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Fertile stream processing steps consist of protactinium
removal, fluorination, and UFg sorption. Protactinium removal
is singularly important because of the improved breeding
performance with low protactinium concentrations in the fertile
gtream, Relatively high processing rates are required.

Xenon poisoning is kept low by injecting a purge gas
directly into the circulating fuel stream. An in-line stripper
removes the gases, which are routed to a charcoal system for
retention and decay.

This document describes the fuel and blanket processes
for the MSBR, giving the current status of the technology and
outlining the needed development, It is concluded that the
principal needs are to develop the vacuum distillation and
protactinium removal operations, which have been demonstrated
in the laboratory but not on an engineering scale. A program to
develop continuous fluoride velatility, liguid-phase reduction-
reconstitution, improved xenon contrel, and special instrumenta-
tion should also be a major developmental effort., An estimate of
manpower and cost for developing MSER fuel and fertile processes
indicates that it will require 288 man-years of effort over a
7-year period at a total cost of about $18,000,000.
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INTRCDUCTICON

The breeding potential cf a molten salt reactor cperating on the
thorium~uranium cycle has been recognized for a number of years, and in
1959 a study was initiated tc compars the MSBR on the same bases with
cther therium-~uranium breecders, namely, aqueous homogenecus, liquid bismutlh,
and gas-cooled reactors, The comparisons were made on the bases of fuel
vield {percent of fissile inventory bred per year) and fuel cycle cost, and
the results” confirmed the belief that the MSBR was attractive ir both
regards., Evaluations of MSBR concepts have continued toward optimizing
nuclear and economic performance and have resulted in the generation of
more reliable information on the system., These evaluations have also
served tc peint the direction of desirable development and research.

Wrereas the initial studies were made on the bases of (a) on-site and (b}
central processing plants using existing processing techniques, the savings

ocn became

193]

that would result by using an integrated processing plant, i.e., {a),

\
apparent. Furthermore, a new prcacessing concept for reccovering the fuel
carrier salt by vacuum distillation had been shown by K’ellyLL to be feasible,
considerably enhancing the eccnomic appearance of the M3BR., These aspects
of the fuel cycle were studied by Scott and Carterl for a 1000-Mw (elec-
trical) system. Protactinium removal from the fertile stream was not
considered as a processing step in these studies because no satisfachlory
process was apparent; however, more recent experiments have suggested a
mechanism of protactinium remcval, whereby significant improvement in the
breeding performance of an MSBR can be achieved,

These newer design and processing concepts have been incorporated into
more recert physics and economic calculations to define an optimum MSER.
The discussicn that fcollows treats processing of MSHR fuel and fertile
streams in this same respect. First, processing reguirements for an
econopic molten salt breeder are discussed; second, the process is described;
third, the status of thie technclegy and needed develsopment for each process
step are described; fourth, attractive alternative processes to the main~
line operaticrns are discussed; and, finally, a schedule of manpower and

cests for a develcpmental program to solve critical MSBR processing problems
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and to provide the processes and equipment for the processing plant for an

Engineering Test Unit is included.
ELEMENTS AND REQUIREMENTS COF MSBR PROCESSING

One of the most attractive features of a two-regicon, molten salt
reactor is the ease with which the fuel and fertile streams can be processed
for removal of fission products and recovery of bred material. The fluid
streams are easily removed from and returned to the reactor without disturb-
ing operations, and the processing methods are relatively simple and straight-
forward. On-site processing is a primary requirement of a breeder reactor,
which would be at an extreme disadvantage 1f a sizable inventory of fissile

material were held up in decay cooling and transit,
Objectives

The fuel stream of the MSBR is a mixture of LiF—BeFZ-UFh in the
approximate molar proportions 63.6-36.2-0.22 mole %; the fertile stream
is a mixture of LiF—BeFZ—ThFL of approximate composition 71-2-27 mole %.
The primary objective of the fuel process is to recover both uranium and
carrier salts sufficiently decontaminated from fission products to ensure
attractive breeding performance of the reactor. To discard the carrier saltl
with the fission products is not economical since both lithium and
beryllium are expensive components (the former being enriched to about
99.995 at. % 7Li), For the blanket processing, the objective is to remove
the bred fissile material on a sufficiently rapid cycle to minimize the
inventory of fissile material, the fission rate, and concentration of
fission products in the blanket salt. This can be accomplished by

233

removing the U on a relatively fast cycle but even more effectively

by removing the protactinium precursor rapidly enocugh so that its con-
23. . . .
)BPa concentration is desirable

233

centration in the blanket is low. A low

Pa results in the net

).

because each capture of a neutren by an atom of

loss of two neutrons (effectively two atoms of bred



Desgign FPeatures

An essential elemernt in the design »f an MSBK processing plant is
that of keeping the cut-cf-reactcr invenvery low Lo decrease inventory
charges and imprcve the fuel yield, which Zs the fraction of fissile
inventory bred per year. The logical way to achieve this low inventory
is to close-couple the pracessing plant with the reactor, and it is proc-
posed to integrate the two cperaticns. Processing equipment will be
located in cells adjacent to the reactor 2ell, and & small portion of
each circulating stream will be metered semicontinucusly to the processing
plact, Most processing operaticns are continucus: the fuel stream being
purged of fission products, fortified witk makeup fuel and carrier, and
returned to the reactcr core; the ferbile stream being stripped of its
protactinium and uranium, fortified with makeup thorium and returned to

the blanket, Tt i

9]

nch necessary to allow long decay pericds pefore
processing since the reactants are either gasecus (F2) or solid (granular
NaF) and are nct affected by strong radiation fields. Cooling periods
befcre processing no longer than one day and perrhaps as low as a few hours
should suffice., The length of this period depends upon the design of the
continuous fluorinatcer and the ability to conbirol the fluorination tempera-~
ture. Remcval of fission product decay heat is a principal censideration
throughout the plant.

In the integrated plant all services available to the reactor are
available to the chemical plant. These include mechanical equipment,
compressed gases, heabing and ventilating equipment, electricity, shop
services, supervisicn, etc, The cost savings for an integrated facility
are immediately apparent when cne considers the large amount ¢f duplica-
tion required for separale plants., Orly a relalively small space is needed
for the processing equipment as ccmpared to that needed for the reacter and

power ccnversion equipment so that the additioral building cost is small,
Process Operations

Four major operaticns are needed to sufficiently deccrtamiraite the

fuel stream of an MSBR. These are flucrination, scrphbion of UF,, vacuun
&)
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distillation, and salt reconstitution. The fertile stream requires
fluorination, sorption of UF6’ and for maximum effectiveness includes
protactinium removal, These operations represent the most straightforward
processing for achieving a high-performance molten salt breeder. The
technology for fluorination and sorption is well developed (through the
cperaticn of the fluoride volatility pilot plant at ORNL % the other opera-
tions have been demonstrated in small engineering experiments and/or in
the laboratory. The process for each stream is capable of economically
recovering more than 99.9% of the uranium, 94% or more of the LiFuBeF2

in the fuel carrier, and more than 99% of the LiF in the fertile stream.
DESCRIPTION OF PROCESS

The processing facility must be capable of removing the major porticn
of the fission products from the molten fuel salt and returning the purified

233

salt to the fuel system after reconstitution with U and carrier salts.
In blanket processing, the facility must recover bred uranium, minimize
parasitic neutron loss to protactinium, and minimize the loss of carrier
and fertile salts with the waste.

In Fig. 1 a flow diagram is presented to show the steps in processing
a molten salt breeder. The flow rates were obtained from physics calcula-
tions for a 2225-Mw (thermal ) reference reactor. The core cycle time is
52 days, and the blanket cycle time is about 22 days for the uranium
recovery step; protactinium removal is on a 1l-day cycle. The core power
is 2160 Mw (thermal ); the blanket power is 65 Mw (thermal). A flowsheetb,
similar to Fig. 1 and excluding the protactinium removal step, was used in
a design and cost stud;y'1 of a processing plant for a 1000-Mw (electrical)

MSBER.
Fuel Stream Process

Decay Holdup

Irradiated fuel is removed directly from the circulating fuel stream
for processing, and, as such, is only a few seconds removed from the

fission zone. The gross heat generation rate is shown in Fig. 2. It is
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necessary to allow fission products to decay a few hours before fluorination
so that the flucrinating temperature can be controlled at the desired value.
This holdup will be carried out in a metering tank in the reactor cell where

there 1is convenient access to the reactor cooling system,

Continuous Fluorinaticn

After the cocling pericd, the fuel salt flows into the top of a
columnar vessel where i1t is contacted by a countercurrent stream of fluorine
gas. The temperature of fluorination is controlled at about 550°C. Uranium
tetrafluoride in the irradiated salt reacts quantitatively with flucrine to
give volatile UFés which 1s carried overhead by excess flucrine. The

chemical reaction is

= UF, .

-

N

UF) + F
Iy

Certain fission prceduct fluosrides are also volatile and will leave
the fluorinator with the UFé, The principal metallic elements that form
velatile fluorides are ruthenium, niobium, molybdenum, technetium, and
tellurium, Since preflucrination time is so short, appreciable amcunts of
fission product iodine and bromine will also be present., These elements
are oxidized by fluorine to volatile interhalogen ccmpounds and exit in
the UFé stream, Zirccnium fluoride also has a relatively high vapor
pressure and has been observed in the overhead product. Sorption techniques

are used to purify the UF6 product.,

EE@ Purification by Sorption

Volatile fission product fluorides and UF6 are separated in a series
of sorption and desorpticn steps. These are batch steps, but the process
is made contimuous by using parallel beds alternately.

The first separation is made when the gas passes through a bed of
pelletized NaF. The system consists of two distinct zones, one held at
LOO®C and one at about 100°C. In the higher-temperature zone, most of the
fission products, corrosion products, and entrained salt are irreversibly
remcved while the UF6 and some fission products pass through to the lower-
temperature gzone. TIn this zone, UF6 and MoF6 are sorbed. The barren

fluorine carrier passes through the next bed of pelletized MgF29 which is
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believed to be effective for sorbing technetium; however, available data
are not altogether conclusive. The volatile halogens are expected to pass
through the scrbers and remain in the recycle fluorine stream. These are
controlled by decay and by a small gas purge to the off-gas disposal system.
Avcut 10% of the circulating fluorine will have to be discarded to purge
these fission products.

When the low-temperature zcne of the NaF bed is loaded with UFé, the
bed is taken off stream, and the temperature of the cold zone 1s slowly
raised while the bed is swept with fluorine gas. At temperatures around
150°C, molybdenum fluoride desorbs and is carried away, thereby separating
it from UFé. The temperature is raised higher to about L00°C for complete
desorption of uranium, which is collected for recycle to the reactor. The
NaF and MgF2 beds are reused until loaded with retained fission products;
at this point they are discharged to waste and filled with fresh material.
The operation of the sorption system is diagrammed in Fig. 3.

The rate of heat generation by fission products deposited on the
sorvers might be as large as 30% of the gross rate shown in Fig. 2. There-

fore, the beds will require ccoling to prevent local overheating.

EE@ Collection

Desorbed UF6 is carried by fluorine into a primary cold trap held at
about ~-40°C where it is collected for the fuel reconstitution step. The
-}40°C trap is backed up by a colder {-60°C) trap to catch any UF, that
might pass through the first trap. For additional safety a NaF chemical
trap is included to trap any UFé that might get through the cold traps.
When a cold trap is leaded with UFé’ the trap is warmed to triple point
conditions (90°C and L6 psia) to melt UF6 and allow it to drain to a

receiver for feeding the reductiocn unit.

Vacuum Distillation

After fluorination, the barren carrier, containing the bulk of the
fission products, flows to a still which is coperated at about 1 mm Hg
pressure and 1000°C. The LiF and BeF2 volatilize, leaving fission products

in the still bottoms., This residue consisbs largely of rare earth fluorides,
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which are the principal neutron poisons. Available data indicate that the
relative volatilities of the rare earth fluorides, compared to LiF and Berg
are low and that a good separation can be achieved in & single-step distilla-
tion without rectification. The following data (Table 1) have been obtained

for several fluoride compounds.

Table 1. Relative Volatilities of Rare Earth Fluorides,
ZrF, , and BeF? With Respect to LiF

Temperature = 1000°C

Pressure = 1.5 mm Heg
Component Mole Fraction in Liquid Relative Volatility

LiF 0.8L2 e

BeF2 0,105 ‘ L.6

ZrFLL 0,0096 1.l

PrF, 0.055 2.5 x 1077

. i
NAF, 0,06 <3 x 107
SmF3 0.05 <3 x 1070

It is proposed to operate the still semicontinuousiy, allowing the
fission products to collect in the sbill bottoms; the bottoms, in turn,
are sent to the fission product accumulator tank (see Fig. 1) for dilution
and storage. The accumulator contains about LOO e of 88-12 mole §
LiFw.BeF2 mixture, which is the equilibrium compositiocn of theliquid in the
still, The accumulator salt is recycled through the still by adding it
into the still feed coming from the fluorinator. Since the recycle/feed
ratic can have any desired value, it is adjusted to exercise control over
the heat generation rate in the still as the fission preducts continoously
concentrate at that peint. Caleulations indicate that a volume ratioc as
low as 1l:1 is adequate for control of the heat generation.

The LOO ft3 of LiF_BeF? mixture in the accumulator is believed to be
sufficient for collecting fission products for the entire 30-year lifetime

of the reactor. At the end of this time the mixture can be processed for
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recovery of LiF and BeF, and transfer of fission products to some inexpensive

medium for permanent digposal.

Although CsF and RbF have higher vapor pressures than LiF and would be
expected to contaminate the recycle carrier, no difficulty is expected with
these fission products because each has a gaseous precursor which is removed
on a very fast cycle in the gas sparging operation. Another fission product
that has a relatively high vapor pressure is ZrF, , and it might be necessary
to discard a small fraction of the carrier distillate to purge this poison.
There is some evidence that the activity of ZPFA is low in the still bottoms;
thus, most of the Zth will remain in these bottoms. Even if all the Zth
distilled; no more than 5% of the distillate would have to be discarded to
control its poisoning effect.

Although fluorination is expected to recover greater than 99.9% of
the uranium in the fuel stream, any small fraction that reaches the vacuum
still is not entirely lost. The vapor pressure of UFh at 1000°C is slightly
greater than that of LiF allowing part of this uranium to accompany the

carrier salt.

Fuel Reconstitution

The principal operation in reconstituting the fuel is to recombine
the distillate, the recycle and makeup uranium, and the makeup carrier
salt in the proper proportions for feed to the reactor. Uranium hexa-
fluoride from the cold traps is mixed with a portion of the bred UF6 from
the blanket process, and the mixture is dissolved at 550 to 600°C in
recycle fuel salt. The mixture is kept at the proper UFh concentration
by introducing LiF—BeF2 distillate and makeup. Hydrogen is then introduced
into the mixture to reduce UF6 to UFh' The entire operation can be carried
out continuously in a single unit.

A filter after the reduction unit will be used to clarify the fuel
salt before it goes to the reactor. Reducing conditions in the column will
precipitate any colloidal nickel or iron, which will contaminate the salt

(as a result of equipment corrosion).



Xenon Removal

Because of the low sclubility of the rare gases in molten fluoride
salts, xenon can he stripped from the fuel salt by sparging with an inert
gas such as hellum or nitrogen. The sparging is done in an in-line gas
stripping unit located between the pump and the reactorul3 A very short
cycle time of the order of 30 sec is required to keep xenon poiscning at
the desired low level, which is less than 0,5% fractional peisoning. The
inert carrier gas transports the fission gases to charcoal adsorbers where
they are retained for decay; the carrier gas is recycled. Because of the
very short cycle time, this processing must be accomplidhed with equipment
in the reactor primary system and is considered to be a part of the reactor
syshbem, rather than a part of the fuel processing system.

An alternative method of eliminating xenon is to process the reactor
fluid for removal of icdine, the precurscr of xenon, A method for removing
iodine has not been developed; however, laboratory experiments have given
promising resultsall The method is to sparge the fuel salt with an HF’~H2
mixture, allowing the iocdine ion {the form present under reactor conditicns)
to react with HF forming HI, which is removed as a gas. Considering the
fact that 1351 has a half-life of 6.7 hr, it is seen that the processing
rate must be fast to make the process effective for removing the xenon
daughter, There is a lower limit to the amount of 135Xe that can be purged
by vemoving the iodine precursor; the independent fission yield of 13§Xe is
guite significant {removing 13§I accounts for only about 80Z of the xencn

poisoning ).
Fertile Stream Process

The fertile {or blanket) stream process has three primary operationss:
protactinium removal, centinucus fluorination, and UF6 scrption, The
assumption is made that the uranium is not removed with the protactinium,
so the latter two cperations are analogous to the corresponding fuel stream
operations discussed above but are carried out at a higher volumebtric rate,
The fertile stream is cycled through fluorination once every 20 bte 25 days

t.

to keep a low uranium concentration in the blanket, thereby keeping the



fissicn rate low. The low fission rate ensures a low fission product
accumulaticn rate so that it 1s unnecessary to remcve them on the same
cycle as uranium., In fact, a 30-year discard cycle of the barren fertile
stream is a sufficient purge rate for fission products., At the end of
this time the waste tank would be processed to recover ThFh; the fission
predicts would be permanently stored in an inexpensive medium.

If the process fer removing protactinium from the fertile stream also
remeves all the uranium, fluorinaticn of the fertile stream will not be
necessary. A fluorination step is, hiowever, required in the subsequent
processing of the protactinium to separate the uranium.

The bred uranium is reccvered in cold traps as UFéo A porticn of

this is used to refuel the core, and the remainder is sold.
2

Protactinium Remocval

The breeding performance of the reactor can be significantly improved
if the protactinium concentraticn is kept low, The proposed process 1s to
centact the fertile salt at about 650°C on a rather fast cycle, perhaps as
fast as once every 10 to €0 hr, with a stream of liquid metal carrier; e.g.,
bismuth, containing 3000 tc 4000 ppm thorium, The thorium metal reduces
protactinium and the two nuclides exchange between the two streams. A
hydroflucrination or sorpticn treatment is then used to extract protactinium
from the bismuth stream into a seccond salt mizture, in which it is allowed to
decay to uranium, Later the salt is fluorinated to recover the uranium,

Preliminary data indicate that 96% of the protactinium can be remcved
from the blanket by this method. The behavior of uranium has not yebt been
determined. Thorium, of course, is the ideal reductant because the removed
protactinium is replaced by equivalent fertile material.

Off -Gas Treatment

Most of the off-gas from the processing plant comes from the continuous
fluorinaters; smaller amounts are formed in various other process vessels.
The gases are treated to prevent the release of any contained fission

products to the atmesphere., FExcess fluorine used in the fluorinatcrs is
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recycled through a surgas chamber, and a small side-stream of the recycling
fluorine is sent through a caustic scrubber to prevent gross buildup of
fission products. Each of the processing vessels and holdup tanks has off-

gas lines that lead to the scrubber for removing HF, F., and volatile

contaminants., :
The scrubber operates as a continmous countercurrent, packed bed unit

with recirculating aqueous KOH. A small side-stream of KOH solution is

sent to waste, and the scrubber off-gas 1s conbacted with steam to hydrolize

fission product tellurium, A filter removes the hydrolized product. Non-

condensable gases are sent to the facility that treals gases generated by

the reactor; ultimately the gases are discharged to the atmosphere after

considerable diluticn.
Waste Storage

Waste streams from the processing facility are: (1) agueous waste from
the KOH scrubber for purifying recycle fluorine, (2) molten salt from fertile
stream discard, (3) WNaF and MgF, sorbent from UF, purification, () daughter
products of Kr and Xe that accumilate as solids in the gas sparging system of
the reactor, and {5}, if needed, molten salt discard of LiF-BeF  carrier to
purge Ztho The material in the fission product accumulator (sée Fig. 1) is
not considered a waste because it is not removed from the process even
though it contains fisslon products. Eventually a portion of this volume
becomes waste at the end of the reactor lifetime and after processing to
reclaim as much as pessible of the LiF»Ber content. Each of the waste
streams would be stored in underground facilities at the reactor site; after
appropriate decay periods and waste treatment procedures, these could be

sent to permanent storage cr disposal sites.

Aqueous Waste

The agueous waste stream is small and would be combined with similar

wastes from the reactor in a single underground facility.



Fertile Stream Discard

This waste is stored in an underground tank which can be ccoled by
air circulation in natural convectbion. The specific heat generation rate
is low because of the small concentration of fission products present. It
may be desirable to store the fertile stream discard inside the processing
cell, The salt volume is only about 2500 ftB, and, if inside the cell,
cooling could be conveniently provided by the same medium that is used in

the processing operations.

NaF and MgF2 Pellets

These sorbents, which contain the volatile fission product fluorides,
are stored in cylindrical cans in an underground concrete vault., The spent
pellets are discharged from the sorbers into cans inside the processing
cell. When several cans have been filled, the contents are moved from the
cell to the vault., Decay heat is removed by forced air circulation through

the vault.

Kr and Xe Daughter Products

Krypton and xenon, sparged from the reactor, are precursors of solid
fission products (Rb, Sr, Y, Zr, Cs, Ba, La, Ce) that settle as fines and
dust throughout the gas processing system. These particulates must be
removed to avoid clogging and overheating gas lines. A possible method fer
doing this 1is to pericdically flush lines and gas holders with a molten
salt, which dissolves and accumulates the decay products. The accumulator
could be a vessel {in the processing cell) in which these fission products

are retained until permanent disposal.
STATUS OF PROCESSING TECHNOLOGY AND NEEDED DEVELOPMENT
Fluoride Volatility Prcocess
Experience at (RNL with the processing of molten salt fuels by the

fluoride volatility process dates from 1954 and included all phases of

laboratory and development work through the successful operation of a



pilot plant. During this period the process was adapted for use with the
fluid fuel, NaFerFA~UFh, of the Aircraft Heactor Experiment, and two alloy
fuels, Z2r-U and A1-U. Although the alloy fuels were solid, they were
dissclved in the molten fluoride salt and their processing was carried out
by methods analcgous to processing a molten fluoride fuel, After the initial
dissclution step for the solld element, processing of liquid and solid fuels
becomes identical within the limits imposed by different compositions.

The fluoride volatility process takes its name from the principal
cperation, the volatilizing of uranium as the hexaflucride. The advantages
of fluoride volatility are: the small velume of fission product waste, the
convenient form of the UF6 product, which 1s easily converted to UFh Tor
fuel recycle, the virtual elimination of processing criticality hazards as
opposed to agueous processing of enriched fuels, and the high decontamina-
tion factors attainable for the UF6 product. Unattractive features of the
process are; the corrosiveness of fluorine-molten salt mixtures, and, to a
lesser degree, the high processing temperatures., A diagram of the CRNL
Fluoride Volatility Pilot Plant is shown in Fig. l.

In addition to the molten fluoride processing work at ORNL, similar
research has been carried out at Argonne National Laboratory. Efforts at
the twe installations were complementary, with the ANL work being directed
primarily toward hydroflucorination and fluorination techniques and reagents
as well as equipment develcpment. In addition, mclten salt process develop-~
ment was supplemented by an extensive corrosion-testing program under sub-
contract with Battelle Memorial Institute (1959-1963). Evaluations were
made of potential construction materials for the hydroflucrination and
fluerination equipment; the metals of most interest were found to be
Hastelloy N, Alloy 79-4 {(known also as HyMa 80 and Moly Permaloy), and
Nickel 201 {L-Nickel). All these metals are satisfactory construction
materials for molten salt processing eguipment with the possible exception
of the vacuum still. The 1000°C distillation temperature is beycnd the
range ab which materials have been evaluated,

The proposed process for the MSBR includes several cperations in
addition to these with which there has been reprocessing experience. The
mest dmportant of these are: continuous fluorination, vacuum distillation,

reducticn of UF6 to UFL’ and removal of protactinium from the fertile
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stream, The following paragraphs review the experience with ARE, Zr-U,
and A1-U fuel processing and delineate the status of existing technology

for the operations involved in MSBR processing.

ARE Fuel Processing

Initial development of a process for molten fluoride fuel was motivated
by the need to recover unburned, highly enriched uranium from the lrradiated
fuel of the Aircraft Reactor Experiment. This fuel was a L8-49.5-2.5 mole &
mixture of NaF—ZrFM~UFh. Beginning in 195l the fluoride volatility process
was developed for this recovery and culminated in successfully processing
the ARE fuel during the pericd December 1957 to March 1958, Since the
reactor operated in November l95h,:the irradiated fuel was about three years
old. The recovery operations consisted of batchwise UF6 volatilization,
followed by its decontamination on granular beds of sodium fluoride, and its
recovery in cold traps. Barren waéte, containing the bulk of the fission
products, was drained into metal cans and buried. Better than 99% recovery
of uranium was attained in this initial hot operation of the fluoride
volatility pilot plant. Decontamination factors of at least J.O)‘L were

attained, as indicated by the gross gamma activity of the product.9

Zr-U and Al-U Fuels

In the initial stages of fluoride volatility development it was
recognized that the process had application to fuels other than molten
fluoride salts. Concurrently with the development of a process for ARE
fuel, laboratory research was pursued toward adapting the process for
treating irradiated Zircaloy-clad, Zr-U alloy fuel from submarine reactors.
This research resulted in the development of a hydrofluorination operation
in which the solid fuel element is dissolved by reaction‘with anhydrous HF
in molten LiF»NaFaZth;
for ARE fuel.

Processing experience led to improvements in the pilot plant and

the remaining steps of the process were the same as

equipment before operation with Zr-U fuel. In addition to the hydro-
flucrinator, an improved fluorinator (Fig. 5) and NaF sorber were incor-

verated in the modified plant. The plant was operated with irradiated
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submarine reacteor fuels during the period March 1962 to September 1963,
Fuel elements that had cooled as long as 6.5 years and as short as
6 months were successfully processed. Uranium recovery and decontamina-
tion in all runs were excellent.

The final phase of cperation of the CRNL Volatility Pilot Plant was
assoclated with processing aluminum-clad, AL-U alloy fuel,lO It was found
that the sclid elements could be satisfactorily dissolved by reaction with

anhydrous HF in molten 66-22-12 mole & KF~Zth—A1F Cther operations in

the process were the same as for Zr-U alloy procesiing, and the same pilot
plant equipment was used., A number of pilot plant runs were made with
irradiated Al-U fuel during the periocd July 1964 to January 1965 at which
time the Volatility Pilot Plant was shut down. During that period, A1-U
fuel ccoled for only four weeks was satisfactorily processed. The same
excellent recovery and decontamination factors were obtained as with ARE
and Zr-U fuels; uranium recoveries of 99.9% or better, and decontamination

. 16 .
factors of 107, were typical.
Continuous Fluorination

Continuous fluorination is desirable for processing both the core and
blanket of an MSBR because of the need to minimize the out-of-reactor
inventory and the costs of processing. Engineering development 1s compli-
cated by the corrosiveness of the molten-salt~fluorine mixture and by the
Alfficuity of reproducing in the laboratory the high internal heat

generation rate of a recently irradiated fuel.

The technology for batchwise fluorinaticn has been rather thoroughly
developed and applied in the Fluoride Volatility Pilot Plant but there is
little experience with continuous fluorination., One technique of continuocus
fluorination invelves spraying or Jetting small droplets of molten salt
through a fluorine atmosphere in such a way that they do not contact the
metal walls of the fluerirator. Some very preliminary tests2 with single

salt droplets have been successful in achieving high wranium recovery.
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A second methed, which appears to be the most promising, is to carry
out the fluorination in a liguid-phase continucus system using a 1/2- to
3/)-in.-thick layer of frozen salt to protect the vessel walls. The initial
work on such a system was done at Argonne Natbional Laboratory;3 currently,
the development is being pursued in the Chemical Technology Division at
CRNL., Preliminary results, employing units that did not have frozen-wall
protection, have demonstrated that high uranium recoveries can be effected

in continuous, countercurrent operation.

Needed Development

Engineering development of a continuous fluerinator should be given
high priority. Areas reguiring study include: mass transfer information;
process flow control; method of establishing and maintaining a frozen-salt
wally mist deentrainment in gas stream; and, efficiency of gas-liquid
contact. A problem in particular need of attention is the design of nozzles
that admit and remove the molten salt and fluorine gas, It might be
difficult to protect these areas from corrosive atback by establishing a
frozen-salt wall., 1In the development it should be recognized that there
is a large difference in capacity betwsen the fuel and fertile stream
fluorinators and that the internal heat generation in the fertile stream
is appreciably less than in the fuel, A conceptual design of a continucus

fluorinator is shown in Fig. 6.
UFé Purification by Sorption
The Nal and MgF2 sorption units provide adequate decontamination for
UFé’ The batchwise units can be operated satisfactorily for beth fuel and
fertile streams of the MSBR., Development on this part of the process 1s

not critical to successful operation of a molten salt breeder experiment.

Current Status

The UF6 purification system has been operated as an integral part of
the PFluoride Volatility Pilot Plant. producing a product that can be handled
directly. Also it has been demonstrated that uranium recovery from the

sorbers is essentially quantitative,
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Needed Development

Although no extensive development is needed to ensure successful
cperation of the sorption system., there are several areas in which performance
data should be obtained, The sorption characteristics and capacity of MgF,
for technetium are not well kncownj; the methods for removal of tellurium and
ruthenium are also not well knownj; and the chemistry of molybdenum in the
sorption system needs better definition. From an engineering viewpoint, a
sorption system that could be operated continuously would have advantages
over a batch system, and such a system sheuld be develcped for large-scale
MSBR installations.

Heat generation in the sorber beds will be appreciable because of the
short decay time before fluorination. A thorough evaluation must be made
of this problem including a satisfactory cooling mechanism). Since the
sorbernts become wastes that are remcved from the processing cell for
storage, it is essential thab a means of doing this be developed (one that
precludes frequent entry into the cell ).

A diagram of a successfully operated unit is shown in Fig. 7.
Cold Traps

Current Status

Cold traps, like the one shown in Fig. 8, have been used at ORNI, and
CRGDP for the cocllection of UF6. The unit has to be operated batchwise,
but this is no deterrent to its use in a breeder experiment or a full-scale

installatiocn.

Needed Development

No development is needed on this phase of the process on a near-term
basis; however, ultimately it will be desirable to have a continuous cold

trap system.
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Vacuum Distillation

The vacuum distillation concept for separating LiF—BeF2 fuel carrier
from fission products is feasible from an engineering viewpoint. However,
considerable development is needed to perfect the operation for a breeder
experiment , and the most significant advancement in molben salt processing

can be made by developing vacumm distillation.

Current Status

Vacuum distillation has been seriously considered for purifying the
carrier since laboratory testsu showed that decontamination factors for
rare earths in the range 100 to 1000 could be achieved, These bench-scale
tests have been continued to develop basic data for the relative volatility
(see Table 1) of rare earth fluorides as well as operating technology at
high temperature and low pressure. Also underway is the fabrication of a
large-scale distillation experiment that will be an extensive demonstration
of the operation employing nonradioactive mixtures; the last part of the
experiment will be a demonstration run employing radioactive spent fuel

from the MSRE. The equipment for this experiment is shown in Fig. 9.

Needed Development

Research has only recently begun to explore vacuum distillation of
molten salts, and a high priority should be given to this critical step in
the processing scheme. Although a considerable amount of physical and
chemical data for this system has been measured, more data, especially
relative volatility, activity, and distillation rate measurements, are
needed before a full-scale plant unit can be designed, It appears that
semicontinuous operation of the still as diagrammed in Fig. 1 is the most
satisfactory method foraccumulating and storing the fission products. The
general problems and technology of operating a piece of equipment at 1000°C
and 1 mm Hg need to be determined so that their influence on design can be
recognized. Extensive, nonradicactive testing of the MSRE experimental

gtill should answer some of these guestions.,
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Bven though the accumulated fission products generate a considerable
amount of heat, the use of the accumlator vessel lowers the specific heat
generation rate to a value that introduces no difficulty in designing the
heat removal system. - The calculated magnitude of this heat generatiocn rate
for a conceptual still design for a 1000-Mw {(electrical) MSBR is shown in
Fig., 10.

The 1000°C operating temperature of the vacuum still introduces
metallurgical problems that have not been encountered previously in molten
salt processing. Equipment for the MSRE distillation experiment is made
of Hastelloy N; however, it is believed that this material is not the best
for these conditions and that development of a suitable material should be
started. Molybdenum or a high molybdenum alloy are likely candidates and
should be evaluated. Not only must the material be compatible with molten
fluoride salt but alseo with the coolant, which will probably be NaK or
another molten salt, and the surrounding atmosphere. Duplex or clad material

may be applicable,
Fuel Reconstitution

The reduction of UF6 to UFh and recombination of the UFh with LiF~BeF?

carrier requires engineering development. This work should have a high
priority, ranking in importance with continuous fluorination and vacuum

distillation.

Current Status

The reduction of UF6 by hydrogen in an HZ—F2 flame is a well known
reaction; the reduction is rapid and quantitative. However, the powdery
UFLL product is difficult to handle remotely. Liquid-phase reduction in

which UF6 is reacted with H, in molten salt is more suitable for continucus,

2
trouble-free operation. A limited amount of work5 has been done on liguid-
phase reduction, and the data indicate that the method is highly suitable

to this application.
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Needed Develcpment

Little is known about the kinetics of the absorption and reduction of
UF6 in the molten fluoride mixture other than that it is fast. The mechaniam
may be reaction of UF6 with UF, to form an intermediate fluoride, followed by

b
reduction with H.. An experimental program is needed to study reaction

2
rates, temperature, UFM concentration, nozzle design, contactor design, and
gas-liquid separation. There might be a corrosion problem in the reduction
unit, and considerable attention will be needed in the design of the unit Lo

minimize this effect,
Fuel Clarification

Reducing conditions that exist in the UF6 reduction unit are conducive
to the formation of metallic species, particularly nickel and iron, which
may be in a finely divided or colloidal state. Before returning to the
reactor, the fuel will need clarification. Development of a solid-liguid
separation system for the breeder experiment is not a critical item;

however, it is a problem that will have to be solved eventually.

Current Status

Final clarification of the fuel charge for the MSRE was accomplished
by filtration, which was carried ocut after an H2~HF treatment to reduce
oxides. Sintered nickel filters were used in a batch operation, ard after
use the filters were discarded. This procedure was very effechbive in

clarifying the molten salt.

Needed Development

So far, filtrations have been carried out on nonirradiated salts, and
one did not have to cope with heat generation from fission product decay on
the filters. This could be a rezal problem in a system thalt recycles fuel,
Present filters probably do not have an adequate operabting lifetime in this
type of service, No techniques for handling or backwashing the filter cake
have been worked out. A continuous clarification method would be highly

deslrable to avold frequent entries into the cell to change filters.
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Frotactinium Removal

Protactinium remcval is an important operation in fertile stream
processing and sheould be vigorcusly pursued., The benefits are primarily
in improvement in the breeding ratio by decreasing parasitic captures and
reduction in the thorium inventory. In order to be effective, the process-
ing rate for protactinium removal must be significantly faster than its
natural decay rate (half-life = 27,4 days); this requirement means a high

volumetric processing rate for the fertile salt.

Current Status

The work on protactinium remcval has been confined to laboratory
development, which has given some promising preliminary results. The
. . . L 12 .
status of this work is discussed in the report on the chemical develop-

ment program, ORNL-TM-1853,

Needed Development

Laboratory investigations into protactinium removal are underway, but
no engineering development has been started. As soon as the laboratory
work has reached the point at which engineering studies can be useful, the
studies should be started. They will involve the complete engineering
development of process and equipment. A primary need for the engineering
is an alpha-handling facility in which to do the work., Building such a
facility should begin soon in order to be ready when needed. Engineering
development must be oriented toward 2 simple and easily operated process
because of the high volumetric throughput required to maintain a low

protactinium concentration.

Waste Handling and Disposal

Waste handling for an MSBR poses some problems that have not been
encountered before in processing operations. These are brought abcut
primarily by having considerable amounts of fission products appear at

several points in the process, for example, in still bobttoms, in NaF and
2 3 3
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MgF2 sorbents, and throughout the gas sparging system. In-process
collecticn and handling of these wastes are areas that need study and
development. ©On the other hand, waste disposal is not a critical problenm
in the development of a molten salt breeder experiment. Bulk storage
procedures like those used for aqueous wastes can be used for the near
term while research and development effort is applied in more-critical

areas,

Current Status

The general topic of waste disposal has been the subject of consider-
able study at (RNL for several years. Although molten fluoride wastes
were not a specific part of the study, a large amount of the developed
data and knowledge are applicable in this case., For example, the cost
data for permanent disposal and heat dissipation rate in underground
storage facilities should be very good estimates for the fluoride salt
case. In addition there is consilderable experience in handling and
treating hot aqueous wastes in pilot plant operations at Hanford and the

Idaho Chemical Processing Plant to make glasses and calcined products.

Needed Development

A study is being made of waste disposal for molten fluoride salts
to determine the most satisfactory program to follow., The fission product
accumulator, which 1s integrated directly into the vacuum distillation
step, is in effect a waste tank that stores the bulk of the MSBR waste
for its 30-year lifetime. At the end of life and following an interim
cooling period, this waste could be disposed of by procedures current at
that time. Another highly radioactive waste is the NaF and MgF, sorbent
from purifying the UFéo Since this material is already in Solia, granular
form, 1t is probably sultable for permanent disposal if sealed in the
proper container. An interim cooling period weuld of course be necessary,
In the reactor off-gas treating system, however, fission products
are not conveniently collected in a material that subsequently acts as a
retention medium; instead decaying krypton and xenon deposit solid daughter

products, perhaps as fines and dust, threoughout: the off-gas system. The
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problem of keeping the off-gas system clean cof such products has not bheen
encountered in fuel processing, and considerable development is needed to

perfect a satisfactory method,

Process Control

The chemical processing plant will need measurements of radiation,
temperature, pressure, uranium concentration, and flow rate. Development
of a flow metering device is of outstanding importance because of the
proposed continuous operations, and the work should be undertaken in the

near future.

Current Status

All of these measurements have been encountered in the development
program for the MSRE and much satisfactory instrumentation has been developed.
In the case of temperature and pressure control, satisfactory means of
control have been developed. However, the problem of controlling the flow
rate of a molten salt stream has not been solved. There is no current
method of continuously measuring uranium concentration in a flowing stream
of molten salt or UF6 concentration in a flowing gas stream, Concentrations

have been determined by sampling and laboratory analysis.

Needed Development

The primary need in instrumentation for processing the MSBR is a flow
control device that can meter the flow of a molten salt stream. The problem
has been recognized as a difficult one and, in the past, has been circum-
vented by batch operation and liquid level measurements. However, for
smooth operation of a continuous process, such a device will be needed.

The usual method of using flow control valves is not suitable for a molten
salt and has been avoided.

Considerable emphasis must also be placed on the development of in-line
instrumenbation for concentration measurements, particularly for uranium,
lithium, and beryllium. Smooth operation of the plant might require a fast

analysis of a flowing stream.
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DEVELOPMENT OF ALTERNATIVE PROCESSES AND IMPROVEMENTS

The discussion in the preceding sections has presented the main-line
effort for the development of a processing method for the mclten szalt
breeder reactor. In this section several albternative schemes are described.
These schemes have promise for improving or substituting for the primary

processing method and a concurrent investigation should be conducted.

Todine Stripping

No single fission product has such a deleterious effect on the breeding

135

performance as ¥e. Removal of its lodine precursor from a side stream is

135

an indirect means of removing xenon; however, since ¥e has a direct
fission yield, the reduction in poison fraction by iodine removal is limited,
Iodine stripping does nol appear to have an advantage over direct stripping

of xenon, and development should be subordinate to more important problems.

Current Status

Some laboratory studies have been made of the chemistry of iodine in
molben salts., They included experiments in which iodine was removed from

salt by sparglng with a stream of HF in hydrogen,

Needed Development

Laboratory development should be continued to obtain the baszic data
Tor an iodine removal process., Engineering support is alsc needed to
evaluate proposed processes. The engineering effort will include some
experimentation as well as process analysis and calculations. Fission
gases contain a surprisingly large amount of the decay energy of the system,
and the importance of this fact needs to be assesged in the design of a

fission gas disposal system.
Use of Additives in Vacuum Distillation

The success of vacuum distillation depends upon the fission product

fluorides' having a low relative volatility compared to LiF, and extant



data indicate that this is the case with the rare earths (see Table 1).
However, there is a possibility that even lower relative volatilities can
be achieved through the use of additives that react with the rare earths,
zirconium, and cther fission products. The additives could be intrcduced
just prior to the vacuum distillation step and would remain in the still
residue, being sent to waste when the still is drained.

This technique cculd be significantly helpful in improving zirconium
decontamination if the proper complexing additive were found., Zirconium
fluoride is more volatile than LiF so the vacuum still may not be very
effective in separating it from the carrier unless its activity in the
solution is lowered. Zirconium poisoning can be eccnomically controlled
by discarding carrier salt, but lowering ZTFD volatility would decrease

the required amount of carrier discard.

Current Status

No work has been done.

Needed Development

Reliable relative volatility data for the rare earths and zirconium
fluorides are being obtained, and this is the first step in accurately
assessing the effect of additives. Bench-scale development is the primary
need. If useful additives are found their effects can be demenstrated in

the general development of the distillation process.
Reduction-Coprecipitation and/or Electrolysis

Reductive coprecipitation6 of the lanthanide elements with beryllium
hae been demonstrated in the laboratory. The reductien product is a
refractory, insoluble beryllide deposited at the salt-metal interface.
Metallic lithium can also be used as the reducing agent.

Electrochemical reduction instead of liquid metal contacting might
also be used to control the concentration of such fission products as Mo,

Ru, Sn, and Pd and in removing corrosicn product Fe, Ni, and Cr.



Current Status

The liguid metal extractions have been limited to scouting experiments
in the laboratory; however, significant removals were observed for La, &m,
Gd, Sr, and Fu using a Li-Bi alloy extractant. Similar results were obtained

with Be instead of 1Lij; however, a large excess of Be was needed to remove Zr.

Needed Development

The data on these extraction methods are preliminary and insufficient
for judging the process. Back extraction of rare earths from liguid metal
carrier has not been tested. Mcre basic laboratory experiments are needed
to more clearly define mechanisms and products, As for electrolytic
reduction, the electrochemistry of molten salt systems needs to be explored
as a prerequisite to a sound evaluation of the method. Basic oxidation-
reduction relationships between the metals and the rare earth components of
the salt phase need to be measured. Extensive engineering development will

be required if laboratory experiments indicate that the process is attractive.
Ton Exchange with Nonfluoride Sclids

The processes included here are concerned with the selective removal
of rare earth fission products while not requiring any change of state in
the bulk of MSBR core stream. Conceptually, this is a most desirable
feature. Refractory solids, based on carbides, phosphides, nitrides,
silicides, and sulfides, might be found which will exchange cations with
the rare earths forming insoluble compounds. Oxides might also be included
in this class of materials because of their extreme low scolubility in
molten salt. Indeed, the oxide method might be particularly useful for
processing a fuel stream containing thorium as proposed in the alternative
reactor concept. In its simplest form, the operation can be visualized as
a percolation of a small side stream of core fluid through a column packed

with the ion exchange material,

Current Status

There have been some exploratory experiment57 with carbides (that

indicate such an exchange does occur)and a few incidental observations
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on sulfides (made during the course of other studies). On the other hand,
there is a large body of information concerning the chemistry of oxides in
contact with molten salts., Many oxides, including those of fission products
as well as heavy metals, have been studied to establish their solubility
products in molten salt. Also the removal of rare sarths as oxides from
molten fluoride melts has been researched to assess the potential for a
processing scheme. However, it is not yet possible to resolve all the
variables to permit a guantitative statement about the possibilities for

such & process,

Needed Development

More laboratory development is needed on these ion exchange processes
before there can be a full appreciation of their potential. Tater in the
development, the work will have to be supported by engineering experiments,

which to a large extent would be concerned with contactor development.

SCHEDULE OF MANPOWER AND COST F(R DEVELOPMENT PROGRAM

The cost and manpower commitment necessary to develop on-site,
integrated processing methods for the fuel and fertile streams of a molten
salt breeder reactor were estimated on the presumption that all critical
questions required answers by dJune of 1270. Costs were based on the pre-
dicted costs of work in the Chemical Technology Division (including a
steady 2% increase per year; and the estimated amount of work necessary to
solve each problem as required for comprehensive design and optimum
operation.

Table 2 itemizes the manpower and costs for each subprogram with totals
drawn at the end of FY 7h. It is anticipated that some support for the
reactor processing development program will be required after FY 7L, but
that it will be small compared to the effort which brought the program to
that point.

Comments on each subprogram, with the anticipated status at the end of

FY 7h,are given below,



Table 2.

of a Molten Salt Breeder Reactor by the Chemircal Technology Division

Manpower and Cost Breakdown for the Development of the On-Site Processing for the Fuel and Fertile Salts

Total

FY 68 FY 69 FY 70 FY 71 FY 72 FY T3 FY T4 Through FY Tk

MY 1070 My $x10°3 MY $x10-3 MY #1073 MY $a0° MY $x1075 MY  $x10°3 My $x1077

Continuous Fluorination Men 2.5 115.0 4.0 184.0 4.0 88.0 3.5 168.0 3.0 W70 2.0 166.0 2.0 02.0  21.0 1002.0

Unusual Expenses 25.0 150.0 100.0 50.0  50.0 50.0 50.0 475.0

Total 138.0 334.0 288.0 218,0 T197.0 150. 152.0 1477.0

Sorption ‘Men 1.0 %0.0 1.5 64,0 2.0 102.5 0.5 24,0 1.5 73.5 1.0 50.0 1.0 51.0 B.5 405.0

Unusual Expenses 50.0 50.0

Totel 40.0 64.0 10R.5 24.0 123.5 50.0 51.0 455,0

Carrier Salt Men 2.5 118.0 2.5 12.5 4.0 18%3.0 6.0 311.0 6.5 328.0 4.0 195.0 4.0 196.0  29.5 1438.5

Distiliation Unusual Expenses 25.0 110.0 150.0 100.0 50.0 50.0 50.0 $35.0

Total 135.0 222.5 333.0 411.0 378.0 2485.0 249.0 1973.5

MSRE Experiment Men L0 220.0 3.0 141.0 7.0 361.0

Unusual Expenses 100.0 30.0 130.0

Total 320.0 171,0 Ls1.o

Recombiner Men 0.5 20.0 2.5 120.5 1.5 65,5 3.0 139.0 1.0 49.0 1.0 50.0 1.0 5.0  10.5 495.0

Unusual Expenses 50.0 50.0

Total 20.0 120.5 65.5 189.0 49.0 50.0 51.0 545,0

Elarket Processin, Men 1.0 B0 W5 233.0 9.0 LL3.0 9.0 ¥78.0 9.0 489.0 12.0 65¢.0 9.0 511.0 53,5 2641.0

(ra) Unusual Expenses 70.0 100.0 200.0 250.0 300.0 300.0 1220.0

Total 40.0 303.0 550.0 &78.0 139.0 95C.0 811.0 L0610

Filtration and Salt Men 1.5 66.5 2.5 110.0 2.0 91.0 6.0 267.5

Clean-Up Unusual Expenses 30.0 30.0 60.0

Total 96.%5 140.0 91.0 %27.5

Process Off Gas Men 1.0 57.0 2.0 106.0 3.0 184.0 3.0 136.5 1.0 4.0 1.0 5.0 1.0 45,0 12.0 558.5

Handling tnusual Expenses 20.0 40,0 50.0 50.0 50.0 50.0 260.0

Total 57.0 126.0 20k.0 186.5 94.0 95.0 95.0 858.5

\lternative Processing Men 2.0 80.0 5.0 210.0 4,0 188.0 2.0 86,0 2.0 88.0 2.0 90.0 2.0 92.0 19.0 814.0
s s and Process Unusual Expenses

wprovenent Total 80.0 210.0 168.0 86.0 88.0 RN.0 92,0 814.0

Special Instrumentation Men 1.0 45.0 2.0 105.0 2.0 107.5 2.0 110.0 2.0 112.5 1.0 50,0 1.0 51.0  11.0 561.0

egnd Control Unusual Expenses 30.0 50.0 50.0 5.0 50.0 50.0 280.0

Total 45,0 13%5.0 157.5 160.0 162.5 100.0 101. 861.0

Weste Handling and Men 0.5 35.0 2.5 143.0 3.5 201.5 0.5 38.0 7.0 L4i7.5

Disposal Unusual Expenses 10.0 30.0 L0.0

Total’ 35.0 153.0 231.5 8.0 L57.5

General Design Men 1.0 45.0 1.0 72.0 1.5 al. 2.0 152.0 2.0 360.0 7.5 540.0
Unusual Expenses

Total 45.0 72.0 111.0 152.0 160.0 £40.0

Salt Prodgaction Men 1.0 55,0 5.5 272.0 8.0 336.0 8.0 344.0 8.0 32,0 8.0 360.0 8.0 358.0  L6.5 2077.0

Unusual Expenses 50.0 200.0 200.0 558.0

Total 45,0 322.0 £€36.0 544.0 352.0 360.0 368.0 2627.0

Ingineering Test Men 2.0 k.0 2.0 156.0 12.0 582.0 20.0  880.0 8.0 400.0 6.0 300.0 50.0  2u5h.0

Unit Cperations Unusual Expenses .

Total 144.0 148.0 582.0 880.0 400.0 200.0 245%.0

Total Men 18.0 850.0 39.5 1973.5 47.0 2325.0 S53.5 2653.5 56.0 2723.0 0.0 19%0.0 35,0 1771.0 289.0 142g2.0

Unusual Expenses 150.0 500.0 800.0 700.0 500.0 500.0 500.0 3650,0

Total 1000.0 2473.5 2125.0 3359.5 3223.0 2590.0 2271.0 17942.0

_En_
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Continuous Fluorination

The conbinucus flucrination develcpment i1s primarily an engineering
prcblem which will cernter arcund the development cf small towers operated
with the liquid phase continucus. By the end of 1970 a good estimate of
the size of equipment necessary to give the desired recovery consistently
will be establisnhed. The feasibllity of protecting surfaces from corrosicn
by a layer of frozen salt will be established, although plant conditions
cannct be realized in experiment. Sccouting work will have been dene on
alternative methods for continucus flucrination, including spray fluorina-
tion technigque, tudies will have been initiated to determine the rate-
controlling mechanisms. In years 1971 through 1974 additional work will
be done to establish the mechanism of mass transfer to allow more nearly
optimum operation. Ccrrosion protection by a frogen layer of salt will
be further studied with emphasis on startup and shutdown and the specific

design of inlet and outlet ports.
Sorption

The absorption system to colliect and purify UF6 from the fluorinator
does not require extensive work; however, the use of a supplemental
magnesium fluoride bed tc¢ retain technetium will be studied. All pertinent
problems will be answered by the end of 1970. Abttention will be given to
the specific equipment necessary for the abscrption problems in the reactor

processing.
Carrier Salt Distillation ard the MSRE Experiment

Work on carrier salbt distillation is logically divided into twe parts.
There will be an experiment in the MSRE in which salt from this reactor will
be distilled and the separaticn from fissicn products demcnstrated in a
short campaign of batchwise cperation. This should be completed by the end
of 1969 and will require, including FY 67 expenses, aboubt 8-1/2 man-years
and $500,000. The cther part of the distillation study is of a more general

nature and will be aimed at providing an effective unit for use in the



breeder reactor. By the end of 1970 relative volatility of all significant
compenents in the Tuel salt and blanket salt should be known with accuracy
necessary for design. The behavior of evaporating salt systems under the
temperature and pressure of the still will be understood and calculations
will be made to defire the requirements for mass transport from the bulk of
the solution to the evaporating interface. The feasibility of using
distillation will be well established by this time and the approximate

size of the unit will be known; however, details on still design will not

have been fixed.
Reconstitution of Fuel

Work on the reconstitution of the fuel will comprise a minimum study
for understanding the effect of oxidation state of the salt on its chemical
and physical properties, and for providing an effective design. There is
no question as to the feasibility of the liquid phase reconstitution of the
salt,

Blanket Processing (Pa)

Studies on the processing of the blanket salt to remove protactinium
cannot be specifically outlined at this time becaunse of the uncertainties
in the chemistry of the system. It is anticipated that engineering work
would not be undertaken in earmest for at least two years, during which
time chemical studies and feasibility studies would proceed {while the
necessary experimental facilities are being constructed). By the end of
1970 it is anticipated that there will be a flowsheet for protactinium
removal 3 it will likely involve either reduction of protactinium with its
accumulation on metal surfaces, reduction and assimilation into a molten
metal, or the ion exchange of protactinium with some active insoluble
oxide., Cold engineering studies would have commenced by 1970 and engineer-

ing experiments in alpha facilities will be in an advanced planning stage.



Filtraticn and Salt Cleanup

It is anticipated that there will be particulate matter circulating
with the salt streams. It is possible that intentional precipitation of
specific fission products may be used, but in any case solid matter will
be present. A small effort will be deveted to the development of methods
to filter and clean the salt during reactor operation. By the end of 1970
an acceptable filter medium should be available and tests should have been

started., These will terminate after 1971,
Process Off-Gas Handling

Studies will be pursued to define methods of handling and treating
the gases produced by the chemical processing plant. Among the problems
which hopefully will be sclved by 1970 is the problem of accommodating
the fission product decay heal 1n gas streams. By the end of 1970 all

problems in the handling of the off-gas will be anticipated and defined.
Alternative Processing Schemes and Process Improvement

There will be a study of reasonable intensity on the evaluation of
alternatives to the fluorination-distillation process., Although it is not
anticipated that a more desirable alternative will be produced, study
should e undertaken to ascertain that we have not missed a better process
than the one we plan to use, Alternative methods for removing xenon from
the fuel salt, specifically the removal of precursor iodine, will be
evaluated, This subprogram will also include study of methods of processing
an alternative reactor which contains thorium in the fuel salt. This change
in chemistry produces chemical and engineering problems much more formidable
than those associated with the system withcut thorium. It is anticipated
that the study would form a nucleus of technology from which a more intensive
program could spring if such an alternative reactor were necessary. By the
end of 1970 both the reactor system and the processing method will be firmly

fixed and this subprogram will be recriented to handle process chemistry
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problems as they arise. The work on process alternatives should yield
valuable insight into the phase equilibria of circulating impurities that

may be found in the reactor system.
Special Instrumentation and Process Control

There are many places where special instrumentation and control are
crucial. The feed to the continuous fluorinator and the feed to the dis-
tillation unit must be metered; therefore, knowledge of properties, particu-
larly uranium concentration and gross beta-gamma, iIs necessary for process
control, A minimal program will be manned to do this, although it is
anticipated that most process control problems will be worked out as part

of the development of particular units.
Waste Handling and Disposal

One important problem in the successful operation of the chemical
processing plant is the safe, temporary accommodation of the separated
fission products. These include those stored in the fission product
retention tank frhich will be closchoupled to the carrier salt still),
alkali metals fvhich are accumulated along with several other fission
products from the xenon removal system), and the sorber beds from the
fluorination step. No fundamental difficulties are foreseen, but several
materials-handling and heat-transfer problems must be worked out.

ur waste disposal program is not intended to make major contribution
to the philosophy of long-term waste disposal. Our effort here will be
restricted to establishing an acceptable way of disposing of the particular
waste from this experimental reactor. The method will be selected and
evaluated by the end of 1969 and details of the facility should be available
by the end of 1970.

General Design

Provisicn is made for funding a general design group who will put

together the components in a rational form and do layout work, etc., and
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who will maintain liaison with designers. By the end of 1970, space
requirements and the general appearance of the facility should be reasonably

established.

Salt Production

As a service to all of the Imboratory groups working with reactor-grade
MSR-type salt systems, a group will be set up to produce salt in adeguate
quantities, It is anticipated that the existing facilities at Y-12 will be
used for at least the first two years, after which time some modification
will be necessary to allow increased capacity. These modifications will be
done in 1969 and 1970.

Engineering Test Unit

An Engineering Test Unit for the chemical processing plant will be
built as part of the engineering test unit for the reactor. By the end
of 1970 a layout for this mockup will be fixed. The funds included in
this write-up cover the Title I design and liaison with the architect-~
engineer who will make the Title II design. They also cover the operation
of the facility and an engineering development program which will use the
facility as its major tool. The denoted funds do not cover either the

detailed design or the construction of this engineering test unit.

Summary of Development Costs

The total program through the end of 1970 (fiscal year) will cost
about $5,150,000 for support of people and $1,4150,000 for special equipment
and experimental facilities. The program through FY 7l is estimated at
$11;,300,000 for the support of pecple and $3,650,000 for special equipment

and experimental facilities.,
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