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1 . INTRODUCTION

Spent nuclear fuel from a light water reactor power generation plant
is discharged approximately annually and accumulated in the plant's spent
fuel storage basin. Transfer of fuel from the basin to external plant
storage or reprocessing facilities should commence before the basin
storage capacity is reduced below that required to provide room for
temporary removal of fuel from the reactor for inspections, maintenance
or for unplanned discharge of failed fuel.

The high residual energy content of spent fuel justifies reprocessing
and recycling for the conservation of energy resources. Nuclear power
economic analyses have traditionally assumed that these residual fissile
values would be recovered through reprocessing and recycle into new fuel
for the power plant. During reprocessing the radionuclide waste products
are converted to stable forms for interim storage and safe terminal
disposition. This paper describes technology that is available to be
used to accomplish the reprocessing of spent fuel and the final treatment
of nuclear waste, the importance of engineering and testing of equipment
and facilities, and the need for plant experience.

2. PUREX PROCESS

The Purex process developed in the U.S. in the 1950's is recognized
throughout the world as the preferred technology for fuel reprocessing.
The Purex Process (see Figure 1) was developed to recover plutonium from
spent fuel prepared especially for plutonium production. Large quantities
of spent fuel were efficiently processed in plutonium factories in the
United States and in Europe with no known adverse impacts to the occupational
personnel or the environment. It was a logical step to employ this
process for the reprocessing of commercial power reactor fuels. However,
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there are important significant differences between the requirements for
fuel reprocessing for plutonium production and commercial fuel reprocessing.
Most of these differences are refinements needed to address more complex
mechanical configurations of light water reactor fuel assemblies, higher
levels of fissile enrichment, higher fuel exposure in the reactor and the
accommodation of new process additions to provide maximum environmental
protection. The final products and radioactive wastes differ as shown in
Table I. The basic Purex process has been supplemented with many ancillary
processes resulting in a hybrid multiprocess complex for commercial fuel
reprocessing. The plants continue to be described as Purex reprocessing
plants, although the Purex process and equipment systems represent only a
fraction of the total plant.

3. ANCILLARY PROCESSES

In commercial fuel reprocessing facilities, the Purex process is
supplemented by additional processes that:

o Prepare Purex process feed from spent fuel assemblies in the
head-end of the facility;

o Convert uranyl nitrate solution to uranium trioxide or uranium
hexafluoride;

o Convert plutonium nitrate to plutonium oxide;
o Recover nitric acid and water from waste for recycle;
o Convert waste to vitrified form for safe storage and disposal;
o Treat and recover spent solvent for recycle; and
o Treat process off-gases for confinement of noxious materials.

Some of these process operations have already been applied in large scale
facilities while others are relatively untested in a production mode.
However, the process technology to accomplish the application is in
place.

3.1. Head-End Processes

The fuel received at a commercial reprocessing plant is mechanically
complex and of substantially higher burnup than that received at a plutonium
production fuel reprocessing plant. Equipment must be provided for
coping with the high thermal loads and the potential cruds accumulated on
the fuel during the fuel's transport in shipping casks and storage in
water-cooled basins.

Fuel is subsequently removed from water basin storage and processed
mechanically to expose the fuel core for acid dissolution. Dissolution
is accomplished in geometrically favorable dissolvers, or with poisoned
solutions, or combinations of these methods to avoid criticaiity. Mixed
oxide fuels require special methods or controls to avoid criticality
because of the higher plutonium concentrations.

Dissolved fuel is clarified to remove insoluble materials and residual
plutonium may be leached from the residues. Separation of these solids
is challenging because much of this solid material consists of micron or
submicron particles. Failure to clarify dissolver solution can result in
loss of plutonium to the waste streams and pluggage of downstream equipment,
both of which may be accompanied by criticality prevention problems as
v/ell. Clarified dissolver solution may require concentration and valence
adjustment to prepare it as feed for the Purex solvent extraction process.



TABLE I. FUEL REPROCESSING PRODUCTS AND WASTES

Plutonium

Uranium

Process liquid waste
High-level
Intermediate-Level
Lew-Level

Process gaseous wastes
1-131
1-129
C-14

• Kr-85
Tritium

Plutonium Production Fuels

Plutonium metal

Uranium trioxide

Liquid
Liquid
Liquid

Confine for decay
-
-
-
-

Commercial Fuels

Ceramic oxide

Uranium hexafluoride
or uranium trioxide

Calcine or glass
Recycle
Recycle

Confine for decay
Package
Package
Package
Package

1 I



3.2. Uranium Conversion

Uranyl nitrate produced by the Purex process is converted to uranium
trioxide by denitration and calcination. Trough or fluid bed caTciners
are normally employed for this purpose. Uranium trioxide can then be
fluorinated directly or reduced to uranium dioxide, hydrofluorinated and
then fluorinated to uranium hexafîuoride. A purification step is re-
quired to remove alpha impurities from the uranium hexafluoride. Uranium
hexafluoride is packaged in standard shipping cylinders for delivery to
enrichment plants.

3.3. Plutonium Conversion

Plutonium nitrate from the Purex process requires conversion to
ceramic plutonium dioxide for recycle in commercial nuclear fuel. The
nitrate product can be denitrated directly or precipitated with oxalic
acid or hydrogen peroxide and then calcined to ceramic plutonium dioxide.
The precipitation processes provide some degree of purification which
supplements the Purex process purification capabilities.

3.4. High-Level Waste Treatment

High-level waste generated by the Purex solvent extraction batteries
in plutonium production reprocessing plants was processed for acid
recovery and then placed in tank storage. Waste processing in commercial
power generation light water reactor fuel reprocessing plants is more
elaborate. First, the waste is evaporated to reclaim nitric acid and
water for recycle within the plant. Waste concentrate is then denitrated
for additional volume reduction and acid recovery and then calcined to a
mixture of oxides. These oxides are packaged or mixed with glass-forming
materials and then packaged as a glass product. High decay heat requires
interim storage of the container in water which may then be followed by
transfer to air storage or safe disposal in geologic formations. Inter-
mediate and low-level wastes normally are concentrated and the concen-
trates combined with high-level waste but they may be processed separately.

3.5. Solvent Treatment and Recycle

Process solvent used in the process is treated and recycled to the
process. Treatment raffinâtes comprise a major protion of the interme-
diate level wastes from the Purex process.

3.6. Process Off-Gas Treatment

Process off-gas streams from plutonium production plants were
filtered to removed particulates and released to the atmosphere through
exhaust air stacks. Current U.S. regulations require radionuclide re-
leases to be as low as reasonably achievable. This requirement has
resulted in a variety of processes being proposed to capture and confine
tritium, krypton, iodine and carbon. In addition, chemical effluents
such as oxides of nitrogen and fluorides require treatment steps to
reduce their emission to a minimum. All of the confined products then
must be packaged for containment during interim storage and subsequent
transfer to safe disposal sites.



4. STATUS OF ANCILLARY PROCESS TECHNOLOGY

The technology for ancillary processes to supplement and support the
Purex process is available for all essential process steps. Improvements
will undoubtedly come forward as regulatory requirements are promulgated
in a quantitative form, the technology is applied and additional commer-
cial scale operating experience is obtained.

4.1. Head-End Processes

Technology for head-end processes is developed. Fuel can be re-
ceived, unloaded and stored, and fuel can be sheared in preparation for
dissolution. However, the equipment systems for these tasks have not
accumulated extensive operating experience at typical fuel exposures.
Similarly, fuel can be dissolved but feed clarification systems and
dissolution of mixed oxide recycle fuels have not accumulated extensive
operating experience in commercial scale facilities. The commercial
reprocessor has much experience yet to obtain in order to optimize these
important feed preparation operations.

4.2. Uranium Conversion

Uranium conversion technology is well developed. Uranium fluori-
nation technology utilizing hydrofluorination is also well established
for natural uranium processing. Little operating experience has been
accumulated on recycle uranium so that modifications to cope with alpha
impurities and short-lived uranium 237 are anticipated. Direct fluori-
nation technology has been developed but is essentially unavailable
because it is in unreported proprietary efforts. Technology for removing
alpha impurities from uranium hexafluoride has been recently developed.

4.3. Plutonium Conversion

Plutonium conversion processes involving precipitation with oxalic
acid or hydrogen peroxide followed by calcination are readily available
and a great deal of operating experience has been accumulated. These
processes have waste streams that require treatment and recycle which has
prompted interest in direct plutonium denitration technology. This
technology has been tested but does not have the established experience
base of the precipitation processes.

4.4. High-Level Waste Treatment

Waste concentration and treatment to recover nitric acid and water
is well established but conversion of high-level waste concentrates to
calcine or glass is not ready for plant application except on a testing
and demonstration basis. The proof-testing of this technology is prob-
ably the single most important need in closing the fuel cycle. The
processes have been adequately demonstrated on a cold scale and some
radioactive testing has been done. However, integration of the processes
into full-scale plant production type equipment has not yet been demon-
strated and it is well known that the process environment is the most
severe in the total reprocessing complex. Because of the high radio-
activity and self-heating characteristics of these process materials it
is known that scale-up will require significant equipment and facility
development and thorough testing.



4.5. Solvent Treatment and Recycle

The technology for treating and recycling Purex process solvent has
been established. The use of paraffin diluents and solid sorbent beds
for solvent treatment have essentially removed process limitations due to
inadequate solvent quality.

4.6. Process Off-Gas Treatment

The technology for off-gas treatment which meets the U.S. environ-
mental protection goals is currently under development. Except for
iodine confinement where some plant experience has been acquired, the
balance of the gaseous fission products involve technology not yet
applied to this service. Krypton and carbon confinement"involve add-on
processes that do not disturb the underlying Purex process. Proposed
tritium confinement technology if applied prior to aqueous processing
steps could require adjustment to the head-end fuel dissolution tech-
nology on which most commercial fuel reprocessing plants have relied.

5. IMPACT OF ANCILLARY PROCESSES ON THE PUREX PROCESS

The impact of the addition of the above described ancillary pro-
cesses on the basic Purex process involves some uncertainties which may
effect the economic performance of large scale facilities. Processes that
expel tritium from oxide fuel may change the chemical or physical form of
the fuel consequently requiring changes to equipment design for fuel
dissolution. The process equipment developments required to economically
accommodate all of the ancillary processes probably will not be known
until the application in an operating plant environment has been expe-
rienced. In reality, the first generation of light water reactor fuel
reprocessing plants is being put in place and substantial commercial
scale experience is yet to be obtained.

6. IMPORTANCE OF EQUIPMENT AND FACILITY DESIGN

Traditionally, great emphasis has been placed on selection and
development of the process technology and the development of requisite
flowsheets for an integrated reprocessing facility. The processes re-
quired for processing light water reactor power generation fuel have been
extensively characterized in the laboratory in nonradioactive and tracer-
level experiments. Many have been tested under full-level radioactive
conditions with mini-scale equipment. Some of the processes have been
evaluated in engineering-scale equipment but because of the high cost of
full-scale radioactivity tests rarely is full-scale plant equipment built
and testad in this manner. Therefore the process equipment and facility
design usually involves some measure of scale-up and integration of unit
processes that have not been fully tested in the final configuration.
The overall performance of the plant is to a large extent dependent on
this important engineering design effort and on engineering teams having
the experience and capability to understand the interrelation of pro-
cesses and equipment—especially the difference between process upsets
and equipment malfunction.

7 . NEED FOR PLANT EXPERIENCE

The basic Purex process has been operated successfully for many
years in plutonium production national defense oriented plants. Designs
tor the Purex process equipment have been perfected and the supporting



maintenance techniques and tools have similarly been well developed.
These basic equipment components have also worked well in commercial
plants.

Similar experience with some of the ancillary processes to support
the Purex process is yet to be acquired. Experience with the operation
and maintenance of head-end systems to handle complex fuel assemblies and
high exposure oxide fuel is now being obtained. There is little plant
experience with the now fission gas confinement systems and waste calcination
and vitrification equipment. It is to be expected that efficient and
reliable plant equipment and operating techniques for light water reactor
power generation fuel reprocessing will result from the experience of
design, construction and operation of these plants just as the basic
Purex process was successfully implemented during the last two decades.


