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Summary

Surface and variable depth samples from the 3H Evaporator feed tank, Tank 32H, and drop tank, Tank 30H, have been
analyzed at SRTC. These analyses support continued operation of the 3H Evaporator with regards to silicon
concentrations and aluminosilicate formation. Results of these analyses indicate the following.

« Measured silicon concentrations (avg. 24.4 mg/L) from samples taken in March of 2001 agreed with the initial
baseline of 22.75 mg/L within one measurement standard deviation. Thus, the historical maximum silicon
concentration for the 3H Evaporator remains unchanged.

« The predicted sodium aluminosilicate formation for the March 2001 samples using the Gasteiger model was 0.12
g per liter of supernate evaporated three-fold. This amount of solids formation is slightly less than the historical
maximum of 0.131 g.

« Mercury concentrations in supernate any of the 3H Evaporator tanks (32H or 30H) were minimal (< 75 mg/L).
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Introduction

The Replacement High Level Waste Evaporator (242-25H or 3H) began radioactive operation in 2000. The 3H
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Evaporator is significantly larger than the older evaporators at the Savannah River Site (SRS) and operates at higher
temperatures (160°C compared to 120°C). Wilmarth, et al,X performed initial chemical and radiological

characterization of the 3H system. The results of these studies showed the system contained a highly caustic supernate
typical of historical canyon waste. These tests also showed the supernates from Tank 32H and 30H contained low
concentrations of silicon. The low silicon content is important to ensure evaporator operation does not lead to

aluminosilicate formation as observed in the 242-16H (2H) Evaporator.23

Additional studies*® of the 3H Evaporator chemistry reaffirmed the low concentrations of silicon. As committed to in

the Nuclear Criticality Safety Evaluation,® this report documents the results of sample analysis for samples taken in
March of 2001. Additionally, samples were analyzed for mercury to assist in understanding high mercury levels in the
3H Evaporator overheads.

Experimental Methods

SRTC received the surface and variable depth (VDS) samples from the tank farms on March 28, 2001. The surface and
VDS samples from the tanks entered A-block of the Shielded Cells upon receipt at SRTC. Personnel determined the
density of the liquid samples by emptying the contents of the dip bottles into pre-weighed 100-mL graduated cylinders
with the accuracy of the graduated cylinders verified to £ 1% at 100 mL prior to use. Personnel removed representative
aliquots and diluted one-fifty fold into 0.2 M nitric acid for radiochemical and elemental analysis and into water for
anion analysis. The samples were put through a filtering protocol to determine the total amount of silicon in a given

volume of liquid waste. The protocol” included sampling as-received waste, sequential filtration through at least 0.2
micron and 0.02 micron filters, and analyzing filtrates and filters for aluminum and silicon.

Add something on sludge filtering with 0.45 micron.Difficulty was experienced in filtering the samples containing
sludge and or saltcake. The solids would effectively blind the filter. The increased residence time that the filter was in
contact with the highly caustic solution caused the filter media to dissolve. This allowed sludge to breakthrough the
filter and cause analysis difficulties.

Personnel placed the diluted samples in a sample bottle and removed from the shielded cell without filtering.
Analytical Development Section performed the following analyses: lon Chromatography,® Inductively Coupled Plasma
— Mass Spectrometry,® Inductively Coupled Plasma — Emission Spectroscopy,? Gamma Spectroscopy,! and Alpha
Pulse Height Analysis.12

Laboratory notebook WSRC-NB-2001-00065 contains details and results of the sample preparation procedures.13

Personnel used routine analytical protocol for the samples in this report.14
Results and Discussion

Sample Description

Six samples were received at SRTC for re-baselining the silicon concentration and the amount of aluminosilicate solid
formation. These samples were variable depth samples pulled on March 27, 2001. Most of the samples contained
sludge and/or saltcake and proved difficult to filter. This difficulty did not allow the measurement of silicon in the
sludge solids. The silicon values reported are for the filtrate only. An additional sample was received in June for
mercury analysis.

Sample Density and Observations

Table 1 contains the measured density of the samples as received at SRTC. The elevation listed in Table 1 for each
sample reflects the height as measured from the tank bottom (tank bottom is 0 inches). The sludge height at the time of
sampling was estimated to be ~ 34 inches in Tank 32H and the salt layer was at 5.3" in Tank 30H.
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The measured densities ranged from 1.39 g/mL to 1.50 g/mL for the supernate samples. At an elevation near the salt
layer, the density is much higher and are 1.94 g/mL. One sample (HTK-419) taken at an elevation of 5.3" exhibited a
very low density (1.50 g/mL) compared to another sample (HTK-418) taken at a slightly higher elevation. This
sample’s deviation is not understood.

Table 1. Sample Information for 3H Evaporator System

Sarmple Tank Elevation!?  Density (gfmL)
HTE-412 32H 247 1.43
HTE-414 32H 1327 143
HTE-416 30H 3297 1.39
HTE-417 30H 1707 1.40
HTE-418 30H 117 1.94
HTE-41% 30H 537 1.50
HTF-440 32H surface 1.40

Elewation 1z from tanl bottom.
Elemental Analysis

Table 2 contains the elemental analysis of the variable depth samples from the 3H Evaporator system. Sodium ion
concentrations in the supernates range from 10.1 to 13.8 M with the exception of sample HTK-418. The sodium ion
concentration in this salt-laden sample measured 21 M. The value must include some insoluble sodium. Aluminum
concentrations ranged from 0.83 to 1.63 M. Again the measured aluminum was very high for the sample HTK-418.
The chromium concentrations ranged from near predicted average concentration (238 mg/L) to 582 mg/L. Mercury
concentrations were measured in the HTK-414 through 419 along with the HTF-440 samples. Mercury concentrations
in the bulk supernate phase (HTK-414 through HTK-417) were typical levels and ranged 44 mg/L to 66 mg/L. These
samples could contain particulate matter that include mercury. The mercury concentration measured in the dip sample
(HTF-440) was low and measured 15 mg/L.

Table 3 displays the anion concentrations measured in the 3H Evaporator samples. The hydroxide ion concentrations
were high and ranged from 4.5 M to 7.8 M and averaged 5.4 M excluding sample HTK-418 for previously specified
reasons. The anion — cation balance based on analytical measurements showed agreement. However, sodium ion
concentrations is always higher than the anion sum.
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T 32H Tk F2H | Tk AOH | | Tk AH | Tk 30H Tk AH
YL Lt HTE-412 HTE=L 1L HT kA 16 HTEA AT HTE-LE HTE=413
a1 L] 1.15 1.7 0.2 oz 163 Oss
[i] mgl 193,21 152200 1344 13 5l 1120 Aee3
[E] magl 0.55 O.54 < 015 o5 932 510
ca magl = 0.050 = 0.0 < 0.05]= o0 oar 975
od mgl 1.15 0.5 0.2 0.5 2325 or2
Ca mgl 0.75] = 0.1 0.4a O&1 251 021
cr mil EIEE R 25001 25545 5230 Ziz08
[+ mil [ B AT .47 (=3 07 Ed1
Fe mil 334 [=R]] 2240 I ET 822 T3AE
[E] mgl 0.65] = O.49) = 0. hEE ari Sl
LI mgl 0.3 0.15) = 015 025]= 1.12 041
L] mgl 0.25 0.2 O0.75% o9 1763 551
My mgl 1.60 1.56] 0.25 1041 x| B3] BEAE
(L] mal 211.75 252.2.";| 13642 191 85 5223 14513
Na [1] 112 11 5] 10.1 101 21.0 135
NI mil 0.0 O = O 5.10 BTEL 2001
[ magl J32.43 Jed.97 PIEEE] IR E337 AE2E
Pb mgl F2.09 J3.20 24 21 X5 e050 2437
Sl mgl 22.05) 12.52 16 27 1243 2593 3925
S5 mgl 35.04) J3. 45| 235 ZiTa 5151 2329
Sr magl 0.15 IZI.1Q| 0.10 0.1 255 140
TI mil 0.3 0.05( < 0.05 02 210 040
[1] mgl 1485 B .5 AT TOES 15306
' mgl EES EN 2.81 Jm Tar 139
Zi mgl 10.65 10.51 10.14 1255 1101 1237
Jra | mgl 1.50 1.4 0.25 Ore 241449 345
Hg mgl [ 1 35 3.
Tahle 3. Anion Concentrations in Tank 43H
Th 22H Tk 32H Tk 20H Tk 20H Tk 20H Tk 20H
Analyte Units HTK-H 2 HT K Hd H Th: <M H TH-H7 HTkK-Hg HTK:-HE
OH T 53 Y 4.5 53 7.3 5.3
AI02 I 1.2 1.2 0.z 0.4 15 0.4
F b < 0.0z P 0.021 P 0.0z < 0.011 < 0.0z
Cl I = 0.0z0 < 0.021 = 0.2z 0017 < 0.0z
N0 b 154 160 179 165 ] 175
NOZ T 197 173 1.3 170 1 B 223
504 I 0.00% 0.014 0.017 0426 0.213
Anion Sum b 0.7 9.1 5.5 o5 13.8 12.0
Na [ 112 115 101 10,1 20 [EE

Radiochemical Analysis

Table 4 contains measured concentrations of a number of radionuclides. 13’Cs concentrations ranged from 5.4 x 10°
dpm/mL to 1.2 x 1019 dpm/mL across the tanks. These values agree with previously published results for the 3H
Evaporator system.* We, also, measured plutonium concentrations in the samples. The combined 23%Pu and 240pu
measurement in the samples showed concentrations between 3.6 x 104 and 6 x 10° dpm/mL. Likewise 238pu
concentration for the three samples measured from approximately 1.8 x 10° to 2.9 x 107 dpm/mL.

Personnel measured uranium concentrations in the tank samples and results are shown in Table 4. The total uranium

concentration varied widely from 3.1 mg/L to 14.1 mg/L. The 23°U enrichment measurements showed averaged 15.1 %
across the 3H evaporator system.

http://sti.srs.gov/fulltext/tr2001514/tr2001514.html[7/13/2009 11:41:12 AM]
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Th 22H Tk =2H Th 20H Th 20H T 20H Th 20H

Analyte Units HT k312 HTk: 414 H Tk 6 HTk-417 HTK-412 HTk-4139
Cs-137 dpm/mL TA5EHDD 7 A4E+08 5.37E+09 5.82E+09 1 16E+H10 5.00E+09
Pru- 2200240 dpm/mL 5.35EH04 3 .56E+04 3.82E+04 .22 E+0 5.88E+05 5.05E+05,
Pu-Z38 dpm/mL G.B0EHDS 1.21E+05 1.10E+06 1.07F E+06 Z.89EH07 1.495E+07
Z3 ppb 2 EIE+0Z 2 Z7E+0Z]
235 ppb 7. 11E+02 2.29E+032 .81 E+02 A02EHDZ 1.95E+03
236 ppb 3.87E+OZ 1.06E+03 2. 24E+02 9.25E+02

=37 ppb

238 ppb 3.05E+03 1.05E+04 2 0E+032 Z.20EH03 5.95E+03
239 pphb 3.78E+02 0.00E+00 0.00E+00 1.73E+02

The formation of sodium aluminosilicate solids during 2H evaporator operation has proved very detrimental.1
Pursuant to that, commitments were established to operate in a manner that would minimize aluminosilicate solids
formation, which included periodic sampling and measurement of silicon and aluminum concentrations in waste
solutions fed to the evaporator systems. A protocol was developed to ascertain the total silicon concentration to include
dissolved and colloidal species. Table 5 contains the silicon concentrations measured in the 3H Evaporator samples. As
previously mentioned, we were unable to secure the filters for analysis. There is some evidence that colloidal silicon
exists because the as-received silicon measurement on sample HTK-418 measured 97 mg/L. However, the filtered
supernates from all of the samples measured much lower. Previous studies indicated the amount of colloidal silicon is

very low.* Therefore, the total silicon concentrations may be slightly higher than presented in Table 5.

The highest measured silicon concentration was for the sample HTK-418. However as previously mentioned, this
sample contained salt. The samples from the supernate phase (HTK-412 through HTK-417 and HTK-419) averaged
24.4 mg/L with a standard deviation of 4.2. This average silicon concentration is slightly higher than the previously

derived maximum historical concentrationl’ of 22.75 mg/L. However, the new average is within one standard
deviation of the baseline silicon concentration has risen slightly. Therefore, the historical maximum silicon
concentration remains unchanged.

The second factor of importance is the amount of sodium aluminosilicate solids that are produced during an
evaporation step. Typically, we have modeled using an equation provided by Gasteiger that has previously been
described.® In this model, we estimate the difference in total silicon concentration and soluble silicon concentration.
We correct the silicon concentration to sodium aluminosilicate mass for a given concentration factor in the evaporator,

normally 3. For the 3H Evaporator, the amount of solids formationl” was established at a level of 0.131g of
aluminosilicate per liter of supernate that was evaporated three-fold.

Table 5. Total Silicon {mg/L} in 3H Fvaporator Samples

Satnple Tanlz bilicon Conc.
HTE-412 32H 232
HTE-414 32H 207
HTE-414 J0H 245
HTK-417 J0H 222
HTK-418 J0H 4.8
HTK-419 J0H il4

Using the measured average silicon concentration of 24.4 mg/L and the averaged sodium and aluminum ion
concentrations from Table 2 and the averaged hydroxide concentrations from Table 3 for the samples HTK412 through
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HTK-417, we estimated a solids formation of 0.12 g of aluminosilicate per liter of supernate. This solids formation
rate is below the aforementioned maximum historical value of 0.131 g. The current formation rate is lower due to the
higher ionic strength and steady silicon concentration. The pseudo equilibrium solubility product, Ky, for the silicon

and aluminum concentrations has a measured value of 8 x 10"4 M2. This value is slightly higher than the baseline
value of 6.5 x 104 M2,

Conclusions

The Replacement High Level Waste Evaporator (242-25H or 3H) began radioactive operation in 2000. As part of the
evaporator’s authorization basis, surface and variable depth samples from the feed tank, Tank 32H, and drop, Tank
30H, tanks from the 3H Evaporator are to be routinely analyzed with regards to silicon concentrations and
aluminosilicate formation.

Measured silicon concentrations (avg. 24.4 mg/L) from samples taken in March of 2001 agreed with the initial baseline
of 22.75 mg/L within one standard deviation. Thus, the historical maximum silicon concentration for the 3H
Evaporator remains unchanged. The predicted sodium aluminosilicate formation for the March, 2001 samples using the
Gasteiger model was 0.12 g per liter of supernate evaporated three-fold. This amount of solids formation is slightly
less than the historical maximum of 0.131 g. Lastly, mercury concentrations in supernate were measured due to
operational difficulties with the mercury concentrations in the evaporator overheads. The measured mercury
concentration in the 3H Evaporator tanks (32H or 30H) was minimal (< 75 mg/L).
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