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extraction approach, and very promising results were obtained. T reports
were written that year; the first concentrated on completeness of siudge
dissolution and on solvent extraction. The second report focused on issues
such as off-gas composition and the properties of residue that did not dis-
solve in the dissolution step.
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The concentration of TRU elements in this sludge gives an alpha activity
of ~103 nCi per gram sludge, which is too high to allow this waste to be dis-
posed of as low-level waste (LLW). Disposal of this waste in a gec »gic
repository would be more costly than disposal as LLW. Thus, an incentive
exists to treat this waste to separate the TRUs for the bulk components so
that the bulk components can be disposed of as LLW (e.g., in a gt ited form),
with only a small volume, TRU-containing fraction requiring geolc ¢ disposal
(e.g., in a vitrified form).

To study the feasibility of various methods to accomplish such a separa-
tion of the TRUs from the bulk components of NCRW sludge, Westinghouse Hanford
Company (WHC) has provided support to Pacific Northwest Laboratory (PNL)(a)
for an experimental program to determine the effectiveness of various methods.

(a) Pacific Northwest Laboratory is operated by Battelle Memorial Institute
for the U.S. Department of Energy under Contract DE-AC06-76RL0O 1830.
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but Pu leaching is limited to ~60%; with lTow concurrent Zr dissolu-
tion, this may give barely adequate selective leaching of TRU
elements to meet a 50 nCi/g target in a final grout wa: : form. One
test indicated that the use of Ag(II) oxidant at 100°C ves suffi-
ciently enhanced Pu leaching; ~93% Pu and ~98% Am removal accompa-
nied by probably <15% Zr removal was achieved. Other conditions and
oxidants (and reductants) i ;ted gave no beneficial effect. Com-
plexants also offer no apparent benefit over simple nitric acid
leaching.

4) Complete dissolution of the sludge. Essentially complt : dissolu-
tion was achieved with 3.2 mL of 5 M HN03 per g n of | washed
sludge. Complete dissolution is much more difficult if the sludge
is first washed to remove fluoride.

5) Separation of dissolved Pu, Am, and Zr by TRUEX extraction or by
LaF3 precipitation. Zr tends to extract along with Pu and Am, so
considerable developt 1t might be required to develop a suitable
TRUEX process. LaF3 does not efficiently carry Pu and Am from a
dissolved sludge solution until the fluoride concentration has been
increased by a large amount.

CCED FOR THE <™IDY

The NCRW sludge used in all of our studies to date was a composite of portions
of some of the samples taken earlier from Tank 105-AW. Analytical results for
these samples were reported in a 2-2-87 letter to L. M. Sasaki (. Rockwell
Hanford from A. C. | f and J. J. McCown of Westinghouse Hanford. The quanti-
ties used in our composite, and the Pu and Am concentrations reported for each
portion are given in Table 1.

It should be noted that a portion of segment 6B was intentionally included in
our composite because of its high Am content. I have been told that this
segment came from the sludge heel present in the tank before NCRW addition was
begun. Thus, ~74% of the Am and ~25% of the Pu in our composite came from the
tank heel rather than from NCRW. This fact makes the quantitative application
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These data indicate that both the Pu and the Zr are present as more than one
species, having different ease of dissolution characteristics. Al ng the many
possible reasons for this is an aging effect; many solids become more diffi-
cult to dissolve as they age over time. In this regard, it should be men-
tioned that the leach data collected now should not provide the sole basis for
a process to be implemented many years in the future. Additional studies
should be done Tater to see if aging effects are indeed important.

These data demonstrate that adequate selective leaching of Pu and Am away from
the Zr may indeed be possible using HN03 alone. Dissolution of 60% of the Pu,
100% of the Am, and 0% of tI Zr, results that may be approachable according
to the data of Figure 1, would leave ~230 nCi/initial g sludge associated with
the Zr fraction. This value would meet the target of 243 nCi/g required to
give 50 nCi/g in grout, based on a likely grout formulation.

It would, of course, be highly desirable to increase the selective leaching of
Pu from Zr so that some degree of processing flexibility would be available.
Attempts to accomplish this by the use of oxidizing agents and by the use of
complexants will be discussed in subsequent sections. The Tikely difficulty
in accomplishing this is partially illustrated by the note on Figure 1 regard-
ing the 5 M HNO leach case; that is, a HNO5-HF step following two 5 M HNO,
leaches dissolved 28% of the Pu and 12% of the Zr. This indicates that an
appreciable portion of the Pu is indeed quite difficult to dissolve in HNO3
alone.

More ¢ :ai’ { (but :i11 not comple: | results from | r acid leaching
experiment (NCRW-15) are given in Table 4. There the quantities >und in
various stages of the leach and dissolution processes, relative to those found
in complete dissolution experiment NCRW-2, are tabulated. The s° je sample
was first leached with 0.2 M HNO3 (0.9 mole HN03/m01e Zr in sludge) for a day
at room temperature and then the added HNO3 concentration was increased to

0.4 M. This solution was sampled after another day at room temperature and
then again a day later. The mixture was then stirred for 2 hours at 100°C and
was then sampled as soon as possible and again after shaking for another day
at room temperature. The centrate and the suspended solids it contained were
removed, mixed, and sampled for analysis.
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TARLE 1. Make-up of NCRW Sludge Composite Used in Study
NCi/g in Samp]e(b)

Sample Grams ”°°d(a) . Bu Am
105 AW Seg 2A 21.2 410 28
105 AW Seg 3A . .0 1000 430
105 AW Seg 4A 18.8 380 83
105 Aw Seg 5A 22.3 610 42
105 AW Seg 6B 18.7 880 1800
Calculated for
Composite 101 652 449

a) Sludge wet to a flowing paste (no free-standing liquid).
b) Values reported by Leaf and :Cown on 2-2-07. ‘
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TABLE 2. Major Cations in NCRW Sludge Composite (2

E1-ment NCRW-Z(b)
Na 0.0972
Ir 0.0646

0.0122

0.0079
Fe 0.0034
Si 0.0032
Al 0.0029
Mn 0.0021
Cr 0.0014
Ca 0.0013
Mg 4.8x10°
La 3.5x10°

4
4

sludge
NCRW-6(2)  negy-17(d)
0.0828 0.0938
0.0612 0.0634
0.0109 0.0120
0.0072 0.0079
0.0030 0.0031
0.0025 0.0026
0.0019 0.0019
0.0013 0.0013
0.0011 0.0009
-4 -4
3.1x10 2.6x10
-4 -4
3.1x10 3.3x10

By ICP analysis of dissolved sludge solutions.
itrations were B, Ba, Nd, Ni, Sr, and Ti.

detected in lower cone

Added 3.2 mL 5.4 M HNO3/g sludge.
Added 5.0 mL 5.0 M HNO3/g sludge.

Elements that were

Added 3.5 mL HNO3/g slidge; obtained 4.1 mL/g sludge.
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TABLE 4. Results of a Nitric Acid Leach Test (NCRW-15)

First leach s~Ttjon

.3.24 mL/g 0.2 M HNO3, 1 1y

.3.24 mL/g 0.4 M HNO3, 1 1y
+1 day at room temp.
+2 hr at 100°C
+1 day at room temp.

Second Solution

.3.38 mL/g 0.4 M HNO3, 1 day
+2 hr at 100°C
+2 hr at room temp.

* Add NH4F to 0.1 M
+1 day at room temp.
+2 hr at 100°
+2 hr at room temp.

* Adjust to 6 M HNO; +0.7
M NHg4F + 1 day at room
temp.

* Adjust to 4 M HNO, +
0.6 M HqF + 0.2 M Oxalate
+ 2 hr at room temp.

Third QRAlutian

.3.11 mL/g 1 M oxalic acid,
2 hr at room temp.

(Some solids remain)

Fou |, % of that in NFRW-2

Filtrate vener-te
A o~ P
17 82 .02
31 85 3.4
33 81 3.4
49 117
40 104 2.2 52 121

5 12 4.4
7 12 4.4
24 14
30 24
27 14
24 13- 28 15
4 2
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TABLE 6. Results of Attempts to Enhance Pu Leaching with Coi lexants

% F.'nund ]'n Cr\]:&inn(a'b)

Evnt nt Solution Pu .
NCRW-4 0.5 M Na,CO4 0.1 (c)
NCRW-9 0.5 M NaHCO, 0.2 (c)
NCRW-11 CMPO-saturated

0.2 M HNO5 3(d) (c)
NCRW-14 0.05 M DTPA (c pH=8) 20 1.4
0.1MF+0.4M HNO; 39 19

(a) Relative to the amounts found in NCRW-2.
(b) >1 day leaching at room temperatu

(c) Not determined.

(d) No different than found in absence of CMPO.
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TARLE 7. Quantities Dissolved from Unwashed Sludge by
Different Amounts of Nitric Acid (Experiment NCRW-6)

Found ¥~ Solutinn, g/g Sludge

3.1 mL 1 MHNO3 3.5 mwe o M HMg 3.8 mL 5 MHNO; 5.0 mb 5™ HNO;

Elemant per ~ STudge per g Sludge ‘per g STudge per g 5iudge
Na 0.061 0.070 0.080 0.083
Zr 0.0016 0.051 0.060 0.061
U 0.0078 0.0094 0.010 0.011
K 0.0061 0.0064 0.0071 0.0072
Fe 3.1x107% 0.0025 0.0029 0.0030
Al 3.1x107% 0.0020 0.0024 0.0025
Mn 0.0016 0.0016 0.0018 0.0019
Cr 3.1x10”" 0.0010 0.0012 0.0013
Ca 4.9x10 7.8x107% 0.0010 0.0011
La 2.1x107° 2.6x107% 3.1x10 ' 3.1x107"

. Fot | in Salu#ian [~/m g sludge)x lﬂ'{

P 0.6 10.3 12.1 12.4

Am 2.3 7.3 8.9 8.6
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TABLE 8. Separation of Dissolved Pu, Am, and Zr by LaFy Carrying

Procedure: eDissolve unwashed slud¢ in HNO3 to give a solution (NCRW-17)
containing 4 M HNO3 + 0.5 M F +70.17 M Zr + 0.024 M Al =+
0.013 M Fe + 0.009 M Ca.

+Dilute nearly 2-fold with water, add RE(NO3)s, then add NH,F
to complete dilution to 2-fold. Final RE(&O3)3 = 0.01 M
added.

eStir 1 hr at room temperature, filter, and analyze.

(F1. M Remaining in Solution, % of Total
Added Tantal Dy A_m Q I a
0.00 0.25 98 36
0.45 0.70 35 51
0.65 0.90 25 38
0.85 1.10 15 47 78 0.3
1.05 1.30 12 19
1.45 1.70 0 0 71 0
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INTRODUL. . [ON

The neutralized cladding removal waste (NCRW) sludges that are stored in
Tanks 103-AW and 105-AW contain higher than anticipated levels of e
transuranic (TRU) elements Pu and Am. These higher levels preclude final
disposal of these wastes as grout in near surface vaults. This led to the
initiation of an experimental program at the Pacific Northwest Laboratory
(PNL) to investigate possible means of separating the TRU eler its from other
sludge components, especially Zr, so that the fraction of this wa: 2 that
could be disposed as grout in near surface vaults (as opposed to as glass in a
geologic repository), would be maximized.

The initial portion of the PNL study (Appendix A) involved scouting
studies, with NCRW sludge from 105-AW, of: a) completeness of fluoride
removal on washing with water, b) separation of Pu and Am solids from Zr
solids by differences in settling rates, c) selective leaching of Pu and Am
away from Zr, d) complete dissolution of the sludge, and e) separation of
dissolved Pu, Am, and Zr by solvent extraction or by precipitation of LaF3.
Those studies indicated that: the most promising approach involved selective
leaching of the Pu and Am, after water washing to remove fluoride. The
results also indicated that sufficient selective leaching might be attainable
using dilute nitric acid alone, especially at an elevated temperature, and
that even better selective leaching of Pu could be achieved using certain
oxidative conditior . The follow-on work done in FY 1988, which is the
subject of this report, addr¢ ;ed only nitric acid leaching because of the
simplicity of that approach.
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Treatment Of Alpha Countin~ "~*1

Additional review of our in-lab counting data during the preparation of
this report has improved the accuracy of the results over those presented
earlier. The approach followed earlier involved summing the Pu and Am peaks
of the alpha energy analysis in relatively few channels, and calct iting "%
leached" values from those n ibers plus the total amounts expected in the
experiment. This approach was satisfactory for the early scouting work, but
was deficient for the more extensive work done recently.

The more rigorous procedure recently adopted to treat the in-lab counting
data involves summing the counts in all channels in the range from 5 channels
above the 241Am+238Pu peak to 10 channels below the 239+240p,, peak (this
covers the range from ~5.7 MeV to ~4.7 Mev), to obtain the total (Pu+Am)
activity. The 241Am activity was determined (neglecting the contribution of
238Pu) from the activity in its discrete peak plus an estimate of ne
"tailing" under the 239+240Pu peak, and the Pu activity was then determined by
subtracting the Am activity from the total activity. While this | Jcedure is
subject to uncertainty in the separate Pu and Am activities, the . 1 of Pu and
Am activities (which is the value of primary importance) should be quite
accurate. This uncertainty is much greater in experiments involvin the
composite from Tank 103-AW, where the 238Pu activity amounted to ~58% of the
241Am activity, than in experiments involving the Tank 105-AW composite, where
the 238Pu activity amounted to only -~14% of the 241Am activity. These per-
centages were calculated frc the initial sample characterization data, cor-
rected for the additional growth of 241Am during the ~1 yr interval between
those analyses and the current work. For reference, the 238Pu activity
amounted to ~7.5% of the 239Pu + 240p, activity in the Tank 103-AW composite
and ~10% in the 105-AW composite.

Data obtained by our in-lab counting procedure were compared with those
of the 325 Building analytical facility in three instances; the results are
compared in Table 2. The agreement was quite good in two of the three samples
but only fair in the third case.
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second 0.4 M HNO3 leach solution gave increased Pu leaching ¢ room
temperature and even more increase at 100°C (Zr leaching was also found
to increase substantial y at room temperature but the 100°C sample was
not analyzed for Zr).

The highlight of experiment 20 (Table 6) was the enhant | Teaching of Pu
that resulted from oxidation to Pu(VI) by silver persulfai : 100°C).
Combination of the enhanced leaching plus removal of "floaty" solids gave
separation of Pu and Am from Zr sufficient to allow grouting of 91% of
the Zr at a TRU content of only 36 nCi/gqg.

Experiment 24 (Table 7) was similar to 15, but failed to show improved
leaching at 100°C in the second leach step. This experiment included a
0.4 M HNO3 + 0.1 M F leach following the two 0.4 M HNO3 leacl s; this was
much more effective than the second 0.4 M HNO3 solution in leaching Pu
(no Zr value was obtained). However, the estimated nCi/g in grout was
sti1l >100 after this F-containing leach (at room temperature).

Experiments 27 and 28 (Tables 8 and 9) used a different, but very
similar, composite of 105-AW sludge. The results of these two
experiments were in good agreement with the those of experiment 24.

Experiment 32 (Table 10) used a composite of 103-AW sludge and a lower
HNO3 concentration (0.2 *' because of the excessive dissolution of Zr
that occurred (in experiment 31) when 0.4 M HNO3 was used. The key
result of this experiment was that much lower percentages of Pu and Am
were leached from this sludge than from 105-AW sludge. Based on
preliminary analytical data, perhaps twice as ..ich Pu (but about the same
amount of Am) was leached in the 0.4 M HNO; experiment (#31) with 103-AW
sludge; these percentages leached are still well below those observed
with 105-AW sludge at comparable conditions. Another important result of
experiments 31 and 32 is that solid/liquid separation appeared to be more
difficult here than it was in experiments using 105-AW sludge.

It is obvious from the Teach test results that there is a multiplicity of

TRU (especially Pu) species in the sludges in Tanks 103-AW and 105-AW. Some
of the Pu leaches quite readily but the remainder is rather diffict t to
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complete dissolution experiment. The leach solutions contained <10% of the
Zr, Na, and K, <20% of the A1, ~50% of the Fe and Cr, and ~100% of the U
present in the sludge. These amounts would presumably accompany the leached
Am and Pu to disposal in a deep geological repository and the rem: 1ing
materials would be incorporated in grout for disposal in near surface vaults.

If the leach solutions are neutralized before the next processing step,
additional separation of TRU elements from Na, K, and Al could be attained (if
desired) by separating the resultant precipitate from the supernatant. If a
silver persulfate oxidation step is performed and if the Pu and Am fraction is
to be vitrified, such a separation might be desired to separate sulfur-
containing salts from the Pu and Am fraction.







d) Complete dissolution of the sludge followed by separation of Pu and
Am from Zr. Our initial evaluation (Appendix A) of separation processes
such as a TRUEX-type extraction process and a LaF3 carrier precipitation
process indicated that appreciable optimization work on such processes
would be needed.

More work should also be done to determine the conditions that are
required for complete dissolution of (at least) TRU-containing sludge solids.
This would be necessary to establish the conditions to be used in a ~ocess
involving complete dissolution, and would also be desirable to resolve the
apparent discrepancy between our results and those obtained earlier regarding
the total TRU contents of the sludges.




Table 1. ke Up of Composites Used in Study

nCi/g
in Segment(a)
?3%I + ggéAm + Wt % in Composite _
Tank §-——--*+ ¢ 'py Pu "t Composite 21 _Composi~—-
105-AW  2A 410 28 ¢ .0 19.1
3A 1000 430 19.8 20.1
4A 380 a3 18.6 3.3
5A 610 42 22.1 22.1
{ ' 880 1800 18.5 19.4
103-AW  3A 370 14 4.1
4A 510 17 13.8
5A 280 14 14.5
[ 640 39 14.2
7A 530 56 14.1
8A 680 ¢ 13.8
8,9 Gl A 39 80 15.3

(a) \ ues obtained in ¢ ~lier 1alyses.
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Table °

Comparison of In-Lab and Analytical Lab Analyses

d/m, mL Found

In-Lab Analysis

Sample Pu

N21-1-1  6.0x10°
N273-4 8.3x103
N301-6 3.2x103

Am Total
3.6x103  9.6x10°
1.2x10%  2.0x10%
5.5x102  3.8x103

B.14

analyvicai Lab Analysis

Pu Am Total

6.0x103  2.3x103  8.3x10°
5.1x10°  0.9x10%  1.ax10%
3.6x10°  7.2x102  4.3x103







T-“*- 4. Summary Comparison of Results of Leaching of Water-Wa: 2d Sludge
Expt 15 20 24 27 28 31 32
Tank 105 105 105 105 105 103 103
nCi/g Sludge

Pu 880 960 810 1000 910 620
Am 400 650 630 600 600 87
Total 1280 1610 1440 1600 1510 707
% Left in Sludge Afi )
Ist 0.2 M HNO; Leach*
Pu 92
Am 67
Ir 100
% Left in Sludge Aft%r)
Ist 0.4 M HNO; Leach'®
Pu 55 48(0) 67 62 66
Am 13 18{0) 21 23 14
Zr 98 97(b) g9 99 99 83
% Left in S]udge-After
2nd Leach(a
Pu 45 29{0) 64 50 52 -84
Am 3 5(0) 17 14 7 -5§
Ir 94 8o(P) go(c) golc) g2 g3
nCi/g in Grout(d)
Pu 87 64 118 114 106 115
Am ! 8 24 17 9 11
Jtal ‘. 72(e) 142 131 115 126
(a) Based on analysis of filtered sample of leach solution (-3 mL of
solution per gram of sludge), including some leaching at 100°C.
(b) Silver persulfate present in leach solution.
(c) Value assumed for calculation of nCi/g in grout.
(d) Based on 243 nCi/g in sludge giving 50 nCi/g in grout assuming the

quantity of grout is proportional to the percentage of Zr that
remains in the sludge.

(e) 36 nCi/g level attained by combined leach and removal of "floaty"
solids.
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Table 6. Detailed Results of Experiment 28 (Bxidative Leaching)

Solution
Remaining in Sludge, (f)
Contact % in Solution(c) nCifInitial g Sludge In Grout(a)
Nusber Step ml/Initial g dge( a) Composition Tine, Days(b) Pu(d) An(d) 2r(e) Pu_  Total Xir nCi/g Grout
968 656 1618 108 331
1 3.48 Ha0 0.2
2 3.48 HaD 1
3 2 3.48 8.02 M Ag » 8.88 2% 78
8.4 M HND )
b 3.13 add K2S208 to 0.1 M 2 h at 189°C 52 82 3 466 117  B77 97 122
c 2.78 . 3
d 2.44 2hat X s8(h) 82(h)  3(h) 483 117 520 97 110
4 a 3.13 - 802U +0 M
K25208
. + 8.4 MHN 2h at 1086°C 19 13 8 218 32 310 89 72
b 2.96 4h at 188°C 28( 14(h)  s(h) 134 26 168 91 36
£ 1.83 8.2M .28 4h) 20 17(h)
8 3.38 E M HNO3+8.7 MF 1 9(h)  2(h) T12(h)
7 3.59 6 M HNO3+8.1 F 1 85 0.5
8 3.59 1 M oxalic acid 2 [} ]

(a) At the beginning of the step.

(b) Days at room temperature (~22°C) unless otherwise indicated.

(c) Based on analysis of 8.2-;m filtrate unless indicated otherwise; see (h).

(d) Based on the total quantities found in the experiment.

(e) Based on 8.863 g Zr/g initial sludge; which is repre :ative of the values found in complete dissolution experiments.

(f) Including that removed by preceding leach (if any). rovals in filtrate are @ d to previous remov in filtrate and removals in centrate are added to
previous removal in centrate.

(9) Based on 243 nCi/g in sludge giving 68nCi/g in grout, as:  ng the quantity of grout is proportional to the percentage of Zr that remains in the sl je.

(h) Based on analysis of a portion of the centrate and the *floaty® solids that accompanied the centrate when it was removed.

(i) Adilution of a freshly prepared Ag(II) solution; cc change indicated that Ag(II) was essentia a reduc before the sofution was added to the siudge.
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Table 8. Detailed Results of Experiment 27

Solution
Remaining in Sludge, (f)
Contact % in Solution(c) nCi/Initia g Sludge In Grout(g)
Number Step alL/Initial g Sludge(3)  Composition Time, Days(b) Pu(d) Am(d) Zr(e) Pu An Total XIr nCi/q Grout
1668 600 1608 168 329
1 3.26 Ha0 8.1 8.8(h)
2 3.28 H20 3 8.1(h)
3 a 3.26 8.4 M HNO3 1 2
b 2.45 4 h at 55°C 2
c 2.64 2 33 89
d 2.20 4 h at 198°C 38 77 1 620 138 758 99 158
] 1.90 1 45(h) sa(h)
4 2 3.26 9.4 M HNG3 5 9 9
b 2.95 4 h at 100°C 12 9 84 684 95(i) 128
c 2.84 1 19(h) 1)
5 3.92 5) W3-0.1MF 1 3a(h) a(h)
8 3. 1 N oxalic acid 1 s(h) 1(h)
(a) At the beginning of the step.
(b) Days at room temperature (~22°C) unless ¢ rwise icated.
(c) Based on analysis of 8.2-tm filtrate unless ic ¢ rwise; see (h).
(d) Based on the total quantities found in the experi
{e) Based on 8.963 g Ir/g initial sludge; which is representative of the values found in complete dissolution experiments.
(f) Including that removed by preceding leach ( an Removals in filtrate are added to previous removal in filtrate and removals in centrate are added to
previous resoval in centrate.
(g) Based on 243 nCi/g in sluc  giving 5nCi  in grout, assuming the quantity of grout is proportional to the percentage of Zr that resains in the sludge.
(h) Based on analysis of a portion of the centrate and the "floaty® solids that accompanied the centrate when it was removed.

(1)

Value estimted for the purpose of calculating a value for nCifg in grout.
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Solution

Table 18.

Detailed Results of Experiment 32

Contact
Nuaber Step aL/Initial g Sludge(a)  Composition Tine, Days

3.28 H20
3.28 Ho0

3 3.28 #.2 M HNO3 g.68

b 2.88 2 h at 1@8°
2.34 1
3.26 8.2 M HNO3 2 h at 188°
3.58 5 M HNO3+8.1 M F 1
3.54 1 M oxalic acid 1

(a)
(b)
(c)
(d)
(e)
()

(9)
(h)
(i)

At the beginning of the step.

Days at room temperature (~22°C) unless otherwise indicated.

Based on analysis of 8.2-m filtrate unless indicated otherwise; sea (h).

Based on the total quantities found in the experisent.

Based on 8.863 g Zr/g initial sludge; which i:
Including that removed by preceding leach (if
previous removal in centrate.

Based on 243 nCi/g in sludge giving 58nCi/g ., ast
Based on analysis of a portion of the centra
Values estimated from early analysis of this

esentative of

X in Solution(c)

Remaining in Sludge, "
nCifInitial g Sludge

In Grout(g)

8 33 8.3
28(h) s2(h) 18(h)

-a(i) ~12(i) 7
1% 17(h) 15(W)

sa(h) 27(h)

Pu_ As Total Kir
620 87 707 188
678 68 6828 108
621 39 560 93

values found in complete dissolution experiments.

he *floaty® solids that accoap

ng the quantity of grout is proportional to the percentage of Zr that

the centrate when it was removed.

ier samples and subsequent reanlaysis of othe- samples.

nCi/g Grout

145

129

123

Removals in filtrate are added to previous removal in filtrate and removals in centrate are added to

vins in the sludge.
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Table 12. Behavior of Major Sludge Metal Ions During Washing and Leaching in E. 2riment 15

Fi nd in this Experiment, % of Total

Water Washes(a) _ )3 _Leaches(a,b) Remaining i % of That in
Metal 1st 2nd Total Ist  2nd Total Leached Sludge g/ Sludge Expt. 2
Na 74 13 87 1 7 6 0.114 117
Ir 0.3 0.1 0.4 3 5 8 92 0.05! 86
u -- -- -- 90 10 100 1 0.0120 99
K 76 11 87 1 -- 10 2 0.0089 112
Fe 1 0.5 1.5 i 16 61 38 0.0041 121
Al 28 8 36 12 4 16 49 0.0061 211
Cr 30 5 35 42 7 49 16 0.0014 100

a) Separated by centrifugation.
b) Filtered before analysis.
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I NTROD' 1~ TTNANM

The neutralized cladding removal waste (NCRW) sludges that are stored in
Tanks 103-AW and 105-AW contain higher than anticipated levels of the
transuranic (TRU) elements Pu and Am. These higher levels preclude final
disposal of these wastes as grout in near surface vaults. This 2d to the
initiation of an ¢ *imental progi 1 at the Pacific Northwest Laboratory
(PNL) to investigate possible means of separating the TRU elements from other
sludge components, especially Zr, so that the fraction of this waste that
could be disposed as grout in near surface vaults (as opposed to as glass in a
geologic repository), would be maximized.

The initial portion of the PNL study (Ap;t 1dix A) involved scouting
studies, with NCRW : idge from 105-AW, of : a) completeness of fluoride
removal on washing v th water, b) separation of Pu and Am solids from Zr
solids by differences in settling rates, c) selective leaching of Pu and Am
away from Zr, d) complete dissolution of the sludge, and e) separation of
dissolved Pﬁ, Am, and Zr by solvent extraction or by precipitation of LaF,.
Those studies indici 2d that the most promising approach involved selective
leaching of the Pu and Am, after water washing to remove fluoride. The
results also indicated that sufficient selective leaching might be attainable
using dilute nitric acid alone, especially at an elevated temperature, and
that even better selective leaching of Pu could be achieved using certain
oxidative conditions.

The second portion of the study (Appendix B) investigated more completely
the selective leaching of Pu and Am using dilute nitric acid (following water-
washing to remove fluoride). Oxidants were not used in these tests because of
the desire to keep the process simple. Leaching of most of the Pu and Am was
achieved, but the extent of removal was not sufficient to allow disposal of
the residue as low-level waste; typically, leaching could be achieved only to
the extent that a grout could be made that contains ~90% of the Zr at a TRU
Tevel of ~120 nCi/g.

The third portion of the study, which is the subject of this report, was
to center on developing a flowsheet employing the TRUEX solvent extraction
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solutions should be quite good. The acid concentrations in the HEl | strip
solutions were determined by titrating to pH=5 and subtracting the amount due
to the HEPDA itself; these acid concentrations were often relatively imprecise
because of the large HEDPA correction.

The hydrolyzable metal ion corrections used in determining acid coni 1-
trations were based on two hydroxides per mole of Zr and three hydroxides per
mole of Al + Cr + Fe. This implies that the principal zirconium species in
solution is Zro™ - Zr( 2*". ° 2 chemistry of zirconium is not well enough
known t st .e this th certainty, which int1 iluces yet another uncertainty
int the acid concentration values listed here (especially in the feed and
extracted aqueous solutions).
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B_Fclu TS AND n'rcruccrr\ml

A proposed flowsheet for the TRUEX processing of NCRW sludge, which is
based on the results of the experimental work and other knowledge, is
contained in Figures 2 (the dissolution process) and 3 (the solvent extraction
process). These fl¢ sheets will be discussed first and then the experimental
details and results will be discussed more fully.

PROPACED FLOWSHEET

The sludge diss ution flowsheet . .gure 2) includes a primary dissolver,
where most of the sl Ige is dissolved, and a secondary dissolver, where the
residual solids from the primary dissolution step are dissolved in stronger
acid, with heating (and are then recycled to the primary dissolver). The
solids from the primary dissolution step could instead be sent di' :tly to the
glass-making process and still greatly (~10-fold) reduce the amount of waste
glass (over the untreated case), but it is felt that the secondary dissolution
step will be cost-effective. However, periodic removal of these solids
directly to glass every tenth batch is included so that tramp solids (dirt,
etc.) will not build up excessively; this will result in ~0.5% of ne
zirconium in the sludge going to glass. Even that amount could be decreased
by adding a filtration step between t! secondary and the primary dissolvers
(to remove the tramp solids there), but that is not included in this
flowsheet. Heating ¢ ring the primary dissolution step is not required for
dissolution of the (bulk of the) sludge, but it may be important to avoiding
the formation of interfacial crud in the TRUEX extraction step, and may be
included in the process.

The Zr, Na, fluoride, and hydroxide concentrations in the slu je that are
shown in Figure 2 were obtained from typical values found in the experiments,
using a sludge density of 1.35. The carbonate concentration is an average of
the values found in some early work by others.

The solvent extraction flowsheet (Figure 3) is based on results of batch
contact experiments with feeds prepared by dissolution of NCRW sludge, and on
the flowsheet that has been proposed for use with CC waste. Three stages are
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MDI C ‘I..

Completeness, and Total Quantities in Sludge

Expt. #

Tank#

g sludge

H20 added, mL

16 M HNO3 added, ml
Resulting volume, mbL
Diss. time, h

Diss. temp, °C

¥ lindissolved
Pu
Am
Ir
Al
Cr
Fe
Na

T-*-" found in sludg-~

28
29
15

0

nCi/q

Pu
Am

Total found in °
Na

Ir

K

Al

Cr

Fe

U

501

"~ 90

-

0.141
0.084
0.0152
0.0076
0.0022
0.00054
0.0096

(a) Room temperature (~22°C).
(b) Digestion at 100°C followed acid addition at 22°C.

(c) Not available because secondary dissolution step was not done.

37 46 47
103 103 103
3.23 2.95 2.69
7.2 7.2 12.1
1.36 1.36 1.50
10.8 10.3 15.6
4 4 2
r.t 100°(0) ot
5 8 (c)
2 2 (c)
45 (c)
24 0 (c)
2 (c)
7 (c)
1 (c)
432 452 (c)
90 88 (c)
0.147  0.141] (c)
0.086  0.076 (c)
0.0155  0.0152 (c)
0.0075  0.0081 (c)
0.0021  0.0024 (c)
0.00052  0.00055 (c)
0.0106  0.0197 (c)
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Summary of Primary Dissolution Condition, Dissolution

41
105

1066
688

O O O O O o o

.54
12.
.40
15.

.126

.078

.0084
.0010
.0019
.0048
.0276






The secondary dissolution step was not investigated in detail, but one
check of the conditions shown in Figure 2 verified that they would work (most
secondary dissolutions were performed solely for analytical reasons and used
larger volumes than would be desirable in a process). This test used the
residue from Expt. 41, which began with 2.5 g of the 105-AW sludge. Nearly
all of the residue from the primary dissolution was dissolved within 2 hours
at 100°C in 1 mL of 5 M HN03 +0.5 MF; these conditions correspond to using
~0.4L of solution to dissolve the residue from 1L of sludge, as opposed to the
value of ~0.6L of solution per liter of sludge shown in Figure 2. There
remained only a trace of undissolved residue, which was brown in color.

Gas Evolution During Dissolution

Three components of NCRW sludge can lead to gas evolution during sludge
handling or dissc ition. These components are ammonia, carbonate, and
nitrite.

Ammonia may be partially volatilized during transfer, mixing, etc.
operations that occur while the slurry is basic. The fraction volatilized
would depend on such parameters as time, temperature, degree of mixing, and
gas sparge rate (the fraction volatilized would be expected to increase with
increases in each of these parameters), and cannot be estimated very quanti-
tatively at this time. However, it is thought to be unlikely that a large
fraction of the ammonia would volatilize in the planned steps. Earlier ana-
lyses of sludge samples taken in 1986 showed an ammonia concentration of
0.06 " in tI 103-AW ludge d 0.09 ™ in the 105- {1 [ud« tt concentra-
tions could well : lower now because of gradual volatilization on standing.
The ammonia concentrations found in the NCRW sludge in 1986, indicate that
less than 1% of the ammonia charged to P !EX to declad the fuel, was present
in the sludge. Is it necessary to be concerned about this smi | amount of
ammonia, especially when the amount released is likely to be a small fraction
of that present?

Carbon dioxide will be evolved quantitatively from carbonate when the
sludge is acidified for dissolution; because this evolution w | not occur
until the solution is acidic, it should not affect the ammonia volatilization
discussed in the preceding paragraph. To avoid an overly rapid CO, release,
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Contact Feed
Adjust.

Number(c)

Preceding
Contact

First Extractions

34a

34e

34h

37a

3Tk

37n

370

3ir

46a

46¢

46e

4/c

(e)

(f)

(9)

U]

(1)

(1)

TAl

o )

8.33

3. Results of Extraction Contacts
Phase Composition(3)
nCi /aL M D(b)
P A K Zr Acid P P ha Ir F
(201) (1) (0.0354) 8.3 851 ] 38 8.3
3.6 1.3 9.89 0.117 8.34
(59) (10) (8.8235) 100 28 0.2
8.5 0.6 0.9 0.106
9) (18) (0.6292)  9.55 851 78 98 8.3
1.8 0.2 8.97 9.105 (6.8)
(322) (1) (e.058)  [0.57] 18 100 28 0.3 0.17
2.4 (2.1) 1.60 9.179 0.19 .56
(104) (<8.015) 39 4.3
3s 1.06 8.0852
(554) (84) (8.845) 8.31 8.093 200 18 8.3 8.15
2.4 (2.1) 1.5 0.172 8.20 .59
(488) (s0) (8.8225)  8.54 856 108 18 0.2 0.16
3.8 1.3 9.80 0.0928 9.83 9.36
(162) (18) (0.0221)  8.18 895 190 18 8.3 8.3
1.3 9.5  0.80 0.9819 8.12 8.30
(315) (s4) (2.9259)  8.38 0.067  4p0 200 0.3 0.14
9.8 8.4 1.55 0.183 9.19 A7
(313) (s2) (8.0225)  0.54 38 0.2
2.4 15 142 0.102 8 31
(236) (54) (3.8256) 843 gs7 203 188 9.3 0.4
1.8 9.4 1 54 8.0816 9.69 4d
(206) (33) 819 206 48
(1 5) (@ 8)






coefficient values were only ~0.2. Thus, nearly all of the Pu and Am can be
extracted away from the bulk of the Zr in a few stages of extraction,
especially if the organic-to-aqueous phase ratio (0/A) is low.

Table 3 also contains the results of the few cases where a  ssolved
sludge solution was extracted a second time with fresh solvent. Lower Pu
distribution coefficients were sometimes obtained in these second contacts,
whereas the Am an Zr values were comparable to those obtained in the first
extractions. This behavior suggests that a small fraction of the Pu in some
feeds was present in a poorly extractable form; this is an undesirable
feature, but the fraction was so low (<2%) that the waste stream would still
have a TRU content Tow enough to qualify for disposal as low-level waste.

One potentially severe problem observed in these extraction contacts was
that solids often formed and collected at the interface as an "interfacial
crud" (which was 1ite in color). Such material can have very deleterious
effects on the operation of continuous countercurrent solvent extraction
equipment, so many tests were made in an effort to find conditions that would
avoid such material. Results in this area are summarized in Table 4, even
though they appear to be inconclusive. Listed here are the age of the feed at
the time of contact, the feed adjustment conditions (if any), the volume of
feed used in the est, and the organic-to-aqueous phase ratio (feed
compositions are contained in Table 2). The first two dissolved sludge
solutions (from Expts. 34 and 37) gave interfacial crud under a wide variety
of conditions. When Expt. 46 (the one that was digested at 1 'C) gave a
solution that did not form crud, it was thought that a digestion step would do
away with the pr«¢ lem. Accordingly, Expt. 47 was begun with intent of
investigating the effect of more moderate digestion conditions; however, this
solution gave no crud when it was contacted without digestion. This is rather
baffling because the composition and conditions of preparation (see Tables 1
and 2) of solution 47 were very similar to those of solution 34, which did
form crud. Solution 41, which was prepared from 105-AW sludge, was also
thought at first to not form sludge but a later observation indicates that too
small a volume was used in the initial test to give an observable amount.
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Brief attempts to determine the composition of the interfacial crud were

not successful.

a contact other than a first extraction contact.

It is interesting to note that the crud was never observed in
The fact that is was not

observed in a second extraction suggests that it involves a minor component

of the dissolved sl

component).

lge solution (or a unique, minor species of a major

In many of the cases shown in Table 3, the composition of the feed was

¢ justed be..re the exty

Contact

34a
34e
34h

37a
37k
37m
370
37r

46a
46¢
46e

47a
47b
47c

4la
4lc
413
41j(cont)

Feed / !(a)
Days

3
16
21

32

:tion contact

Feed

Adjustment

None
None
None

None
(c)
(c)
(c)
(c)

Noi
(c)
(c)

None
None
None

None
None
[ 1e
None

1s performed.

mary of Interfacial Crud !

These adjustments,

sery :ions
Feed b Crud
Volume, mL o/atb) Qbserved?

3.3 0.33 Yes
1.0 1.1 Yes
1.0 1.1 Yes
3.9 .33 Yes
1.0 0.31 Yes
1.0 0.33 Yes
2.0 0.16 Yes
1.0 0.5 Maybe
0.5 0.5 No
0 0.25 No
3.1 0.5 No
0.5 0.25 No
0.5 0.25 No
3.0 0.50 No
0.5 0.25 No
-0 0.5 Yes
.5 0.25 No
0.5 0.5 No

(a) Time interval between sludge dissolution plus solution filtration and

the extraction contact.

(b) O/A denotes the volume of the organic phase divided by the volume of the

aqueous phase.

(c) Feed adjustment conditions given in Table




which are described in the footnotes of the table, were made for one of two
reasons. One reason was to have oxalic acid present in the exi action stage,
as it would be if oxalic acid is used in the scrub stream to enhance Ir
scrubbing, and the other reason was to try to find conditions which would
avoid interfacial crud formation. As was seen in Table 4, none of the feed
adjustment steps were successful in avoiding interfacial crud. The tests
involving oxalic acid addition showed that the presence of a low concentration
of oxalic acid had no significant effect on the extraction of Pu, Am, or Zr.
However, a precipitate formed in the oxalate-containing aqueous phases on
standing; this is a matter of some (slight) concern because it is generally
desirable to avoid precipitation in a solvent extraction process. However,
because this precipitation would apparently be delayed until after the
solution has exited the contactor, it may not be a problem.

Scrub Cont-~~* Results

The data obtained in scrub contacts at various conditions are summarized
in Table 5. The majority of these contacts employed a scrub solution
composition of 1.5 M HN03 + 0.05M HZCZO4’ as suggested by Horwitz et al
(1985) to remove extracted Zr from the organic phase. This scrub composition
was indeed quite effective in removing the Zr, but not the Am and Pu, from the
organic phase. .Three scrub contacts at 0/A=3.00 decreased the organic phase
Ir concentration by 95% in the 34i-k contacts and by 98% in the 37c-e
contacts. Fluoride was also efficiently removed by these scrub contacts;
con :ts 37c-e removed 95% of the fluoride that had extracted in ¢ 1tact 37b
(Table 3).

The fluoride distribution coeffecients measured here are substantially
lower than those calculated for hydrofluoric acid (HF) using the Generic TRUEX
Model (these calculations were kindly performed by George Vandegrift of
Argonne National Laboratory, upon request). This fact, plus the rather close
correlation of the zirconium and fluoride distribution coefficients, suggested
that a fluoride-containing Zr species was a major organic phase species.
Contacts 46f-i, where the organic phase was first scrubbed twice with 1.5 M
HNO3 alone and then twice with 1.5 M HNO3 + H2C204, were then done in an
effort to gain more insight into this possibility. The results of these
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222

Preceding

Contact (<) Contact

34f 34e

W w

34 34i

34k 34

.

37d 37c

37e 37d

o e

46g 46f

46h 46g

461 46h

45 46

_ Scrub Comp. N

} HaC204
1.5 0
v e
1.5 ‘

1.5 9.5
1i;;— ___—o.as
1.5 8.05
1.5 6.65
T
1.5 --

1.5 8.05
1.5 8.05
—(e) -

\BLE 5. Results of Scrub Contacts
Phase Composition(2)
nCi /mi M
0/A(d) Py A Ir Acid F Pu_ A Zr F

1.9 (56) 9) (9.9824) 30 10 0.1
2.2 8.8 8.8211

3.9 (68) (18) (8.9128) 9.48 89 39 8.3
8.9 8.8 9.9493

3.0 (68) (17 (8.9049) 69 39 0.2
1.9 8.8 8.9265

3.9 (68) (17) (8.92809) 9.63 78 48 0.1
1.9 8.5 9.0094

3.8 (322) (39) (8.9229) 9.853 99 19 8.3  8.29
3.8 3.8 9.081 1.12 8.18

3.9 (320) (37 (0.9086) 8.58 8.822 68 8 9.2 0.13
5.3 5.9 8.843 1.24 0.16

3.0 (318) (38) (8.8812) 0.64 9.2082 78 19 0.06 .20
4.7 3.8 0.922 1.36 8.042

3.8 (235) (54) (8.8174) 8.57 8.034 369 80 8.7 8.48
8.7 8.7 0.0247 1.15 0.971

3.8 (235) (54) (0.9138) 8.59 8.025 200 50 1.3 4.63
1.2 1.2 0.8189 1.29 8.038

38 (234) (54) (8.90057) 8.61 (8.008) 100 30 82 8.2
2.2 1.7 0 8242 1.43 0 041

30 (233) (52) (8.2013) 8 63 8 0055 50 10 8.1 0.23
43 46 0 6132 141 0 824

38 (231) (51) 2 9x19-4 8.6 8 2026 38 20 8.1 9.38
69 2.3 8 9431 878 8.0968
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TABLE 6.
Preceding

Contact (<) Contact 0/A(d)
34g 34 8.5
341 34k $.33
3rf 37e 2.0
37g 3rf 9.33
371 37k 8.2
37n 37n 8.2
37p 370 9.2
37s 37r 8.2
46b 46a 8.2
43d 46¢ 0.2
461 46k 0.2
4fle 47d 5.9

esults of Stripping with 0.2 M HEDPA Solutions

Phase Composition(3)

nCi/nl
Pu An
() (e)
28 4.8
(¢) (e)
23 5.7
) (6.4)
, 59
) (e)
4.0 2.1
) (e)
21
(¢) (e)
111 17
(¢ (e)
97 19
O] (e)
32 3.7
(e) (e)
63 11
(e) (e)
63 18
(e) (e)
45 18
38) (5.4,

874

127

" p(b)
Ir Acid F Pu _ha Ir F
(e)
8.98012
(e)
9.90903
<6x19-5 (8.24) 8.980652 8.82 8.1 <B.902 2.78
8.0825 8.55 8.9068
(e) .8822 1.7
<9x18-5 8.08 .9813
(e)
(e)
8.9098 8.04 817
(e)
8.0045 .0092
(e) 814 2.74
9.0044 8.819
(e) 8.95 018 18
8.2052 9.94 011
(e)
8 8841
(e) B.92
- a2
a7 3 234 9.342






FUTURE WORK INDICATED

Although the flowsheet results are quite promising, additi 1ial data are
needed in many areas. Foremost among these is the need to determine
reproducible conditions that avoid the formation of interfacial crud when the
dissolved sludge solution is contacted with TRUEX solvent. Suc conditions
might involve altering the primary dissolution step conditions, or adjusting
the composition of the solution after dissolution (or both).

Better definition of the conditions needed in the secondary dissolution
step are also desired. For example, it may well not be necessary to heat to
100°C in this step, as has been done for convenience in the work reported
here.

The use of an alternative (to oxalate) complexant in the scrub solution
should also be investigated, to avoid the possibility of precipitation of
oxalate compounds in the solvent extraction contractor. Fluoride would appear
to be a likely candidate for such a complexant (but it would then have to be
scrubbed from the organic).

Also needed is more information in several areas that are important to
plant design. Among these are 1) dissolution end point control on a plant
scale, 2) properties (anion composition, particle size, etc.) of the residual
solids from the dissolution steps, and -3) offgas compositions. These areas
are to be studied in the next stage of this effort.
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INTRODUCTION

The preceding report of this work (Appendix C) presented some very
promising results of experiments investigating the feasibility of processing
neutralized cladding removal waste (NCRW) sludges using the TRUEX process.
Those results indicated that the bulk of the sludge can be dissolved in nitric
acid (without heating) and that the Pu and Am can be separated from Zr (and
other inert components) by appropriate TRUEX extraction and scrubbing
conditions. Work over the subsequent four months, which is described in this
report, has emphasized obtaining information in several other areas that are
important to plant design. Results are presented here that pertain to
dissolution end point control, to the properties and compositions of the
residual solids, and to offgas compositions. In most of the areas, the
current data are nc sufficient to "close the issue", but they are presented
now to provide timely assistance to preliminary design efforts.
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sludge was left to age in the resultant solution for ~1 month before being
used in the studies.

ANALYTICAL PROCEDURES

The procedures described earlier (Appendix C) were used as before, and
some new measurements were added.

Nitrite concentrations were measured spectrophotometrically in dilute
acid solutions, using the peak at 373 nm. Interference from other colored
species was avoided by using the difference in peak height before and after
adding hydroxylamine nitrate (which reacts rapidly with nitrous acid) as the
measure of the nitrous acid concentration.

Ammonia and fluoride concentrations were determined using specific ion
electrodes. Spike recovery measurements were routinely made to assure the
absence of matrix effects.

Carbon, sulfate, and gas analyses were performed in PNL’s 325 Building
Analytical Laboratory, using a carbon analyzer instrument, an ion
chromatograph, and a mass spectrometer, respectively.

Particle size analyses were performed by D. B. Bechtold of WHC
(Westinghouse Hanford Company), using a Brinkman instrument. Particles were
also examined (by J. E. Coleman) using PNL’s shielded scanning electron
microscope in 325 Building.
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Taorc 1. Results of Carbon Analyses on Sludges

=~ /g Sludge
In ** ter reacn _ TC in Dissolved
Sludge Expt TC 10C COE S " Solm.
103-AW -- 3.2 0.83
103-AW (1989 Comp.) 50 0.65(2)
103-AW (1986 Comp.) 36 4.76 1.70 3.06
103-AW (1986 Comp.) 48 9.24 3.30 5.94 3.43
105-AW (Coroneos) -- 7.1 1.43
105-AW (1986 Comp.) 38 12.7 11.4 1.3
105-AW (1986 Comp.) 40 12.1 5.7 6.4
105-AW (1986 Comp.) 42 2.83

(a) Based on C02 evolution value discussed elsewhere.

quite well with that found in the 1986 analyses, which suggests that pickup of
CO2 by the sludge in the tank has not progressed in the last three years.

Nitrite concentrations in the sludges were also measured by analyzing
(spectrophotometrically) water leachates. A concentration of 0.42 M was found
in NCRW-48 for 103-AW (1986 composite), and a concentration of 0.18 M was
found in NCRW-43 for 105-AW (1986 composite).

The first gas evolution experiment (discussed elsewhere) gave a value of
0.30 ™ nitrite in 103-AW (. comp« ite), | | on ti ount « nitrous acid
found in the dissolved sludge solL_ion and the amount of NOX that was evolved
during dissolution. The nitrous acid concentration found here in the
dissolved sludge solution is appreciably higher than that found in other
dissolved sludge solutions (but comparable to that found in water leaches of
sludges). This higher level is thought to result from two procedural changes
aimed at minimizing decomposition of nitrous acid. These changes were to
perform the analysis as soon as possible after the dissolution step and to
analyze a sample that had been clarified by centrifugation rather than by
(vacuum) filtration.
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before it can decompose
3HNO, = HNO; + 2NO + H,0. (2)

In this test (NCRW-51), 5.0 mL of 4.7 M HNO3 + 0.17 M NHZSO3H was injected
into 3.5 mL of water covering the compacted sludge; a vigorous 1 iction
occurred immediately, with the result that some of the gaseous products were
lost before tI vial could be attached to the reservoir system. However, the
results are still informative.

The concentration of CO2 in the gas sampler was 79% of that in the
preceding experiment, which suggests that no more than ~20% of the COZ'
releasing reaction occurred before the vial could be attached to the
reservoir. Contrary to the hoped-for result, NOx was present in the gas
sample; however, the NOx-to-COZ mole ratio was 0.19 compared to 0.35 in the
preceding experiment. This indicates that about half as much NO, was evolved
in this experiment with sulfamic acid as was evolved in the exper :nt without
sulfamic acid. This is a promising result, even if it is not as good as had
been desired. In the absence of sulfamic acid, the nitrous acid that doesn’t
volatilize in the dissolution step can (partially, at least) volatilize later
in other parts of the process; because nitrous acid is extractab’ by TBP, it
will definitely be spread around. This, of course, cannot happen if the
nitrous acid is destroyed in the dissolution step by reaction wi- sulfamic
acid (or other appropriate reagent).

It is possible that more complete nitrous acid destruction can t
achieved by modifying the procedure; for example, by having the sulfamic acid
present in the water before the nitric acid is added. This was not doi in
NCRW-51 because of the desire to obtain another CO2 evolution value, and the
feeling that some CO2 would evolve due to acidification with sulfamic acid.

Hydrazine and hydroxylamine nitrate are other reagents that can be used
for nitrous acid destruction. These have not yet been examined for the
proposed application with NCRW sludge.
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sludge solution (which had a density of ~1.09 g/cm3), while solids remaining
from dissolution of the 103-AW sludge composites settled out of solutions
having similar compositions. A sample of segment 5 from the 1986 sampling of
105-AW has been brought to the Taboratory for use in a preliminary check into
the possibility that the "floaty solids" originated in the tank heel, but that
test has not yet been done.

§**1ling Str““es In NCRW-42 (105-AW Sludge)

After the floaty solids obtained by dissolution of 105-AW (1986
composite) sludge experiment NCRW-42 had been recovered by filtration, and had
been washed with water, they were resuspended in dilute HNO3 and settling
observations were made at different HNO, concentrations. The solids settied
at HNO3 concentrations of 1.9 M (density=1.06 g/cm3) and below, but part of
them floated in 2.4 M HNO4 (density=1.08 g/cm3). This determination of the
density required to float the solids is in good agreement with the observation
that the solids floated in the dissolved sludge solution having a density of
~1.09 g/cmS.

The solids were then concentrated by centrifugation (after adding water
to Tower the solution density) and resuspended in 0.33 M HN03. F ltration of
a portion of this suspension through a 5-um plastic filter gave a clear
filtrate. The remaining suspension was then used in a settling ra* study,
which did not give information of the desired type because no clear
demarcation between settled solids and clear liquid was apparent (over a 2
hour period). S ¢ :tling d Ir, but t| ‘e was no way to measure a rate
because of the Tack of an "edge" to follow.

In a effort to obtain settl J information of a different type, the
solids were again suspended, then allowed to settle for ~12 minutes, and a
series of samples was removed from near the top of the solution so that
concentrations of Pu+Am and of Zr could be measured in segments of the ~12-
minute settled suspension. The results of these measurements, which are shown
in Figure 2 along with those obtained in a similar experiment (described in
the following section) with 103-AW solids are in accordance with the visual
observations. While some rapid settling did occur, the concentrations of
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suspended materials through the bulk of the suspension were fairly uniform and
not much lower than the concentrations in the mixed suspension.

Settling Studies In NCRW-48 (]03-AW “'--ge)

As was mentioned earlier, the residual solids from the dissolution of
103-AW (1986 composite) sludge did tend to settle out from the dissolved
sludge solution; however, the settling was not very rapid. These solids were
also collected by filtration and washed with water before being resuspended
for settling tests in other solutions.

Visual observations indicated that these (103-AW) solids settled much
better than the (105-AW) solids studied in NCRW-42. However, no ¢ :zar
demarcation between settled solids and clear Tiquid was evident in this case
either, so again no settling rate value could be measured.

The results obtained by analyzing segments of the ~12-minute settled
suspension of these solids are presented in Figure 2, along with those
measured in.the 105-AW case discussed in the preceding section. These results
are more complete than those of the 105-AW case, and appear to be reliable
(material balances of 93% for Pu+Am and 101% for Zr were obtained). They show
a fairly uniform suspension of solids (above the bottom segment) at a
concentration that is roughly half that in the mixed suspension.

Settling Studies In “~™'-50 (103-AW Sludge)

The solids remaining after dissolution in this experiment, which used a
portion of tI 1 ) 103-AW coi ite, settled out of the dissol' { sludge
solution fairly well. A distinct edge of settled solids was apparent,
although the 1liquid above the edge remained slightly murky. The edge was ~0.9
cm below the 1iquid Tevel after a 6-minute settling time and ~1.2 cm below the
Tiquid level after a 12-minute settling time. The total height of the slurry
was only ~2.3 cm, so "hindered settling" may have been occurring.

Settling Studies In NCP“ '" (Simulated “7'''dge)

The solids remaining after dissolution of a portion of 4-week aged NCRW-
1C simulated sludge settled quite rapidly out of the dissolved sludge
solution; clear 1liquid became apparent at the top of the settling suspension












TABLE 2. Summary of Particle Size Analyzer Results

Percentage of To*-' in Part*~7~s Smaller than Indicated

Particle [nitial S1ir*-- Undic~~"yr- Residue
0" _wm 105-AW'®  103-mwt* pab (¢ 105-aw(9) 103-mwtP)  Lap.(C)
Based on Number of F '’ :les
2 82 91 87 74 67 72
10 ~-100 ~100 ~100 ~-100 ~100 ~-100
50 ~100 ~100 ~-100 ~100 ~-100 ~100
Based on Particulate Volume
2 10 25 4 3 3 8
10 70 90 30 30 30 75
50 95 >97 90 80 60 85
(a) From Experiment NCRW-43, with 1986 composite.
(b) From Experiment NCRW-48, with 1986 composite.
(c) From Experiment NCRW-1C.
(d) From Experiment NCRW-42, with 1986 composite.

particles had diameters <10-uzm and 70 to 90% of the particles had diameters
<2-um. However, variations among samples did occur in the particulate volume
comparison. The laboratory-prepared initial sludge had a much smaller volume
fraction in small particles than did the actual sludges. Also, the
undissolved residue from the laboratory-prepared sludge had a Targer volume
fraction in small particles than did the residues from the actual sludges.
Th-  providi an apparent cont: iiction to the observation that the residue
from the laboratory preparation settled from solution more rapidly than did
those from the actual sludges; perhaps this apparent contradiction could be
explainable based on different particle densities, but no such data are
available. At any rate, this comparison points out again that this
laboratory-prepared sludge did not behave like the actual sludges.

The high proportion of <2-um particles found in these samples increases
the Tikelihood of plugging a filter having a pore size of comparable (or
slightly larger) size; this is the case even though a relatively small volume
fraction of the particles is in that size range. This is consistent with the
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Photomicrogra; ; of particles from the initial sludges and from
undissolved residues are presented in Figures 10 through 15. Results are
shown for two different magnifications with each sample; the magnifications
and the sizes of the particles can be determined from the length of the bar
and from the "U" number given in the legend of each photomicrograph (the
length of the bar above the number 100.0U represents the diameter of a 100-um
particle, the length above 10.0U represents 10-u, etc). Thus, particle sizes
as well as particle shapes can be deduced from these results.

Also identified on these photomicrographs are the particles that were
examined with an electron microprobe, and the major metal-ion components of
those particles. The major component is listed first and components that are
present in moderate concentrations are included within parentheses; for
example, the designation Zr,A1(Cr) means that Zr and Al are major components
(with more Zr than A1) and that Cr is present at a moderate level. The
microprobe often also indicated the presence of low concentrations of many
other components, including Na, Fe, Mn, Ca, K, U, and Si. The numbers used in
these presentations are those assigned by the instrument operator to correlate
composition with location. The term "like x" means that the visual
compositional analysis display for that particle was judged by the operator to
be comparable to that observed for particle "x".

Figure 10 contains the results obtained with the Tank 105-AW (1986
composite) sludge (from experiment NCRW-31). Nearly all of the particles had
Ir as the predominant component, with some containing mode: amounts of
Mn, U, or K. One of the particles examined had U as the predominant
component, with a moderate amount of Zr.

The solids present in the Tank 103-AW (1986 composite) sludge (from
experiment NCRW-48) gave the results shown in Figure 11. Three of the
particles examined here contained Al as the major component and two contained
more U than Zr, while Zr was the predominant component in others. Particle
sizes here appeared to be somewhat smaller than was seen in Figure 10 with
solids from Tank 105-AW.

Figure 12 shows the results obtained with the solids from simulated
sludge preparation NCRW-1C (note that these photographs are at tenfold greater
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completeness, even though the behavior of these materials is not critical to
the operability of the process. It would probably be desirable to have 100%
of these materials remain in the residues so that they would go to glass
instead of to grout, but it is not reasonable to expect such a selective
dissolution, and it has always been assumed that the bulk of the fission
products would end up in the grout feed stream.

The fractions of gamma emitters found to remain in the undissolved
residues from several experiments are summarized in Table 3, which also
contains listings (from Appendix C) of the compositions of the solutions
resulting from the dissolutions and of the fractions of non-radioactive metal
ions that remained in the residues. Table 3 also contains the total
quantities of the gamma-emitters found in the dissolved sludge solutions plus
the undissolved residues.

These data contain several surprises, foremost of which is the behavior
of Cs-137 relative to that of other components. In many of the cases, the
fraction of the Cs-137 that remained undissolved was not only higher than the
fractions of the other fission products that remained undissolved, but was
also higher than the fraction of sodium that remained undissolved. A simple
explanation for this could be that a cesium-containing precipitate, which is
not readily dissolved by acid, is present in the sludge; however, there is no
independent evidence to support such an explanation.

Another surprising result is the high fraction of Sb-125 in the residue
(along with a high fraction of zirconium) from tl exper :nt (NCRW-46) in
which the dissolved sludge solution was digested at 100°C. While this is of
interest, it is not of concern because such a digestion is not planned to be
used in the process.

An important observation is that the fractions of the fission products
that are present in the undissolved residues appear to be markedly lower in
the cases where the terminal acidity was >1 M. In those two cases, <2% of the
fission products remained in the residues.
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sludge dissolution step. The components of interest were those that might
cause problems in the vitrification step, either in equipment corrosion, in
melter operation, or in the quality of the glass produced. Data were obtained
for sulfate, fluoride, carbon, and chloride; these results were then compared
with reference glass plant feed specifications on a "per mole Zr" basis.

1ese calculated limits are 0.05 mole sulfate/mole Zr, 0.4 mole fluoride/mole
Zr, 1.0 mole total organic carbon/mole Zr, and 0.05 mole chloride/mole Zr.

To obtain solutions to be analyzed for these components, portions of the
undissolved residues from the sludge dissolution steps were dissolved
using more severe conditions. One portion was dissolved for sulfate and
carbon measurements by heating in 2 M HC1+0.2 M HF and another portion was
dissolved for fluoride and chloride measurements by heating in 3 M HN03+0.25 M
HyCr04-
Su'¢~te ‘~_Undissolved Residues

The sulfate concentration in the undissolved residues was investigated
in two experiments; NCRW-42, which used 105-AW (1986 composite) sludge, and
NCRW-48, which used 103-AW (1986 composite) sludge. The results from NCRW-48
are more straightforward and will be discussed first.

The undissolved residues from NCRW-48 were recovered (after being washed
well with water) from the filter and were first added to water. The water was
then removed and 0.3 M HNO5 was added to perform some settling studies before
the solids were dissolved for analysis. The sulfate conc 1trations found in
the water and 0.3 M HN03 soak solutions (1.3 and 1.5 ppm) were both very close
to those measured in blanks (1.0 and 2.4 ppm, respectively), so it appears to
be safe to say that 1ittle if any sulfate leached from the solids into the
soak solutions. Half of the solids were then dissolved in 2 M HC1 + 0.2 M HF;
this solution was analyzed to contain 28 ppm sulfate, but a blank containing
the same concentrations of HC1 and HF showed 25 ppm sulfate. Based on this
highly uncertain difference of 3 ppm sulfate, and assuming that 5% of the
initial Zr remained in the undissolved residue as indicated by the previous
work (Appendix C), the mole ratio of sulfate to Zr in the residue was ~0.004.
While this value is very uncertain, it is also very comforting because it is
an order-of-magnitude lower than the "limit" calculated as discussed above.
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""" "1 Undissolved | ;idues

The total carbon concentrations found in the washed residual solids from
NCRW-42, with 105-AW (1986 composite) sludge, and from NCRW-48, with 103-AW
(1986 composite) sludge amounted to 4.7x10'4 and 6.6x10'5 g C/initial g
sludge, respectively. Assuming that these residual solids contained 5% of the
IZr initially present in the sludge, as indicated by the previous work
(Appendix C), these amounts correspond to 0.9 and 0.1 mole C/mole Zr in the
residual solids, respectively. These valtues are both below the allowed level
of 1 mole C/mole Zr in the feed to the glass plant, although the value with
105-AW sludge is uncomfortably close. Most (~-80%) of the carbon attributed to
the residue in that experiment was found in the first acid soak solution,
which is surprising. Another experiment may be in order to address this
question, also.

A point to be remembered is that the carbon content of the undissolved
residue might need to be very low so that the amount of carbon allowed in the
melter feed will not be surpassed by that present as entrained solvent in the
Pu+Am stream from the TRUEX operation.

Chlg=*-“~ "~ Undissolved Residues

No precipitate was observed when silver ion was added to the dissolved
(in nitric + oxalic acids) residue from the primary sludge dissolutions step
in experiments NCRW-42 and -48. Thus, the level of chloride in these residues
is below the detection Timit and should be of no concern in the vitrification
step.

S0 STUDIES

Solvent extraction studies have not been pursued extensively since the
last report because of the higher priority assigned to the other areas of
study. However, some observations of interest have been made.

Interfacial crud was not observed in extraction contacts with three
recently prepared dissolved sludge solutions, although some precipitate
appeared to form in the aqueous phase with one of the solutions. These
solutions all had higher free acid concentrations than those reported earlier,
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