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1.1

1.0 INTRODUCTION

Various recycle streams will be combined with the low-activity waste (LAW) or the high-level
waste (HLW) feed solutions during the processing of the Hanford tank wastes by BNFL, Inc. In 
addition, the LAW and HLW feed solutions will also be mixed with heels present in the 
processing equipment. This report describes the results of a test conducted by Battelle to assess 
the effects of mixing specific process streams. Observations were made regarding adverse 
reactions (mainly precipitation) and effects on the Tc oxidation state (as indicated by Kd
measurements with SuperLig® 639). The work was conducted according to test plan 
BNFL-TP-29953-023, Rev. 0, Small Scale Mixing of Process Heels, Solutions, and Recycle Streams. The 
test went according to plan, with only minor deviations from the test plan. The deviations from 
the test plan are discussed in the experimental section.



2.1

2.0 EXPERIMENTAL

Sample Description. Five Hanford waste samples were used in this work. These are listed in 
Table 2.1 along with a description of the samples� origins.

Table 2.1.  Hanford Tank Waste Materials Used in the Mixing Tests

Label Description

AN107 AN-107 solution after Sr/TRU precipitation and cross-
flow filtration

AN107 WASH Composite solution obtained during washing of the AN-
107 entrained solids

AW101 AW-101 solution after cross-flow filtration

AW101 WASH Composite solution obtained during washing of the AW-
101 entrained solids

C104 LEACH/WASH Composite of C-104 washing and caustic leaching solution

Procedure. A detailed description of the experimental procedure can be found in Appendix A. 
Table 2.2 summarizes the specific mixing tests performed. For tests 1 through 5, the solutions 
were mixed at ambient temperature (~23°C) and three 5-mL aliquots were taken within 4 h of 
mixing. One aliquot was filtered through a 0.45-µm nylon membrane and was set aside for 
analysis. The other two were used for Tc Kd measurements as described below. After standing 
for a period of 2 weeks, three more 5-mL aliquots were taken. Again, one was filtered and saved 
for analysis, while the other two were used for Tc Kd measurements.(a)

For tests 6 through 9, the solutions were mixed and observed for two weeks. No Tc Kd
measurements were performed for these mixtures. The solids formed in tests 6 and 7 were 
collected by centrifuging the mixture and then separating the liquid phase. The solids were dried 
at 105°C and analyzed by ICP/AES, IC, TIC/TOC, GEA, 90Sr, and total alpha. The mass of the 
dried solids from Test 6 was 0.17 g and that from Test 7 was 0.12 g. These weights include the 
weight of any dissolved solids present in the interstitial liquid prior to drying.

(a) In the case of Test 2, one aliquot was lost due to a leak in the syringe filter. Because of 
this, only a single Kd measurement could be done after 2 weeks.
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Table 2.2.  Summary of Mixing Tests

Test # Solution 1 Vol., mL Mass, g Solution 2 Vol., mL Mass, g Observations

1 AN107 3 3.9720 AW101 30 38.2534

Solution cloudy after 1.5 h; 
small amount of precipitate 
on the bottom of vial after 
4 days. There was no 
further change after 
standing for another 10 
days.

2 AN107 3 3.8118 C104
LEACH/WASH 30 31.9973 Same as Test 1

3 AN107 20 24.9540 C104
LEACH/WASH 20 20.9489

Solution was cloudy
immediately after mixing; a 
dark brown solid had 
settled to the bottom of the 
vial after 1 day. There was 
no further change after 
standing for 2 weeks.

4 AW101 3 3.6916 C104
LEACH/WASH 30 32.1748 Clear solution after 2 weeks

5 AW101 20 24.8593 C104
LEACH/WASH 20 21.8070 Clear solution after 2 weeks

6 AN107 ~15(a) 18.7667 AN107 WASH 2 2.0545

Solution was cloudy 
immediately after mixing; a 
dark solid had settled to the 
bottom of the vial after 3 
days. There was no further 
change after standing for 
another 2 weeks.

7 AN107 ~7(b) 7.7457 AN107 WASH 10 10.6165 Same as Test 6
8 AW101 20 24.9273 AW101 WASH 2 1.9836 Clear solution after 3 weeks
9 AW101 10 12.5535 AW101 WASH 10 10.1816 Clear solution after 3 weeks

(a) The test plan called for 20 mL, but only ~15 mL used because insufficient sample was available.
(b) The test plan called for 10 mL, but only ~7 mL used because insufficient sample was available.
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Technetium Kd Measurements. The Tc Kds were determined by stirring 5 mL of solution with 
0.05 g of SuperLig® 639 (SL-639). The SL-639 was used as-received from IBC Advanced 
Technologies, Inc. (American Fork, Utah). For tests 4 and 5, the solution/SL-639 mixtures were 
stirred for 24 hours; for all other measurements, the mixtures were stirred for 1 week.(a) After
stirring, the solutions were filtered through 0.45-µm nylon syringe filters. The filtered solutions 
were analyzed for 99Tc by ICP-MS, as were aliquots of the solutions taken before contact with 
the SL-639. The untreated solutions were also analyzed for anions by ion chromatography and 
for hydroxide ion by titrimetry with standard HCl. The batch Kd was determined according to 
the following formula:

where Co is the initial 99Tc concentration (in ng/g), C is the final 99Tc concentration (in ng/g), C� 
is the final 99Tc concentration (in ng/mL), Ws is the mass of the solution, Wr is the mass of the 
resin, and F is mass of the dried resin divided by the mass of the as-received resin; F = 0.956, 
dried at 95°C.(a)

(a) The contact time was extended to 1 week to ensure equilibrium was attained.
(a) Blanchard, D.L. Jr, D.E. Kurath, and B.M. Rapko., 2000, Small Column Testing of Superlig 639 for 

Removal of 99Tc from Hanford Tank Waste Envelope C (Tank 241-AN-107), BNFL-RPT-022, Rev 0, 
(DRAFT), Pacific Northwest National Laboratory, Richland, Washington.

FC'W
C)W-(C

K
r
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d =



3.1

3.0 RESULTS

Table 3.1 presents the measured Kd values. Table 3.2 presents the anion concentrations in the 
various mixtures investigated. The Kd data are presented in terms of total Tc and in terms of 
TcO4

-. The estimated TcO4
- concentrations were determined by first estimating the fraction of 

the total Tc contributed by each solution mixed. This estimate was made based on the total Tc 
concentration in each solution and the amount of each solution mixed. The initial TcO4

-

concentration was then estimated by determining the fraction of TcO4
- contributed by each 

solution using previous estimates of the TcO4
- content in each solution (Kurath, Blanchard, and 

Bontha 1999).(b) All the Tc sorbed on the resin was assumed to be TcO4
-. The final TcO4

-

concentration in solution was determined by difference between that estimated to be initially 
present and that sorbed on the resin.

The total Tc Kd values ranged from about 300 mL/g to 600 mL/g, except for tests 2 and 3 for 
which the Kd values were an order of magnitude lower. The low Kd values for tests 2 and 3 can 
be attributed to the fact that the origin of most of the Tc present in these mixtures was the 
AN-107 feed material. A significant fraction (75%) of the Tc in the AN-107 waste is not 
pertechnetate ion. Since SL-639 only removes pertechnetate, the Kd values are low for AN-107
(Kurath, Blanchard, and Bontha 1999). 

The TcO4
- Kd data are perhaps more informative. In all cases, the TcO4

- Kd values were greater 
than 100 mL/g, but the values tended to be low for solutions where the origin of most of the Tc 
was AN-107 (Tests 2 and 3). The reason for this has not been definitively determined, but it is 
perhaps due to competition between sorption of TcO4

- and the sorption of competing organic 
anions present in the AN-107 solution. 

Information provided by IBC Advanced Technologies, Inc. indicates that NO3
- is likely to be the 

most important competing anion present in the waste. Thus, it is of interest to analyze the Kd
data as a function of NO3

- concentration.(c) Figure 3.1 presents the TcO4
- Kd values as a function 

of NO3
-/TcO4

- ratio. The values obtained are consistent with those reported for the pure AW-
101 and AN-107 solutions (Kurath, Blanchard, and Bontha 1999). Thus, it appears that mixing 
of the solutions has no significant overall effect on the behavior of Tc. That is, the Tc Kd values 
are determined largely based on the amount of TcO4

- present in the solutions to begin with.

(b) The TcO4- fraction in C104 LEACH/WASH was unknown; it was assumed to be 100% TcO4-.
(c) The NO3-/TcO4- ratio may not be an appropriate indicator of the relative pertechnetate Kd for 

the AN-107 waste or other similar wastes that contain relatively large concentrations of organic 
compounds that are complexing agents. This is because the pertechnetate comprised only about 
25% of the total technetium present in the AN-107 waste. The non-pertechnetate fraction 
cannot be absorbed by SL-639 resin or other similar anion exchange materials.
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The precipitates that formed when the AN-107 solution was mixed with the AN-107 entrained 
solids wash solution (at 1:1 and 10:1 ratios) were analyzed by ICP-AES. The solution remaining 
after the precipitation was also analyzed. Table 3.3 presents the results. The data are presented in 
terms of the absolute concentrations in the liquids and solids (µg/mL and µg/g, respectively). 
Data are also presented on the amount of each component in the analyzed solids (which 
includes material contributed by the interstitial liquid). These values were adjusted to account for 
the material contributed by the interstitial liquid. To make this adjustment, it was assumed that 
all the Na in the analyzed solids originated in the interstitial liquid.(b) Finally, the moles of each 
component in the precipitated solids were determined relative to Al. The results indicated that 
the precipitated solids contained primarily Al, B, Fe, Mn, and Si.

The solids were taken up in deionized water and were analyzed for ions by ion chromatography. 
Table 3.3 presents the IC results. The chloride, nitrite, nitrate, and sulfate in the analyzed solids 
were largely attributable to the interstitial liquid. The primary anions in the precipitate (as 
determined by IC) were fluoride and oxalate. It should be noted that the hydroxide content of 
the solids was not determined. It is likely that hydroxide is a major counter anion present.

The TOC analysis of the solids did not corroborate the oxalate results indicated by IC. Indeed 
the TOC analysis suggested that the organic carbon present in the dried solids was largely 
attributable to that present in the interstitial liquid. On the other hand, there appeared to be 
considerable TIC present in the precipitated solids. Because of the discrepancies between the 
TOC and IC data, caution should be exercised in using these data. A larger scale test would be 
useful so that enough solids can be collected for thorough characterization. 

The radionuclide data are somewhat difficult to interpret, because there was no straight-forward
way to correct the data for the contribution of the interstitial liquid. Estimated radionuclide 
concentrations in the precipitated solids are presented in Table 3.3. These concentrations should 
be viewed as qualitative because of the number of assumptions made in their determination [see 
footnote (d) in the table]. The estimated radionuclide concentrations indicate the precipitated
solids should be handled as high-activity waste. The precipitated solids contained approximately 
500 to 1100 µCi/g 137Cs/g, 100 to 300 µCi 90Sr/g, 1 µCi 99Tc/g and 4 to 10 µCi TRU/g. 

(b) There is no rigorous justification for this assumption, but qualitative observation of the amount 
of liquid carried over with the solids (0.5 to 1 mL) is consistent with the assumption.
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Table 3.2.  Anion Concentrations in the Various Mixtures

Test #(a) F- Cl- NO2
- Br- NO3

- PO4
3- SO4

2- C2O4
2- OH- (b)

1 - Day 1 830 < 250 46000 < 250 101000 < 500 1100 < 500 1.92

1 - 2 Weeks 970 < 250 45300 < 250 98700 670 1200 < 500 1.91

2 - Day 1 3000 < 25 4800 < 25 12100 430 520 600 0.37

2 - 2 Weeks 3700 < 25 4500 26 11300 420 520 600 0.37

3 - Day 1 1540(c) 430 13900 < 250 55500 < 500 1860 980 0.54

3 - 2 Weeks 2880(c) 430 13700 < 250 54100 < 500 1840 1000 0.54

4 - Day 1 2600 200 4900 < 125 8400 430 360 510 0.48
4 - Day 1 Replicate 2600 190 4900 < 125 8400 420 330 500

4 - 2 Weeks 2700 210 5300 < 125 9000 450 < 250 540 0.45

5 - Day 1 1800 1100 22400 < 125 47000 < 500 < 500 < 500 0.86

5 - 2 Weeks 1800 1200 22700 < 125 47500 < 500 < 500 < 500 0.82
(a) Refer to Table 2.2.
(b) Determined by titration with standard HCl. Values presented are the average of duplicate runs.
(c) Value should be viewed as qualitative because of matrix interferences.
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Figure 3.1.  Pertechnetate Kds Versus The Nitrate/Pertechnetate Ratio
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Table 3.3.  Composition of the Precipitate from the AN-107 Mixing Tests
1:1 AN-107 Mix 10:1 AN-107 Mix

Liquid Solid Liquid Solid

Analyte µg/mL µg/g µg(a) Adjusted µg(b) Relative Moles µg/mL µg/g µg(b) Adjusted µg(b) Relative Moles
Ag < 0.5 145 17.4 17.4 0.03 < 2.5 185 31 31 0.03
Al 1045 7320 878 128 1.00 2260 8150 1376 292 1.00
B 13 277 33.2 23.9 0.46 (24) 354 59.8 48.2 0.41
Ca 78 500 60.0 4.0 0.02 (180) 474 80.0 -6.3 -0.01
Cd 12.2 74.1 8.9 0.1 0.00 27.1 73.5 12.4 -0.6 0.00
Cr 18.9 141 16.9 3.4 0.01 44.8 135 22.8 1.3 0.00
Cu 9.2 65.2 7.8 1.2 0.00 (19) 59.5 10.0 0.9 0.00
Fe (3.9) 1460 175 172 0.65 (9.5) 1070 181 176 0.29
K (325) (2000) (240) (7) 0.04 (750) (2000) (338) -(22) -0.05
Mn < 1 3810 457 456 1.75 < 5.0 3150 532 529 0.89
Na 53000 317000 38040 0 0.00 107000 304000 51315 0 0.00
Ni 103 662 79.4 5.5 0.02 225 626 106 -2 0.00
P 128 766 91.9 0.0 0.00 228 787 133 24 0.07
Pb 34 257 30.8 6.4 0.01 (67) 224 37.8 5.7 0.00
Si (38) 2460 295 268 2.01 (56) 4250 717 691 2.27
Sr 66 426 51.1 3.7 0.01 132 391 66.0 2.7 0.00
Zn (3.7) 152 18.2 15.6 0.05 (6.9) 447 75.5 72.1 0.10
TOC 8330 39850 4782 -1197 -20.94 15900 44750 7554 -72 -0.55
TIC 4330 38850 4662 1554 27.20 8420 39250 6625 2587 19.91

Cl- 380 2130 256 -17.1 -0.10 700 1940 327 -8 -0.02

F- < 250 2290 275 95.4 1.06 < 250 2270 383 263 1.28

NO2
- 11600 70200 8424 98.3 0.45 24200 68200 11512 -94 -0.19

NO3
- 47200 275000 33000 -877.1 -2.97 105000 274000 46251 -4105 -6.12

SO4
2- 1620 9040 1085 -77.9 -0.17 3000 9260 1563 124 0.12

PO4
3- < 500 < 2000 < 240 < -151 -0.34 < 500 < 1800 < 304 < 64 0.06

C2O4
2- 2500 16900 2028 233.7 0.56 < 500 7370 1244 1004 1.05

Liquid Solid(c) Liquid Solid(c)

µCi/g µCi/g µCi(a) Adjusted µCi(b) Estimated µCi/g(d) µCi/g µCi/g µCi(a) Adjusted µCi(b) Estimated µCi/g(d)

Cs-137 62.9 420 50.4 5.3 2204 117 430 72.6 16.5 3432
Sr-90 0.509 8.55 1.0 0.7 275 0.723 5.18 0.9 0.5 110

Tc-99(e) 0.0210 0.152 0.018 0.003 1.3 0.0425 0.152 0.026 0.005 1.1
Am-241 < 0.07 0.23 0.028 -0.023 < 0.2 < 0.5 0.084 -0.012
Eu-154 0.014 0.269 0.032 0.023 9 0.0301 0.237 0.040 0.026 5
Eu-155 < 0.07 0.253 0.030 -0.020 < 0.2 < 0.5 0.084 -0.012
Co-60 0.025 0.167 0.020 0.002 1.0 0.0483 0.163 0.028 0.004
Total " 0.00591 0.245 0.029 0.025 10 0.0111 0.151 0.025 0.020 4

(a) Mass (or activity) of each component determined to be in the dried solids. This was determined by multiplying the 
concentration (in µg/g) by the mass of the dried solids (0.12 g for the 1:1 mix and 0.1688 g for the 10:1 mix).

(b) Mass (or activity) of each component calculated to be in the dried solids, subtracting out the contribution from the 
interstitial liquid. For this calculation, it was assumed that all Na in the dried solids was attributed to that dissolved in the
interstitial liquid.

(c) The analytical process blank for the solids analysis indicated relatively high radionuclide concentrations. The 
concentrations in the blank were as follows (in µCi/g): Cs-137 3.38, Eu-154 0.0137, Eu-155 0.0178, Am-241 0.0328, 
and total alpha 0.0241.

(d) Determined by dividing the adjusted µCi values by the estimated mass of the precipitated solids. The mass of the 
precipitated solids was estimated to be 2400 µg and 4800 µg for the 1:1 AN107 Mix and the 1 0:1 AN107 Mix, 
respectively. The following assumptions were made in determining these estimates: 1) oxalate is present as 
Al2(C2O4)34H2O, 2) the remaining aluminum is present as Al(OH)3, 3) fluoride is present as FeF34.5H2O, 4) the 
remaining iron is present as Fe(OH)3, 5) manganese is present as MnO2, and 6) silicon is present as SiO2.
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4.0 CONCLUSIONS

A series of tests has been conducted in which different Hanford tank waste solutions (AN-107,
AW-101, and C-104 sludge washing/leaching solutions) were mixed in varying proportions. The 
effects of mixing these solutions on Tc sorption on SuperLig® 639 were evaluated. The results 
indicate little or no adverse effect of mixing on the Tc Kd. The Kd values are largely dictated by 
the amount of TcO4

- originally present in each solution before mixing. There does not appear to 
be appreciable reduction (or oxidation) of Tc(VII) in any of the cases examined.

A precipitate formed when the AN-107 LAW sample was mixed with the solution generated by 
washing the AN-107 entrained solids. This precipitate was rich in Al, B, Fe, Mn, and Si. Solids 
formation was also observed upon mixing the AN-107 sample with the AW-101 sample and 
upon mixing the AN-107 sample with the C-104 leach/wash solution. During plant operations, 
mixing of these solutions should be avoided to prevent formation of solids.

Future testing should focus on preventing solids formation and methods to dissolve solids that 
form upon mixing process solutions. Work should also be conducted to understand the 
mechanisms for the stabilization of the non-pertechnetate species in the AN-107 waste, with the 
intent to convert this to the pertechnetate form.
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