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ABSTRACT

Large-scale p]uton1um recovery/process1ng fac111t1es are: currently
operaféd at the U S. Department of Energy Hanford, Los A1amos National
Laboratory, Rocky Flats, and Savannah River sites. This paper presents
an overview of plutonium process chemistry used at these sites, with
particular emphasis on solution chemistry involved in recovery, purifi-
cation, and waste treatment operations. By extrapolating from the
present system oprypcesses,_}his paper also attempts to chart the
fﬁture direction of plutonium process development and operation. Areas
" where a better understanding of basic plutonium chemistry will contri-

bute to development of improved processing are called out,
INTRODUCTION

Plutonium processing operations originated at Los Alamos and
Hanford as part of the Manhattan Project in 1943. Hanford Operations
separated plutonium from irradiated reactor fuel, whereas Los Alamos
purified plutonium, as well as recovered the plutonium from scrap and
-residues. In the 1950's, similar processing- facilities were constructed
at Savannah River and Rocky Flats.

A Timited overview of the process chemistry used at these sites
will be presented., This paper will also attempt to bridge, at least
partily, the gap between ongoing fundamental plutonium research and
development, and applied technology needs. We believe it is important
to bridge this gap, since a .continuous flow of knowledge about plutonium
chemistry from academic and government 1aboratorie§ to the Plant is
necessary and beneficia] in motivating and stimulating fundamental
research and development studies., The research and development areas
called out in this paper are representative, we feel, of th6§e=where: -
fundamental research and development can make a timely and substantial
contribution. Our hope is that at least some of our suggestions will be

pursued.,



PLUTONIUM PROCESSING AT LOS ALAMOS

- 'Eluggnium;prqgess{hg'ap,Loi;ﬂlqmos ﬁ§]1§ inté;three cé;eqoriesi@
1) preparation and purification of plutonium metal,
2) purification and preparation of plutonium oxide, and
3) recovery and purification of plutonium from scrap generated in
tﬁé above two prog;;aé, as wé]] asvthgi scrap éenerated in the
-;fesearch_programs_ép Los Alamos and other faboratoriesk
throughout the country.
Each -of these programs has areas that need investigation and evaluation
so as to eliminate processing problems, while yielding less residue and
a purer broduct. ’

‘Preparat%on and Purificatibn of Pldionium Metal

At Los Alamos, plutonium metal is pﬁépéred by two methods--direct
reduction of ‘the oxide by calcium (DOR)1»2, and reduction of PuF, by
—calcium <in our metal preparation line (MPL)® (see Figure 1).

In the DOR process, the plutonium content of the reduction slag is
so low that the slag can be sent to retrievable storage without further
processing. The metal button that is prbduced is no purer than the
oxide feed and/or the calcium chloride salt. Los Alamos purifies the
button by e]eétrorefininq“s5, yielding a metal ring that is
> 99.96 percent plutonium. Research and development is yet to be done
on preparing pure CaCl, or recycling the Ca0,-CaCl, slag left after

- DOR. - The Ca0z could -be chlorinated in an inert atmosphere (no COy, 0y,
or Hp0), and thus have a salt free of carbonate. Los Alamos believes
the presence of carbonate leads to metal with a high carbon content,

_ which makes the.metal have undesirable properties.. = . )
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The MPL at Los Alamos can accept either plutonium nitrate solution
or plutonium oxide as feed. If the feed is the nitrate solution, then
~__the process steps are: precipitation of plutonium peroxide, hydro-
fluorination of the peroxide to PuF,, and reduction of the PuF, to
metal. If the feed is oxide, then it is hydrofluorinated to produce
PuFy, which is then reduced to Pu metal with Ca metal. This metal
usually meets the specifications set by the metal fabrication person-
nel. This pfocess is well-defined--most parameters are known. Some
work should be done, however, in measuring the decontamination factor
for certain elements when they are in the same solution with cations and
“anions that are nonroutine, such as high Al, Ca, Am, SOy, HpCy04, etc.

Purification and Preparation of Oxide

Los Alamos processes certain residues to an oxide suitable for the
MPL, meaning that the Pu0, feed can be easily hydrofluorinated.

If the oxide has been prepared by calcination of the oxalate, then
that oxide can he easily converted to PuFy, whereas other oxides have
poor fluorination characteristics. -

In another process, Los Alamos prepares oxide that meets the purity
and particle specifications of NE-E 13-1T (see Figure 2). In this
process, the decontamination factors for each of the precipitations need
to be determined for the process conditions emp]dyed. Leary, et a1.6
reported many decontamination factors for certain peroxide precipita-
tions, but not for these specific conditions and impurities. Less data
exist for decontamination factors obtained by oxalate precipitations
that are made with our conditions. Fuel fabricators have specified that

'thé oxide feed to their p]ént must contain less than 15 ppm fluoride,
based on Pu content. This indicates a need to know the behavior of the
fluoride ion during peroxide and oxalate pnecipitatibn of plutonium from
a variety of conditions., The behavior of many cations during these

precipitations also need to be studied.
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Plutonium Scrap Processing

. Los Alamos has been processing-unirradiated plutonium scrap since
1944,
facility, using the flowsheet shown in Figuré 3. Feed to this system

Scrap'processing is presently being done at the new plutonium

comes from the varied research programs at Los Alamos and from other
sites through the auspices of the Central Scrap Management Office (CSMO)
at Savannah River. Los Alamos is processing a wide variety of residues,
including Pu-Be neutron sources, polystyrene-Pu0;-U0; blocks, incinera-
tor ash, Pu-U alloys and oxides, Pu-Zr alloys and oxides, Pu-Np alloys

~and oxides, Pu-Th alloys dand oxides, etc.

Processes have been developed for these scrap items (see Figure 3),
but we need to know more about: Pu-Np separations; Pu-Th separations;
oxalate precipitations for both plus 3 and plus 4 valences; valence
stabi]ization; dissolution methods for high-fired impure oxides; in-line
alpha monitors to measure extremely low concentrations of Pu + Am in 7M
HNO3 solutions; and solubility of various mixtures of PuO, and U0, under
a variety of conditions. These processes may be either aqueous or

pyrochemical methods. -~ —~ - - - -
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PLUTONIUM PROCESSING AT ROCKY FLATS

- Chemical processing activities -involve the recovery of plutonium_
from Rocky Flats Plant scrap, waste materials and residues, and effluent
streams. The final product of this recovery and purification effort is

high-purity plutonium metal for use in foundry operations,

The orig%na] p]utbnium reébveny and purification processes were
adopted from Los Alamos processes by the Austin Company in 1950 (the
original engineering construction contractor for Rocky Flats). The

“processes at Rocky Flats are sti]i”%imi]ar'fbday, in 'many respects, to
the Los Alamos process. The détai]s of the processes at Rocky Flats are
given in the next paper.

Figure 4 shows a flowsheet for plutonium processing at Rocky
Flats. Impure plutonium metal is sent through a molten salt extraction
(MSE) process to remove americium. The purified plutonium metal is sent
to the foundry. Plutonium metal that does not meet foundry requirements
is processed further, either through an aqueous or electrorefining
process. -The waste chloride salt from MSE is-dissolved; then the
actinides are precipitated with carbonate and redissolved in ZM‘HNOg;
and finally, the plutonium is.recovered by an anion exchange process.

Impure plutonium oxide residues are dissolved in 1214 HNO3-0.1M HF
under refluxing conditions, and then the plutonium is recovered and
purified by anion exchange. Plutonium is leached from other residues,
such as metal and glass, and is also purified by anion exchange. The
purified plutonium e]uate from the anion ‘exchange process is precipi-
tated with hydrogen peroxide. The plutonium peroxide is calcined to the
oxide, and the b]ﬁtonium oxide is fluorinated. The plutonium tetra-
fluoride is finally reduced to the metal with calcium.

Acid waste streams are sent through a nitric acid recovery process,
and then to a .secondary plutonium recovery anion exchange process. The

acid waste streams are then sent to waste treatment,
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The process chemistry research needs of Rocky Flats are similar to
Los Alamos. Since there are several differences in the processes, a few
additional plutonium research areas will be noted. The precipitation of
plutonium (III) and americium (IIl) carbonates from dissolved MSE
residues yields actinide (III) carbonates or hydroxyl carbonates.® The
physicdchemica] properties of these compounds are needed, as well as an
understanding of the soluble complexes formed in carbonate solution at
high pH.

More studies are needed on elucidating the dissolution mechanism of
plutonium dioxide in HNO3-HF, and on other methods of dissolution.
E]ectro]ytﬁc'methods should be investigated, as well as other dissolu-

" tion media, such as HpSO4, H3PO4, HCI, molten salts, etc.” Since MSE
residues -are processed by aqueous methods, this and other advantaqes

warrant further study of a complete HC1 processing plant.

The chemistry of plutonium liquid-to-solid conversion processes,
especially peroxide and oxalate precipitation, should be studied.
Research and development of direct thermal denitration methods should be
pursued,

Direct oxide reduction (DOR) is presently being tested on produc-
tion equipment, Eventually, it is hoped to eliminate the fluorination
and bomb reduction processes and replace them with DOR. Again, the .

problems associated with LANL DOR oFocess problems apo1y'here.

Higher capacity, better-performing, and more radiation-resistant
separation materials are needed, such as new ion exchange resins.t?
Solvent extractants, similar to dihexyl=N,N-diethylcarbamoyImethy]l-

1 are needed to selectively recover actinides from

phosphonate,
acidic wastes. The application of membranes and other new techniques

should be explored.

The chemistry of waste treatment processes and the development of

new processes are fertile areas of research work., The speciation of

10



plutonium in basic and laundry wastes is needed. For example, if
sotuble pTutonium complexes in basic wastes can be destroved, perhaps
ultrafiltration could replace the flocculent-carrier precipitation
process. The chemistry of plutonium (VII) and of ferrites--a candidates

waste treatment process--needs to be explored.!?

The chemistry of pyrochemical separation processes is another
fertile area of research; e.q., new molten salt systems, scrub alloys,
etc.; and the behavior of divalent plutonium in these systems. Studies
of Tiquid plutonium metal processes should also be explored, such as
filtration methods to remove impurities. Since Rocky Flats uses
plutonium as metal, methods to convert plutonium compounds to metal and

purify the metal directly are high-priority research projects.

11



PLUTONIUM PROCESSING AT HANFORD

Recovery-Separation Technologqy

Irradiated Fuel

A historically imoortant and continuing mission at the Hanford site
is to chemically process irradiated reactor fuel to recover and purify
weapons-grade plutonium. Over the last 40 years, or so, several
processes and plants--Bismuth Phosphate, REDOX, and PUREX--have been
operated to accomplish this mission. Presently, only the Hanford PUREX
Plant is operational, The Hanford PUREX Plant, which has not been
operated since the fall of 1972, is scheduled to start up in the early
1980's to process stored and currently produced Hanford N-Reactor fuel.
Of non plutonium-production reactors built at the Hanford site, only the
N-Reactor is still operating.

Figure 5 illustrates, albeit in very brief fashion, the essentials
of the technology to be employed in producing pure Pu0Q, from irradiated
N-Reactor fuel. Following receipt of the fuel in the PUREX Plant,
Zircaloy-2 cladding is chemically removed by dissolution with boiling
NHy F-NH,NO3 solution (Zirflex process). Small amounts of UF, resulting
from attack of uranium metal core by the Zirflex process reagent are
metathesized to Naylp07; and then dissolved along with unattacked uranium
metal in HNO3, Standard and well-known PUREX process technology is
practiced to recover, separate, and purify plutonium. New equipment has
been installed in the Hanford PUREX Plant to convert, via plutonium
oxalate, the purified Pu(NO3)y product solution from the third plutonium
‘cycle to Pu0y for shipment offsite. Following customary Hanford site
practice, the denitrated (~0.5-1.0M HNO3) PUREX process high-Tevel
waste (HLW) contéining small amounts of plutonium and varyinq amounts of
other actinides (Am, Np, and U) will he adjusted to > pH 9 by addition
of NaOH, and stored in newly constructed underground double-shell tanks,

Hydrated iron oxide (so-called "sludge") precipitates when NaOH is
added to HLW and carries down almost all the plutonium and most of the

12
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Figure 5. Hanford Site: Irradiated Fuel Processing
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other actinides in the HLW, From past production operations at Hanford,
approximately 100 old single-shell tanks contain varying amounts of
sludge and plutonium. In-situ analysis (by neutron activation methods)
of these old sludges to determine their plutonium content is seriously
hampered by lack of fundamental information regarding the chemical
nature and environment, and the size of the precipitated plutonium,
Research to provide the needed data base is, as called out subsequently,

needed and desirable.

Current plans for restart of Hanford PUREX Plant call for storage
of neutralized (pH > 9) spent decladding solution in doublie-shell
tanks. Depending upon operating procedures, from two to four such
tanks (each costing about 3$10,000,000) will be needed to store spent
decladdent. (The spent decladdent will not, according to present
planning, be mixed with alkaline HLW.) There is an economic incentive
to find inexpensive and safe alternative treatment/storage schemes for
handling the spent cladding solution, Key to such schemes is, as
discussed subsequently, concentration of plutonium and americium, their
chemical species in the decladding solution, and a simple method for

removing them efficiently.

Plutonium Scrap Processing

In addition to recovering plutonium from irradiated reactor fuel, a
Plutonium Reclamation Facility (PRF)'3,1% is operated at the Hanford
site to recovér, separate, and purify kilogram amounts of plutonium from
a wide range of unirradiatedAscrap materials. As illustrated in
Fiqure 6, a 20 percent TBP-CCly solution is used to extract Pu(IV) from
HNO3-HF-AT(NO3)3 solutions of dissolved scrap. The final product solu-
tion from the strfp column contains, typically, 50 qL'l'p1utoh1um. One
of the more troublesome chemical prob]emé encountered from time to time
in PRF operations is enqendered by disproportionation of Pu(IV) to
Pu(I1I) and Pu(VI). Six-valent plutonium is less well extracted by TBP
than is Pu(IV), while Pu(III) is not extracted by TBP, Because of the
wide variability in the composition of the aqueous feed to the PRF

extraction column, unrecoqnized Pu(IV) disproportionation can cause

15



Fiqure 6. Hanford Site: Plutonium Scrap Processing
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undesirably high plutonium losses until necessary empirical flowsheet
changes are made. This experience emphasizes a need for research to

(a) develop a useful tool (e.g., nomograph, etc.) to predict quickly and
reliably the extent of Pu(IV) disproportionation in solvent extraction
process feed solutions, and (b) if possible, development of a reliable
on-line instrument to measure concentrations of plutonium in (III),

(Iv), and (VI) oxidation states in feed and raffinate solutions.

Plutonium Technology Needs: R&D Opportunities

Spent Zirflex Process Decladdent

- Needs. The basic perceived need is to devise and develop a
simple process for selective and efficient removal of plutonium (and
2l+lAm) from spent Zirflex process decladding solution., To satisfy this
need, it may be necessary--or prove beneficial--to determine, by
appropriate physiochemical methods, the nature of the plutonium (and
americium) species in the decladding solution. Availability of a satis-
factory transuranium removal scheme may be one of the key factors in
devising an alternative to storage in expensive double-shell tanks for

spent Zirflex process solution at the Hanford site.

Backqround Information--Possible Approaches. Swanson,?!®

Smith,ls, Ph1111p5,17 and others have described many aspects of the
Zirflex process but, unfortunately, not the form or charge of plutonium
and other actinides in spent decladding solutien. Presumably, soluble
amounts of these elements are present as fluoride complexes--but this

remains to be proven,

We are not aware of any previous studies of the removal of
plutonium or americium from (NHy)oZrFg-NH, F-NH NO3 solutions. For ready
plant-scale application, precipitation, sorption on inorganic materials,
or batch solvent extraction processes may all be satisfactory. An
inexpensive inorganic material with great selectivity and capacity for
sorbing actinides, and with suitable hydraulic properties, would be

especially attractive.

18



Disproportionation of Pu(IV)

Needs. There are several needs associated with the occur-
rence, detection, and mitigation of the disproportionation of Pu(lV) in
applied plutonium recovery/purification procedures. First, there is a
great need for much wore detailed information concerning the effect of
typical process conditions [e.g., temperature, concentration of
plutonium, hydrogen ion, nitrate ion, nitrite ion, fluoride ion, other
metal ions (e.q., A13+, Fe3+, etc.), etc.] on the occurrence and extent

of the reaction:
3Putt 4 2Ha0 = PuDRt + 2Pudt 4+ aHt (1)

Ideally, this information should be made available in the form of easy-
to-use nomogqraphs or empirical equations which can be quickly and
rapidly solved on a programmable desk calculator. HNew, as yet
undeveloped instrumentation which can be used on an in-line basis to
analyze process streams for the concentrations of plutonium in different

oxidation states is also needed.

Nitrite ion is often used in plutonium solvent extraction
systems to oxidize Pu(IIl) to Pu(IV) and to reduce Pu(VI) to Pu(IV).
But HONQ, produced in HNO3 media, is extractable into TBP-diluent
systems and can interfere with subsequent reductive stripping of
plutonium. There is thus a need to find a reagent comparable to nitrite
jon in its reactions with Pu(III) and Pu(VI), but which does not extract

into TBP solutions.

Background Information--Possible Approaches. Disproportiona-
tion reactions of Pu(IV) (Eas. 1 and 2) and Pu(V) (Eq. 3) have been

known and studied since Manhattan Project days.!®s!®

2Putt & 2Hp0 = PuOg* + 2Pu’t 4 4nt (2)

Pufy™ + Put = Pu0y2* + Pudt (3)

The importance of Pu(VI) and Pu(IIl) as products of the disproportiona-
tion of both Pu(lV) and Pu(V) is called out by Eqs. (1) and (3).

19



Eqs. (1) and (2) also indicate the great dependence of the dispropor-
" tionation reactions on acidity. For example, at room temperature,

- measurable disproportionation of Pu(IV) occurs at HNO3 concentrations
below 1.5M, while at 98°C, disproportionation of Pu(IV) occurs at HNO3

concentrations less than Sﬂ.

Previous studies of the plutonium disproportionation reaction
have generally, -and understandably, emphasized an academic approach with
simple acid solutions to elucidate fundamental plutonium chemistry.
These past investigations should provide a firm springboard for the more
general and advanced research and development we are recommending. The
approach developed and advocated by Silver?°-23 for calculating the
concentrations of plutonium in various oxidation states in aqueous media
may prove to be a very valuable tool, particularly when it is supple-
mented by comprehensive data for disproportionation in solutions typical

of those encountered in industrial-scale processes.

Spectrophotometric methods for determining concentration of
Pu(IIl, Iv, VI, and "polymer") in nitrate media have been reported.?"
Adaptation of such procedures to routine rapid in-line analysis of feed

and raffinate solutions may be possible.

We are not able to suagest a suitable reagent to replace HONO
for counteracting disproportionation of Pu(IV) in nitrate media. We can
only emphaéize the benefits to large-scale plutonium separation (via TBP

extraction) of finding such a reagent.

Plutonium in "Sludge"-Chemical Species and Particle Size

ﬁgggi. The exact chemical species of plutonium present in
sludge in Hahford single-shell tanks is not known; likely candidates
include either hydrated oxide or polymer, or both. Similarly, the size
of the precipitated plutonium particles is not known, These data are
needed in connection with the desire to use economically advantageous
in-situ passive neutron activatibn techniques to measure the plutonium
content of the Hanford sludge. One preferred technigue makes use of the

20



reaction 63cy (a, n) 8%cu to estimate plutonium content. Sensitivity
and calibration of this technique is quite dependent upon the chemical
environment of the alpha-emitting plutonium atoms. Specifically, such
vfactors as the number and type of neighboring atoms (e.g., O, Na, Al,
etc.) and the diameter (size) of the plutonium species impact the
neutron flux, which can activate 3¢y to ®"cu. Experimentation to
characterize the nature and properties of the plutonium species produced
when Hanford PUREX HLW is made alkaline thué needs to be performed,

Such experimentation should include effects of aqing of sludges at

elevated temperatures over long (i.e., years) times.

Backqround Information--Possible Approaches. That freshly

precipitated hydrated iron oxide effectively scavenges plutonium (and
various other radionuclides) from aqueous waste solution has long been
known, Plant-scale use is made of this chemical fact at the Department
of Energy (DOE) Rocky Flats and Los Alamos sites in site waste manage-
ment schemes.?%>2% Sludges produced at the Rocky Flats and Los Alamos
sites are believed to be closely akin to those produced and stored in
Hanford single-shell tanks. We are not aware of any recent studies to
characterize the nature of the plutonium solid forms in any plant-
produced sludges. Recent advances in the availability of sensitive
microcharacterization equipment (e.g., SEM, STEM, etc.) should enable
suitable determination of the nature and properties of plutonium and
other actinides in sludge. ' Techniques applied by Milliigan and coworkers
in characterizing the nature of the amorphous hydrous gel which precipi-
tates when ammonia or alkali is added to a solution of Am(III), provide

a reference point for characterization of sludge.?”»??®
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PLUTONTUM PROCESSING AT SAVANNAH RIVER

The primary mission of the Savannah River Plant (SRP) 1is to produce
special nuclear materials--primarily plutonium-239 and tritium--for use
in the nation's defense program. In addition, the plant's products
include important nonmilitary isotopes: plutonium-238 is utilized in
the nation's space program as an energy source; americium-241 is
utilized in 0il well logging and smoke detectors; and californium-252 1is
used in industrial, medical, and research activities. The plant has
also produced a wide variety of other important nonmilitary isotopes:
cobalt-60, which is used in the diagnosis and treatment of cancer;
plutonium of various isotopic compositions for use in various research
activities, 'such as breeder research reactors; and heavy water (Dy0),

which is used as a moderator/coolant in nuclear reactors.

The facilities at Savannah River (Figure 7) consist of five heavy-
water-moderated and cooled production reactors, two chemical separatibns
areas as a heavy water extraction plant, several test reactors, reactor
fuel and target processing facilities, the Savannah River Lahoratory,
and many other facilities necessary to support the operations. During
the 1960's, two of the production reactors were shut down and placed in
standhy condition; one of these is scheduled to start up again in the
fall of 1983. Two test reactors and the heavy water extraction plant

have also been shut down.

Figure 8 illustrates, in very brief fashion, the essentials of the
flow of materials from the reactors throUgh'the separations area.
Depleted uranium targets are processed through the F-Area canyon by
well-known PUREX process technology. Enriched uranium fuel elements are
processed through the H-Area canyon by a modification of the PUREX
process. Irradiated neptunium targets are processed through the H-Area

canyon by an. ion exchange process.

Following receipt of the irradiated depleted uranium targets in the

F-Area Separations Area, aluminum cladding is chemically removed by dis-
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solution with a MaNO3-NaGOH solution and sent to waste storage. The bare
uranium targets are then dissolved in boiling 10M HNO3. Standard and
well-known PUREX process technology is used. to separate and purify both
the plutonium and the uranium. The uranijum solutions are evaporated by
successive evaporation steps, first to U0, (NO3),+6H,0, and then deni-
trated to U03. The plutonium solutions are then concentrated by cation
exchange and precipitated as Pufz. The precipitate is roasted in an
oxygen atmosphere to a mixture of ~73 mole % PuFy, and 27 mole % Pu0O>
before undergoing a calciothermic reduction to plutonium metal for
shipment offsite. Waste solutions from these processes which contain
residual plutonium and small amounts of .neptunium are processed through
one of two anion exchange systems to recover both the plutonium and
neptunium. The waste streams are then evaporated, acid stripped, and
adjusted to pH > 13 by addition of NaOH before storage in underground
double-shell tanks,

Following receipt of the burned enriched uranium fuel in the H-Area
canyon, this aluminum-clad -A1-U alloy is dissolved in HNO3 catalyzed
with Hg(NO3),. The dissolver solution is frequently blended with
dissolved offsite fuels, such as university research reactors and HFIR
cores from Oak Ridge, hefore the purified uranium and neptunium are
separated and purified by a modification of the PUREX process. The
purified U0y (NO3), solution is shipped offsite for conversion to uranium
metal., This uranium metal is reprepared into fuel tubes from the SRP
reactors. Since this uranium is repeatedly recycled through the
reactors, the 236 content has grown over the years. The purified
neptunium, produced in the fuel tubes by the irradiation of the 236U, is
concentrated by anion exchange, precipitated as an oxalate, and calcined
to the oxide. This MNp0Oy is then fabricated into Al-clad Np0O,-Al cement

targets and returned to the reactors to produce plutonium-238,

Following.receipt of the irradiated neptunium targets 1in the
H-Canyon, these tarqgets are dissolved in HMO3 catalytzed with Hg(MNO3)o.
The 237Np and 2%8py are then purified and partitioned from each other by
two cycles of anion exchance, Both products are further purified by
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anion exchange, precipitated as oxalate, and calcined to oxide, The
purified NpQO, is fabricated into heat sources for use in the nation's

space program.

The waste streams from the H-Area processes are evaporated, acid-
stripped, and adjusted to pH > 13 by addition of MNaOH before storage in
underground double-shell tanks,

In addition to fuel and targets from SRP reactors, SRP a]éo repro-
cesses a wide variety of fuels from offsite research reactors and a wide
range of unirradiated plutonium scrap materials. Following customary
Savannah River practice, initial processing of each offsite material is
designed to transform the actinides to a solution that is compatible
with one of the solvent extraction cycles in either of the separations
areas. A major advéntage of this practice is that the uranium and
plutonium isotopics can be blended over a wide range. Since the
actinide can be introduced to the mainline process at several different
points, a greater range of contaminants can be handled by routine
operations.' This simplifies many of the initial purification steps over
the steps that would be necessary if only one entry point was available.

Savannah River Plutonium Technology MNeeds: Research and Development
Opportunities

Refractory Oxides

Savannah River processing of both irradiated and unirradiated
plutonium oxide materials is increasing. Much of this oxide material
was calcined at 650°C or less; however, some of this. oxide was calcined
at temperatures up to 1700°C. Whereas the material calcined at the
Tower temperatures is fairly easy to dissolve in HNO3~HF solutions,
material calcined at the higher temperétures becomes an intractéble
réfractory oxide. Better methods, which can be scaled to a production
mode, are needed to convert these refractory oxides to a form amenable
to reprocessing., Sore adVances have -been made in aqueous dissolution,

using an electrolytic assist to fluoride dissolution. But further
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chemical and engineering data are needed to convert this into a viable
production process. Several laboratories have also studied a fluoride
volatility process which shows promise. Some of the problems encoun-
tered in the volatility process could, perhaps, be overcome by the use

of atomic fluorine instead of molecular fluorine.

Plutonium-238 Production

The flowsheet for the reprocessing of neptunium targets to recover
238p, is shown in Figure 9. The major problems with this flowsheet is
the incomplete partitioning of 23A/Np and 23%pu on the anion exchanqe
columns. This cross-contamination is the result of either incomplete
valence adjustments or an unwanted valence readjustment during the par-
titioning step. A better understanding of oxidation-reduction reaction
kinetics and valence states equilibria as a function of the concentra-
tions of valence adjustment chemicals, total plutonium, plutonium-238,

neptunium, and temperature is needed.
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