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LEGAL NOTICE

This report was prepared by Battelle Memorial Institute (Battelle) as an account of
sponsored research activities. Neither Client nor Battelle nor any person acting on
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MAKES ANY WARRANTY OR REPRESENTATION, EXPRESS OR
IMPLIED, with respect to the accuracy, completeness, or usefulness of the
information contained in this report, or that the use of any information, apparatus,
process, or composition disclosed in this report may not infringe privately owned
rights; or

Assumes any liabilities with respect to the use of, or for damages resulting from the
use of, any information, apparatus, process, or composition disclosed in this report.

References herein to any specific commercial product, process, or service by trade
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its endorsement, recommendation, or favoring by Battelle. The views and opinions of
authors expressed herein do not necessarily state or reflect those of Battelle.
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1.0 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 zia 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 AW-101 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 AW-101 low-activity
waste (LAW) sample. The objective of this work was to gather data on the solubility of the AW-
101 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. The test went according to plan, with
no deviations from the test plan. 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.

2.0 Personnel
The Battelle personnel and their responsibilities in performing this test are given below.
Staff Member Responsibilities

Cognizant scientist. Prepared test plan and designed
experiment. Supervised performance of the test. Prepared

G.J. Lumetta analytical service request. Interpreted data and reported
results.

R.C. Lettau Hot cell technician. Performed test.

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

B.M. Rapko Technical reviewer.

K.P. Brooks Task Leader.



3.0 Experimental

Sample Description. The sample used in this test was labeled as AW-101 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 et al. 1999). The total volume of sample
AW-101 CL-1 was 85 mL and it contained approximately 5 mL of settled solids. This sample
was half of the material indicated as the “Caustic Leach” sample in Figure 1.1 of Urie et al.
(1999).

Apparatus. The apparatus used consisted of an aluminum heating block placed on a hot
plate/stitrer. The hot plate/stitrer 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 100°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.” The sample in AW-101 CL was mixed by switling. The homogenized slurry was
then filtered through a pre-weighed 0.45-um nylon filtration unit (Nalgene no. 150-0045, Nalge
Nunc International, Rochester, New York). The weights of the filtrate and filtered solids were
determined to be 108.127 g and 2.075 g, respectively. Five 4-mL aliquots of 0.01 M NaOH were
used to transfer the filtered 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 18.769
g. This value is ~15% less than expected based on the weight of the filtered solids and the

0.01 M NaOH (washing soluiton) added; this was perhaps due to loss of liquid through the
membrane during transferring process. 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 17 h. After cooling to room temperature, the mixture was weighed.
The weight was 18.242 g, indicating 0.527 g lost to evaporation. The washing slurry was filtered
through a pre-weighed 0.45-pum nylon filtration unit. During the transfer to the filter funnel, the
stir bar also fell into the filter funnel. This was lifted out and the solids stuck to it were rinsed
into the filter with a small amount of 0.01 M NaOH. The weights of the filtrate and filtered
solids were determined to be 17.461 g and 1.317 g, respectively. Two aliquots (~10-mL each) of
the filtrate were taken for analysis. There were no solids in this solution after 21.5 h, indicating
no precipitation following filtration.

@ See Appendix A for a copy of the test plan and procedural notes.



The washing procedure described above was repeated three times for a total of four washes. The
heating and mixing times for the second, third, and fourth washing steps were 16, 20, and 21 h,
respectively. There was no evidence of precipitation in the wash solutions after standing
overnight. The weight of the wet filtered solids were 1.210, 1.314, and 1.128 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 0.058 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), St-90, total alpha, total uranium, and
GEA.

Because of the small quantity of washed solids, it was not possible to perform all the analyses
originally stated in the test specification. To dissolve the solids for analysis, 5 mL of 12 M HCl
was added to the glass vial containing the dried washed solids. After heating at 90°C for ~1.5 h,
most of the solids had dissolved, but some remained. In an attempt to dissolve the remaining
solids, 1 mL of 16 M HNO; was added. Again, the mixture was heated at 90°C. After 1.75h, a
white solid had collected around the threads of the vial cap. The sample was evaporated to
dryness at 90°C, then five 5-mL aliquots of 0.1 M HCl was used to quantitatively transfer the
material to a clean HDPE vial. One-mL of 10 M HF was added and the mixture was evaporated
at ~80°C until only about 2 mL remained. Another 5 mL 0.1 M HCI was added and the solution
was filtered through a 0.2-um nylon membrane. The filtered solution was diluted to 25 mL with
0.1 M HCL This solution was subjected to the following analytical procedutes: ICP/AES, ICP-
MS(T¢-99), St-90, total alpha, total uranium, and GEA. The small amount of gray filtered solid
was saved, but was not further analyzed.

4.0 Results

Table 1 presents the concentration of the analyzed AW-101 components in each washing
solution and in the washed solids. A caveat must be placed on the results for the washed solids:
the concentrations listed in Table 1 assume that the washed solids were dissolved completely for
analysis. As indicated in the experimental section, a small amount of material did not dissolve on
treatment with acid. 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, and Na were removed reasonably well from the AW-101 entrained solids. The
Na concentration in the final wash solution (243 ug/mL = 0.0106 M) was essentially the same as
that in the wash solution added (0.010 M NaOH) indicating that essentially all soluble Na-
containing components were removed. Only about 40% of the Cr was removed by dilute



hydroxide washing. The washed solids contained 3.5 wt% Cr. The main elements in the residual
solids were U (18.5 wt%), Si (17.2 wt%), Na (5.7 wt%), Fe (4.9 wt%), Mn (4.5 wt%), Cr (3.5
wt%0), Al (2.9 wt%), and Ca (2.3 wt%o).

The radiochemical data indicated nearly quantitative removal of '’Cs from the AW-101
entrained solids. Approximately 70% of the *Tc was also washed from the solids. The wash
solution could be processed along with the liquid fraction of the AW-101 LAW to remove these
two radioisotopes. Small fractions of the *’Sr and TRU might also be present in the wash
solution.

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 AW-101 supernate and the 0.01 M NaOH (230 pg/mL Na) used as the washing medium.
The Na concentration in the first wash solution was 12150 pg/mlL, of which 12150 — 230 =
11,920 pg/mlL is attributed to dilution of the interstitial supernate. Given the wash solution
volume of 16.9 mL and the Na concentration in the diluted AW-101 supernate was 148,500
ug/mL (Urie 1999), the volume of the interstitial liquid was estimated as

V = (16.9 mL)(11,920 ng/mL)/( 148,500 ug/mL) = 1.36 mL

This value was then used to determine the concentration expected for each AW-101 component
expected in the first wash solution based on dilution (Table 4). In many cases, the difference
between what was expected from dilution and what was actually measured was within 20%,
indicating dilution was primarily responsible. Notable exceptions were "T¢, Cr, Si, U, TOC, and
TIC. Thus, the washing procedure appeared to actually remove fractions of these latter
components.

Table 5 presents the mass recoveries for the major waste components. These mass recoveries
were calculated using the composition of the diluted AW-101 feed material reported by Urie et
al. (1999). In that work, the AW-101 solids were dissolved for analysis using a KOH fusion
method. The mass recoveries were generally low. This is probably due to a combination of loss
of material during the various transfers made during the test (e.g., the transfer of solids from the
filter membrane back into the washing bottle) and the incomplete dissolution of the washed
solids for analysis. If the latter reason is the dominant cause, we can adjust the concentrations in
the washed solids for the material not accounted for.

For example, based on the data in Urie et al. (1999) and the mass of the sample used, the
amount of Al in the sample was calculated to be 31,542 pg. Yet, only 23,454 pg were determined
in the wash solutions and the washed solids (a 74% recovery). Thus, 8,088 ug of Al was
unaccounted for. Assuming this was in the undissolved portion of the washed solids, the
adjusted Al concentration in the washed solids is given by (1682 + 8088 ng)/(0.0577 g solids) =
169,000 pg/g (Note: The 1682 ng is the amount measured in the washed solids and 0.0577 g was
the weight of the washed solids). In this manner, the following adjusted values for the washed
solids were determined: Al (16.9 wt%), Cr (5.5 wt%), Fe (6.6 wt%), Mn (6.7 wt%), and U (25.6
wt%o).



Table 6 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., Cs, Tc, Al,
Cr, K, and Na), the percent removals obtained in this manner agreed well with those reported in
Table 3. However in most other cases, the removals indicated in Table 6 appear unreasonably
high.

5.0 Conclusions and Recommendations

The results of this test suggest that caustic leaching would not provide much benefit for
processing the AW-101 entrained solids. Washing with 0.01 M NaOH appeared to remove

> 90% of the Al from the AW-101 solids. There is some uncertainty in this conclusion because
of the low mass recovery for Al. Taking this uncertainty into account, the Al concentration in
the washed solids was 2.9 to 16.9 wt%. Uranium is a major component of the washed AW-101
solids. Caustic leaching test with other tank sludges indicated that U in not generally soluble in
the caustic media use (but there are some exceptions) (see Lumetta et al. 1996 and 1997; Rapko
et al. 1995).

The Cr concentration (3.5 to 5.5 wt%) might present some problems in immobilizing the
washed AW-101 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 4.51 uCi
TRU/g (as indicated by the total alpha concentration), 2.43 pnCi “Am/ g, 1,950 pnCi %S¢/ g, and
35 uCi "Cs/g, indicating the solids should be treated as HL.W. The washed solids represented
only 0.05 wt% of the diluted AW-101 feed material. The blending of this material with the HLW
sludge to be processed in Phase 1 Privatization should be considered. The impact to the overall
flowsheet assuming the worst-case 16.9 wt% Al and 5.5 wt% Cr values, should be evaluated.
Perhaps even with these assumed high Al and Cr concentrations in the washed LAW entrained
solids, the overall impact of these solids on the flowsheet would be minimal if they were blended
with the bulk HLW feed.
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Table 1. AW-101 Component Concentrations in the Wash Solutions and the Washed Solids.”

First Wash Second Wash Third Wash Fourth Wash Washed Solids

Analyte AWI101-AQ-30A”  AWI0I-AQ-50A  AWIOI-AQ-70A  AWI01-AQ-90A  AWI101-AQ-100
Cesium-137 1.70E+01 1.14E+00 3.15E-01 1.88E-01 3.50E+01
Strontium-90 3.80E-02 1.75E-02 7.19E-02 6.85E-02 1.95E+03
Technetium-99 2.35E-02 2.53E-03 8.06E-04 3.93E-04 3.22E+00
Americium-241 <3E-04 < 5E-05 < 7E-04 < 1E-03 2.43E+00
Europium-154 <2E-03 <2E-04 < 8E-05 <2E-04 6.33E-01
Europium-155 <1E-02 <2E-03 < 5E-04 <8E-04 7.80E-01
Total Alpha <3E-04 < 5B-05 2.70E-04 2.52E-04 4.51E+00
Ag <19 <038 <038 <038 382
Al 1090 89.6 49.6 38.5 29159
Ba <13 (0.1) (0.1) (0.2) 2803
Ca <125 <5.0 <5.0 <5.0 23050
cd <19 <038 <038 <038 1135
Co <3.1 <13 <13 <13 159
Cr 65.0 5.36 1.72 (0.47) 34965
Cu <19 <038 <038 <038 563
Fe® <3.1 (0.38) (0.65) 0.67) 48960
K 1615 (58) <100 <100 (2166)
La <3.1 <13 <13 <13 111
Mg <125 <5.0 <5.0 <5.0 2080
Mn <06 (0.1) 0.428 0.382 45494
Mo <38 <15 <15 <15 <13
Na 12150 783 283 243 56759
Ni (1.4) <15 <15 <15 7149
P (12) (1.2) (0.57) <50 2045
Pb <75 <3.0 <3.0 <3.0 3726
si 74.2 62.9 72.4 61.2 172444
Ti <06 <03 (0.03) (0.03) 332
U 3.03 1.19 4.45 4.16 175325
Zn" <25 <1.0 <10 (0.25) 6716
Zr <3.1 <13 0.27) (0.25) 7496
TOC 1900 <170 <80 <80 ®

TIC 410 190 120 120 ®

cr 250 11 3 2.5 ®

F 100 6.0 <14 <14 ®

NO; 7300 360 34 2.7 ®

S0~ 120 6.5 <238 <238 @

PO <50 <28 <28 <28 @

(a) For the liquids, concentrations for radionuclides are in units of pCi/mL; all other components are in units of pg/mL. For the
washed solids, concentrations for radionuclides are in units of pnCi/g dry solids; all other components are in units of pg/g dry
solids. Values in parentheses are within 10 times the analytical detection limit.

(b) The reported values for the metals are the average of two duplicate ICP/AES analyses.

(c) The process blank had a relatively high Fe content of 0.4 pg/mL.

(d) The process blank had a relatively high Si content of 119 pg/mL.

(e) The process blank had a relatively high Zn content of 0.3 pg/mL.

(f) Not determined because of acid dissolution method used to prepare analyte solution.



Table 2. Quantities in Each Wash Solution and in the Washed Solids®

Analyte First Wash Second Wash Third Wash Fourth Wash Washed Solids
Cesium-137 2.87E+02 2.21E+01 5.96E-+00 3.35E+00 2.02E+00
Strontium-90 6.42E-01 3.39E-01 1.36E+00 1.22E+00 1.13E+02
Technetium-99 3.98E-01 4.92E-02 1.53E-02 6.99E-03 1.86E-01
Americium-241 < 5E-03 < 1E-03 < 1E-02 <2E-02 1.40E-01
Europium-154 <3E-02 <4E-03 <2E-03 <4E-03 3.65E-02
Europium-155 <2E-01 <4E-02 <9E-03 < 1E-02 4.50E-02
Total Alpha < 5E-03 < 1E-03 5.11E-03 4.48E-03 2.60E-01
Ag <32 <16 <15 <14 22
Al 18407 1741 939 685 1683
Ba <22 (1.8) (1.2) 2.7) 162
Ca <211 <97 <95 <89 1330
Cd <32 <16 <15 <14 66
Co <52 <25 <25 <23 9
Cr 1098 104 33 (8.4) 2018
Cu <32 <16 <15 <14 33
Fe <52 (7.4) (12.3) (11.9) 2825
K 27273 (1127) <1893 <1779 (125)
La <52 <25 <25 <23 6
Mg <211 <97 <95 <89 120
Mn <10 (1.8) 8.1 6.8 2625
Mo <64 <29 <28 <27 <1
Na 205180 15211 5358 4324 3275
Ni (24) <29 <28 <27 413
P (203) (23) (11) <89 118
Pb <127 <58 <57 <53 215
Si 1252 1222 1371 1089 9950
Ti <10 <6 (0.59) (0.57) 19
8} 51.1 23.1 84.3 74.0 10116
Zn <42 <19 <19 4.4) 388
Zr <52 <25 (5.1) 4.4) 433
TOC 32086 <3303 <1515 <1423 (b)

TIC 6924 3691 2272 2135 (b)

Cr 4222 214 57 44 (b)

F 1689 117 <27 <25 (b)

NOy 123277 6994 644 48 (b)

SO,~ 2026 126 <53 <50 (b)

PO, <844 <54 <353 <50 (b)

(a) Radionuclides are given in pCi; other compoents are in pg. Values in parentheses are for

components that were within 10 times the analytical detection limit.
(b) Not determined because of the acid dissolution method used to prepare the analyte solution.



Table 3. Percentage of Each AW-101 Component in the Wash Solutions and in the Washed Solids®

Analyte First Wash Second Wash Third Wash Fourth Wash Washed Solids

Cesium-137 90 7 2 1 1
Strontium-90 1 0 1 1 97
Technetium-99 61 8 2 1 28
Americium-241 <3 <1 <7 <10 >179
Europium-154 <43 <5 <2 <4 > 46
Europium-155 <61 <14 <3 <5 > 16
Total Alpha <2 0 2 2 96 >x > 94
Ag <32 <16 <15 <14 >22
Al 78 7 4 3 7
Ba <12 (1) 1) @8] 88 >x>85
Ca <12 <5 <5 <5 >173
Cd <23 <11 <11 <10 > 46
Co <39 <19 <18 <17 >17
Cr 34 3 1 (0.3) 62
Cu <29 <14 <14 <13 >30
Fe <2 (0.3) 0.4) (0.4) 97
K 85 3) <6 <6 <15
La <40 <19 <19 <18 >5
Mg <34 <16 <15 <15 >20
Mn <0 (0.1) 0.3 0.3 99
Mo <43 <20 <19 <18 >1
Na 88 7 2 2 1
Ni (5) <6 <5 <5 95>x>179
P (46) %) ) <20 47 >x>27
Pb <25 <11 <11 <10 >42
Si 8 8 9 7 67
Ti <28 <16 2) 2) > 53
U 0.5 0.2 0.8 0.7 98
Zn <9 <4 <4 0.9) > 82
Zr <10 <5 (1.0) (0.9) > 83

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



Table 4. Expected Concentrations in the First Wash Solution Based on
Dilution of the Interstitial Liquid®

Concentration in First Wash

Analyte Diluted Supernate(b) Based on Dilution"® Found Difference, %

Cesium-137 230 18.5 17.0 -8
Strontium-90 <0.5 <0.04 0.038 -6
Technetium-99 0.094 0.0075 0.024 213
Al 16350 1317 1090 -17
Cr 56.1 4.52 65.0 1339
K 23000 1852 1615 -13
Na 148500 11959 12150 2
Ni (4.8) (0.39) (1.4) 262
P 323 26.0 (12) -54
Si (130) (10.5) 74.2 608
U 3.22 0.259 3.03 1067
TOC 1560 126 1900 1412
TIC 2155 174 410 136
Cr 3300 266 250 -6
F 830 67 100 50
NO; 123000 9906 7300 -26
S0,” 1850 149 120 -19

(a) Radionuclides are reported in units of uCi/mL; all other components are in units of pg/mL.
(b) Values taked from Urie 1999. Each value is an average of duplicate measurements.

(c) It was assumed that there were 1.36 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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Table 5. Mass Recoveries for Key
AW-101 Waste Components

Component Recovery, %

Cesium-137 78
Strontium-90 28
Technetium-99 71
Americium-241 26
Total Alpha 20
Al 74
Cr 74
Fe 76
K 91
Mn 66
P 50
U 69

11



Table 6. Comparison of the Compositions of the Washed AW-101 Solids to the Wet Untreated Solids

Wet Entrained Solids” Dry Washed Solids

Analyte uCi/g or pg/g Ci/g Fe or g/g Fe uCi/g or pg/g Ci/g Fe or g/g Fe Removed, %
Cesium-137 192 0.138 35.0 7.14E-04 99
Strontium-90 151 0.108 1954 3.99E-02 63
Technetium-99 0.350 0.00025 3.22 6.57E-05 74
Americium-241 0.25 0.00018 2.43 4.96E-05 72
Europium-154 <0.2 <0.0001 0.63 1.29E-05 91
Europium-155 <0.5 <0.0004 0.78 1.59E-05 96
Total Alpha 0.511 0.00037 451 9.20E-05 75
Ag (90) (0.064) 382 0.0078 88
Al 14500 10.4 29159 0.596 94
Ba (25) (0.018) 2803 0.057 -218
Ca (1700) (1.22) 23050 0.471 62
Cd (35) (0.025) 1135 0.023 7
Co <44 <0.03 159 0.0032 90
Cr 1620 1.17 34965 0.714 39
Cu <22 <0.02 563 0.012 27
Fe 1390 1.00 48960 1.00 -

K 17200 12.4 (2166) (0.044) 100
La <44 <0.03 111 0.0023 93
Mg (255) (0.183) 2080 0.042 77
Mn 1415 1.02 45494 0.929 9
Mo <44 <0.03 <13 <0.0003 99
Na 127500 91.7 56759 1.16 99
Ni 215 0.155 7149 0.146 6
P (385) 0.277) 2045 0.042 85
Pb (120) (0.086) 3726 0.076 12
Si (2200) (1.58) 172444 3.52 -123
Ti <22 <0.02 332 0.0068 57
U 5440 391 175325 3.58 9
Zn <44 <0.03 6716 0.137 -333
Zr (220) (0.158) 7496 0.153 3

(a) Urie et al. 1999.
(b) Percent removed = 100*(C,-C)/C, where C, is the Fe-normalized concentration in the wet centrifuged

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

12
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Applicability

This test plan is to be used to determine 1) the aqueous-insoluble fraction of the entrained solids
from BNFL LAW samples and 2) the caustic-insoluble fraction of the entrained solids from
BNFL LAW samples. The work will be conducted in the SAL hot cells. The work will be
conducted by Radiochemical Processing Group staff. This work is being done as part of the
Technical Support to BNFL for Phase 1B project.

Test Objectives

Justification: This activity supports confirmation of the process sequence, equipment
performance, and design parameters for caustic leaching of solids separated from the low-activity
waste (LAW) solutions.

Objective: This task will gather data on the inhibited water solubility of solids entrained in the
LAW solutions. Caustic leaching experiments will estimate the removal efficiency for caustic
soluble components and aid in determining the disposition of these solids.

Definitions

BNFL Bntish Nuclear Fuels Ltd.

HDPE High-density polyethylene

HLW High-level waste

RPL Radiochemical Processing Laboratory

Emergency Response

In the event of building audible alarms (e.g., fire or criticality) personnel should proceed in
accordance with the RPL Building Emergency Procedure. If time permits, ensure that test
materials are secured from spilling prior to exiting the area.

Quality Control

Quality assurance for work conducted under this Test Plan is governed by the Standards-Based
Management System (SBMS). The quality control for each analysis will be established per
Quality Assurance Plan MCS-033. MCS-033 specifies the minimum calibration and verification
requirements for analytical systems, as well as batch processing quality control samples to
monitor preparations (i.c., blanks, duplicates, matrix spikes, and laboratory control standards).

A work place copy of this document shall be present at the work location. Specific information
regarding each test (e.g., sample numbers) will be recorded on the work place copy and kept as
project records.

As discussed in the Prerequisites section, calibrated balances must be used in performing this test.
Likewise, a calibrated temperature controller is required. The calibration ID, date of calibration,
and calibration expiration date must be recorded on the work place copy for each balance used
and for the temperature controller.

Measured weights will be recorded on the work place copy at the indicated spot in the work
instructions.

BNFL-TP-29953-9 Page 2 of 19



Hand written changes or corrections made to the work place copy will be made by means of a
single line-out. Such changes or corrections shall be initialed and dated by the staff member
making the change and by the cognizant scientist.

Equipment Description

A standard laboratory hot plate/magnetic stirrer will be used for this test. An aluminum heating
block will be placed on the hot plate/stirrer to heat the sample. The apparatus will be equipped
with two thermocouples. One of the thermocouples will be connected to a temperature controller,

while the other will be connected to an over-temperature shut-off device. The latter will be used
to ensure the sample is not over heated, which could result in lose of sample.

Prerequisites
Staff performing the work must read and understand the entire test plan prior to beginning work.

The following are items that should be staged prior to start of the test.

Wide-mouth HDPE bottle; size to be determined (2) Pvpavtim of 001 4 NaOIL
20-mL HDPE vial (14) b i}
30- to 40-mL glass vials (2) 10 oL 0:10143 8,007 &1 “40
Hot plate/stirrer (1/m19€ 35 Chm Re_ Y3
Aluminum heating block vas  ollvdd 4o 00t
Temperature controller with temperature read-out witly  ditonised Cete,
Over-temperature shut-off device . FuuartE

0.45-um nylon syringe filters (2) 2. /4 /59

5-mL syringes (2) il
0.45-um nylon disposable filter units (9) Aestlar kot a8 P
Adjustable 5-mL pipette e Se

0.01 M NaOH 270740 AL

3 M NaOH

The temperature controller shall be calibrated by maintenance services. Record the following

information regarding the temperature controller used. —n.f, ::’\w "
Calibration ID: oros 3 i Ry
Calibration Date: 1/12/4a4 WL 1754
Expiration Date: I/ 1eco 1/ 2000 I/2001

A calibrated balance is required for this test. Record the following information regarding the
balance(s) used.

tell- 2

Calibration ID:  360-06-0(-0i( Calibration ID:
Calibration Date: 9-2-97 Calibration Date:
Expiration Date: 299 Expiration Date:

BNFL-TP-29953-9 Page 3 of 19



Before beginning work, a routine performance check should be performed and documented in the

space below. P

SN ®HN2ZI Weights due 4/99 5¢ = 5,0000 afalsh

SAL cell- e
- 10§ = 10,0000

204 = 1e. o
505’ bo.00072

Work Instructions

Notes
Where practical, catch pans should be used when working with the tank waste samples,
so that they can be recovered if spilled.

Throughout this test plan bottle, vials, etc. are labeled as “ -XX-YY.” The labels
XX and YY are defined in the text. The tank number should be filled in the blank, e.g.,
“AW101.”

Part 1. Determination of Aqueous-Insoluble Fraction
—> AW-jol CLI
1.1. Obtain a LAW sample containing ~5 mL of settled solids, as directed by the cognizant
scientist. Stir to homogenize the sample.

12 Label a disposable filter unit (0.45-um nylon) as A’ 12| -AQ-10

2/9/9a » 13 Weigh AwW!101-AQ-10
AhA

Wt. _AWIOL AQ-10=$57748 g (1.3A)
Also weigh just the bottom part of the filter unit; i.e., the receiving bottle and cap
Wt. receiving bottle&cap=42.21(,0 g (1.3B)

Hio)an 14 Connect _Aw 10\ -AQ-10 to the vacuum line
p
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vjopq 15

|40

Filter the homogenized sample through A -101 -AQ-10
Al 16 Disconnect from the vacuum once the liquid has filtered
1.7 Place the cap on the top of the filter unit and weigh Awlio! -AQ-10

Wadghed T froo pleces.

Ratorm /o cap > 13641330 Wi AWIo)-AQ-10 = 175.9764 ¢ (1.7A)
Top = M.ﬁ}'

Carefully remove the funnel part of the apparatus from the receiving bottle, place the cap
on the receiving bottle and weigh.

N ; Wt. receiving bottle&cap = 150,341k g (1.7B)
4 o
» *{ :—3 Save the filtered solution.
d
',i &1 8 Determine the total weight of the sample
§ ,\‘E Wt. Sample = 1.7A-13A = 110.2°l ¢ (1.84)
34¢
é? é Determine the weight of the filtered liquid
a3
—A Wt. Liquid = 1.7B-1.3B=__|o¥.i2CLp (1.8B)
>
i
b Q3 Determine the weight of the filtered solids
% i Wt. Solids = 1.8A-18B=_2.0750 ¢ (1.8C)
-~ 5
5 j 1.9 Measure out the appropriate volume of 0.01 M NaOH as instructed by the cognizant
€ % scientist into a plastic bottle
<3
i 2 Vol. Used= 20 mL (1.9A)
v £ 1.10  Label an appropriately sized wide-mouthed HDPE bottle as Aw 101 -AQ-20. Place a stir
X2 bar in this bottle.
i@
g:i 1.11  Weigh Awliol -AQ-20 including cap and stir bar
.

Wt. AwIO| -AQ-20= /Z 4780 g (1.11A)

~» M ale el

1.12  Slurry the filtered solids using a portion of 0.01 M NaOH (volume = 1.9A + 5); transfer

> this sl to Aw ol _AQ-20 Solids stuer foicl, well 4o Prle & (e sttt
e Q — P alt +Z Ao, LA was Bk onw weHd do olon

, d.
1.13  Repeat step 1.12 four times to ensure complete transfer of the solids to _Aw!'0! -AQ-20 ** L
WK O Hood Duslin of Gl o L dloyps mdssed G bopge, -

1.14  Place the cap back on _Aw!'0) -AQ-20 and weigh

-
Of

Alga

Jud pipet vo stk
OP af megla A porst

frernn .C‘-M*-—‘\'-A-" c.c.-J"““"’"J‘

| Wt Awiol-AQ20= 2. THT (1.144) 4
Avdllch—/tQ'?-o
4 A canatll W.JIJ of st rocidas  rlmecoad O
s Litle - Ty wss dgiaredad. bt
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Battelle PNNL/RPG/Inorganic Analysis --- IC Report

Q.C. Comments:

Following are results of quality control checks performed during IC analyses. In general, quality
control checks met the requirements of the governing QA Plan, MCS-033.

Working Blank Spike/Process Blank Spike: Process Blank Spike recoveries ranged from 91% to
100%, well within the acceptance criteria of 75% to 125%.

Matrix Spiked Sample: The matrix spike recovery for samples AW101-SOL-30A2 and
AW101-AQ-90A ranged from 86% to 115%. Again, this is well within the acceptance criteria
of 75% to 125%.

Duplicate: No duplicates were provided. However, the laboratory-dilution of sample
AW101-SOL-40A1 was analyzed in replicate (i.e., two different analysis injections) at the IC
workstation from two different IC workstation dilutions. Two replicate analyses failed the
acceptance criteria of a Relative Percent Difference less than 20%; nitrate on IC dilution #1 and
chloride on IC dilution #2. Based on QC performance of matrix spikes and verification
standards, no explanation can be offered for the poor precision on the one nitrate from IC
dilution #1. However, there are significant interference peaks between the fluoride and nitrite
retention times than can account for the poor precision of the chloride results, since chloride peak
baselines are difficult to establish.

System Blank/Processing Blanks: No anions were detected above reportable concentrations in
the system blanks or in the processing/dilution blank.

Quality Control Calibration Verification Check Standards: Five mid-range verification standards
were analyzed throughout the analysis run. For all reported results, the concentrations of all
analytes of interest were recovered within the governing QA Plan acceptance criteria of + 10%
for the verification standard.

Notes:
1) "Final Results" have been corrected for all laboratory dilution performed on the sample
during processing and analysis.

2) The low calibration standards are defined as the estimated quantitation limit (EQL) for
the reported results and assume non-complex aqueous matrices. Actual detection limits
or quantitation limits for specific sample matrices may be determined, if requested.

3) Routine precision and bias is typically + 15% or better for non-complex aqueous samples

that are free of interference and have similar concentrations as the measured anions.
Sample-specific precision and bias may be determined on each sample if required.

ASR 5275.doc Page 3 of 3



%
%45\% BaHEIIe Project No. 29953

Putting Technology To Work

Internal Distribution

Date April 6, 1999 File/LB

To G. Lumetta

From M. Urie W?ééo(_/

subject ~ Carbon Analysis Results for AW-101 SOL
and AW-101 AQ Samples

The analysis of the AW-101-SOL and AW-101-AQ samples submitted under ASR 5275 was done by
the hot persulfate wet oxidation method, PNL-ALO-381, rev. 1. The hot persulfate method uses acid
decomposition for TIC and acidic potassium persulfate oxidation at 92-95 °C for TOC, all on the same
weighed sample, with TC being the sum of the TIC and TOC.

The samples were analyzed on April 1, 1999 and Table 1 below shows the results, rounded to three
significant figures. The raw data bench sheets and calculation work sheets showing all calculations are
attached. All sample results are corrected for average percent recovery of system calibration standards
and are also corrected for contribution from the blank.

Due to the limited quantity of original sample available and the number of different analyses requested,
the sample were diluted to provide enough volume for each of the analyses. All results are corrected
for preparative dilutions and analysis dilutions, and are reported in microgram of carbon per milliliter of
original sample.

QC Narrative

The TIC standard is calcium carbonate and TOC standard is a-Glucose (the certificates of purity are
attached). The standard materials were used in solid form for system calibration standards as well as
matrix spikes. TIC and TOC percent recovery are determined using the appropriate standard (i.e.,
calcium carbonate for TIC or glucose for TOC).

The QC for the methods involves calibration blanks, system calibration standards, sample
duplicates, and one matrix spike per matrix type. The QC system calibration standards were all
within acceptance criteria, with the average recovery being 93.9% for TIC and 97.1% for TOC.
The calibration blanks were acceptable, averaging 16.7 pgC for TIC and 33.7 pgC for TOC.

The accuracy of the carbon measurements can be estimated by the recovery results from the
matrix spike. The matrix spike recovery from sample 99-1160 106% for TIC and 103% for
TOC, well within the acceptance criteria of 75% to 125%. The precision, estimated by the RPD
(Relative Percent Difference) between duplicates, could not be measured since the duplicate
contained carbon less than 5 times the estimated quantitation limit.

E54-1800-001 (4/96)



G. Lumetta

April 5, 1999

Page 2

Some results are reported as less than (“<”) values. These less than values represent the
sample MDL (method detection limit), which is the system MDL adjusted for the volume of

sample used for the analysis. The system MDL is based on the attached pooled historical blank

data.

Table 1: TIC, TOC, and TC Results

Prep

ALO Number [Sample ID Vol | Dilution| TIC* TIC TOC* | TOC TC* TC

al ml | Factor |ugC/iml| RPD [ugC/ml| RPD |[ugC/mi| RPD
99-1151 PB PROCESS BLANK 2.00 5.00] <25 <40 < B5™
99-1151 AW101-SOL-30A1 1.00 12.25| 2760 1900 4660
99-1152 AW101-SOL-30A2 1.00 10.00] 2960 1940 4900
99-1153 AW101-SOL-40A1 1.00 12.25] 3040 2010 5050
99-1154 AW101-SOL-40A2 1.00 12.25| 2940 1960 4900
99-1155 AW101-SOL-50A1 1.00 10.00] 3170 2010 5180
99-1156 AW101-SOL-50A2 1.00 10.00| 2730 2030 4760
99-1157 AW101-AQ-30A 0.50 5.00] 410 1900 2310
99-1158 AW101-AQ-50A 0.50 5.00] 190 <170 360**
99-1159 AW101-AQ-70A 1.00 5.00{ 120 <80 200*
99-1160 AW101-AQ-90A 1.00 5.00] 120 <80 200**
99-1160 Dup |AW101-AQ-90A Dup 1.00 5.00] 120 n/a <80 n/a 200™ n/a
99-1160 Spike [AW101-AQ-90A Spike ( %rec) | 1.00 5.00| 106% 103% 105%
* Corrected for laboratory dilution performed prior to analysis
“* Maximum TC (i.e., results calculated as if “< values” present in the sample) :
RPD = Relative Percent Difference between sample and duplicate (n/a = not calculated since results <5xMDL)
Approve: w}‘m HL-77

gt T
Archive Information:
[ Files: C124-P-701.doc, C124-701.xls ASR: 5275
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329/4 File
Date March 10, 1999

To Mike Urie

From James Bramson%‘r“*ﬂ

Subject ICP/MS Analysis of Submitted Samples
(ACL #99-1151 through 99-1160)

Pursuant to your request, the 11 samples that you submitted for analysis were analyzed
by ICPMS for **Tc. The results of this analysis are reported on the attached page.

An Amersham **Tc standard was used to generate the calibration curve and an
independent Amersham *Tc standard was used as the continuing calibration
verification (CCV) standard. The 1% high-purity nitric acid solution used to dilute the
standards and samples was used as a reagent blank. The samples were diluted an
extra 5x (99-1159, 99-1160) and 20x (all others) from the dilutions provided. The
results include your dilutions and are reported in ng/ml (ppb) of the original sample.
Unless otherwise specified, the overall uncertainty of the values is conservatively
estimated at +10%, and is based on the precision between consecutive analytical runs
as well as the accuracy of the CCV standard results.

The **Tc values reported assume that the Ru present is exclusively fission-product Ru,
and therefore does not have an isotope at m/z 99; i.e., everything observed at m/z 99 is
due to *Tc. The fingerprint we're seeing for Ru is obviously not natural, and is
consistent with that observed in previous tank waste analyses. Ru counts, corrected for
sample dilution, are provided for your information.

If you have any questions regarding this analysis, feel free to call me at 372-0624 or
Tom Farmer at 372-0700.



fliin

Lumetta Tc-99 Samples

March 10, 1999

The results are reported in ng/ml (ppb) of original sample.
The uncertainty of the results is estimated at +10%.

Ru ratio

Sample Client’ ICP/MS Tc-99 101/102  tRu-101
Number Number Number ng/ml . (*0.541) _ng/mi
1%HNO3 9309a1 <0.05 c
1%HNO3 9309a10 <0.05
1%HNQO3 9309a25 <0.05
PB-1151 9309a11 <0.05 1.5217 3
99-1151 AW101-SOL-30A1 93098a21 6030 1.1917 1700
99-1151 + spike = AW101-SOL-30A1 9309a24 8740
Spike Recovery 108%
99-1152 AW101-S0L-30A2 9309a19 6230 1.1788 1800
99-1152 Dup. AW101-SOL-30A2 9309a23 6210 1.2040 1700
99-1153 AW101-SOL-40A1 9309a20 6320 1.1136 1700
99-1154 AW101-SOL-40A2 9309a22 6230 1.1630 1700
99-1155 AW101-SOL-50A1 9309a17 6520 1.1806 1800
99-1156 AW101-SOL-50A2 9309a18 6400 1.1421
99-1157 AW101-AQ-30A 9309a15 1380 1.1868 150
99-1157 Dupe AW101-AQ-30A 9309a16 1390 1.0951 150
99-1158 AW101-AQ-50A 9309a14 149 1.2497 15
99-1159 AW101-AQ-70A 9309a13 47 .4 1.0146 0.8
99-1160 AW101-AQ-90A 9309a12 23.1; 1.6620 0.5
1ppb Tc-99 9309a7  0.977
10ppb Tc-99 9309a26 10.3
10ppm Co 9309a5 <0.05°¢
* Natural "°'"Ru/'"®®Ru ratio.
tBased on response from yttrium.

Te-%%  0.007C /.
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329/4 File
Date April 29, 1999
To Greg Lumetta
From Tom Farmer

subject ICP/MS Analysis of Submitted Samples

Pursuant to your request, the sample that you submitted for analysis was analyzed by
ICPMS for **Tc. The results of this analysis are reported on the attached page.

An Amersham *Tc was used to generate the calibration curve. An independent
Amersham *Tc standard was used as the continuing calibration verification (CCV)
standard. Unless otherwise specified, the overall uncertainty of the values is
conservatively estimated at +10%, and is based on the precision between consecutive
analytical runs as well as the accuracy of the CCV standard results.

The **Tc values reported assume that the Ru present is exclusively fission-product Ru,
and therefore does not have an isotope at m/z 99; i.e., everything observed at m/z 99 is
due to *Tc. The fingerprint we're seeing for Ru is obviously not natural, and is
consistent with that observed in previous tank waste analyses. Approximate '*'Ru
concentrations are provided for your information.

If you have any questions regarding this analysis, feel free to call me at 372-0700 or
James Bramson at 372-0624



Lumetta Tc-99 Analysis //M
April 28, 1999 // '71/30/,;)?

Results are reported in ng analyte/ml solution submitted.
The uncertainty of the results is estimated at +10%.

Sample ICP/MS Tc-99 Ru/"2RUy +"°'Ru
Number Number ng/ml (*.541) ng/ml
1%HNO3 9428a1
1%HNO3 9428a4

=S sl Tt e et e —— ] R
99-1161 AWNDl . AQ - 08D 9428a5 0.854 17
99-1161 Dup. 9428a7 1.166 18
99-1161 + spike 9428a8
Spike Recovery

|

5ppb Tc-99 CCV 9428a6
10ppb Co 9428a9

:sabed :eleq

:£q pameinsy
M3IAZY vivad

DATA REVIEW
i
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Do 30Mpr 99 Poszs: 94
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AWI101 Tank Liquids and Wash Solutions (ASR 5275)
Radiochemistry Analytical Results

Sample Preparation

Tank liquid and wash solution samples were analyzed from tank AW101. The samples were acid
digested according to procedure PNL-ALO-128 in the laboratory prior to analysis.
Radiochemistry results are shown on the attached table along with 1-sigma total uncertainties.
All results are reported on a uCi per ml of liquid. Samples labeled “duplicate” are independent
analyses from separate aliquots of starting material in the hot cell; those labeled “replicate” are
separate aliquots analyzed in the laboratory.

Gamma Energy Analysis

The acid digested samples were directly gamma counted following procedure PNL-ALO-450.
Most of the gamma emission from these samples is from Cs-137. The only other detectable
gamma emitters were Co-60 and Cs-134. The prep blank had a negligible amount of Cs-137..
All of the duplicate results agree within the expected uncertainties. Since gamma analyses do not
involve chemical separations, no sample spiking is performed. Due to the high level of Cs-137 in
these samples, it was not possible to detect all of the other analytes at the requested Minimum
Reportable Quantity values. Detection limits are thus reported for Eu-154, Eu-155, and Am-241.

Gross Alpha

For gross alpha measurements, aliquots of the digested samples were evaporated on planchets for
counting following procedures PNL-ALO-420 and 421. Weak alpha activity was only detectable
in two of the wash solutions. All of the other samples had detection limits well below the
requested MRQ values. Sample and blank spike recoveries were acceptable. No alpha activity
was found in either the prep blank or the lab blank.

Strontium-90

The Sr-90 analyses were conducted according to procedures PNL-ALO-476, 484, and 450 using a
Sr-85 tracer to monitor the chemical yields. All of the samples had detectable levels of Sr-90. Sr-
90 was not detected in the hot cell blanks. The blank and sample spike recoveries were
acceptable. Duplicate results were in acceptable agreement considering the uncertainties on the
measurements.

Uranium

Uranium was measured directly in the digested samples by kinetic phosphorescence following
procedure PNL-ALO-4014. Uranium was detectable in all of the samples with concentrations
ranging from 1-4 ug/ml. A negligible amount of uranium was seen in the prep blank; no uranium
was detected in the lab blank. No uranium was detectable in the instrument blanks. The duplicate
samples were in good agreement. All of the instrument check standards came out between 99%
and 102%.

T
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Determine the weight of the slurry
Wt. Slurry = 1.14A-1.11A = 1§ 2607y (1.14B)

1.15  Equip Awiol -AQ-20 with a condenser, then place in an aluminum heating block at
85°C

1.16  Stir the sample in _aw ol -AQ-20 at 85°C for a minimum of 8 hours

Start date/time:  2/:+0/ 97 /X200
Stop date/time: _2/) /49 0751

1.17  Allow to cool to ambient temperature (/ howr)

1.18  Remove the condenser and replace the original cap on _Awi°l -AQ-20.
Weigh Awiol -AQ-20

Wt._AwIO(-AQ-20= 30,1198 g (1.18A)
Determine mass loss due to evaporation
Wt. Lost =1.18A-1.14A= @+ 774 (1.18B)
1.19  Label a disposable filter unit (0.45-pm nylon) as _A«1°! -AQ-30
« 120 Weigh 4w\ -AQ-30
Wt._AwI®l AQ-30= (154040 g (1.20A)
Also weigh just the bottom part of the filter unit; i.¢., the receiving bottle and cap

Wt. receiving bottle&cap = 41,8178 g (1.20B)

Mok :

121  Connect Aw191 -AQ-30 to the vacuum line che ham Fell ik Ll b fommls T i

w44 Lnt Lioud oot wmd sintad with s:;
Y 122 Filter the wash slurry feot o 2017 WEOH, T rinte

1518 allowsd 4y cpileck = Ht e A

: - atd o [6d flacogls Lol ¥CHUm,
123  Disconnect from the vacuum once the liquid has filtered i o e P: : [ it shep B3

1.24  Place the cap on the top of the filter unit and weigh _A w0l -AQ-30

Wt._Awiol AQ-30=_F4. e o (1.24A)

Carefully remove the funnel part of the apparatus from the receiving bottle, place the cap
on the receiving bottle and weigh.

Wt. receiving bottle&cap = 5. 27192g (1.24B)

Transfer two 10-mL aliquots of the filtered solution to clean 20-mL HDPE sample vials
labeled as _Awidr -AQ-30A and _Awi®\ -AQ-30B.
A
2 144
BNFL-TP-29953-9 Page 6 of 19



Cheikaed ok 12295 on 2/12/94
Mo pn'dos of colidg .
Note: Monitor the solution after ~24 h to determine if any solids form. At

1.25  Determine the total weight of the slurry
Wt. Slurry = 1.24A-1.20A= 18- 77§ 'i’g. (1.254A)
Determine the weight of the filtered liquid
Wt. Liquid = 1.24B-120B=_'17. 4é'% o (1 25B)

Determine the weight of the filtered solids

Wt. Solids = 1.25A-125B=_1-3174 o (1.25C)
1.26 = Measure out the appropriate volume of 0.01 M NaOH as instructed by the cognizant
scientist into a plastic bottle
Vol. Used=__ 22 mL (1.26A)
128  Weigh Awiol -AQ-20 s VLA
Wt. _Awiol -AQ-20=__ — gr“ (1.28A)
Y ml emch

1.29  Slurry the filtered solids using a portion of 0.01 M NaOH (volume = 1.26A + 5); transfer
this slurry to_Awi0! -AQ-20 wett:  Solids wert reath tasier 4o slovry tHee belove (e skp 112D,

130  Repeat step 1.29 four times to ensure complete transfer of the solids to _awio1 -AQ-20 A

1.31 Weigh _Awiol -AQ-20

Wt. _awiol -AQ-20= 31790 o (1.314)
Determine the weight of the slurry ah
\-
Wt. Slurry = 1.31A-1.28A = _'5-2290 ¢ (1.31B)

132 Equip Awiol -AQ-20 with a condenser, then place in an aluminum heating block at
85°C

1.33  Stir the sample in_Aw!0l -AQ-20 at 85°C for a minimum of 8 hours

Start date/time; ¥/11/94 s lit00
Stop date/time: _ 2-12-44 07.42

1.34  Allow to cool to ambient temperature  “lo wans

1.35  Remove the condenser and replace the original cap on _Aw10) -AQ-20.
Weigh awiol -AQ-20

Wt._Awiol .AQ-20=2.5136 g (1.35A)
pA

/| 1/4h
BNFL-TP-29953-9 Page 7 of 19



1.36

« 137

1.38
Y 139
\ %

1.40

141

1.42

1.43

Determine mass loss due to evaporation

Wt. Lost = 1.35A-1.31A= 0.1814 g (1.36B)
Label a disposable filter unit (0.45-pm nylon) as _Awrol -AQ-50
Weigh _Awior -AQ-50

Wt. Awion AQ-50=(5,ig44 g (1.37A)
Also weigh just the bottom part of the filter unit; i.e., the receiving bottle and cap
Wt. receiving bottle&cap = A|4$ 22 g (1.37B)

Connect Awio!  -AQ-50 to the vacuum line
Prgein  wasled <h bor i 01 m a0 a5 o Sk 127

Filter the wash slurry - Sa silids stuck A s ke s alfe Ay,

Disconnect from the vacuum once the liquid has filtered
Place the cap on the top of the filter unit and weigh A0/ -AQ-50
Wt. Awlol AQ-50= ¥5-918¥ o (1.41A)

Carefully remove the funnel part of the apparatus from the receiving bottle, place the cap
on the receiving bottle and weigh.

Wt. receiving bottle&cap = 6[-3°¢Y ¢ (1.41B)

Transfer two 10-mL aliquots of the filtered solution to clean 20-mL HDPE sample vials
labeled as _gwiol -AQ-50A and _Awi01-AQ-50B.
Pull «d fmpl, ~fPA ot [1:%0aw /12/G, Lot Leét ey ol OB I AR -9, g0 1+ i+
Note: Monitor the solution after ~24 h to determine if any solids form. oA L ot
eplidds (s watte 75 cleay |

Determine the total weight of the slurry yipaq 10:00 Chettd sl i

Auo 0t~ #Q -S5O

Wt Slurry = 141A-137A=_20-73%4g  (L42A) oy Y cloms

e
Determine the weight of the filtered liquid W
) R
Wt. Liquid = 1.41B-137B=_0-5240 g (142B) s ¥,
xo hXO!7
Determine the weight of the filtered solids At
—._jl"f‘q
Wt. Solids = 1.42A-1.42B= [-21°3 (1.420)
Measure out the appropriate volume of 0.01 M NaOH as instructed by the cognizant
scientist into a plastic bottle
Vol. Used=__ 22 mL (1.43A)
Akt
2/12/ A

BNFL-TP-29953-9 Page 8 of 19



145 Weigh _Awiol -AQ-20

Wt _gui0t -AQ-20=_12.6000 o (1.45A)

~ ol anck
146  Slurry the filtered solids using a portion of 0.01 M NaOH (volume = 1.43A + 5); transfer +H't
this slurry to _gwi0l -AQ-20

1.47  Repeat step 1.46 four times to ensure complete transfer of the solids to_4wisi -AQ-20
148 Weigh Aw lol -AQ-20
Wt. _Awiol-AQ-20= 3! &450 o (1.48A)
Determine the weight of the slurry
Wt. Slurry = 1.48A-1.45A = |a. 2450 ¢ (1.48B)

— Steppad Lumt o U9 Wil gt et wHBK .
v 1.49  Equip Av¢' -AQ-20 with a condenser, then place in an aluminum heating block at

85°C
1.50  Stir the sample in _AwI10\ -AQ-20 at 85°C for a minimum of 8 hours

Start date/time: 2-16-99 11113 am
Stop date/time: 2-17-44 €742 am

1.51  Allow to cool to ambient temperature 9 hys

1.52 Remove the condenser and replace the original cap on _Awiof -AQ-20.
Weigh Awiol -AQ-20

Wt. Awiol -AQ-20=3L.6388 ¢ (1.52A)
Determine mass loss due to evaporation
Wt. Lost = 1.52A-148A = 0-062 ¢ (1.52B)
1.53  Label a disposable filter unit (0.45-pm nylon) as _4wio| -AQ-70

« 154 Weigh_Awio -AQ-70

Wt._ 4w1ol-AQ-70 = §5.2459 ¢ (1.54A)
Also weigh just the bottom part of the filter unit; i.e., the receiving bottle and cap
Wt. receiving bottle&cap =42,1|54 g (1.54B)
1.55 Connect Aw!0| -AQ-70 to the vacuum line
wt‘::.; 1.56  Filter the wash slurry — "2“';‘_’ s: t:. ::::H .“M

\

1.57  Disconnect from the vacuum once the liquid has filtered

e
BNFL-TP-29953-9 Page9of19 2™



1.58  Place the cap on the top of the filter unit and weigh Awio! -AQ-70

Wt._aAwiol AQ-70=_ 85526 ¢ (1.58A)

Carefully remove the funnel part of the apparatus from the receiving bottle, place the cap
on the receiving bottle and weigh.

Wt. receiving bottle&cap = _£!-0s80 g (1.58B)

Transfer two 10-mL aliquots of the filtered solution to clean 20-mL HDPE sample vials
labeled as _Awiol -AQ-70A and _awiol -AQ-70B.  (Aqen, loft attomb yomdl beldead in &-20
G b umomD)

; 4 450k ;i ' L Lids
Note: Monitor the solution after ~24 h to determine if any solids form. VAR S . :u o
Ta AW AB -

1.59  Determine the total weight of the slurry C-» rnslorped SO W

a kwicl -AQ-PB
Wt. Slurry = 1.58A-1.54A = 20.72667 o (] 59A)
Determine the weight of the filtered liquid
Wt. Liquid = 1.58B-1.54B = 17. 952, (1.59B)

Determine the weight of the filtered solids

Wt. Solids = 1.59A-1.59B=__1-314l o (1.59C)

1.60  Measure out the appropriate volume of 0.01 M NaOH as instructed by the cognizant
scientist into a plastic bottle

Vol. Used= _*°  mL ‘ (1.60A)
1.62 Weigh AwIol -AQ-20

Wt. A@Iol AQ-20= 12 s ¢ (1.62A)

$ x4l .H’W

1.63  Slurry the filtered solids using a portion of 0.01 M NaOH (volume = 1.60A + 5); transfer

this slurry toAvior  -AQ-20
1.64  Repeat step 1.63 four times to ensure complete transfer of the solids to _4~'*! -AQ-20
1.65 Weigh Awiol -AQ-20
Wt. AWl -AQ-20= 31. 970k o (1.65A)

Determine the weight of the slurry

Wt. Slurry = 1.65A-1.62A= 19,374l g (1.65B)
1.66  Equip Aw10| -AQ-20 with a condenser, then place in an aluminum heating block at
85°C
Nl
2| \1 lna\

BNFL-TP-29953-9 . Page 10 of 19
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'R 50

1.67

1.68

1.69

1.70

1.71

1.72

1.73

1.74

1.75

1.76

BNFL-TP-29953-9 Page 11 of 19

Stir the sample in _4 w0l -AQ-20 at 85°C for a minimum of 8 hours

Start date/time: _ %/17 /49 Jivos”
Stop date/time: _ 2-18- 49 07:42

Allow to cool to ambient temperature ¢ .,

Remove the condenser and replace the original cap on _4w/lv) -AQ-20.
Weigh Awior -AQ-20

Wt. _awl -AQ-20=31.7471 ¢ (1.69A)
Determine mass loss due to evaporation

Wt. Lost = 1.65A-1.69A= 0 -Tt3s7g (1.69B)
Label a disposable filter unit (0.45-um nylon) as _g.wjo; -AQ-90
Weigh awie] -AQ-90

Wt. _Awiol-AQ-90= (5,22.34 ¢ (1.71A)
Also weigh just the bottom part of thé filter unit; i.e., the receiving bottle and cap

W. receiving bottle&cap = 42,0873 g (1.71B)
Connect Awivr- -AQ-90 to the vacuum line

fhe ke rinasd ' caall amseb of O.01 M AlOH, Th
Filter the wash slurry rinv iy pusses Heswl He Glie i-de 4uoxol=A4Q-92
Disconnect from the vacuum once the liquid has filtered
Place the cap on the top of the filter unit and weigh 4wro! -AQ-90

Wt gwiol — AQ-90=_¥Y. tsg o (1.75A)

Carefully remove the funnel part of the apparatus from the receiving bottle, place the cap
on the receiving bottle and weigh.

Wt. receiving bottle&cap = €1. 9714 g (1.75B)

e
Transfer two 10-mL aliquots of the filtered solution to clean 20-mL HDPE sample vials "\:_:'bm “‘P

labeled as _4wiol -AQ-90A and _Awiol -AQ-90B. o e e ;" e
v! - d
P
Note: Monitor the solution after ~24 h to determine if any solids form. e o B0
6 "’“qu 2 e
Determine the total weight of the slurry e 7 ‘“,s;”';,
v - -
Wt. Slurry = 1.75A-1.71A = 185524 5 (1.76A) F--*".‘\'f;v&““"
_)I‘ ']
hk
At
a2l A pah
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1.77
1.78
1.79

1.80

1.81

1.82

1.82

1.83

1.84

1.85

1.86

1.87

BNFL-TP-29953-9

Determine the weight of the filtered liquid

Wt. Liquid = 1.75B-1.71B=__17- ¥4t o (] 76B)
Determine the weight of the filtered solids

Wt. Solids = 1.76A-1.76B=_l.12¥3 g  (1.76C)
Label a glass vial as A2 -AQ-100
Dry Awlol -AQ-100 at 105°C foraminimum of 1 h  6%:45 > le14¢
Cool Awi19! -AQ-100 to ambient temperature in a desiccator
Weigh Awlot -AQ-100

Wt. A« -AQ-100= [(.8270 g (1.80A)

Cxd b

Using several portions of deionized water, quantitatively transfer the washed solids from T

the filter membrane to A« 01 -AQ-100 wok: Fissh fwe atiguobs oF wake wove e
o el val A0 -A4Q-20, ;o tta

i -AQ- all coltds cauld by wtle récvieed .
Weigh 4w 101 -AQ-100 o w‘“’_‘;' e G pbils b et + Howt
P s s el
Wt. awiol -AQ-100= 257761l g (1.82A)  stee -Horus.

Heat Awlio1 -AQ-100 at 80°C to evaporate excess water
Heat Awio1 -AQ-100 at 105°C overnight  2-25-99  remived fem avcrwiyht heat:
Cool _Awie1 ~AQ-100 to ambient temperature in a desiccator
Weigh A~ o1 -AQ-100

Wt. A=10 -AQ-100 = 106847 g (1.85A)
Determine the dry weight of the washed solids -

Wt. Dry Solids = 1.85A-1.82A = _©.6770 g(1.86A)
The washed solids are to be submitted for analysis. The cognizant scientist will prepare

the required ASR.

n'\'b. a\
1,!1-’}!

#)

A vewtich o Mt g 6. ?i"”s_

(K Pagas 13 fenwsh la o) with P camcht (€acking tesh, Pav $u

dbredon & Rug » T2 Caushic [wthamy  oas S W@"‘“”f- o g/“l(‘“‘
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Analytical Chemistry Laboratory (ACL) Analytical Services Request (ASR)

(Cover Page ... information applicable to all samples in series)
Requested By:_Gregg J. Lumetta Dniag . F . eBE  2/18/99 376-6911 p7-25
Print Name "Signature/Date Phone MSIN

Requester - Please Complete All Fields In This Section, Unless Specified "Optional™ or ASR is a Revision

Request ID (optional): Matrix:  _xSamples vary (specify on Request Page), or

PNL Project Number (if known): 29453 Liquid: _ Aqueous _ Organic _ Multi-phasic

Work Order/Pkg.: e Solid: _ Soil __Sludge _ Sediment _ Glass

Cost Estimate ($): __Filter __Smear _ Metal _ Organic __ Other Solids
Solid/Liquid Mixture: __ Gas: __

Protocol Requirement: MNone _ RCRA __CERCLA, or Biological: _ Tissue _ Urine _ Feces

Other (specify):

Process Knowledge: _g_/Samp'le Information Check List, or

Hold Time Requirement: XMNone _ RCRA __CERCLA, or

Reference Doc.:

Other (specify): PCBs Present: No Yes

TPA Support: XMNo, or Sample Disposition ...

bt tentone: N2 Untreated Sample(s): _ Return _ Dispose _JxStore, or

Reference Doc.:

QA Plan: 2CMCS-033, or

Prep’d Sample(s): __Dispose __Return XStﬁre. or
Other ACL QA Plan (specify):

Reference Doc.:

Additional QA Requirements: _ No, or

Reference Doc.:

Additional Instructions: X No, or

Reference Doc.:

ACL COC Req’d (PNL-ALO-010): _ No XYes

SRR

Date Report Req’d: (b>

Sample Storage Requirements: X No _ Refrigerate, or

Send Report to: G.J. Lumetta

Other (specify):

Date Sampled (optional): MSIN:_P7-25 Phone:

Time Sampled (optional): Fax (optional):

For ACL Use Only ... Do Not Complete This Section

Date Delivered: Job Group (optional):
Time Delivered (optional): Sample Group (optional):
Deliv. By (if known): PNL Impact Level: 1 _2 _3
Received By: DQ Review Req'd: __No _ Yes ACL Waste: __No _ Yes
i Resp. ACL Mgr.: ASR Number: Revision: __Yes
Signature/Date: ACL Numbers:

QY TeP/ACS Ande madad by 3/5/44

@ wugugr +o A -Sel - Lol -
Somap b  AWID] -SeL-20A1 =D AW -SelL -SOAL . < u/asea.

W HE g for all otz
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ASR 5275 Addendum

Gregg Lumetta
March 16, 1999

Sample AW101-AQ-100 has been dissolved in acid for analysis. The solution with the dissolved
solids is labeled as AW101-AQ-100D. The sample matrix is 0.1M HCL

AW101-AQ-100D needs to be subjected to the following analyses:

ICP

ICP-MS (®Tc)

GEA

%Sr

Total alpha

Laser fluorimetry (U)



From: MJohnson@bnflinc.com
Sent: Monday, March 01, 1999 7:45 AM
To: Lumetta, Gregg J; PTownson@bnflinc.com

Subject: Fwd[2]:AW-101 Testing

Gregg - | concur with your recommendation for analyzing the ~0.058 grams of AW-101 solids
remaining after washing.

Please proceed with dissolution of the solids in acid and conducting analyses for metals and
radionuclides per Table 6-1 from BNFL letter 000749 (Revision to Ultrafiltration / Solids
Dissolution Test Specification. | understand there is insufficient solids to accomplish these
analyses in duplicate. | also understand there is insufficient solids conduct the requested anion
analyses.

Michael Johnson
Forward Header
Subject:  AW-101 Testing

Author: “Lumetta Gregg J" <greqq.lumetta@pnl.qov>
Date: 2/23/99 2:23 PM

Paul:

This message is to update you on progress made and to seek your counsel on a technical issue
we've encountered.

First, the solubility versus temperature test with the AW-101 LAW sample was completed. This
test proceeded according to plan (test plan BNFL-TP-29953-7) with no problems encountered.
The samples from this test have been submitted for analysis.

Second, the washing test with the AW-101 LAW entrained solids was also completed. Again, the
test when according to plan (test plan BNFL-TP-29953-8). Samples of the washing solutions
have been submitted for analysis.

However, here's where the problem comes in. There is only a small amount (0.058 g) of residual
solids remaining. With this small amount of material, we cannot perform all the analyses originally
planned, much less do them in duplicate. So the question is: How should we proceed with
analyzing the solids?

My recommendation would be to dissolve the solids in acid (HCI with perhaps HNO3 or HF
added, as needed). The resulting solution could then be analyzed, but we could not analyze for
the following constituents: TOC, TIC, Cl, F, NO3, SO4, PO4 (although we would get the total P
concentration by ICP).

I'll await your advice on this matter.

Gregg
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Protocol for Dissolving Sample AW101-AQ-100

Purpose

The quantity of residual solids from the AW-101 LAW entrained solids washing test was such
that the full suite of analyses requested by BNFL could not be completed. There was not enough
material to do the KOH and Na;O; fusions. The purpose of this protocol is to dissolve the residual
AW-101 solids for ICP/AES and radiochemical analysis.

Instructions

1.

10.

Heat AW101-AQ-100 at 105°C for 1 h  s'at 11119 am=12:45 [

Cool AW101-AQ-100 in a desiccator, then weigh

Wt. AW101-AQ-100= 1,879 g
Add 5 mL of concentrated (12 M) HCI (Ultrex-grade) to AW101-AQ-100

(22)

Place the cap loosely on AW101-AQ-100 and heat in the aluminum heating block at 5*a' f}iii*ﬁ frye

90°C.

Occasionally, tighten the cap and swirl the vial to contact the acid with the solids on the

wall of the vial. Loosen the cap and continue to heat.

Continue to heat until all solids dissolved. If solids are not dissolved after 1 hour, consult

with GJ Lumetta.

Afdawr AlSh ot of fy colds L slirssloed dut Heve st sFl soumt. Added L
of  woml. Hw0y (ak 11:08). Ripet shep . Atk 0 h o kb selld bed e, TS

did Fedud do collt averd o flowds of Ht cap b #EL poif L wn P

b ke b do Ao ft acid

v eleld

Once all solids dissolved, remove the cap from AW101-AQ-100 and evaporate to dryness [(954 3-5-19

at 90°C.

Add4mL o M HCl to AW101-AQ-100 to dissolve the sample.

Transfer the solutionto a volumetric flask.

Add another 4 mL of 0.1 MHCl to A
liquid to the volumetric flask.

Repeat step 8 three times for a total of 4 rinses of AW101-
vial AW101-AQ-100.

o .

=AQ-100 to rinse the vial; transfer this rinse

00. Note: Do not discard

gups 7

ws

o

o ((.U;W!
~t e
e B

2 /12M4



Note: Take measures to ensure bottle AW101-AQ-100C is free of external removable
contamination when removed from the hot cell.

& 1 Use five 5-mL aliquots of 0.1 M HCI to quantitatively transfer the material from 47 ,.;2-7 ?
AW101-AQ-100 to AW101-AQ-100C (a 30-mL HDPE vial).

s 8. Remove AW101-AQ-100C from the hot cell.

o 9, Provided the dose rate (at 6”) is less than 3000 mrem/h, transfer AW101-AQ-100C to lab
S1L. — 1725 e

/~ 10.  Heat AW101-AQ-100at 105°C for 1h 5%t 130 pim 3-12-99
skp 3170 pm O
/ 11, Cool AW101-AQ-100 in a desiccator, then weigh

Wt. AW101-AQ-100= /7787 g (15a)
+32. Determine the weight of the solids

Wt. solids =2a - 15a=_2-10048 ¢ (15b)
2iL)A 13, 1.6 Ll wg (Dm HP  wosd b O AWIBI AR —100C  (1500).  piafors was
A4
- ;h'/-l.o‘ -.*' ML:..‘-f’ 1L¢_.._];4.-4‘1}M
o |
J/u.r: R Solids vt sHIl P,“,...J-. Hedsd o ~fo'c ot L off + ol
A4
“ Fi00 —= (pi00 P d .,.,..1.,,_.1:./ +B Al el
Stoppad  huatimy,
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report Eage-vaiel

A0517 Filtrate,
03/15/99 Wash
ASR5275 Solutions
Muitiplier= 12.5 | 50.0 50.0
ALO#= 99-1151-PB @1 99-1151 @2 99-1152 @2
Client ID= ICP/EQL ICP/EQL ICP/EQL P roc lank AW101-SOL-30A1 AW101-SOL-3042
Det. Limit Run Date= @5 @125 @50 MRQ 31595 3M15/99 3/15/99
. {ug/mL) (Analyte) (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL)
0.015 Ag 0.8 1.9 7.5 - [0.81] [0.77]
0.060 Al 3.0 7.5 30.0 75.0 [7.3] 17,600 18,300
0.080 As 4.0 10.0 40.0 - [12] [12]
0.050 B 25 6.3 25.0 112 95.9 71.2
0.010 Ba 0.5 13 5.0 78.0 - - -
0.010 Be 0.5 1.3 5.0 - [1.5]) [1.6]
0.100 Bi 5.0 125 50.0 - - -
0.100 Ca 5.0 125 50.0 150.0 - [9.3] [11]
0.015 Cd 0.8 1.9 7.5 75.0 - [2.1] [2.0]
0.100 Ce 5.0 125 50.0 - - -
0.025 Co 1.3 341 125 30.0 - - —
0.020 Cr 1.0 25 10.0 15.0 - 62.9 65.0
0.015 Cu 0.8 1.9 7.5 17.0 - [1.6] [1.6]
0.050 Dy 25 6.3 25.0 - - -
0.100 Eu 5.0 125 50.0 - - =R
0.025 Fe 1.3 3.1 12,5 150.0 [0.39] [3.5] [3.5]
2.000 K 100.0 250.0 1000.0 75.0 - 24,400 25,600
0.025 La 1.3 341 125 35.0 - - S [ —
0.005 Li 0.3 0.6 25 - [0.57) [0.44]
0.100 Mg 5.0 12,5 50.0 150.0 = - -
0.005 Mn 0.3 0.6 25 150.0 - - A
0.030 Mo 1.5 38 15.0 90.0 - - -
0.100 Na 5.0 125 50.0 75.0 117 143,000 145,000
0.100 Nd 5.0 125 50.0 - - -
0.030 Ni 1.5 38 15.0 30.0 - [5.1] [5.3]
0.100 P 5.0 125 50.0 - 44 | 358
0.060 Pb 3.0 7.5 30.0 300.0 - 38.9 42.7
0.300 Pd 15.0 37.5 150.0 - - -
0.300 Rh 15.0 375 150.0 - - B -
0.075 Ru 38 9.4 375 - [5.2] [5.1]
0.050 Sb 2.5 6.3 25.0 - - =
25 6.3 25.0 - [5.7] [5.3)
5.0 125 50.0 170.0 119 264 202
50.0 125.0 500.0 - [84] [86]
0.3 0.6 25 - - -
25.0 62.5 250.0 - - =
40.0 100.0 400.0 - - —
0.3 0.6 2.5 17.0 [0.092] - -
12,5 31.3 125.0 - - =
100.0 250.0 1000.0 600.0 C - - -
U.B 1.9 ?'5 = ] SO [ SR =
. 25.0 62.5 250.0 - [74] [76]
0.010 Y 0.5 13 5.0 - - -
0.020 Zn 1.0 25 10.0 16.5 [0.32] [6.3] i 7 1
0.025 Zr 1.3 341 125 - [6.7] [6.8]

Data (1) from Book3 3/16/99 @ 1:43 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report

Page 2 of 3

A0517
03/15/99
ASR5275
Multiplier= 50.0 50.0 50.0 50.0 125
ALO#=  [99-1153 @2 99-1154 @2 99-1155 @2 99-1156 @2 99-1157 @1
Client ID= |AW101-SOL-40A1 AW101-SOL-40A2 AW?101-SOL-50A1 AW101-SOL-50A2 AW101-AQ-304
Det.Limit  RunDate= | 3/15/99 31599 a15/9 3115089 31159

L lsgmb)  (Anaiyte) | (ugimi) (ug/mt) (ugimt) (ug/mt) (ugimt)
0.015 Ag [0.84) [0.81] [0.84] 0.82] i
0.060 Al 18,600 18,600 19,200 18,700 1,080
0.080 As [12) [11] [12] [11] -
0.050 B 98.0 89.8 89.2 94.7 a3 |
0.010 Ba - - - - -

_________ 0.010 Be [1.6) [1.6] 11.7] [1.6] -
0.100 Bi = = = = S
0.100 Ca [11] (1] [12] [10] i
0.015 cd [2.1] (2.0] [2.1] 12.0] =
0.100 Ce w - " = %
0.025 co - ” - - i
0.020 Cr 67.5 67.4 70.6 68.8 648 | o,
0.015 Cu [1.6] [1.5] [1.2) [1.5] "
0.050 Dy — — - _ =
0.100 Eu N - - - —
0.025 Fe 4.4] [4.0] [4.4) [4.2] = i
2.000 K 26,000 26,000 26,700 26,000 1,590

..... 0025 L - - - - -
0.005 L [0.51] [0.39] [0.48) 0.40] -
0.100 Mg " p - - -
0.005 Mn - - - pu =
0.030 Mo - - - — -
0.100 Na 146,000 146,000 147,000 146,000 12,000
- < 0001 e — L X -7 R
0.030 Ni (5.3] 15.2] [5.5) 15.5] [1.4]

_________ 0.100 P 361 357 372 364 [12]
0.060 Pb 436 40.0 40.7 42.0 [3.3]
0.300 Pd = & - % -

..... O-BDO nh — = = = by aennee
0.075 Ru [5.1] [4.9] (5.0] [4.9] e
0.050 sb = - - - N

_____ 0.050 Se [5.5] [5.5] [4.7] [5.0] -
0.100 si 269 274 248 269 79.8
1.000 Sn 187] [86) 87) 87 -
0-005 .............. sr = g - -— -
0.500 Te o . ” = -
0.800 Th = - - . -
0005 Ti - - = " p
0.250 T = - N e i
2.000 u = — - - -

.......... 0015 .V = - : - -
0.500 w 7] 7] [79) 77] -
0.010 y = = . Q 5
0.020 Zn 6.6 6.6] 17.0] 16.7] =
0.025 Zr [7.0] [7.0] [7.2] 1 | =

Data (1) from Book3

3/16/99 @ 1:43 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report Page s ot

A0517
03/15/99
ASR5275
Multipliers 125 | 5.0 5.0 5.0
ALO#=  |99-1157-DUP @1 99-1158 @1 99-1159 @1 99-1160 @1
Client ID= |AW101-AG-30A-DUP AW101-AQ-50A AW101-AQ-70A AW101-AQ-90A
Det. Limit Run Date= 3/15/99 3/15M89 31549 3M5/99
___{ug/mL) (Analyte) (ug/mL) (ug/mL) (ug/mL) (ug/mL)
0.015 Ag - - - -
0.060 Al 1,100 89.6 49.6 38.5
0080 As - = = =
0.050 B 29.8 27.5 27.4 275
0.010 Ba - [0.094) [0.066] [0.15]
0'010 Be = = T e | 1|
0.100 Bi - wa - =
0.100 Ca - - - -
...... 0‘01 5 Cd = — = — tesssnssessesnee
0.100 Ce = = — -
0.025 Co = = - E
0.020 cr 65.6 5.36 1,72 [0.47]
0.015 Cu - = = =
0.050 Dy - = > -
0100 Eu o o = -
0.025 Fe - 10.38] [0.65] [0.67]
2.000 : K 1,640 (58] - w
_ 0.025 La = - - -
0.005 Li & = = -
0.100 Mg = = = =
0.005 Mn - [0.093] 0.428 0.382
0.030 Mo - = - -
'0.100 Na 12,300 783 283 243
0.100 Nd - = - -
0.030 Ni [1.4] = = -
0100 P [12] [1.2] [0.57)] =
0.060 Pb = [0.36) = =
0.300 Pd - = = =
8.5 62.9 72.4 61.2
= - [0.031] o3 |
o = 2 1 ] [ ——
- - [0.27] {0.25]

Data (1) from Book3 3/16/99 @ 1:43 PM
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Project: 29953
Client: G. J. Lumetta

Client ID: “AW101-AQ-100d”, “AN107-AQ-100"(Zr) & “AN107-AQ-100"(Ni)

Total Samples: 3

Procedure: PNL-ALO-211, "Determination of Elements by Inductively Coupled
Argon Plasma Atomic Emission Spectrometry' (ICP-AES).

Analyst: J.J. Wagner

Analysis Date (Filename): 4-22-99 (A0524) and 4-27-99 (A0525)

See system file: "ICP-325-405-1" for traceability to Calibration,
Quality Control, Verification, and Raw Data.

M&TE Number: ICPAES instrument -- WB73520
Mettler AT400 Balance -- Ser.No. 360-06-01-029

7”,,,,4//,,“,__ &4 -TF

ewed by

U594

Concur

5/4/99

Page 1



Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

One radioactive solid sample AN107-AQ-100 (ASR 5319) was analyzed by ICPAES after
preparation by the 325 Shielded Analytical Laboratory (SAL) using two fusion preparation
procedures: PNNL-ALO-114 Na202-NaOH/Zr and PNNL-ALO-115 KOH/Ni.
Approximately 0.05 to 0.06-gram aliquots were used for each procedure. After samples
were fused they were diluted to a final volume of 50 ml. Additional dilution, up to 10 fold,
was performed during ICPAES analysis. All measurement results reported have been
corrected for preparation and analytical dilution. Because of limited sample material,
duplicates were not prepared. Analytes of interest include Ag, Al, Ba, Ca, Cd, Co, Cr, Cu,
Fe, K, La, Mg, Mn, Mo, Na, Ni, P, Pb, Si, Ti, U, Zn and Zr.

Sample AW101-AQ-100d (ASR 5275) was prepared by the client and analyzed by ICPAES
without further processing other than necessary analytical dilution up to 5-fold. Analytes
of interest are the same as those listed above. Measurement resulits have been corrected for
analvtical dilution only. Results are reported as pg/ml as agreed upon by the client.

All quality control checks met tolerance requirements for analytes of interest except as
noted below. Following is a list of quality control check measurement results relative to
ICPAES analysis tolerance requirements under MCS-033.

Five fold serial dilution:

(Solid samples) All results are within tolerance limit of < 10% after correcting for
dilution.
(Aqueous samples) All results were within tolerance limit of < 10% after correcting

for dilution except Mg in sample AW101-AQ-100d @5 and
AW101-AQ-100d @1. Mg concentration was recovered within
13% after dilution correction. All other analytes of interest in the
above sample were within 4% after dilution correction.

Duplicate RPD (Relative Percent Difference):
(Solid samples) No duplicates were prepared because of limited sample material.
(Aqueous samples) No duplicates were provided.

Post-Spiked Samples (Group A):

(Solid samples) All analytes of interest were recovered within tolerance of 75 to
125%.

(Aqueous samples) All analytes of interest were recovered within tolerance of 75 to
125%.

5/4/99

Page 2



Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...

ICPAES Data Report

Post-Spiked Samples (Group B):

(Solid samples)

(Aqueous samples)
Blank Spike:
(Solid samples)
(Aqueous samples)

Matrix Spiked Sample:
(Solid samples)

(Aqueous samples)

All analytes of interest were recovered within tolerance of 75 to
125%.

All analytes of interest were recovered within tolerance of 75 to
125%.

A blank spike was not prepared.

A blank spike was not provided.

A matrix spike was not prepared.

A matrix spike was not provided.

Quality Control Check Standards:

Concentration of all analytes of interest, except for Si, was
recovered within tolerance of + 10% accuracy in.the standards:
QC_MCVA, QC_MCVB, and QC_SSTMCYV. Calibration Blank
(ICP98.0) concentration was less than two times IDL. Silicon was
slightly high (about 14 %) in one determination of QC_SSTMCY.
Silicon in QC_MCYVA check standard was within 5% of the true
value of 20 pg/ml, which was run several times during the analysis,
thus, measurement results for Silicon in the samples are not likely
to be affected.

High Calibration Standard Check:

5/4/99

Verification of the high-end calibration concentration for all
analytes of interest was within tolerance of + 5% accuracy except
for Ca, Fe, and U. These three analytes were slightly high,
between 6% and 7%, in the high-end cal. check standard.
Measurement results for these analytes in the samples were closer
to mid-range concentrations like those found in QC_MCVA.
Therefore, sample measurement results are not likely to be
affected by the slightly high recovery for Ca, Fe, and U.

Page 3



Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Process Blank:

(Solid samples) All analytes of interest were within tolerance limit of < EQL or <
5% of sample concentration except Ca in ALO-114 prepared
samples and Na in ALO-115 prepared samples. Concentration of
Ca in the process blank for sample AN107-AQ-100 (Zr) was about
52% of that in the sample. Concentration of Na in the process
blank for sample AN107-AQ-100 (Ni) was about 12% of that in
the sample.

(Aqueous samples) No preparation blank provided.

Laboratory Control Standard:

(Solid samples) All analytes of interest at a concentration equal to or greater than
EQL were recovered within tolerance of 75% to 125% in both
fusion prepared LCS standards. SRM-2710 Montana Soil was
used for the LCS in both ALO-114 and ALO-115 fusion
preparations.

(Aqueous samples) No LCS provided.

Analytes other than those requested by the client are for information only. Please note
bracketed values listed in the data report are within ten times instrument detection limit
and have a potential uncertainty much greater than 15%.

Comments:
1) "Final Results' have been corrected for all laboratory dilution performed on the sample
during processing and analysis unless specifically noted.
2) Detection limits (DL) shown are for acidified water. Detection limits for other matrices may
be determined if requested.
3) Routine precision and bias is typically + 15% or better for samples in dilute, acidified water
(e.g. 2% v/v HNO; or less) at analyte concentrations greater than ten times detection limit up
to the upper calibration level. This also presumes that the total dissolved solids concentration
in the sample is less than 5000 pg/mL (0.5 per cent by weight).
4) Absolute precision, bias and detection limits may be determined on each sample if required
by the client.
5) The maximum number of significant figures for all ICP measurements is 2.
5/4/99
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Reptff ' °'"

Multiplier= 814.3 | 1900.1 |
ALO#=  |99-1458-Zr-PB 99-1458-Zr @ 2.3333
Client ID= |AN107-AQ-100 AN107-AQ-100
Det. Limit Run Date= 4/22/99 4/22/99
ugmb) (anaie) | ugig ug/g
0.015 Ag [12] (52) - -
0.060 Al [200] 18,800 = -
0os0 . As =S| S 1200 — ... Sl
0.050 B [49) - - -
0.010 Ba [9.0] 1,410 s =
L0000 Be - - - 1. -
0.100 BI P - s -
0.100 Ca 3,540 6,820 S -
0015 Cd - 69 - S
0.100 Ce [150] 5,820 - - '
0.025 Co . = = -
0,020 cr [35] 9,160 - -
0.015 Cu 128] [94] s -
0.050 Dy - - -~ -
0.100 Eu = = == il ST O
0.025 Fe 366 245,000 . &
2.000 K [2,000] - = -
0.025 La [30] 1,940 - -1
0.005 Li 129] [57] = -
0.100 Mg i [1,200] = =
_____ 0.005 Mn [7.3] 143,000 = =
0.030 Mo 5 i - -
0.100 Nd [100] 6,710 - SR S
0.030 NI 439 749 - o
..... 0100 P o6 (oo | - -
0.060 Pb [85] 18,700 ” -
0.300 Pd - [3,300] - -
030 A - - = = ...
0.075 Ru - [450) - -
0.050 sb [96] [210] 5 -
0.050 Se [76) [350] = -
0.100 si [380] 6,930 - -
1.000 Sn - [3,500] & -
0.005 Sr 56.0 220 - -
0.500 Te - g - -
0.800 Th s o = e
Looos T [10) 185 - S (S—
0.250 I = - = =
2.000 u - [4,000] % 5
0,015 v [13] [45) G i
0.500 w = - - %
0.010 Y e 811 = =
0.020 zn = 1'670 ........................ - R S

2) Valuss in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) "--* indicate measurement is below detection. Sample detection limit may be found by

multiplying “det. limit" (far left column) by “multiplier* (top of each column).

Data (1) from "A0524 G.Lumetta ALO-114,115 BNFL AN107-AQ-100, -100d ASR5319,5275 |GPZHIgWaXI18:54 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Rep&ff ' o'

Multiplier= 994.0 | 4970.2 |
ALO#= 99-1458-Ni-PB 99-1458-Ni @5
ClientID= |AN107-AQ-100 AN107-AQ-100
Det. Limit Run Date= 4/22/99 4/22/99
__(ug/mL) {(Analyte) ug/g ug/g
0.015 Ag [15] [90] - -
0.060 Al [320] 20,000 - =
0.080 As [100] - - N
0.050 B [200] [400] - -
0.010 Ba - 1,470 - -
....... ooto ..Be [ - = = -
0.100 Bi - - - -
0.100 Ca [150] [2,200] - -
0015 cd e [84) = - 1.
0.100 Ce - [4,300] . - .
0.025 Co [30] - - -
....... 0,020 cr 122] 10,100 . 2
0.015 Cu [24] [100] & =
0.050 Dy - - - —
0100 Ey = = & =
0.025 Fe 388 273,000 - -
0.025 La [25] 1,890 - -
0.005 Li [15] [68] - -
0.100 Mg [100] [740] =5 -
0.005 Mn 191 162,000 - - {
0.030 Mo - - - -
0.100 Na 3,820 26,500 - -
0.100 Nd [100] 6,540 - -
....... 0.100 P [120] [2,000] = .
0.060 Pb [110] 15,900 - -
0.300 Pd - [3,300] - -
...... 0300 ...[Bh = = = =
0.075 Ru - [530] - -
0.050 Sb [82] [330] = -
_______ 0.050 Se [110] [570] - -
0.100 Si 1,640 7,470 - -
1.000 Sn - - - -
..... 0005 .5t = [170] = =
0.500 Te - - - ==
0.800 Th - - - -
0.005 Ti [14] [210] - -
0.250 Tl - - - -
2.000 u - - - -
0.015 \' - - - -
0.500 w - - - -
0.010 Y - 652 - -
0020 . 2n [39] 1,770 = S S
0.025 Zr - 3,190 - -

Note: 1) Overall error greater than 10-times detaction limit is estimated to be within +/- 15%.

2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) *-" indicate measurement is below detection. Sample detection limit may be found by
multiplying “det. limit" (far left column) by *multiplier” (top of each column).

Data (1) from "A0524 G.Lumetta ALO-114,115 BNFL AN107-AQ-100, -100d ASR5319,5275 |@FZRISWaXI2:40 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report©2% "

Multiplier= 1.0
ALO#= 99-1161 @1
Client ID= |AW101-AQ-100d
Det. Limit  Run Date= 4/22/99
(ug/mL) (Analyte) {ug/mL)
0.015 Ag 0.881 - - -
0.060 Al 67.3 - - -
0.080 As [0.12] - - -
0.050 B 34.3 - - -
0.010 Ba 6.47 - - =
0.010 Be [0.057] - - -
0.100 Bi 2.61 - - -
0.100 Ca 53.2 - - -
0.015 Cd 2.62 - - ..
0.100 Ce [0.46] - - -
0.025 Co 0.366 - - -
0.020 Cr 80.7 - - -
0.015 Cu 1.30 - - -
0.050 Dy [0.11) - - -
0.100 Eu [0.15] — - -
0.025 Fe 113 - - -
2.000 K [5.0] - - =
0.025 La 0.257 - - o
0.005 Li 0.098 - - -
0.100 Mg 4.80 - - =
0.005 Mn 105 - - -
0.030 Mo - - - -
0.100 Na 131 - - .
0.100 Nd [0.46] - - .
0.030 Ni 16.5 - - -
0.100 P 4.72 - - -
0.060 Pb 8.60 - - -
0.300 Pd - - - =
0.300 Rh - - - -
0.075 Ru [0.34] — - -
0.050 Sb [0.090] - - e
0.050 Se [0.23] = - -
0.100 Si 398 - - -
1.000 Sn [3.5] - - &
0.005 Sr 0.734 - - —
0.500 Te - - - -
0.800 Th [4.5) - - -
0.005 Ti 0.766 - - -
0.250 T - - - -
2.000 u 428 - - -
0.015 v [0.058] — : - -
0.500 w - - - -
0.010 Y [0.021] - - -
..0.020 Zn 15.5 - - -
0.025 Zr 17.3 - - -

Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.
2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) “-" indicate measurement is below detection. Sample detection limit may be found by
multiplying "det. limit" (far left column) by “multiplier” (top of each column).

Data (1) from *A0524 G.Lumetta ALO-114,115 BNFL AN107-AQ-100, -100d ASR5319,5275 ICP98 W@Xgo @ 2:32 PM



Battelle PNNL/RPG/Inorganic Analysis --- IC Report

WO/Project: W48481&W48482/29953
Client: G. Lumetta

ACL Nmbr(s): 99-1151 through 99-1160

Client ID: AW101 SOL and AW101 AQ series

ASR Nmbr 5275

Total Samples: 10 liquids

Procedure: PNL-ALO-212, "Determination of Inorganic Anions by Ion
Chromatography' (IC).

~ Analyst: MJ Steele
Analysis Date: March 30-31, 1999 and Reruns April 12-13, 1999

See Chemical Measurement Center 98620: IC File for Calibration and
Maintenance Records.

M&TE Number: IC instrument -- WD25214
Mettler AT400 Balance — Cal. No. 360-06-01-031

Analyst: Z% é dZiZZ ﬁ {.27/??

Approval: %/ i//MJ 51/2 7/7 7

ASR 5275.doc ' Page 1 of 3



Battelle PNNL/RPG/Inorganic Analysis --- IC Report

Final Results:

Ten liquid samples were analyzed by ion chromatography (IC) for inorganic anions as specified
in ASR 5275. The liquid samples were diluted 5-fold to 12.25-fold during the preparation of the
samples prior to distribution to the IC workstation, and were diluted at the IC workstation up to
200-fold to ensure that all anions were within the calibration range. The samples were initially
analyzed on March 30-31, 1999. From this run, the verification standards for many analytes
were below the 90% recovery acceptance criteria. Therefore the samples were reanalyzed on
April 12-13, 1999. Only results from the final analysis run are provided in this report. The
results from the initial analysis run are included in the data package for information only.

Based on client communications the nitrate result for AW101-SOL-40A2 appears to be about a
factor of two higher than expected. The only other analyte in this sample at a high enough
concentration to provide reliable results nitrite, and the nitrite for sample AW101-SOL-40A2 is
only slightly higher than sample AW101-SOL-40A1. To provide sufficient sample for all
analyses requested, AW101-SOL samples had to be diluted 10-12 fold; it is possible that the
small volume sample was contaminated during the initial dilution. Both the initial run (which
failed QC) and the final run measured nitrate above 200,000 pg/ml.

The results for the samples from the April 12-13, 1999 run are presented in the table below.

oD 3 D Factors pgiml o 1 7 {Bpg/mlZ| Jpg/n
99-1151 P PROCESS BLANK 5 <1.4 <14 <28 <l.4 <2.8
% RECOVERY 91 97 100 97 96

99-1151 AWI101-SOL-30A1 12.25 1,300 3,600 69,400 <600 |118,000( <1200 | <1200 | <1200
99-1152 AWI101-SOL-30A2 10 1,300 4,100 | .62,300 <500 |120,000| <1000 | <1000 | <1000

% RECOVERY 91 115 110 105 111 100 103 107
99-1153 #1 AWI101-SOL-40A1 12.25 1,600 4,400 75,300 <600 |122,000| <1200 | <1200 | <1200
99-1153 #1 REPLICATE | AWI101-SOL-40A1 12.25 1,400 5,000 80,000 <300 |154,000| <613 1,752 | <613

RPD (%) 15 14 6 n/a 24 n/a n/a n/a

99-1153 #2 AWI101-SOL-40A1 12.25 1,100 3,000 65,400 <300 | 124,000 1,400 | 1,400 | <600
99-1153 #2 REPLICATE | AWI101-SOL-40A1 12.25 1,200 3,800 64,600 <300 |{125,000( 1,400 | 1,600 | <600

RPD (%) 6 22 1 n/a 0 4 11 n/a
99-1154 AWI01-SOL-40A2 12.25 1,600 4,200 72,700 <600 |227,000| <1200 | <1200 | <1200
99-1155 AWI0i-SOL-50A1 10 1,600 4,100 65,200 <500 |126,000( <1000 | <1000 | <1000
99-1156 AWI101-SOL-50A2 10 1,500 4,100 63,500 <500 |122,000| <1000 | <1000 | <1000
99-1157 AW101-AQ-30A 5 100 250 3,800 <25 7,300 <50 | 120 6,400

99-1158 AWI101-AQ-50A 5 6.0 11 170 <l.4 360 <2.8 6.5 210
99-1159 AWI01-AQ-70A 5 <14 3.0 8.0 <l.4 34 <2.8 <2.8 <2.8
99-1160 AWI101-AQ-90A 5 <14 2.5 <2.8 <l.4 2.7 <2.8 <2.8 <2.8

% RECOVERY 98 110 108 107 103 101 104 86

' RPD = Relative Percent Difference (between sample and duplicate)

ASR 5275.doc Page 2 of 3



Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

Radioanalytical Applications Team

Client: Lumetta

Cognizant Scientist:

Concur ;

—_—

I Veowna Lo

Measured Activities (uCi/ml)

89-1151 Rev. 1
3/30/99

Date : 5/35/‘77

Date : H 5(_}1 99

Uranium

ALOID Alpha Sr-90 ug/mi Co-60 Cs-134 Cs-137 Am-241 Eu-154 Eu-155
Client ID Error% Error % Error % Error% Error% Error% Error% Error%  Error %
99-1151PB <4.E-5 <1.E-4 6.96E-5 <9.E-6 <BE-6 1.55E-5 <5E-5 <3.E-5 <3.E-5
AW101-SOL-30A1 3% 29%
939-1151 <6.E-3 9.49E-1 2.73E+0 <4.E-3 54BE-2 255E+2 <2E-1 <1.E-2 <2.E-1
AW101-SOL-30A1 14% 2% 10% 2%
99-1151 Rep <6.E-3
AW101-SOL-30A1
99-1152 <6.E-3, 4.00E-1 2.8B0E+0 <4.E-3 594E-2 264E+2 <2E-1 <9.E-3 <2.E-1
AW101-SOL-30A2 30% 2% 9% 2%
99-1153 <7.E-3 5.19E-1  3.00E+0 <3.E-3 568E-2 267E+2 <2.E-1 <1.E-2 <2.E-1
AW101-SOL-40A1 24% 2% 10% 2%
99-1154 <6.E-3 6.96E-1 2.98E+0 <4E-3 573E-2 264E+2 <2E-1 <1.E-2 <2.E-1
AW101-SOL-40A2 18% 2% 9% 2% »
99-1155 <6.E-3 5.34E-1 3.15E+0 <2.E-3 577E-2 2.7BE+2 <7.E-2 <1.E-2 <7.E-2
AW101-SOL-50A1 23% 2% 7% 2%
99-1156 <8.E-3 352E-1 3.08E+0 <2.E-3 6.09E-2 2.72E+2 <7.E-2 <9.E-3 <7.E-2
AW101-SOL-50A2 34% 2% 7% 2% '
99-1157 <3.E-4 3.44E-2 3.00E+0 <4E-4 3.03E-3 1.69E+1 <2E-2 <2.E-3 <1.E-2
AW101-AQ-30A 18% 4% 16% 2%
99-1157 DUP <3.E-4 416E-2 3.05E+0 <4 E-4 318E-3 1.71E+1 <2.E-2 <2.E-3 <1.E-2
AW101-AQ-30A 15% 4% 18% 2%
RPD 19% 2% 5% 1%
99-1158 <5E-5 1.89E-2 1.19E+0 <7.E-5 23BE-4 1.14E+0 <3.E-3 <2.E-4 <2.E-3
AW101-AQ-50A 8% 4% 20% 2%
99-1158 Rep 1.60E-2
AW101-AQ-50A 9%
99-1159 2.70E-4 7.19E-2 4.45E+0 4.60E-5 6.67E-5 3.15E-1 <7.E-4 <B.E-5 <5.E-4
AW101-AQ-70A 10% 3% 4% 17% 19% 2%
99-1160 2.52E-4 6.85E-2 4.16E+0 <6.E-5 <7E-5 1.88E-1 <1E-3 <2.E-4 <8.E-4
AW101-AQ-90A 1% 3% 4% 2%
Matrix Spike 93% 117%
Reagent Spike 88% 104%
Blank <3.E-6 <1.E-4 <-1.78E-5
Before Run UL  283-e 100%

R-283-c 99%
Mid Run UL -283-f 101%

R-283-d 102%
Post Run UL 283-e 99%

R-283d 102%



Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building 99-1161
Radioanalytical Applications Team 5/5/99

Client : Lumetta

/
i // ,7 i
Cognizant Scientist: MM/ =z Date - B fS / ? ?
Concur : TTLQA“}q -LL Date : ‘5{5’235
\J

Measured Activities (uCi/ml)

Uranium
ALOID Alpha Sr-90 ug/ml Co-60 Sb-125 Cs-137 Eu-154 Eu-155 Am-241
Client ID Error % Error % Error % Error% Error% Error% Error% Error% Error %
99-1161 1.04E-2 4.51E+0 4.05E+2 3.64E-3 4.03E-3 B8.07E-2 1.46E-3 1.80E-3 5.60E-3
AW101-AQ-100 3% 3% 3% 2% 3% 2% 3% 6% 5%
Matrix Spike 102% 127%
Blank Spike 103% 96% 96%

102%

Blank <5.E-5 <8.E-6 <2.E-5



»=Batielle

Pacific Narthwest Laboratories

ENGINEERING WORKSHEET

Page of

Prepared By :
M

Dm"‘f/;z/m Proect: 24543

Title/Subject:

M—uwﬂ_».&-# o Au;ol

d A7 Splubie Dacitec

Reﬂuu-h‘l b,\- Kp BFDOKS

; -‘ | i ! 383
Pipat Osads [iNL 166 (:.?a attachad  catil aFae infor e D
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| : !
1:00 -l alisuohs  wert woshd o belame w1 : (Cale ampivec E/97)
Sommple ID ey % 2 . 2 #y Mian Std Baw
AWIOI-AQ ~30B 10376 /1,030 /038 Te3& (.07 A4.L- 1,03y ©.003
-sog Tl 1.60( /,c03 1. 000 N34 1.005 0.00]
: -203 .20l 099 102 7300 ' leo| o.004
I -e0p : 1,006 [, 03 !,005" ; 063 1,604 o.002
A0 7 -AQ 304 ‘070 /, 576 o717 1,e13 Loy 9003
-0 4 1ol /.ec0 /.ce¥ 5, &3 |.20L -1
—704 . co4s |, 08 teol /,C% 1. cas” 0.003
-404 ].208~ feo2 l,c03 /g 1,005” 0-003
Dcu (‘E-;b [ -A’)Jio-)-4ﬁ -'EJ'JA (W.ﬁ‘{'- J.-(-M rb ) 7:':; e C_A‘JAHFE ! ICIFE . P 22 E = i,\.)t\(L.‘ S&{f&
Iy | | A IR A reT
| ’. ? | ? :
% | é

i ! i

OOE-AL Pichisnd, WA

& U.S. GPO; 1997 - 582-715

54-1007-114 (1/83)



battelle Faciric Northnwest National Laboratory Page _1 of 1
Radiochemical Processing Laboratory
Shielded Analytical Laboratory

Shielded Analytical Laboratory™
Bench Sheet

Client: Lum@ﬁa 2 /*H‘éda ¢ WP Number: Z(/“)l?‘//?/
. VAPRERRVN - _ '
TI#/ASR: £'A7w]r/ .:Jéhér/ 4—?’?? Procedure: __ B0 SDP 325-DAL-pS-]

Aol S[u\3e wash Sm««f)l'es

SAMPLE IDENTIFICATION

£ ﬁmsﬁr 7’7{:& Jgf%wh,;/ & c/eah ;/fafg , Hew fo rm Tl

T 74’,,% avclieve pack 4 shis L3, P 4—7 Awjol-AQ- 305/505/705/?0.(

* ANIOT- AQ - 30/4/50/4/70/}/?0/} .

@/ac.ea[ who [Ke /a/w/w/ 20 ml b‘ia/ﬁ)

M&TE: _ Cell 2 (360-06-01-016) Mettler AE160 Balance Other

Cell 5 (360-06-01-039) Mettler AT400 Balance
Bench (360-06-01-024) Sartorius Balance

Cell 5 (360-06-01-045) Toledo 3026 Balance

Analysi:: Date: Reviewers % Date:
Ao, 4-13-99 Kl 1] bl l;f/??/c;?




Lettau, Ralph C

From: Kelly, Elizabeth F

Sent: ‘Friday, April 09, 1899 1:41 PM
To: Lettau, Ralph C

Subject: Transfer of Samples (Lumetta)
Ralph,

Welcome back!

Per Gregg Lumetta, he needs the following samples put into clean vials and transferred to lab 511. You have been
scheduled to do this work on Monday, April 12th.

The work should be charged to W48481.

The samples are:

AW101-AQ-30B \ il
AW101-AQ-508 mo\é "\ SiX A

AW101-AQ-70B
AW101-AQ-90B

AN107-AQ-30A
AN107-AQ-50A
AN107-AQ-70A
AN107-AQ-90A

030 00 0 2 0 o S

Elizabeth Kelly
509/373-4146 (-9675 fax)
elizabeth.kelly@pnl.gov



PCS-TP-511-2

EXHIBIT 1
Page | of |

DATA SHEET FOR PIPETTOR CALIBRATION
Procedure Number: PCS-TP-511-2 Revision Number: [
1. Date Performed: L{/C]/r,q
2. Pipettor ID: _ ({416l (1=l ciperdy)
3. Balance Calibration Code: 35/‘1’ . O~ Ci-005" -
4. Balance Calibration Due Date: ¥/94
5. Thermometer Control Number: I8Y -79-0c45-¢ees”
6. Volume | = ©.1ro
i Volumne 2 = ¢. v ¢
8. Volume 3 = [ =le
9. Ambient Temperature at Start of Procedure: 3 °C

Aliquot No. = 1 2 3 H s L
10. Mass Volume 1, g 6.1LCL .16 e 194 c(57 - s By
1. Mass Voluine 2, g 0.4a¥ 015 c.yay syq Y oM 2N
12. Mass Volume 3, g i.eox J282 0.G4G¢ 6745 1,004 -
13. - Ambient Temperature at End of Procedure: 23 °C
Performed by: : Date: Y/1/9%
it s ZeBe b _ssenay




PCS-TP-511-2

EXHIBIT 2
Page 1 of 1
CALCULATION SHEET FOR PIPETTOR CALIBRATION
Procedure Number: PCS-TP-511-2
I.  Mean Temperature: 3  °C
2. Density of Water: 0.997( g/mL
Mean Mass, g Std. Dev., ¢ Accuracy, % Precision, %
3. Volumel ©.194 0.003 t o2t x4 5
4. Volume2 0.M98” ©.00M £ et x .2
5. Volume3 |. 000 o.0bZ + s34 0,24 st £0.30
A"‘." A A
Performed by:__ Ay ZZX /] Date: WATAL!

Reviewed by:

Date: P —0~-9 2




Appendix C. Calculations
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DOE-AL Richiona, WA
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54-1007-114 (1/83)



9%

2

e Battelle . o
Pacific Northwest Laboratories ENGINEER'NG WORKSHEET
P : Date ject
repared By : ate ‘l/ll/fj Project 2-465'3
Title/Subject:
' : Awiol m-:‘n/u..d.. Loy b
K P Brosks
; ! ! i ! i :
i 5 ! i :
Pavedra of Al 1L aqel, solobia ~— A~ ur:l.fu .r.a’-'J.r_' i : {
i 'i " . l 1 :
| : ; 3,5
Tebl Al = 18,497 & 1,941 w034 + GBS 4 i(p2 = 24pPn ~
: 2 45, i
R ITIR 100 ( 1&vo?/ S B 2 T —n TS
2™ Loast 100 (1941 / ) = 7 % 7.4]
3™ Loash 100 ( 931 / Lo 4 % V.0,
g™ Lol 20 ‘(gpt s )i = 3 % 2.9 !
Waskd Lollds 180 (ex2/ ) = L. el
AlA 29 % '“'I”—': {@m.0
CYEL AR ' N ‘

Q&..;L-'{-‘V A wkln o amod of  fe wesked s it b Liweld im e, T
chissolvd Lo

Vealts

ai s It 4t el $~ solilds el

oK

Gty [7_:-'; .

alow

Cu fe attaclad & Prrkoli v I~ prusldt of P fue cudealaffng  doni wlic, Exal,

2

(™
aaus | b

T N PR

JEAL Puehignd, WA

wU.S. GPO: 1997 - 592-715

54-1007-114 (1/83)



%<Battelle 2

Page of
Pacific Northwest Laboratories ENG'NEER'NG WORKSHEET
Prepared By - - f Date : /%S Project: 24453
Title/Subject: A 101 ksl /LAAcf-, Ry 8‘ lhii € il Bl ﬁgmug.i h?
KP 5oks
: : X : L s :
Fotmn ;BNFL—RPT.oaS] hes O o= FZy gl for . Supenate
Sw—-.,t, u)_ﬁl 17.3 L% Q_.J*-:‘V‘rJ ‘\Jw—-ﬁ
, 7.8 W e fget 404.-‘1.;,7 )
wks c_a\.;s:-l.a., Alvadnan
\ /’\ 212 9/mb
Supemtt = (17860 4 14ys500)/t = | 35O iy i, 23 PL an
csiids = (ivveo + N3sed/1 = fuswo /5
(525913 8¢ 4-:,/3) + (25)(145004g4)
: = 24 A ha (o
20 ) 34 —-)/3 P wahale Seyp
(;_,P.,_,..tr ‘\'Jtl.'-le)

TRl W Syl 0sd in T =ll0. 2014 g (LIAD

Harte

.

(uo-'zou.é_)faz,qsﬁ -3,/,) T 1370748 4:) Al 4,,4.1 Linmpl used,

ot lok. 1266 ¢ o< Jop;,,.ah Spnts  (1EB)
s (o -
1990206 5) (12370 5 4) = 1379 25¢ wy b eut

So
3
127079 - 133§25C = 315492 a Al b0 “"P“""“‘"J

bl AL Rond ia agpeiaedt (Wash saloting ¢ e dibd DUAsd = 2395y

Coc P2y

possibl
—— Lews recevy of A\ ?—-ILQU-;.&--‘ +eo

Q_) . 5 madrtal  ondiislod L aerd

. [ 'h-:..'o /"_"‘"_‘ 'h:"l Cﬁi—l‘ e 4[ L.-o-"""\" L "H—‘ H-’-‘L_'J Jl'ru-f‘ :.Jl:a“ L—f- "‘ -
b ? et : lbd012 ?
; 2078 4 §o70) : Alds
_— = sra 44
i e age 7, e "Iﬁ/; spa(

i i
.‘ i 1
|

i

B ER——

!

DOE-AL Richiond, WA

#U.S. GPO: 1997 - 502-715 54-1007-114 {1/83)



< Batlelle

Page of
Pacific Northwest Laboratories ENGINEERING WORKSHEET
‘ red By : Date : r :
repa Y /,1 : ate : "/17/4?7 Project:
‘irla/Subject:
Aw ol il leily t Mass Belancs  Coms damatinng Re v atch bj
kP Br‘&k—s
Th ‘J-jus'k-’ Al (Ant.p—!\nHG- )m.u-—-:-") “lo&f"tﬂ 0 ie P olassaloed solds s ;_,',n\‘
o A Priviavse P%af (“,_1 ....H'")n\)_
T o laalatHan s rLf.‘.J‘t‘J ‘o it krg Lm’,»-—‘-!_f L-.f-..u.
C\«—-—g.«u’um
L 02t
Soprekt (6] 45L1)/2 2 SE| agil —D Y2/
So\idd ({0 + o). = lero /3
(§2.5° 328 an g )4 (250 (MUVasyy o he ol sae, (
e = gL9Y "j/j -
(g4 4.5/5\ (Ilo.zolk_c,b = 4030 sy G
(Ve s (12802&sd = 451 o o (Luand v sopmeT O
4y y3r “ ;4o ")‘P*"
okl & God = 19T v09 T T340 20082 3241 a (hem TELL 2D
les C]z‘|)/\{134—‘:. 2N 2 rCC.M""j 4 Mis-zul= kl'?'i-n;(..-
I at owdied (o,
fljudd & ot ek SMs 2 (200 417N (8077 2 o300 oy
v
St
Torem "
Te=remsa— N
Soprmts (51 €40 T N7 I8 3.4 gy
Covde (B4 14B)/2 = 1390 44

((w.:)(z.f.\ - (1.)‘)([21o))/,m = 3824 “4

tn anmpl
(ze-w) Cub. 218 = Y 2ib
(3.0 Creragyd = 3m
Ay Fe |
32 "’} € e, —
— s &k
Tl e foenmdt T4 0] + 2FW < 2k5Yy - . f'lo-—, et ot

{p0 (2Fr s = rE )
( )/m_’ 0 wlion~y

2rus
( wres~ 1703/0.&5'7'7 = &5, 7”"‘3/}_ =2 66wt

JE-AL Pichiand WA

# U.S. GPO: 1996 - 590-615 54-1007-114 (1/83)



= Battelle Page & of

Pacific Northwest Labaratories ENGINEER'NG WORKSHEET
Prepared By : }1‘1. Date::/r’ o Project:
Tivig/Subject:
A ik Sl l, f Mage Balae Carsiduvedrtng Rwewa'kh/v
KP 8boks

fu?-w-n "(_’_”_\"—3 o

Solids Caso o q¥d /o« y4psn >4

(1.5 d
sro08 - 35y "'}/5

(14-.-«..,/;)(11:9_ 2oIL) = 3901 wy Ma ia

—_— LsY e Vnarovate’

Piml Ma fHot 2 L0+ DL FGE 20— UNT 4y M /
160 (264D /3501 = 6k0 rrcom, //f

(Learr 125%) /0. 0897 = £7,310 g/ =D £33

C. 7wt
U rloan v
/3L
Sopwarhl  (3,2243.00/0 ¢ g ————> TN g
Sol4L G esHd/s = Fuve an s
( (5253(29) + (.5 (ew90)D /0 = 132,39/
Cizedvas /4 YUO 20 5N ¢ 5 2Y4S™ ~
( Y ) {‘D!.l‘u‘,) : 40
(41837 aq U 1y
. (o 1te Y 437 ay s acesmbed o
Torm| U Loomd v sl Wt €L+ 24,0 predis o 10348 ay
|°°Cl03‘£.)/1\19‘1- = 619 {LWT
lollg + 4637 i
0,037 = ads = -‘-b/j =2 266 wHD

DOE-AL Pichiond WA

+ U.5. GPO: 1996 - 590-615 54-1007-114 [(1/83)



% Batielle Pae Lo

Pacific Narthwest Laborataries ENGINEERING WOR KSHEET
Prepared By : " ) M Date : R/Q/fv; Project:
Title/Subject: ;
AWlol uJasL'/u..‘L Rovegeh by

RP Brook>

I
1

T Lo ltaved p(-d5 {.'.,PPA-.»-J'fj rc"’u_}u-ﬂ w;d_‘,‘ll‘. I:f*""{- [,[,_J -t of {-‘L, C"""'pb'\"-jc ”
‘' ;.;\fg-H..-." Lnnd ‘Tmrl) g Lok~ oL Tls "[5.,-'../ (45 eHmJ + adus]l  Adispmlban oL ..f-/"-lfj .
vesol b G : :

Comsidaw 0 Logt  oash  sfep |
: 207250 2_ £ €’ [Her et L aolody (I-PC)
Tt et we el p e el 00072 g of e alits
.go Ao wrt bt o~ s of  ahembiihd lig. st ,
‘ Fo(Lbs cagy 2..0)
Frow PAVD- 24,3 '(u':; -t ol 6e8Y © Tie lbd A0
L"’f“""u"‘* '“(f.u'i [PPSO |

(250 +2/2 2 220 wCiful

T ol 2w ac ‘H»u 'L"J:f'iu-u_\f., ol oo -4l /Q."r.,,L [“‘ ’J-f)
" Se,
Cud-u/mtﬁfz-.L\/feﬁ-.L T 202 b/l ampartus
-Co-- .U/..ﬂ“"ﬁ-l_

Mlutovad I -f'f/( -\C'zsf‘ —5s —t 9.6 «L'/ML

g-'lu.;lw't.y G el 2

Pywd - 24L) —= (1920 ¢ |ugoe) /L = lg3470 sy S L

(1630 g Y (2 Y 125l < 14 35 g il awprikt e SIOHom

eo-ul L0990 oy fral

Leb'e {”5 -ln: %‘} w  bthe qUﬂMfH% hoee Auu,,_, Hat ,4__'7..-_..5.;_.0:.
Contanbaton in Lost wealy solFan it st Jo Liobun of ksl
liguld  + ©.00 W ol adeled

(230 a/=l)

LLAS® g M/l ol 3o Loy [ cof Mo,

IS0 = 220 = AW wlml Lr 4o Ll

JEAL Richiond, WA #U.S. GPO: 1997 - 582-715 54-1007-114 (1/83)



%+ Baelle Rieantien

Paciic Northwest Laboratories ENGINEER 'NG WORKSHEET

Prepared By : Date : Project:

PR £/ L/as

Title/Subject: i
itle/Subject Awio]  wash /el Rg‘;.e\..\cqu

kP Boks oz

= puw$ cA4G3 == i(rLJbaﬂ + .r_;-,' wo}/:_ = [st'oﬂﬂ}’.‘j/ﬁL e NS A Aeo 10

{

!
i

I R « T TR T sy S
i . J

(236 wGlaN(13E L) J165 al = (8.8 wGfal | (170 it Goomd)

i v(ww‘oo‘q/..,Ly = (fb'*“LE('lqwﬂ/“L)

j Al %  (sease ..c,'/;g\(t-.?s..,f_)/féﬁ-c 23l 4G/l (1090 ag/ml formas D
i i ‘ ;

DOE-AL Richiend, WA « U.S. GPO: 1997 - 592-715 54-1007-114 (1/83)



