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ABSTRACT

This paper presents the results of preliminary
studies on the effects of substituting low enriched
uranium (LEU) for highly enriched uranium (HEU) in
targets for the production of fission product 99Mo.
Issues that were addressed are: (1) purity and yield of
the 99Mo/99mTc product, (2) fabrication of LEU targets
and related concerns, and (3) radioactive waste.
Laboratory experimentation was part of the efforts for
issues (1) and (2); thus far, radioactive waste disposal
has only been addressed in a paper study. Although the
reported results are still preliminary, there is reason
to be optimistic about the feasibility of utilizing LEU
targets for 99jfo production.

INTRODUCTION

Technetium-99m for medical purposes is a decay product of 99Mo, which
is produced in research reactors from the fissioning of 235u or from
neutron capture of 98Mo. This effort is related only to fission-product
99^0. Present production of 99Mo is from a variety of target designs
containing highly enriched uranium (HEU, 93% 235u). These designs include
curved fuel plates,1»2 fuel rods,3 and cylinders with a film of UO2
electroplated on the inside surface.4,5

The overall purpose of this study is to assess the feasibility of
substituting LEU for HEU in targets for production of fission product 99M O.
The main issues that were addressed are: (1) purity and yield of the 99Mo/
99mxc product, (2) fabrication of LEU targets and related concerns, and (3)
radioactive waste. Important issues yet to be addressed are overall safety
and economics of irradiating and processing LEU targets. This paper
reports on the present status of our investigations«
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Preliminary experiments have been performed to study the effect of
using LEU on Mo yield end purity during the separation of Mo from acidic
target-dissolver solutions. Our experiments to date have been performed
using stable Mo, depleted U, 239pu> 237Np, and three fission-product radio-
isotopes (HCtoAg, 1311, and 137cs). We have also studied the potential of
electrodepositing U metal to a stainless steel substrate for fabrication
LEU targets.

PURIFICATION OF 99Mo FROM SIMULATED LEU TARGETS

Two methods of separating Mo have been studied thus far: (1) a-benzo-
inoxime precipitation (fl-BP) of Mo and (2) adsorption of Mo by Ag-coated
activated-charcoal (ACAC). All separations were performed from acidic
solutions, typical of that produced from the dissolution of U02 films.
Table 1 compares reference HEU and LEU targets for 99Mo production. The
fissile content of th<=: reference LEU target was adjusted to have the same
fission reaction rate in a LEU fueled core as the HEU target in a HEU core.
The change in target material from HEU to LEU will effect the separation by
increasing the amount of uranium to be dissolved and separated from 99MO by
a factor of ~6 and increasing the amount of alpha-emitting isotopes and
239pu in the irradiated target by factors of 13 and 26, respectively.

These initial studies compared the effectiveness of separating
from U, Pu, Np, and fission products under conditions of higher concentra
tions of U and/or volumes of dissolver solution.

Table 1. Reference HEU and LEU Targets for 9$Mo Production

235u enrichment, %

235u, g

U-total, g

99Mo-yield, Ci (mg)

239Npb (mg)

239pud, j,Ci (mg)

Total a produced, (id

HEU

93

15

16.1

545 (4

- (0

28 (0

62<3

.44)

.14)

.32)

LEUa

19.75

18.5

93.7

532 (4.

- (3.

722 (8.

793e

39)

8)

3)

a In the calculations, the LEU target was produced in a LEU
fueled reactor.

b At thfc time it leaves the reactor core,
c Assuming all 239N P (t 1/2 = 2.35 d) has converted to 239pu

(t 1/2 = 2.44x10* y).
d Includes 34 fiCi due to U isotopes.
e Includes 66 flCl due to U isotopes.
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Technetium generators contain sufficient 99Mo (as molybdate on an
acidic alumina support) to milk up to several Ci of 99mTc in 5 mL volumes
on a daily basis. There is a high degree of concern over radiolsotope
impurities in the eluate, and several studies have looked at this
problem.6-15 The most stringent conditions cited in these studies are that
7- and /^-emitters should be kept below 0.1 /JCi/mCi of 99mTc (a ratio of
10-4). Xhe requirement for a-emltters are more stringent, 0.4 pCi/mCi of
99mjc (a ratio of 4 x 10~^0). Because of the difficulty in measuring this
small amount of a-activity in the eluate of a 99mjc generator, it may be
more correct to say that there should be no detectable alpha contamination.

The most attractive techniques for separating 99Mo from irradiated
targets from the stand point of product purity, appear to be adsorption
chromatography using silver-coated carbon^-5,16-17 and molybdenum precipi-
tation from mildly acidic solutions with <X-benzoinoxime.4,18-19 In a more
recent development, the use of a silver-impregnated alumina column has been
claimed to improve both the level of molybdenum recovery from uranium and
the degree of product purity.20

Purification of 99M O by a-Benzoinoxime Precipitation

The quantitative analysis of molybdenum by a-benzoinoxime precipitation
(O-BP) of Mo(VI) is a standard gravimetric technique that has been used for
over 50 years.19,21 its use for recovery of 99Mo from irradiated uranium
targets was discussed in a 1974 patent.4 Experiments on a-BP have been run
at ANL to measure the effect of increased uranium concentration and/or
volume of the dissolver solution on recovery of 99Mo and on separation from
uranium, Np, Pu, and three fission products (I, Ag, and Cs).

Purification of 99M O from Uranium by a-BP

Molybdenum precipitation from solutions with varying amounts of uranium
were performed using the procedure described by others.4 However, for
these simulations, natural molybdenum and depleted uranium were used in
place of 99MO and enriched uranium. In three of these experiments,
following the second precipitation, the basic Mo-product solution was run
through an ACAC column as a polishing step (also described by others).17
Conditions and results of these experiments are presented in Table 2.

Based on these results, there is no significant penalty for this preci-
pitation procedure in yield of Mo product or decontamination from uranium
due to higher uranium concentration or higher initial volumes of dissolver
solutions. A single precipitation generally provides ~10"5 decontamination
in uranium and the Mo yield is ~98X. A second precipitation continues to
lower the uranium concentration; the overall Mo yield for 2 precipitation
steps is ~93Z. Following the precipitations, running the redissolved Mo
product through an ACAC column provided another order of magnitude of U
decontamination.



Table 2. Separation of Uranium froa Molybdenum Using a Sequential Separation Scheme
by (1) Precipitation, (2) Activated Charcoal, (3) Precipitation, and
(4) Silver-Coated Activated Charcoal

Exp.
No.

Initial

Mo, ag

Mass

u. g

First

Voluae
of Mo/U

Solution
•L

Precipitation

Mass in Ho
Product 'c

•9
Mo U

Activated
Charcoal
Column

Hass in Mo
Product, ag

Mo U

Second Precipitation

Hass in Ho
Product, ' ag

Ho U

Ag-Coated
Activated
Charcoal

Column

Hass in Hp
Product, ' ag

Ho U

2.23

2.23 35

2.02 47

100

100

100

2.24
(1.01)

2.12
(0.96)

2.17
(1.07)

0.41
(5.8x10 )

0.32
(9.2x10'

ND

ND

ND
ND

1.97
(0.97)

ND

ND
ND

2 9 -5
(6.2x10 )

2.08
(0.93)

2.07
(0.93)

ND

0.005
(7x10 )

0.016
(5x10 ')

ND 2.10
(1.04)

3.2x10"^
(6.8x10 )

2.02 47

2.02 47

-5.2 90

500

500

500

l.«7*
(0.72)

ND

ND

0.55
(1.2x10"

ND

ND

1.4le

(0.70)

ND

ND

0.55
(1.2x10 )

ND

ND

ND

ND

3.9
(0.93)

ND

ND

0.002.
<2.1O~8

1.48"
(0.73)

1.80
(0.89)

3.4
(0.81)

(4.5x10 )

1.7x10"^
(3.6x10 )

3xlO"4

(3x10 )

In all experiments 15 aL of 2 wt * c-benzoinoxime in 0.4H NaOH was added for the precipitation step, except Exp. 15 where 30 aL
. of chilled a-benzoinoxiae solution was added.
c Values in parentheses are fractions of initial mass.
d Ho analysis by ICP/AES; U analysis by a Scintex UA-3 Analyzer.

100 aL of acidic solution and 15 aL of a-benzoinoxine solution were used for all experiaents. In Exp. 3-4, the a-benzoinoxine
solution was chilled.

t Low yield is due to a leak in the filter during first precipitation.
ND - not determined.
Dissolver solution also contained 8 mg of Pu and 4 ag of Np.
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Purification of 99MO from Np and Pu by a-BP

Based on the data in Table 1, the alpha-contamination level in the LEU
produced 99Mo product is equivalent to 1.2x10-6 Ci 239pu/Ci 99mTc. This
contamination is 3x103 higher than the 0.4 /3Cia/mCi 99mxc specified for a
fresh 99mTc generator and 4x10^ higher than for an eluate sample from a 10
day old 99mjc greater. Clearly, decontamination factors for neptunium and
plutonium must be in the range of 10^ to satisfy the 0.4 pCialmd 99mxc.

Experiments were run to measure separately the decontamination of Mo
from Np and from Pu. In the Np experiment, 2.2 mg of Mo was separated from
a 180 mL solution (H2SO4/HNO3) containing 47 g U and 4.0 mg 237Np using 20
mL of chilled 2 wt % a-benzoinoxime in 0.4N NaOH. After a single precipi-
tation, the neptunium concentration was lower by a factor of 2.6xlO~5,
which is essentially identical to the decrease found for U022+ ion and
sufficient to reduce Np to the specified level.

In a separate experiment, 4.2 mg of Mo was precipitated from a solution
containing 90 g of U, 8 mg of 239pu, and 4 mg of 237NP (see exp. 6, Table
2). In this experiment the concentration of 239pu was lowered by:

• 1x103 by a single precipitation
• 6x10^ by two precipitations
• 5x10^ by two precipitations followed by an ACAC

column polishing step.

Although the precipitation technique does not appear to be as effective for
decontamination from Pu as it is for that from U and Np (especially for the
second precipitation), the use of the silver-coatsd charcoal was quite
effective as a polishing step. One precipitation followed by one ACAC
column polishing step should lower the plutonium level well below that
needed.

Purification of 99Mo from Fission Products by q-BP

The decontamination of Mo from three of the fission products that have
been identified in 99mTc generators (Ag+, Cs+, and I~) have been measured
using the precipitation of Mo by a-benzoinoxime. For this study, tracer
amounts of the radioisotopes HOAg, 137cs, and 13li were added to carrier
amounts of the same stable isotopes (90-100/*g/sample). The results of this
study, presented in Table 3, show that the precipitation of Mo from HEU or
LEU dissolver solution is equally as effective (or noneffective) for decon-
taminating the 99MO from these isotopes. Other separations are obviously
used in current procedures to separate these elements from Mo. Because LEU
and HEU 99Mo solutions are nearly identical after precipitation, current
methods are expected to be viable for LEU targets.

*Radioisotopes of these three were readily available; experiments with
other important fission products (e.g., Ru) are planned for the future.
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Table 3. Decontamination of Mo from Ag+, Cs+, and I" by a-BP

Decontamination Factor0

Isotope HEU LEU

86*7 101*10

131ic 1.7*0.1 1.8*0.1

810*220

aError based on counting statistics only.
^Initial activity = 1.88x108 dpm/mL.
^Initial activity = 1.37x109 dpm/mL.
dInitial activity = 2.29xlO8 dpm/mL.

Purification of 99Mo by Ag-ccated Activated-Charcoal

Thus far our studies have been involved in finding the proper condi-
tions for the U/Mo separation, and the separation is still not optimized
for either Mo yield or purification from U. The data are therefore more
preliminary and less reliable than for the precipitation method. Trends
are, however, evident.

Purification of 99Mo from Uranium by ACAC

Conditions and results of our best ACAC column separations experiments
to date are presented in Table 4. These experiments were run using initial
solutions described in Table A and a 1:1 ACAC/activated charcoal column
with a bed volume of ~25 cm3, made up as described in the patent
literature.17 After loading, the columns were washed with 100 mL of 0.41M
H2SO4 followed by "•lO mL of water. Molybdenum was stripped by 100 mL of
warm O.AM NaOH. Feed solutions for the second ACAC column separations were
prepared after removing 2.5 mL of the Mo-strip solution from the first
column for Mo and U analysis by the addition of 3.6 mL of concentrated
(18M) sulfuric acid.

Results of these experiments show that decontamination of Mo from U by
ACAC column separation is far less effective than by the precipitation
method. Also, the higher the uranium concentration, the lower is the yield
of molybdenum. Another disturbing feature of these separations was the
high amounts of silver (86 mg in experiment 4) found in the Mo-product
stream. This is clearly due to silver being stripped off of the column
material with Mo. More work is necessary to refine ACAC preparation and to
find proper conditions for this separation.
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Table A. Mo Recovery and Purification from U Using ACAC

Initial Solution Composition*1 Strip Solution Composition

Experiment Mo, mg U, mg Volume, mL Mo, Z Recovery

1
0

3

A

I'd

2'

3'

A'

A.

2.

A.

0

2.

1.

0.

0

A6

23

A6

77

21

98

0

20,600

100,000

100,000

0

252

2350

1650

50

mo
200

200

100

100

100

100

63.7

55.6

22.A

-

76

77

56

-

A5

10

60c

-

120

160

260c

a Dissolved in 0.A1M H2SO4.
b DF = decontamination factor = (Uinitial/Moinitial)/(

Ustrip/Mostrip)•
c Since Mo was not present, DF =.(Uinitial)/(Ustrip) only,
d Strip solution from columns 1-A were acidified and run through a second
treatment; experiments are identified by the prime symbol.

Purification of 99M O from Np and Pu by ACAC

We have yet to define conditions that produce the necessary high Mo
yield and large decontamination factors from U. Data on the effectiveness
of this method for purification of 99Mo from Pu and Np await our finding
these conditions.

Purification of 99Mo from Fission Products by ACAC

Simulated solutions containing isotopes of Ag+, Cs+, and I~ were pre-
pared similarly to those for the precipitation experiments. The solutions
were passed through 2 x A-cm columns of a 1:1 mixture of ACAC and activated
charcoal and then washed with 100 mL of 0.8N H2SO4 and finally with about 5
mL of H2O. The receivers were changed and Mo was stripped from the columns
with 100 mL of warm O.AN NaOH. The stripped solutions were further puri-
fied by passing them through 1 x 5-cm ACAC polishing columns followed by
20 mL rinses of 0.2N NaOH. The purified solutions were evaporated and
diluted to AO.O mL. A 20-mL aliquot of each solution was transferred to a
plastic bottle for 7-counting.

The results of these experiments are presented in Table 5. Based on
these results, higher uranium concentrations drastically reduce the effec-
tiveness of the ACAC column for decontaminating Mo from silver and iodide
ions. Decontamination from Cs+ was high and essentially the same for both.
Because the optimum conditions for Mo/U separation by ACAC columns are
still to be realized, this work will need to be rechecked at a later date
under these optimized conditions.
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Table 5. Decontamination of Mo from Ag+, Cs+, and I" by ACAC

Decontamination Factor3

Isotope HEU LEU

HOmAgb (2.7 * 0.2) x 10^ (2.9 * 0.1) x 102

131ic (4.5 * o.l) x 10* (6.5 * 0.1) x 102

137csd (1.5 * 0.1) x 10* (1.1 * 0.1) x

aErrors based on counting statistics only.
^Initial activity = 1.88 x 108 dpm/mL.
cinitial activity = 1.37 x 109 dpm/mL.
^Initial activity = 2.29 x 108 dpm/mL.

Conclusions for Mo-Purification Studies

fl-BP Purification

Decontamination of Mo from U, Np, and Pu, and three fission products
(Cs, Ag, and I) by precipitation have been measured in, a series of initial
experiments testing the effectiveness of Mo precipitation by a-benzo-
inoxime. The results of these experiments lead us to conclude that in
processing LEU targets:

• There is r.o significant penalty in yield of 99Mo.

• There is no significant penalty in the purification of 99Mo from
uranium.,

e Following precipitation of 99MO by an ACAC polishing step can
further reduce contamination by U.

• Neptunium and plutonium can be removed to prescribed limits by a
combination of precipitation and ACAC polishing step.

• Separation of fission-product Ag+, Cs+, and I" will be as
effective (or noneffective) for LEU as HEU targets.

ACAC Purification

Initial experiments on ACAC column sorption/desorption separations have
been made. Results from these studies show that chosen conditions were far
from optimized. Molybdenum yields and separations from uranium were much
lower than separation by Mo precipitation; however, ACAC column separations
from fission products are very much better than the precipitation method.
A single separation step by precipitation followed by ACAC polishing step
is likely to be the scheme of choice.



DRAFT

FABRICATION OF LEU TARGET

Several target designs with HEU are currently used for the production
of fission product 99Mo. These include curved plates*»2 and rods3 that
contain either U-Al alloy or aluminide fuel and cylinders coated with a
thin film of UO2 on the inside surface.'1!5 We anticipate that the curved
plate and rod-type target designs will be able to utilize the high uranium
densities achievable with the new LEU silicide fuels22 without changing the
target geometries. However, the cylindrical target design currently uses a
UO2 surface density with HEU that is close to its practical fabrication
limit. A new target design and/or a much denser film material is required
for possible use of LEU. As a result, our efforts up to this time have
concentrated on a cylindrical design with a layer of uranium metal
electrodeposited on the inside surface.

Because it is not likely that required surface densities of UO2 can be
achieved with LEU, targets that are currently used for production of 99Mo
from electrodeposited UO2 will not be satisfactory. In addressing poten-
tial solutions to this problem, we have considered several alternative
approaches.23 These vary from utilization of a simple mechanical target
support to the use of electrochemically plated uranium metal as the target
material.

A uranium metal target has several advantages over a UO2 target. Its
thermal conductivity is about an order of magnitude higher than U02, its
density is nearly a factor of two higher than U02. and its plating effi-
ciency from a molten salt bath is probably a factor of 5-7 higher than UO2
from the aqueous system. These advantages make uranium metal a very
promising target matarial for 99Mo production. Disadvantages of using
electrodeposited uranium metal targets are that they must be prepared from
molten salt systems at high temperatures in inert atmospheres, and the
deposit morphology tends to be dendritic. While the higher conductivity
and density make uranium metal targets appear quite promising, one must
remember the quantity of 235u in the uranium metal target will be the same
or higher, ind heat management and safety problems are concerns that need
to be thoroughly analyzed.

Electrodeposition of uranium metal from both fluoride24-28 and
chloride29-35 salt melts have been discussed in the literature. The dis-
advantages of using molten fluoride salts are (1) the melts are extremely
corrosive in nature, particularly at the elevated temperatures; (2) the
melt is extremely reactive to moisture; and (3) the high operating tempera-
tures has a tender.cy to degrade the mechanical properties of the substrate
material being plated. The fused chloride salts are less corrosive and can
be used at lower temperatures. Therefore, electroplating uranium from
chloride melts offer a promising approach from the point of view of
material compatibility and low cost.

Recently, a new scheme for reprocessing metal reactor fuel has been
proposed at ANL. A portion of this process utilizes a uranium and
plutonium recovery step based on the electrochemical deposition of these
metals from a molten salt.34-35 A molybdenum or iron cathode is used in
conjunction with a solution of uranium in liquid cadmium that serves as the
anode, and a molten electrolyte of L1C1-KC1-UC13. The deposits formed are
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usually clusters of highly dendritic interwoven crystals. Several other
electrorefining experiments were also conducted, using BaCl2-CaCl2-
LiCl(7.2-28.8-54.0 mol X) and BaCl2-CaCl2-LiCl-NaCl (14.9-38.3-34.0-12.8
mol X). Both eutectic compositions contained small concentrations (~3-6 wt
Z) of UCI3. Pure dendritic uranium deposits were obtained In practically
every study.

The most promising chloride melts investigated appear to be the BaCl2-
KCl-NaCl eutectic-UCl3 and the BaCl2-CaCl2, LiCl-NaCl eutec.tic-UCl3
systems. Additions of small quantities of alkali metal fluorides may be
helpful in improving the quality of the metal deposit. Serious problems
that need to be addressed are the dendritic morphology of the uranium
deposit and the adhesion of that deposit to the metal substrate. Several
variables need to be optimized if a dense electrodeposit of pure uranium is
to be produced. These include substrate material, substrate preparation,
current density, electrolyte composition, plating temperature, pulse
frequency, and width and the frequency of nucleating pulses.

DEMONSTRATION OF URANIUM METAL DEPOSITION ONTO STAINLESS STEEL

Experimental

Electroplating of the uranium metal was performed in a helium-
atmosphere glove box. A detailed procedure for this operation can be found
elsewhere.23 The cathode was a rectangular 304 stainless steel coupon
(height x width, 2.9 cm2; thickness, 0-64 mm) that was polished through
0.3 fim AI2O3 powder. The anode was a rectangular uranium foil (height x
width, ~3.75 cm2; thickness 0.88 mm). The molten salt electrolyte was the
quaternary system, BaCl2-CaCl2-LiCl-NaCl (36.60-41.92-14.18-7.30 wt %) with
approximately 6 wt % UCI3, which was generated in situ by the oxidation of
metallic uranium pins with CdCl2- The CdCl2 and quaternary eutectic salt
were polarographic-grade materials obtained from Anderson Physics Labora-
tories, Urbana, IL. The metallic uranium was depleted material. The cell
temperature was controlled to within 0.5°C.

Before deposition began, the cell crucible was loaded rLth 450 g of the
quaternary salt and 24 g of CdCl2 and heated to *»75CC. Depleted uranium
(28 g) was added to the molten salt and heated overnight with stirring to
generate the UCI3 and cadmium metal irom the CdCl2 and uranium metal. The
stirrer was then removed from *he cell and the electrodes were installed
for the uranium metal target preparation.

Four electrodeposltion tests were conducted. In ecch study, the totrl
charge passed was ~75'0 mA-h or "'259 mA-h/cm2 of -athode 1-ont surface.
Three of the experiments were performed at constant current densities (22.4
mA/cm2 for 12.17 hours, 53.5 mA/cm2 for 4.83 hours, and 105 mA/cin2 for 2.5
hours) and one experiment by pulse plating. In the pulse plating experi-
ment, the cathode was anodized at 120 mA followed ^y a 15-SPC rest period.
Four cycles of nucleation pulsing were then applied, each cycle consisting
of 15 sec of current application peaking at 360 mA, followed by a 15-sec
rest period. For the remainder of the deposition period, high frequency DC
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pulsing was applied; each cycle consisting of 100 msec of current applica-
tion peaking at 175 mA, followed by a 40 msec rest period. Total time was
6 hours, and the time-averaged current density was ~43 mA/cm3. If one
assumes that 70% of uranium is plated on the front surface and the
coulombic efficiency is 70Z, both reasonable assumptions, than the deposit,
assuming theoretical density, would be 2.0 x 10"2 cm thick and contain ~7A
mg of 235u/cm2 which would correspond to ~30g of 235u fOr A00 cm2 target.

Results & Conclusions

Uranium was deposited on the cathode in all of the tests. Although
most of the deposited uranium was found on the side of the cathode that was
facing the anode, a significant amount was also found on the back side.
The effect of current density on the morphology of the deposits on the
stainless steel surface showed a clear trend. At the lower current densi-
ties, the deposits were denser and more evenly distributed on the electrode
surface, and the dendrites were smaller. Prior anodization of the stain-
less steel appeared to have little effect on the aorphology or adhesion of
tho deposit. The deposit obtained with the pulsed current was similar to
that obtained at the lower current density, but tended to be slightly more
bonded to the substrate. The pulse plated U deposit is shown in Fig. 1.

The uranium deposits were found to dissolve readily in a sulfuric acid-
H2O2 solution with vigorous gas evolution. These results indicate that the
uranium metal deposits dissolve readily in acid dissolution media being
used in the current process for UO2 targets.4-5

The dendritic neture of the uranium deposits and bonding of the
deposits need to be improved. To address these problems, the effect of the
following variables need to be investigated: (1) substrate material and
temperatures on crystal morphology and adhesion; (2) surface preparation on
morphology; (3) electrolyte composition and its U(III) content on crystal
morphology; (4) electrolyte flow and/or target substrate rotation on
crystal morphology and adhesion; and (5) crystal nucleation pulses, and
current density, direct and pulsed, on morphology and adhesion. The
optimization of each of the variables described above could lead to a
viable process for LEU target preparation.

Fig. 1. Electrodeposition of Uranium by Pulsed Plating
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EFFECTS OF LEU TARGETS ON RADIOACTIVE WASTE GENERATION

There are three potential effects on radioactive waste generation due
to using LEU rather than HEU for production of 99MOS

1. Increased amounts of irradiated-uranium by-product that must be
solidified, stored, and transported to a reprocessing plant.

2. Increased radioactive waste generation (spent chemicals and
equipment, wipes, labware, etc.) due to processing more uranium
for the same 99Mo-yield.

3. Increased amounts of 239pu and other transuranic elements, causing
waste to be designated as TRU (i.e., not as low-level) waste, thus
increasing the cost and difficulties of disposal.

These issues can be analyzed by comparing the reference HEU and LEU targets
described in Table 1. From the data in Table 1, to produce the same amount
of 99MO, almost six times the amount of uranium must be dissolved, thus
increasing the dissolver solution by a factor of 3 to 6. The processing
scheme for separating and purifying 99MO from actinides and other fission
products is a multistep procedure. In the acidic dissolution process, the
first separation/purification step removes the 99MO product from the
irradiated-uranium by-product and many other contaminents. Further
processing steps of the 99Mo product are necessary to purify 99Mo from
other fission-product and transur«nic contamination.

Irradiated-Uranium By-Product

The irradiated uranium (LEU or HEU) by-product solution from the first
separation/purification step would likely be heated to dryness, stored,
and/or be sent to a reprocessing plant. Assuming this solid would be in
the form of U02(N03)2#6H20 and/or UO2SO4*3H2O, the mass of the U waste from
a HEU target would be ~30 g with a specific activity of 2 x 103 nCi Ot/g and
from a LEU target would be 180 g with a specific activity of 4.4 x 103 nCi
a/g. The pi1] activity would be nearly identical for both, with the pif
specific activity of the spent LEU being ~l/6 that of the HEU. The speci-
fic activity differences are inconsequential, but the processing of LEU
does necessitate storage and transportation of six times the volume of
uranium/fission product salts.

Increased Waste Generation

If, during the first separation/purification step, precipitation of
Ot-benzoinoxime is used to separate 99Mo from the solution, this may require
use of larger filter. If a column separation is used, a larger column bed
may be required to adsorb the Mo. After the first separation step, except
for the possible need to purify from the higher concentrations of
plutonium, no difference will exist between the HEU- and LEU-produced 99MO

product stream. The uranium content of the 99Mo product of the first sepa-
ration will be about the same, as will the contamination by other fission
products. Therefore, the waste generated in the many followup purification



DRAFT

steps would be similar for LEU and HEU targets. An increase in waste
volume caused by processing LEU targets through all processing steps should
be in the range of 0-30%, rather than a factor of six based solely on
increased U in the target.

Increased TRU-Content

The United States Nuclear Regulatory Commission (NRC) in 10 CFR Part
6l3fi and Environmental Protection Agency (EPA) in 40 CFR Part 19l3? have
specified a limit to the transuranic element (TRU) specific activity of low
level waste (LLW) to be 100 nCi a/g waste; other such regulations dealing
with TRU content are likely in place throughout the world. Because there
will be ~26 times more 239pu produced in LEU targets than in HEU targets
with comparable 99j4o yield, there is a concern that waste currently
disposed of as LLW may be reclassified as TRU waste, thus causing more
difficulty in its disposal and increasing waste disposal costs.

We estimate that the processing of LEU targets will result in a twenty-
six fold increase in 239pu and a possible increase of 0-30% in waste
volume. Thus, for the LEU-generated waste to be nonTRU (i.e., LLW), the
current HEU-generated waste must contain £ 4 nCi 239pu/g. Because it is
extremely difficult to measure specific activities £10 nCi/g and because
sophisticated techniques and equipment are required to discriminate between
O-particles from 239pu and 235u (which produces 55% of the a activity in
spent HEU and is not considered as TRU), current industry TRU-contamination
values are almost certainly estimates and not measured quantities.
Assuming that most estimates of contamination are conservative, LEU radio-
active waste may remain LLW.

Conclusions

Processing LEU targets would produce approximately six times the amount
of irradiated uranium by-product for the same yield of 99j4c> from *: HEU
target and may generate more LLW, but the increase is estimated to be in
the range of 0-30% rather than a factor of 6. Also, the increased 239j>u
content in irradiated LEU targets may not make the waste a TRU-containing
waste and, therefore, ineligible for LLW disposal.

SUMMARY

Although the reported results are preliminary, there is reason to be
optimistic about the feasibility of utilizing LEU targets for the
production of 99
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