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ABSTRACT

The TRUEX (transuranium extraction) process was
tested on a simulated high-level dissolved sludge
waste (DSW). A batch counter-current extraction
mode was used for seven extraction and three scrub
stages. One additional extraction stage and two

scrub stages and all strip stages were parformed

ent or any agency thereof. The views
ecessarily state or reflect those of the

y constitute or imply its endorsement, recom-

ES by batch extraction. The TRUEX solveant consisted
2 § E % of 0.20 M octyl(phenyl)-N,N~diisobutylcarbamoyl-
§ :ng gé me thylphosphine oxide-1.4 M TBP in Comoco {Cj3-
;E.':’ 5-;‘: C14). The feed solution was 1.0 M in HNC3, 0.3 M
g:'::'gé in HC20; and contained mixed (stabie) fission
;’Egé' products, U, Np, Pu, and Am, and a number of inert
Egﬂég constituents, e.g., Fe and Al. The test showed .
;g:é’ that the process is capable of reducing the TRU ‘s%{\s“m
325-2 concentration in the DSW by a factor of 4 x 10% W |
§§§§ (to <100 nCi/g of disposed form) and reducing the
é EE% quantity of TRU waste by two orders of magnitude.

*Author to whom reprint request should be sent.
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1. INTRODUCTION

Mitric acid solutions of high-level waste (HLW) are produced
during the processing of irradiszted nuclear fuel hy the PUREX
process. In some cases, the HLW is made alkaline and stored in
large underground tanks. Neutralizad HLW contains both a liquid
and solid (sludge) phase. Sludge i3 primarily a mizxture of
hydroxides or hydrated oxides of nonradioactive elesents (e.g.,
Feg03°xH20), but also contains essentially all the %0sr, fission
product lanthanides, uranium, and transuranic (TRU) elements (Np,
Pu, Am} present in the HLW. Dissolution of the slaudge in an
oxalic-nitric acid mixture creates HLW that we refer to as
dissolved sludge waste (DSW).

This paper reports the results of batch countercurrent tests
of a solvent axtraction flowsheset designed to remowe aud concen-
trate the TRU from DSW. 1If the TRU content of the DSW stream can
be lowered to <100 nli/g of solid, it can be classified as
nonTRU.1} If, in addition, 90Sr levels in the DSW can be reduced,
it will be eligible for near-surface disposal. In the case of
DSW, this would mean that only cthe TRU conceatrate product of a
separation process (Sl wt % of the initial mass) would need to be
buried in a deep geclogic disposasl site.

The TRUEX solvent extraction process, which has been reported
elsewhere2:3], is based on the use of a neutral, bifunctioaal,
phosphorus~based extractant dissolved ir tribatyl phosphate (TBP)
diluted by a rormal paraffinic hydrocarbon (NPH). Octyl(phenyl)-
N,N-diisobutylcarbamoylmethylphosphine oxide (0$D{18]CMPO),
iilustrated in Figure 1, 1is the bifunctional extractant that was
determined to be the best candidate for the TRUEX process based
on (1) its relatively high values of the distributiom ratio of
americium (Dp,) over 0.5 to 5 M nitric acid concentration, (2) its
good selectivity for Am(III) over fission products and inert
eleuwents, (3) its ability to reach high loadings without third



CHzCH(CH3) 2
\CHZCH( CH3)2
Figure 1. Extractant O D[iB]CMPO

phase formation when mixed with PUREX process solvent, and (4) its
ease of synthesis and availability in high purity. A comprehen-
sive report on the use of the TRUEX process for TRU removal from
HLW and DSW is given.Z] The generic TRUEX solvent extraction
process and its underlying chemistry are described.3] A batch
countercurrent experiment was conducted to (1) test tbz ability
of the TRUEX process to decontaminate a synthetic DSW solution
from americium, plutonium, and neptunium when operated in a
countarcurrent mode; (2) look for interfacial crud buildup

or phase disengagement problems; and (3) determine the behavior
of a number of fission—-product and inert elements in extraction

and scrub stages.

2. EXPERIMENTAL PROCESS

2.i Materials

The composition of synthetic DSW solution is described in
Tables I, II, and III. Its preparation is described in detail.?2]
Aralyses were conducted using inductively coupled plasma/atomic
enlssion spectrometry (ICP/AES). A nonradioactive DSW solution
was prepared initially for cold testing. Americium (24lanm),
plutonium (242Pu), neptunium (237Np and 239Np), and technetium
(99Tc) were added to a portion of the DSW for hot testing of the

flowsheet. 1In addition, a secord radionuclide-containing solution



TABLE I

COMPOSITION OF THE SYNTHETIC DSW:
NONFISSION PRCDUCTS

Concentration, Y

Constituent Added ’ Found@,b
HNO3 1.0 NA
Na 0.15% NA
Mg 0.0016 0.0017
Al 0.046 0.045
Ca 0.0014 0.0014
Cr 0.0%4 0.013
Mn 0.0045 0.0047
Fe .15 0,15
N 0.0080 0.0086
Cu 0.0018 0.001%
F 0.008 NA
5042~ 0.012 NA
HyCp04 0.30 NA
N02-° 0.005 NA

2NA means not analyzed.

bThese ICP/AES analyses have a 3~10% error
range; the magnitude of the error is a func-
tion of the element's concentration and the
degree of interference from other elements.
€0n addition of solid NaNO; to the feed,
some reddish-brown gas (likely NO,) was
released.

vas prepared with a higher 237Np concentratlon for use in a three-
stage countercurrent experiment that measured the effect of the

feed concentration of neptunium on its solvent extraction behavior.



TABLE II

COMPOSITION COF SYNTHETIC DSW SOLUTION:
FISSTION PRODUCTS

Concentration, M

Constituent Added Foundd,b
Se 9.5 x 10~5 <1.6 x 1074
Sr 1.4 x 10-3 1.4 x 1073
Y 7.3 x 1074 7.0 x 1074
Zr 5.6 x 103 6.2 x 1073
Mo 1.8 x 10~% 1.6 x 10~4
Te 1.0 x 1075 9.6 x 10764
Ru 2.1 x 103 2.0 x 10-3
Rh 5.7 x 1074 5.7 x 1074
Pd 5.4 x 1074 6.6 x 10-4
Ag 3.6 x 1073 3.0 x 1075

5.0 x 10™3 4.4 x 1073
Te 3.3 x 1074 3.3 x 1¢c74
Ba 1.1 x 1073 2.1 x 10-4°
La 1.0 x 1073 9.5 x 1074
Ce 2.4 x 1073 2.3 x 1073
Pr 9.2 x 1074 8.6 x 1074
Nd 2.7 x 103 2.6 x 1073
Sm 3.9 x 1074 3.8 x 1074
Eu 4.8 x 1073 4.9 x 10°5
cd 1.2 x 10-5 NA

8NA means not analyzed.

brhese ICP/AES analyses have a 3-10% error
range; the magnitude of the error is a
function of the element's concentration
and the degree of interference from cther
elements. _

CThe amount added to solution was below
its ICP/AES detectability.

dpgsed on radiochemical analysis of 997c.

©The low concentration of Ba ion is due to
its precipitation as BaSOQ,.



TABLE III

COMPOSITION OF SYNTHETIC DSW FEED SOLUTIONS:
ACTINIDES
Concentration, Activity,
Constitutent M ) dpm/L
238y 1 x 1074 2 x 104
237 §p-239yp? 1.0 x 10-6® 9 x 108¢
242p, 1.6 x 10-6 3.3 x 106
261n 7.0 x 1076 1.3 x 1010

8The bulk of
37Np; the b

the Np concentration was as
ulk of its radioactivity was

due to 239Np.

bror a separa
experiment t
increased to

CActivity lev
ment; the ac
corrected to
half-life of

The preparation o
0¢D[1B]CMPO~1.4 M TBP-
preparations of all ot
experimeat. The compo

Scrub 1
Scrub 2
Strip 1
Strip 2

The bases for selectin

*The NPH used was Cono
length of 13.2.

**320204 = oxalic acid

te three-stage countercurrent
he concentration of 237¥p was
2 x 1074,

el at the start of the experi-
tivities of all samples were
this time based on the short
239yp (2.35 days).

f the TRUEX process solvent (0.2 M

NPH*) is described in detail,2] as are the
her scrub and strip solutions used in this
sitions of these solutions are:

2.5 M HNO3 - 0.06 M HpCyCy*

0.5 M HNO3 - 0.01 M Fe(NO3)j3

0.01 M HNO3 - 0.005 M HAN'

0.1 M HyC204

g these solutions are discussed.2,3]

co C32-Cy4, with an average carbon chain

THAN = hydroxylammonium nitrate.



2.2 The Countercurrent Experiments

The experiments were performed in a series of ten 100-mL,
water—-jacketed, separatory funnels with flared tops (to permit
easy pouring of liquids into them). The phéses in each .funnel
were mixed by a stainless steel centrifhgal agizator Yoiated by a
light-duty, variable-speed motor. The funnels were tﬁermosta:ed
to 49 + 1°C. . A '

Figure 2 showa the flow desién of the countercurrent experi-
ments, which were performed iﬁ the "double-diamond” mode described.
by Peppatd-“] This was done to ensure simplicity of operatiom
and adequate volumes of raffinate and loaded-organic samples for
later experiments.

For the cold run, the feed, organic, and scrub solutions
were added to the experiment at the appropriate stages shown in
Figure 2. When solutions had been transferred to aach funnel,
they were aliowed to come to thermal equilibrium for about two
minutes and were then stirred for about one minute. The stirring
speed was set by visually observing complete dispersion of phases
in each funnel. After stirring was complete and the phases com-
pletely disengaged, the aqueous and organic phaseé were removed
from each funnel and set aside until this part of the operation
was complete. Following the diagram of Figure 2, each organic
phase was transferred one separatory funnel to the right and each
aqueous phase one funnel to the left. Fresh feed, scrub 1,
scrub 2, and organic solvent were added at their proper
stages and the procedure was repeatsd, all ten stages running
simultaneously.

Samples of loaded organmic phase and aqueous phase from
stages 10 and 1, respectively, were colilected during the course
of the experiment. At the end of the coid run, portions of the
organic phase and aqueous phase were removed from c~very stage.
The remaining organic and aqueous phases were allowed to sit in
the separatory funnels overnight.



Fresh TRUEX Loaded TRUEX

Solvent : Solvent
0.67 . to.67
L

1.33 1.0 0.7 0.17

v
Raffinate OSW Scrub Scrub
Feed 1 2

Figure 2. The experimental design and flow ratios of the counter-
current experiment. (Boxes numbered l-10 represent
the separatory fumnels or stages; numbers alongside
arrows indicate relative flow rates.)

The hot run was conducted by substituting the radioisotope-~
containing feed for the cold feed used the previous day. The
volumes of the feed, organic, and two scrub solutions were all
reduced proportionally to match the lower volumes of the solutioms
in the ten stages.

After the requisite number of feeds had passad through the
system to reach the calculated >90%-of-steady-state condition for
[241Am] jn the raffinate, the separatory funnels were drained
and the organic and aqueous phases were separated and labeled for

further testing and analysis.



2.3 Batch Experiments

The additional steps listed here followed the countercurrent

experiments:

2.3.1 Stage 0. A sample was removed from the agueous phase of
stage 1, and the remainder was coantacted with fresh organic

phase.

2.3.2 Scrub stages 11, 12, and 13. The last two loaded organic

phagses from the hot run that left the system prior to shutdown
were combined and equiiibrated with three additional porticns of
fresh acrub 2 in an organic/aqueous (0/A) phase ratio of 4:1.

2.3.3 stripping. The loaded organic phase from stage 13 was
mixed with strip solution ! for one minute in au O/A phase ratio
of 2:1 for six and ten consecutive strips for the cold and hot
runs, respectively. For the cold run, a sample of each strip
solution was tested for the presence of lanthanides by the
addition of oxalic acid, whereas the progress of americium and
neptunium stripping was monitored by removing small aliquots

of the organic phass for gamma analysis between strips. After an
average of seven strips, the resultant organic phase was divided.
Part was saved and part was stripped further by strip solutioan 2.
The strip solutlions trom the first seven consecutive contacts of
the organic phase were combined for further technetium and

plutonium analyses.

2.4 A Second Hot Countercurrent Experiment

An ancillary experinent was performed after the analysis of
data showed that the decontamination factoar for neptunium in the
countercurrent experiment was a disappointling value of 6, and the

efficiency of stripping neptunium was low. It was hypothesized



that the low neptunium extraction was due to the relatively loﬁ
concentration of neptunium in the feed (Table III). To test this
hypothesis, a three—-stage countercurreat experiment waz undertaken
with the same equipment and volumes as the first hot counter—
current experiment. The feed stage was. again stage 7; beth scrub
soiutions were combined in stage 8; and the TRUEX solvent

entered at stage 6. Because of the limited volume of feed, a
single~diamond experiment was run in which the addition of feed
in stage 7 wa: alternated with the addition of solvent and scrub
in stages 6 and 8. Four raffinate samples were collected before
shutdown, after which the organic and aqueous phases from each

stage were collected for analysis.

2.5 Distribution-Ratio Measuremeats

The distribution ratios of the nonradiocactive constituents
of DSW were measured by analyzing samples of the organic and
aqueous phases from each stage at the conclusion of the cold
countercurrent test run. Multielement analysis was performed
using ICP/AES, as described in previous publications.2’3»5] The
distribution ratios DH2C2°4 and Dy, were measured by spiking
samplas of aquecus phase from the cold run with l4c-labeled
oxalic acid and 99Tc and equilibrating them with samples of the
corresponding organic phase at 40°C for four minutes. The 14C
and 99T¢ concentrations were measured using standard scintil-
lation counting techniques, and Dy, and DNp were measured using
standard gamma counting techniques. Analyses of uranium and
plutonium in the aqueous phase were performed by laser excitation

Juorescence spectroscopy and isotopic dilution analysis, respec—
tively. The values of Dy and Dp, were then calculated based

on mass balance between stages.



2.5 Mechads ot Flowsheet Design

Caliulations for flowsheet desig: ware made by either
gtnpndard equatlons or use of the MeTabe-Vhiele method. The
grophla sl technique of the MeCabe-Thicie nethod was especlally
usefrl when discribution ratios of DSW coaponents varied from
stage to stage and when insight w1s neened into the effect of
more stazes . Lhe lmprovepert of separacions. Speecifics of
floushest design may be found.>,6]

Becanse the batch countercurrent exseriment was labor
iarensive and the amount of feed materia! was limited, it was
important to know how quickly the aqueous raffinate concentration
of amecicium reached a value sufficient to make the DSW raffinate
a nonTRU wasce. Becauvse the McCabe-Thicle method works only for
steady—state opsration, it could not be used here. A method to
determine the approach of the raffinate tv a steady-atate concen-
tration is the use of step-by-step calculaticas.’/ 8] These
calculatinns are normally tedious; howsver, we found that the
computation is greatly simplified by use of electronic spread-
sheets. Using the DIGICALC electronic spreadsheer (WHY Systems,
Inc., Redumond, WA), the rate at which the americium concentration
in the aqueous 1affinate approached 1ts steady-state value was
calculated. These calculations, which give the concentration for
each step* and each stage of the run can be continued until
steady-state concentrations are reached at each stage. Besldes
giving steady-state concentfations, this alternative calculational
method incorporates other features of the McCabe-Thiele method;
e.g., different distributioa coefficients can be used for each
stage and two scrub sections can be evaluated for am extractioa/

scrub unit.

*That is, each liquid-liquild equilibration in a stage; thus, a
"step” corresponds to one residencec time in a stage.



3. RESULTS

The conceptual flowsheet for TRU removal and concentration
from DSW was designed to reduce the activity level of TRU elements
in the aqueous raffinate of the TRUEX process to <100 nCi/g
solidified raffinate. Based on the iniéial composition of the
DSW feed and the projected partitioning of its componments, 1 L of
feed would produce 230 g of sclidified raffinate. Table IV
presents the composition of solidified raffinate and mass of
major constituents. The predicted activity levels of TRU elements
in DSW and the decontaminatioan factors achieved in the batch
countercurrent experiment are presented in Table V, which also
shows the specific alpha activity contained in the solidified
raffinate and in a grout containing 20 wt % solidified raffinate.
Table VI presents the composition of the TRU product. Clearly,
this experiment has proven the effectiveness of the TRUEX solvent
extraction process to reduce the TRU content of the raffinate
below prescribed iimits. Specific details of the experiment

follows.

3.1 Actinide Behavior

TFigures 3, 4, snd 5 show the aqueous- and organic-phase
concentrations of americium, neptunium, and plutonium in each
stage of the countercurrent experiment at their near-steady-state
conditions. Figure 3 also shcws americium data for the final
batch extraction stage (stage 0). Data for batch scrubbing
stages 11-13 are shown for americium and neptunium in Figures 3
and 4. The plutonium concentration was below its detectability
1limit in the agueous phases in stages 1-3.

Table VII presents distribution ratios for tiie TRU elements
and uvranium. The solvent extraction behaviors of both americium
and plutonium were consistent with those expected from earlier
bateh experiments. Both elemeants demonstrated well-behaved

extraction characteristics from stage to stage and attained



TABLE IV

SOLIDIFIED RAFFINATE COMPOSITION AND MASS
OF CONSTITUENTS PER VOLUME OF FEED

Mass of Component per

Component Liter of ¥eed, g
NaN032 138.52
NagS0y - 1.51
Fe(NO3)3*9Hy0 60.75
FePQy <4HA0 0.72
Mg({NO3)3 *6H30 .26
A1(N03)3°9H70 16.26
AlaFg *7TH90 0.39
CaS0, 0.18
Cr{1N03)3°9H,0 5.04
Mn(NO3) 2 *6H20 1.29
Ni1{NO3)*6H90 2.33
Cu(NO3)2‘6H20 0.52
2r(N03)4 *5H90 2.40
Ba(NO3), 0.2
Total 230.46

8Includes the NaNOj formed when the 1.5 mol
cf HNO3 in 1.33 L of raffinate are neu-
tralized with NaCH.

distribution ratios that were high enough to easily achieve
requisite concentration levels in the raffinate. The small
effect of loading on Dpp in the extraction section makes
predictions of extraction parameters both simple and trustworthy.
The Dp, value reflects the complexing of plutonium in the
aqueous phase by c¢xalic acid; Dp, was measured to be much

higher from nitric acid solution alone than it was from DSW

feed.



TABLE V

SUMMARY OF CALCULATIONS FOR TRU CONTENT OF SOLIDIFIED RAFFINATE

Activity in
Activity Solidified Activity
Radio- in Feed, Decontamination _Raffinate,® 1in Grout,®
nuclide nCi/L Factora nCi/g nCi/g
Am 1 x 108 1.0 x 104¢ 40 8
Pu 2 x 104 >l x 103 <2 x 10-3 -
Np 4 x 104 6 30 6
Total 1 x 108 - 70 14
4This is the measured decontamination factor for the raffinate

from stage 1 of the countercurrent experiment.

This was

followed by a batch contact of the raffinate with fresh TRUEX
solvent (stage 0) that increased the factor for americium to
4.6 x 104,
b1f the stage 0 decontamination factor were used, the americium
specific activity would drop to 9 nCi/g and the total specific
activity to 40 nCi/g.
CIf the stege O decontamination factor were used, the americium
specific activity would drop to 2 nCi/g and the total specific
activity to 8 nCi/g.

TABLE VI

COMPOSITION OF TRU PRODUCT

Form Mass of Oxide per
Element of Oxide Liter of Feed, g
La Laj03 0.15
Ce Ce0y 0.39
24 Prg011 0.14
Nd Nd504 0.45
Sm Smy03 0.07
Ev Euy03 0.01
Y Y03 0.08
Fe Feq03 0.03
Ru RuOy 0.02
Rh Rhy04q 0.01
Pd PdO 0.01
Np, Pu, Am (Np, Pu, Am)O0s 0.12
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The behavior of neptunium (Figure 4 and Table VII) was
disappointing. Although neptunium was added to the synthetic DSW
as Np(V), and RaNOp was added to further stabilize the Np(V),
the high concentration of oxalic acid was expected to shift the
disproportionation of Np(V) to Np(IV) and Np(VI) because, like
Pu(IV), Np(IV) is strongly complexed by oxalic acid. Inasmuch as
Np(VI) is reduced rapidly to Np(V) by oxalic acid, Np(V) should
transform to Np(IV) in DSW. Because the majority (86X) of the
neptunium was extracted, the disproportionation did proceed
as described above (but not to the exteut that was expected).

The consistency of Dp, from stage to stage indicates that only
one oxidation state of plutonium is present in the aqueous phase.
On the other hand, the decrease in Dy, from stage to stage
suggests che prasence of Np(V) and Np(IV) speciles.

The three-stage (two extraction and one scrub) countercurrent
experiment was performed to determine whether increasing the

concentration of neptunium by two orders of magnitude would



TABLE VII

DISTRIBUTION RATIOS OF ACTINIDE ELEMENTS IN EACH STAGE
OF THE COUNTERCURRENT EXPERIMENT

Distribution Ratio2

StageD uc Np Puc

Am
0 NA NA NA 7.6
1 NA 0.36 NA 7.5
2 NA 0.6b NA 7.4
3 NA 0.96 NA 7.3
4 NA 1.2 NA 7.2
5 NA 1.7 34 7.1
6 <102 1.9 39 6.5
7 7.6 x 102 3.3 22 5.2
8 5.1 x 102 4.2 NA 9.4
9 6.1 x 102 2.3 NA 9.7
10 6.5 x 102 4.1 NA 9.1
11 6.5 x 102 3.1 NA 10.0
12 Na 2.3 NA 6.7
13 NA 2.3 NA 3.0

8NA means not analyzed.

bStage 7 is the feed stage; stages 0-7 are extraction
stages; stages 8 and 9 are scrub ! stages; and
stages 10-13 are scrub 2 stages.

COrganic~phase concentrations were not mezsuved; dis-
tribution ratios were estimated by material balance.

increase the traniformation of Np{V) ts Np{IV). The rationsale
for this hypothesis was that the rate of dispruportionation of
Np(V) would increase at the higher concentration. The relative
volumes of feed, scrub, and organic solutions were the same
ae in the ten-stage experizent. The effect of higher concentration
appeared to be minimal; complete data are presented elsewhere.Z]
Pigures 6 and 7 show the approach of americium and neptunium
to steady state In the batch countercurrent experiment. The line
in each figure was calculated using the experimental distribution
ratios presented in Table VII and the spreadsheet calculation.
These calculations assumed a 3% increase in the volume of the
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Figure 6. Americlum concentration in a raffinate sample vs. the
raffinate sample number. The data points are raffinate
samples of the double-diamond countercurrent experiment
{the two sets of samples are differentiated by symbol
type); the line ig calculated based on the near-
steady~state distribution ratios measured for each
stage of the experiment.

organic phase (as a result of loading) relative to that of the
aqueous prase. The good fit between the curve derived from
distribution-ratio measurements and the raffinate data indicates
a consisteacy in the experiment that makes anm extrapolation to
steady-state conditions valid. The steady-state decontamination
factors for the TRU elements in this experiment are presented in
Table VIII.

3.2 Nonactinide Behavior

The distribution ratios for the nonactinide constituents in
the excraction and scrub stages at near-steady-state conditions

are presented in Tables IX and X. The near-steady-state values
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TABLE VIiI

STEADY-STATE DECONTAMINATION FACTORS OF TRU ELEMENTS AND URANIUM
FROM SIMULATED DSW

Factor
Nunmber Calculated for
of Extraction Measured After
Stages to Attain Measured After Seven
Elementc Measured Factor Factor Extraction Stages
U 2 1.3 x 104 1.0 x 10162
Np 7 6 6
Pu 4 1.0 x 165 5.0 x 10142
An 8 4.6 x 10% 1.0 x 104

aBecause stripping of solvent is never perfect, some residual
conceantration of these species will be in the recycled solvent;
therefore, these values would not be achieved in actual practice.



TABLE IX

DISTRIBUTION RATIOS OF NONFISSION PRODUCTS IN EACH STAGE OF THE COUNTERCURRENT EXPERIMENT

Distribution Ratio 8,b

Stage
No.C Hy0, 4 Mg al Ca Cr Mn Fe Ni Cu
1 1.1 x 101 <10-2 <102 <102 <1073 1.1 x102 3,7 x 1002 <1072 <1072
2 1.0 x 1001 <102 <102 Q1072 <1073 1.2 x 1002 4.2 x 1072 10"2 <1072
3 NA <10-2 £10~2 <1002 103 1.2 x10%2 4.4 x 1002 <102 <1072
4 NA <10-2 <10-2 <102 <1073 1.2 x 102 4.3 x 1072 <10"2 <1072
5 1.1 x 107! <10-2 <10~2 <1002 <1073 1.3 x 1072 4.4 x 102 <102 (10-2
6 1.0 x 1001 <102 <10-2 <102 <1003 1.2 x 1072 4.2 x 1002 <102 (1072
7 9.0x 1072 <102 1.6x 1072 <1072 <0-3 8.9 x 103 3.8 x 102 <10~2 <10~2
8 2.1 x10°1 NM N NM NM WM 4.7 x 102 M NM
9 2.2 x 101 M NM NM NM NM 5.3 x 10~2 NM NM
10 2.4 x 10°1 NM HM M NM NM 4.2 x 10-2 NM NM
1 1.7 x 1071 NM N NM NM N 4.8 x 1072 - MM NM

@A value with "<" means that the concentration of that species in the organic phase was below
its detection limit. The value given is the detection limitr divided by its aqueous-phase con-
centration.

bNA means not analyzed; NM means that the concentration of a specles was below th& detection
linit in both phases. '

CStage 7 1s the feed stage; stages 1-7 are extraction stages; stages 8 and 9 are scrub 1 stages;
and stages 10 and 11 are scrub 2 stages.

dHZOx = oxalic acid. The distribution ratio was measured by adding l4c-1abeled oxalic acid to
the near steady-state solutions of the cold countercurrent run and equilibrating them at 40°C.



TABLE X

DISTRIBUTION RATIOS OF FISSION PRODUCTS IN EACH STAGE OF THE COUNTERCURRENT EXPERIMENT

Distribution Ratio@,b

Stage
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TABLE X (Cont'd)

Distribution Ratio@sP

Stage
No. cd Te Ba La Ce Pr Nd Sm Eu
1 <10~2 <19~2 <10~2 NM NM NM NM NM NM
2 <10~2 <10~2 <10~2 ™ M NM ™ NM NM
3 <10~2 <10~2 <102 3.2 NM NM 5 NM NM
4 <10~2 <10~2 <102 3.4 NM NM N NM M
5 <10~2 <10~2 <10~2 3.7 4.6 NM NM 5.3 4.0
6 <10~2 <10-2 <10-2 3.5 5.1 6.42 4.40 5.8 4.2
7 <10~2 <10~2 <10~2 2.9 4.5 5.2e 4.7e 5.1 4.2
8 NM NM M 3.7 6.3 7.0 7.0 7.0 5.6
9 NM ™ M 4.2 7.3 8.1 8.3 8.2 7.0
10 M M N 4.2 8.7 9.6 9.° 9.5 7.7
11 M ™ NM 4.8 7.7 8.1 7.8 7.8 6.2

A value with "<" means that the concentration of that species in the organic phase was below
its detection limit. The value given is tlie detection limit divided by its aqueous—phase con-
centration.

bNA means not analyzed; NM means that the concentration of a specles was below the detection
limit in both phases.

CThe technetium distribution ratio analysis was performed by taking the near-steady-state
solutions from the cold countercurrent run, spiking them with 99Tc, and equilibrating them
at 40°C.

dA second contact of the organic phase with unspiked, fresh aqueous phase gave a technetium
distribution ratio of 11.7.

©Interference in the atomic emission lines for these elements puts these values in doubt.



were close to those predicted from batch distributiom rario
measurements.2»3] Data for ruthenium and palladium indicate

the presence of at least two species with different distribution
ratios. In summary, the distribution ratios were such that all
metal ions but the rare earth elements and technetimm were
discharged with the raffinate.

Although technetium was found predominantly in the loaded organic
phase, the agreement between the measured concentration of technetium
and that calculated based on Dp. in the raffinate samples is not good,
as shown in Figure 8. The reasona for the disparity is not certain. A
mure detailled analysis of the technetium data can be found .2]

The calculated steady-state concentration of technetium in the raffinate
predicts that 89% of the technetium reports tc¢ the organic phase. The
removal of technetium from the raffinate is considered advantageous

because its presence in nonTRU waste can complicate disposal.
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Figure 8. Raffinate concentration of 9%7¢ vs. the raffinate
sample number. (The data are measured raffinate
concentrations, the solid iine is calculated from
measured distribution ratios, and the dashed line is
an empirical fit of the data.)



3.3 Stripping Proper:ies of TRUEX Solvent

The results of stripping experiments, which are presented in
detail elswewhere,2-3] indicate that a double strip is necessary
and, perhaps, even an advantage of the process. A dilute acid
strip is sufficient to strip americium &nd the rare earths from
the TRUEX solvent. For example, the americium coacentration in
the loaded solvent was reduced by 5 = 103 in six successive
batch contacts using strip solution 1. The rare earths were unde-
tectable (as oxalate precipitate) in the aqueous phase after the
fifth strip. Ten successive strips reduced the americium concen-
tration by ~106 .

An efficient separation of americium from plutonium and
nepturium can be achieved by eliminating HAN from the dilute
nitrie acid strip. The value of the separation factor, Pu(IV)/
Am(III), is ~103. After stripping Am(TII), Pu(IV) and Np(IV)
can be removed with HNO3-HF. Any uranium present in the

organic phase can bve remuvved during the solvent cleanup step.

3.4 Phase-Disengagement Behavior

The phase-separation times for all extractior, scrub, and
strip stages were within one minute. No interfacial crud was
observed in any of the stages and all solutions were generally
very clear, indicating little entrainment. Thus, the TRUEX
process seems well suited to a continuous countercurrent

operation.

G SUMMARY AND CONCLUSIONS

The data in Tables IV, V, and VI shcw quite clearly that the
TRUEX process 1s not only capsble of efficlently reducing the TRU
content of a simulated HLW solution to less thua 100 nCi/g of
solid raffinate, but also that it is capable of reducing the



quantity of TRU waste by more than two orders of magnitude.

In

addition, the separstion of americium from plutonium and neptunium

is feasible by a two—step stripplng operatioan. Removal of all

TRU olements from the solvent phase by solvent recycle is

sufficlently couplete that treatment of spent TRUEX solvent with
Amberlyst A-26 resin in the hydroxide cycle will likely restore

the solvent to prime condition.?]

Figure © shows a wodified TRUEX flowsheet for DSW that

incorporates improvements developed as a result of the cold and

hot countercurrent experiments.
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Figure 9. An improved CMPO-TRUEX flowsheet for DSW feed.

(Rumbers in parentheses indicate relative flow rates.)
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