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EQUIPMENT FOR THE DISSOLUTION OF CORE MATERIAL

FROM SHEARED POWER REACTOR FUELS

W. S. Groenier

ABSTRACT

A survey of all known existing equipment and concepts
for the dissolution of sheared nuclear power reactor fuels

has been made. With respect to existing equipment, it was
revealed that an effective device applicable to the disso
lution of sheared LMFBR fuels does not exist.

New dissolver concepts representing current approaches
to the continuous dissolution of LMFBR fuels are described.

Hopefully, these concepts have the necessary features to
meet the requirements of residence time; mixing; fuel

feeding, transport, and discharge; criticality; and off-
gas collection.

It appears that the development of an effective dis
solver for LMFBR fuels will be feasible if the desirable

features found in existing equipment and concepts are
combined with the current approaches exemplified by the
new concepts.

1. INTRODUCTION

Dissolution equipment of the type currently used in processing

nuclear power reactor fuels may not be suitable for the processing of

Liquid Metal Fast Breeder Reactor (LMFBR) fuels. Arguments that sup

port this reasoning include the following:

(l) An economic LMFBR fuel cycle demands a short turn

around time, which means that the fuel must be proc

essed soon after its discharge from the reactor;

cooling times will be sufficiently short (perhaps as

short as 30 days) to cause possibly serious heat

dissipation problems in the dissolution equipment as

the result of the presence of short-lived fission

products. Heat generation values as high as 200

W/kg of fuel can be expected.



(2) The LMFBR fuels contain significantly greater plu-

tonium contents (perhaps 2^0 g Pu/kg fuel), thereby

necessitating a circumspect study of nuclear criti-

cality in dissolution equipment and also requiring

assurance that the dissolver environment is severe

enough to allow complete dissolution of the plutonia

to occur.

(3) Because of high specific power requirements within

the reactor, the LMFBR fuel rods are much smaller

in diameter than conventional fuel (Light Water

Reactor) rods, thus resulting in a high cladding/

fuel weight ratio (1.7) that must be reckoned with

in the dissolver.

{k) Economic considerations are producing a trend toward

larger-sized processing plants, which require

greater reliability and indicate an increased use

of automated, continuous equipment.

In zhe past, little effort has been expended on the design of con

tinuous dissolvers. However, much has been done to establish the

technology of batch dissolution, especially as applied to commercial

power reactor fuels. Unfortunately, even these efforts were frequently

directed toward a specific fuel design rather than toward a broad class

of fuel types. Nevertheless, several worthwhile dissolver designs and

concepts have emerged from the nearly two decades that the nuclear power

industry has been in existence. These are reviewed in the sections

that follow. This review is restricted to existing dissolvers, dissolver

designs, and concepts that are applicable to a method of processing

sheared or chopped fuels in which the cladding remains essentially

intact (unless noted otherwise).

New dissolver concepts that apply especially to LMFBR fuels are

also discussed in the following sections. Most of them involve con

tinuous operation. These concepts form a base from which additional

development can provide: (l) the required reliability of operation,



(2) an assurance of criticality and temperature control, and (3) a

certainty of application to a variety of LMFBR fuel types, including

oxide, carbide, nitride, bonded, and unbonded fuels, which is essential

to the LMFBR program objectives. These objectives are: (l) application

of the present aqueous processing technology to LMFBR fuels, (2) develop

ment of new technology that will allow adaptation of existing facilities

to near-term LMFBR processing, and (3) the design of new facilities for

long-term processing needs.

2. SHEAR-LEACH PROCESS

At the present time, the aqueous method of processing appears to be

the one that is most widely accepted. It is the method used at the

first U. S. commercial processing facility, Nuclear Fuel Services, Inc.

(NFS). Also, it has been chosen by the USAEC as the method most likely

to be used for processing LMFBR fuel. Within the overall scope of

aqueous processing, the practice of segmenting fuel by shearing or

chopping, with the subsequent dissolution of core material from within

the segments of fuel cladding, is known as the shear-leach process. Its

capability for adaptation to a wide variety of fuel materials, sizes, and

configurations and its proven reliability make this process the obvious
1-3

choice for use as the head-end operation.

In the shear-leach process, spent power reactor fuel is mechani

cally reduced to a size that is compatible with the chosen dissolver

geometry and dissolution conditions. Frequently, the fuel assembly

is taken apart by, first, removing the end hardware by sawing or similar

means and, then, removing the sheath that surrounds the fuel rods by

slitting or perhaps by simply sliding the tubes out of the sheath (see

Fig. l). The liberated fuel rods may be sheared either singly or as

bundles. It is also possible to shear the entire assembly directly,

although this procedure adds to the burden of nonnuclear material that

the dissolver must handle. In existing facilities, the sheared material

is collected in a container that is eventually loaded into a batch-type

dissolver.

*A division of Getty Oil Co.; located at West Valley, N. Y.
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Dissolver designs and concepts must provide for the proper exposure

of the fuel to the dissolvent. Proper exposure implies control of the

residence time of the fuel in the dissolver and the temperature of the

dissolver, as well as provisions for exposing new fuel surfaces by

agitation and for collection of off-gases for disposal or reflux. In

continuous equipment, separate controls for fuel agitation and fuel

advancement through the unit appear to be desirable.

In existing facilities, reactions are regulated by controlling the

acid concentration and the temperature. For example, in the NFS facility,

a dissolution cycle is initiated by subjecting the UO fuel to a mild

dissolvent consisting of rinse water from the previous cycle plus new

nitric acid. As the cycle advances, the acid concentration and the

temperature are increased until dissolution is considered complete.

After the dissolver solution has been drained off, the empty fuel seg

ments (hulls) are rinsed with water, removed from the dissolver, and

inspected for residual activity. Off-gases that are evolved during

dissolution pass, first , through a downdraft condenser (which returns

necessary nitrous and nitric acids to the dissolver), and then succes-
k 5

sively to a caustic scrubber, iodine removal apparatus, and filters.

New concepts for devices for dissolving LMFBR oxide fuels must

take into consideration the increased quantity of off-gas generated by

these high-burnup fuels, since this may cause foaming in the equipment.

Because of the high heat generation rate exhibited by short-cooled fuels,

it is probable that heat will have to be removed, rather than added, to

control the dissolution rate. It is also likely that a greater propor

tion of the fuel will be dislodged from the cladding because of its

high-burnup history, its subjection to a high-temperature oxidation

treatment prior to dissolution (to remove sodium and fission product

gases), the short-length shearing, or a combination of these reasons.

The resulting "fines" would undoubtedly react vigorously with the

dissolvent. The higher fission product content of LMFBR fuels will

probably result in an increased amount of residue after the uranium and

plutonium oxides have dissolved. This material either will be suspended

in the dissolver solution product and have to be recovered, possibly by



filtration, or will be allowed to accumulate in the dissolver and have

to be removed periodically. Additional considerations may have to be

made when the advanced LMFBR fuel types, such as carbide or nitride
c

fuels, are treated.

The various dissolvers described below may or may not be amenable

to adaptation to LMFBR processing. In cases where it is obvious that

they do not apply, pertinent remarks to this effect are included. The

new concepts that are discussed in a subsequent section have been formu

lated especially for use in advanced processing activities where equip

ment is operated continuously rather than batchwise.

3. REVIEW OF EARLY AND EXISTING DISSOLVERS

A review of dissolution equipment is presented to show that none

of the existing devices will efficiently perform the task of dissolving

LMFBR fuels (of the types currently planned) in new facilities.

Throughout the review, the terms leacher and dissolver are used inter

changeably to designate these devices; however, leacher is actually

more appropriate for sheared fuel.

3.1 Historical

Prior to the development of the shear-leach process, which dates

from 1957, considerable work had been done on dissolution as applied to

both the batch and the continuous dissolution of uranium metal and

7-12
uranium-aluminum-alloy fuels. This work proved to be useful in

the subsequent efforts made to design devices for dissolving sheared

fuel because many of the parameters had already been investigated.

In early batch or pot dissolvers, the problems associated with fuel

charging, off-gas emission, control of reaction rate, etc., had to be

considered. The importance of maintaining a large area of fuel surface

for acid attack was soon recognized. The first continuous dissolvers

of the pot, column, or slab type were operated to solve the problems

of fuel charging, maintenance of fresh dissolvent adjacent to fuel sur

faces (recirculation), and suspension of fines. Whereas many of the



batch pot dissolvers were operated with a noncritical inventory of fuel,

desired scale-up in batch and continuous dissolvers to maintain large

surface areas resulted in the necessity for restrictions to critically

safe geometries. These considerations remained important in the

development of dissolvers for sheared fuel; in addition, a further

complication arose. The fuel cladding material, which is largely inert

to the dissolvent, had to be removed at the conclusion of the dissolu

tion cycle.

Typical dissolvers from this early period (see Fig. 2) include

batch or continuous pot dissolvers, upflow column dissolvers, downflow
7-12

or trickle column dissolvers, and slab dissolvers. Generally, the

latter three types were operated continuously. The dissolver shown in

Fig. 3 included two cylindrical fuel dissolution zones connected by a

common acid reservoir of slab geometry. This unit was designed to

operate either batchwise or continuously and was critically safe for

a particular fuel enrichment. These units are not suitable for modern-

day processing because, in addition to other factors, they do not pro

vide for the removal of inert cladding materials that enter with the

feed.

At least two dissolvers were designed for fuels having a sizable

amount of inert material to be removed. One was a critically safe

rotary-slab dissolver (see Fig. k), or "Persian Wheel," for continuous
13

charging and discharging. The other was a spiral-vibrating-tray design

(Fig. 5) in which the fuel was to be fed to the bottom of the unit,

vibrated upward along a spiral path flooded with dissolvent, and dis

charged near the top. Although the first of these dissolvers was built

and apparently operated successfully, additional testing showed that

some buildup of solids eventually occurred on the walls of the unit.

This unit had two other disadvantages which make its application to

LMFBR processing suspect: it was not amenable to air sparging to pro

vide additional mixing, and off-gas collection would be difficult. The

vibratory model, designed for unclad or aluminum-clad fuels, was never

constructed.
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(l) Fuel loading port; (2) line to off-gas equipment,
condenser, etc.; (3) liquid-level specific gravity probes;
(k) thermocouple well; (5) pressure tap; (6) feed inlet;
(7) condensate return line; (8) sampler; (9) pipe for
jacket steam and water; (10) condensate drain; (ll) product
gas-disengaging cyclone; (12) product specific gravity
determiner; (13) product transfer line.

Fig. 2. Various Types of Early Devices for Dissolving Nuclear

Reactor Fuels.
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3.2 ORNL Dissolvers for Sheared Fuel

A bench-scale batch leacher with a capacity of 10 liters (see Fig.

6) was tested extensively to obtain valuable dissolution rate data for
2 ik

the processing of unirradiated UO and UO -ThO fuels. ' The agita

tion devices are shown in Fig. 7. The fuel was held within a perforated

basket, several types of which are depicted in Fig. 8. The dissolvent

circulated vertically upward through the basket from an air-sparged

draft tube to a vapor-liquid separator, from which it returned to the

bottom of the unit. Initially, a steel liner contained the fines

within the basket; however, shortly after contact with acid, this liner

dissolved and released the fines. Various draft tube configurations

and basket designs were tested in this unit. Suspension of fines is a

basic requirement that must be met. Settled fines can exist as a "mud"

that can be very slow to dissolve and can contribute to a criticality

problem if the unit is not geometrically safe for solid nuclear materials.

The effects of sheared length, recirculation rate, terminal solution

composition, and air sparging were noted.

A larger (90-liter capacity) batch leacher was fabricated and tested
2 15

to confirm the results obtained with the small unit. ' This leacher,

shown in Fig. 9, did not have an air sparge to suspend the "fines"

but, instead, impinged the recirculating dissolvent on the bottom of

the unit in such a way that solids were prevented from settling.

Other batch leachers designed at ORNL were of this general type, but

were modified for a particular purpose. Examples are the double-side-

arm dissolver depicted in Fig. 10 and a modification of the dissolver

having a slab-type acid reservoir (Fig. 3), in which baskets are pro

vided to hold the sheared fuel pieces. The modified unit is shown in

Fig. 1 as part of an overall processing scheme. It may be possible

to utilize certain aspects of these units for use in LMFBR processing;

however, primary consideration must be given to nuclear criticality,

suspension of fines, and off-gas control in such units. Batch dissolu

tion promotes off-gas surges that generally require oversized treatment

facilities.
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The designs of several continuous dissolvers for sheared fuel were

prepared at ORNL. ' A vibrating-tray dissolver is shown in Fig. 11.

In this dissolver, the sheared fuel pieces were to vibrate upward against

a gentle stream of dissolvent that recirculated from a reservoir (not

shown). It would appear that the angle of incline of the tray would be

very sensitive to the success of this concept and that, perhaps, the

volume of acid within the tray would be marginal for LMFBR processing.

This could produce a deficiency of acid and, in turn, the formation of

plutonium polymer. However, the concept is a valid one for LMFBR proc

essing; and a unit of this type, with certain modifications, could be

constructed and tested. The design favors off-gas collection and

criticality control and, by reason of the vibratory motion, provides

mixing of fuel and dissolvent.

A vibrating spiral tray describes the working mechanism of a second

type of continuous dissolver. This dissolver as applied to unclad or

aluminum-clad fuels was described in Sect. 3.1. The unit for use with

sheared fuels, shown in Fig. 12, was unsuccessful because of repeated

mechanical failure brought on by the vibrations. If this problem could

be solved, the vibrating-spiral-tray dissolver would still be a viable

concept for LMFBR processing.

A third type of continuous dissolver that has received considerable

attention is one featuring positive feeding of the fuel through a tank

of dissolvent by using an enclosed spiral, or Archimedes' screw, as

shown in Fig. 13. As the screw is rotated, the fuel advances through

the dissolvent, eventually to be raised out of the liquid region and

discharged. The use of perforated areas on the inner drum and baffles

on the outer drum enabled the treatment to be zoned into dissolving and

rinsing sections. This design probably received more attention than any

previous continuous dissolver. A typical unit was operated successfully

throughout a large campaign of testing with unirradiated materials and

was found to be quite effective for the intended purpose. Its chief

disadvantage was the poor heat transfer from the outside vessel wall

(jacketed) across a stagnant liquid layer to the wall of the inner,

rotating drum. This concept would probably not be effective in the
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Fig. 12. Continuous Vibrating-Spiral-Tray Dissolver,
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processing of LMFBR fuel for two reasons. First, efficient removal of

heat will probably be a firm requirement. Second, the reaction gases

that are produced would have no large vapor space in which to expand;

therefore, foaming within the enclosed screw would be troublesome.

Renewed interest in screw-type dissolvers for LMFBR processing

has led to designs that represent improvements of the unit described

above. ' In one, the screw is not enclosed, thereby allowing dis

solvent to circulate freely to the outer wall for heat exchange and

also permitting the escape of reaction product and fission gases to an

overhead plenum for collection. This unit is shown in Fig. ik. Another

design features the use of a perforated sheath for enclosing the screw.

The open unit has the disadvantage that small pieces of fuel, cladding,

or other material can become lodged between the outer edge of the screw

flights and the vessel wall. Enclosing this material within a perforated

sheath merely solves one problem and creates another. There is no way

to agitate the fines that pass through the perforations. A first attempt

to eliminate this difficulty was to specify the addition of a wire brush

wrapped spirally around, and fastened to, the perforated sheath; this

brush would contact the surface of the vessel wall and serve to transfer

the fines. Such an arrangement is actually of limited value, however,

since the brush itself would not last long in the dissolver environment

unless it was made of very coarse wire. It is desirable to rotate the

screw more than a single revolution and then reverse it a few degrees

in order to transfer fuel from one flight to another. This action serves

to cancel out the resulting angle of repose assumed by the fuel during

rotation in a single direction. In addition, oscillation of the screw

promotes mixing of fuel and dissolvent. The wire brush approach to

removing the fines is not compatible with the oscillatory or reverse

rotation modes of operation.

Further improvements in screw-type dissolvers have been made in

recent conceptual designs and models; these are described in a later

section. None of the continuous dissolvers that have been described

above allows separate control over the agitation and the transfer of

solids, a feature that would appear to be desirable in a versatile

unit.
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3.3 Dissolvers at Other National Laboratories

Fuel dissolution operations performed at the Savannah River Labora

tory, Argonne National Laboratory (Idaho Falls), and the Pacific North

west Laboratory (Hanford) do not employ mechanical shear-leach steps.

In general, they follow a batch approach to the chemical dissolution of
19

unclad slugs or to clad or unclad fuel rods. The bulk of the shear-

leach technology in the United States originated at ORNL, as outlined

above.

Work at Isochem, Inc. (Hanford) and the Phillips Petroleum Company

(Idaho Falls) has resulted in the development of two continuous devices

for dissolving unclad fuels. At Isochem, a dissolver of always-safe

geometry was developed for use with plutonium scrap. The various

methods that were studied for maintaining fines in suspension may have
20

a relation to the design of LMFBR fuel dissolvers. Engineers at the

Phillips Petroleum Company developed a pulsed column for liquid-solids

contact, representing a wide departure from the usual approach to
21

dissolution. This device is not applicable to use with sheared

and is mentioned here only for the sake of completeness.

3.*+ Dissolvers Employed in Commercial Reprocessing Plants
in the United States

3.U.1 Nuclear Fuel Services Plant

k 5 22
At the NFS plant, ' ' the dissolution of conventional LWR fuels

in the shear-leach process is carried out batchwise in units, as shown

in Fig. 15. After being filled with sheared (^ l-in.-long) fuel, each

of the six perforated baskets is inserted into the dissolver and sub

jected to an appropriate dissolution cycle, for example, 20 hr in the

case of stainless-steel-clad UO fuels. The baskets are as large as 8

in. in diameter by 7 ft long, and usually contain an acid-consumable

liner to retain fines during the loading operation. These baskets fit

within the six lO-in.-diam dissolver barrels shown within an 8-ft-diam

housing. The concrete core is poisoned for nuclear safety. The liquid

volumes required to cover the baskets and the conical top of the core



8 1.0. BASKET

BASKET HATCH

AND PLUG

25

Section A-A

SAMPLE 9 UTILITY CONN.

Section B-B

ORNL DWG 70-29

BASKET BARREL (6)

-3" ANNULUS

- BASKET 8 HULL RINSE

SPRAY RING (TYPICAL)

^

-EDUCTOR HATCH

-OFF-GAS LINE TO

VAPOR CONDENSER

- VAPOR SPACE

-REFLUX FROM CONDENSER

-TOP AIR SPARGER RING

-INNER SHELL

-OUTER SHELL

HEATING/COOLING JACKET

CONCRETE CORE

3" ANNULUS

ANNULUS AIR SPARGER

RING

CELL FLOOR

Fig. 15. Batch Dissolver Used at the Nuclear Fuel Services Plant.
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are 500 gal and 1000 gal respectively. A large vapor space (100$ free

board) is left above the liquid. An air sparger below the baskets

serves to suspend fines in solution.

The NFS plant has two dissolving units in operation. Each is con

structed of stainless steel and has a nominal capacity of 1 ton of UO

per day. This capacity is believed to be conservative by a factor of
23

2 or 3. The present dissolution time cycle of 20 hr includes a safety

factor of at least 100$ in order to ensure complete dissolution of long

(1-1/2- to 3-in.) end pieces that present only one open end to the dis

solvent. Plans exist to expand the capacity to approximately 3 tons/day.

The application of the NFS dissolvers to LMFBR fuel processing has
22

been critically examined. In brief, it is concluded that they can be

applied to interim LMFBR fuels that have been cooled for 1 year, pro

viding soluble nuclear poisons are added to the dissolvent and the

absence of sodium can be guaranteed.

3.U.2 Midwest Fuel Recovery Plant

The Midwest Fuel Recovery Plant (General Electric Company, Morris,

Illinois), which is now under construction, will use the proprietary

Aquafluor process, which includes a shear-leach head-end step. ' ' ^
Chopped 3-in. segments of LWR fuels will be dissolved at the rate of

about l ton/day in a totally enclosed, horizontal-slab, vibrated trough

dissolver of critically safe geometry (see Fig. l6). The vibratory

action of the dissolver helps distribute fuel uniformly across the

trough and conveys fuel pieces through the hot dissolvent. The stain

less steel trough is about 18 in. wide by 10 ft long and contains

solution at the depth of k in. The acid solution recirculates through

the trough from a reservoir. Leached hulls fall into a water-filled

tray, which feeds a vertical vibratory conveyor. The water serves both

as a final rinse and as a gas seal. Insoluble fines are not conveyed;

instead, they are collected for intermittent removal from the system.

The unit is designed to provide a dissolution time sufficient to

dissolve all U02 on a once-through basis. Since the plant is still

under construction, operational reliability of this leacher has not
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been confirmed. However, it does appear to be a valid concept for LMFBR

fuels and represents an improvement over the continuous vibrating-tray

dissolver shown in Fig. 11.

3.^.3 Barnwell Nuclear Fuel Plant

The Allied Chemical Corporation* has proposed to construct a 5- to

7-ton/day reprocessing plant at Barnwell, South Carolina. This plant

will utilize the shear-leach process, with semicontinuous dissolution
22 26-28

of LWR fuel. ' The sheared fuel (l- to 5-in. lengths) will fall

(via some type of gas sealing mechanism) directly into a 30-in.-diam

basket-type stainless steel dissolver containing dissolvent (see Fig.

17). Thus, dissolution of the fuel will occur while the basket is

being filled. When the basket is full of fuel segments, newly sheared

fuel will be diverted to another unit; dissolution will continue in the

first unit until the last piece that was added has contacted the acid

for a sufficiently long period for dissolution of the core material to

be complete. This procedure minimizes off-gas surges by regulating the

reaction rate. A soluble nuclear poison would be added to both the

dissolver contents and the cooling jacket for nuclear safety. It is

estimated that filling a basket would take about 3-1/2 hr, while an

additional 3 to k hr would be required for final dissolution. An acid

wash is to be used prior to the final water rinse and hull removal.

The acid wash would then be used as the initial dissolvent for the

succeeding basket of fuel. Although complete analysis of this dissolver

with regard to LMFBR fuel has not been made, the concept of semicontinuous

dissolution is certainly valid for LMFBR fuel. Nuclear safety analyses

would possibly restrict basket dimensions for application to LMFBR fuels,

thus requiring the use of multiple baskets to attain capacity.

3.*+.^ Preliminary Designs for Other Plants

The Atlantic Richfield Company (ARCO) reportedly has plans for a

large (5-ton/day) reprocessing plant to be located near Leeds, South

#

Recently entered into a partnership with Gulf Energy and Environmental
Systems, Inc., a division of Gulf Oil Corporation.
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22 29
Carolina. ' The fuel is to be dissolved after being sheared, but

details of the method and the equipment to be used are not available

at this time.

The National Lead Company has also expressed an interest in the

nuclear fuel processing business and, according to reports, will
30

incorporate a shear-leach head-end step in its designs.

3.5 Dissolvers in Use at Foreign Reprocessing Plants

3.5-1 Eurochemic Facility

Fuel dissolution at Europe's first reprocessing plant, the Euro

chemic facility at Mol, Belgium (capacity, 100 tons per year), is per-

formed via the chemical decladding (Zirflex, Sulfex) method.

Although the two installed dissolvers perform the tasks of both

decladding and dissolving the fuel, they closely resemble batch dissolvers

for sheared fuel, even to the extent that the fuel material is held

within baskets for transport from the storage area to the dissolver and

for containment of fines during dissolution. Considerations as to off-

gas control and fines suspension are similar to those given when sheared

fuel is dissolved.

The Eurochemic dissolvers are constructed of a corrosion-resistant

alloy (Nionel) in such a manner that they are critically safe for low-

enrichment fuels when "poisoned" inserts are used. The cylindrical

dissolver (Fig. 18) is 30 cm (^ 12 in.) in diameter by about 5 m (l6

ft) long in the fuel-containing section, and communicates with an

annular acid reservoir. The other dissolver (Fig. 19) accommodates

rectangular fuels in three tubes that are 273 by 3^3 cm (^ 11 by 13

in.) in cross section and about as long as the cylindrical dissolver.

These tubes are interconnected via slab-type geometry as an acid

reservoir. In the future, Eurochemic plans to alter its process in favor

of some form of mechanical dejacketing, lixiviation/melting, or shearing

so that waste expenses incurred by dissolution of cladding can be reduced.

Many features of the Eurochemic dissolvers warrant attention with regard

to extension to batch dissolution of LMFBR fuels. In particular, the
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mechanical-design aspects of the dissolvers and of the fixed nuclear

poisons are interesting and merit study for possible application to

LMFBR fuel processing.

3.5.2. Reprocessing Facilities in the United Kingdom

The first Windscale Plant, Sellafield, England, used a chemical

decladding-dissolution process. The new 1500-ton/year plant features

a mechanical decladding process with continuous dissolution. The

stainless steel pot-type dissolvers accept entire fuel rods from the

dejacketing operation and operate with a fumeless dissolution technique,

re-forming nitric acid by scrubbing the nitrogen oxide fumes and added

oxygen with incoming acid. No baskets are used since no inert metal

materials accompany the fuel. While this equipment performs quite

satisfactorily for the purpose intended, it has little application to

the dissolution of sheared fuel.

Research at Harwell has brought about the development of a dissolver

in which sheared fuel pieces fall into a tube (2.5 or 3 in. in diameter)
37

for contact with the recirculating dissolvent. Hulls are continuously

removed from the bottom of the tube either by a vibratory (pulsed-ladder)

technique or by air lift. The generation of off-gases during LMFBR

fuel processing could cause foaming problems in this type of unit. Also,

the solids-lifting devices might not function properly for the variety

of shapes and sizes of inert-metal solids that must be handled in an

LMFBR application.

At Dounreay, a chemical decladding process has been used extensively

on a pilot-plant scale. Fuels clad with difficult-to-dissolve materials

are reduced in size with a milling technique prior to dissolution. After

dissolution in a batch pot or U-tube dissolver of safe geometry, the
39 ^0

metal chips are washed, dried, and removed pneumatically. '

3.5.3 Scandinavian Reprocessing Facility

The Norwegian-Dutch reprocessing pilot plant at Kjeller, Norway,

uses a chemical decladding process. It offers no new features that

33
might have application to LMFBR fuel processing.



3U

3.5-^ Reprocessing Plants in France

At Marcoule and La Hague, the French maintain production-scale

facilities that utilize batch and continuous dissolution techniques
kl k2

for reprocessing approximately 900 tons of fuel annually. ' The

shear-leach process development is carried out at La Hague and Fontenay-

k3
aux-Roses. New head-end equipment, such as shears and dissolvers,

for projected LMFBR fuels is being designed, and the continuous method

for dissolving sheared fuels is planned. Published concepts include

a continuous baffled drum dissolver (cement mixer design) (Fig. 20),

and a semicontinuous dissolver (Fig. 21) having a slab-type acid reser

voir and two dissolution baskets. The baffled drum design, which is

completely new, appears to offer efficient mixing and simplified off-

gas collection. It would appear to be a worthwhile concept to investi

gate for use in LMFBR fuel processing (see Sect. 3.6).

3.5-5 Reprocessing Plants in Germany

At Karlsruhe, the WAK plant employs a shear-leach head-end process

in which batch dissolution takes place in baskets. The baskets fit

within a 9-in.-diam tube supplied with dissolvent from a 6.5-in.-thick
k5-k&

slab-type reservoir. This arrangement is similar to other batch

vessels described earlier.

3-5.6 Reprocessing Plants in Italy

The EUREX and PCUT plants in Italy are pilot facilities using
k9

chemical decanmng methods. The shear-leach process is used at the

ITREC plant, which is designed for a throughput of 30 kg of U-Th fuel

per day. The fuel is dissolved batchwise, using a basket to contain

the hulls. The large (1000-ton/year) plant planned at Sallugia will

reportedly also use the shear-leach process.

3.5.7 Reprocessing Plants in India

The 100-ton/year reprocessing plant at Trombay, India, utilizes

the chemical-decladding head-end process and performs both decladding

and fuel dissolution in a horizontal dissolver that is 900 mm (^ 35 in.)

in diameter by k.5 m (^ 15 ft) long and made of stainless steel.
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The fumeless dissolution approach used at Windscale is also used here.

The 300-ton/year plant planned for Tarrapu, India, is expected to utilize

the shear-leach process.

3.5-8 Reprocessing Plant in Japan

A 200-ton/year reprocessing plant under construction at Tokai-Mura,
53 5^

Japan, will use the chop-leach process developed at ORNL. ' Each of

the dissolvers in this plant will be of the batch type and will have

two perforated baskets inserted in cavities that are interconnected via

slab-type geometry, similar to that described previously and shown in

Fig. 10.

3.5-9 Nuclear Fuel Reprocessing in the U.S.S.R.

Mechanical head-end steps are being developed in the U.S.S.R.

The West-Bendli plant presently uses mechanical chopping and batch

dissolvers containing baskets. A U-tube dissolver featuring pneumatic

removal of cladding is presently under study. The advantages of con

tinuous equipment for large future processing operations have been cited.

3.6 Summary of Dissolver Survey

Our survey of dissolver equipment currently employed in all major

U.S. and foreign nuclear energy establishments indicates that no disso

lution device suitable for use with short-cooled LMFBR fuel yet exists.

Other recent surveys of fuel reprocessing do not offer conflicting

evidence. ' However, various features of existing equipment and

various conceptual designs do have merit for LMFBR processing and should

be exploited.

k. NEW DISSOLVER CONCEPTS AND MODELS

Eight concepts for continuous dissolvers have been formulated as

part of the overall program to assess the magnitude of technical prob

lems that arise when the aqueous method is applied to the processing of

LMFBR fuels. One-fourth-scale models (Figs. 22-30) have been built to

demonstrate each of these concepts. These are operating models that
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Fig. 22. Model 1 - Spiral Screw, Mark I.
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Fig. 23. Model 2 - Spiral Screw, Mark II.
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Fig. 2k. Model 3 - Inclined Vibratory Tray.
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Fig. 25. Model 4 - Rotary Drum, Mark I.
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Fig. 26. Model 5 - Rotary Drum, Mark II.



HOTO 100076

-P-

Fig. 27- Model 6 - Rotary Drum with Elliptical Baffle.
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Fig. 28. Model 7 - Rotary Drum with Trough Transfer.
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PHOTO 100737

Fig. 29. Model 8 - Rotary Drum with Sloped Axial Transfer Ducts.
Model shown in mixing mode.



PHOTO 100736

Fig. 30. Model 8 - Rotary Drum with Sloped Conical Transfer Ducts.
Model shown in transfer mode.
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show the various methods of solids agitation and transfer. Models 1 and

2 are modified versions of the coht'nuous, flooded rotary leacher (see

Fig. ik) , which has been developec. and demonstrated previously. The

remaining six models are of newer design. The ideal dissolver should

provide adequate residence time to permit complete dissolution of the

fuel and proper mixing to prevent local acid deficiencies. In most

designs of continuous leachers, these two features are interrelated and

cannot be separately controlled.

Model 1 (Fig. 22) consists of a spiraled feed screw enclosed in a

rotating perforated cylinder. The outside of the cylinder is provided

with a roller chain that is loosely wound around the cylinder in a

spiral and attached with dowel pins at every pitch length; the necessary

sag between pitch lengths is provided to permit the chain to drag on

the bottom of the housing. The rotating cylinder is mounted in a

housing having a cylindrical lower half but straight sides on the upper

half to alleviate any jamming that might occur between the chain and

the housing. The housing, which is inclined at an angle of 20°, has

a fuel loading tube at the lower end and a discharge chute at the upper

end. It is filled with liquid dissolvent to a level that will not per

mit overflow into the discharge chute. An overflow at the lower end

allows a continuous countercurrent flow of acid through the dissolver.

When simulated sheared fuel, containing 0.015-in.-diam spacer wires,

and sand to represent the fines generated from shearing, was fed into

the model, none of the spacer wires passed through the 0.062-in.-diam

holes in the perforated cylinder. Spacer wires were also fed to the

annulus region between the perforated cylinder and the housing. When

the cylinder was rotated, some sand and spacer wires passed by the

chain; however, this material eventually moved along the annulus and

was discharged into the discharge chute.

Although the model was successfully demonstrated, considerable

torque may be required to overcome the friction caused by spacer wires

becoming enmeshed in the chain.
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For actual fuel dissolutions, the rotating cylinder should be

oscillated (to provide the required agitation of the fines) and rotated

according to a predetermined time cycle (to advance the fuel through

the leacher).

The function and the construction of Model 2 (Fig. 23) are identical

to those of Model 1, except that the roller chain has been replaced

with a series of loose-fitting hinged flights. For simplicity, only

two pitch lengths of flights are shown. Two segments are provided for

each pitch length. Each segment is hinged to the perforated cylinder

with pins in oversized holes so that the segments will scrape the

bottom of the housing as the cylinder is rotated. The outside radius

of each flight segment is machined to match the inside radius of the

housing exactly. The flights can raise up and pass over any solids

that might have a tendency to wedge between the flight and the housing.

In demonstrations, this model was found to provide a more positive

transfer of material through the annulus than Model 1 does.

Model 3 (Fig. 2k) consists of a tray that is inclined at an angle

of 12° and enclosed in a tank of liquid dissolvent. This tray has a

spring-loaded operating shaft that extends through the tank wall.

Except for the portion at the shaft, the tank has been omitted in Fig.

2k for clarity. The actual dissolver would have a discharge chute at

the upper end of the inclined tray; the tank would be filled with dis

solvent (nitric acid) to a level that would not overflow into the dis

charge chute, and would be provided with a liquid overflow at the lower

end of the tray. Fresh acid would be introduced at the upper end of

the tray to provide countercurrent flow to the sheared fuel traveling

up the incline. A trough has been provided on the model in lieu of

the discharge chute. Small steps have been attached to the inclined

tray to provide the required "perch" for forcing the fuel up the incline

when the compressed spring on the operating shaft is released. The

motor is mounted outside the enclosed tank and is provided with an

actuating arm for compressing and releasing the spring-loaded shaft.

The time required for the fuel to travel up the inclined tray is con

trolled by the compression of the spring and the length and frequency
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of the stroke of the operating arm. Any change in the 12° angle of the

tray would also affect the rate of travel. The model has been success

fully demonstrated with simulated fuel.

Model k (Fig. 25) is based on the concrete-mixer principle. This

design has a single compartment containing four longitudinal baffles

inside a rotating cylinder. The baffles are sloped at an angle of 2°

to provide axial transfer of the sheared fuel through the leacher.

As a result of initial testing, which showed that material was flowing

through the leacher too rapidly, 1/8-in.-thick radial baffles were

added inside the cylinder. A stationary feed tube is provided at one

end of the leacher. A stationary discharge tube, which extends inside

the rotating cylinder to collect the leached hulls as they slide off

the edges of the baffles, is provided at the other end. The ends of

the longitudinal baffles are perforated to reduce the amount of dis

solvent present at the sealed joints and to prevent dissolvent from

being discharged with the leached hulls. The dissolvent can be intro

duced into the leacher at either end. The rate at which material

flows through the unit can be altered by changing the slope of the

longitudinal baffles, the number of radial baffles, or the rotational

speed of the cylinder.

When Model k was demonstrated, one disadvantage was quite obvious.

The bulk of the sheared fuel was transferred through the leacher at a

reasonable rate, but some of the fuel passed rapidly through the leacher

and was discharged prematurely. This phenomenon, known as forward

mixing, can result in high losses of fuel (discharged with the hulls).

A mathematical analysis of forward mixing was made in order to deter

mine the residence time distribution and, therefore, to predict the

extent of the fuel loss. The purpose of the analysis was to deter

mine whether losses would be sufficiently high to cause this type of

dissolver to be eliminated from further study. Results indicated that

losses could be reduced by (l) providing more contact stages within

the device (i.e. using a longer cylinder), (2) providing more effective

mixing (i.e. using additional or larger-sized longitudinal baffles),

or (3) using additional or larger-sized radial baffles. Some knowledge
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of the dissolver length that would correspond to a contact stage is

needed in order to further assess the magnitude of the problem. Since

additional stages will reduce the losses to acceptable levels , one must

conclude that forward mixing, per se, is not a deterrent to the study

of rotary-drum dissolvers.

Model 5 (Fig. 26) is similar to Model k except that it features

multiple compartments. This modification represents an attempt to

eliminate forward mixing in the single-compartment version. Model 5

contains six compartments, each having four longitudinal baffles sloped

at an angle of 2°, and fuel transfer plates are situated between each com

partment for transferring fuel from one compartment to the next.

Results of demonstration runs showed that forward mixing still existed

in this model, although to a lesser degree.

The construction of Model 6 (Fig. 27) is identical to that of the

multicompartmented Model 5, with the exception of the transfer plate

design. (Only a partial model was made in order to check its operability.)

In Model 6, the transfer plates are elliptical baffles, sloped 1+5° ,

that are located between each compartment. These plates are mounted on

a common shaft that can be rotated or moved axially through the center

holes in the partitions for controlling the agitation and transfer of

fuel from one compartment to the next. During the agitation cycle,

the baffles are positioned to prevent forward transfer of fuel into the

succeeding compartment. The only observed forward mixing involved

fuel that passed through the openings between the baffles and the holes

in the partitions. When fuel is to be transferred, the baffles are

rotated and positioned to provide the desired rate of transfer. Several

revolutions of the cylinder are required in order to completely empty

a compartment. This feature is undesirable since it would allow the

fuel to be transferred through the leacher much too rapidly for the

desired residence time. The use of straight baffles in alternate

positions would eliminate this deficiency; however, twice the present

total number of compartments would be required in this case.

The construction of Model 7 (Fig. 28) is identical to Model 6,

except that the elliptical baffles have been replaced with a compartmented
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circular trough that can be rotated or moved axially through the center

holes in the partitions for transferring fuel from one compartment to

the next. When agitation is desired, the cylinder is rotated for the

desired length of time with the trough in an inverted position. When

fuel is to be transferred from one compartment to the next, the trough

is rotated 180° and the cylinder is rotated until all the fuel in each

compartment has been loaded into a section of the trough. The trough

is then pushed forward until each trough compartment has advanced. The

trough is then rotated l80° in order to transfer the fuel into the

compartments. In order to prevent fuel from becoming wedged between

the mating parts, the cylinder should be stopped during the transfer of

fuel from one compartment to the next. In demonstrations of the model.

fuel was successfully agitated and transferred with no back or forward

mixing. During the agitation cycle, some fuel lodged on top of the

inverted trough. This undesirable feature can be corrected in several

ways: (l) the longitudinal baffles can be designed in such a manner

that they brush off the lodged fuel, (2) the trough can be rotated

during the agitation cycle, or (3) a V-shaped trough can be used instead

of the circular trough.

The cylinder and the partitions of Model 8 (Figs. 29 and 30) are

identical to those of Models 6 and 7. All moving parts have been

eliminated. The center holes of the partitions between compartments

in Model 8 are connected with a sloped, conical-shaped duct for fuel

transfer. Each compartment also contains a sloped baffle which matches

the angle of the slot in the fuel transfer duct. This baffle is posi

tioned to provide a smooth transfer of fuel from the baffle into the

duct. In addition, each compartment contains a second baffle which is

parallel to the axis of the cylinder and is positioned adjacent to the

sloped baffle at the discharge end of the duct. During the agitation

cycle, the cylinder is rotated in such a manner that the straight baffle

picks up the fuel and drops it over the fuel transfer duct to the

bottom of the cylinder, as shown in Fig. 29. When fuel is to be trans

ferred from one compartment to the next, the rotation of the cylinder

is reversed; then the sloped baffle picks up the fuel and allows it to
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fall into the sloped transfer duct. This transfer duct feeds into the

next compartment, as shown in Fig. 30. The agitation cycle and the

transfer cycle worked successfully during demonstrations of the model.

No forward mixing occurs between cycles, and all the fuel is transferred

from one compartment to the next in a single reverse revolution.

k.l Summary of New Dissolver Concepts

The following conclusions have been drawn from observations of the

operating dissolver models:

1. The spiraled-screw models (Models 1 and 2) provide the

desired control of the flow of material through the

leacher but do not provide sufficient mixing.

2. The model featuring the inclined vibrating tray (Model

3), the concrete-mixer type (Models k and 5), and the

elliptical-baffle type (Model 6) provide sufficient

agitation of the fines; however, none of these main

tains positive control over the rate at which fuel

is transferred through the leacher.

3. The compartmented-trough design (Model 7) fulfills all

requirements, but difficulties could be encountered if

fuel became wedged between the mating parts. A different

method for introducing the fuel and discharging the

leached hulls will be required for this type of leacher.

k. The compartmented model with the sloped conical-shaped

transfer ducts (Model 8) meets all stated requirements.

It has no moving parts other than the rotating drum and

exhibits no forward mixing.

The new continuous-dissolver concepts and models provide insight

into the problems of transferring a wide variety of materials (e.g. ,

hulls, wires, and fines) through equipment. They have been devised

with foreknowledge of the special requirements of LMFBR fuel processing.

Adaptation of these designs to meet nuclear safety requirements, allow

heat transfer, or interface with adjacent equipment should be straight

forward.
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