this led to minor
leaks, plugged lines, and consequent delays. In one instance a fluorine
based process involving solids handling was found to be unsuitable for
operation under the demanding conditions of high activity, and the plant
was closed. Some other plants have been closed for technical,
regulatory or political reasons but may renew operation if conditions
change.

Over 1,400 tonnes of fuel have been treated in the plants listed
in Table 1. It is important to note that up to the end of 1983
approximately 1000 tonnes had been treated in those plants which
continue in operation on spent fuel from LWR reactors throughout the
world. In addition to this service, these plants continue to provide
test beds for process development and improved operational and
maintenance methods.

From this experience a basic technology has been established
although details may vary from plant to plant.

2 TECHNOLOGY ESTABLISHED IN PLANTS NOW IN OPERATION

2.1 Transport of LWR Fuel

After a minimum cooling period of one year, the fuel is
transported from the reactor cooling ponds to the treatment site. This
may involve transport within the country of origin, across national
boundaries or overseas, and will involve transit by road, rail or ship.
In the reactor cooling ponds the fuel is placed in transport casks.
These are of heavy steel construction, the shielding effectiveness of
which is sometimes increased by employing lead or depleted uranium
linings. Water, air or gas may be used as the internal coolant. The
outer surfaces of the casks are finned in order to dissipate heat.

The casks are designed and built in such a way that they maintain
integrity under severe accident conditions, preventing release of
radioactive materials and providing protection against exposure to
radiation. World-wide there is extensive experience over a period of



thirty years in the transport of spent fuel by rail, road and sea
including some 3,000 tonnes of spent LWR fuel. These operations have
been carried out safely and without any significant incident.

2.2 Guidelines and Regulations Concerning Fuel Transport

The transport of spent fuel is covered by the IAEA Regulations for
the Transport of Radioactive Materials (IAEA Safety Series No.6) which
was first published in 1961. These regulations are part of the IAEA
Safety Standards which are mandatory for the Agency's own work and for
activities, in Member States. Since 1964 the IAEA has recommended to
Member States and organisations concerned that the Agency's transport
regulations be taken as the basis for national regulations and be applied
to international transport. An amended version of the Regulations was
issued in 1979. The IAEA has established the Standing Advisory Group on
the Safe Transport of Radioactive Materials (SAGSTRAM), which is charged
with providing broad advice and assistance in a continuing review of the
Agency's regulations.

The principal objective of the above regulations is to provide
safety within cask design. For guidelines on sea transport the
International Maritime Consultative Organisation (IMCO) covers stowage
arrangements and acceptable radiation levels in occupied locations aboard
ship.

2.3 Fuel Storage at the Treatment Plant Site

The spent fuel may arrive at the treatment plant site by road or
rail. The fuel is unloaded from the cask and transferred to storage
ponds which provide for further cooling of the fuel prior to treatment
and also act as an operational buffer between the transport and treatment
operations. Storage capacity is provided to cover planned or unplanned
shut-down of the treatment plant.

On arrival at the treatment site the cask and transporter are
monitored to demonstrate that no leakage has occurred during transit. The
transporter enters the fuel receipt building which is normally constructed
as an annex to the storage ponds. The cask is lifted into a cleaning pit,
vented to remove gaseous products of hydrolysis, and flushed internally to
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remove any solids adhering to the fuel or the internal fittings of the
cask. The cask is lifted into the unloading bay and the lid removed
remotely under a depth of water sufficient to provide adequate shielding.
The individual fuel assemblies are then transferred to storage racks
stationed in the unloading bay. The storage racks are then transferred
laterally under water into the storage ponds where they can be manoeuvered
into fixed positions by the overhead crane serving that area. Rack
positions are fixed so that there is no possibility of criticality. The
cask is returned to the cleaning section for thorough decontamination
before being replaced on the transporter. The cask and transporter are
finally monitored to ensure that they meet the radiation limits set for
transit through the public area.

The storage pond at the treatment site is similar to that used at
the reactor site (Ref.7). Single stacking is normal. The ponds are
normally contained within buildings but some outside storage ponds are in
operation. Some ponds are lined with stainless steel and others have a
concrete surface only.

Protective skirts may be fitted to the casks to protect the cooling
fins from contamination by the pond water.

The following support systems are provided for fuel receipt and
storage facilities.

- Pond water cooling system.
- Pond water clean-up system with provision for pH adjustment and

filtration. Cation and anion exchange columns are installed.
- Ventilation system for receipt building and storage pond including

provision for cask venting.
- Waste treatment facilities for cask cleaning liquids, water clean-up

resins and decontamination solutions.

2.4 The Separation Plant

The following main process steps in existing plants are dealt with
in this Section.

- Disassembly of fuel bundle and shearing of the fuel pins.
- Dissolution of the fuel.
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- Separation by solvent extraction of the uranium and plutonium
from fission products and the separation and purification of
the uranium and plutonium streams.

- Treatment of various streams for re-use.
Treatment of wastes prior to packaging.

These process units are normally housed in individual concrete
cells which are joined in one large concrete structure surrounded by an
operating area.

2.4.1 Shearing of the Fuel Pins

After a check on the identity of the fuel and its cooling by
gamma-ray spectrum method, the fuel assembly is transferred from the
storage pond to the shearing cell in a transit flask or by direct
connection from the storage pond to the shear. The shear is a robust
unit normally designed so that the total fuel assembly including end
pieces can be disassembled. The fuel assembly is normally fed
horizontally into the shear by an incremental feed ram and gripped at
each movement by profiled gags. One plant has a vertically fed shear
with horizontally operated blade. The assembly is sheared transversely
by a moving and fixed blade. Gags and the moving blade are actuated by
mechanical linkages driven by hydraulic units all of which are housed
external to the cell. Sealed rams ensure containment of activity within
the cell.

The shearing pack comprised of blades, gags and bearings is
designed to allow replacement of the shear blade or other components.
Disassembly, decontamination and rebuild can be carried out in an area
clear of heavy contamination using specially designed tools. The shear
has been developed over a period of twenty years and with minor
variations has proved very successful in a number of operating plants.
The sheared fuel sections (normally 30 mm to 50 mm in length) fall freely
from the shear together with other debris through a chute into a
collection basket in the dissolver. There is some gaseous fission
product release during the shearing operation and treatment of these
gases is necessary. Some uranium oxide dust is produced and steps are
taken to contain this in the design of the shear. On plants of low
capacity it has been possible to use less sophisticated methods of fuel
disassembly.
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2.4.2 Dissolution

The sheared fuel and associated debris fall via a charge chute
into a perforated stainless basket in the dissolver vessel containing
boiling nitric acid which leaches out the soluble materials contained in
the sheared fuel sections. On larger plants soluble poisons such as
cadmium or gadolinium are added to ensure the criticality control of the
dissolution operation. Oxygen or air is fed into the off-gas stream to
allow recovery of the nitrogen oxides. The gases pass to a condenser and
scrubber system. Off-gases from the dissolver consist mainly of water
vapour, nitric acid containing dissolved fission products, tritiated
water, nitrogen peroxide together with Kr-85 and 1-129. Experience has
been gained with methods for absorption of iodine.

The specific gravity of the solution is measured to follow the
rate of dissolution. When the dissolution is completed the product
solution is transferred by vacuum lift or steam jets to the clarification
section. Dissolvers are normally of simple tube design, but in one plant
two dissolver tubes are connected by a slab tank and the baskets arranged
for bottom discharge.

2.4.3 Hull Washing

The basket containing the leached cladding (hulls) and end
sections is then washed in situ with a fresh nitric acid charge. The
basket is removed from the dissolver and passed to the hull monitor where
undissolved oxide fuel can be detected and if necessary further leaching
is carried out in the dissolver. The washed hulls and debris are tipped
from the perforated basket into a container for storage under water prior
to further treatment.

2.4.4 Dissolver Solution Clarification

After the dissolving operation the liquid in the dissolver
contains a proportion of insoluble metallic fission products, mainly
zirconium, palladium, ruthenium, traces of plutonium oxide and fine
particles of cladding material. Experience in plant operation has shown
the desirability of removing these solids before solutions enter the
separation process and a decanter followed by a filter device or a
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centrifuge is used for this purpose. A centrifuge machine has been
developed with special features to facilitate removal operations and
maintenance and has been tested in an operational plant. Separated
solids are transferred to the High Level Liquid Waste System.

The clarified solution is passed to hold-up tanks to enable
detailed analysis to be carried out and the uranium and plutonium content
determined accurately. This measurement is essential for nuclear
materials control and safeguards purposes.

2.4.5 Separation, Co-decontamination and Partition

The separation of uranium and plutonium from fission products, the
separation of the uranium from plutonium and the purification of the
separated uranium and plutonium is carried out by solvent extraction
using variations of the Purex flowsheet. This has been operated
world-wide for over twenty years.

The solvent used is tri-butyl phosphate (TBP) in a diluent such as
odour-less Kerosene (OK).

The solution from the analytical hold-up tanks is adjusted for pH
in a conditioning vessel and from this point all flows are continuous.
The solution is fed to the first extractor where more than 99.5% of the
uranium and plutonium are extracted into the solvent phase while 99.5% of
the fission products are removed in the aqueous phase and sent to the
high level liquid waste system. The solvent phase is then scrubbed by
nitric acid to remove some of the remaining fission product activity. In
the subsequent operation the valency of the plutonium is adjusted to the
trivalent state and the uranium is separated in the solvent phase and the
plutonium contained in the aqueous phase. The solvent is washed with
nitric acid to return the uranium to the aqueous phase which is then
reduced in volume in an evaporator.

2.4.6 Uranium Purification

Two cycles of solvent extraction purify the uranium from plutonium
and fission products. In these cycles the uranium is re-extracted into
the solvent phase by adjusting the nitric acid content and reducing the
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trace plutonium to a non-extractable state by the use of reducing
agents. Final "polishing" operations may be used to remove certain
residual fission products in order to meet the required purity
specification for feed material to enrichment plants.

2.4.7 Plutonium Purification

A minimum of two cycles of solvent extraction are used to purify
the plutonium to the required specification for MOX fuel in either
thermal or fast reactors. Titanium evaporators of geometrically safe
design may be used to reduce the volume of the plutonium solution for
economic storage prior to conversion.

2.4.8 Contactors

The following types of contactor have been used in the solvent
extraction process, and are described in the general literature.

- Pulsed columns
- Mixer settlers
- Centrifugal contactors

2.4.9 Solvent Purification for Recycle

The solvent is subject to irradiation in the solvent extraction
process and this is particularly intense in the codecontamination and
partition step. The TBP and the kerosene undergo radiolytic and chemical
degradation. The impurities, if not removed, form complexes with
plutonium, uranium and certain fission products and would result in a
reduction in decontamination efficiency. Treatment of the solvent to
remove the degradation products is therefore essential before recycle. A
simple form of contactor is adequate for this process. The solvent is
washed with sodium carbonate solution to remove traces of uranium,
plutonium and fission products in addition to the degradation products.
This is followed by a sodium hydroxide wash. The solvent is washed with
dilute nitric acid to neutralise the alkali and assist disengagement of
the solvent phase from the aqueous wash raffinate. Filtration may follow
to ensure the efficiency of separation. The aqueous wash liquors are
then passed to appropriate evaporator systems for concentration and
preparation for waste storage.
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2.5 Treatment of Wastes

2.5.1 High Level Liquid Waste

This waste stream consists of the aqueous raffinate leaving the
first contactor of the co-decontamination and partition section of the
plant. It contains more than 99.5% of- the radioactivity of the fission
products originally present in the fuel. The raffinate is concentrated
by evaporation and passed to cooled storage tanks before conversion to
solid form for long term storage prior to disposal. The condensate is
further concentrated in an intermediate level evaporator from where the
condensate is passed to an acid recovery plant for recycle in the
separation process and the concentrate is treated prior to storage or
recycled to the first evaporator. There is a history of successful
evaporation of high level liquid wastes and the storage of concentrates
(Ref.8). Concentration is limited by salt content and heat release which
may cause problems in transfer operations from the evaporator.

Waste liquors from extraction and purification stages contain a
small quantity of organic solvent and when an evaporation process is used
the possibility of a violent reaction of this material when in contact
with concentrated nitric acid at elevated temperatures must be
considered. The system can be made acceptably safe by ensuring the
absence of free solvent, minimizing the acidity in the concentrate and
ensuring that the temperature at any point in the process does not exceed
130°C. Before evaporative treatment, removal of solvent from waste
liquids is generally achieved by gravity separation followed by steam
stripping.

2.5.2 Intermediate Level Liquid Waste (Sometimes referred to as medium
active liquid waste)

A number of intermediate level liquid wastes arise from the various
stages of extraction and purification and supporting processes such as
cask decontamination. Depending upon the exact flow sheet used these
wastes can be segregated by level of activity or by classification as
salt-free or salt-bearing and an appropriate evaporator chosen for
concentration of these liquids prior to final treatment and storage.

16



2.5.3 Low Level Liquid Waste

There are low level liquid wastes arising from the various sections
of the fuel treatment plant which will in normal conditions contain only
very small amounts of inert chemicals and radionuclides.

Some plants sited adjacent to large bodies of water are permitted
discharges which lessens the requirement for recycle and evaporation.
Inland facilities require nearly all liquid wastes to be retained on site.

2.5.4 Organic Waste

After prolonged recycle, due to high radioactivity level, the
decision may be taken to discard the solvent which is then treated prior
to storage.

2.5.5 Gaseous Waste

Gaseous wastes arise from the shearing and dissolution process and
to a lesser degree from the vessel ventilation system. In current
practice and on the present scale of operation the off-gases are
discharged to the stack after scrubbing and filtration. However there is
an increasing need to reduce the level of discharge of activity as the
output from treatment plants increases and improved processes are under
development which will be described in a later chapter.

2.5.6 Solid Waste

Dissolver solids will be incorporated in the high level waste
system. Leached hulls are stored under water and development programmes
have been established for incorporation of hulls in matrices of various
types for interim storage and eventual disposal.

In addition there are intermediate and low level wastes arising as
equipment and materials from maintenance and decontamination operations.
These are segregated as combustible or non-combustible material and
either incinerated or stored in the form that they arise.
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2.6 Summary of Information Acquired

The information acquired from operation of the plants for
treatment of LWR fuel can be summarised as follows:

Confirmation that the chop and leach stage is satisfactory for the
head end process, that the shearing operation can be carried out
efficiently and safely and that the shear machine can be
adequately maintained.
Confirmation that the Purex flow sheet is suitable for the
separation of uranium, plutonium and fission products in fuel
discharged from LWR reactors.

- The clarification of dissolver liquids is necessary.
- The different types of contactors can be assessed.
- The experience gained in the treatment of waste streams will assist

consideration of future policy for the treatment, storage and
disposal of wastes.
There is an improved knowledge of design, operational and
maintenance requirements.

- R and D programmes have been defined to improve future plant
performance.

- Experience of detailed plant requirements, plant availability,
plant operation and staffing levels has provided an improved basis
for the cost of treatment.

3 MAIN FEATURES OF THE NEXT GENERATION OF TREATMENT PLANTS

3.1 Programmes

The Expert Group on International Spent Fuel Management found that
on the basis of information supplied at March 1981, the cumulated LWR
spent fuel arisings world-wide would be of the order of 110,000 tonnes by
1995 and 170,000 tonnes by the year 2000. These figures were some 22%
lower than the estimates made at the time of INFCE due to reduction in
nuclear growth forecasts in several countries, but the trend was
reaffirmed.

The results of these studies and the clear indication that some
countries would follow the treatment option confirmed the potential market
for provision of treatment services and the probable requirement for
expansion of facilities.
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Contracts for treatment services have been concluded that require
expansion of present capacity. These contracts are often investment
related and include financial involvement by utilities in the capital
required for plant construction. The owner of the treatment plant
normally requests the option to return any waste to the country of origin
of the fuel, providing that the waste can be made into a suitable form for
safe transport and storage.

A number of countries have announced their plans for the
construction of new treatment plants for LWR fuel during the next decade.
In the case of some projects, design and construction is in progress and
others are at the planning stages only. The programmes in the various
countries are now discussed.

3.1.1 France

In France the UP2 plant at La Hague will continue in operation at
the present level of throughput. Construction of a new plant designated
UP3 was commenced in 1982, and it is planned to commence active testing in
1988. The capacity will be 800 tonnes per year. In parallel the present
UP2 plant will be modified to incorporate the improvements planned for UP3
and its capacity extended to 800 tonnes per year by 1990. The complex at
La Hague will include spent fuel storage of 10,000 tonnes total capacity,
conversion plants for uranium and plutonium and a vitrification plant for
high level liquid wastes. The general services, effluent treatment plant
and general infra-structure will be optimised and extended to serve both
UP2 and UP3 plants. The programme includes for the treatment of fuel from
countries other than France. The operator will be Compagnie Générale des
Matières Nucléaires (COGEMA) (Réf.9,10 & 32).

3.1.2 Federal Republic of Germany

The WAK plant at Karlsruhe will continue in operation following the
repairs and remedial work carried out in 1982. Two interitn spent fuel
storage facilities each with a capacity of 1,500 tonnes are undergoing
licensing formalities and one of them is under construction. The original
plan to construct one 1,400 tonnes per year treatment plant was abandoned
as the nuclear power programme had been considerably reduced. In addition
it was decided that it was not essential to have all the back end
facilities at one site. This opened the way to consider the construction
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of one or several smaller treatment plants in various states of the
Republic. DWK has investigated the siting of a 350 tonnes per year plant
and application has been submitted for plant construction at a number of
locations. Technical planning of the facility known as WA 350 is now in
progress with a schedule for the completion of construction in 1992.

The operator will be Deutsche Gesellschaft für Wiederaufarbeitung
von Kernbrennstoffen m.b.H. (DWK) (Ref.11,12 & 35).

3.1.3 India

The treatment plants process spent fuel from BWR and PHWR systems.
The Tarapur plant (0.5 tonnes per day) will continue in operation. A new
plant is being designed with a capacity of 0.5 tonnes per day which will
be located at Kalpakkam. In India the problems of transporting heavy
spent fuel casks over long distances are formidable. This has led to the
present concept of multiple smaller capacity plants located as close as
possible to the reactor sites, although this concept may change in favour
of central large plants if the growth and size of the domestic nuclear
power programme warrants this in the future (Ref.13).

3.1.4 Japan

The plant at Tokai will continue in operation. A new company Japan
Nuclear Fuel Services (JNFS) was formed in 1980 and will be the owner and
operator of all treatment facilities. The objective will be to cover
domestic requirements from the 1990's. A plant with an annual throughput
of 800 tonnes will be constructed and commissioning is scheduled for the
mid 1990's.

3.1.5 United Kingdom

A new plant designated THORP is under design and construction by
British Nuclear Fuels Ltd (BNFL) at Sellafield. The plant will have a
nominal capacity of 1,200 tonnes per year for LWR and AGR fuel and
operation will begin in 1990. The complex will include spent fuel
storage, a separation plant, facilities for the conversion of uranium and
plutonium to oxide and plants for the treatment of wastes. The capacity
of spent fuel storage at the site will be raised from its existing level
of 2,900 tonnes to 6,400 tonnes by 1987. The plant will treat fuel from
the UK and from other countries (Ref.14,15).
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3.1.6 Belgium

The plant at Mol may be re-opened after modification in order to
meet current needs. The capacity will be about 100 t/y by 1986-87, and
treatment of MOX fuel will be possible at a reduced throughput.

3.1.7 United States of America

The plant at Barnwell was partially completed in 1976 by Allied
General Nuclear Services but it has not operated on irradiated fuel
because of economic, political and regulatory problems. A study by
experts has concluded that Barnwell could operate at a capacity of 1,200
tonnes per year provided that recommended modifications are made to
increase plant reliability and maintainability and to meet current
regulatory requirements and that the normal pre-operational testing
programme is completed. As a result of a development programme between
1970 and 1980 the nuclear safeguards techniques and physical protection
measures incorporate advanced concepts. Future operation of this plant is
unlikely (Ref.16,17).

3.2 Spent Fuel Data

Typical specifications for spent fuel that will be delivered to
future treatment plants are as follows.

Burn-up rate (MWD/t)
Initial enrichment (% U-235)
Final Plutonium content (% Pu in HM)
Dimension of Fuel Assembly

Total length (mm)
Cross-section (mm)

Cladding material

PWR fuel
1000 MW(e)
33,000-37,000
3.0-4.4
0.9-1.1

3200-4827
197-230
Zircaloy 4

BWR fuel
1000 MW(e)

22,000-28,000
2.5-3.5
0.8-1.0

4470
138-153
Zircaloy 2

The shapes of LWR fuels are shown in the Appendix (Fig.3).
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3.3 Spent Fuel Transport

As a result of contracts for treatment of spent fuel between
utilities in many countries and treatment plant operators in France and
the United Kingdom, the transport of spent fuel has become international
in character. With the addition of fuel movement to Away from Reactor
Storage, the business is developing rapidly and is often operated by
multi-national companies. Considerable resources have been allocated to
the development of transport casks in order to improve the capacity,
overall weight ratio, cooling efficiency and ease of decontamination.
Casks are now in service that will carry up to 12 PWR elements or 32 BWR
elements with a laden weight up to 110 tonnes. Casks are available that
can be used for both transport and storage operations. Liquid filled
casks and gas filled casks are used for transport, but on the grounds of
operational efficiency at the treatment plant some restrictions on the
type of cask and detailed design now exist. Considerable emphasis is
placed on regular maintenance with detailed inspection and documentation
of these activities.

The methods of cask construction are continuously under review to
reduce manufacturing costs. Welding may be eliminated by the use of a
single forging.

The casks are subject to stringent safety requirements including
free-fall tests and fire tests. Demonstration of the ability of casks
now in general use to survive high speed collisions was carried out at
Sandia National Laboratories in the United States of America on behalf of
the transport operators. In the UK a demonstration high-speed rail crash
involving a spent fuel cask has provided further confirmation of the
integrity of these casks under severe accident conditions.

Casks represent a high capital investment and while it is
necessary to give assurance of availability to the reactor operator,
careful consideration must be given to transport times and costs, turn
round times at reactor and treatment plants, and number of casks in
service in order to optimise the complete operation.

Spent fuel casks will continue to be delivered from the reactors
to the new treatment plants by road, rail or water.
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The characteristics of spent fuel casks in many countries have
been listed and the status of the transport operation reviewed
(Ref.18,19,29 & 30). The vehicles used to transport the fuel by road and
rail are heavy units but are not greatly different from those moving
similar heavy loads for other industries. They will have special load
fixing arrangements and may be subject to movement control in order to
meet regulatory requirements. There has been considerable development and
expansion in rail transport in Europe.

The most rapid development has been in the transport of spent fuel
by sea. Special ships have been constructed for transport in national
waters and for longer journeys from Japan and Sweden to plants in France
and the United Kingdom. A typical ship specification evolved between the
countries directly concerned is for a vessel of about 3,000 tonnes dead
weight, 100 metres overall length, 16 metres beam, 9.5 metres depth and
5.5 metres draft with Lloyds 100 Al classification. In order to provide
greater safety at sea, specific features of construction include
additional bulk heads, double bottom structure, strengthening of hull and
tank-top structure. Other features included are those specified to
reduce the risk of the ship becoming disabled and to improve the accuracy
of ship positioning, information and communication. Eight ocean-going
vessels now in service are listed in Table 2.

The Guidelines and Regulations concerning Fuel Transport have been
dealt with in Chapter 2. Most countries use the IAEA Regulations as a
basis for their national regulations, but some countries do not use the
regulations as proposed in their entirety and incorporate both technical
and procedural variations in their national regulations. The consequence
to international transport of spent fuel is that a cask approved by one
country may not necessarily be accepted by another country and delays of
a year or more can be experienced in obtaining total clearance for a
transport operation.

It should be noted that the Final Report of the Expert Group on
International Spent Fuel Management recommended that in the area of spent
fuel transport the IAEA should carry out the following activities:

Continue work on transport regulations and aim to promote
harmonisation of national regulatory procedures.

23



Participation in possible development of international
regulations to cover the safety and design of transport
vehicles.
Compilation of a comprehensive list of codes, guidelines and
arrangements related to the storage and transport of fuel.

A Guidebook on Spent Fuel Transportation will be published by the
IAEA.

3.4 Spent Fuel Receipt and Storage

Considerable experience has been gained at treatment plants in the
storage of spent fuel in water ponds and it is probable that for those
plants coming into service in the next decade this system will be used.
Fuel receipt and unloading are expected to follow existing practice. In
the new facilities the emphasis will be on the reduction of operator
exposure and environmental discharges, and efficient cask decontamination
and maintenance procedures in order to reduce overall turn round times.

Existing storage ponds will feed the new plants by the use of
internal transit casks but the new ponds will be directly linked by
conveyor to the treatment plants and additional handling thereby avoided.

LWR fuel in the Sellafield ponds in the United Kingdom is stored
in multi-element, stainless steel "bottles" which are also used in the
Excellox casks during the transport operation. This measure reduces
contamination of the pond water, aids flask decontamination and reduces
handling, but involves additional investment.

Various dry systems for fuel storage are being developed, mainly
for Away from Reactor Storage and these may have application for future
treatment plants. The dry storage systems may be summarised as follows:

Surface Caisson Storage
Sub-surface Caisson Storage
Cask Storage
Vault Storage

The costs and main features of dry and pond storage systems were
reported in Ref.20,28.
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3.5 Process and Plant Description

A number of treatment plants will be operated on a commercial
basis and for this reason the information published on details of process
and equipment is limited. Status reports on the technology in the new
plants are found in Ref.9,14,17,34,35 & 36. Improvements in the new
plants will be aimed at:

Reduced operator exposure
Increased efficiency and flexibility of operation
Reliability and maintainability
Reduction in discharge to the environment
Waste treatment and packaging
Safeguardability and control of nuclear materials

Extensive research and development programmes have been initiated
in a number of countries to promote these objectives and to provide
information for the design and operation of future plants (Réf.10,14).

The outline process will follow established practice. The shear
and dissolution stages will be followed by variations of the Purex
separation process. The waste treatment stages will provide
solidification processes for reliable long term storage or disposal.

The information published indicates a broad similarity in the
technology of the large plants under design and construction. A general
process is described in the following sections with specific variations
noted for the individual plants.

It should be emphasized that changes in detail may occur as the
design of these plants proceeds.

3.5.1 Fuel Cooling Time

In the past, treatment plants have been designed to process fuel
having a cooling time of 1 to 2 years but longer cooling time is now
being specified. This arises from higher burn-up of the fuel and from
the changed situation in which additional storage capacity has been
provided for the future plants.
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UP3 will be designed for treating LWR fuel having a cooling period
of three years after discharge from the reactor on the basis of the
burnup rate of 33,000 MWD/t. THORP will be designed for treating LWR
fuel after a minimum cooling period of five years for the higher burn-up
fuels and minimum of three years cooling for domestic AGR fuel.

3.5.2 Chop and Leach

The fuel will be checked to determine fissile content and cooling
time. The assembly will either be carried in a transit flask or
transferred directly from the storage pond by a mechanical conveyor and
introduced horizontally into the shear cell. The cell will include
remote dismantling and decontamination sections for repairing and
reassembling shear packs and remotely controlled cranes and manipulators
for general maintenance. Depending on design decisions the shear blade
will operate either vertically or horizontally and will cut the fuel into
approximately 50 mm lengths. Only minor improvements in detail will be
necessary to the present successful design of shear units.

3.5.3 Dissolution

In THORP the fuel and debris will be discharged through a chute
into a basket suspended inside one of three batch dissolvers in a
separate cell. The fuel will be fed to the dissolver at a controlled
rate, and the cycle will include a period of boil-off to remove iodine at
an early stage and prevent it reaching the solvent extraction section of
the plant. Gadolinium nitrate will be added to the batch tank feeding
the dissolver in order to prevent criticality.

In UP3, as a result of some ten years intensive development and
trials a continuous rotary dissolver will be used offering several
advantages concerning the chemical process, equipment operation and
higher production capacity without the requirement to poison the leach
liquor. Zirconium will be used as the material of construction.

In the WA 350 plant, a tubular dissolver with a slab-tank
circulatory system is proposed.

The dissolver off-gases will be treated in a separate cell.
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3.5.4 Clarification

The dissolver liquors will be transferred to a feed clarification
system where the undissolved solids will be extracted by a centrifuge.
In UP3 and THORP a suspended bowl centrifuge will be used. The possible
alternative of magnetic gradient separation is mentioned in the
literature (Ref. 42), and its use could avoid high speed rotating
equipment at a stage in the process which is associated with the highest
activity. The fines retained in the centrifuge will be transferred to
the high level waste vitrification stage or encapsulated as intermediate
level waste. The clarified liquor will flow to accountancy tanks for
analysis.

3.5.5 Hulls

The leached hulls in the dissolver basket will be removed from the
dissolver, washed, monitored, discharged into drums and transferred to
interim storage. To match the continuous dissolver, a continuous hull
washer will be used in UP3. A gamma-ray monitor and other NDA
instrumentation will be used to detect the quantity of residues left on
the hulls.

3.5.6 Separation, Co-decontamination and Partition

This section of the plant will in general follow present Purex
practice. The first separation cycle with the separation of fission
products from uranium and plutonium will be followed by purification
cycles for uranium and plutonium with associated solvent wash cycles
(Fig.2). In general, 30% TBP in odour-less Kerosene will be used as the
solvent.

U(IV) stabilized with hydrazine will be used as the reductant for
the separation of plutonium. This will provide a salt-free main line
process which will give greater flexibility in effluent handling.

In the Barnwell plant the partitioning of uranium and plutonium is
accomplished by electro-chemical means in equipment known as the
electrolytic pulsed column. Similarly an electrolytic partition device
will be used in WA350 plant following successful development trials in
WAK.
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Pulsed columns will be used as the contactors in the separation
and purification sections of the plant. Their use will assist
criticality control because of their geometry, and will also minimise
radiation damage to the solvent in the first cycle extraction because of
their comparatively short residence time. There is a history of
successful operation using pneumatic pulsing and very extensive
development and testing programmes have been carried out to confirm the
detailed design and behaviour of these columns. In the first extraction
cycle of the UP3 plant a geometrically safe annular pulse column will be
used.

It is reported that in THORP, mixer settlers will be used for
uranium purification as they have proved very flexible and reliable in
operation and the problem of solvent damage does not arise at that stage.

3.5.7 Uranium Purification

The uranium nitrate stream will be further purified by solvent
extraction in order to remove plutonium, neptunium and remaining fission
products and to meet the requirements for feed material to the enrichment
plants. The uranium finishing process consists of concentration and
thermal denitration to U0„.

3.5.8 Plutonium Purification

The plutonium nitrate solution will be purified by solvent
extraction and will then be evaporated and stored in geometrically safe
tanks prior to conversion to plutonium oxide for use in other fuel
processes (Ref. 41).

3.5.9 Solvent Purification and Recycle

Solvent purification will be carried out by counter current
washing of the solvent with heated alkaline solution in standard mixer
settler equipment and then treatment with dilute nitric acid before
recycle in the plant. The solvent from the various separation and
purification cycles will be treated separately to minimise cross
contamination of the products and to optimise shielding thickness.
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In UP3 vacuum distillation of the TBP/OK will be carried out and
the volume of salt containing effluent thereby reduced.

If solvent is degraded to a point where recycling is not possible
it will be stored awaiting final treatment.

3.6 Treatment of Wastes

3.6.1 High Level Liquid Waste

The highly active waste liquors from the first separation cycle
will be collected in a raffinate tank prior to metering to a continuous
feed, batch take-off evaporator. The concentrate will be stored in large
high integrity tanks, with double shell protection and water circulating
through several independent cooling coils in each tank and also through
the secondary containment jackets. Pulsed mixing devices will be
installed. All cooling water will be continuously monitored and pumps
will be duplicated and connected to high integrity electrical supplies
(Ref. 37). After a suitable cooling period the liquors will pass to an
AVM type vitrification plant or other types of plant now under
development where the highly active fission products will be incorporated
into glass and then poured in molten form into metallic cylinders which
can be economically and safely stored until acceptable methods for final
disposal have been developed. The overheads from the evaporator will
pass to the intermediate level waste system. Preliminary examination of
the requirements for vitrified waste transport indicate that the waste
containers could be transported in flasks similar to those used for spent
fuel.

3.6.2 Intermediate Level Liquid Wastes

Intermediate liquid wastes arise essentially from three sources.
- Aqueous raffinâtes from the uranium and plutonium purification

cycles.
- Aqueous raffinâtes from solvent washing.
- Plant wash-out.

These streams will be concentrated by evaporation which will allow
recovery and recycle of nitric acid (Fig. 2).
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The concentrates of higher radioactivity will be routed to the
high level liquid waste system and other concentrates will be stored to
allow further decay of radioactivity. These latter concentrates may be
discharged to the environment if this is permissible or encapsulated into
solid matrices for eventual disposal. A variety of matrix material is
under consideration including cement, bitumen and plastics.

3.6.3 Low Level Liquid Wastes

Very low activity streams will be neutralised, monitored and
discharged to sea under regulatory control. Those of a somewhat higher
level activity will be evaporated to a reduced volume for interim delay
storage. An effluent treatment plant will be available in order to meet
site discharge regulations. An ion-exchange plant, initially designed to
remove caesium and strontium, is described in Ref. 43.

3.6.4. Solid Wastes

Solid waste of high or medium activity will probably be
incorporated in bitumen or concrete but in any case will be stored in
retrievable facilities prior to final disposal. Lightly contaminated
solid waste from maintenance or decontamination operations will continue
to be routed to shallow land burial. Incineration methods are being
developed to reduce the volume of stored waste. An estimate of the
wastes arising from the treatment of LWR fuel is shown in Table 3. The
topic of plutonium contaminated wastes, with proposals for reduction in
arisings, measurement and treatment is covered in Ref. 40.

3.6.5 Treatment of Dissolver Off-Gases

Very few details of dissolver off-gas treatment for the new plants
have been published. The status of development work in relation to
off-gases is summarised in the following sub-paragraphs.

3.6.6 Iodine

The removal of radio iodine at treatment plants is covered in
Ref.21. Most of the Iodine 129 will volatilize during the dissolving
process and therefore will be present in the dissolver off-gases. Iodine
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131 removal is unlikely to be necessary due to the cooling period of the
fuel. Whether iodine removal at later stages in the process is required
will depend on local regulations concerning release in normal operation
or in the case of an incident.

The caustic scrubbing method for iodine removal is well developed
and low in cost but produces a radioactive salt effluent requiring
storage. Further development of separation and immobilisation steps will
be necessary.

The use of solid absorbents such as silver impregnated materials
has the advantage of low waste volume but the disadvantage of high cost.
Another disadvantage is that the off-gas must be heated to 150°C and the
materials retained at that temperature. Some experimental experience has
been gained on this process.

The precipitation method under development has the advantage of
concentration in a form suitable for solidification as glass or a
metallic matrix. The process for precipitation of Pbl~ will be used in
UP3.

3.6.7 Krypton

The topic of Krypton removal from treatment plant off-gases is
considered in Ref.22.

Approximately 10,000 curies of Krypton 85 per tonne of LWR fuel
are released during the shearing and dissolution operation.

In most countries discharge limits have been established in
accordance with ICRP regulations. The total quantity of Krypton 85 does
not normally reach these discharge limits.

In some cases discharges are considered acceptable on the basis of
the output from plants currently being designed and constructed but it
has been stated by some operators that Krypton removal will be fitted if
the technology for removal and retention is available at an appropriate
time. In other cases there has been a recommendation that the Krypton 85
release should be limited. In the Krypton removal concepts under
development, cryogenic methods are preferred and in all cases aerosol and

31



Iodine removal are necessary. Small industrial plants are in operation
in the Federal Republic of Germany and Japan (in association with the
Tokai plant). These plants are complex and their performance and
reliablity must be assured before their application to larger industrial
scale treatment plants can be considered. Experimental plants are also
planned or in operation in Belgium, France, Federal Republic of Germany
and United States of America. The fluorcarbon absorption process is also
being considered in a number of countries.

The retained Krypton 85 can be stored in pressurised containers in
engineered storage facilities. Alternatively the Krypton 85 may be
encapsulated in a solid in the form of a metal matrix or adsorbed on
molecular sieves.

3.6.8 Carbon-14

Retention of Carbon-14 is covered in papers reported in Ref.23.
Carbon-14 release from treatment plants is not regarded as an urgent
problem on the scale of presently planned operations, but it is
considered that retention may be required at some future date.
Development work has included a wet slurry process using Ca(OH) with
fixation of C-14 as CaCOo, or fixation of C-14 on beds of Ba(OH)2-

3.6.9 Tritium

About 60% of the Tritium is found in the leached hulls and 40% is
contained in the fuel.

In the plants under design and construction Tritium will be mainly
present in and discharged with the hulls or liquid and gaseous effluents
from the plants. At inland sites concentration and storage of Tritium
may be necessary in the future.

Development work on separation and concentration of Tritium is
described in papers Ref.23.

A high temperature treatment of the fuel, for example
voloxidisation, may be followed by an adsorption on molecular sieves. As
an alternative, an electrolysis- exchange process for isotopic enrichment
and separation of Tritium from the aqueous effluents has been proposed.
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Another proposal envisaged modifications to the Purex flow sheet. The
modifications are aimed at restricting the Tritium contamination to a
small area of the plant and to concentrate the Tritium in a small volume
of tritiated water. Tritiated acid and water recovery systems and some
recycling of tritiated aqueous phases are proposed.

3.7 Plant Design and Engineering

3.7.1 Site and Plant Lay-Out

The site will have good access by road and rail, and an adjacent
port for receipt of fuel shipments when treatment of fuel from countries
overseas is programmed or domestic reactors have coastal locations. The
site will be subject to special security measures in the form of fencing
and controlled entrances and exits, to meet the requirements for physical
security set by the Government.

The site will include fuel receipt facilities, fuel storage ponds,
buildings for separation and purification of uranium and plutonium, and
for conversion of these products to the form required for fuel
manufacture or interim storage. Ancillary waste processes such as
vitrification, evaporation and interim storage of intermediate and low
level active liquors may be accommodated within the main treatment
building or situated adjacent to it. A site effluent treatment plant and
a retrievable solid waste storage will be provided.

In the case of mixed oxide fuels there is a good case for
including the coconversion and fuel manufacturing facility within the
site on grounds of physical security, materials control, safeguards and
optimisation of waste treatment.

Consideration of site layout will need to take into account a
balance between the desirability of short inter-connecting lines between
the various stages of the process and flexibility to accommodate new
requirements arising from changing regulations, technological
improvements or commercial opportunities during the life of the plant.

In the plant layout the active process cells will be segregated
from the operational control centre and the inactive feed sections of the
plant. Individual process steps will normally be accommodated in
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separate cells. Controlled access will be provided to the cells where
the maintenance policy requires this, but in all cases adequate access
will be provided for the purpose of plant construction, inspection and
testing. Certain equipment requiring maintenance will be housed in
secondary cells or galleries. Some highly active sections of the plants
may be duplicated to provide standby capacity, maintenance flexibility
and maximum plant availability. This decision will depend upon the
maintenance arrangements that are envisaged.

3.7.2 Standards for Manufacture of Equipment

Stainless steel will be the normal material of construction
throughout the plant with materials such as titanium used in special
applications when product purity is essential.

In order to ensure high integrity, the manufacture of materials
and plant fabrication and construction will be carefully controlled and
certified at all stages.

All equipment that will contain active materials will be
manufactured to very high standards. Wherever possible, pipelines will
be welded by controlled automatic processes. Vessels and pipe-work will
be subject to X-ray examination with high standards set for acceptance of
the finished work.

A final examination of the complete system will be made to ensure
that no potential source of blockage has occurred during the construction
stage.

3.7.3 Process Control and Instrumentation

The experience with process control and instrumentation on
existing plants has provided a valuable background for design of the next
generation of plants.

The control of the plant will be based on a constant ratio of
uranium or plutonium flow to solvent flow in each extractor and on the
measurement of fissile materials in the waste outlet streams. The
remainder of the instrumentaton will cover nuclear safety monitoring,
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further waste stream monitoring and process information to assure the
operator that no unforeseen conditions have arisen.

Development programmes for various safety, criticality and process
control instruments are well advanced and are aimed at improvements in
the following areas:

(i) Control of Inactive Feeds.

(ii) Measurement of Plutonium Concentrations. Indications are
that neutron counting will be used for product streams and
alpha counting for raffinate streams with the exception of
high level raffinâtes.

(iii) Measurement of changing flowsheet conditions by temperature
profile, neutron profile and spot sampling.

(iv) Ultra-sonic devices.

(v) Uranium/acidity measurement,

(vi) Electrode potential measurement for certain pH measurement.

(vii) Measurement of uranium in raffinate in areas of high
activity.

3.7.4 Containment of Radioactivity

There will be a number of barriers between the radioactive process
material and the environment. The radioactive material will be retained
in vessels or pipes of high integrity. The system will be vented to
appropriate off-gas retention plant or the vessel ventilation plant which
will be fitted with filter barriers. The equipment will be housed in
concrete cells which will in turn be lined with stainless steel to the
extent that the volume of liquid which could leak from the equipment will
be retained in the cell* In general the shielded cells will be
surrounded by an operational area. All penetration of the concrete cell
walls will be sealed and the structure and materials of the concrete
cells will be designed to minimise leakage paths. The cells and
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equipment of the plant will be maintained under negative pressure by the
ventilation system so that, in the event of any minor leakage path, the
air flow will be from the operating area into the various containment
areas, and always from areas of lesser activity to areas of higher
activity.

Where transfer of radioactive liquid between plant buildings is
required, this will be carried out in co-axial pipes contained in
concrete ducts. The interspace between the co-axial pipes will be
monitored to check if leakage has occurred. Cooling water and steam
condensate from jacketed vessels or those containing coils will be
monitored before discharge.

3.7.5 Maintenance of Plant

Due to the presence of radioactivity and precautions required,
maintenance of separation plant can be lengthy and expensive, and a
primary source of radiation exposure to personnel. It may also be a
source of additional radioactive liquor wastes from cleaning operations
and radioactive solid wastes from temporary barriers and cleaning
materials. The methods of maintenance will therefore be studied at the
time of the basic conception of the plant, and will have considerable
impact on the choice of equipment and layout of the facilities. The
radioactive sections of the plant will be designed on the principle of
minimum maintenance. This will influence the choice of process,
favouring the minimum of mechanical handling, restricted temperatures,
and the use of reagents presenting the least corrosion problems. In the
plant concept, this principle will lead to the choice of equipment with
the minimum of moving parts in the cells and the location of high
maintenance prime movers outside the cells.

The requirements for high integrity in plant construction assist
in minimising maintenance requirements. The history of treatment plant
operation has shown that investment in resources to ensure high standards
of fabrication have resulted in reduced down-time and other associated
savings.

Those sections of the plant where such operations as fuel
disassembly are carried out, and where moving parts cannot be avoided,
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will be housed in cells specially equipped with remotely operated
maintenance equipment. These will be capable of carrying out specific
repair work or removing units from the plant into adjacent
decontamination and repair cells. Closed circuit television and other
viewing aids will be used (Ref.48). The dissolution section of the plant
may have similar maintenance arrangements.

In the highly radioactive areas of the treatment plant such as the
first cycle of extraction, operations are carried out in the liquid form
and the aim will be to achieve a zero maintenance requirement for the
cells. This may be accomplished by the choice of materials of
construction, attention to detailed design to avoid the possibility of
plugging, the use of liquor transfer equipment other than pumps and the
avoidance of valves. As a result of major development programmes fluidic
devices will be used for liquid transfer and control. Various lifting
devices are now available to treatment plant designers delivering from a3few litres per minute to 20M per hour at heads up to 30 metres (Ref.
44).

Where auxiliary equipment must be subject to inspection and
repair, it may be housed in subsidiary annexes, built on to the cell
walls and having access from the special maintenance area galleries.
Emergency access to the cells will be provided in case of unforeseen
incident.

In the WA 350 plant concept there is an alternative approach to
the maintenance problem. It is proposed to use the Remote Handling
Module Technique which is being developed from experience in other
relevant plants. This system would apply in highly active solvent
extraction, high level liquid waste evaporation, plutonium purification
and intermediate level liquid waste evaporation. The sections of plant
listed would be located in two large parallel cells with equipment
positioned along the walls of the cells so that plant items can be
remotely replaced (Ref. 49).

In areas of lower radioactivity, some limited access will be
possible for maintenance, and there can be a relaxation in design
standards, specification and quality assurance levels. However, the cost
of down-time to clean out the plant, and the increased radiation exposure
to personnel, if breakdown occurs, must be balanced against the savings
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resulting from relaxation of construction requirements. Access to these
areas will also be an advantage if later plant replacement or
modifications are needed.

Evaporators used for strong nitric acid solutions will present a
special problem. It may be possible to modify the process to reduce
corrosion conditions, or use materials of higher corrosion resistance
than the stainless steels used in the remainder of the plant. If regular
replacement is predicted, adequate steps will be taken to remove and
replace components by remote means.

3.7.6 Radiation Exposure to Plant Personnel

Plant design will reduce exposure of plant personnel to figures
well below those established by ICRP. All sections of the radioactive
process will be contained within biological shielding in order to reduce
the radiation level on the external surface to 0.5 mrem/hour. Special
measures will be taken to minimise the extent of radiation exposure
during normal and transfer operations, maintenance and decontamination.

The design radiation target uptake in normal plant operation will
be set at 0.5 rem/man/year, and the control limit (i/e. individual
maximum) will be set at 1.5 rem/man/year to take account of the special
operations which will entail radiation uptake in excess of the 0.5
rem/man/year norm. The limit for radiation workers is at present
5 rem/man/year and that for the general public is 0.5 rem/man/year.

3.7.7 Criticality Control

Criticality can occur in a plant when sufficient mass of fissile
material has been accumulated in a condition favourable to the initiation
of a nuclear chain reaction. The resulting emission of neutrons and
gamma-rays is highly penetrating and will damage plant and equipment with
possible breach of containment causing exposure to operating personnel
and the environment. However, the probability of such an occurrence can
be minimised by the following measures:

- The use of equipment of physical dimensions and arrangement
unfavourable to critically e.g. safe-by-geometry tubular or slab
tanks for storage of solution.
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- Limitation of the concentration of fissile material in any vessel.
- Limitation of the volume of a particular vessel to prevent the

accumulation of critical mass.
- The use of soluble neutron absorbers.
- The use of fixed neutron absorbers.
- Self draining pipe lines.
- Accurate measuring devices in vessels so that volume of liquid is

known.
- A comprehensive fissile materials accountancy system to follow the

movement of material through the plant and instrumentation to
provide analysis of the fissile content for process streams and to
detect deviations from normal operation.
Neutron monitoring equipment will be installed to scan all vessels
where fissile materials could collect.

- Double checks provided on inactive feeds to give assurance against
mal-opération of the plant which could cause critically.

The cell shielding will be of sufficient thickness to provide
protection to plant personnel in the unlikely event of a criticality
incident.

3.7.8 Fire Risks

Zircaloy or solvent fires may be considered as potential risks in
a treatment plant. The risk of a Zircaloy fire is confined to areas
where the material exists in a finely divided state, that is in the chop,
leach, dissolution and clarification stages.

Experience has shown that provided the amount of fines produced is
limited and the fines are at all times kept under water or dilute acid,
the fire risk is eliminated. Alternatively the fines may be diluted with
about ten times the weight of inert non-combustible material. These
precautions will be taken in the treatment plant.

Large volumes of solvent are used in the treatment plant, but the
high standard of plant integrity and the installation of off-gas systems
will ensure that the solvent is contained within the vessels and pipe
work. The relatively high flash point of the solvent and the general
absence of an ignition source such as electrical equipment within the
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cells will reduce the risk of fire. As a final precaution an installed
carbon dioxide fire fighting system will be provided, with automatic
closure of ventilation dampers in the case of an alarm. Spark arrestors
will be installed to protect the ventilation system and filter banks from
fire spread.

3.7.9 Ventilation

The following systems will be used:

(i) Building Plenum System

This will distribute filtered and conditioned air to
operating areas.

(ii) Building Extract System

Air will be removed from the operating areas and because of
its low radioactivity level will be discharged to the stack
without filtration.

(iii) Cell Extract System

The cells will be maintained at a negative pressure
relative to the operating sections of the plant to ensure
that any leakage of air will be from operating areas into
the cells, and always from areas of low radioactivity to
areas of high radioactivity. Air extracted from the cells
will pass through primary and secondary HEPA filters prior
to discharge from the stack. Extract fans and filters will
be duplicated to provide standby capacity and emergency
power supplies will be provided.

(iv) Vessel Extract System

All vessels containing radioactive materials in the plant
will be connected to a gaseous effluent extract system.
The pressure in the vessels will be maintained at a lower
value than that in the cells. Sections of the plant will
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be segregated on the basis of activity level -of process
materials. These sections will have appropriate
pretreatment, HEPA filtration systems and fire barriers.
The air will finally be discharged to the stack.
Extract fans and filters will be duplicated and emergency
power supplies will be provided.

The ventilation system with its controlled air flows, radiation
monitoring equipment and high efficiency filters will form part of the
containment system for the treatment plant.

3.7.10 Environmental Impact

Prior to the construction phase, environmental impact statements
for the treatment plant will be submitted to the appropriate national
licensing and review authorities for assessment and approval.

The plants, their associated transport equipment and effluent
discharges will be designed to meet the recommendations of the
International Commission on Radiological Protection (ICRP) for exposure
to radiation of plant operatives and the general public.

In the case of THORP, UP2 and UP3, controlled discharge of low
activity effluent to sea is proposed, but with a reduction of several
factors compared with discharges from earlier plants. Such discharges
and those to the atmosphere will meet the regulations set by the
government of the country concerned.

The environmental impact of treatment plants was considered in the
Report of INFCE Working Group 4(Ref.47). After considering a programme
of treatment plants with a total capacity of 10,000 tonnes per year, in
operation around the world, the INFCE report concluded that these plants
may increase the global general public radiological exposure by about
0.025-0.1% i.e. well within the margin of regional and temporal
fluctuations expected from natural background radiations, which can be a
factor of two or more.
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3.7.11 MOX Fuels

There do not appear to be authorative technical statements on the
future treatment of MOX fuel.

The indications are that MOX fuels will be more difficult to
dissolve than uranium oxide fuels, and therefore special conditions and
reagents may be needed in the dissolution process.

The plutonium content of the fuel will be markedly larger than
uranium fuel (30-35 g/kg compared with a maximum of 9 g/kg), and this
will influence design parameters and flow sheet as well as criticality
considerations.

3.7.12 Safeguards

INFCE Group 4 reported that a useful case history of the
implementation of international safeguards in treatment plants was being
built up. Present systems are generally capable of providing effective
safeguards for existing operational plants. The experience gained can
provide a useful basis for the evolution of new and improved techniques
that are needed for the special requirements of future industrial scale
facilities. The report stressed that full account of criteria for
safeguards should be taken at the design stage, as should consideration
of the cost and resource effectiveness of the proposed total system.

The IAEA established an international working group to study the
safeguards system and techniques for treatment plants. A final report
was published in September 1981 (Ref.24). This report contains a number
of proposals for safeguards relevant to the next generation of treatment
plants for consideration by plant designers, operators and the Agency.

A brief summary of this document follows.

- Design principles are identified.

- Proposals for Material Accounting Areas (MAAs) and their
grouping into Materials Balance Areas (MBAs) are made. Possible flow
measurements and surveillance techniques are discussed for each MBA.
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- The importance of the accountancy tanks after dissolution is
stressed. These tanks provide the first opportunity to make high quality
measurements of the fissile content of the fuel.

- In the separation and purification sections reliance is placed
on conventional material accountancy complemented by containment and
surveillance (C&S). This may be further supplemented by "extended C&S"
and/or near-real-time materials accountancy with associated in-process
inventory. The problems of the application of these methods to treatment
plants are reviewed, and proposals made for frequency of physical
inventory in the various MBAs.

- Analytical laboratories for treatment plants present special
problems for accountancy and C&S because of the number of samples
received and the quantity of plutonium involved.

- The advantages of an on-site analytical facility for the IAEA
Inspectorate are mentioned, but such a provision may be difficult under
national regulations.

- Extended C&S measures seek to ensure that the inventory within
an area is only changing with the declared transfers at the defined flow
key measuring points (KMPs). Concepts for extended C&S systems and
locations for KMPs are discussed.

It is recommended that penetrations through the shielding
should be reduced to a minimum number and suitable surveillance devices
fitted. The safeguard implications for automated sampling are
considered. Detection equipment presently available and under
development is listed.

- Continuous inspector availability is assumed for verification
activities when the plant is in operation. Maintenance or emergency
conditions would require special cover depending whether direct or remote
maintenance procedures were in operation.

3.7.13 Treatment Costs

Caution should be exercised in comparing reported costs of
treatment. Contracts may include a spent fuel transport element, in
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other quoted costs there may be varying assumptions on the extent of
treatment of wastes and the period of interim storage before disposal.

Guidance on treatment costs can be obtained from an NEA/OECD study
published in 1983 (Ref.46). In this study certain price assumptions were
made by the contributing countries (including those where treatment
plants were well established) for the steps in the fuel cycle including
reprocessing and the storage of wastes. The text of the report warns
against making direct comparison between the prices assumed because of
differences in unit costs of labour, materials and energy and the
differing purchasing power of the currencies. It should be noted that
the results of a further NEA/OECD study on the economics of the nuclear
fuel cycle are expected to be published in 1985.

Reference 32 includes costs for the treatment of fuel and interim
storage of wastes and concludes that these costs form about 7% of the
cost of nuclear generated power.

Evidence to the Sizewell B Power Plant inquiry in the United
Kingdom gives the following capital and operating estimates for a
notional 600 tonnes per annum treatment plant for LWR fuel, constructed
to meet U.K. conditions and based on the design work on THORP at the date
of presentation. Decommissioning costs are excluded.

Costs (March 1982 pounds sterling)

Capital Operating p.a.

Storage pond (600 T module) 55 Million 2 Million

Treatment plant (including
buffer storage for HLW) 860 Million 30 Million

Waste treatment facilities 280 Million 10 Million
(including storage prior
to disposal).
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3.8 Design Organisation

Experience on the first generation of LWR treatment plants has
high-lighted the need for greater reliability in operation. In order to
achieve this it is essential that the design team has access to previous
plant operational and research and development experience. This
experience will assist in the choice and design of equipment. In certain
cases equipment should be subject to further testing and demonstration
before finalization.

A Quality Assurance organisation with responsibilities covering
design, manufacture of components, and construction and testing is
essential.

The new plants will require large teams for detailed design of all
the units of the complex. It is therefore essential that appropriate
standard procedures and standard details are defined to achieve a uniform
high quality of design.

Safety documentation will be prepared throughout the design stage
by a specialist team working closely and in parallel with the plant
designers. This documentation will be developed into the final design
safety report for submission to the licensing authorities (Ref. 33.45)
for approval prior to operation of the facility.

4. FUTURE TRENDS IN DEVELOPMENT

The development programmes for the next generation of LWR treatment
plants beyond those under design and construction are now being planned.

It is anticipated that the commercial treatment of spent nuclear fuels
will consist of fuel preparation; dissolution of fuel in nitric acid; followed
by solvent extraction in Purex type operations. Within this process,
development is aimed at improving reliability and remote repair capability in
order to increase throughput, reduce the need for standby lines and to reduce
personnel exposure. The aim will also be continued enhancement of plant
safety and reduction in discharges to the environment.
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Flow sheet development is directed towards the reduction in volume of
wastes and their containment in order to optimise conditions for long term
storage or disposal. This will include the reduction of salt-bearing
effluents, the recycle of major reagents and the routing, where practicable,
of alpha emitters to the streams that will be vitrified.

Consideration is being given to higher burn-up and higher enrichment
U0„ fuels as well as special requirements for MOX fuel.

5. CONSULTANTS' NOTE

It is hoped that this report will provide a broad background of
information and that the specialist reader will find the more detailed
information required in the references. A number of papers were included in
the references which, while not specifically mentioned in the text, will
provide further background knowledge. The work of the authors of papers is
acknowledged with thanks.

It should be noted that the topics of interim storage and final
disposal of waste are not covered in this report, but are the subject of other
publications.
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FIG. 2 Notional Flow Diagram. LWR Fuel Treatment Plant

FIG.3 Typical Light Water Reactor Fuel

51



TABLE 1. COMMERCIAL SCALE LWR TREATMENT PLANTS CONSTRUCTED PRIOR TO 1983

Country Name of
Plant/
Location

Operator Start-
up

Design LWR Fuel Remarks
Capacity Treated
TPA to end of 1983.

Tonnes.

Belgium

France

Germany
F.R.
India
Japan
United
Kingdom
USA

Eurochemic/
Mol
UP 2/
La Hague
Karlsruhe

Tarapur

Tokai
Head End/
Windsçale
West Valley
Barnwell

State

Cogema

WAK

DAE

PNC
BNFL

NFS
AGNS

1976

1971

1977

1977
1969

1966

100

250

35

100
210
190

300
1500

100

730

140

174
90

240

Closed
To be re-opened
Operating

Operating

Operating
Operating
Closed

Closed
Closed

Morris GE 300

Not operated on
irradiated fuel
Closed
Not operated on
irradiated fuel

Note: Small scale plants are not included.
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TABLE 2. OCEAN GOING NUCLEAR FUEL CARRIERS. IAEA-CN-42/24 SALMON

Motor Vessel Operational Carrier Nominal Capacity for flasks
Dwt tonnes LWR Magnox

PACIFIC FISHER 1978

HINOURA MARU 1978

PACIFIC SWAN 1979

PACIFIC CRANE 1980

BAY FISHER 1980

MEDITERRANEAN 1982
SHEARWATER

PACIFIC TEAL 1982

SIGUN 1982

Pacific Nuclear
Transport Ltd.
(U.K.)
Nuclear Transport
Services Tokyo
(Japan)
Pacific Nuclear
Transport Ltd.(U.K.)
Pacific Nuclear
Transport Ltd.(U.K.)
British Nuclear
Fuels Ltd.(U.K.)
British Nuclear
Fuels Ltd.(U.K.)

Pacific Nuclear
Transport Ltd.(U.K.)
SOFRASAM
(Sweden/France)

3,000 18 8

1,200

3,000

3,000

2,500

1,200

3,000

2,000

20

24

24

10
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TABLE 3. ESTIMATED HIGH, INTERMEDIATE AND LOW LEVEL WASTES FROM
TREATMENT OF FUEL FROM PWR REACTOR (per GW(e) year).

EVIDENCE TO SIZEWELL INQUIRY U.K. 1982

WASTE VOLUME ACTIVITY (thousands of curies)
(m̂ ) 5-year cooled fuel

alpha beta/gamma

High Level Waste

as liquid
as vitrified waste

Intermediate Level Waste
Fuel element cladding

Sludges, ion exchange resins
and concentrates

Miscellaneous beta/gamma waste
(contaminated equipment etc.)

Plutonium contaminated materials
Total ILW

Low Level Waste

8.5
3.4

20

34

0.31

2.7
57
850

93

1

0.03

0.03
1.06

17,000

200

8.5

1.4

0.9
210.8

<0.05
Notes: 1 GW(e)/year is generated from 34tU assuming an irradiation of 33

GWd/tU and a reactor thermal efficiency of 32.5 per cent.
HLW arisings as liquid are about 0.25 m^/tU processed;
vitrification then reduces the volume by a factor of about 2.5.
Volumes given are for unconditioned waste prior to treatment. No
further volume change is assumed except in the case of PCM for which a
reduction factor of 2 is assumed.
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