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IMPLIED, with respect to the accuracy, completeness, or usefulness of the
information contained in this report, or that the use of any information, apparatus,
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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.
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1.0 INTRODUCTION

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

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

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

Label Description
AN-107 solution after St/TRU precipitation and cross-

AN107 .
flow filtration

AN107 WASH ComposiFe solutipn obtained during washing of the AN-
107 entrained solids

AW101 AW-101 solution after cross-flow filtration

AW101 WASH ComposiFe solutign obtained during washing of the AW-
101 entrained solids

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

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

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

® In the case of Test 2, one aliquot was lost due to a leak in the syringe filter. Because of

this, only a single K; measurement could be done after 2 weeks.
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Table 2.2. Summary of Mixing Tests

Test # |Solution 1 [Vol.,, mL{Mass, g |Solution 2 Vol., mIL|Mass, g (Observations
Solution cloudy after 1.5 h;
small amount of precipitate
AN107 on the bottom of vial after
1 3 3.9720 |[AW101 30 38.2534 |4 days. There was no
further change after
standing for another 10
days.
2 AN107 3 3.8118 €104 30 31.9973 [Same as Test 1
LEACH/WASH
Solution was cloudy
immediately after mixing; a
C104 dark brown solid had
3 AN107 20 24.9540 LEACH/WASH 20 20.9489 s§ttled to the bottom of the
vial after 1 day. There was
no further change after
standing for 2 weeks.
4 AW101 3 3.6916 €104 30 32.1748 |Clear solution after 2 weeks
LEACH/WASH
5 AW101 20 24.8593 ICJIlE(KCH JWASH 20 21.8070 |Clear solution after 2 weeks
Solution was cloudy
immediately after mixing; a
dark solid had settled to the
6 AN107 ~15% | 18.7667 |AN107 WASH 2 2.0545 |bottom of the vial after 3
days. There was no further
change after standing for
another 2 weeks.
7 AN107 ~7® 7.7457 |AN107 WASH 10 10.6165 |Same as Test 6
8 AW101 20 24.9273 |[AW101 WASH 2 1.9836 |Clear solution after 3 weeks
9 AW101 10 12.5535 |AW101 WASH 10 10.1816 |Clear solution after 3 weeks

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

W.C'F
where C, is the initial Tc concentration (in ng/g), C is the final ”Tc concentration (in ng/g), C’
is the final Tc concentration (in ng/mL), W, is the mass of the solution, W, is the mass of the

resin, and F is mass of the dried resin divided by the mass of the as-received resin; F = 0.950,
dried at 95°C.®

@ The contact time was extended to 1 week to ensure equilibrium was attained.

@ Blanchard, D.L. Jr, D.E. Kurath, and B.M. Rapko., 2000, S#all Column Testing of Superlig 639 for
Removal of 2T from Hanford Tank Waste Envelope C (Tank 241-AN-107), BNFL-RPT-022, Rev 0,
(DRAFT), Pacific Northwest National Laboratory, Richland, Washington.
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3.0 RESULTS

Table 3.1 presents the measured K values. Table 3.2 presents the anion concentrations in the
various mixtures investigated. The K, data are presented in terms of total Tc and in terms of
TcO,. The estimated TcO, concentrations were determined by first estimating the fraction of
the total Tc contributed by each solution mixed. This estimate was made based on the total T«
concentration in each solution and the amount of each solution mixed. The initial TcO,
concentration was then estimated by determining the fraction of TcO, contributed by each
solution using previous estimates of the TcO, content in each solution (Kurath, Blanchard, and
Bontha 1999).” All the Tc sorbed on the resin was assumed to be TcO,. The final TcO,
concentration in solution was determined by difference between that estimated to be initially
present and that sorbed on the resin.

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

The TcO, K, data are perhaps more informative. In all cases, the TcO, K values were greater
than 100 mL/g, but the values tended to be low for solutions where the origin of most of the Tc
was AN-107 (Tests 2 and 3). The reason for this has not been definitively determined, but it is
perhaps due to competition between sorption of TcO, and the sorption of competing organic
anions present in the AN-107 solution.

Information provided by IBC Advanced Technologies, Inc. indicates that NOj' is likely to be the
most important competing anion present in the waste. Thus, it is of interest to analyze the K
data as a function of NOj; concentration.© Figure 3.1 presents the TcO, K, values as a function
of NO; /TcO, ratio. The values obtained are consistent with those reported for the pure AW-
101 and AN-107 solutions (Kurath, Blanchard, and Bontha 1999). Thus, it appears that mixing
of the solutions has no significant overall effect on the behavior of Tc. That is, the Tc K, values
are determined largely based on the amount of TcO, present in the solutions to begin with.

® The TcOy- fraction in C104 LEACH/WASH was unknown; it was assumed to be 100% TcOq-.

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

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

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

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

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

Test #® F Ccr NO, Br- NOy PO,* S0~ C,04” (00}

1 - Day 1 830 <250 46000 <250 101000 <500 1100 <500 1.92
1 - 2 Weeks 970 <250 45300 <250 98700 670 1200 <500 1.91
2 - Day 1 3000 <25 4800 <25 12100 430 520 600 0.37
2 - 2 Weeks 3700 <25 4500 26 11300 420 520 600 0.37
3 - Day 1 1540 430 13900 <250 55500 <500 1860 980 0.54
3 - 2 Weeks 2880 430 13700 <250 54100 <500 1840 1000 0.54
4 - Day 1 2600 200 4900 <125 8400 430 360 510 0.48
4 - Day 1 Replicate 2600 190 4900 <125 8400 420 330 500

4 - 2 Weeks 2700 210 5300 <125 9000 450 <250 540 0.45
5 - Day 1 1800 1100 22400 <125 47000 <500 <500 <500 0.86
5 - 2 Weeks 1800 1200 22700 <125 47500 <500 <500 <500 0.82
(a) Refer to Table 2.2.

(b) Determined by titration with standard HCI. Values presented are the average of duplicate runs.
(c) Value should be viewed as qualitative because of matrix interferences.
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Figure 3.1. Pertechnetate K;s Versus The Nitrate/Pertechnetate Ratio
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Table 3.3. Composition of the Precipitate from the AN-107 Mixing Tests

1:1 AN-107 Mix 10:1 AN-107 Mix

Liquid Solid Liquid Solid
Analyte pg/mL pg/g  pg®  Adjusted ug®™ Relative Moles  pg/mL pg/g  pg®™  Adjusted ug®™  Relative Moles
Ag <05 145 174 17.4 003 <25 185 31 31 0.03
Al 1045 7320 878 128 1.00 2260 8150 1376 292 1.00
B 13 277 332 239 046 (24) 354 59.8 48.2 0.41
Ca 78 500 60.0 4.0 0.02 (180) 474 80.0 -6.3 -0.01
Cd 122 741 89 0.1 000 271 735 124 -0.6 0.00
Cr 18.9 141 16.9 34 0.01 448 135 22.8 1.3 0.00
Cu 92 652 78 1.2 0.00 (19 595 10.0 0.9 0.00
Fe (3.9) 1460 175 172 0.65 (9.5 1070 181 176 0.29
K (325) (2000) (240) (7) 0.04 (750) (2000) (338) -(22) -0.05
Mn <1 3810 457 456 175 <50 3150 532 529 0.89
Na 53000 317000 38040 0 0.00 107000 304000 51315 0 0.00
Ni 103 662 79.4 5.5 002 225 626 106 -2 0.00
P 128 766 91.9 0.0 0.00 228 787 133 24 0.07
Pb 34 257 308 6.4 0.01  (67) 224 37.8 5.7 0.00
Si (38) 2460 295 268 201 (56) 4250 717 691 2.27
Sr 66 426 51.1 3.7 001 132 391 66.0 2.7 0.00
Zn (3.7) 152 182 15.6 0.05 (6.9) 447 755 72.1 0.10
TOC 8330 39850 4782 -1197 -20.94 15900 44750 7554 -72 -0.55
TIC 4330 38850 4662 1554 2720 8420 39250 6625 2587 19.91
Ccr 380 2130 256 -17.1 -0.10 700 1940 327 -8 -0.02
F <250 2290 275 95.4 1.06 <250 2270 383 263 1.28
NO, 11600 70200 8424 98.3 0.45 24200 68200 11512 -94 -0.19
NO;’ 47200 275000 33000 -877.1 -2.97 105000 274000 46251 -4105 -6.12
Nore 1620 9040 1085 -77.9 -0.17 3000 9260 1563 124 0.12
PO, <500 <2000 <240 <-151 -0.34 <500 <1800 <304 <64 0.06
C,04” 2500 16900 2028 233.7 0.56 <500 7370 1244 1004 1.05

Liquid Solid® Liquid Solid®

uCi/g  pCilg pCi® Adjusted nCi® Estimated pCi/g" nCilg  pCilg  pCi® Adjusted pCi® Estimated pCi/g®
Cs-137 629 420 504 5.3 2204 117 430 72.6 16.5 3432
Sr-90 0.509 855 1.0 0.7 275 0723 518 0.9 0.5 110
Tc-99  0.0210 0.152 0.018 0.003 1.3 0.0425 0.152 0.026 0.005 1.1
Am-241  <0.07  0.23 0.028 -0.023 <02 <0.5 0.084 -0.012
Eu-154  0.014 0.269 0.032 0.023 9 0.0301 0.237 0.040 0.026 5
Eu-155  <0.07 0.253 0.030 -0.020 <02 <0.5 0.084 -0.012
Co-60 0.025 0.167 0.020 0.002 1.0 0.0483 0.163 0.028 0.004
Total " 0.00591 0.245 0.029 0.025 10 0.0111 0.151 0.025 0.020 4

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

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

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

(d) Determined by dividing the adjusted uCi values by the estimated mass of the precipitated solids. The mass of the
precipitated solids was estimated to be 2400 pug and 4800 pg for the 1:1 AN107 Mix and the 10:1 AN107 Mix,
respectively. The following assumptions were made in determining these estimates: 1) oxalate is present as
Al(C,04)34H,0, 2) the remaining aluminum is present as AI(OH)s, 3) fluoride is present as FeF;4.5H,0, 4) the
remaining iron is present as Fe(OH);, 5) manganese is present as MnO,, and 6) silicon is present as SiOs.
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4.0 CONCLUSIONS

A series of tests has been conducted in which different Hanford tank waste solutions (AN-107,
AW-101, and C-104 sludge washing/leaching solutions) were mixed in varying proportions. The
effects of mixing these solutions on Tc sorption on SuperLig® 639 were evaluated. The results
indicate little or no adverse effect of mixing on the Tc K. The K, values are largely dictated by
the amount of TcO, originally present in each solution before mixing. There does not appear to
be appreciable reduction (or oxidation) of Tc(VII) in any of the cases examined.

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

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

This test plan is to be used to fulfill the requirements of BNFL Test Specification No. 001580.
The work will be conducted in the SAL hot cells and, if the radiological properties of the samples
allow, in labs 511 and 516 in the RPL. 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: BNFL Inc. process engineering will use the information derived from this task to
validate or modify the BNFL Inc. process flowsheet.

Objective: Battelle personnel will conduct small-scale tests using radioactive samples from
candidate low-activity waste (241-AW-101 and 241-AN-107 liquid fractions) and high-level
waste (24 1-C-104) tanks. The test objectives are to'mimic planned operating conditions to
determine, through qualitative observations, if chemical reactions (e.g., color change, foaming,
gassing) and/or precipitation occur from mixing selected radioactive solutions. An additional test
objective is to determine the Tc batch distribution value for solution mixtures, which will
quantify the conversion of pertechnetate to the non-pertechnetate species.

Acronyms

BNFL British Nuclear Fuels Ltd.

HDPE High-density polyethylene

HLW High-level waste

RPL Radiochemical Processing Laboratory
SAL Shielded Analytical Laboratory

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 indicated in Table 1 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.e., 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.
The calibration 1D, date of calibration, and calibration expiration date must be recorded on the

work place copy for each balance used.

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

BNFL-TP-29953-023, Rev. 0 Page 2 of 33



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

No special equipment is required for this work.

Prerequisites

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

All work in labs 511 or 516 will be conducted according to PNNL Operating Procedure RPG-OP-
511, Routine Research Operations.

The following radioactive tank samples are required:

Label®
AN-107 solution after St/TRU precipitation 50 mL ANI107
AW-101 solution after cross-flow filtration 75 mL AWI101
C-104 permeate 100 mL C104L
AN-107 entrained solids wash solution 3mL AN107Wash
AW-101 entrained solids wash solution 3mL AW101Wash

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

20-mL HDPE vial (50)

25-mL glass vials (2)

40-mL glass vials (4)

Hot plate/stirrer

0.45-pum nylon syringe filters (30)
5-mL syringes (30)

0.45-pm nylon disposable filter units (4)
5-mL pipette

SuperLig 639 (1 g)

A calibrated balance is required for this test. Record the following information regarding the

balance(s) used. ori Y
Fc. ol ® 7 Calt 1 R, S 2] Rv— s ops”
Jry-6t-01-602  (Calibration ID: 360 - 04-°l-0I¢ Calibration ID: 362 -0 -01-043 bigent - (.t
and
¥ /17797 . . i %
4 Calibration Date:  3/2/%4 Z 8 -13-6n Calibration Date: 8/12/% ¥/ 1% /e
& /1080 AR _—
Expiration Date: £/44 g A Expiration Date: /0o ¥/op

Before beginning work, a routine performance check should be performed and documented in the
space below. -

¢} These labels will be used throughout this test plan to refer to these samples.
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Also before beginning work, a routine performance check should be performed the 5-mL pipettor
to be used to transfer the solutions for the Ky measurements. The performance check should
include pipetting and weighing at least three 5-mL aliquots of deionized water. The results of the
performance check shall be documented in the space below. The temperature shall also be
recorded.

Work Instructions

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

Part 1. Mixing AN-107 With AW-101

. 20 wb
1.1.  Prepare the sample vials according to the following table. All vials should be HDPE.

Sample ID Vil Tave w
ANTOTAWIOI-TA 5.023S «
AN107AW101-1B 5.079/ «-
AN107AW101-1C 5. O g
AN107TAW101-2A §. 173 5-
AN107AW101-2B §.03/3 9 o

AN107AW101-2C §. /5% g- 27

1.2.  Label two 20-mL HDPE vial as “AN107AW101-Kd1A” and “AN107AW101-Kd1B.”
Place a Teflon-coated magnetic stir bar in each of these vials. Weigh the vials with cap
and stir bar.

Wt ANIOTAWIOIKdIA = §.59%3 g 0,47 (129)
10
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P 21
Wt. ANI07TAW101-Kd1B = §:5879 & (1.26) 27

1.3.  Weigh out 0.050 + 0.005 g of SuperLig 639 resin into each AN107AW101-Kd1A and
AN107AWI101-Kd1B. Weigh each vial.

= [ghc B
L T.8483 +o08H " vk

rok /

AL Wt ANI0TAW101-Kd1A = g (1.32) Lt
b von0 4 0950 Wi SuperLig 639 = 1.32-122a=_0.05Y/ g (13b) 25/

vecia alded. Wt. AN107AW101-Kd1B = g (1.3¢) 4

; 0536 Wt. SuperLig 639 = 1.3c-1.2b = ﬂaogjé’gz (1.3d) 27"
- g .¢276+ 0.0 ;= 3.6V
1.4,  Take vials AN107TAW101-Kd1A and AN107AW101-Kd1B to the SAL and stage for
subsequent steps.

1.5.  Label a 40-mL glass vial as “AN107AW101-TEST" and place a magnetic stir bar in this
vial. Weigh the vial with cap and stir bar.

o _cp((_‘d -
Wt ANIOTAWIOI-TEST= 24,5448 5", (155) #°

Wil

_14"”

ANIR? Co Tx Bath Cndect
w1749 1.6. Transfer 3 mL of sample AN107 to AN107AW101-TEST, then weigh the vial.

‘1-' 3 panr
AT ik Wt. ANI07TAW101-TEST = 285388 ¢ (1.62)

Wt. AN107 Added = 1.6a-1.5a=_3.972¢ ¢ (1.6b)

~ Gl - QEOHQ‘IB
1.7.  Transfer 30 mL of sample AW101 to AN107AW101-TEST, then weigh the vial.

G Wt. AN10TAW101-TEST= £6.7922 ¢ (1.7a)

Wt. AWI01 Added = 1.7a-1.6a= 3§ - 2534 g (1.7b)

Record the date and time at which the AW 101 was mixed with the AN107.

Date/Time: {1/1/9%9 12342 (1.7¢)

Also record the cell temperature.

Temperature= __ 2% = (1.7d)

G Djees 2U0-0E- 01016

(5 el 3b2-04- 0| -CY3
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1.8.  Stir the contents of AN107AW101-TEST. Record any immediate observations
concerning chemical reactions (e.g., color change, foaming, gassing) and/or precipitation.

VARAN Mo tvmpeiliict veackHoan . At (32 TR ol op bebed Uo"d""

W) 5 /4 A slihd amoLt  of ?y,f_).,s.‘JJb lustmg v Lotfom of e Vil

1.8A. After 24 h, record any observations concerning chemical reactions (e.g., color change,
foaming, gassing) and/or precipitation.
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Notes
The first Tc Ky measurement must be started within 4 hours of mixing the AW101 and
AN107 solutions.

5 mL portions of the AN107/AW 101 mixture are to be transferred to vials
AN107AWI101-1A, AN107AWI101-Kd1A, and AN107AW101-Kd1B as indicated
below. These transfers are to be done in such a manner that the exterior of the vials will
be free of smearable contamination. Appropriate steps should be taken by the SAL
personnel to ensure this.

1.9.  Filter 5.0 mL of the AN107/AW1Q1 mixture through a 0.45-um nylon membrane and e

place the filtered solution ig AN107AW101-1A 3nd remove the vial from the hotcell. 3~ ~*

orer il frho?aocron—T AL = fe + €1
1.10. Have an RCT determine the! dose characteristics of sample ANI07TAWI101-1A [ost A Sy "
'\ “1 v "*P’i '
~> =z 14,262 - PR

Radiological Hold Point VIR o

RCT perform radiological dose survey of sample AN107AW101-1A. Corrected doses at contact, \J""“ j

15 cm, and 30 cm are required. N ""Lan
th ‘! .

Note
Based on radiological dose of sample AN107AW101-1A, a determination will be made as to
whether to perform the K4 measurements in the lab or hot cell.

1.11.  Contact CSM (G.J. Lumetta) to determine whether samples are to be transferred to lab
511 or516.

1.12. Transfer 5.0 mL of the AN107/AW101 mixture to AN107TAW101-Kd1A. Remove the
- vial frdm the hot cell, if the K4 measurement is to be done in the 1ab.

1.13.  Transfer 5.0 mL of the AN107/AW101 mixture to AN1I07TAWI101-Kd1B. Rembve the
vial from the hot cell, if the K4y measurement is to be done in the lab.

1.14. If appropriate, transfer AN107AW101-1A, AN107AW101-Kd1A, and AN107AW101-
Kd1B to lab 511 or 516 (as directed by the cognizant scientist).

1.15. Weigh AN107AW101-Kd1A and AN107AW101-Kd1B.

Rale—es

28y-06-5 1005 Wt. AN107AW101-KdlA=_[4.904 ¢ (1.15a)
Wt. Solution=1.15a-1.3a=__ €.282 ¢ (1.15b)
Wt. ANIO7TAW101-KdIB= _14.¥23 ¢ (1.15¢)
Wi, Selution 1151 o £.18% g (1.15d)

1.16. Stir AN107AW101-Kd1A and AN107AW101-Kd1B for a minimum of 24 h

Start date/time: __ 111714 16:20

Stop date/time: _ /2744 ERRNES
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1.17.  Stop the stirrer and allow the resin to settle to the bottom of the vials.

1.18.  Withdraw as much of the liquid as practical from AN107AW101-Kd1A and filter
through a 0.45-pm nylon membrane. The filtered solution is to be placed in sample vial
ANI107AWI101-1B. Wt 2 12,812

1.19.  Withdraw as much of the liquid as practical from AN107AW101-Kd1B and filter through
a 0.45-pum nylon membrane. The filtered solution is to be placed in sample vial
ANI107AWI101-1C.

—_— L/t = [ 3.7M45 .
1.20. Allow the mixture in AN107AWI101-TEST to stand for two weeks

1.21.  After 2 weeks, record any observations concerning chemical reactions (e.g., color change,
foaming, gassing) and/or precipitation.

Uz 1o sl faast wchineys oA~ ¢ hewg Fome H0l/sT 0 L

1.22.  Label two 20-mL HDPE vial as “AN107AW101-Kd2A” and “AN107AW101-Kd2B.”
Place a Teflon-coated magnetic stir bar in each of these vials. Weigh the vials with cap

and stir bar.
Wt. ANI0TAW101-Kd2A = §.5704 ¢ (1.228) Hze
Wt. ANI07AW101-Kd2B= §.4874 ¢ (1226) ¥

1.23.  Weigh out 0.050 + 0.005 g of SuperLig 639 resin into each AN107AW101-Kd2A and
AN107AW101-Kd2B. Weigh each vial.

Wt. ANI07TAWI101-Kd2A=_V¥. c22& g (1.23a)
Wt. SuperLig 639 =1.23a-1.22a=_©C.0534 g (1.23b)
Wt. ANI07AW101-Kd2B=_8. 540l ¢ (1.23c)

Wt. SuperLig 639 = 1.23¢c-1.22b= s.052C g (1.23d)

1.24. Filter 5.0 mL of the AN107/AW101 mixture through a 0.45-pm nylon membrane and
place the filtered solution in AN107AW101-2A. Remove the vial from the hot cell, if the
Ky measurement is to be done inthe lab. | Jj+ = (4, 23

1.25. Transfer 5.0 mL of the AN107/AW 101 mixture to AN107AW101-Kd2A. Remove the
vial from the hot cell, if the K4 measurement is to be done in the lab.

1.26. Transfer 5.0 mL of the AN107/AWI101 mixture to AN107AW101-Kd2B. Remove the
vial from the hot cell, if the Ky measurement is to be done in the lab.
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1.27. If appropriate, transfer AN107TAWI101-2A, AN107AW101-Kd2A, and AN107TAW101-
Kd2B to lab 511 or 516 (as directed by the cognizant scientist).

1.28. Weigh AN107AW101-Kd2A and AN107AW101-Kd2B.

Wt. AN10TAW101-Kd2A= _[Y-£72 ¢ (1.28a)
Wt. Solution = 1.282-123a=_¢&- 278 ¢ (1.28b)
Wt. ANI0OTAW101-KdBB=__ (4.4t ¢ (1.28¢c)
Wt. Solution = 1.28¢c-1.23c=__¢-3%¢ ¢ (1.284d)

1.29. Stir AN107AW101-Kd2A and AN107AW101-Kd2B for a minimum of 24 h

Start date/time: |1 //37¢%

|l/72/fq

/1$~20
I12:30

Stop date/time:

1.30.  Stop the stirrer and allow the resin to settle to the bottom of the vials.

1.31. Withdraw as much of the liquid as practical from AN107AW101-Kd2A and filter
through a 0.45-pm nylon membrane. The filtered solution is to be placed in sample vial
ANIOTAWIOI2B. _\ ,r= 2.9y

Withdraw as much of the liquid as practical from AN107AW101-Kd2B and filter through
a 0.45-pm nylon membrane. The filtered solution is to be placed in sample vial
ANI07AWI01-2C. > 4+ . 17.79 %

1.33.  Samples AN107AW101-1A, ANI07AW101-1B, AN107AW101-1C, AN107TAWI101-2A,
AN107AW101-2B, and AN107AW101-2C will be submitted for the analyses outlined in
Table 1. '

Part 2. Mixing C-104 Leachate With AN-107 At 10:1 Ratio
7O L

2.1.  Prepare the sample vials according to the following table. All vials should be,HDPE.

Tart Wt

2.2,

Sample ID > a9
ANTOTCIOH-TA — ~§.09%7 4. i
AN107C104-1B IRy 5
AN107C104-1C § 1955 s
AN107C104-2A §.1047 5-

ANI107C104-2B §.1005 g-
AN107C104-2C  §. 05 5"

Label two 20-mL HDPE vial as “AN107C104-Kd1A” and “AN107C104-Kd1B.” Place a
Teflon-coated magnetic stir bar in each of these vials. Weigh the vials with cap and stir

bar.

BNFL-TP-29953-023, Rev. 0
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Wt. AN107C104-Kd1A= §. 54639 ¢ (2.22) f/f,‘?,a—"‘/’
Wt. AN107C104-Kd1B= §.5379 ¢ (22b) ¢

23, Weigh out 0.050 + 0.005 g of SuperLig 639 resin into each AN107C104-Kd1A and

ANI107C104-Kd1B. Weigh each vial.
_n g.SL3G 40083 & (93

Vials dvd B S0W y AN107C104-KdIA = g’ (2.32)

B vesn b, Wt. SuperLig 639 =2.3a-2.2a=_0,0537 g (2.3)

Gelemet 3C0-0b-01-09°  wy AN107C104-KdIB = g =" (2.3¢)

el v §/17/% Wt. SuperLig 639 =2.3c-22b=_©-¢5%5" g | (23q)
Dot zfec00 ‘

NN g.51964 0s2S e g shoM
2.4, Take vials AN107C104-Kd1A and AN107C104-Kd1B to the SAL and stage for
subsequent steps.

2.3, Label a 40-mL glass vial as “AN107C104-TEST” and place a magnetic stir bar in this
vial. Weigh the vial with cap and stir bar.

7,
Wt. AN107C104-TEST = 24,4244 ¢ *’ 2.52) 7La7 7

NTIEE 2.6.  Transfer 3 mL of sample AN107 to AN107C104-TEST, then weigh the vial.

AYH :’ ‘ Wt. AN107C104-TEST=_25-23f4 o &) (2.63)
-h v 5 5
e Wt. AN107 Added =2.62-2.5a=_3- FU§ o (2.6b)

Py T gio¥ Compri¥ Lumdd |
2.7. - Transfer 30 mL of sample C104L to AN107C104 TEST, then weigh the vial.

bxS mlL (3N
) Wt. AN107C104-TEST = £0.23577 ¢ (2.7a)
Wt. C104 Added =2.7a-2.6a= 2193 o (2.7b)
Record the date and time at which the C104 was mixed with the AN107.
Date/Time: _li/iyad  [M-0° (2.7¢)
Also record the cell temperature,
]
Temperature = 23°C (2.7d)

(Ly LY P— 310'-(:{_0[—0{&
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2.8.  Stir the contents of AN107C104-TEST. Record any immediate observations concerning
chemical reactions (e.g., color change, foaming, gassing) and/or precipitation.

W No  temetdidll pzacion . At T e  pe solrn (oo ket cfou(/..f

2.8A. After 24 h, record any observations concerning chemical reactions (e.g., color change,
foaming, gassing) and/or precipitation.
A sl Gount & Pt U e ao

W/s/44
Lo ofF W v
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Notes
The first Tc Kq measurement must be started within 4 hours of mixing the C104 and
AN107 solutions.

5 mL portions of the AN107/C104 mixture are to be transferred to vials AN107C104-1A,
AN107C104-Kd1A, and AN107C104-Kd1B as indicated below. These transfers are to be
done in such a manner that the exterior of the vials will be free of smearable
contamination. Appropriate steps should be taken by the SAL personnel to ensure this.

2.9.  Filter 5.0 mL of the AN107/C104 mixture through a 0.45-um nylon membrane and place petan e st

the filtered solution in AN107C104-1A and remove the vial from the hot cell. ol wr T
Teet S, amcImd0l- 1A% = F0318T (Relalid s pocrcioq-14% o Ll W
2.10. HaveanRCT determme the dose characteristics of sample AN107C104 1A [osh (3yein? 14~
b &~ ‘/ .
Radiological Hold Point Ltz 14042 | 2akedd)

RCT perform radiological dose survey of sample AN107C104-1A. Corrected doses at contact,
15 cm, and 30 cm are required.

Note
Based on radiological dose of sample AN107C104-1A, a determination will be made as to
whether to perform the K4 measurements in the lab or hot cell.

2.11. Contact CSM (G.]. Lumetta) to determine whether samples are to be transferred to lab
511 or 516.

2.12. Transfer 5.0 mL of the AN107/C104 mixture to AN107C104-Kd1A. Remove the vial
from the hot cell, if the K, measurement is to be done in the lab.

2.13.  Transfer 5.0 mL of the AN107/C104 mixture to AN107C104-Kd1B. Remove the vial
from the hot cell, if the Ky measurement is to be done in the lab.

2.14. If appropriate, transfer AN107C104-1A, AN107C104-Kd1A, and AN107C104-Kd1B to
lab 511 or 516 (as directed by the cognizant scientist).

2.15. Weigh AN107C104-Kd1A and AN107C104-Kd1B.

Toa leea

3g4-ol-2l-00F Wt. AN107C104-KdlA=_(3.96° ¢ (2.153)
Wt. Solution =2.15a-23a=_3 - 343 o (2.15b)
Wt. AN107C104-Kd1B=_13:.662 g . (2.15¢)
Wt. Solution=2.15¢-2.3c=_ $-377 g (2.15d)

2.16. Stir AN107C104-Kd1A and AN107C104-Kd1B for a minimum of 24 h

Start date/time: _1/1/44 (30
Stop date/time: __"/%/% 14148
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2.17.  Stop the stirrer and allow the resin to settle to the bottom of the vials.

2.18.  Withdraw as much of the liquid as practical from AN107C104-Kd1A and filter through a
0.45-pm nylon membrane. The filtered solution is to be placed in sample vial
AN107C104-1B.

wt=~ |2.007

2.19. Withdraw as much of the liquid as practical from AN107C104-Kd1B and filter through a
0.45-pm nylon membrane. The filtered solution is to be placed in sample vial
AN107C104-1C.  yr<

12,0571
2.20. Allow the mixture in AN107C104-TEST to stand for two weeks

2.21.  After 2 weeks, record any observations concerning chemical reactions (e.g., color change,
foaming, gassing) and/or precipitation.

VaYes! Ne SioiE T U Lol (1S /59 {1

2.22. Label two 20-mL HDPE vial as “AN107C104-Kd2A” and “AN107C104-Kd2B.” Place a
Teflon-coated magnetic stir bar in each of these vials. Weigh the vials with cap and stir
bar. _ q,ﬁ
i1

Wt. AN107C104-Kd2A = §- 5628 5 J (2.22a)
Wt. AN107C104-Kd2B =_J. 5289 ¢ (2.22b)

2.23.  Weigh out 0.050 + 0.005 g of SuperLig 639 resin into each AN]C?C 104-Kd2A and

AN107C104-Kd2B. Weigh each vial. S~ §.5628 to.05( = & £134
Wt. AN107C104-Kd2A = g (2.23a)

0.051lg Wt SuperLig 639 =2.23a-2.22a= 2, 05// g (2.23b)

Wt. AN107C104-Kd2B = g (2.23c)

0-05903 Wt, SuperLig 639 =2.23¢c-2.22b=_©.050% (2.23d)

2.24. Filter 5.0 mL of the AN107/C104 mixture through a 0.45-um nylon membrane and place
the filtered solution in AN107C104-2A. Remove the vial from the hot cell, if the K4
measurement is to be done in the lab. — s L4+ - 2,257

2.25. Transfer 5.0 mL of the AN107/C104 mixture to AN107C104-Kd2A. Remove the vial
from the hot cell, if the Ky measurement is to be done in the lab.

2.26. Transfer 5.0 mL of the AN107/C104 mixture to AN107C104-Kd2B. Remove the vial
from the hot cell, if the K4y measurement is to be done in the lab.

Nkt Rpngs of maclior by (shp 2y w v o
Llug'( &/-—"-"} L\ r‘v\‘*t- ';‘* ( _é' TL:L Lgvv‘d“r"—_ IT b)(lb

-H-J,.-:-ﬁv-i B R
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2.27. If appropriate, transfer AN107C104-2A, AN107C104-Kd2A, and AN107C104-Kd2B to
lab 511 or 516 (as directed by the cognizant scientist).

2.28. Weigh AN107C104-Kd2A and AN107C104-Kd2B.

Wt AN107C104-Kd2A = 12,933 ¢ (2.28a)
Wt. Solution = 2.28a-223a=_ 5. 3/4 g (2.28b)
xVE'AN107c1o4-)gq1§ = . g (2.28¢)
Wt. Solution = 2.28c-'2.23c“:““~-\g\(2.28d)
Lo La'h‘-h——w el
2.29.  Stir AN107C104-Kd2A and AN107C104-Kd2B for a minimum of 24 h S

Start date/time: |1 /(5755 1520 s

W55
Stop date/time: _'l/1x/ 74 :2e

2.30. Stop the stirrer and allow the resin to settle to the bottom of the vials.

2.31. Withdraw as much of the liquid as practical from AN107C104-Kd2A and filter through a
w22/ 0.45-pm nylon membrane. The filtered solution is to be placed in sample vial

2.32. Withdraw as mu he liquid as practical from-AN107 4-Kd2B and filter through a

0.45-pm nylon membrane, The filter ton laced in sample vial

P s I
ANI107C104-2C.

2.33. Samples AN107C104-1A, AN107C104-1B, AN107C104-1C, AN107C104-2A,
’ AN107C104-2B, and ANH07G104-2€ will be submitted for the analyses outlined in ~
Table 1. _ AN frr s ,

e V] 1/59

Part 3. Mixing C-104 Leachate With AN-107 At 1:1 Ratio
0-wl

3.1 Prepare the sample vials according to the following table. All vials should be, HDPE.

Sample ID Tov: wh . 16.2G-69
ANTOTCT0ASA 705705, o g
ANI107C104-3B 7 .ss’ézs.

AN107C104-3C T.0%% ¢ g
AN107C104-4A € 0l | 5
AN107C104-4B . 18¢ &
AN107C104-4C g 1273 g
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3.2

3.3.

3.4.

3.5.

3.7.

3.6.
Reoiih a all = zY4-705¥
(Baloed TLD ~06-01~ €157

Label two 20-mL HDPE vial as “AN107C104-Kd3A™ and “AN107C104-Kd3B."” Place a
Teflon-coated magnetic stir bar in each of these vials. Weigh the vials with cap and stir

bar.

.24-77
Wt AN107C104-Kd3A= _§. 5905 ¢ G2a) AP
Wt. AN107C104-Kd3B= _§.5C6 2 ¢ (3.2b) J’
Weigh out 0.050 + 0.005 g of SuperLig 639 resin into each AN107C104-Kd3A and
AN107C104-Kd3B. Weigh each vial. ~ % 5A05 +2.6037 L . 64N %
Wt. AN107C104-Kd3A = g (3.32)
i -29-97
2.6537% Wi, SuperLig 639 =33a-3.2a= £.05 37 ¢ (33b) e 107
Wt AN107C104-Kd3B = S L
o s 9
20553 % Wit SuperLig 639 =33c-32b= 2.055; (3.3d) -0z
g
Take vials AN107C104-Kd3A and AN107C104-Kd3B to the SAL and stage for
subsequent steps.
Label a 40-mL glass vial as “AN107C104-TEST2” and place a magnetic stir bar in this
vial. Weigh the vial with cap and stir bar.
.25-%7
Wt. AN107C104-TEST2 = 24 .765Y ¢ G.5a) AP T

~ A7 €s Fx Bedth Coddench
Transfer 20 mL of sample AN107 to AN107C104-TESTZ, then wesgh the vial.

Wt. AN107C104-TEST2 = (3.62)
Wt. AN107 Added = 3.6a-3.5a= H [ ('Q:;Elﬁ g (3.6b)

S Y s f - 2T-20rd = 2y, Fraa
Transfer 20 mL of sample C104L to AN107C104-TEST2, then weigh the vial.

Wt. AN107C104-TEST2 = 70, €O & 7 g (3.7a)
Wt. C104 Added = 3.7a-3.6a= 20. W4¥% ¢ (3.7b)
Record the date and time at which the C104 was mixed with the AN107.

Date/Time: '/24/99  (1-od (3.7¢)

Also record the cell temperature.

Temperature = 135 C (3.7d)
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3.8.  Stir the contents of AN107C104-TEST2. Record any immediate observations concerning
chemical reactions (e.g., color change, foaming, gassing) and/or precipitation.

/24044 oo Col ot wn c[dud—j

3.8A. After 24 h, record any observations concerning chemical reactions (e.g., color change,
foaming, gassing) and/or precipitation.

2opa (930 Davk Crowsn solid LA cettld o T oot a

e vial |

12/72/%¢  (4:00 Ao thuse,
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Notes

The first Tc K4 measurement must be started within 4 hours of mixing the C104 and

AN107 solutions.

5 mL portions of the AN107/C104 mixture are to be transferred to vials AN107C104-3A,
ANI107C104-Kd3A, and AN107C104-Kd3B as indicated below. These transfers are to be
done in such 2 manner that the exterior of the vials will be free of smearable
contamination. Appropriate steps should be taken by the SAL personnel to ensure this.

\1/'1"‘(“‘

pt 309,

Filter 5.0 mL of the AN107/C104 mixture through a 0.45-um nylon membrane and place

the filtered solution in AN107C104-3A and remove the vial from the hot cell.

. o TS L = 3,625
3.10. Have an RCT determine the dose characteristics of sample AN107C104-3A

Radiological Hold Point

{4y

RCT perform radiological dose survey of sample AN107C104-3A. Corrected doses at contact,
15 ¢cm, and 30 cm are required.

Note

Based on radiological dose of sample AN107C104-3A, a determination will be made as to
whether to perform the Ky measurements in the lab or hot cell.

3. 11,

342,

3.13.

3.14.

3.135.

3.16.

BNFL-TP-29953-023, Rev. 0

Contact CSM (G.J. Lumetta) to determine whether samples are to be transferred to lab

511 or 516.

Transfer 5.0 mL of the AN107/C104 mixture to AN107C104-Kd3A. Remove the vial

from the hot cell, if the Kz measurement is to be done in the lab.

Transfer 5.0 mL of the AN107/C104 mixture to AN107C104-Kd3B. Remove the vial

from the hot cell, if the K4 measurement is to be done in the lab.

If appropriate, transfer AN107C104-3A, AN107C104-Kd3A, and AN107C104-Kd3B to

lab 511 or 516 (as directed by the cognizant scientist).
Weigh AN107C104-Kd3A and AN107C104-Kd3B.

Wt. AN107C104-Kd3A =
Wt. Solution=3.15a-3.3a=
Wt. AN107C104-Kd3B =
Wt. Solution =3.15¢-3.3¢c =

Stir AN107C104-Kd3A and AN107C104-Kd3B for a minimum of 24 h

Start date/time:  !'/249/%4

$. 703§ g

Stop date/time: _12/6/44

(R Blues 364 -C6-01-00F

(3.152)
(3.15b)
(3.15¢)
(3.15d)
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3.17. Stop the stirrer and allow the resin to settle to the bottom of the vials.
3.18. Withdraw as much of the liquid as practical from AN107C104-Kd3A and filter through a

0.45-um nylon membrane. The filtered solution is to be placed in sample vial
ANI107C104-3B. L 213,006 B gay debFwE G oon PG,

3.19. Withdraw as much of the liquid as practical from AN107C104-Kd3B and filter through a
0.45-pum nylon membrane. The filtered solution is to be placed in sample vial
AN107C104-3C. W = (3,347

320, Allow the mixture in AN107C104-TEST2 to stand for two weeks

3.21.  After 2 weeks, record any observations concerning chemical reactions (e.g., color change,
foaming, gassing) and/or precipitation.

3.22. Label two 20-mL HDPE vial as “AN 1“07C104-Kd4A” and “AN107C104-Kd4B.” Place a
Teflon-coated magnetic stir bar in each of these vials. Weigh the vials with cap and stir

bar.
ﬂ"' ,0,24'9?
Wt. AN107C104-Kd4A = §. 606 [ ¢ (3.22a)
Wt. AN107C104-Kd4B=_§. 529 2Z¢ (3.22b) - J

3.23. Weigh out 0.050 + 0.005 g of SuperLig 639 resin into each AN107C104-Kd4A and

AN107C104-Kd4B. Weigh each vial. PR AR . be

Wt. AN107C104-Kd4A = g (3.232)
0. 0550y Wt SuperLig 639 =3.23a-3222= 00550 g  (323b) - e #FET

oastl = YT.s5g
Wt. AN107C104-Kd4B = Sl T

205519 Wt SuperLig 639 =3.23c-3.22b= 00557 g (323d) e 073

3.24. Filter 5.0 mL of the AN107/C104 mixture through a 0.45-um nylon membrane and place
the filtered solution in AN107C104-4A. Remove the vial from the hot cell, if the K4 _
measurement is to be done in the lab. “~~— Wt = 13.4¢7 {Yel e 352’i "/; Of-c¢
124194
3.25. Transfer 5.0 mL of the AN107/C104 mixture to AN107C104-Kd4A. Remove the vial
from the hot cell, if the Ky measurement is to be done in the lab.

3.26. Transfer 5.0 mL of the AN107/C104 mixture to AN107C104-Kd4B. Remove the vial
from the hot cell, if the Ky measurement is to be done in the lab.

BNFL-TP-29953-023, Rev. 0 Page 18 of 33
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3.28.

3.29.

3.30.

3.31L

3.32.

If appropriate, transfer AN107C104-4A, AN107C104-Kd4A, and AN107C104-Kd4B to
lab 511 or 516 (as directed by the cognizant scientist).

Weigh AN107C104-Kd4A and AN107C104-Kd4B.

Wt. AN107C104-Kd4A = [H.607 ¢ (3.282)
Wt. Solution = 3.28a-3.23a=_ s~ 776 ¢ (3.28b)
Wt. AN107C104-Kd4B=_[Y.227 g (3.28¢)
Wt. Solution=3.28c-3.23c=_S- 739 g (3.28d)

Stir AN107C104-Kd4A and AN107C104-Kd4B for a minimum of 24 h

Start date/time: 12/ 1%9% 10:30

Stop date/time: _'/21 /%4 1030

Stop the stirrer and allow the resin to settle to the bottom of the vials.

Withdraw as much of the liquid as practical from AN107C104-Kd4A and filter through a
0.45-pum nylon membrane. The filtered solution is to be placed in sample vial
AN107C104-4B. . .. Lk = 13,82 @S

Withdraw as much of the liquid as practical from AN107C104-Kd4B and filter through a
0.45-um nylon membrane. The filtered solution is to be placed in sample vial
ANI07CI04-4C. . Lot = | 3-366 .

Samples AN107C104-3A, AN107C104-3B, AN107C104-3C, AN107C104-4A,
AN107C104-4B, and AN167C104-4C will be submitted for the analyses outlined in
Table 1.

Part 4. Mixing C-104 Leachate With AW-101 At 10:1 Ratio

v d

Prepare the sample vials according to the following table. All vials should be HDPE.

Sample ID
AWIOICTO04-TA
AWI101C104-1B
AWI0ICI04-1C
AWI01C104-2A
AWI01C104-2B
AWI101C104-2C

4} Belo—ee 3EY- C4d-oi— 0k
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,\\‘4.'
q /17154

A3,

PR
ﬂ'h‘!!‘l‘\

A4,

-\{';'_1 {qﬁ
el (
45,

48

477.

@)

BNFL-TP-29953-023, Rev. 0

Label two 20-mL HDPE vial as “AW101C104-Kd1A” and “AW101C104-Kd1B.” Place
a Teflon-coated magnetic stir bar in each of these vials. Weigh the vials with cap and stir
bar.

Wt. AWI01C104-KdlIA=_7.17195 o «° (4.22)
Wt. AWI0IC104-KdIB=_1.14281 g ‘@ (4.2b)

Weigh out 0.050 £ 0.005 g of SuperLig 639 resin into each AW101C104-Kd1A and
AWI101C104-Kd1B. Weigh each vial.

Wt AWI0ICI04-KdIA=_7.2243 g'* (4.32)
Wt. SuperLig 639 =4.3a-42a=_©.048¢ o (4.3b)
Wt. AWI01C104-Kd1B=_ 7. 250y g (4.3¢)
Wt. SuperLig 639 =4.3c-4.2b= ¢.05230 ¢ (4.3d)

Take vials AW101C104-Kd1A and AW101C104-Kd1B to the SAL and stage for
subsequent steps.

Label a 40-mL glass vial as “AW101C104-TEST” and place a magnetic stir bar in this
vial. Weigh the vial with cap and stir bar.
(Bq'ao--&!. i~ SAQ

Wt. AW101C104-TEST = 256 7 (4.52)

-~ GlL-060451R
Transfer 3 mL of sample AW101 to AW101C104-TEST, then weigh the vial.

Wt. AWI01C104-TEST = _2%.54%3 ¢ (4.6a)
Wt. AW101 Added =4.6a-4.5a= - €1l o (4.6b)

o lebal = QoY Comppalh Lt ®
Transfer 30 mL of sample C104L to AW101C104-TEST, then weigh the vial.

Wt. AWI01C104-TEST=_©°- 7231 ¢ (4.7a)
Wt. C104 Added =4.7a-4.6a= 2 % 174¢ ¢ (4.7b)
Record the date and time at which the C104 was mixed with the AW101.

Date/Time: V21/49  10::15 (4.7¢)

Also record the cell temperature.

Temperature = 23°¢ (4.7d)

Bolowu 362. ofb-01-043
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4.8A.

Stir the contents of AW101C104-TEST. Record any immediate observations concerning
chemical reactions (e.g., color change, foaming, gassing) and/or precipitation.

No il v b —.

After 24 h, record any observations concerning chemical reactions (e.g., color change,
foaming, gassing) and/or precipitation.

Q712069 11:30 =™ No themy ia o galabho L

Al
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Notes
The first Tc K, measurement must be started within 4 hours of mixing the C104 and
AW101 solutions.

5 mL portions of the AW101/C104 mixture are to be transferred to vials AW101C104-
1A, AWI101C104-Kd1A, and AW101C104-Kd1B as indicated below. These transfers are
to be done in such a' manner that the exterior of the vials will be free of smearable
contamination. Appropriate steps should be taken by the SAL personnel to ensure this.

al ! " x woabet Cap B2
L, ar 48, Filter5.0 mL of the AW101/C104 mixture through a 0.45-pm nylon membrane and place ;..J Loadta
the filtered solution in AW101C104-1A and remove the vial from the hot cell. s
b clwmgtd  bttcns
410. Have an RCT determine the dose characteristics of sample AW101C104-1A 15 ae wes

Radiological Hold Point ‘

RCT perform radiological dose survey of sample AW101C104-1A. Corrected doses at contact,
15 cm, and 30 c¢m are reqmred

Note
Based on radiological dose of sample AW101C104-1A, a determination will be made as to
whether to perform the K4 measurements in the lab or hot cell.

4711. Contact CSM (G.J. Lumetta) to determine whether samples are to be transferred to lab
511 or 516.

m Transfer 5.0 mL of the AW101/C104 mixture to AW101C104-Kd1A. Remove the vial
from the hot cell, if the Ki measurement is to be done in the lab.

3

Transfer 5.0 mL of the AW101/C104 mixture to AW101C104-Kd1B. Remove the vial
from the hot cell, if the K4 measurement is to be done in the lab.

4347 If appropriate, transfer AW101C104-1A, AWI101C104-Kd1A, and AW101C104-Kd1B
to lab 511 or 516 (as directed by the cognizant scientist).

445. Weigh AW101C104-Kd1A and AW101C104-Kd1B.

Balv—f_}-l 3y H-oL2l - 605

Wt. AW101C104-Kdl1A=_[2.2342 o (4.15a)
Wt. Solution=4.152-43a=_S. 113 ¢ (4.15b)
Wt. AWI01C104-KdIB=_1x4Z2¢ ¢ (4.15¢)
Wt. Solution=4.15¢-4.3c= . s- 176 g (4.15d)
wh pACON —A -y e e
446, Stir AW101C104-Kd1A and AW101C104-Kd1B for a minimum of 24 h
s:ww ot o4 Start date/time: 4 /21 /4 ki

OO0 rp o
Stop date/time: _1/%2/41 '
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4]
Stop the stirrer and allow the resin to settle to the bottom of the vials.

Withdraw as much of the liquid as practical from AW101C104-Kd1A and filter through a
0.45-pum nylon membrane. The filtered solution is to be placed in sample vial

AWI0ICI041B,___ o

[

4419.  Withdraw as much of the liquid as practical from AW101C104-Kd1B and filter through a
0.45-pm nylon membrane. The filtered solution is to be placed in sample vial

AW101C104-1C.\_§ NANTIREL

j/.?_O. Allow the mixture in AW101C104-TEST to stand for two weeks

421.  After 2 weeks, record any observations concerning chemical reactions (e.g., color change,
foaming, gassing) and/or precipitation.

1016045 we  cleme - ik Cloe—

A22.  Label two 20-mL HDPE vial as “AW101C104-Kd2A” and “AW101C104-Kd2B.” Place
aA+ aTeflon-coated magnetic stir bar in each of these vials. Weigh the vials with cap and stir
aji7/4 bar.

(43

Wt. AWI0ICI04-Kd2A=_ 77422 ¢ (4.222)
Wt. AWI01C104-Kd2B=_7.141s g (4.22b)

A23. Weigh out 0.050 +0.005 g of SuperLig 639 resin into each AW101C104-Kd2A and
RS A\V101C104—Kd28. Weigh each vial.

o”,,qui" . \
Wt. AWI0IC104-Kd2A = 72425 o€ (4.23a)
Wt. SuperLig 639 =4.23a-422a= 06513 g (4.23b)
Wt. AWI0ICI04-Kd2B= 7. 414 @ (4.23c)

Wt. SuperLig 639 = 4.23¢c-4.22b=_0.04%% ¢ (4.23d)

f;' l-“qr ANIGIC‘L’)H "Tﬁgr #’\A’DJ;L! e O MY - tapen vwsh:.. WU—'"L.—o—-! hl ]3("'(.1' p, Hf{"'/ "L‘j‘)}f.-l“ i
424, Tramsfer 5.0 mL of the AW101/C104 mixture,tee AW101C104-2A. Remove the vial from
the hot cell, if the K4 measurement is to be done in the lab.

‘f./'z_m.i-{""/ N
425, Eilter 5.0 mL of the AW101/C104 mixture through a 0.45-umnylon-membrane-and-place
the filtered solutienin AWI101C104-Kd2A. Remove the vial from the hot cell, if the Ky
measurement is to be done in the lab.

£y v

i ,\u['\ola‘\

4.26. Transfer 5.0 mL of the AW101/C104 mixture to AWI101C104-Kd2B. Remove the vial
from the hot cell, if the K4 measurement is to be done in the lab.

& 3L2-06-0l- €53
ﬁ\'lw
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4.27. If appropriate, transfer AW101C104-2A, AW101C104-Kd2A, and AW101C104-Kd2B
to }a@)r 516 (as directed by the cognizant scientist).

428  Weigh AWI01C104-Kd2A and AW101C104-Kd2B.

Wt. AWI01C104-Kd2A=_12.501 g 139 (4.28a)
Wt. Solution = 4.28a-4.23a=__ 5. 208 g (4.28b)
Wt. AWlOlCIO4-deB = l270f o O (4.28¢)
Wt. Solution =4.28c-4.23c = 5 .Yes™ g (4.28d)
W awioiCiod -24 = 1.972®

429, Stir AWI101C104-Kd2A and AW101C104-Kd2B for a minimum of 24 h . . g
. 18/7/44 @ $120 T4 woss usuv

Mol
- Wt 2A bed *mlked®
ime: 18/ L/44q 12138 ny  awioiCiod- K
Start date/time: e e ow iy
Stop date/time: __ 0/ 7/45 1223 Com SHeee Ged pherd uedl)

0/8/5t &0
4.30. Stop the stirrer and allow the resin to settle to the bottom of the vials. -

431. Withdraw as much of the liquid as practical from AW101C104-Kd2A and filter through a
0.45-pm nylon membrane. The filtered solution is to be placed in sample vial

* Lromy pl —
AW101C104-2B. W s Mfry _nf:‘_-:.{',"’””“ LJ’TL-I‘F.S 75
4.32. Withdraw as much of the liquid as practical from AW101C104-Kd2B and filter through a

0.45-um nylon membrane. The filtered solution is to be placed in sample vial

AWIOICI42C, wh. 11, %32®

4.33. Samples AW101C104-1A, AWI101C104-1B, AW101C104-1C, AW101C104-2A,
AWI101C104-2B, and AW101C104-2C willbe submitted for the analyses outlined in
Table 1.

Part 5. Mixing C-104 Leachate With AW-101 At 1:1 Ratio

5.1.  Prepare the sample vials according to the following table. All vials should be HDPE.

Sample ID
AWIOICI04-3A
AWI101C104-3B
AW101C104-3C
AWI01C104-4A
AWI0IC104-4B
AW101C104-4C

U Ruleey 38 d-o0b-o1-e0%
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5.2.  Label two 20-mL HDPE vial as “AW101C104-Kd3A" and “AW101C104-Kd3B.” Place
a Teflon-coated magnetic stir bar in each of these vials. Weigh the vials with cap and stir

e
P bar.

a/17(45
Wt AWIOICI04-Kd3A= 7.2455 g (5.2a)
Wt. AWI101C104-Kd3B=_ 7. 2és50 ¢“ (5.2b)

3.3. Weigh'out 0.050 £ 0.005 g of SuperLig 639 resin into each AW101C104-Kd3A and
AWI101C104-Kd3B. Weigh each vial.

M oh

q/n‘/‘iq I3
Wt. AWI0ICI04-Kd3A=_7.%ss” g (5.32)
Wt. SuperLig 639 =5.3a-52a= d.b0502 ¢ (5.3b)
Wt AWI01C104-Kd3B= 7-2i7¢4 g™ (5.3c)
Wt. SuperLig 639 = 5.3¢c-5.2b= ©¢o524 ¢ (5.3d)

145 Take vials AW101C104-Kd3A and AW101C104-Kd3B to the SAL and stage for
c‘i: WL subsequent steps.

55  Label a 40-mL glass vial as “AW101C104-TEST2" and place a magnetic stir bar in this
vial. Weigh the vial with cap and stir bar.
{ Balece Pk o AL

Wt. AWI101C104-TEST2 = 25.2172 ¢ (5.52)
56,  Transfer 20 mL of sample AW101 to AW101C104-TEST2, then weigh the vial.

Wt. AWI01C104-TEST2 = 2 C 745 ¢ (5.62)

Wt. AW10! Added = 5:6a-5.5a= %4 &5 93 (5.6b)
5%  Transfer 20 mL of sample C104L to AW101C104-TEST2, then weigh the vial.

Wt. AW101C104-TEST2 = _7/-¥¢357 ¢ (5.7a)

Wt. C104 Added = 5.7a-5.6a= 2! -¥°27° o (5.7b)

Record the date and time at which the C104 was mixed with the AW101.

Date/Time: Vg% viee (5.7¢)

Also record the cell temperature.

Temperature = 23°C (5.7d)

B)  Bale—es 307 06-D1-093
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5.8.  Stir the contents of AW101C104-TEST2. Record any immediate observations concerning
a2l chemical reactions (e.g., color change, foaming, gassi_ng) and/or precipitation.

M\{/ Mo tommiella T o B

5.8A. After 24 h, record any observations concerning chemical reactions (e.g., color change,
foaming, gassing) and/or precipitation.

/

. s'l')

we  chegt in e selobin

afarses

At
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Notes
The first Tc K4 measurement must be started within 4 hours of mixing the C104 and
AWI101 solutions.

5 mL portions of the AW101/C104 mixture are to be transferred to vials AW101C104-
3A, AWI01C104-Kd3A, and AW101C104-Kd3B as indicated below. These transfers are
to be done in such a manner that the exterior of the vials will be free of smearable
contamination. Appropriate steps should be taken by the SAL personnel to ensure this.

54.  Filter 5.0 mL of the AW101/C104 mixture through a 0.45-pum nylon membrane and place
the filtered solution in AW101C104-3A and remove the vial from the hot cell.

540. Have an RCT determine the dose characteristics of sample AW101C104-3A

Radiological Hold Point

RCT perform radiological dose survey of sample AWI(}IC104 3A. Corrected doses at contact,
15 cm, and 30 cm are required.

Note
Based on radiological dose of sample AW101C104-3A, a determination will be made as to
whether to perform the K4 measurements in the lab or hot cell.

3. Contact CSM (G.J. Lumetta) to determine whether samples are to be transferred to lab
511 or516. ‘

5{1/2. Transfer 5.0 mL of the AW101/C104 mixture to AW101C104-Kd3A. Remove the vial
from the hot cell, if the K4y measurement is to be done in the lab.

%3 Transfer 5.0 mL of the AW101/C104 mixture to AW101C104-Kd3B. Remove the vial
from the hot cell, if the K; measurement is to be done in the lab.

sA4, If appropriate, transfer AW101C104-3A, AW101C104-Kd3A, and AW101C104-Kd3B
to lab 511 or 516 (as directed by the cognizant scientist).

;./rS. Weigh AW101C104-Kd3A and AW101C104-Kd3B.

Bele—na 3gu-ot-oi-oef 3
Wt. AWI01C104-Kd3A = (2857 ¢ (5.15a)
Wt. Solution=5.15a-53a=__ s S¥& o (5.15b)
Wt. AW101C104-Kd3B=_12.44Y ¢ (5.15¢)
Wt. Solution=5.15¢-53¢c=_2". 6271 ¢ (5.15d)

it ﬁ\_,.ndlmau‘ -31A - jz_?_qt.[
/’).flf. Stir AW101C104-Kd3A and AW101C104-Kd3B for a minimum of 24 h

Y
ghievtr % Start date/time: /1 /49 1487
St 1 Stop date/time: __ 9/t2/%1  *¢ il
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217.  Stop the stirrer and allow the resin to settle to the bottom of the vials.

518.  Withdraw as much of the liquid as practical from AW101C104-Kd3A and filter through a
0.45-pm nylon membrane. The filtered solution is to be placed in sample vial
AWI101C104-3B.

—_— WS s |‘2. OOI

5T9. Withdraw as much of the liquid as practical from AW101C104-Kd3B and filter through a
0.45-pm nylon membrane. The filtered solution is to be placed in sample vial
AWIOICI04-3C_ i . (1.95%

/5’.‘2/0. Allow the mixture in AW101C104-TEST? to stand for two weeks
_»-21.  After 2 weeks, record any observations concerning chemical reactions (e.g., color change,
foaming, gassing) and/or precipitation.

Vo /¢/4 e s - CojoFem ¢ Lea~r

~5.22.  Label two 20-mL HDPE vial as “AW101C104-Kd4A” and “AW101C104-Kd4B.” Place
PRTCTI Teﬂon-coated magnetic stir bar in each of these vials. Weigh the vials with cap and stir
4(17%  bar.
Wt. AWI0IC104-Kd4A =_7.2143 g * (5.22a)
Wt AWI0IC104-Kd4B=_7. 2174 g™ (5.22b)
523, Weigh out 0.050 £ 0.005 g of SuperLig 639 resin into each AW101C104 Kd4A and .
At AWI0IC104-Kd4B. Weigh each vial,
944
[ Wt. AWI0IC104-KddA=_7.2673 g @ (5.232)
Wt. SuperLig 639 = 5.23a-522a=_©9-.05i0 ¢ (5.23b)
Wt. AWI101C104-Kd4B=_7.%27 g® (5.23¢)
Wt. SuperLig 639 = 5.23¢-522b=_ o0.os31¢ ¢ (5.23d)
Aol 101 G104 -TES T2

5.24.  Filter 5.0 mL of the AW101/C104 mixture through a 0.45-um nylon membrane and place
the filtered solution in AW101C104-4A. Remove the vial from the hot cell, if the K4
measurement is to be done in the lab.

5.25. Transfer 5.0 mL of the AW101/C104 mixture to AW101C104-Kd4A. Remove the vial
from the hot cell, if the K measurement is to be done in the lab.

5.26. Transfer 5.0 mL of the AW101/C104 mixture to AW101C104-Kd4B. Remove the vial
from the hot cell, if the Ky measurement is to be done in the |ab.

5.2,

If apprepriate, transfer AW101C104-4A, AW101C104-Kd4A, and AW101C104-Kd4B
to l@' 516 (as directed by the cognizant scientist).

ON Rule—ec 3L2-04-01-04F
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5.28. Weigh AWI101C104-Kd4A and AW101C104-Kd4B.
9

Wt. AWI0ICI04-KddA = 12.85% ¢ (5.282)
Wt. Solution =5.282-5.23a=_ 5. s¢7 ¢ (5.28b)
Wt. AWI01C104-Kd4B=__ 13- 083 o (5.28¢)
Wt. Solution =5.28¢-5.23c=_ 5 #ui g (5.284)

WA, AwioiCIoY -~ YA . 1z.347%’
5.29. Stir AW101C104-Kd4A and AW101C104-Kd4B for a minimum of 24 h

Start date/time; __10/6/44 Ty 2% O

Stop date/time: /¥ 7/ %1 12 3¢

5.30. Stop the stirrer and allow the resin to settle to the bottom of the vials.

5.31.  Withdraw as much of the liquid as practical from AW101C104-Kd4A and filter through a
0.45-pm nylon membrane. The filtered solution is to be placed in sample vial
AWI101C104-4B. s, = [2.277 Ly

5.32. Withdraw as much of the liquid as practical from AW101C104-Kd4B and filter through a
0.45-pm nylon membrane. The filtered solution is to be placed in sample vial
AWI101C104-4C. __»» Wtz (2. 1H7 8D

5.33. Samples AWI101C104-3A, AWI0IC104-3B, AW101C104-3C, AW101C104-4A,
AWI101C104-4B, and AW101C104-4C will be submitted for the analyses outlined in
Table 1. s

Part 6. Mixing Entrained Solids Wash Liquors With AN-107 and AW-101

6.1. Label four 25-mL glass vials as indicated below and place a magnetic stir bar in each
vial. Weigh the vials with caps and stir bars. P p,,z‘f'qq
Wt. AN107Mix@1:10=_17.0%88 ¢ (6.1&); 7
Wt. AN10IMix@1:1=___17.¢ 4963 ¢ (6.1b) )
Wt AWI0IMix@1:10=_22- 1168 o (6.10)\ r-f:jf"
Wt. AWI0IMix@1:1 = _** %22l o (6.1d) | o ¢

~ 00 -CcTY AI0T CUFE WASH Cemp
6.2. Transfer 2 mL of sample AN107WASH to vial AN107Mix(@]1:10 then weigh.

Wt. AN107Mix@1:10=_ 1. [H30 ¢ (6.2a)
Wt. Added = 6.2a-6.1a=__ & 0547 ¢ (6.2b)

&Y Qi 28Y- bp 0l-00F
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6.3 Transfer 10 mL of sample AN107WASH to vial AN107Mix@1:1 then weigh.

Wt. AN107Mix@1:1 =27, 6L¢ ¢ ~ (6.3a)
Wt. Added = 6.3a-6.1b=_!7. 4/ ¢(5” g (6.3b)

ArJIOT7 5 IX Batch Contst LS .
6.4. Transfer 20 mL of sample AN107 to vial AN107Mix@]1:10 then weigh.
¥

e Dt e W OF W ANTOTMIix@1:10= 379097 ¢ (6.42)

pteetiol, ewly 1$5%n L )
ol bt k. Wt Added=64a-62a= (¥ 7%¢? g (6.4b)

Al Nfaafen
6.5 Transfer 10 mL of sample AN107 to vial AN107Mix@]1:1 then weigh.

g ']
Aobe L Bt 4o bclr

I v] = . £ -
6 sl e Wt AN107Mix@1:1=35. 405 ¢ (6.52)
) wl used Wt. Added = 6.5a-6.3a=_7,7457 ¢ (6.5b)

6.6. Transfer 2 mL of sample AW101WASH to vial AW101Mix@]1:10 then weigh.
{ GL-oeoHR9 LY

6 2Y/84
Wt AWI0IMix@1:10=_24.9944 g . (6.62)
Wt. Added = 6.6a-6.1c=__1-1¥3¢ o 4 & (6.6b)

6.7 Transfer 10 mL of sample AWI01WASH to vial AW101Mix@]1:1 then weigh.
(Gt -06041§C)
(rosk s Flag 64 dom Erib) 2% 312!

Wt AWI0IMix@1:1=_H4-9¢i1z ¢ (6.72)
Wt. Added = 6.7a-6.1d=_1°. 151t g (6.7b)

HY G/ - 34,7758 -

! - > eifq
6.8.  Transfer 20 mL of sample AW101 to vial AWI0IMix@]1:10 then weigh.
: (GL-0eeNGERD e € 20
¢l

Wt. AWI0IMix@1:10=_H44.2217 ¢ (6.82)
Wt. Added = 6.8a-6.6a=_24:9173 g (6.8b)

6.9 Transfer 10 mL of sample AW101 to vial AWI0IMix@]1:1 then weigh.

(Gl-06oYq3RY ;
Wt AWI0IMix@1:1 = _34- 7752 g st/ (6.92)

Wt. Added = 6.9a-6.7a= _12. s335 ¢ (6.9b)
Jy.775k ~ 22,11 2
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6.10.  Stir the contents of AN107Mix@1:10, AN107Mix@1:1, AWI0IMix@1:10, and
AWI101IMix@1:1. Record any immediate observations concerning chemical reactions
(e.g., color change, foaming, gassing) and/or precipitation. Then monitor these solutions
once every 24-h period (excluding weekends and holidays) for two weeks. Record
observations below.

Date/Time QObservations
N b/ 2ms Pilo A0 i@ 1212 MeMim Uwngtual = Clen saloh® i
P #.10 Awraiwal g @11 i "
(/11/i o Do Cings Sn AVLOL M £ 1110 o Awio) k@12

AL
P &/2vfas ¥
R NEA L

L Tl
RO VA L

Axd. yss 430 :

Adqeg. efrq FraTemu

colob = w.p,—uf«cﬁ‘

. -f ‘k [; o b ) L ‘_ ﬂ” Af‘)lo—.;
At Qg2 3300 ppio7 mac@ 1 AptHTORRE ST o = B PR .
4 C.la—n,—<7 -~ - l,,_; L. L[‘)_)J(ur +J Lgb-tn

B I it
qu,lf ’é[OaU >
top o Ersh
"~ e Ll
M]l J!/}t‘/q{i 130 Clo.n!v)"hf"’ fﬁaa«ﬁ’) ¢ lov 9
. L_‘,f .Y I
SAivkivy shopped .
St 12/2/94 15700 . Selud=onme  no [o elovite, | solids T
L) o He dote £ D uni,
A vagegie d4ie0 AweIRc e [ appars appenss fra teeme , bOF

;scel ot
e b‘?os."[—& fw AIOTAN@ (110 Gppie fo banm Hisx ,‘2

wWe. SelA s#/! P"“‘J

o /U155,
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6.11.

6.12.

6:13.

6.14.

6.15.

6.16.

Prepare the sample vials according to the following table. Vials with the “-L” suffix
should be HDPE, while those with the “-S” suffix should be glass.

Sample ID
ANTOTMix@T:T0-S
ANI107Mix@1:1-S
AWI10IMix@1:10-S
AWI0IMix@]1:1-S

AWI0IMix@1\-L

Filter each mixture through a vecuum filtration unit with a 0.45-um nylon membrane.
Place the filtered liquid fractions in the appropriate “-L” vials.

If solids are present on the filter, trapsfer these to the appropriate “-S” vial. Deionized
water can be used to slurry the solids for transfer

Dry the solids to a constant weight at 195°C.

The samples are to be submitted for the analyses listed in Table 1.
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TABLE 1. Sample Matrix

Acid KOH Ng,0, IC ICP-MS Total
Sample ID Digestion  Fusion Fusion ICP/AES (anions) TOC TIC (®™Tc) GEA ™Sr Alpha OH/pH
pA 4 ANTUTAWIOTTA jq757 X X X X
e ANI0TAWI01-1B 13,526 X X
P ANI0TAWI0I-1C 43.735 X X
i ANI0TAWI101-2A4 14-232 X X X X
252 ANIOTAWIOI-2B 13.413 X X
AN107AW101-2C 17-7FH X X
AN107C104-1A* |v.0q X X X X
ANI107C104-1B 3,018 X X
AN107C104-1C 12.t4% X X
ANI07CI04-2A [2.347 X 2 X X X
AN107C104-2B i‘;:)’— ML e/ X
AN107C104-2C ™ X X
S AN107C104-3A 13.622 X' X X X
12/21/%%  AN107C104-3B 17,161 X - X
ey AN107C104-3C 12.394 X ; X
ANIQTC104-4A 12H€4 X X X X
L AN107C104-4B ;2.51¥ X X
ANI107C104-4C  14.78% X X
0/% /94 AWIOICI04-1A 1. 918 X X X X
e AWIQICIO4-1B 1 y70 X X
£ AWIO0ICI04-1C p,vey X X
AWIO0ICI04-2A 740 X X X X
AW101C104-2B ;,57% X X
AWI0IC104-2C pr.260 X X
AWIOICIO4-3A 2-21 X X X X
AWIOICIO4-3B 11.634 X X
AWI0IC104-3C 11, 60Y X X
AWIOICI04-4A ;2.343 X X X X
AWI0ICI04-4B ;.22 1 X X
AWI01C104-4C r2.qy0 X X
AN107Mix@1:10-L X X X X X X X X X
AN107Mix@1:1-L X X X X X X X X X
AWI10IMix@1:10-L X X X X X X X X X
AWI10IMix@1:1-L X X X X X X X X X
AN107Mix@1:10-S X X X X X X X X X
ANI107Mix@1:1-S X X X X X X X X X
AWI101Mix@1:10-S X X % X X X X X X
AWI0IMix@1:1-S X X X X X X X X X

@V Rulp~ce 37 06-21 -00%
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Appendix B. Analytical Reports



Project Number

5% Battelle

Pacific Northwest Laboratories
Internal Distribution

329/4 File
Date November 23, 1999 Mike Urie

To Gregg Lumetta
From Tom Farmer( ot \lwa@gCL.WA,E
subject ICP/MS Analysis of Submitted Samples

(ACL #00-0043 through 00-0054)

Pursuant to your request, the 13 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 10x to 50x from the dilutions received. The results include your dilutions and are
reported in ng analyte/ g (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.



1/23/77
Gregg Lumetta Tc-99 Analysis :
November 23, 1999
Results are reported in ng analyte/ g (ppb) of original sample.
Uncertainty of the results is estimated at #10%.
Sample Client ICP/MS Tc-99 | *Ru-101
ID ID Number ‘ ng/g
1%HNO3 9b22b1
1%HNO3 9b22b22
00-0054PB Process Blank 9b22b7 0.7
00-0043 AW101C104-1A 9b22b17 180
00-0044 AW101C104-1B g9b22b8 210
00-0045 AW101C104-1C 9b22b9 190
00-0046 AW101C104-2A 9b22b16 180
00-0047 AW101C104-2B 9b22b10 190
00-0047 + spike AW101C104-2B 9b22b20 190
Spike Recovery
00-0048 AW101C104-2C 9b22b11 190
00-0049 AW101C104-3A 9b22b18 530
00-0049 Dup. AW101C104-3A 9b22b21 510
00-0050 AW101C104-3B 9b22b13 550
00-0051 AW101C104-3C 9b22b14 550
00-0052 AW101C104-4A 9b22b19 490
00-0053 AW101C104-4B gb22b12 560
00-0054 AW101C104-4C gb22b15 530
CCV results are reported in ng/ml (ppb)
2.5ppb Tc-99 CCV 9b22b4 2.60¢
2.5ppb Tc-99 CCV 9b22b23 2.604:0
5ppb Co 9b22b24 <2

*Calculated using response from indium. For information only.

Raviewad by
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Gregg Lumetta Tc-99 Analysis
November 23, 1999(Revised 11/30/99)

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

Sample Client ICPMS
ID ID Number
1%HNQO3 9b22b1
1%HNO3 9b22b22
00-0054PB Process Blank 9b22b7

00-0043 AW101C104-1A 9b22b17
00-0044 AW101C104-1B 8b22b8
00-0045 AW101C104-1C 9b22b8
00-0046 AW101C104-2A 9b22b16
00-0047 AW101C104-2B 9b22b10
00-0047 + AW101C104-2B 9b22b20
Spike Recovery

00-0048 AW101C104-2C 9b22b11

00-0049 AW101C104-3A 9b22b18
00-0049 Du AW101C104-3A 9b22b21

00-0050 AW101C104-3B 9b22b13
00-0051 AW101C104-3C 9b22b14
00-0052 AW101C104-4A 9b22b19
00-0053 AW101C104-4B 9b22b12

00-0054 AW101C104-4C 9b22b15
CCV results are reported in ng/ml (ppb)

2.5ppb Tc-99 CCV 9b22b4
2.5ppb Tc-99 CCV 9b22b23
5ppb Co 9b22b24

*Calculated using response from indium. For information only.



Project Number

% Batielle
Pacific Northwest Laboratories
Internal Distribution

329/4 File
Date January 24, 2000 Mike Urie
To Gregg Lumetta
From Tom Farmer M‘L@@«w ga"’“’""‘z"

2A54ern 00

subject ICP/MS Analysis of Submitted Samples
(ACL #00-00770 through 00-00775, 00-00778 through 00-00779)

Pursuant to your request, the 12 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 to 10x from the dilutions received. The results include your dilutions and are
reported in both ng analyte/ ml (ppb) and ng analyte/ g (ppb) of the original sample +
one standard deviation.

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 372-0700 or
James Bramson at 372-0624.
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Battelle PNNL/RPG/Inorganic Analysis --- IC Report

Client: G. Lumetta Charge Code/Project: 'W45526 /29953
ACL Numbers: 00-0043, -0046, -0049, -0052  ASR Number: 5333
Analyst: MJ Steele Analysis Date: November 01-03, 1999

Procedure: PNL-ALO-212, "Determination of Inorganic Anions by Ion Chromatography"
M&TE: IC system (WD25214); Balance (360-06-01-031) --- See Chemical Measurement
Center 98620 RIDS IC File for Calibration, Standards Preparations, and Maintenance Records.

Final Results:

I Cl 2 O NO i 2B s ‘.:fNQ_:, | :PO; 1| 380 |: C, 044
LabID. - [SampleID 1jg/ml | pig/ml | hg/ml | pg/ml:| Sug/ml | pg/ml’| pg/ml uglrﬁl
00-0043 AWI101C104-1A 2,600 200 4900 | <125 | 8,400 430 360 510
00-0043 Rép |AWI01C104-1A Rep| 2,600 | 190 | 4,900 | <125 | 8,400 | 420 330 500
RPD| 0% 5% 0% nia 0% 2% 7% 0%
00-0046 AWI101C104-2A 2,700 210 5,300 | <125 | 9,000 450 <250 540
00-0049 AWI01C104-3A 1,800 | 1,100 | 22,400 | <125 | 47,000 | <500 | <500 | <500
00-0052 AWI01C104-4A 1,800 | 1,200 | 22,700 | <125 | 47,500 | <500 | <500 | <500
00-0052 MS Rec| 94% 98% 104% 101% 112% 104% 107% 105%
Blank Spike Rec[ 101% 98% 104% 106% 106% 106% 108% | 106%

RPD = Relative Percent Difference (between sample and duplicate/replicate)
MS Rec = Matrix Spike Standard % recovery
Blank Spike Rec = Blank Spike Standard % recovery

The samples were analyzed by ion chromatography (IC) for inorganic anions as specified in the
governing ASR. The liquid samples were diluted at the IC workstation up to 2,000-fold to
ensure that all anions were within the calibration range.

Q.C. Comments:

Duplicates: No actual sample duplicates were provided to the laboratory for analysis. However,
the relative percent differences (RPD) between replicates are well within the acceptance criteria
of 20% for all anions measured above the EQL.

Matrix Spike: A matrix spike was prepared and measured for sample AW101C104-4A. The
spike recoveries for all anions are within the 75% to 125% recovery acceptance criteria.

Blank Spike: The blank spike is used as the laboratory control sample and recovered within the
acceptance criteria of 80% to 120%.

System Blank/Processing Blanks: Approximately ten system blanks were process during the
analysis of the samples. With the exception of only single nitrate value, no anions were detected
above reportable concentrations in the system blanks. Since the nitrate results are high, this
single QC failure does not affect the reported nitrate results.-

ASR 5533 Lumetta.doc Page ] of 2



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

Quality Control Calibration Verification Check Standards: Approximately ten mid-range
verification standards were analyzed throughout the analysis runs. Except for a single phosphate
value, the reported results for all analytes of interest were recovered within the acceptance
criteria of £10% for the verification standard. The one phosphate result recovered at +11%
above the true value. This single phosphate failure has no impact on the reported results.

General Comments:

e The reported "Final Results" have been corrected for all dilution performed on the sample
during processing or analysis.

e 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.

* Routine precision and bias are typically £15% or better for non-complex aqueous samples
that are free of interference and have similar concentrations as the measured anions.

anayst: YU FH e o
Approval: Wf//{j ‘/Jw Date //—/2 %9

Archive Information:

Files: ASR 5533 Lumetta.doc ASR 5463 5533 -36 -68 -71.xls
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: Project Number
N
[ CJ
7« Baftelle
Pacific Northwest Laboratories
Internal Distribution

329/4 File
Date November 23, 1999 Mike Urie

To Gregg Lumetta

From Tom Farmer CQ“,@/JQW b/je,«,,w\_._;ﬂ_ /3/06c97

subject  ICP/MS Analysis of Submitted Samples
(ACL #00-0499 through 00-0509)

Pursuant to your request, the 13 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 20x from the dilutions received (10x). The results include your dilutions and are
reported in ng analyte/ 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 firgerprint we're seeing for Ru is obviously not natural, and is
consistent with that observed in previous tank waste analyses. Semiquantitative Ru
concentrations, corrected for sample dilution, 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.
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99
Lumetta Tc-99 Analysis / 2!
December 9, 1999

Results are reported in ng analyte/ ml (ppb) of original sample.
Unless otherwise specified, the uncertainty of the results is estimated at +10%.

Sample ICP/MS Tc-gg  : "'Ru/Ru  +"°'Ru
ID Number ng/ml ¢ (*0.541) ng/ml
*. e s S
1%HNQO3 9c08a1 2.6+0.95

1%HNO3 9c08a7  6.2:3.9¢

1%HNO3 9c08a23  8.1+2.9!

00-00499 PB1 9c08a8  4.4:2.2¢ 2.318 2
00-00499 PB2 9c08a9 6.24| 0.659 1
00-00499 9c08a21 3760% 1.169 1100
00-00500 9c08ail5 929, 1.186 1200
00-00501 9c08ai16 929 1.178 1200
00-00502 9c08a22 39701 1.167 1200
00-00503 9c08a17 998 , 1.187 1200
00-00503 DUP 9c08a19 1030 . 1.189 1200
00-00504 9c08a18 1060, 1.176 1200
00-00505 9c08a13 308 1.152 530
00-00505 + spike 9¢08a20 1370° 1.185 520
Spike Recovery 106%5

00-00506 9c08a11 224f: 1.148 560
00-00507 9c08a12 245 1.104 560
00-00508 9c08a14  310%50; 1.166 540
00-00509 9c08210 234: 1.110 560
4.5ppb Tc-99 CCV 9c08a24 4.34;

4.5ppb Tc-99 CCV 9c08a5 4.29:

30ppb Co 9c08a26  4.6%1.21

* Natural "°'Ru/'?Ru ratio.
TBased on response from indium

DATA REVIEW

.
Reviomsd by Q.J_;G-mw?&@_
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Lumetta Tc-99 Analysis { /
December 9, 1999

Results are reported in ng analyte/ mi (ppb) of original sample.
Unless otherwise specified, the uncertainty of the results is estimated at £10%.

Sample ICP/MS Tc-99 ¢ “'Ru/'?Ru 1"'Ru
1D Number ng/ml E (*0.541) ng/ml
1%HNO3 9c08af 2.610.9?;
1%HNQO3 9c08a7 6.2+3.9¢
1%HNO3 9c08a23  8.1:2.9%

\WIOFA0I%0-00499 PB1 9c08a8  4.4:2.2}: 2.318 2
-\A 00-00499 PB2 9c08a9 6.245 0.659 1
-1A 00-00499 9c08a21 3760 1.169 1100
-1500-00500 9c08a15 929! . 1.186 1200
-1¢.00-00501 9c08a16 929} 1.178 1200
-2A00-00502 9c08a22 3970} 1.167 1200
-2¢:00-00503 9c08a17 008} '1.187 1200
26> 00-00503 DUP 9c08a19 1030 - 1.189 1200
-2€ 00-00504 9c08a18 10605 1.176 1200

NIFFUH-ED0-00505 9c08a13 - 308%: 1.152 530

% 00-00505 + spike 9c08a20 1370} 1.185 520

Spike Recovery 106%;
-\®00-00506 9c08a1i 224} 1.148 560
-1L00-00507 9c08a12 245% 1.104 560
~2A00-00508 *  9c08al4  310£50%, 1.166 540
-2600-00509 9c08a10 23457 1.110 560

e T R RS e I T I e S I S

4.5ppb Tc-99 CCV 9c08a24 4.34%

4 5ppb Tc-99 CCV 9c08a5s 4.29;

30ppb Co 0008226  4.641.27

- Natural "°'Ru/"%Ru ratio.

+Based on response from indium

DATA REVIEW

Roviewsd byl 7 _'kd Lo
L_2:/3083F '+ eoeu. Lo



Lumetta Tc-99 Analysis
December 9, 1989 (revised 12/16/99)

Results are reported in ng analyte/ ml {ppb) of original sample.
Unless otherwise specified, the uncertainty of the results is estimated at +10%.

CCV resulte are reported in ng/ml {ppb)

4.5ppb Tc-99 CCV  9c08a24 4.34
4.5ppb Tc-98 CCV 9c08ab 4,29

30ppb Co 9¢08a26 4.6+1.2

Sampla ICP/MS Density Te-29 10 Ru/"Ry + "Ry
ID Number (g/ml) nglg I'0.54'I)- nglg
1%HNO3 9c08a1 26+0.9
1%HNO3 9c08a7 6.2+3.9
1%HNO3 9c¢08a23 8B.1+2.9
00-00499 PB1 9c08a8 1 44+2.2 2.318 2
00-00499 PB2 9c08a% 1 6.24 0.659 1
00-00488 9c08a21 1.2354 3040 1.169 880
00-00500 9¢08a15 1.2346 753 1.1886 970
00-00501 8c08816 1.2325 754 1.178 970
00-00502 9c08a22 1.2341 3220 1.167 970
00-00503 9c08a17 1.2366 807 1.187 970
00-00503 DUP 9c¢0Bal189 1.2366 833 1.189 970
00-00504 9c08a18 1.2327 860 1.176 970
00-00505 9c¢08a13 1.0642 289 1.152 500
00-00505 + spike 9c08a20 1.0642 1290 1.185 490
Spike Recovery 107%
00-00506 9c08a11 1.0547 212 1.148 530
00-00507 9c08a12 1.0573 232 1.104 530
00-00508 Sc08a14 1.0631 290+50 1.166 510
00-00509 9c¢08a10 1.0498 223 1.110 530
I S R

* Natural '*'Ru/"?Ru ratio.
tBased on response from indium



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

Client: G. Lumetta Charge Code/Project: W45526/29953
ACL Numbers: 00-0499, -0502, -0505, -0508 ASR Number: 5606
Analyst: M]J Steele Analysis Date: December 18-20, 1999

Procedure: PNL-ALO-212, "Determination of Inorganic Anions by Ion Chromatography"
M&TE: IC system (WD25214); Balance (360-06-01-031) --- See Chemical Measurement
Center 98620 RIDS IC File for Calibration, Standards Preparations, and Maintenance Records.

Final Results:

TF, [ Cl. [ NOZ [ Br | NO3.| PO4 | 804 | C204.
TabiD  [Sampleld .- | ug/mi:| pg/mi | pg/mi |spg/mi-| ugiml ‘| pg/mi o] pgml | ug/mi
00-00499  |ANI07-AWI01-1A 830 | <250 | 46,000 | <250 |101,000] <500 | 1,100 | <500
00-00502 _ |ANI07-AWI101-2A 570 | <250 | 45,300 | <250 | 98,700 | 670 1200 | <3500
00-00505 _ |ANI07-CI04-1A 3.000 | <25 | 4800 | <25 | 12,100 | 430 520 600
00-00508  |AN107-C104-2A 3,700 | <25 | 4,500 | 26 | 11,300 | 420 520 600

Analytical Run Matrix Spike Results

00-00615 MS |N7-Te-Elu-Comp MS Rec | 94% | OvrRng| 101% | 103% | 103% 103% 103% 101%
00-00626 MS |N7-Tc-0) MS Rec 112% | 105% 122% 108% | OvrRng | 111% 114% 111%
00-00741 MS |1-1 Rad MS Rec OvrRng | 113% 110% 111% | OvrRng | 109% 114% 110%

MS Rec = Matrix Spike Standard % recovery

The samples were analyzed by ion chromatography (IC) for inorganic anions as specified in the
governing ASR. The liquid samples were diluted at the IC workstation up to 4,000-fold to
ensure that all anions were within the calibration range.

Q.C. Comments:

Duplicates: No actual sample duplicates were provided to the laboratory for analysis.

Matrix Spike: No matrix spikes were prepared from the samples submitted under this ASR.
However, samples from other ASR analyzed within the analytical run were within the 75% to
125% recovery acceptance criteria for those anions measured within the calibration range.

Blank Spike: No blank spikes were analyzed within the analytical runs.

System Blank/Processing Blanks: Twelve system blanks were process during the analysis of the

samples. No anions were detected in the system blanks above the estimate quantitation level
(i.e., the lowest calibration standard).

Quality Control Calibration Verification Check Standards: Seven mid-range verification
standards were analyzed throughout the analysis runs. Except for only two oxalate values, the

ASR 5606 Lumetta.doc Page | of 2



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

reported results for all anions of interest were recovered within the acceptance criteria of £10%
for the verification standard.

General Comments:

e The reported "Final Results" have been corrected for all dilution performed on the sample
during processing or analysis.

e 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.

e Routine precision and bias are typically £15% or better for non-complex aqueous samples
that are free of interference and have similar concentrations as the measured anions.

Analyst: '4/”0’ AM(/ Date }//%/&C)
Approval: Ww// Date ///9//)0

Archive Information:

Files: ASR 5606 Lumetta.doc ASR 5606 5626 5642 .xls i

ASR 5606 Lumetta.doc . Page 2 of 2



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

Project: 29953
Client: G. Lumetta

ASR Nurnber 5644

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

Analyst: D.R. Sanders
Analysis Date (Filename):  01-27-00 (A0577)
See Chemical Measurement Center 98620: ICP-325-405-1 File for Cahbratlon and
Maintenance Records.
M&TE Number: ICPAES instrument -- WB73520

Mettler AT400 Balance -- Ser.No. 360-06-01-029

OM L Scumu A -21-00
Revx ed by

77//& 7// 25200

Concur

2/17/00

Page 1



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

Two radioactive solid samples, AN107 MIX @ 1:1 and AN107 MIX @ 1:10

(RPL ID# 00-00776 and 00-00777), were analyzed by ICPAES after preparation by the 325
Shielded Analytical Laboratory (SAL). Samples were prepared using PNL-ALO-129 acid
digestion of solids procedure. Approximately 0.1 grams of sample were processed and diluted to
a final volume of about 16ml. Concentrations reported for solids in pg/g have been corrected for
process and analytical dilution. See attached bench sheet included with this report for actual
weight and volumes used. The process blank for solids was calculated using the average weight
of the two solid samples (0.1092 g) and a final volume of 17.48 ml. Solid samples contained
mostly high concentrations of sodium and moderately high aluminum, manganese and silicon.
Other analytes measured were generally lower in concentration.

Two radioactive liquid samples and a duplicate, AN107-MIX @ 1:1 LIQUID and

AN107 MIX @ 1:10 LIQUID (RPL ID# 00-00778 and 00-00779), were analyzed by ICPAES
after preparation by the Sample Receiving and Processing Laboratory (SRPL). Samples were
prepared using PNL-ALO-128 acid digestion of solids procedure. Approximately 1.1 grams

(1 m}) of sample was processed and diluted to a final volume of about 20ml and weighed.
Concentration reported for liquids is in pg/ml (volume of sample/ final volume after processing)
and pg/g (weight of sample/ final volume after processing) as requested by client for liquid
samples only. Concentration reported is corrected for process and analytical dilution. See bench
sheets included with this report for actual weight and volumes used. The process blank for
liquids include reagents and water used to prepare samples. A 0.45um filter was also prepared
using PNL-ALO-128 procedure and analyzed. Liquid samples contained high concentration of
sodium and a moderate amount of aluminum. Other analytes measured were much lower in
concentration.

Specific analytes of interest requested are listed in table 2 “Analytical Requirements for Solids
and Liquids. Analytes include: Al, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, La, Mg, Mn, Mo, Na, Ni, Pb,
Si, Sr, Ti, U, and Zn.

Quality control check-standard results met tolerance requirements for analytes of interest except
as noted below. Following is a list of quality control measurement results relative to ICPAES

analysis tolerance requirements under former MCS-033.

Five fold serial dilution:

Analytes of interest were within tolerance limit of < 10% after
correcting for dilution.

2/17/00
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Battelle PNNL/RPL/Inorganic Analysis ...
ICPAES Data Report

Duplicate RPD (Relative Percent Difference):
All analytes of interest were recovered within tolerance limit of £ 20%
relative percent difference (RPD).

Post-Spiked Samples (Group A):
All analytes of interest were recovered within tolerance of 75% to

125%.

Post-Spiked Samples (Group B):
All analytes of interest were recovered within tolerance of 75% to

125%.
Blank Spike:

None.
Matrix Spiked Sample:

None.

Quality Control Check Standards:
Concentration of all analytes of interest is within tolerance limit of
10% accuracy in the standards: QC_MCVA, QC_MCYVB, and
QC_SSTMCV.

High Calibration Standard Check: ' 2 ot
Verification of the high-end calibration concentration in QC_SST for

all analytes of interest is within tolerance of £ 5% accuracy.

Process Blank:

All analytes of interest is within tolerance limit of < EQL or < 5% of
sample concentration except as follows. All analytes of interest in the
liquid samples processed using ALO-128 acid digestion were within
tolerance limit. Only a small amount of nickel and zinc were detected
in the liquid process blank (about 0.1 pg/ml each all below EQL).

Iron, sodium, nickel, and silicon were above EQL in the ALO-129 acid
digested solid samples. Iron concentration in the process blank is less
than about 27% of any iron found in the solid samples. Sodium in the
blank is much less than 5% of the sodium in any of the solid samples.
Nickel concentration in the process blank is less than about 13% of any

2/17/00
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Battelle PNNL/RPL/Inorganic Analysis ...
ICPAES Data Report

nickel found in the solid samples. Silicon concentration in the process
blank is less than about 45% of that found in the solid samples.

Laboratory Control Standard (LCS):
None.

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.
2/17/00
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report Figs Ta

Multiplier= 160.1 1841 122.2
ALO#=  |00-0776-PB 00-0776 00-0777
Process
Blank / ALO- AN107 Mix AN107 Mix
ClientID= |128 @11 @ 1:10
Det. Limit  Run Date= 1/27/00 1/27/00 1/27/00
uglg ug/g SR NN T N o
i 145 185 in =
156] 7,320 8,150 - ”
498 T 217 as54 = R
13.1] [12] 13.9 o =
= 500 474 - =
|5 I 741 | 735 s = e e
= = [7.1] £ -
(1] . 141 135 = = o i
[12] §5.2 59.5 = =
287 1,460 i 100 | - p
-~ (2,000) (2,000] = o
= - [20] - —
= J 3810 | ... 3,150 & BN PO,
- (43 142 . =
706 317,000 304,000 . =
= 0] b (18] - k =
79.0 662 626 5 .
- , ' 766 787 = -
- 257 | 224 5 .
1,110 2,460 4,250 - w
& 426 391 = -
142] 152 447 = &
0.050 - (56) [39] = =

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 -'}'ke!y 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 "A0577 G.Lumetta ASR-5644 TA.VanderHoogt ASR-5636 tclp-leach ICP98 hi.XLS 2/17/00 @ 5:11 PM



‘Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report PR LEe

Multiplier= 17.4 17.4 17.8 18.0 81.5
ALO#=  |BLANK BLK Filter 00-0778 00-0778-DUP 00-0779 @5
DDI: DDI/D.45u filter
ALO-128 ALO-128 : AN107 MIX AN107 MIX AN107 MIX
Client ID= |LIQUIDS LIQUIDS 1:1 LIQUID 1:1 LIQUID 1:10 LIQUID
Det. Limit  Run Date= 1/27/00 1/27/00 1/27/00 1/27/00 1/27/00
..... (ug/mL) ..(Analyte) | ug/g uglg ug/g ug/g ) Y9/9
0.025 - - e - =
0.060 - - 940 939 1,840
0.250 S = = = =
0.050 — = - ry T —
0.010 - - = [0.18] -
....... Q010 B = = = = =
0.100 - - - - -
0.250 - - 70.4 70.3 [150]
....... 0.015 ....%9 = = 11.0 108 | .. 221
0.200 - - - - -
0.050 - - [1.0] [1.0] -
....... 0.020 = = 17.0 17.0 36.5
0.025 - - 8.32 8.27 [15)
0.050 - - = - -
0.100 = - 1 s - -
0.025 - - [3.5] [3.5] (7.7)
2.000 K - - [290] [290] [610]
0.050 La = 2 e = : C AN AR e
0.030 Li = = = ~ = N =
0.100 Mg - - - = =
....... 0050 .Mno = = = = =
0.050 Mo - - [6.3] [6.3] [13]
0.150 Na - - 47,800 47,300 86,900
0.100 Nd o arsarsTEr ey et s s = - Ve A
0.030 Ni [0.95] [0.94] 92.3 92.2 R
0.100 P - - 115 116 235
000 ....PB = o | | - 30.5 305 ) . . [55) |.
0.750 Pd - - - - -
0.300 Rh - - - — -
1.100 Ru - = = = IO SRR
0.500 Sb - - - = 5
0.250 Se - - - = -
0.500 Si - - [34] [34) (4s) |
1.500 Sn - - = — -
0.015 Sr - - 58.7 58.8 107
AL [T S = s i = i = e
1.000 Th = - < - -
0.025 Ti - - - - =
0.500 LU - - = = i s
2.000 u = - - = =
0.050 v = - - - =
2‘000.,. w . = e — . i ! . et vase
= s = = = : i e
0.050 Zn [0.97) - {3.3] [3.4) [5.7)
0.050 Zr - = = e -

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 celumn).

Data (1) from “A0577 G.Lumetta ASR-5644 TA.VanderHoogt ASR-5636 tclp-leach ICP98 hi.XLS 2/17/00 @ 5:18 PM
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'éattelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report PAge el

Multiplier= 20.0 20.0 20.0 20.0 100.0
ALO#=  |BLANK BLK Filter 00-0778 00-0778-DUP 00-0779 @5
DDI: DDID.45u filter
ALO-128 ALO-128 AN107 MIX AN107 MIX | AN107 MIX
Client ID= |LIQUIDS LIQUIDS 1:1 LIOWID 1:1 LIQUID 1:10 LIQUID
Det. Limit  Aun Date= 1127/00 1727100 1/27/00 1/27/60 112700

.qugimL) | (Analyte) | ugimL | .. ugmib | .. ugimb | fte— | ugmb |} u9imL
0.025 Ag = - i = -
0.060 Al - -~ 1,050 g 1,040 2,260

L — RS i Stee o e SHUUOTS PSR = N = =
0.050 B — - 13.1 ) 12.9 [24]
0.010 Ba - = - [0.20] w
0'010 ...... BB = i i AT EARAS = — R | I
0.100 Bi = = = - -
0.250 Ca = - 78.5 S8 Hy” 78.0 [180]

....... 0015 G = - 123 | 1.t 1241 2741
0.200 Ce - = - — -
0.050 Co - = [1.1] [1.2] i

0020 cr = = 191 i 18.8 44.8
0.025 Cu - = 9.33 3.18 9.17 ney |
0.050 Dy = - - = ™

2120 Eu = = =5 = -
0.025 Fe - s [3.9) (3.9] [9.5)
2.000 K - - [330] [320] [750]

...... 0 050 reesenen La - srsesnsasnany - = Sessressssasrasnnininen = =,
0.030 Li - - = = ~
0.100 Mg — = - = =
000D i Mn = L = = = =
0.050 Mo - — [7.1] 708 [7.0] [15]
0.150 Na = — 53,600 5290 52,400 107,000

. 0-100 P Nd ........ = tesenssassnse = sessssnsassainans = — teesnsencannns =
0.030 Ni [1.1] [1.1] , 104 102 102 © 225
0.100 - P - - 129 w8 128 288

0400 Pb sl SRR RNV PV 34.2 3 3 33.8 (67]
0.750 Pd — - = - =
0.300 Rh = = - = -

TS S . = = = - iU [V
0.500 Sb -~ - = - -
0.250 Se - - - - -

....... 0500 .S e - (38] i S (38] [56]

*1.500 Sn — - - N - -
0.015 Sr = - 65.9 6504 65.2 132

....... 1.500 Te — = e tesssssresnsnnenisnssann = =
1.000 Th - = ~- = =
0.025 Ti = - - - -~
0-500 Tl g = A, U = ] | (St
2.000 u = = - = -
0.050 v - - o - -

....... 2.000 w = = E - =
0.050 Y - - - - =
0.050 Zn [1.1] - [3.7) 3,74 [3.8) [6.9)
0.050 zZr - - = = &

Note: 1) Overall error greater than 10-times detection fimit 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 “A0577 G.Lumetta ASR-5644 TA.VanderHoogt ASR-5636 tclp-leach ICP98 hi.XLS 2/17/00 @ 5:23 PM
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Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Chemical Measurements Center

Client: Lumetta
Cognizant Scientist:

Concur .

Procedure: PNL-ALO-420

ALOID
Client ID

00-0776PB
Process Blank

00-0776
AN107Mix @1:1

00-0776 REP
AN107Mix @1:1

RPD

00-0777 .
An107Mix@1:10

00-0778PB
Process Blank

00-0778
An107-C104(1:1) Liquid

00-0778Dup
An107-C104(1:1) Liquid

RPD

00-0779
An107-C104(1:10) Liquid

Matrix Spike

Blank Spike

Blank

L R Heersmerdl

a—

Measured Activities (uCi/g) with 1-sigma error

Alpha
Error +/-

2.41E-2
3%

2.50E-1
4%

2.39E-1
4%

4%

1.51E-1
4%

<3.E-5

5.64E-3
8%

6.17E-3
8%

9%

1.11E-2
5%
98%

102%

<3.62E-4

Page 1
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00-0776

3/10/00
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Battelle Pacific Northwest Laboratory

00-0776

Radiochemical Processing Group-325 Building

Chemical Measurements Center

Client: Lumetta
Cognizant Scientist:

Concur:

Procedure; PNL-ALO-476

ALOID
Client ID

00-0776
AN107Mix @1:1

00-0777
An107Mix@1:10

00-0778PB
Process Blank

00-0778
An107-C104(1:1) Liquid

00-0778Dup
An107-C104(1:1) Liquid

RPD

00-0779
An107-C104(1:10) Liquid
Matrix Spike

Blank Spike

Blank

3/23/00

MMM/’—?/ Date : /2 5/50

— —

i | Rang - LL Date :

5]&3200

I

Measured Activities (uCi/g) with 1-sigma error

Sr-90

Error +/-

8.55E+0
3%

5.18E+0
3%

<1.E4

5.03E-1
3%

5.14E-1 < e Y ’ | i
3%

2%

7.23E-1
3%
104%

104%

<6.E-5

Page 1



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

Client: G. Lumetta Charge Code/Project: ~ W45526/29953
ACL Numbers: 00-0770 to 00-0779 ASR Number: 5644
Analyst: MJ Steele Analysis Date: March 15, 2000

Procedure: PNL-ALO-212, "Determination of Inorganic Anions by Ion Chromatography"
M&TE: IC system (WD25214); Balance (360-06-01-031) --- See Chemical Measurement
Center 98620 RIDS IC File for Calibration, Standards Preparations, and Maintenance Records.

Final Results:

The submitted AN107/C104 samples were analyzed by ion chromatography (IC) for inorganic
anions as specified in the governing ASR. The liquids samples (reported in pg/ml) were
analyzed following appropriate analytical dilutions to ensure that all reported anions were within
the IC calibration range. The two solids samples were processed in the hot cells by leaching
with a 100:1 ratio of water. The leachates were filtered prior to IC analysis and the results are
reported in pg/g of as received solid.

F Cl NO, Br NO, PO, SO, C,0,

Lab ID Liquid Sample ID ug/ml ug/ml ug/ml ug/ml ug/ml ug/ml ug/ml ug/ml
00-00770 ANI107 C104 -3A 1,540 430 13,900 <250 55,500 <500 1,860 980
00-0770 MS  |Matrix Spike Recovery 129% 113% 101% 103% 107% 110% 117% 110%
Working Spk [Recovery 109% 109% 105% 107% 106% 106% 106% 105%
00-00773 ANI107 C104 4A 2,880 430 13,700 <250 54,100 <500 1,840 1,000
00-00778 AN107 Mix @1:1 Liquid <250 380 11,600 <250 47,200 <500 1,620 2,500
00-00779 AN107 Mix @1:10 Liguid <250 700 24,200 <250 105,000 <500 3,000 <500

Solids F Cl NO, Br NO, PO, S0, G0,
Lab ID Solids Sample ID Dil Fetr ug/g ug/g ug/g ug/g ug/g ug/e ug/g ug/g
00-00776 PB |Leach Process Blank 92.9 <25 <25 < 50 <25 <50 <50 <350 <30
00-00776 AN107 Mix @1:1 98.9 2,290 2,130 70,200 < 1000 275,000 | <2000 9,040 16,900
00-00777 ANI107 Mix @1:10 86.9 2,270 1,940 68,200 <900 274,000 | <1800 9,260 7,370

Note: Fluoride is considered qualitative due to significant peak interferences making fluoride quantitation difficult.

Q.C. Comments:
Duplicates: No duplicate were provided.

Matrix Spike: A matrix spike was prepared from the AN107 C104-3A sample (00-0770) after
the sample was delivered to the IC Workstation. No attempt to spike the supernatant in the hot
cells was made. All anion recoveries, except fluoride, were within the 75% to 125% recovery
acceptance criteria. The 129% fluoride MS recovery is just outside the acceptance criteria and is
most likely due the difficulties in quantifying the fluoride peak (or establishing a good baseline)

ASR 5644 Lumetta.doc - - Page ] of 2




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

due to significant interferences (most probably from organic anion, such as formate or acetate).
Based on these interferences, the fluoride results are considered qualitative.

Blank Spike: No blank spikes were prepared in the hot cells for either the liquid or the solid
leached/dissolved solids. The working spike (i.e., the spike solution used to prepare the matrix
spike samples) was measured at the same time as the Matrix Spike samples and demonstrated
recoveries within the 90% to 110% acceptance criteria.

System Blank/Processing Blanks: Eleven system blanks were processed during the analysis of
the liquid samples. Other than one oxalate system blanks, no anions were detected in the system
blanks above the estimate quantitation level. The low level of oxalate detected in the system
blank has not affect on the reported oxalate values.

Quality Control Calibration Verification Check Standards: Nine mid-range verification
standards were analyzed throughout the analysis runs. For most of the anions recoveries were
within the acceptance criteria from 90% to 110% for the verification standard. Two nitrite
results recovered below the 90% lower limit; however these recoveries were all greater than
85%.

General Comments:

e The reported "Final Results" have been corrected for all dilution performed on the sample
during processing or analysis.

o 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.

e Routine precision and bias are typically £15% or better for non-complex aqueous samples
that are free of interference and have similar concentrations as the measured anions.

Analyst: ﬁ%@ M Datésaz/ éd
Approval%éé ) /,d-u_a Date 2%22;{/ g

Archive Information:

Files: ASR 5644 Lumetta.doc ASR 5644 5667-8 5744 .xIs !
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Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report

Client: G. Lumetta Charge Code/Project: 'W45536/29953
ACL Numbers: 00-0776 to 00-0779 ASR Number: 5644
Analyst: MJ Steele Analysis Date: April 5, 2000

Procedure: PNL-ALO-381, "Direct Determination of TC, TOC, and TIC in Radioactive Sludges
and Liquids by Hot Persulfate Method"
M&TE: Carbon System (WA92040); Balance (360-06-01-023).

Final Results:

Results in ug Carbon / ml of Sample

. Vol TIC TIC RPD TOC TOC RPD TC “TC RPD

Lab Number |Sample ID ml pg C/ml % pug Ciml % png Ciml %
00-0776 PB  |Process Blank 0.50 <14 <36 <36

00-0776 AN107 Mix @ 1:1 0.10 410 380 790

00-0776 Dup |AN107 Mix @ 1:1 Dup 0.50 380 8 430 n/a 810 3
00-0777 AN107 Mix @ 1:10 0.50 430 480 910

00-0777 Dup [AN107 Mix @ 1:10 Dup 0.50 490 13 560 15 1,050 - 14
00-0778 AN107 Mix @ 1:1 Liquid 0.10 4,440 8,500 12,800

00-0778 Dup |AN107 Mix @ 1:1 Liquid Dup 0.10 4,220 b 8,160 4 12,400 5
00-0778 MS  |AN107 Mix @ 1:1 Liquid MS 0.10 87.4% 96.5% 91.1%

00-0779 AN107 Mix @ 1:10 Liguid 0.10 8,600 16,200 24,800

00-0779 Dup |AN107 Mix @ 1:10 Liguid Dup 0.10 8,240 4 15,600 4 23,800 4

Results in ug Carbon / g of Sample (wet weight)

Wit TIC TIC RPD TOC TOC RPD TC TC RPD

Lab Number |Sample ID g ug Clig % ng Clg % ug Clg %
00-0776 PB  |Process Blank 0.4986 <14 <37 <37

00-0776 AN107 Mix @ 1:1 0.1009 410 380 790

00-0776 Dup [AN107 Mix @ 1:1 Dup 0.5034 380 8 430 n/a 810 3
00-0777 AN107 Mix @ 1:10 0.5039 420 480 900

00-0777 Dup |AN107 Mix @ 1:10 Dup 0.5061 480 13 550 15 1,000 14
00-0778 AN107 Mix @ 1:1 Liquid 0.1129 3,930 7,530 11,500

00-0778 Dup |AN107 Mix @ 1:1 Liquid Dup 0.1108 3.800 3 7,350 2 11,200 3
00-0778 MS |JAN107 Mix @ 1:1 Liquid MS 0.1112 88.1% 98.5% 92.3%

00-0779 AN107 Mix @ 1:10 Liguid 0.1233 6,980 13,200 20,200

00-0779 Dup |AN107 Mix @ 1:10 Liquid Dup | 0.1217 6,770 3 12,800 3 19,600 "3

RPD = Relative Percent Difterence (between sample and duplicate/replicate); calculated from unrounded data.
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Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report

The analyses of the samples submitted under ASR 5644 were performed by the hot persulfate wet
oxidation method. The hot persulfate method uses acid decomposition for TIC and acidic
potassium persulfate oxidation at 92-95°C for TOC, all on the same sample, with TC being the sum
of the TIC and TOC.

The table above shows the results, rounded to two 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. As requested by the ASR the TIC and TOC results are reported in
both pg/g and pg/ml.

Q.C. Comments:

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) in either solid or liquid form.

The QC for the methods involves calibration blanks, system calibration standards, sample
duplicates, and one matrix spike per matrix type.

Calibration Standards: The QC system calibration standards were all within acceptance criteria of
" 90% to 110%, with the average recovery being about 95% for TIC and 95% for TOC.

Calibration Blanks: The four calibration blanks run at the beginning, middle, and end of the
analysis run were acceptable, averaging about 11 pugC TIC and 33 pugC TOC. These
calibration/system blanks are considered good and the standard deviations for the TIC and TOC
blanks is within the historical pooled standard deviation used to establish the method detection
limits.

Duplicates: No actual sample duplicates were identified on the ASR. However, the precision
between the replicates, as demonstrated by the Relative Percent Difference (RPD), is good. All
RPDs are within the acceptance criteria of 20%, with most RPDs being less than 10%.

Matrix Spike: The accuracy of the carbon measurements can be estimated by the recovery results
from the matrix spike. A matrix spike was prepared from sample 00-0778. The matrix spike
demonstrated recoveries of about 87% for TIC and 97% for TOC; well within the acceptance
criteria of 75% to 125% recovery.
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Appendix C. Calculations
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