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Introduction

BNFL Inc. (BNFL) is under contract with the U.S. Department of Energy, River Protection Project 
(DOE-RPP) to design, construct, and operate facilities for treating wastes stored in the single-shell
and double-shell tanks at the Hanford Site, Richland Washington.  The DOE-BNFL RPP contract 
identifies two feeds to the waste treatment plant: 1) primarily liquid low-activity waste (LAW) 
consisting of less than 2 wt% entrained solids and 2) high-level waste (HLW) consisting of 10 to 200 
g/L solids slurry.

The RPP contract includes three options for disposition of the entrained solids contained in low-
activity waste feed solutions: 1) washing to remove sodium, cesium, and technetium then returning 
via pipeline to DOE-RPP, 2) vitrification along with pretreated LAW solutions, or 3) vitrification 
along with pretreated high-level waste (HLW).

BNFL requested Battelle test inhibited water (0.01 M NaOH) and caustic leaching (3 M NaOH) as 
methods for pretreating the solids entrained in the AN-107 sample. These methods are meant to 
remove certain nonradioactive components (e.g., Na, Al, Cr, P, and S) from the HLW fraction so as 
to reduce the volume of immobilized HLW.

This report describes the results of a test conducted by Battelle to assess the effects of inhibited 
water washing on the composition of the entrained solids in the diluted AN-107 low-activity waste 
(LAW) sample. The objective of this work was to gather data on the solubility of the AN-107
entrained solids in 0.01 M NaOH, so that BNFL can evaluate whether these solids require caustic 
leaching. The work was conducted according to test plan BNFL-TP-29953-9, Rev. 0, LAW
Entrained Solids Water Wash and Caustic Leach Testing. Some deviations from the test plan were 
required due to the nature of the AN-107 material. These deviations will be discussed in the 
Experimental Section. Based on the results of the 0.01 M NaOH washing, a decision was made by 
BNFL to not proceed with the caustic leaching test. The composition of the washed solids was such 
that caustic leaching would not result in significant reduction in the immobilized HLW volume.

Personnel

The Battelle personnel and their responsibilities in performing this test are given below. 

Staff Member Responsibilities

G.J. Lumetta
Cognizant scientist. Prepared test plan and designed 
experiment. Supervised performance of the test. Prepared 
analytical service request. Interpreted data and reported results.

F. V. Hoopes Hot cell technician. Performed test.

M.W. Urie Managed chemical and radiochemical analytical work.

B.M. Rapko Technical reviewer.

K.P. Brooks Task Leader.
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Experimental

Sample Description. The sample used in this test was labeled as AN-107 CL-1. The homogenization, 
dilution, caustic adjustment, and representative subsampling were performed as described in test 
plan BNFL-29953-6, Sub-Sampling and Characterization of AN-107 and AW-101 Diluted Feed Samples
(Urie 1999). The total volume of sample AN-107 CL-1 was 78 mL. This sample was half of the 
material indicated as the �Caustic Leach� sample in Figure 1.2 of Urie et al. (1999). Because the 
material was very dark, it was not possible to accurately determine the volume of settled solids in the 
sample.

Apparatus. The apparatus used consisted of an aluminum heating block placed on a hot 
plate/stirrer. The hot plate/stirrer was modified so that separate power could be applied to the 
heating and stirring functions. This allowed for continuous stirring, while the hot plate was powered 
by a temperature controller. The temperature controller used was a J-KEM Model 270 (J-KEM
Electronics, Inc., St. Louis, MO). This temperature controller consists of two separate circuits. One 
is the temperature control circuit, while the other serves as an over-temperature device, which shuts 
down the system if a preset temperature is exceeded. The set point for the over-temperature circuit 
was set at 60°C for this test. A dual K-type thermocouple (model number CASS-116G-12-DUAL,
Omega Engineering, Stamford, CT) was used to provide inputs to the temperature controller and 
over-temperature circuits. Both the J-KEM Model 270 and the dual thermocouple were calibrated 
before use. The aluminum heating block contained two wells. A vial containing water was placed in 
one of the wells, with the thermocouple wedged between this vial and the aluminum block. The vial 
containing the sample was placed in the other well.

Procedure.(a) The sample in AN-107 CL was mixed by shaking.(b) Previous experience with the AN-
107 waste indicated that it was very difficult to filter through 0.45-µm membranes. Accordingly, a 
47-mm diameter 1.2-µm nylon membrane filter held in an appropriate vacuum filter holder was used 
to filter the sample. The filter membrane was pre-wetted with 10 mL of 0.1 M NaOH (washing 
solution), then the homogenized slurry was poured into the filter funnel. As had been observed with 
previous attempts to filter the AN-107 waste, the filtration process was very slow. After pulling 
vacuum on the filter unit for 17 h, only about half of the material had filtered, and flow through the 
filter had essentially stopped. The fluid material remaining in the filter funnel was transferred to a 
centrifuge tube and centrifuged at 1,200G for 2 h. The centrifuged liquid was decanted.

Five 4-mL aliquots and one 2-mL aliquot of 0.01 M NaOH were used to transfer the filtered and 
centrifuged solids to a 30-mL high-density polyethylene (HDPE) vial (this vial also contained a 
Teflon®-coated magnetic stir bar). The weight of the washing slurry was 21.759 g. The vial was 
equipped with a condenser tube, which allowed the system to vent during heating, but minimized 
evaporation. The mixture was heated and stirred at 85 ± 2 °C for 19 h. The washing slurry was 
filtered through a pre-weighed 0.45-µm nylon filtration unit. The solution filtered rapidly, with no 
filter plugging as observed with the bulk diluted AN-107 sample. The weights of the filtrate and 
filtered solids were determined to be 20.230 g and 1.800 g, respectively. Two aliquots (~10-mL each) 

(a) See Appendix A for a copy of the test plan and procedural notes.
(b) The material foamed some upon shaking.
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of the filtrate were taken for analysis. The washing solution remained clear after 11 days, indicating 
no precipitation after filtration. 

The washing procedure described above was repeated three times for a total of four washes. The 
heating and mixing durations for the second, third, and fourth washing steps were 22, 22, and 18 h, 
respectively. There was no evidence of precipitation in the wash solutions after standing overnight. 
The weight of the wet filtered solids were 1.471, 1.226, and 1.266 g after the second, third, and 
fourth washing steps, respectively. These weights can be viewed as nearly constant given the 
potential for variable water content in the wet solids. After the fourth washing step, the solids were 
transferred to a pre-weighed glass vial using deionized water. Excess water was evaporated at 80°C, 
then the solids were dried overnight at 105°C. The final weight of the dried washed solids was 
0.106 g. This low weight was surprising given the wet weight of ~1 g. The solids apparently have a 
strong propensity to retain water within the filter unit.

The wash solutions were subjected to the following analytical procedures: IC(anions), TOC/TIC, 
acid digestion, ICP/AES, ICP-MS(Tc-99), Sr-90, total alpha, total uranium, and GEA. The washed 
solids were dissolved for analysis by KOH and Na2O2 fusion methods. The Na2O2 fusion allowed
for the determination of K and Ni, which could not be determined from the KOH fusion method 
alone.

Results

Table 1 presents the concentration of the analyzed AN-107 components in each washing solution 
and in the washed solids. Table 2 lists the mass (or activity) of each analyzed component present in 
each wash solution and the washed solids and Table 3 gives the percentage of each component 
found in each solution and the washed solids. These values were obtained by dividing the amount of 
the given component found in a particular solution or the washed solids (i.e., the value in Table 2) 
by the total amount of that component found in all the wash solutions and the washed solids; the 
resulting fraction was multiplied by 100 to give the percentage values.

Aluminum, K, Na, Cs, and Tc were removed reasonably well from the AN-107 entrained solids. The 
Na concentration in the final wash solution (243 µg/mL = 0.0106 M) was essentially the same as 
that in the wash solution added (0.010 M NaOH) indicating that all soluble Na-containing
components were removed. About 60% of the Cr was removed by dilute hydroxide washing. The 
washed solids contained ~1 wt% Cr. Improved Cr removal could likely be achieved by treatment of 
the washed solids with permanganate or other oxidant (Rapko et al. 1996 and 1998). The washed 
solids were dominated by the presence of Fe (25.9 wt%) and Mn (15.2 wt%). Other elements of 
note were Na (2.6 wt%), Al (1.9 wt%), and Pb (1.7 wt%).

The radiochemical data indicated nearly quantitative removal of 137Cs from the AN-107 entrained 
solids. Approximately 90% of the 99Tc was also washed from the solids, and a significant fraction 
(23%) of the 90Sr was also removed. The wash solution could be processed along with the liquid 
fraction of the AN-107 LAW to remove these radioisotopes. 

Because of the limited quantity available, TOC, TIC, and IC analyses could not be performed on the 
washed solids. Analyses of the washing solutions indicated a steady decrease in the TOC 
concentration such that the TOC in the washing liquid was below detection by the third washing 
step. The TIC concentration leveled out at about 100 µg/mL at the third washing step. The fact that 
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the TIC content did not decrease further might have been due to the presence of carbonate in the
0.01 M NaOH solution used in washing. The anion concentrations all decreased steadily from one 
wash step to the next. Consistent with the TOC results, IC indicated a steady decrease in the oxalate 
concentration with each subsequent washing step.

Much of the material found in the first wash solution can be attributed to dilution of the interstitial 
liquid rather than actual dissolution of entrained solids. Table 4 illustrates this. The volume of 
interstitial liquid in the filtered solids was estimated in the following manner. First, it was assumed 
that the Na present in the first wash solution was due only to dilution of the diluted AN-107
supernate and the 0.01 M NaOH (230 µg/mL Na) used as the washing medium. The Na 
concentration in the first wash solution was 32,900 µg/mL, of which 32,900 � 230 = 32,670 µg/mL 
is attributed to dilution of the interstitial supernate. Given the wash solution volume of 18.84 mL 
and the Na concentration in the diluted AN-107 supernate was 173,500 µg/mL (Urie 1999), the 
volume of the interstitial liquid was estimated as 

V = (18.84 mL)( 32,670 µg/mL)/( 173,500 µg/mL) = 3.55 mL

This value(a) was then used to determine the concentration expected for each AN-107 component 
expected in the first wash solution based on dilution (Table 4). For many components, the 
concentration determined in the wash solution was less than that expected based on dilution 
(negative percent difference). This is likely due to the inherent uncertainty associated with this 
analysis of the data. However, the concentrations were notably higher than expected for certain 
components (e.g., Al, Cr, Si, TOC, and C2O4

2-), suggesting that these components were actually 
dissolved during the washing process. It appears that the concentration of U in the first wash 
solution is due primarily to dilution of U in the starting sample. This U is probably bound to either 
organic complexants or carbonate forming a soluble complex.

Table 5 presents further comparisons to the data for the entrained solids reported in Urie et al.
(1999).  The concentrations could not be compared directly because the composition for the 
untreated entrained solids were reported on a wet-weight basis, whereas the washed solids were 
analyzed on a dry-weight basis. For this reason, the data were normalized to the Fe content. The 
percent of each component was determined based on the differences in the component 
concentrations relative to Fe before and after washing. For certain components (e.g., 137Cs, 90Sr, 99Tc,
Al, Cr, Na, Ni, and P), the percent removals obtained in this manner agreed well with those reported 
in Table 3. However in most other cases, agreement between the two methods is not very good.

Conclusions and Recommendations

The results of this test suggest that caustic leaching would not provide much benefit for processing 
the AN-107 entrained solids. Washing with 0.01 M NaOH appeared to remove >90% of the Al and 
~90% of the P from the AN-107 solids. Iron and Mn appear to be the dominant elements present 

(a) It should be noted that there is an apparent discrepancy between the value of 3.55 mL of interstitial 
liquid and the total weight (21.7592 g) of the first washing slurry. Given the fact that 22 mL of
0.01 M NaOH was used in transferring the solids to the washing vessel, a slurry weight of ~26 g 
would be expected. This discrepancy is perhaps due to physical loss of liquid during the transfer; e.g., 
passage of liquid through the filter membrane.
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in the washed AN-107 solids. Caustic leaching would not be expected to impact Fe and Mn (see 
Lumetta et al. 1996 and 1997; Rapko et al. 1995). 

The Cr concentration (1 wt%) might present some problems in immobilizing the washed AN-107
solids. Previous studies we have done with other sludges suggest that caustic leaching might remove 
additional Cr, but a better strategy would be to add an oxidant during the washing process. 
Permanganate works very well, but sparging with air or ozone has also shown some promise (Rapko 
et al. 1996 and 1998). If the HLW volume is dictated by the Cr content, then an oxidative leaching 
process is recommended.

The concentrations of the major radionuclides contained in the washed solids were 68.6 µCi/g 
241Am, 4,330 µCi/g 90Sr, and 61.3 µCi/g 137Cs, indicating the solids should be treated as HLW. The 
washed solids represented only 0.1 wt% of the diluted AN-107 feed material. The blending of this 
material with the HLW sludge to be processed in Phase 1 Privatization should be considered.
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First Wash Second Wash Third Wash Fourth Wash Washed Solids

Analyte AN107-AQ-30 AN107-AQ-50 AN107-AQ-70 AN107-AQ-90 AN107-AQ-100
Cesium-137 4.13E+01 1.41E+01 1.92E-01 9.00E-02 6.13E+01
Strontium-90 7.68E+00 2.67E-02 2.70E-02 4.66E-02 4.33E+03
Technetium-99 1.17E-02 1.84E-03 5.03E-04 1.85E-04 1.86E-01
Americium-241 < 4E-02 < 8E-04 9.82E-04 1.82E-03 6.86E+01
Europium-154 1.17E-02 2.95E-04 1.04E-03 1.86E-03 5.70E+01
Europium-155 < 4E-02 < 8E-04 6.36E-03 1.39E-03 4.22E+01
Total Alpha 7.96E-03 6.86E-04 1.23E-03 2.02E-03 6.91E+01

Ag < 0.1 < 0.1 < 0.1 < 0.1 (71)

Al 1140 83.4 44.6 28.2 19400

Ba < 0.1 < 0.1 < 0.1 < 0.1 1440

Ca(b) 70.0 (1.3) < 0.6 (0.62) 2200

Cd 7.26 (0.29) < 0.1 < 0.1 (76)

Co (0.55) < 0.2 < 0.2 < 0.2 < 50

Cr 59.8 17.1 10.2 5.94 9630

Cu 3.76 (0.27) (0.11) < 0.1 (97)

Fe 3.06 (0.62) 4.86 9.02 259000

K 183 < 10 < 12 < 10 < 3800

La (0.48) < 0.2 < 0.2 < 0.2 1965

Mg < 0.5 < 0.5 < 0.6 < 0.5 (970)

Mn 0.978 (0.15) 0.833 1.57 152500

Mo < 0.2 < 0.2 < 0.2 < 0.2 < 60

Na 32900 1500 354 243 26500

Ni(c) 58.6 2.14 (0.2) < 0.2 749

P 73.9 (3.0) (2.8) (1.7) (1650)

Pb 46.0 (1.9) < 0.35 (0.43) 17300

Si(d) 17.3 24.9 23.9 16.6 6930

Ti (0.03) < 0.03 < 0.03 < 0.03 197

U (16) < 10 < 12 < 10 1270

Zn 2.36 (0.26) < 0.2 (0.14) 1290

Zr < 0.2 < 0.2 < 0.2 (0.18) 2430

TOC 7550 244 < 35 < 35 (f)

TIC 3070 286 127 110 (f)

Cl- 230 12 2 3 (f)

F- 1050 75.0 23 12 (f)

NO3
- 26150 960 58 7 (f)

SO4
2- 1530 65 5 3 (f)

PO4
3- 1240 55 3 3 (f)

C2O4
2- 9425 410 45 14 (f)

Table 1. AN-107 Component Concentrations in the Wash Solutions and the Washed Solids.(a)

(a) For the liquids, concentrations for radionuclides are in units of µCi/mL; all other components are in units of µg/mL. For the 
washed solids, concentrations for radionuclides are in units of µCi/g dry solids; all other components are in units of µg/g dry 
solids. Values in parentheses are within 10 times the analytical detection limit.
(b) Because of high process blank for the Na2O2 fusion, only the Ca value from the KOH fusion was used.
(c) The Ni content of the washed solids was determined only through the Na2O2 fusion method, because a Ni crucible is 

required for the KOH fusion. The process blank for the Na2O2 fusion had a relatively high Ni content of 439 µg/g.
(d) The process blank for the liquid samples had a relatively high Si content of 22.4 µg/mL. For the analysis of the washed 
solids, only the Si value from the Na2O2 fusion was used because of high process blank for the KOH fusion.
(f) Not determined because inadequate sample available.
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Analyte First Wash Second Wash Third Wash Fourth Wash Washed Solids
Cesium-137 7.78E+02 2.51E+02 3.47E+00 1.65E+00 7.12E+00
Strontium-90 1.45E+02 4.76E-01 4.87E-01 8.54E-01 5.03E+02
Technetium-99 2.21E-01 3.27E-02 9.08E-03 3.40E-03 2.16E-02
Americium-241 < 8E-01 < 1E-02 1.77E-02 3.34E-02 7.97E+00
Europium-154 2.20E-01 5.26E-03 1.88E-02 3.41E-02 6.62E+00
Europium-155 < 8E-01 < 1E-02 1.15E-01 2.55E-02 4.90E+00
Total Alpha 1.50E-01 1.22E-02 2.22E-02 3.70E-02 8.03E+00

Ag < 1 < 1 < 2 < 1 (8)

Al 21474 1487 805 517 2254

Ba < 2 (1.8) (1.8) (1.8) 167

Ca < 1319 < 23 < 11 < 11 256

Cd < 137 < 5 < 2 < 2 (9)

Co < 10 < 4 < 4 < 4 < 6

Cr 1126 305 184 (108.9) 1119

Cu < 71 < 5 < 2 < 2 (11)

Fe < 58 (11.1) (87.7) (165.3) 30096

K 3447 (178) < 217 < 183 < 442

La < 9 < 4 < 4 < 4 228

Mg < 9 < 9 < 11 < 9 (113)

Mn < 18 (2.7) 15.0 28.8 17721

Mo < 4 < 4 < 4 < 4 < 7

Na 619724 26736 6391 4453 3079

Ni (1104) < 38 < 3 < 4 87

P (1392) (53) (51) < 31 (192)

Pb < 866 < 34 < 6 < 8 2010

Si 326 444 431 304 805

Ti < 1 < 1 (0.54) (0.55) 23

U 301.4 178.2 216.7 183.3 (148)

Zn < 44 < 5 < 4 (2.6) 150

Zr < 4 < 4 (3.6) (3.3) 282

TOC 142216 < 4349 < 632 < 641 (b)

TIC 57828 5089 2284 2016 (b)

Cl- 4332 214 36 55 (b)

F- 19778 1337 415 220 (b)

NO3
- 492577 17111 1047 128 (b)

SO4
2- 28820 1159 90 55 (b)

PO4
3- 23357 980 54 55 (b)

C2O4
2- 177535 7308 812 257 (b)

(a)  Radionuclides are given in µCi; other compoents are in µg.  Values in parentheses are for
       components that were within 10 times the analytical detection limit.
(b)  Not determined because inadequate sample available.

Table 2. Quantities in Each Wash Solution and in the Washed Solids(a)
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Analyte First Wash Second Wash Third Wash Fourth Wash Washed Solids
Cesium-137 75 24 0 0 1
Strontium-90 22 0 0 0 77
Technetium-99 77 11 3 1 8
Americium-241 < 9 0 0 0 > 91
Europium-154 3 0 0 0 96
Europium-155 < 13 0 2 0 98 > x > 84
Total Alpha 2 0 0 0 97

Ag < 10 < 10 < 11 < 10 > 59

Al 81 6 3 2 8

Ba < 1 (1.0) (1.0) (1.0) 96

Ca < 81 < 1 < 1 < 1 > 16

Cd < 89 < 3 < 1 < 1 > 6

Co < 38 < 13 < 13 < 14 > 22

Cr 40 11 6 (3.8) 39

Cu < 78 < 5 < 2 < 2 > 12

Fe < 0 (0.0) (0.3) (0.5) 99

K 77 (4) < 5 < 4 19 > x > 9

La < 4 < 1 < 1 < 1 > 92

Mg < 6 < 6 < 7 < 6 > 75

Mn < 0 (0.0) 0.1 0.2 100

Mo < 17 < 17 < 17 < 17 > 32

Na 94 4 1 1 0

Ni (89) < 3 < 0 < 0 11 > x > 7

P (81) (3) (3) < 2 11

Pb < 30 < 1 < 0 < 0 > 69

Si 14 19 19 13 35

Ti < 2 < 2 (2) (2) > 91

U 29.3 17.4 21.1 17.8 14

Zn < 22 < 2 < 2 (1.3) > 73

Zr < 1 < 1 (1.2) (1.1) > 95

(a)  Parentheses indicate that component was within 10 times the analytical detection limit.

Table 3. Percentage of Each AN-107 Component in the Wash Solutions and in the Washed Solids(a)
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Analyte Diluted Supernate(b) Based on Dilution Found Difference, %
Cesium-137 256 48 41 -14
Strontium-90 76 14.3 7.7 -46
Technetium-99 0.074 0.0139 0.0117 -15
Americium-241 0.379 0.0713 0.0400 -44
Europium-154 0.612 0.1152 0.0117 -90
Europium-155 0.356 0.0670 0.0400 -40
Total Alpha 0.447 0.0841 0.0080 -91

Ag < 3 < 0.6 < 0.1 --

Al 3930 741 1140 54

Ba (4.1) (0.8) < 0.1 --

Ca 439 83 70.0 -15

Cd 47 8.9 7.26 -18

Co < 4 < 0.8 (0.55) --

Cr 146 27 59.8 118

Cu (21) (4) 3.76 -5

Fe 1140 214.8 3.06 -99

K (1270) (239) 183 -24

La (23) (4) (0.48) -89

Mg < 12 < 2 < 0.5 --

Mn 107 20.2 0.978 -95

Mo < 6 < 1.1 < 0.2 --

Na 173500 32698 32900 1

Ni 392 74 58.6 -21

P 497 94 73.9 -21

Pb 256 48 46.0 -5

Si < 44 < 8 17.3 109

Ti < 3 < 0.6 (0.03) --

U 73.1 13.8 (16) 16

Zn (19) (4) 2.36 -34

Zr (43) (8) < 0.2 --

TOC 29900 5635 7550 34

TIC 16300 3072 3070 0

Cl- 1400 264 230 -13

F- 6350 1197 1050 -12

NO3
- 161000 30343 26150 -14

SO4
2- 7650 1442 1530 6

PO4
3- 3000 565 1240 119

C2O4
2- 1300 245 9425 3747

Concentration in First Wash

Table 4. Expected Concentrations in the First Wash Solution Based on

Dilution of the Interstitial Liquid(a)

(a) Radionuclides are reported in units of µCi/mL; all other components are in units of µg/mL.
(b) Values taked from Urie 1999. Each value is an average of duplicate measurements.
(c) It was assumed that there were 3.55 mL of interstitial liquid. This value was determined 
assuming the Na concentration in the wash solution was strictly due to dilution of the interstitial 
liquid plus the 0.01 M NaOH used as the wash medium.
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Analyte µCi/g or µg/g Ci/g Fe or g/g Fe µCi/g or µg/g Ci/g Fe or g/g Fe Removed, %
Cesium-137 165 0.018 61 2.37E-04 99
Strontium-90 192 0.021 4330 1.67E-02 19
Technetium-99 0.065 0.00001 0.186 7.19E-07 90
Americium-241 1.47 0.00016 68.6 2.65E-04 -68
Europium-154 1.31 0.0001 57.0 2.20E-04 -57
Europium-155 0.82 0.0001 42.2 1.63E-04 -86
Total Alpha 1.830 0.00020 69.1 2.67E-04 -36

Ag < 25 < 0.003 (71) (0.0003) --

Al 7500 0.805 19400 0.075 91

Ba (44) (0.005) 1440 0.006 -18

Ca (650) (0.070) 2200 0.008 88

Cd (37) (0.004) (76) (0.0003) 93

Co < 50 < 0.005 < 50 < 0.0002 --

Cr 722 0.0775 9630 0.037 52

Cu < 25 < 0.003 (97) (0.0004) 86

Fe 9315 1 259000 1 --

K (659) (0.071) < 3800 < 0.015 --

La (63) (0.0067) 1965 0.0076 -13

Mg < 100 < 0.011 (970) (0.0037) --

Mn 5020 0.539 152500 0.589 -9

Mo < 50 < 0.01 < 60 < 0.0002 --

Na 136500 14.7 26500 0.102 99

Ni 277 0.030 749 0.0029 90

P (510) (0.055) (1650) (0.0064) 88

Pb (610) (0.065) 17300 0.0668 -2

Si < 510 < 0.1 6930 0.0268 --

Ti < 25 < 0.003 197 0.0008 --

U 103 0.0111 1270 0.0049 56

Zn < 50 < 0.01 1290 0.0050 --

Zr (101) (0.011) 2430 0.0094 13

(a) Urie et al. 1999.

(b) Percent removed = 100*(Co-C)/Co where Co is the Fe-normalized concentration in the wet centrifuged

      and C is the Fe-normalized concentration in the washed solids.

Table 5. Comparison of the Compositions of the Washed AN-107 Solids to the Wet Untreated Solids

Wet Entrained Solids(a) Dry Washed Solids
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Appendix A. Test Plan
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Appendix B. Raw Data
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Appendix C. Calculations






































































































