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LEGAL NOTICE

This report was prepared by Battelle Memorial Institute (Battelle) as an account of sponsored
research activities. Neither Client nor Battelle nor any person acting on behalf of either:

MAKES ANY WARRANTY OR REPRESENTATION, EXPRESS OR IMPLIED, with
respect to the accuracy, completeness, or usefulness of the information contained in this
report, or that the use of any information, apparatus, process, or composition disclosed in this
report may not infringe privately owned rights; or assumes any liabilities with respect to the
use of, or for damages resulting from the use of, any information, apparatus, process, or
composition disclosed in this report.

Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by Battelle. The views and opinions of authors
expressed herein do not necessarily state or reflect those of Battelle.






Completeness of Testing

This report describes the results of work and testing specified by 24390-PTEF-TSP-RT-01-001
Rev. O and TP-RPP-WTP-089 Rev 1. The work and any associated testing followed the quality
assurance requirements outlined in the Test Specification/Plan. The descriptions provided in this
test report are an accurate account of both the conduct of the work and the data collected. Test
plan results are reported. Also reported are any unusual or anomalous eccurrences that are
different from expected results. The test results and this report have been reviewed and verified.

Approved.
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Gordon H. Beeman, ﬂ;{cmuger pal 7
WTP R&T Support Project




Change History

Revision #

Revision

Purpose

Rev 1 ICP-MS Tc-99 measurement uncertainty Clarification due to ‘potential’ calibration
February 2004 | increased. and verification standards bias.
Rev 1 Np-237 and Pu->*** by ICP-MS same Document discrepancy with QA Plan
February 2004 | source standard for calibration and requirement.

verification; added footnotes to Tables 8.1,

8.4,9.1,and 9.4.
Rev 1 Removed ICP-MS uncertainties Tables 8.1 Clarification: Propogated uncertainties
February 2004 | and 8.3. only provided for radchem results.
Rev 1 Remove ‘B’ flags from process blanks in “B” flags only appropriate for ‘samples’
February 2004 | Tables 8.1 through 8.4. impacted by high process blank.
Rev 1 Added references to ASR revisions ASR Included for completeness.
February 2004 | 6193.01 through ASR 6193.06; ASRs added

to appendix.
Rev 1 Added uncertainties for radiochem results Correction.
February 2004 | that were inadvertently omitted from Table

8.3.
Rev 1 Removed bold/outline >15% RSD if results Clarification: QC criterion of <15% only
February 2004 | were J-flagged (Tables 9.1 through 9.4). applies when results >EQL.
Rev 1 Table 9.4 ICPAES acid and fusion results Correction. Note: all results are non-
February 2004 | switched for As, Ce, Co, Mo, Pd, Rh, Ru, detects.

Sb, Se, Te, Th, T, V, W, and Y.
Rev 1 Changed approach for reporting gluconate. More appropriate to report gluconate as
February 2004 coeluting anion with glycolate (not as “no

method available™).
Rev 1 Revised '*'T and '®I results and text added Data correction required due to
February 2004 | throughout report. calibration and verification standards
issue.

Rev 1 Miscellaneous editorial changes. Clarification.

February 2004




Summary

Battelle — Pacific Northwest Division (PNWD) is conducting integrated process verification and
waste-form qualification tests on Hanford waste from underground storage Tank 241-AZ-101 (AZ-101) in
support of the River Protection Project-Waste Treatment Plant (RPP-WTP). Testing includes sample
compositing, homogenization, and characterization; followed by pretreatment process testing and
vitrification of the resulting low-activity waste (LAW) and high-level waste (HLW) streams.

To support this testing, portions from 18 segments of one core sample retrieved from Tank AZ-101 in
August 2000 were provided to the PNWD. Following confirmation that none of the bottles containing
liquid were contaminated with hydrostatic head fluid, these samples were homogenized into a single
slurry composite and carefully separated into 15 sub-samples. Specified sub-samples were tested for
physical properties, including density, percent solids, rheology, heat capacity, and particle size. Four
composite sub-samples were selected for inorganic, radiochemical, and selected organic analysis. The
sub-samples were phase separated by centrifuging into supernatant and wet centrifuged solids (WCS) and
both phases characterized for numerous inorganic analytes, organic analytes, and radionuclides. Analyses
were performed in triplicate on both the wet centrifuged solids and supernatant phases.

The characterization of the representative AZ-101 composite sub-samples for both supernatant and
wet centrifuged solids included but was not limited to:

inductively coupled plasma atomic emission spectrometry (ICP-AES)

radiochemical analyses, including *Tc"’

¢ inductively coupled plasma mass spectrometry (ICP-MS)

e total uranium by kinetic phosphorescence analysis (KPA)

e ion chromatography (IC, inorganic and organic anions)

e titration for hydroxide

e total inorganic carbon (TIC) and total organic carbon (TOC)
e selected organic analytes (e.g., organic acids and chelators)

o selected physical properties: density, weight percent solids, and weight percent oxide, heat
capacity, particle size distribution (PSD), and rheology.

The homogenization and characterization activities were conducted per test plan TP-RPP-WTP-089
(Appendix D1) in accordance with the requirements set forth in test specification 24590-PTF-TSP-RT-01-
001 (Appendix A), which was initially defined in Test Scoping Statement B-2. This report summarizes
sample receipt, compositing, homogenization, and initial characterization activities of the AZ-101 tank
waste. The results for all analytes of interest specified by the test specification are reported with the
exception of bis-(2-ethylhexyl) phosphate (D2EHP) for which no reliable method was available, and
polychlorinated biphenyls (PCBs) which were removed as an analyte of interest by BNI (Test Exception
24590-WTP-TEF-RT-02-071 and 24590-WTP-TEF-RT-02-073).

Table S.1 summarizes the physical properties measured on the AZ-101 material and Table S.2 and

Table S.3 summarize the results of the radiochemical and chemical analysis of the composite supernatant
and wet centrifuged solids. The results shown in the “WCS column” (Table S.2 and Table S.3) are the
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wet centrifuged solids concentrations, which contain a contribution from interstitially entrained
supernatant. The results shown in the “UDS columns” are the resulting undissolved solids contents after
the supernatant contribution is mathematically removed. The calculated undissolved solids results are
reported on both a wet-weight and dry-weight basis. Because the centrifuged solids were not washed,
they contain components that may be removed during pretreatment.

Table S.1. AZ-101 As-received Composite — Physical Properties

Matrix Physical Property/Measurement Average | %RSD
Supernatant Density (g/mL) 1.233 04
TDS (wt%) 26.7 4
Composite slurry Density (g/mL) 1.25 1
Wt% centrifuged solids 18 9
Wt% undissolved solids 7.6 9
3-wt% undissolved solids slurry Heat capacity (J/g-K) at 25°C 3.49 18
Heat capacity (J/g-K) at 40 °C 348 19
13-wt% undissolved solids slurry | Heat capacity (J/g-K) at 25 °C 2.89 16
Heat capacity (J/g-K) at 40 °C 2.89 17
20-wt% undissolved solids slurry | Heat capacity (J/g-K) at 25 °C 2.83 25
Heat capacity (J/g-K) at 40 °C 2.82 26
14-wt% undissolved solids slurry | Apparent viscosity (cP) at 25 °C 2.9 14
Yield point (Pa) at 25 °C 0.2 15
Apparent viscosity (cP) at 40 °C 2.5 3
Yield point (Pa) at 40 °C 0.1 29
45-wt% undissolved solids slurry | Apparent viscosity (cP) at 25 °C 13 25
Yield point (Pa) at 25 °C 3.7 22
Slurry solids PSD (%Vol) — Particles above 16.6 um 14 n/a
PSD (%Vol) — Particles between 4.4 and 16.6 um 51 n/a
PSD (%Vol) — Particles between 1.14 and 4.4 pm 32 n/a
PSD (%Vol) — Particles between 0.27 and 1.14 um 3 n/a

RSD: relative standard deviation
TDS: total dissolved solids
PSD: particle size distribution following 90 second sonication

Table S.2. AZ-101 As-received Composite — Radionuclide Summary

wcs @ Supernatant ® UDS

Measurement Average ® Average ® Average Average
Radionuclide (Method uCi/g DF | pCi/mL DF pCi/g (Wet) | uCi/g (Dry)
*H H-3 7.08E-03 1.81E-02 1.06E-03 1.79E-03
c C-14 1.04E-03 | B | 1.93E-03 4.04E-04 6.80E-04
“Co GEA 2.03E+00 4E-02 U 2.03E+00 3.42E+00
%S¢ Sr-90 2.02E+04 5.01E-02 © 2.02E+04 3.40E+04
PTc (total) ICP-MS 1.48E-01 3.27E-01 3.91E-02 6.59E-02
1238b GEA 8.07E+00 | J NM 8.07E+00 1.36E+01
1268n GEA 2E+00 U 2E+00 U < 2E+00 < 4E+00
1291 ICP-MS 1.09E-05 | J 1.06E-06 J 1.05E-05 1.78E-05
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Table S.2. (Cont’d)

wcs ® Supernatant ® UDS

Measurement Average @ Average @ Average Average
Radionuclide Method uCi/g DF | upCi/mL DF uCi/g (Wet) | uCi/g (Dry)
¥Cs GEA 7.52E+02 1.64E+03 2.06E+02 3.47E+02
B7Cs ICP-MS (Calc)| 8.76E+02 1.40E+03 4.11E+02 6.92E+02
2Ry GEA 1E+00 U NM < 1E+00 < 2E+00
SEu GEA 2.34E+01 2E-01 U 2.34E+01 3.95E+01
Eu GEA 3.06E+01 2E+00 U 3.06E+01 5.15E+01
By ICP-MS 1.61E-03 9E-06 U 1.61E-03 2.71E-03
3y ICP-MS 7.32E-05 4.73E-08 | B 7.32E-05 1.23E-04
“Np ICP-MS 1.94E-02 3.77E-05 J 1.94E-02 3.26E-02
2¥py AEA 3.06E-01 3.44E-04 | B 3.06E-01 5.16E-01
239240py AEA 2.41E+00 1.81E-03 2.41E+00 4.06E+00
o ICP-MS 1.14E+00 2.00E-03 | JB 1.14E+00 1.92E+00
#lpy Pu-241 1.15E+01 NM 1.15E+01 1.93E+01
2 Am AEA 3.75E+01 1.05E-04 | B 3.75E+01 6.32E+01
Am (GEA) | GEA 4 49E+01 2E+00 U 4 49E+01 7.56E+01
#2py AEA 9E-03 U NM <9E-03 <2E-02
*Cm AEA 391E-02 | J 9E-06 U 3.91E-02 6.59E-02
324 0m AEA 9.48E-02 | J | 4.18E-05 | JB 9.48E-02 1.60E-01
Alpha Gross alpha 5.39E+01 5E-03 U 5.39E+01 9.08E+01

Radionuclides measured only in Supernatant

"Se Se-79 NM 9.69E-04 NA NA
T Tc-99 NM 3.77E-01 NA NA
31py GEA NM 2E+00 U NA NA
U ICP-MS NM 6E-06 §] NA NA
oy ICP-MS NM 9.32E-08 J NA NA
28y ICP-MS NM 9.38E-07 B NA NA

WCS = wet centrifuged solids; UDS = undissolved solids; NM = not measured; NA= not applicable

(@

the reported MDL.

(b)
(©

For decay correction reference dates see Table 8.1and Table 8.3.
Supernatant *Sr result is significantly lower than other published results; see discussion Section 8.3

and Section 9.4.4.

Table S.3. AZ-101 As-received Composite — Analyte Summary

Data flags: B = analyte measured in blank above the EQL; J = estimated value; U= not detected above

WCS Supernatant UDS

Measurement Average | @ | Average | @ Average Average
Analyte Method ug/g DF pg/mL DF ug/g (Wet) pg/g (Dry)
Ag ICP-AES 5.50E+01 J 6E-01 U 5.50E+01 9.27E+01
Al ICP-AES 1.36E+05 6.05E+03 1.34E+05 2.26E+05
Ammonia none NM 2.30E+00 J NA NA
As ICP-MS 4.61E+01 9.90E+00 4.28E+01 7.21E+01
B ICP-AES 3E+01 U 7.74E+01 BX < 3E+01 < 5E+01




Table S.3. (Cont’d)

WCS Supernatant UDS

Measurement Average @ Average @ Average Average
Analyte Method ug/g DF pg/mL DF ug/g (Wet) ug/g (Dry)
Ba ICP-AES 4.89E+02 2.50E-01 J 4.89E+02 8.24E+02
Be ICP-AES 9.00E+00 | J 3E-01 U 9.00E+00 1.52E+01
Bi ICP-AES 6E+01 U 3E+00 U <6E+01 < 1E+02
Cas TIC© | C (Furn) 1.10E+03 | J 5.83E+03 < 1E+03 <2E+03
CasTIC® | C (HP) 8.38E+03 9.85E+03 5.11E+03 8.60E+03
C as TOC © | C (Furn) 9.90E+03 1.50E+03 9.40E+03 1.58E+04
Cas TOC " | C (HP) 8.20E+02 5.10E+02 6.50E+02 1.10E+03
Ca ICP-AES 2.40E+03 9.30E+00 J 2.40E+03 4.04E+03
Cd ICP-AES 4.67E+03 7.70E-01 JB 4.67E+03 7.87E+03
Ce ICP-MS 2.97E+02 5E+00 U 2.97E+02 5.00E+02
Cl IC-Inorg 1.10E+02 2.40E+02 3.02E+01 5.09E+01
CN CN 541E-01 | X | 2.04E+00 B <4E-01 <7E-01
Co ICP-MS/ICP-AES| 3.83E+01 | B 1E+00 U 3.83E+01 6.45E+01
Cr ICP-AES 8.00E+02 6.86E+02 5.72E+02 9.64E+02
Cs @ ICP-MS 3.20E+01 5.18E+01 1.48E+01 2.49E+01
Cu ICP-AES 2.38E+02 6E-01 U 2.38E+02 4.01E+02
F® IC-Inorg 4.11E+03 2.01E+03 3.44E+03 5.80E+03
Fe ICP-AES 6.68E+04 1.50E+00 | JB 6.68E+04 1.13E+05
Hg CVAA 3.15E+00 5.53E-02 3.13E+00 5.28E+00
K ICP-AES 1.40E+03 | J 4.46E+03 < 1E+03 <2E+03
La ICP-AES 1.79E+03 1E+00 U 1.79E+03 3.02E+03
Li ICP-AES 7.00E+01 8.90E-01 J 6.97E+01 1.17E+02
Mg ICP-AES 4.40E+02 3E+00 U 4.40E+02 7.41E+02
Mn ICP-AES 1.48E+03 1E+00 U 1.48E+03 2.49E+03
Mo ICP-MS 1.46E+02 | B 8.88E+01 1.16E+02 1.96E+02
Na ICP-AES 7.15E+04 1.11E+05 3.46E+04 5.83E+04
Nd ICP-AES 1.26E+03 3E+00 U 1.26E+03 2.12E+03
Ni ICP-AES 2.77E+03 1.00E+00 | JB 2.77E+03 4.67E+03
NO, IC-Inorg 2.74E+04 6.13E+04 7.02E+03 1.18E+04
NO; IC-Inorg 2.29E+04 5.26E+04 5.41E+03 9.12E+03
P ICP-AES 1.79E+03 5.04E+02 1.62E+03 2.73E+03
Pb ICP-AES 490E+02 | J 3.30E+00 4.89E+02 8.24E+02
Pd ICP-MS 1.01E+02 2.00E+01 J 9.44E+01 1.59E+02
Pr ICP-MS 2.64E+02 NM 2.64E+02 4.45E+02
Pu sum ICP-MS 1.97E+01 NM 1.97E+01 3.32E+01
Rb ICP-MS 2.62E+02 | B | 9.20E+00 2.59E+02 4.36E+02
Rh ICP-MS/ICP-AES| 9.08E+01 8E+00 U 9.08E+01 1.53E+02
Ru ICP-MS/ICP-AES| 1.15E+03 3E+01 U 1.15E+03 1.94E+03
Sb ICP-MS 3.42E+00 | B 1E+01 U 3.42E+00 5.76E+00
Se ICP-MS 1E+00 UB 6E+00 U < 1E+00 <2E+00
Si ICP-AES 3.80E+03 | J 2.06E+02 | BX 3.73E+03 6.29E+03
SO, IC-Inorg 2.40E+04 1.62E+04 1.86E+04 3.14E+04
Sr ICP-AES 3.56E+02 4E-01 U 3.56E+02 6.00E+02
Ta ICP-MS 3.65E+00 | B NM 3.65E+00 6.15E+00
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Table S.3. (Cont’d)

WCS Supernatant UDS

Measurement Average @ Average @ Average Average
Analyte Method ug/g DF pg/mL DF ug/g (Wet) ug/g (Dry)
Tc ICP-MS 8.69E+00 1.92E+01 2.30E+00 3.88E+00
Te ICP-MS/ICP-AES| 1.96E+02 4E+01 U 1.96E+02 3.30E+02
Th ICP-MS/ICP-AES| 1.09E+02 3E+01 U 1.09E+02 1.84E+02
Ti ICP-AES 6.40E+01 J 6E-01 U 6.40E+01 1.08E+02
Tl ICP-MS/ICP-AES| 1.55E-01 B 1E+01 U 1.55E-01 2.61E-01
U ICP-AES 3.60E+03 J SE+01 0] 3.60E+03 6.07E+03
U KPA 3.17E+03 5.15E-01 3.17E+03 5.34E+03
U sum ICP-MS 3.68E+03 2.81E+00 B 3.68E+03 6.20E+03
A% ICP-MS 2.34E+01 | B 1.50E+00 J 2.29E+01 3.86E+01
W ICP-MS 3.33E+01 | B 5.80E+01 J 1.40E+01 2.36E+01
Y ICP-MS/ICP-AES| 1.17E+02 1E+00 U 1.17E+02 1.97E+02
Zn ICP-AES 7.90E+01 J 1E+00 U 7.90E+01 1.33E+02
Zr ICP-AES 1.95E+04 1E+00 U 1.95E+04 3.29E+04

Analytes measured only in Supernatant

Acetate IC-Org NM 1E+02 U NA NA
Citrate IC-Org NM 4E+02 U NA NA
Citric acid GC/FID NM 6E+00 U NA NA
D2EHP © GC/FID NM ) NA NA
ED3A GC/FID NM 5E+00 U NA NA
EDTA GC/FID NM 5E+00 U NA NA
Formate IC-Org NM 3.70E+02 J NA NA
Gluconate ® | IC-Org NM 5E+02 U NA NA
Glycolate ® | IC-Org NM 2E+02 U NA NA
HEDTA GC/FID NM 9E-+00 Ux NA NA
IDA GC/FID NM 1E+01 U NA NA
NTA GC/FID NM 6E-+00 U NA NA
OH Titration NM 1.14E+04 NA NA
Oxalate IC-Org NM 1.00E+03 NA NA
PCB GC/ECD NM ® NA NA
Succinic acid | GC/FID NM 5.00E+01 J NA NA

WCS = wet centrifuged solids; UDS = undissolved solids; NM= not measured; NA= not applicable
EDTA=ethylenediaminetetraacetic acid; HEDTA=N-(2-hydroxyethyl)ethylenediaminetriacetic acid,;
ED3A=ethylenediaminetriacetic acid; NTA=nitrilotriacetic acid; IDA=iminodiacetic acid;

D2EHP= bis-(2 ethylhexyl) phosphate

(a) Data flags: U = not detected above reported MDL; J = estimated value; B = analyte in blank above the blank acceptance criteria;
X = quality control (QC) deficiency.

Fluoride results should be considered the upper bound concentration for the fluoride. Significant peak distortion of the fluoride
peak suggests the presence of co-eluting anion(s).

For TOC and TIC: HP = hot persulfate oxidation method; Furn = furnace oxidation method.

Total Cs: Cesium on wet centrifuged solids calculated from sum of '**Cs measured by ICP-MS and the calculated '**'*’Cs using
the Cs isotope mass fractions from the supernatant results.

Analyte not measured due to lack of reliable method.

Measurement of PCBs deleted from test specification per test exception 24590-WTP-TEF-RT-02-071 and 24590-WTP-TEF-RT-
02-073.

Glycolate and gluconate results should be considered the upper bound MDL concentration, since glycolate and gluconate are not
resolved by the IC measurement method used for the analysis. IC system calibrated using glycolate; gluconate estimate based on
gluconate-to-glycolate response factor. Each result assumes 100% of response due to each analyte.

(b)

(©)
(d)

(e
()

(®
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The AZ-101 analytical results for the supernatant and undissolved solids are compared to the WTP
specifications. The supernatant composite was compared to the Contract Specification 7 LAW
Envelope B Definition (see Table S.4); the undissolved solids component was compared to Contract
Specification 8, HLW Definition (see Table S.5). The Specification 7 limits may have been exceeded for
%Co and **Eu because these radionuclides could not be measured at the required minimum reportable
quantity (MRQ) due to interference from the very high '*’Cs concentration. The Contract Specification 8
limits were exceeded for Al and S concentrations, with both the Al and S exceeding the limits at
approximately 200%. One radionuclide, '**Sn, could not be measured at a detection level sufficiently low
enough to determine whether or not the radionuclide was within the Contract Specification 8 limit.

Table S.4. AZ-101 As-received Supernatant — Compared to Specification 7 Envelope B

Table TS-7.1 Analytes

Analytes Measured Above MDL

Analytes Not Detected Above MDL

Measurement % of Contract Measurement % of Contract
Method Analyte Limit Method Analyte Limit
1C NO, 73 ICP-AES U <4
c® C as TIC 57 ICP-AES La <2
1C SO, 50
c® C as TIC 34
1C NO; 22
ICP-AES Al 19
ICP-AES Cr 14
ICP-AES K 13
IC F 11
c® C as TOC 5
IC PO, 3
ICP-AES P as PO, 3
Cc® C as TOC 2
IC Cl 2
Pb, Ba, Ca,
ICP-AES Ni, Fe, Cd 0.5 or less
CVAA Hg
ICP-MS U
KPA U (KPA)

Table TS-7.2 Radionuclides

Analytes Measured Above MDL

Analytes Not Detected Above MDL

Measurement % of Contract Measurement % of Contract
Method Radionuclide Limit Method Analyte Limit
GEA B1Cs 63 GEA %Co < 560
ICP-MS #Tc 35 GEA *Eu <130
(Sum) TRU 4

Sr-90 %Sy 1©

Outlined and bolded results may exceed Contract Specification 7 (Envelope B) criteria.
TRU (transuranic) = Z>92, alpha emitter, half-life >10yr (*'Np, 2*5%%2%py, 2! Am, and *****?*Cm)

(a) Carbon by hot persulfate oxidation method

(b) Carbon by furnace oxidation method
(¢) Supernatant *°Sr result is significantly lower than other published results; see discussion Section 8.3 and Section 9.4.4.
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Table S.5. AZ-101 As-received Undissolved Solids — Compared to Specification 8

Analytes Measured Above MDL

Analytes Not Detected Above MDL

Measurement % of Contract | Measurement % of Contract
Method Analyte Limit Method Analyte Limit
Specification 8 Table TS-8.1 Analytes

ICP-MS Te 33 ICP-AES B <0.5
ICP-MS Rb 30 ICP-MS Se <0.05
ICP-MS Pr 16 ICP-MS Tc <0.0001
ICP-AES Nd 16
ICP-MS Y 16
ICP-MS A% 15
ICP-AES La 15
ICP-AES Sr 15
ICP-AES Li 11
ICP-AES Cu 11
Multiple Ce, Pu, As, Mn, 10 or less

Zn, Mo, Be, Ta,

Co, W, Hg, Cs,

Sb, Tl

Specification 8 Table TS-8.2 Analytes

None Ammonia NM c® C as CO; <4
c® C as CO; 18 CN CN <0.001
c® C as TOC 19 None NH; NM
Multiple NO,/NO;, Cl, 10 or less

C as TOC®

Specification 8 Table TS-8.3 Radionuclides

Sr-90 gy 44 GEA 1268n
ICP-MS 2y 39 GEA 2Ry <57
GEA Eu 23
AEA ¥py 19
AEA 239.240py 17
Pu-241 #1py 11
Multiple BEu, *"Am, 2°U,| 10 or less

237Np, IZSSb, 60C0,
137CS, 14C, 1291’
243,244Cm, 3H, 99TC

X




Table S.5 (cont’d)

Analytes Measured Above MDL

Analytes Not Detected Above MDL

Measurement % of Contract | Measurement % of Contract
Method Analyte Limit Method Analyte Limit
Specification 8 Table TS-8.4 Analytes
ICP-AES Al 207 ICP-AES K <23
IC-Inorg SO as S 207 ICP-AES Bi <0.5
ICP-MS Ru 71
ICP-AES Fe 50
ICP-AES Na 39
ICP-AES Zr 28
ICP-AES Ni 25
ICP-AES Cd 22
IC-Inorg F 21
ICP-AES P 21
ICP-AES Cr 18
ICP-MS Pd 16
ICP-MS Rh 15
Multiple Pb, Ca, 10 or less
U (ICP-MS, KPA,
and ICP-AES),
Mg, Si, Ba, Ag,
Ti, Th

Outlined and bolded results exceed or may exceed Contract Specification 8 (Envelope D) criteria.
(a) carbon by hot persulfate oxidation method
(b) carbon by furnace oxidation method

NM: not measured




AEA
AMU
ASR
BNI

BS

CAR

CI
CVAA
COC
CUF
D2EHP
DF

DIW
DPP
DQO
DSC
EDTA
ED3A
EQL
FURN
GC/ECD
GC/FID
GEA
HASQARD
HEDTA
HLRF
HLW
HP
HPIC

IC
ICP-AES
ICP-MS
IDA
IDL

ISE
KPA
LAW
LCS
LSC

Terms and Abbreviations

alpha energy analysis

atomic mass unit

analytical service request

Bechtel National Inc.

blank spike

corrective action report

confidence interval

cold vapor atomic absorption

chain of custody

cells unit filter

bis-(2-ethylhexyl) phosphate

data quality flag

distilled, deionized water

diphenylphosphate

data quality objective

differential scanning calorimeter
ethylenediaminetetraacetic acid
ethylenediaminetriacetic acid

estimated quantitation limit

furnace oxidation (TIC/TOC analysis)

gas chromatography/electron capture detector
gas chromatography/flame ionization detector
gamma energy analysis

Hanford Analytical Services Quality Assurance Requirements Documents
N-(2-hydroxyethyl)ethylenediaminetriacetic acid
High-Level Radiation Facility

high-level waste

hot persulfate oxidation (TIC/TOC analysis)
high-performance ion chromatography

ion chromatography

inductively coupled plasma-atomic emission spectrometry
inductively coupled plasma-mass spectrometry
iminodiacetic acid

instrument detection limit

ion specific electrode

kinetic phosphorescence

low-activity waste

laboratory control standard

liquid scintillation counter
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MDA minimum detectable activity

MDL method detection limit

MRQ minimum reportable quantity

MS matrix spike

MSD matrix spike duplicate

NA not applicable

NIDA nitrosoiminodiacetic acid

NIST National Institute of Standards and Technology
NM not measured

NTA nitrilotriacetic acid

%Diff percent difference

PB process blank

PCB polychlorinated biphenyl

PNWD Battelle - Pacific Northwest Division
PS post spike

PSD particle size distribution

QA quality assurance

QC quality control

RPL Radiochemical Processing Laboratory
RPP River Protection Project

RSD relative standard deviation

SAL Shielded Analytical Laboratory

SEM scanning electron microscope

SRM standard reference material

TC total carbon

TDS total dissolved solids

TIC total inorganic carbon

TOC total organic carbon

TRU transuranic

UDS undissolved solids

UPA Microtrac™ ultrafine particle size analyzer
WCS wet centrifuged solids

WTP Waste Treatment Plant

X100 Microtrac™ X-100 particle size analyzer
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Definitions

Settled Solids — the solids layer that separated from the bulk slurry after gravity settling for a specified
settling period (typically 3 to 7 days). The results may be reported in volume percent (vol%)
and/or weight percent (wt%). The wt% may be reported on either a wet-weight basis (i.e., mass
of settled solids contains interstitial liquid) or on a dry-weight basis (i.e., mass of settled solid
dried at 105°C to a constant weight).

Centrifuged Solids — the solids layer that separates from the bulk slurry after centrifugation (typically for
1 hour at 1000 G). These results may be reported as vol% or wt%, with the wt% on either a
wet-weight or dry-weight basis.

Dissolved Solids — the soluble solids in the liquid phase. The solids remaining after the liquid is dried at
105°C to a constant weight. Typically reported as wt% total dissolved solids (TDS). During
drying, most mass loss is due to water but other volatile components (e.g., organics) may also be
lost.

Undissolved Solids — solids excluding all interstitial liquid. The solids remaining if all the supernatant
and dissolved solids associated with the supernatant could be removed from the bulk slurry. The
calculated undissolved solids of the as-received tank waste generally include some materials that
can be washed or dissolved during pretreatment.

Total Solids — the solids remaining after drying the bulk slurry at 105°C to a constant weight; includes
dissolved and undissolved solids.
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1.0 Introduction

Battelle — Pacific Northwest Division is conducting physical property testing and inorganic,
radiochemical, and selected organics characterization of waste from underground storage tank number
241-AZ-101 (hereafter designated as AZ-101) for Bechtel National, Inc. (BNI). This effort supports the
planning and design of the RPP-WTP. Tank wastes must be compared to analyte and radioisotopic
compositions described for Envelope B in Contract Specification 7 and for Envelope D in Contract
Specification 8. It is important to characterize the compositions of tank wastes as specified in the
envelopes to define pretreatment and separations processes before final stabilization (vitrification) of the
waste. The RPP-WTP design flowsheets intend to use filtration to phase separate the liquid and solids
fractions and to process the liquids and solids separately. Therefore, it is important to fully characterize
both the liquids and solids in the tank waste before proceeding with final process design.

One core sample from Riser 59 was obtained from Tank AZ-101 between August 17 and August 28,
2000. The core sample consisted of eighteen 19-inch segments from the entire tank depth and two
additional sludge segments from the bottom 39 inches of the tank. The core sample was obtained to
satisfy requirements of ICD-23 (" for process testing. The core sampling process required the addition of
a hydrostatic head fluid (0.3 M LiBr solution) into the sampling system to displace the volume of waste
sample removed. The AZ-101 core sample was obtained after tank mixing pumps were run in the tank in
April and May of 2000%. Data collected at the time of the mixer pump testing demonstrated that most of
the sludge in the tank was suspended, and the sludge became well homogenized both vertically and
horizontally. Although the solids settled to the tank bottom (forming the sludge layer) during the three to
four months between mixing and sampling, the sludge in the core sample is considered representative of
the tank sludge composition. The sludge (slurry) waste contained in AZ-101 is a candidate HLW feed
and the liquid portion of the tank, after separation from the sludge, is a candidate LAW feed
(Envelope B). Current characterization activity is to provide information for assessing AZ-101 waste for
compliance with the LAW (Envelope B) and HLW feed specifications and to provide additional
information for process testing.

Approximately 6.6 kg of AZ-101 waste, which was retrieved from the tank in August 2000, was used
as starting material for this characterization task. Test specification 24590-PTF-TSP-RT-01-001, Tank
241-AZ-101 Sample Composite, Homogeneity, and Analysis, defined the work scope (see Appendix A).
Test plan TP-RPP-WTP-089, AZ-101 Homogenization and As-received Characterization, was prepared
by the PNWD to conduct the work scope defined in the test specification (see Appendix D1). The
objectives of this work include:

e Receive and verify liquid samples were not corrupted with hydrostatic head fluid, which has a
LiBr tracer.

e Composite liquid samples from segments 1 through 16 and sludge samples from segments 17,
17A, 18, and 18A and thoroughly mix them.

e Collect homogenized composite sub-samples in volume-graduated bottles.

1 BNFL-5193-ID-23, Rev 4, Interface Control Document for Waste Treatability Samples, June 2000.
2 Preliminary Test 241-AZ-101 Mixer Pump Test, RPP-6548, Rev 0., July 2000.
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e Verify the homogeneity of the sub-samples by measuring the volume of settled solids and
supernatant in at least five sub-samples.

e Determine the wt% undissolved solids concentration of the composite.

e Perform PCB analysis per methods established for the Regulatory Data Quality Objective
(DQO) task (deleted from scope per test exception 24590-WTP-TEF-RT-02-071 and
24590-WTP-TEF-RT-02-073)

e Adjust the undissolved solids content of sub-samples to 3+1 wt%, 132 wt%, and 20£2 wt%.
e Measure physical properties of the 3, 13, and 20 wt% sub-samples.

e Measure chemical and radioisotope concentrations listed in Tables 2 and 3 (of the test
specification) in the wet centrifuged solids and supernatant fraction of the homogenized
composite.

e Determine liquid fraction compliance to Contract Specification 7 (Envelope B) of
DE-AC27-01RV 14136 (Specification included in test specification, Appendix A).

e Determine solids fraction compliance to Contract Specification 8 of DE-AC27-01RV 14136
(Specification included in test specification, Appendix A. Specification is in units of curies
or grams per 100 grams non-volatile waste oxide. The solids results used for comparison to
this specification are from the undissolved solids only; i.e., the solids remaining after
mathematically removing the interstitial liquid contribution from the wet centrifuged solids.)

e Report supernatant and wet centrifuged solids analyses in accordance with Standard
Electronic Format Specification for Tank Waste Characterization Data Loader.

e Provide a comprehensive technical report.

The PNWD Quality Assurance (QA) Program Plan “Conducting Analytical Work in Support of
Regulatory Program” was used in support of all analytical operations and is compliant with the Hanford
Analytical Service Quality Assurance Requirements Documents (HASQARD)®. The inorganic,
radioisotopic, and organic analytes tested were identified in the test plan. The analysis and quality control
(QC) requirements for the evaluation of hydrostatic head fluid contamination and measurement of both
the supernatant and wet centrifuged solids fractions were included in the test plan and transmitted to the
laboratory staff via the Analytical Service Requests (ASR) 6132, 6193, and 6193.01 through 6193.06.

Results and data limitations, method modifications, and general observations are discussed in
Section 8.0, Analytical Results. Initial sample processing, QC sample results, method detection limits
(MDLs), and other QC indicators are described in the Section 9.0, Procedures, Quality Control, and Data
Limitations.

3 Hanford Analytical Services Quality Assurance Requirements Document; Volume 4: Laboratory Technical
Requirements. DOE/RL-96-68, Rev 2, September 1998.
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2.0 Sample Receiving

Following the tank sampling event in August 2000, the core segments were extruded and archived in
glass bottles at the 222-S Laboratory. The core segment samples were archived for more than six months
at 222-S prior to shipping to PNWD, and some evaporation of the contents may have occurred. To
facilitate shipping of the core segments to PNWD, segments were combined into 500-mL shipping bottles
as indicated in Table 2.1. Also, the 222-S Laboratory removed a small quantity of sludge from segments
17, 17A, 18, and 18A for testing. The combined core segment samples were shipped to PNWD between
May 23 and May 31, 2001 under chain of custody (COC) (see Appendix B1).

Upon receipt at PNWD’s High-Level Radiation Facility (HLRF), the AZ-101 waste samples were
visually inspected, and the inspection was documented through test instruction TI-RPP-WTP-087, AZ-101
Sample Inspection (Appendix B2). Except for bottle 15958, which had a broken lid, all bottles and lids
were in good condition. All liquid samples were similar in appearance, containing very small quantities
(e.g., Y4 to 2 g) of white flaky solids in a clear single-phase liquid. The sludge samples were black in
color with essentially no free-standing liquid. The results of the inspection are provided in Table 2.1.

Table 2.1. AZ-101 Waste Samples Received from 222-S Laboratory

Tank Segment Information 222-S Composite PNWD Inspection
Bottle Segment Net Bottle Net Organic
Number | Number |Physical State| Weight (g) | Number | Weight (g) | Layer Appearance
About 5 mL of free clear
15958 18 Solids NA 15958 133.7 NA |liquid; black sludge;
50% full
17331 17ALH | Wet Sludge 129.4 16029 220.1 NA No visible liquid; gooey
15888 | 17AUH |Sludge-Slurry 90.7 black sludge
Very small quantity of
17023 17 Solids NA 17023 307.2 NA light liquid above black
sludge
Very small quantity of
17025 18A Solids NA 17025 388.2 NA light liquid above black
sludge
18396 1 Supernatant 344.6 Clear liquid; very small
18719 508.2 No amount of dark
18390 12 Supernatant 163.7 precipitate on bottom
18399 4 Supernatant 359.3 Clear liquid; 1-2 g white
18720 522.2 No and dark flaky solids on
18408 13 Supernatant 163.1 bottom
18397 2 Supernatant 352.1 Clear liquid; 2 g of
18721 521.1 No chunky white solids on
18390 12 Supernatant 169.5 bottom
18398 3 Supernatant 345.8 Clear liquid; < Y g
18390 12 Supernatant 30.4 18722 521.9 No white fine solids on
18408 14 | Supernatant 146.4 bottom
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Table 2.1. (Cont’d)

Tank Segment Information 222-S Composite PNWD Inspection
Bottle Segment Net Bottle Net Organic
Number | Number |Physical State| Weight (g) | Number | Weight (g) | Layer Appearance
18394 5 Supernatant 366.6 Clear liuid: <
ear liquid; <% g
18408 13 Supernatant 40.5 18723 5237 No white flakes on bottom
18400 14 Supernatant 116.8
3 id- <1
18391 6 Supernatant 361.8 18724 517.0 No Cle'ar liquid; <l g
18400 14 |Supernatant 155.3 white flakes on bottom
18406 9 Supernatant 365.7 Clear liquid: 1.2 & whit
ear liquid; 1-2 g white
18401 15 Supernatant 106.5 18725 516.4 No | lids on bottom
18413 16 Supernatant 44.2
: id- 1
18403 11 Supernatant 365.3 18726 5226 No Cle.ar liquid; <% g
18413 16 |Supernatant 157.5 white flakes on bottom
18393 7 Supernatant 360.7 Clear liquid; < Y g
18400 14 Supernatant 58.0 18727 519.9 No white fine solids on
18401 15 |Supernatant 102.1 bottom
18407 8 Supernatant 366.1 Clear liquid; <"a g
18728 516.2 No white fine solids on
18401 15 Supernatant 150.2 b
ottom
3 id- 1
18402 10 Supernatant 369.5 18729 5911 No Cle.ar liquid; <’ g
18413 16 Supernatant 151.7 white flakes on bottom
Sludge Solids Total (g) 958.5
Supernatant Total (g) 5800.9
Waste Total (g) 6759.4

NA = not applicable
(a) Initial inspection determined lid to bottle 15958 was broken; lid was replaced prior to any further handling.
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3.0 Evaluation for Hydrostatic Head Fluid Contamination

Prior to compositing, homogenization, and sub-sampling activities, the test specification requires all
jars containing liquids received from 222-S to be evaluated for potential contamination from the
hydrostatic head fluid used for extracting the core samples from Tank AZ-101. The hydrostatic head
fluid contains a LiBr tracer; therefore, the liquids are analyzed for lithium by inductively-coupled plasma
spectrometry (ICP-AES) and bromide by IC to determine if the liquids contain any appreciable quantity
of hydrostatic head fluid. Per the test specification, any bottle with either the lithium or bromide
concentration exceeding 0.003 molar was not to be included in the compositing process. However, after
discussion with BNI, this exclusion criterion was changed to any bottle with the lithium and bromide
concentration each exceeding 0.003 molar. Table 3.1 presents the results of the ICP-AES lithium analysis
and the IC bromide analysis. The IC analysis was optimized specifically for bromide determination;
however, the high nitrate concentration produced a significant interference and the reported results have a
high uncertainty (e.g., £25%). Since there is essentially no lithium in the liquids samples, the bromide
concentration found in the liquids appears to be native to the AZ-101 tank waste. Based on the low
lithium concentration, all the bottles in Table 3.1 and the remaining bottles containing solids were used
for compositing.

Table 3.1. Lithium and Bromide Results on As-received Liquids

Meets

Bottle Bromide Lithium Acceptance

RPL Number | Number pg/mL Molarity (M) pg/mL | Molarity (M) | Criteria @
01-1381 18729 1,200 0.015 <1.2 <0.0002 Yes
01-1382 18725 950 0.012 <1.2 <0.0002 Yes
01-1383 18726 1,200 0.015 <1.2 <0.0002 Yes
01-1384 18728 420 0.005 <12 <0.0002 Yes
01-1385 18727 920 0.012 <1.2 <0.0002 Yes
01-1386 18724 1,200 0.016 2.7 0.0004 Yes
01-1387 18723 200 0.003 <l1.2 <0.0002 Yes
01-1388 18720 410 0.005 <1.2 <0.0002 Yes
01-1389 18722 1,10 0.014 <1.2 <0.0002 Yes
01-1390 18721 740 0.009 <1.2 <0.0002 Yes
01-1391 18719 230 0.003 <1.2 <0.0002 Yes

(a) Acceptance criteria: Both Br and Li concentration <0.003 M. The criterion of 0.003 M ensures that
contamination is limited to 1 part hydrostatic head fluid in 100 parts tank waste.
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4.0 Compositing and Sub-Sampling

The objective of compositing the AZ-101 samples is to provide homogeneous feed to tasks within the
project. The homogenized feed is used to support the characterization task as well as process testing
activities. The homogenization and sub-sampling activity was performed according to the test plan
following the test instruction TI-RPP-WTP-095, “AZ-101 Sample Homogenization” (Appendix D2).

Following confirmation that the samples were not contaminated with hydrostatic head fluid, the
contents of the 15 bottles of AZ-101 tank waste received from Hanford’s 222-S Laboratory were
homogenized and sub-sampled. The sample quantities transferred to the homogenization vessel are
shown in Table 4.1.

Table 4.1. AZ-101 Samples Used for Preparing Composite

Initial Container ID Net Weight Net Weight Transferred into
(From 222-S) Mass Received (g) Homogenization Vessel (g)
15958 133.7 127.5
16029 220.1 208.1
17023 307.2 274.9
17025 388.2 365.6
18719 508.2 501.6
18720 522.2 515.4
18721 521.1 511.6
18722 521.9 519.9
18723 523.7 518.0
18724 517.0 511.2
18725 516.4 512.0
18726 522.6 517.4
18727 519.9 516.6
18728 516.2 510.1
18729 521.1 512.9
Total: 6759.4 6,622.8
Loss on Transfer: 136.6 g (2.0%)

The contents of each bottle were emptied into a homogenization vessel with a 0.125-inch screen
placed over the top. Particles that accumulated on the screen were to be rinsed with supernatant and
collected in a separate bottle labeled ‘AZ-101>1/8’. However, no particles were observed to accumulate
on the screen, and the ‘AZ-101>1/8’ sample was not collected. Once all the bottles were emptied, the lid
was placed on the homogenization vessel, and the contents of the homogenization vessel were agitated via
a dual-bladed impeller for approximately two hours at about 30°C (ambient hot cell temperature) to
thoroughly homogenize the composite. The homogenization vessel 0.75-inch sampling valve was
opened, and an initial sub-sample was extracted. This initial sub-sample was recycled back into the
homogenization vessel to minimize the potential for collecting a large quantity of solids in the first
sample due to dead-zones near the sampling valve. Sub-samples were collected in 18 pre-labeled bottles.
All source bottles were weighed before and after the homogenization process and all sub-sampling bottles
were weighed before and after sub-sampling. This allowed for a mass balance to be performed and
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sample losses due to residuals and evaporation quantified (see Table 4.1 and Table 4.2). About 6.8 kg of
the sample were received from the 222-S Laboratory, about 6.6 kg of the sample was transferred into the
homogenization vessel, and about 6.3 kg was extracted as 18 sub-samples. Sample losses due to
evaporation and residuals in the source shipping bottles and the homogenization vessel are approximately
7%, which is consistent with previous homogenization efforts.

Table 4.2. AZ-101 Sub-sample Homogenization Information

Net Total Solids Vol %

Composite Weight Volume Volume Solids Collection
Sub-Sample ID (g) (mL) (mL) (%) Order
AZ-101-PCB-1 167.3 130 24 18.5 3
AZ-101-PCB-2 157.8 127 25 19.7 4
AZ-101-PCB-3 162.4 128 25 19.1 5

AZ-101-CHEM-1 173.4 130 37 28.5 6
AZ-101-CHEM-2 156.0 123 23 18.7 7
AZ-101-CHEM-3 157.3 125 25 19.6 8
AZ-101-CHEM-4 176.8 130 25 19.2 9
AZ-101-RHEO-3% 154.3 123 23 18.7 10
AZ-101-RHEO-13% 307.9 242 43 17.7 2
AZ-101-RHEO-20% 486.3 381 68 17.8 1
AZ-101-AR-A 527.8 420 69 16.5 11
AZ-101-AR-B 567.9 458 68 14.8 12
AZ-101-AR-C 566.4 458 68 14.8 13
AZ-101-AR-D 580.8 458 62 13.5 14
AZ-101-AR-E 582.1 473 62 13.1 15
AZ-101-AR-F 586.9 473 59 12.5 16
AZ-101-AR-G 581.4 473 62 13.1 17
AZ-101-AR-H 208.3 174 24 13.6 18
Total Sub-sampled: 6,301.1 5,026
Loss from Compositing®: 458.3 g (6.8%)

(a) Total loss includes residuals retained in source shipping bottles, evaporations losses, and residual
retained in homogenization vessel following sub-sampling.

The sub-samples settled for 24 hours and total volume and settled solids volume were measured (see
Table 4.2). No floating organic layer was observed. The test specification has an administrative hold
point requiring the evaluation of the vol% settled solids data and approval from BNI prior to using the
sub-samples for characterization and process testing. A plot of vol% settled solids versus sub-sample
collection order was presented to BNI and approval to proceed was obtained. Note that since additional
sludge segments had to be obtained from Tank AZ-101 to meet the minimum quantity of solids needed
for process verification testing, the homogenized composite does not have the same liquid-solids ratio as
that of Tank AZ-101.
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5.0 Physical Measurement

The AZ-101 material was tested for select physical and rheological properties using methodology
defined in Sections 4.0 and 5.0, respectively, of Guidelines for Performing Physical and Rheological
Properties Measurements.”” The composite material from bottles AZ-101-RHEO-3%,
AZ-101-RHEO-13%, and AZ-101-RHEO-20% were selected for further physical properties
measurements, including density, vol% solids, and wt% solids, rheology, heat capacity, particle size, and
scanning electron microscopy (SEM) for particle shape.

5.1 Sample Preparation for Physical Measurements

According to the test plan, analyses were to be carried out on samples prepared to 3-wt%, 13-wt%,
and 20-wt% undissolved solids. Preparing these samples involved determining the wt% undissolved
solids in the as-received material, using this value to calculate the mass of supernatant to be removed to
prepare the 3-wt%, 13-wt%, and 20-wt% samples. A work flow diagram illustrating the steps performed
to determine the amount of solids in each physical properties measurement is shown in Figure 5.1.

Initial physical properties measurements on as-received material from bottles AZ-101-CHEM-2 and
AZ-101-AR-E produced a value of approximately 1.5-wt% undissolved solids. This undissolved solids
value (sample A in Figure 5.1), later determined to be incorrect, was used to calculate the volume of
supernatant that needed to be removed to achieve the target undissolved solids contents of 3 wt%, 13 wt%
and 20 wt%. Based on this value it was determined that the settled solids layer in the as-received samples
should correspond to 8-wt% undissolved solids. Consequently, 13-wt% and 20-wt% undissolved solids
were believed to be unattainable and further instruction from BNI was sought. Direction was provided
from BNI to proceed by decanting half of the supernatant from the as-received samples to reach an
estimated value of 3-wt% undissolved solids. This corresponds to sample B in Figure 5.1. BNI also
directed further analyses to be performed on the settled solids layer (sample C in Figure 5.1), which
would be approximately 8-wt% undissolved solids based on the incorrect starting value of 1.5-wt%
undissolved solids. Rheology measurements were performed on these two sets of material (i.e., half the
supernatant removed and settled solids layer).

Additional physical properties measurements were performed on the material with half the
supernatant removed and on the settled solids layer. The resulting wt% undissolved solids values for
these samples did not correlate with the predicted values of 3-wt% and 8-wt% undissolved solids.
Sub-sampling techniques were determined to be cause of this problem and a Corrective Action Report
(CAR #4181) was issued (see Appendix E). However, the rheology measurements had already been
performed with sample B and sample C. These were later calculated to have been at approximately
14-wt% and 45-wt% undissolved solids, respectively.

4 Procedure: Technology Development, Guidelines for Performing Chemical, Physical, and Rheological
Properties Measurements, Bechtel 24590-WTP-GPP-RTD-001, Rev 1, April 19, 2002.
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Designate as sample A (as-received)

Y

Initial as-received physical properties measurements on
AZ-101-CHEM-2 and AZ-101-AR-E;

Combine Bottles AZ-101-RHEO-13% and AZ-101-RHEO-20% into
AZ-101-RHEO-20%);
Decant to settled sludge layer;

Decant half the sample mass as supernate from bottle
AZ-101-RHEO-3%;

Designate as sample B (half supernate removed) Designate as sample C (settled solids)

Perform rheology measurements on samples B and C

Y

Perform physical properties measurements on samples B and C;

UDS data for samples A, B, and C do not correlate

See Corrective Action Report #4181

Y

Solids from samples B and C consumed;
Perform physical properties measurements on AZ-101-PCB-1,;

Determine as-received UDS; designate as A’
Determine half supernate removed UDS; designate as B’
Determine settled solids UDS; designate as C'
UDS data for samples A', B', and C' correlate

See Section 5.2

( ) 4 Solids from samples A', B', and C' consumed; 1\
Estimate wt% UDS |nCslacrgrr;Ieelzti:nd C from A, B', and Prepare 3, 13, and 20 wt% UDS from bottle AZ-101-PCB-2
for heat capacity, particle size, and SEM analyses based on
. A', B', and C' correlation
See Section 5.2.3 . :
\ + Y, \_ See Secion 5.2.3 Y,
4 N\ f \
Report rheology data based on revised wt% UDS Report heat capacity, particle size, and SEM data
See Section 5.3 See Sections 5.4, 5.5, and 5.6
\. J \ J

Figure 5.1. Physical Properties Sample Preparation Work Flow Diagram
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With the sub-sampling problem addressed, further physical properties measurements were performed
on as-received homogenized composite from bottle AZ-101-PCB-1. Weight percent undissolved solids
was determined on the following material:

e As-received material (sample A’ in Figure 5.1)
e Half the supernate removed (sample B in Figure 5.1)
e Settled solids layer (sample C' in Figure 5.1).

The results from these measurements appear to correlate with one another and can be found in
Section 5.2.2. Based on this correlation, the wt% undissolved solids for the samples used for the rheology
measurements were calculated. The correlation was also used to prepare sub-samples from bottle
AZ-101-PCB-2 at 3-wt%, 13-wt%, and 20-wt% undissolved solids, which were used in heat capacity,
PSD, and SEM. A discussion of the use of this correlation can be found in Section 5.2.3.

5.2 Selected Physical Properties

The physical properties listed in Table 5.1 were measured on the homogenized ‘as-received’
composite, a midrange slurry with approximately half the supernatant decanted, and a settled solids
sample generated by decanting all standing supernatant (i.e., only interstitial liquid remained in the settled
solids sample).

Table 5.1. Physical Properties Measurements

Physical Property Measured
Slurry density

Liquid density

Vol% centrifuged solids
Wit% centrifuged solids
Wt% total dried centrifuged solids
Wt% total dissolved solids
Wt% undissolved solids

5.2.1 Method of Analysis

Physical properties listed in Table 5.1 were measured on material taken from bottle AZ-101-PCB-1
sub-sampled from the homogenized as-received composite (see Section 4.0). The wt% oxide
measurements required for comparison of the undissolved solids to Contract Specification 8 were
conducted as part of the inorganic characterization testing (see Section 6.0).

The AZ-101 slurry sample was stirred using a magnetic stir bar while 5-mL to 10-mL sub-samples
were transferred into three graduated centrifuge tubes. The mass and volume of material in each tube was
recorded. The tubes were then centrifuged for one hour at approximately 1000 G. The total sample
volume and volume of centrifuged solids were recorded. The standing supernatant was decanted into a
graduated cylinder of known mass. The mass and volume of supernatant in the cylinders were recorded,
as was the mass of centrifuged solids left in the centrifuge tubes. The supernatant was transferred to a
preweighed vial and reweighed. The vials (containing primarily liquid) and centrifuge tubes (containing
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primarily solids with interstitial liquid) were transferred to an oven at 105°C for at least 24 hours. The
vials and centrifuge tubes were reweighed periodically until a stable mass was reached (e.g., change in
mass is less than 0.1% in 24 hours).

5.2.2 Results

Three samples were prepared (see Section 5.1), and the physical properties were analyzed. The first
sample was the AZ-101-PCB-1 sample from the homogenized as-received composite. The results from
the procedure described in Section 5.2.1 are shown in Table 5.2. Density and wt% total dissolved solids
(TDS) measurements of the supernatant were not performed on this sub-sample, as these measurements
were included as part of the inorganic analyses of the supernatant (see Table 6.2). The second sample
was created by decanting approximately half of the supernatant from AZ-101-PCB-1. These results are
shown in Table 5.3. The third sample was created by decanting and pipetting the supernatant from the
AZ-101-PCB-1 bottle such that no further clear supernatant could be removed. However, a small volume
of clear supernatant was observed in the AZ-101-PCB-1 source bottle prior to mixing and sub-sampling,
and therefore contained a level of solids slightly below the actual settled sludge value. The results from
the third sample are shown in Table 5.4.

Table 5.2. Physical Properties Measurement of As-received AZ-101 Composite

Aliquot
Description A B C Average ® | RSD
Slurry: density (g/mL) 1.24 1.27 1.25 1.25 1%
Supernatant: density (g/mL) -- -- -- -- --
Slurry: centrifuged solids (vol%) 15.3 15.6 13.9 15.0 6%
Slurry: centrifuged solids (wt%) 19.8 17.6 16.6 18.0 9%
Slurry: total dried solids (wt%) 334 32.8 324 32.8 2%
Supernatant: total dissolved solids (wt%) -- -- -- -- --
Undissolved solids (wt%) 8.3 7.5 6.9 7.6 9%
(a) Average is calculated using more digits than presented for A, B, and C in this table.
Table 5.3. Physical Properties Measurement of AZ-101 Composite
After Decanting Half the Supernatant
Aliquot
Description A B C Average® | RSD
Slurry: density (g/mL) 1.35 1.33 1.33 1.33 1%
Supernatant: density (g/mL) 1.27 1.25 1.24 1.25 1%
Slurry: centrifuged solids (vol%) 31.0 29.1 31.0 30.4 3%
Slurry: centrifuged solids (wt%) 38.5 38.1 38.7 38.4 1%
Slurry: total dried solids (wt%) 38.9 39.6 40.0 39.5 1%
Supernatant: total dissolved solids (wt%) 26.7 26.7 26.6 26.7 0%
Undissolved solids (wt%) 17.1 17.3 17.4 17.2 1%

(a) Average is calculated using more digits than presented for A, B, and C in this table.
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Table 5.4. Physical Properties Measurement of AZ-101 Settled Solids

Aliquot

Description A B C Average @ RSD
Slurry: density (g/mL) 1.54 1.59 1.60 1.58 2%
Supernatant: density (g/mL) 1.23 1.28 1.46 1.32 9%
Slurry: centrifuged solids (vol%) 66.3 63.2 68.3 65.9 4%
Slurry: centrifuged solids (wt%) 74.0 73.0 75.4 74.1 2%
Slurry: total dried solids (wt%) 55.1 56.1 56.1 55.8 1%
Supernatant: total dissolved solids (wt%) 28.4 27.4 28.2 28.0 2%
Undissolved solids (wt%) 37.7 39.4 40.2 39.1 3%

(a) Average is calculated using more digits than presented for A, B, and C in this table.

5.2.3 Discussion and Impacts on Sample Preparation

With the wt% undissolved solids determined at various solid loadings, a relationship between the
amount of supernatant present in the sample and wt% undissolved solids can be determined. This
relationship should be linear and behave according to Equation 5.1.

_ POMO

Pl
Ml

(5.1)

where: P; is the final undissolved solids (wt%)
Py is the initial undissolved solids (wt%)
M; is the final decanted sample mass (g)
My is the initial sample mass (g).

Using the nine points discussed in Table 5.2 through 5.4, the data were plotted, and a line of best fit
was found. This plot can be seen in Figure 5.2. From this best fit line, the as-received wt% undissolved
solids content (M¢/M; = 1) is approximately 7%, and the gravity-settled solids wt% undissolved solids
content (My/M; = 5.3) is approximately 38%.
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Figure 5.2. Wt% Undissolved Solids as a Function of Mass (Initial M, and After Supernatant
Removal M)

55



Based on this correlation, the wt% undissolved solids of the rheology samples analyzed in Section 5.3
can be determined. The calculations for the rheology samples are shown in Table 5.5 and Table 5.6.

Table 5.5. Wt% Undissolved Solids Calculation for Rheology Sample (Half Supernatant Removed)

Description Value Units

Initial mass of AZ-101-RHEO-3% (M) 154.26 g

Mass after decant (M) 77.41 g

Ratio (M¢/M)) 1.99 --
Estimated undissolved solids based on Figure 5.2 14 wt%

Table 5.6. Wt% Undissolved Solids Calculation for Rheology Sample (Settled Solids)

Description Value Units
Initial mass of sample AZ-101-RHEO-20% 416.18 g
Mass of sample AZ-101-RHEO-13% 296.97 g
added to Sample AZ-101-RHEO-20%
Total initial sample mass (M) 713.15 g
Mass after decant (M) 112.5 g
Ratio (My/M,) 6.34 --
Estimated undissolved solids based on Figure 5.2 45 wt%

The samples prepared for heat capacity, particle size, and SEM analyses were created by decanting an
as-received sample (AZ-101-PCB-2) to 32-wt% undissolved solids. Various amounts of this high-solids
sample and supernatant were combined to produce 3-wt%, 13-wt%, and 20-wt% undissolved solids
subsamples. This calculation can be seen in Table 5.7.

Table 5.7. Wt% Undissolved Solids Calculation for Heat Capacity, Particle Size, and SEM Samples

Description | Value | Units

Preparation of 32-wt% Sample

Initial mass of AZ-101-PCB-2 sample (M) 156.41

Mass after decant (M) 34.77

Ratio (My/M,) 4.50 --

Wt% undissolved solids of Source AZ-101-PCB-2 Sample 32 wt%
Preparation of 3-wt% Sample

Mass of 32-wt% undissolved solids sample added 1.49 g

Final mass after adding supernatant 16.08 g

Calculated wt% undissolved solids in sub-sample 2.9 wt%
Preparation of 13-wt% Sample

Mass of 32-wt% undissolved solids sample added 3.49 g

Final mass after adding supernatant 8.69 g

Calculated wt% undissolved solids in sub-sample 13 wt%
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Table 5.7 (Cont’d)

Description | Value Units
Preparation of 20-wt% Sample
Mass of 32-wt% undissolved solids sample added 4.52 g
Final mass after adding supernatant 7.20 g
Calculated wt% undissolved solids in sub-sample 20 wt%

53 Rheology

The rheology testing of the AZ-101 homogenized composite was performed in the HLRF A-cell
using the Haake™ M5 rheometer. The primary tests were standard shear stress versus shear rate curves.

5.3.1 Background on Basic Rheology Testing

Viscosity is the internal resistance to flow of a fluid against external forces. Mathematically,
viscosity is defined as the ratio of shear stress to shear rate. For a Newtonian fluid, this value is constant.
For non-Newtonian fluids, this ratio can change based on flow conditions and shear history. The
rheological data is most often presented as a rheogram. Rheograms provide flow data over a range of
shear rates rather than at one shear rate. A rheometer ramps up the shear rate to a chosen value while
measuring and recording the resulting shear stress. This is the primary difference between a rheometer
and a viscometer. From rheogram viscosity data, yield stress data and flow curve information are
obtained. Viscosity is usually reported in centipoise (cP). One cP is equal to a millipascal-second
(mPa-s). There are several types flow curves that have been well studied and have defined mathematical
curve fits assigned to them. These curve fits are usually used to describe and predict flow behaviors of
fluids. Some materials have a yield point or minimal external force that must be applied before any flow
is obtained. The four curve fits that best describe most slurries, and consequently tank waste, are as
follows (Chhabra, R. 1999):

1) Newtonian ...............cccoeviiiiiiiiiiiiiiiiciciieee. T = ¥ Y
2) Bingham Plastic: ................occl T =T N, * Y
3) Ostwald (Pseudo-plastic or Power Law Fluid): ............ T="m,*%Yy"
4) Herschel-Bulkley (Yield Pseudo-plastic): ................... T-To=N, * V"
where: T = Shear Stress (Pascal, Pa)
To = Yield Point (Pascal, Pa)
Y = Shear Rate (per second, s
N = Viscosity (Pascal-seconds, Pa-s; reported in cP)
N, = Coefficient related to flow resistance; i.e., apparent viscosity. 1), = 1] for
Newtonian fluid
n = Power law factor

n = 1 for Newtonian fluid
n > 1 for dilatant fluid
n < 1 for pseudo-plastic fluid.
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Newtonian fluids are the classic fluids like water and honey. The viscosity is a constant over all shear
conditions. A Bingham plastic is a fluid that contains a yield point. Once enough force has been applied
to exceed the yield point, the material behaves in a Newtonian fashion over the rest of the shear rate
range. A pseudoplastic, or power law fluid, has a viscosity that varies with stress in a non-linear fashion
and is modeled by the Ostwald equation. A dilatant fluid has a viscosity that increases with shear rate. A
yield pseudoplastic is a power law fluid with a yield point and is modeled by the Herschel-Bulkley
equation.

5.3.2 Equipment Capabilities and Sensor Selection

A Haake™ M5 rheometer (modified for hot cell operation) was used for this work. The M5 system is
a cup and bob (Serle) rotational system. The sensor, a cylinder of known geometry with a specified gap
in the appropriate cup, is turned within a fluid. The resulting fluid resistance to the flow causes a small
movement in a torsion bar mounted between the motor and the drive shaft that is measured by an
electronic transducer. This signal is read and combined with the rate of spin information to produce the
shear stress and shear rate data. The Haake™ M5 head design specifications give it a maximum
deflection of 1% at full torque with sensitivity ranging to 0.001 degrees for low-viscosity fluids. It has a
maximum toque range of 4.9 Newton-centimeters and rotational speed capability of 0.05-500 rpm. This
combined with the sensor geometry determines the optimum apparent viscosity and shear rate ranges
available for any given measurement. For the AZ-101 samples in this report, the MV1 sensor system was
utilized. This sensor has a large available surface area for sensitivity but also a gap large enough to allow
for fairly concentrated slurries to be measured. This measurement head and sensor combination has an
optimum apparent viscosity range of 10-10° cP and can measure over a shear rate range of approximately
0.1to 1150 s™.

A 48.4 cP standard oil was used to validate the calibration of the rheometer. A value of 44.4 cP was
measured, and the plot is shown in Figure 5.3.

5.3.3 Samples

Two AZ-101 samples were prepared at different wt% undissolved solids levels. The first sample was
prepared by decanting half the total sample mass off as supernatant. This approximately doubles the
as-received undissolved solids to 14 wt%. The second sample was prepared by removing the supernatant
until the settled solids layer was reached (approximately 45-wt% undissolved solids). Additional
information on the preparation of these samples can be found in Sections 5.1 and 5.2.3. As detailed in
these Sections, the original target concentrations for testing were 3-wt%, 13-wt% and 20-wt%
undissolved solids. However, due to an error in the original undissolved solids content measurements it
was believed that these targets were unreachable with the amount of material on hand. So the rheology
was performed on two samples: one with half the supernatant removed and one consisting only of the
settled solids. Once corrective actions had been taken to obtain the correct undissolved solids content on
the as-received material, there was insufficient material to repeat the rheology measurements. Thus, the
data collected is being reported even though the measurements were not performed at the target wt%
undissolved solids contents.
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Figure 5.3. Haake™ M35 Viscosity Standard Calibration Check

The AZ-101 samples were loaded and then ramped up from 0 to 1000 s™ in 5 minutes and then from
1000 to 0 s™" in 5 minutes. This ramp cycle was repeated at least once for each sample. Therefore each
sample was tested through a minimum of two complete ramp cycles from 0 to 1000 s™ then 1000 to 0 s™
over a total time of 20 minutes. If the second set of run data was a close overlay of the first set of run
data, the testing for that sample was considered complete. If there was noticeable variation in the data,
the sample was ramped through this cycle again until two consecutive similar data sets were obtained.
The purpose of this repetition was to determine if rheological changes are made to the material while
under the influence of shear. Shear history is often an important part of determining expected rheological
behaviors.

Specific testing parameters were used to identify the rheological behavior and shear sensitivity of the
AZ-101 material at different undissolved solids loadings. The first ramp cycle shows newly loaded or
fresh sample behavior including breakdown of sample structure through hysteresis, if present. Hysteresis
is when the ramp down curve is different from the ramp up curve. An immediate repeat allows little or no
time for the sample to recover. The complete cycle repeat shows the effects of a shear history with a
short time of recovery for the sample. Once two ramp cycles displayed consistent behavior, the sample
was removed, and the analysis was repeated with another sample.

The 14-wt% material was tested at two separate temperatures (25°C and 40°C) to determine

temperature effects on viscosity and flow curves at possible expected processing conditions. Due to
sample limitations, the 45-wt% settled solids material could only be measured at 25°C.
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5.3.4 Results

Each run of the AZ-101 14-wt% undissolved solids sample showed a strong Bingham plastic
behavior with little or no yield point. The yield point is low enough (1o < 0.3 Pa) for the fluid to be
considered nearly Newtonian in nature. The detection limit for yield stress data is 2 Pa. The apparent
viscosity (1,) ranged from 2 to 4 cP in the fully developed flow range. At lower shear rates
(i.e., < 100 s™), some apparent viscosity (up to 10 cP) was observed. However, this apparent viscosity
may be an artifact of the mechanical inertia of the measuring system, since the MV1 sensor is not
designed for quantification below 10 cP. In all of the 14-wt% undissolved solids runs, Taylor Vortices
developed at around 500 s™'. Taylor Vortices are flow patterns that can develop in cup and bob systems
with low viscosity fluids above certain shear rates (see Section 5.3.7). The mathematical basis used to
create a rheogram is not valid for this flow regime and the data in this range are inaccurate. There was
also no significant hysteresis in any of the runs. The sample reruns were consistent, showing good
repeatability and little to no lasting shear effects on the material. Rheograms of these runs at 25°C and
40°C with corresponding Bingham plastic model fits are shown in Figure 5.4 and Figure 5.5, respectively.

The AZ-101 45-wt% undissolved solids samples also behaved as a Bingham plastic. Each sample
produced reproducible repeat runs. Samples 1 and 2 also were consistent with one another. Sample 3
showed a higher yield and apparent viscosity (1), possibly due to drying or variations in sub-sampling.
The 45-wt% undissolved solids AZ-101 appears to have a yield factor in the range of 4-5 Pa. The
apparent viscosity (1) of the 45-wt% undissolved solids AZ-101 slurry ranged from about 10-20 cP.
Rheograms of these runs with corresponding Bingham plastic model fit are shown in Figure 5.6.

5.3.5 Temperature and Concentration Effects

It would be expected that the fluid resistance and apparent viscosity would decrease with an increase
in the fluid temperature. However, the 14-wt% undissolved solids material rheology was dominated by
the water content of the slurry, and while it is known that water viscosity decreases with increasing
temperature, this level of precision is beyond the capacity of the Haake™ M5 measuring system. Thus,
no discernable temperature effects were seen. The change in temperature also did not change the flow
profile. The increase of solids content to 45-wt% undissolved solids increased both the yield point and
the apparent viscosity parameters. Taylor Vortices were not observed during these runs. However, the
higher solids content caused several data spikes and some hysteresis, especially during the first run of
each sample. In order to compare the temperature and solids content effects simultaneously, summaries
of the Bingham plastic model fit under each of the run conditions are shown in Table 5.8.
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Table 5.8. Bingham Plastic Model Fit for AZ-101 Slurries at Various Measurement Conditions

14-wt% UDS at 25°C

14-wt% UDS at 40°C

45-wt% UDS at 25°C

Sample Yield Apparent R’ Yield Apparent R? Yield Apparent R’
Point, 7y |Viscosity, 1, Point, 7, |Viscosity, 1, Point, 7, | Viscosity, n,
(Pa) (cP) (Pa) (cP) (Pa) (cP)
Run 1-1 0.28 2.2 0.96 0.062 2.5 0.95 NM NM NM
Run 1-2 0.18 2.8 0.99 0.16 2.6 1.00 4.0 11 0.95
Run 1-3 NM NM NM NM NM NM 4.0 11 0.95
Run 2-1 0.25 3.0 0.97 0.17 2.6 0.98 24 11 0.92
Run 2-2 0.21 3.0 0.99 0.17 2.6 0.99 4.0 10 0.86
Run 2-3 NM NM NM NM NM NM 2.9 11 0.93
Run 3-1 0.22 3.5 0.99 0.16 2.5 0.99 4.7 17 0.93
Run 3-2 0.22 3.0 0.99 0.17 2.4 0.99 3.0 18 0.98
Run 3-3 NM NM NM NM NM NM 4.4 16 0.95

UDS = undissolved solids; NM = not measured

5.11




2.0
14 -wt%UDS 25C Sample 1 Run 1

e T= fé'é)
142\#\:1%UDS 2f Sample 1 Run 2
T=fly
14 -wt%lUDS Efé(g Sample 2 Run 1
V T=10y
Ml%rt%UDS Efé(g Zample 2 Run 2
T=fly
14;\|a_ﬂ%UDS 258 Sample 3 Run 1
T=fly
14 -wt%LUDS Eég Sample 3 Run 2 (8) -

e T=fg'f:l + ,Q7

1
)
@
@

1.51 &)

— Bingham
— Bingham -
---- Bingham
— - Bingham (4 =
—-- Bingham (5 T~
— Bingham

e

T [Pa]

200 300 400
v [1/5]

ThermoHaake Rheoilin Pro 2.91

500

Figure 5.4. Rheograms of 14-wt% Undissolved Solids AZ-101 Slurry at 25°C

5.12




2.0

500

14 =pt% DS 40C Sample 1 Run 1 (1)
=< z=f(y)
1 =wt% DS 40C Sample 1 Run 2 2
A 7=f(y)
1 =pt%l DS 40C Sample 2 Run 1 (3
Senio) é
1.5- 1-4-Wt%UDSf( )C Sample 2 Run 2 @)
’ D ‘{ = Y - -
14 =wt%IUDS 40C Sample 3 Run 1 iE) "”’
+ a=t(y]
14 -wt%UDS 40C Sample 3 Run 2 ) -
A T=f(y] S_Lg7
— — Bingham (1) i B
[ — Bingham (2] - ‘
Q. 1.04 - Bingham (3} P >
- — - Bingham () g —
—-- Bingham (3] e
— Bingham (&) SEE ES
S --j ~ e s
=EC s
- ' P g
0.5 E g
P &
B~ =
U : T T T T 1
0 100 200 300 400
ThermoHaake Rheaiin Pra 2.91 i [1"!3]

Figure 5.5. Rheograms of 14-wt% Undissolved Solids AZ-101 Slurry at 40°C

5.13




257

20+ - g%
45_\&1% UDS 250 Sample 2 Run 3 &)
45wt % UDS 2%33 Sarmple 3 Fun 1 @)
Wi UDS 26
45wt % UDS 252 Sample 3 Run 2 @)
15 45wt UDS 2%%) Sample 3 Fun 3 @)
T=fqﬂ
— — Bingham
i — Bingham
o, ---- Bingham R =x
— - Bingham (4 = R~
= —-- Eingnam =) i ET-- B Thhlv
— Bingham T
109 — Eingﬂam . B "g *
ingharm = -5 C.RE-
et
ET W
7
5- -
T
i
02 . i i
0 200 600 300
ThermoHaake Rheoilfin Pro 2.91 i [1]{3]

45wt % UDS 250 Sample 1 Run 2 o1y
Zos UD3 2o

45&&% UDS 25 Sample 1 Run 3 @

45wt % UDS 2%% Sample 2 Run 1 63y
~

45 -t % UDS 2%% Sample 2 Run 2 )

1000

Figure 5.6. Rheograms of 45-wt% Undissolved Solids AZ-101 Slurry at 25°C

5.14




5.3.6 Data Limitations

The system has a mechanical ‘start-up’ resistance that can cause a false yield stress in very low
viscosity fluids. This can be attributed to energy input required to overcome the inertial forces of the
sensor rather than actual fluid resistance. It is likely that this contributed to the ‘yield stress’ seen in these
samples. For the 14-wt% undissolved solids samples any yield stress is most likely a mechanical artifact.
However, in the 45-wt% undissolved solids samples the nature of the curves indicates a real yield stress
does exist, and the inertial forces only slightly affect the quantification in these samples.

There was some scatter, especially in the low shear ranges that can lead to misleading apparent
viscosity numbers if only ‘single points’ are referenced. Therefore, it is best to use the curve equations
obtained for the entire run to predict viscosities at any given shear rate rather than using singular data
points, especially for the high solids data.

5.3.7 Taylor Vortices

Taylor Vortices are the result of a secondary flow that occurs as the inner cylinder of the concentric
cylinder rheometer rotates. Taylor Vortices result from subjecting a material at too high a shear rate
during analysis. All data collected above the onset of Taylor Vortices are invalid. Using the following
set of variables, a criterion for the onset of Taylor vortices can be derived.

a

1/2
R, - R,
T = Re(gJ = Talyor Number

RO
U.p(R, - R
Re = M = Reynolds Number
7
R, = outer radius of cup

= inner radius of cylinder

R
U, = Q,R, =rotational velocity of the inner cylinder
Q

inner cylinder angular velocity

viscosity

< &
I

= shear rate

p = sample density

According to Schlichting (1979) flow instabilities arise when the following condition is met:

T,2>413
The shear rate is defined as the derivative of the velocity profile of the fluid:
dv
G
where:
v = velocity
r = radius
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In the limit of a small gap (limdr — 0) the flow between the concentric cylinders approaches the
flow between two parallel plates. One of the plates is stationary and the other is moving at velocity U .

In this case, the average shear across the gap can be approximated by an algebraic equation where
dv = Av and dr = Ar . The change in velocity can be calculated by the difference in plate velocities

(Av=0-U,). And the distance between these plates is the gap distance (dr = R, — R;). Combining

these equations relates the rotational speed of the sensor system to the shear rate.

Ui=7(R,-R)
This equation can then be placed in the Reynolds Number (Equation 5.2).
R, -R)’
re= /R =R )p
H (5.2)

Finally, this Equation 5.2 can be combined with the Taylor instability criterion to provide a criterion
for data rejection.

[ SRR

y(R,—R )2 p
1

41.34R? 53)

>1

When the criterion in Equation 5.3 is met, the data generated above this point should not be
considered reliable. However, many assumptions and measurements are used in the application of this
equation. Therefore, this equation should only be used to estimate when Taylor Vortices may occur.
Typically the onset of this behavior can be seen in the rheograms and data above this observed value
should be discarded.

This can be illustrated by examining a rheogram discussed in Section 5.3.4 (See Figure 5.5). Using
the derived criterion, onset of Taylor Vortices is predicted at 430 s”. However, Taylor Vortices are
observed at 500 s and data above 500 s were not used.

Rheogram: 14-wt% UDS AZ-101 at 40 deg C Sample 3 Run 2

A/«“"‘"

I

w
&

Taylor Vortices Predicted
at 430 1/s

Shear Stress (Pa)
= N
PN O W

Taylor Vortices Observed| |
at 500 1/s

o

?

0 100 200 300 400 500 600 700 800 900 1000
Shear Rate (1/s)

Figure 5.7. Onset of Taylor Vortices
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5.4 Heat Capacity Measurement

A differential scanning calorimeter (DSC) was used to measure the heat capacity (i.e., amount of heat
or enthalpy required to raise 1 g of a material 1°C) on AZ-101 slurries with varying wt% undissolved
solids content. The three AZ-101 slurries analyzed were as-received AZ-101 composite adjusted to
3-wt%, 13-wt%, and 20-wt% undissolved solids; prepared as described in Section 5.2.3.

5.4.1 Background

For heat capacity measurement using the DSC, the instrument manufacturer prescribes a three-step
temperature program. First the empty sample pan is heated or cooled to the starting temperature, held for
10 minutes, then heated over the temperature range of interest at a controlled rate, and held at the final
temperature for 10 minutes. Second, the sample pan is filled with roughly the same amount of reference
material as to be used for the sample and the same temperature program repeated. The third step is to
remove and replace the reference material with the sample and then to repeat the same temperature
program.

The heat capacity of the sample is calculated using Equation 5.4, which employs: 1) differences
between the reference and the baseline, 2) differences between the sample and the baseline, and
3) differences in reference and sample masses. The reference material is selected to be similar in state
and mass to the samples to be analyzed; e.g., the manufacturer suggests water for aqueous samples and
sapphire or alumina for solid samples.

Y. M

Cs=—2x_—RxC} (5.4)
Yz Mg

where: CS — Heat capacity at constant pressure of the sample material

CE — Heat capacity at constant pressure of the reference material (known)

Ys — Curve difference between the sample and the empty container
Yr — Curve difference between the reference and the empty container
Mg — Sample mass

Mz — Reference mass

The AZ-101 samples measured were aqueous slurries containing 3-wt%, 13-wt%, and 20-wt%
undissolved solids. To prevent heat of vaporization due to water evaporation from masking heat
absorption due to an increase in temperature, hermetically sealed 15-uL gold pans were used for the
single 10-mg distilled, deionized water (DIW) reference and each of the 10-mg AZ-101 slurry samples.
The use of hermetically sealed pans prevented the reuse of a pan for both the reference and sample. Since
the sealed pans provide a constant volume, the measured heat capacity is actually at constant volume, Cy,
rather than the Cp requested in the test specification.

Using a reference material similar in state and mass to the sample, the heat capacity ratio Cp/Cy of the

sample and reference material should be approximately equal. With this assumption, Cp can be calculated
as seen in Equation 5.5.
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C, CJ
s
R
v
C: = &ZJ-CE (5.5)
AU
where: ¥ s — Heat capacity ratio of the sample material
/4 R _ Heat capacity ratio of the reference material
CS — Heat capacity at constant pressure of the sample material
CE — Heat capacity at constant pressure of the reference material (known)
C\f — Heat capacity at constant volume of the sample material
C\? — Heat capacity at constant volume of the reference material
AU® — Change in internal energy of the sample material (measured)
AUR — Change in internal energy of the reference material (measured)

The DIW reference was encapsulated in its own gold pan and used as the reference for each analysis;
the mass was checked after each analysis to ensure that no water escaped. Each AZ-101 slurry sample
was encapsulated in the same pan used for its baseline determination (i.e., empty pan). The pan used for
the sample is assumed to be equivalent to the pan used for the DIW reference. For CE in Equation 5.5,

the heat capacities for water of 4.180 J/g-K at 298 K (25°C) and 4.179 J/g-K at 313 K (40°C) (Weast
1984) were used to calculate the sample material heat capacity.

Each AZ-101 slurry sample (i.e., 3-wt%, 13-wt%, and 20-wt% undissolved solids) was analyzed in
triplicate, with an additional replicate analysis being performed on the 3-wt% undissolved solids sample.
The AZ-101 slurry samples were homogenized by swirling. For each analysis, a 10-mg aliquot of the
homogenized sample was drawn with a micropipette and transferred to the sample pan. The aliquots were
weighed after each analysis to ensure no mass loss.

5.4.2 Heat Capacity Results

The temperature program used for the triplicate analysis of the AZ-101 slurry samples was to 1) cool
to 10°C, 2) hold at 10°C for 10 minutes, 3) heat to 70°C at 2.5°C/min, and 4) hold at 70°C for 10 min.
High purity DIW was used as a reference for the AZ-101 slurry sample analyses.

The heat capacities at 298 K (25°C) and 313 K (40°C) and their 955 confidence intervals (CI) are

provided in Table 5.9. The 95% confidence interval reported for each replicate is based on a pooled
variance calculated per Snedecor and Cochran (1980) across all of the repeated aliquot analyses. The
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overall mean heat capacity is calculated by averaging the replicate heat capacities, and the confidence
interval for the overall mean is based on variance across the replicates. For example, for the 3-wt%
undissolved solids sample, the variance is calculated using four replicates, thus providing 3 degrees of

freedom to estimate the Student’s 1 value.

Table 5.9. Measured Heat Capacity of AZ-101 Slurry Samples

Replicate 1 | Replicate2 | Replicate3 | Replicate 4 Overall Mean
AZ-101 Slurry | Temperature, | C,(95% CI) | C,(95% CI) | C,(95% CI) | C,(95% CI) | C,(95% CI)
Samples K (°0C) J/g-K J/g-K J/g-K J/g-K J/g-K
3wt% UDS 298 (25) 3.48 (£0.30) | 3.50 (0.25) | 3.97 (+0.25) | 3.01(x0.17) 3.49 (+0.62)
- (1)
313 (40) 3.44 (£0.29) | 3.49 (20.24) | 4.01 (£0.24) | 2.99(0.17) 3.48 (+0.66)
298 (25 2.89 (+0.45
13-wt% UDS (25) 2.91 (£0.15) | 3.06 (£0.15) | 2.70 (£0.15) NM ( )
313 (40) 2.91 (£0.17) | 3.08 (x0.17) | 2.69 (+0.17) NM 2.89 (£0.48)
298 (25 2.83 (£0.72
20-wt% UDS (25) 3.07 (0.11) | 2.51 (£0.16) | 2.89 (£0.16) NM ( )
313 (40) 3.09 (0.12) | 2.50 (£0.16) | 2.91 (+0.16) NM 2.84 (£0.75)

CI = confidence interval,

UDS = undissolved solids;

5.4.3 Evaluation of Heat Capacity Results

NM = not measured

Table 5.9 shows a small to negligible temperature effect consistent with the small temperature effect
between these two temperatures for water. The heat capacity of water at 298 K is 4.180 J/g-K and at
313 K is 4.179 J/g-K; i.e., there is no change in the second decimal for the heat capacity of water at the
two temperatures. A comparison of heat capacities for the AZ-101 slurry samples, with heat capacities
for water at 298 K and 313 K, indicates that the heat capacities of water are greater than those measured
on the slurries. Also, the results show that as the undissolved solids content in the slurry increases, the
heat capacity decreases. This decrease in heat capacity, with increasing undissolved solids content and
lower heat capacity relative to pure water, is consistent with expectations since solids have a much lower
heat capacity than liquids. For example, at 298 K alumina (Al,O;, corundum) has a heat capacity of
0.8 J/g-K compared to 4.18 J/g-K for water (Barin 1989).

The heat capacities measured on the various aliquots from each of the AZ-101 slurry samples
demonstrate significant variability. This variability likely arises from 1) the necessity of using very small
(i.e., 10 mg) samples and 2) the difference in the solids content between the separate aliquots, given the
difficulties in obtaining a representative sample from a small slurry sample that is not being constantly
agitated (i.e., simply stirred prior to aliquoting).

5.5 Particle Size

The source of the sample for the particle size measurements was AZ-101-PCB-2 (See Section 5.1).
Supernatant was decanted from the AZ-101-PCB-2 source bottle in such a manner that three, 1-mL
samples at 3-wt% undissolved solids were obtained (See Section 5.2.3 and Table 5.7). With the exception
of changes resulting from field sampling and laboratory homogenization (e.g., particle fracturing), the
solids measured should be representative of the solids in Tank AZ-101. A Microtrac™ X-100 particle
analyzer (X100) and a Microtrac™ ultrafine particle analyzer (UPA) were both used to measure the PSD
of these AZ-101 solids.
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5.5.1 Instrument Description

The X100 measures particle diameter by scattered light from a laser beam projected through a stream
of the sample particles diluted in a suspending medium. The amount and direction of light scattered by
the particles are measured by an optical detector array and then analyzed to determine the size distribution
of the particles. This measurement is limited to particles with diameters between 0.12 um and 704 um.
The UPA measures particle diameter by Doppler shifted scattered light. This method is limited to

particles with diameters between 0.003 pm and 6.5 pm.

5.5.2 Particle Size Distribution Data Reporting Details

When evaluation of a multi-variable system is required, measured or generated data can be grouped
by ranges of values within specific variables. These groupings are called bins. These bins are then
represented and plotted in one or two variable graphs called histograms. This grouping process results in
a loss of some information in comparison to a standard XY scatter plot diagram, since each and every
individual point is not shown. But it is a necessary and commonly used statistical method for evaluation
of complex data. Histograms serve the purpose of showing the statistical properties of the data and allow
for application of computational methods. Histograms are the standard format for the presentation of
PSD data. The particle size results are saved in the form of a histogram with varying bin sizes. The
upper range of each bin is determined by a geometric sequence shown in Equation 5.6.

i+1

Ql‘ o,
o=

(5.6)
where:
d, = 704.0m for the X100
Vi =1...50 for the X100
d, = 6.5412m for the UPA
Vi =1...44 for the UPA
The lower range for each bin is determined by Equation 5.7
d; =d;, (5.7)

where:

d,, =—2 =0.122 zm for the X100

50

O 2*| Q)
[\

d,, =—==0.0032 um for the UPA

44

5
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The bin centered values for this bin set is determined by Equation 5.8:

o _d+d,

=5 (5.8)

The PSD stored by the Microtrac™ instruments represent the volume percent of particles attributed to
a particular bin. This is usually called the ‘differential’ volume distribution. For example, a value of 5 in
the first bin of a volume distribution for the X100 indicates that 5% of the volume of the particles

measured by the instrument are between d , =704.0m and (]1 =592.04m. The bin centered value,
d, , = 648.0 um, would be used to display this data point on a graph. A similar calculation can be
performed for the UPA data. The volume distribution data will be denoted as, V;. These data can be

represented in as a ‘cumulative’ distribution using Equation 5.9. If the differential distribution is properly
normalized (i.e., to 100%), the range of the cumulative distribution will be between 0% and 100%. When
displayed on a graph, the cumulative distribution uses the upper range of the bins such that a data point is

represented by (& i ,Vic ) The resulting graph should be interpreted as ViC percent of volume of the

sample has particles smaller than d i -

i+1

c 1
" =100%—Zlvj
]=

V,© =100% (5.9)

If it is assumed that the particles are spherical with an equivalent diameter of J, , the differential

distribution can be transformed from a volume basis to a number basis. The number basis represents the
percent number or percent of the population of particles between a certain size range. For example, a
value of 5 in the first bin of a number distribution for the X100 indicates that 5% of the population of the

particles measured by instrument are between d , =704.0 m and d , =592.0um . The bin centered
value, CTI = 648.0 um, would be used to display this data point on a graph. The percent number

distribution, N,, can be calculated using Equation 5.10.

N, =100% x

(5.10)
IF]i

0

These data can be represented as a ‘cumulative’ distribution using Equation 5.11. If the differential
distribution is properly normalized (i.e., to 100%), the range of the cumulative distribution will be
between 0% and 100%. When displayed on a graph the cumulative distribution uses the upper range of
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the bins such that a data point is represented by (& i»N iC ) The resulting graph should be interpreted as

N ic percent of the population of particles in the sample is smaller than d i -

i+1

NS =100% — N
,le : (5.11)

NE =100%

When comparing the volume and number distributions, the volume distribution is weighted cubically
towards larger particles. For example, one 10-um particle has the same volume as 1,000 1-um particles.

Lastly, the data can be displayed on a surface area basis. If it is assumed that the particles are
spherical, the surface area of the resulting sphere and the number distribution can be used to calculate the
area distribution. As an example, a value of 5 in the first bin of an area distribution for the X100 indicates

that 5% of the surface area of the particles in the slurry are between d , =704.0m and d , =592.0pm .
The bin centered value, d. , = 648.0 ym, would be used to display this data point on a graph. The

percent area distribution, A, can be calculated using Equation 5.12.

g

2

A =100% x

(5.12)

When comparing the area and number distributions, the area distribution is weighted to the second
power towards larger particles. For example, one 10-pum particle has the same surface area as 100 1-pm
particles.

These area data can be represented as a ‘cumulative’ distribution using Equation 5.13. If the
differential distribution is properly normalized (i.e., to 100%), the range of the cumulative distribution
will be between 0% and 100%. When displayed on a graph the cumulative distribution uses the upper

range of the bins such that a data point is represented by (6 . AiC ) The resulting graph should be

interpreted as AiC percent of the surface area of particles in the sample is smaller than d P

A5 =100%— > A,

i1

A =100% (5.13)

The mean value for the differential form of these distributions can be calculated by the Equation 5.14.
This value represents the centroid of the distribution.
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The median value of the cumulative form of these distributions is calculated using Equation 5.15.
This value represents the diameter where 50% of the particles have a smaller volume, population, or
surface area; and 50% of the particles have a larger volume, population, or surface area. Since this
diameter rarely falls directly on the 50% value, this point is typically calculated from linear interpolation.

Dv :Vic|50%
Dy = N5 (5.15)
DA = Aic|50%

5.5.3 Calibration Checks

Both instruments performance were checked against a range of National Institute of Standards and
Technology (NIST) traceable standards from Duke Scientific Corporation. These standards are
polystyrene microspheres dispersed in a 1 mM KCI solution. These standards were run prior to analysis
of the sample. Results from these standard tests are presented in Table 5.10, Figure 5.8 and Figure 5.9.
The percentile data represent the given percent of the volume (or mass if the specific gravity for all
particles is the same) that is smaller than the indicated particle size. The mean diameter of the volume
distribution represents the centroid of the distribution and is weighted in the direction of larger particles.
To check the functionality of the instrument, a close fit of the number basis mean data is typically
required. The number basis mean results were within approximately 10% of the NIST traceable values.

Table 5.10. Particle Size Calibration Check Standards

X100 Instrument UPA Instrument

Size (pm) Size (um) | Size (um) | Size (um) Size (pm)
Standard mean size 5.0 50.4 500 0.096 0.895
Measured mean size 4.48 45.7 543 0.094 0.894
10 number? < size 4.00 37.4 499 0.083 0.732
50 number% < size 4.40 44.8 543 0.093 0.876
90 number% < size 4.08 54.3 589 0.110 1.128

(a) Mean particle size calculated on a number basis.
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Number Particle Size Distribution with NIST Traceable Standards
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Figure 5.8. X-100 Cal Standards on a Number Basis (top: differential; bottom: cumulative)
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Number Particle Size Distribution with NIST Traceable Standards

]-l]l] T T IR LA T T LA I A M M D T T | M M S i | T T | M Il A R |
: oo S0 | —e— 805nm Standard Number PSD mean: 0.8941 pm
—»— Ofnm Standard Number PSD mean: 0.0940

g
:
R I O O O SO SO - SRR SOt SO OOPRTIURRIH

=

g

[~

g
Y (] SPRSPPORS SRR RN R: -5 - - ASSPRIRS SRR PR SN - 0 | RPN P WIS PRK: -0 AP

10
Particle Size {pm)
Cumulative Number Particle Size Distribution with NIST Traceable Standards
Laliiadiie M ol i ML Il o
—&— 895nm Standard Number Cumulative PSD median: 0.8757 pm
—w— Ofnm Standard Numher Cumulative PSD median: 0.0940 pm

) .

:

=

)

g

L=

g

Y

g

:

[

Particle Size {pm)

Figure 5.9. UPA Cal Standards on a Number Basis (top: differential; bottom: cumulative)
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5.5.4 Operating Conditions

The PSD of the AZ-101 sample was measured in the X100 at a flow rate of 40 mL/s. The flow rate
was then increased to 60 mL/s, and the PSD was measured. The samples were then sonicated with 40W
ultrasonic waves for 90 seconds at a flow rate of 60 mL/s, and the PSD was measured. The sample was
then sonicated a second time with 40W ultrasonic waves for 90 seconds at a flow rate of 60 mL/s, and the
PSD was measured. The different flow rates and ultrasonic energy inputs are performed to determine the
shear sensitivity of the slurry. The purpose of the shear variations is to investigate whether
flocculation/deagglomeration is occurring. Analyses were performed in triplicate on each sample under
all flow/sonication conditions.

No sonication or flow options are available for the UPA. Therefore, the sample is placed in the
instrument, and the measurements are performed on the as-received, stationary material.

5.5.5 Suspending Medium

The suspending medium for the AZ-101 sample analyses was a surrogate supernatant based on the
analytical laboratory data obtained for the AZ-101 supernatant. The composition of this surrogate
supernatant liquid is listed in Table 5.11.

Table 5.11. Surrogate Supernatant Composition

Component Concentration (M)
NaNO; 0.338
NaOH 1.46
Al(NO3);09H,0 0.197
Na,S0, 0.167
Na,HPO,¢7H,0 0.0171
NaCl 0.00634
NaNO, 1.46
NaCO; 0.680
Na,C,0, 0.0111
NaF 0.105

5.5.6 Results

The average PSDs are presented in tabular form on a volume basis in Table 5.12. These data
represent the separation of the particle size data into one or more peaks or modes (first column). The
peak/mode particle size (second column) represents the value where 50% of the particles in this
peak/mode are smaller than the given value. The peak/mode width (third column) provides a measure of
the size variability within the peak/mode. The fourth column represents the percent contribution of each
peak/mode to the entire distribution. The average PSDs are presented graphically on a volume, surface
area, and number basis in Figure 5.10 through Figure 5.21. The AZ-101 sample designation used in all
PSD Figures is AZ-AR and represents the 3-wt% undissolved solids sample prepared from bottle
AZ-101-PCB-2. This set of figures compares the PSD of AZ-101 slurry at different rates of shear.
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Table 5.12. Summary Particle Size Distribution (Volume) AZ-101 As-Received

Peak/ Mode Peak/Mode | Approximate Vol% of

Peak/Mode Particle Size Width Particles in Peak/Mode
Sample Conditions Number (pm) (nm) (%)

________ T 2 O T I -

Xiooatdomus 2 s 480 | st
3 1.14 0.95 32

"""" 4 | o027 | 0090 |3

________ Vo en oo g

X100at60 mL/s Lo LI = - N N 481 | b
3 1.14 0.95 32

"""" 4 | o027 ] o009 |3
1 16.41 9.35 14

X100 at 60 mL/s with 90 second | 7 481 | so

sonicationat40 W (#1) [ 3 | .12 | 0% | 32

"""" 4 | o2 | omr | a4

X100 at 60 mL/s with 90 second ~ |------- SR I 1639 23 S

sonication at40 W (#2) Lo 2 -434 -------------- fl-'gf"--------------------5-9 ------------
3 1.04 1.14 37

wa U [ as X TO R L
2 0.31 0.19 9

On a volume basis (See Figure 5.10 and Figure 5.11), the AZ-101 solids analyzed by the X100 appear
to consist of particles in the 0.2-pum to 30-um range. As the shear increases due to increases in flowrate
and sonication, slight changes to the PSD are observed. Particles in the 3-um to 6-pum range appear to
deagglomerate and the volume of particles in the 0.2-pum to 0.6-um range increases slightly. On a surface
area basis (See Figure 5.12 and Figure 5.13), the AZ-101 sample appears to consist of particles in the

0.2-um to 30-um range with peaks at 0.25 um and 1.0 um. As the shear increases, the 1.0-um peak

decreases and the peak at 0.25 pum broadens. On a number basis (See Figure 5.14 and Figure 5.15), the
AZ-101 sample appears to consist of particles in the 0.2-um to 30-um range with a peak at 0.2-0.25 um.
As the shear increases due to sonication, the PSD shifts to slightly smaller particles. The shear sensitivity
observed in these samples is most likely due to a small degree of flocculation in the original sample.
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Figure 5.10. X100 Differential Particle Size Distribution of AZ-101 on a Volume Basis
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Figure 5.11. X100 Cumulative Particle Size Distribution of AZ-101 on a Volume Basis
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Figure 5.12. X100 Differential Particle Size Distribution of AZ-101 on a Surface Area Basis
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Figure 5.13. X100 Cumulative Particle Size Distribution of AZ-101 on a Surface Area Basis
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Figure 5.15. X100 Cumulative Particle Size Distribution of AZ-101 on a Number Basis
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Figure 5.16. UPA Differential Particle Size Distribution of AZ-101 on a Volume Basis
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Figure 5.17. UPA Cumulative Particle Size Distribution of AZ-101 on a Volume Basis
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Figure 5.19. UPA Cumulative Particle Size Distribution of AZ-101 on a Surface Area Basis
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Figure 5.20. UPA Differential Particle Size Distribution of AZ-101 on a Number Basis
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Figure 5.21. UPA Cumulative Particle Size Distribution of AZ-101 on a Number Basis



The AZ-101 solids were also analyzed in the UPA without flow or sonication. The particle size range
that is common to both the X100 and UPA is 0.12 um to 6.5 um. The UPA data show no significant
volume of particles outside this common range (See Figure 5.16). The shape of the cumulative
distribution curves (See Figure 5.17) indicates that particles larger than 6.5 pm are likely to exist under no
shear. The PSD on a surface area basis (See Figure 5.18 and Figure 5.19) is consistent with the X100
surface area data at 40 mL/sec (See Figure 5.12 and Figure 5.13). A large degree of particles exist in the
0.1-um to 6.5-um range. A peak on the PSD for the AZ-101 solids is observed for both the X100 and
UPA data at approximately 0.2 um to 0.3 um. Shear rate differences and flocculation may explain the
second peak observed at approximately 1.0 wm by the X100 but not by the UPA. Lastly, the UPA
number distributions (See Figure 5.20 and Figure 5.21) correspond well with the X100 number
distributions (See Figure 5.14 and Figure 5.15). Because no particles are observed below 0.1 pm with the
UPA, the PSD measured by the X100 particle is considered a complete representation of the PSD over a
range of 0.003 um to 704 um.

5.6 Scanning Electron Microscopy of As-Received AZ-101 Solids

Samples of as-received AZ-101 solids were prepared for SEM in the Radiochemical Processing
Laboratory (RPL) hot cells (See Section 5.1 and Section 5.2.3); however, the radiation level from the
samples was too high to allow the sample to be loaded into the microscope. Using a fine needle, a small
quantity of the sample was transferred onto a SEM mount. This reduced the radiation level associated
with the sample to acceptable levels; however, the particles may not be fully representative of the
undissolved solids. The sample was transported to the SEM in Building 326 and examined in the
JEOL840® SEM.

The as-received AZ-101 sample was extremely complex, revealing many different phases and shapes.
Most of the particles appeared to be irregularly shaped agglomerates consisting of many phases with
varied composition. This characteristic makes it difficult to determine the composition of individual
phases. Micrographs from the AZ-101 solids are shown in Figure 5.22 (a through j).
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6.0 Phase Separation

Following the compositing, homogenization, and sub-sampling of the AZ-101 as-received slurry
material, the bottles identified for chemical characterization were transferred from the HLRF to the
Shielded Analytical Laboratory (SAL). Four bottles, AZ-101-CHEM-1 through AZ-101-CHEM-4, were
allocated for chemical and radiochemical analyses and phase separated by centrifuging (in two batches)
per instructions provided in ASR 6193 Addendum 1 and Addendum 2. The phase separation was
performed by centrifuging the contents of the AZ-101-CHEM bottles at 1000 G for one hour (with
secondary containment in case of breakage). The supernatant was then decanted into bottles labeled
AZ-101 SUP1 AR (Addendum 1) or AZ-101 SUP2 AR (Addendum 2); the wet centrifuged solids were
transferred by spatula into bottles labeled AZ-101 CS1 AR or AZ-101 CS2 AR. The decanting and
transfer operations were performed as rapidly as possible with remote manipulators to minimize the time
that the supernatant and wet centrifuged solids were exposed to the SAL environment (i.e., to reduce
potential of cross contamination and weight change due to evaporation/drying). Table 6.1 identifies the
phase-separated masses of supernatant and wet centrifuged solids collected for analytical characterization.

Table 6.1. Supernatant and Wet Centrifuged Solids Quantities after Phase Separation

Phase Separated Samples
Supernatant WCS
01-01844 01-01845
AZ-101 Composite AZ-101 AZ-101 AZ-101 AZ-101
Characterization Sub-samples SUP1 AR | SUP2AR | CS1AR CS2 AR | Loss
Bottle ID Analysis Activity [ Mass (g)| Mass (g) Mass (g) | Mass (g) Mass (g) | (%)
AZ-101-CHEM-1| ASR Addendum 1 173
AZ-101-CHEM-2| ASR Addendum 1 | 120 ®
Total 293 205 74 5
AZ-101-CHEM-3| ASR Addendum 2 | 157
AZ-101-CHEM-4| ASR Addendum 2| 177
Total 334 270 55 3
AZ-101-PCB-1 Archive ® 111©
AZ-101-PCB-2 Archive ® 149 @
AZ-101-PCB-3 Archive ® 162
Total 422

WCS = wet centrifuged solids

(a) Mass after removing 36 g for slurry testing; initial mass was 156 g.

(b) AZ-101-PCB-1, -2, and -3 archived as slurry samples (i.e., not phase separated).
(c) Mass after removing 56 g to perform rheology measurements.

(d) Mass after removing 9 g removed to prepare samples for heat capacity, particle size, and SEM.

Following phase separation conducted under both ASR 6193 Addendum 1 and Addendum 2, the wt%
TDS of the supernatant and the wt% total solids of the wet centrifuged solids were measured. The wt%
total solids for the wet centrifuged solids performed under ASR 6193 Addendum 1 was determined on
three different dates to cover the time period for the analytical sub-sampling activities. The supernatant
density was performed only on the supernatant sample obtained from phase separation conducted under
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ASR 6193 Addendum 1. To provide data for calculating the concentration of the undissolved solids, the

wt% total oxide was determined on the supernatant and wet centrifuged solids obtained from the phase
separation conducted under ASR 6193 Addendum 1. All physical property measurement conducted on
the phase-separated supernatant and wet centrifuged solids were performed in triplicate; the results are

presented in Table 6.2.

Table 6.2. Density and Percent Solids on Analytical Characterization Samples

RPL # Sample ID® Date Analysis Sample [Duplicate| Triplicate|Average ®| RSD
01-01844 |AZ-101 SUP1 AR|09/04/01| Density (g/mL) 1220 | 1226 1.224 1223 |02%
08/28/01 | Total dissolved solids (wt%) ® | 27.0 24.3 27.0 26.19 | 6%

08/28/01 | Total oxide (wt%) 16.2 14.1 17.2 158 | 10%

AZ-101 SUP2 AR|10/05/01 | Total dissolved solids (wt%) ® | 27.5 26.8 27.2 2729 | 1%
01-01845 [AZ-101 CS1 AR [08/28/01| Total solids (wt%) ® 69.5 69.3 70.2 69.7° 10.7%
09/14/01 | Total solids (wt%) © 69.0 68.9 69.0 68.9° 10.1%

09/27/01| Total solids (wt%) © 72.8 72.9 72.9 72.9€ 10.1%

08/28/01 | Total oxide (wt%) 52.2 52.0 53.5 52.6 1%

AZ-101 CS2 AR |10/05/01| Total solids (wt%) ® 62.9 64.0 62.6 63.2 1%

(@)

(b)
©
(d)
©

®

SUP1 and CS1 from phase separation conducted under ASR 6193 Addendum 1; SUP2 and CS2 from phase separation conducted
under ASR 6193 Addendum 2.

After drying at 105°C to constant weight.
After firing at 1050°C to constant weight.

Average TDS = 26.7%; values used for determining undissolved solids analyte concentration (see Section 8.6).
Average wt% solids AZ-101 CS1 AR = 70.2%; values used for determining undissolved solids analyte concentration (see
Section 8.6). No chemical analyses were performed on wet centrifuged solids from AZ-101 CS2 AR.

Averages calculated using more digits than presented in the table.

Based on these physical measurements results in Table 6.2, which demonstrate good consistency, the
supernatant and wet centrifuged solids phases separated in the SAL are considered representative of the
supernatant and solids material sub-sampled for process testing. The separated supernatant and wet
centrifuged solids phases should provide excellent baseline characterization results for process testing and
good results for comparison of the waste phases to Specification 7 (Envelope B for the supernatant) and
Specification 8 (Envelope D for the undissolved solids). The TDS for the supernatant and the wt% total
solids for the wet centrifuged solids are used to calculate the concentration of the undissolved solids.
Only wet centrifuged solids from AZ-101 CS1 AR were used for chemical and radiochemical
characterization; therefore, the average wt% solids for this sample is used in calculating the undissolved
solids analyte concentration. The average TDS results obtained from AZ-101 SUP1 AR and AZ-101
SUP2 AR is used in the undissolved solids analyte concentration calculation. See Section 8.6 for
undissolved solids calculation.

Revision 1 of this report includes revised data for all '*'I and '*I results. To support these analyses,
additional sample was phase separated in May of 2003. Following phase separation, the TDS of the
supernatant and wt% solids of the centrifuged solids were measured. The TDS (26.3%) amd wt% solids
(69.3%) results are essentially identical to results obtained on the initial phase separations (see Table 6.2).
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7.0 Analytical Sample Processing

Following the phase separation of the AZ-101 composite into supernatant and wet centrifuged solids,
each phase was analyzed for the target analytes defined in the test plan. The analytical processing of the
supernatant and wet centrifuged solids and distribution of the unprocessed and processed sample aliquots
are detailed in Figure 7.1. ASR 6193 Addendum 1 and Addendum 2 and revisions 6193.01 throuugh
6193.06 provided instructions to the laboratory to successfully complete the analytical and QC

requirements defined in the test plan.

AZ-101 SUP1 AR
AZ-101 SUP2 AR
(Supernatant)

AZ-101 CS1 AR
AZ-101 CS2 AR
(Wet Centrifuged Solids)

A 4

Direct Sub-sampling / Analysis

IC (inorganic anions), TOC/TIC,

CN, NHs, Hg, OH, °H, "*C, "1,
%I, *T¢ (pertechnetate)

Digestion (PNL-ALO-128)
ICP-AES, ICP-MS ®,
Radiochemistry ¥, U (KPA)

Solvent Extraction <
Organic Phosphates®,
PCB (Archived)

Direct Sub-sampling/
Ion Exchange / Analysis
Chelators, Organic Acids

(a) Mod 1 leach procedure; Mod 2 total digest procedure

(b) ICP-MS includes Cs and U isotopic
(c) ICP-MS includes U isotopic

(d) GEA, total alpha, AEA (Am/Cm), AEA (Pu), *°Sr, *Se
(e) GEA, total alpha, AEA (Am/Cm), AEA (Pu), *°Sr, **'Pu

(f) Organic phosphate extracted but not reported due to
technical problems

v

Direct Sub-sampling / Analysis
CN, "C, TOC/TIC, Hg

Acid Digestion
(PNL-ALO-129 Mod 1 and Mod 2) ®
ICP-AES. ICP-MS

KOH-KNO; Fusion (PNL-ALO-115)
ICP-AES, ICP-MS ©, U (KPA),
Radiochemistry ©

A 4

Na,0,-NaOH-NaCl Fusion
(PNL-ALO-116)
ICP-MS (Pt, Pd, Rh, and Ru only)

A\ 4

Na,0,-NaOH Fusion (PNL-ALO-114)
ICP-MS ('*'I and '®1 only)

A 4

Water Leach (PNL-ALO-103)
IC (inorganic anions), *H

A\ 4

Solvent Extraction
PCB (Archived)

Figure 7.1. Flow Diagram for Analytical Processing of Samples
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7.1 Supernatant

7.1.1 Direct Sub-Sampling

The AZ-101 supernatant was sub-sampled in the SAL hot cells and then delivered to the RPL
analytical workstations for various measurements including inorganic anion, hydroxide, ammonia,
cyanide, mercury, total organic and inorganic carbon (TOC/TIC), *H, '*C, *’Tc (pertechnetate), '*’I, and
1. For these sub-samples, the staff at the analytical workstation are responsible for ensuring that the
appropriate batch and analytical QC samples are analyzed, as well as for providing any additional
processing to the sub-samples that might be required (e.g., digestions for mercury analysis or distillations
for cyanide analysis).

7.1.2 Direct Sub-sampling Followed by Ion Exchange for Dose Reduction

The AZ-101 supernatant was sub-sampled and subjected to an ion exchange procedure (i.e.,
procedure TPR-RPP-WTP-049, lon Exchange for Activity Reduction) in the SAL to reduce the sample
dose levels. The resulting effluents from the ion exchange procedure were delivered to the 329 Facility
analytical workstations for measurements of organic acids and chelators. Besides a process blank (PB)
and laboratory control sample/blank spike (LCS/BS), additional AZ-101 sample was processed through
the ion exchange procedure to provide the analytical workstation with separate samples for the matrix
spike (MS) and matrix spike duplicate (MSD). The staff at the analytical workstation are responsible for
ensuring that the appropriate batch and analytical QC samples are analyzed as well as providing any
additional processing to the sub-samples that might be required (e.g., derivatization for the chelators).

7.1.3 Acid Digestion

The AZ-101 supernatant was acid digested in the SAL according to procedure PNL-ALO-128,
HNO3-HCI Acid Extraction of Liquids for Metals Analysis Using a Dry-Block Heater. Aliquots of the
digested sub-samples were delivered to the 329 Facility for inductively coupled plasma-mass
spectrometry (ICP-MS) and to various RPL analytical workstations for ICP-AES, total U by KPA and the
following radiochemical analyses: total alpha, gamma emitters by GEA, Se, PSr, 28pu, 2**%py, ' Am,
242Cm, and 243’244(:11'1.

The SAL processed 1-mL aliquots of the supernatant in triplicate. The acid extracted solutions were
brought to a nominal 25-mL volume, and absolute volumes were determined based on final solution
weights and densities. Along with the triplicate samples, the SAL processed a digestion PB, two
LCS/BSs (one for ICP-AES and one for ICP-MS), and two MSs (one for ICP-AES and one for ICP-MS).
Aliquots of the LCS/BS, MSs, and the PB were sent with aliquots of the triplicate samples for ICP-AES
or ICP-MS analyses. For radiochemical analyses, only the PB was sent with aliquots of the triplicate
samples for analysis. Post-digestion LCS/BS and MS samples were prepared at the time of radiochemical
separation except for gamma energy analysis (GEA), which did not require any additional sample
preparation.

7.1.4 Solvent Extraction for Organic Phosphates

The AZ-101 supernatant was sampled and extracted in the SAL for analysis of D2EHP according to
the test plan TP-RPP-WTP-047, Identification and Quantification of D2EHP in Tank Waste.
Sub-samples consisted of triplicate aliquot samples of the supernatant (surrogate spike only) and duplicate
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MS samples (surrogate and D2EHP spike) adjusted to pH <2. A PB consisting of DIW (surrogate spike
only) and a LCS/BS consisting of DIW spiked with D2EHP were processed with the sample batch.

Five-mL aliquots of the samples were extracted three times with 25-mL portions of methylene
chloride followed by three contacts with 25-mL portions of butanol. The extracts were transferred from
the SAL in RPL to the 329 Facility analysis workstation. The methylene chloride extracts were
concentrated to a volume of less than 1 mL, derivatized with diazomethane/ether solution, and
concentrated to a final volume of 1 mL for analysis. The analysis was performed per test plan TP-RPP-
WTP-047 using gas chromatography with a flame ionization detector (GC/FID).

7.2 Wet Centrifuged Solids

7.2.1 Direct Sub-Sampling/Analysis

The AZ-101 wet centrifuged solids were sub-sampled in the SAL and then delivered to the RPL
analytical workstations for various measurements, including cyanide, mercury, TOC/TIC, and '*C. For
these sub-samples, the staff at the analytical workstation are responsible for ensuring that the appropriate
batch and analytical QC samples are analyzed, as well as for providing any additional processing to the
sub-samples that might be required (e.g., combustion for TOC/TIC and *C).

7.2.2 Water Leach

The AZ-101 wet centrifuged solids were leached with DIW in the SAL according to procedure
PNL-ALO-103, Water Leach of Sludges, Soils, and other Solids Samples. The SAL prepared triplicate
samples of the wet centrifuged solids for anions and tritium analysis on three separate occasions.
Triplicate samples were prepared for 1) inorganic anions by leaching approximately 1 g of wet
centrifuged solids with 10 mL of water and 2) tritium by leaching approximately 0.14 g of wet
centrifuged solids with 16 mL of water. Besides the triplicate samples, the SAL prepared a PB, MS, and
LCS/BS for each analysis. Aliquots of the leached samples, LCS/BS, MS and PB were delivered to RPL
analytical workstation for analysis.

7.2.3 Acid Leach (PNL-ALO-129 Mod 1)

The AZ-101 wet centrifuged solids were acid leached in the SAL according to procedure
PNL-ALO-129, HNO3-HCI Acid Extraction of Solids Using a Dry-Block Heater (Mod 1). The ‘Mod 1’
modification® to the PNL-ALO-129 procedure slightly changes the quantities of HC1 and HNO; used for
leaching the samples. The SAL processed approximately 0.5-g aliquots of the wet centrifuged solids in
triplicate. The acid-extracted solutions were brought to a nominal 25-mL volume, and absolute volumes
were determined based on final solution weights and densities. Along with the samples, the SAL
processed a PB, two LCS/BSs (one for ICP-AES and one for ICP-MS) and two MSs (one for ICP-AES
and one for ICP-MS). Aliquots of the digested samples, LCS/BS, MS, and PB were delivered to the 329
Facility for ICP-MS analysis and to the ICP-AES analytical workstation for analysis.

The wet centrifuged solids processed by this acid leach procedure were not totally dissolved. A
significant quantity of fine white flocculants and dark grainy particulates remained in the leaching vials
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after bringing the samples to final volume. No estimate could be made of the residual solids. Following
sub-sampling of the digestion solutions for ICP-AES and ICP-MS analysis, the liquid was removed from
the solids (to the extent possible). The residual solids were quantitatively transferred to Teflon™
digestion vials, assigned a different RPL number (i.e., 01-02273), and subjected to an additional acid
digest using PNL-ALO-129 Mod 2 (see Section 7.2.4).

7.2.4 Acid Digestion (PNL-ALO-129 Mod 2)

The AZ-101 wet centrifuged solids were acid digested in the SAL according to procedure
PNL-ALO-129, HNO3-HCI Acid Extraction of Solids Using a Dry-Block Heater (Mod 2). The ‘Mod 2’
modification® to the PNL-ALO-129 procedure includes changes to the quantities of HCl and HNO; used,
addition of HF, evaporation to dryness, and extended digestion temperatures and times. With addition of
HF and evaporation to dryness, this digestion is not applicable to silicon or to metals that form volatile
fluorides (this procedure is also not applicable to rare earths without additional modification). The SAL
processed ~0.35-g aliquots of the wet centrifuged solids in triplicate. The digestion solutions were
brought to a final volume of 100 mL. Along with the samples, the SAL processed a digestion PB, two
LCS/BSs (one for ICP-AES and one for ICP-MS) and two MSs (one for ICP-AES and one for ICP-MS).
Also, the residues remaining following the ‘Mod 1° digestion were processed using the ‘Mod 2’
procedure. All samples processed by the ‘Mod 2’ digestion procedure appeared to be totally dissolved.
Aliquots of the digested wet centrifuged solids samples, LCS/BS, MS, PB, and ‘Mod 1’ residue samples
were delivered to the 329 Facility for ICP-MS analysis and to the ICP-AES analytical workstation for
analysis.

7.2.5 Fusion Digestion (PNL-ALO-115)

The AZ-101 wet centrifuged solids were prepared in the SAL according to procedure PNL-ALO-115,
Solubilization of Metals from Solids Using a KOH-KNO; Fusion. Aliquots of the dissolved sub-samples
were delivered to the 329 Facility for ICP-MS and to various RPL analytical workstations for [CP-AES,
total U by KPA and the following radiochemical analyses: total alpha, gamma emitters by GEA, *’Sr,
238py, Mipy 29240py 22py M1 p 220m and 29240

The SAL processed 0.18-g to 0.26-g aliquots of the wet centrifuged solids in triplicate. The fusion
digestions were brought to a final volume of 100 mL. A brown colloidal-like suspension was observed
on the bottom of the volumetric flasks. Therefore, the contents of the flask were homogenized by
vigorous shaking prior to aliquoting sub-samples for analysis. Along with the triplicate samples, the SAL
processed duplicate fusion PBs, two LCS/BSs (one for ICP-AES and one for ICP-MS), a MS (for
ICP-MS), and a solid LCS (NIST SRM-2710). Aliquots of the PBs, LSC/BSs, MSs, and the solid LCS
were sent with aliquots of the triplicate samples for ICP-AES or ICP-MS analyses. For radiochemical
analyses, only the PBs were sent with aliquots of the triplicate samples for analysis. Post-digestion
LCS/BS and MS samples were prepared at the time of radiochemical separation except for GEA, which
did not require any additional sample preparation.

5 Modification documented in TP-RPP-WTP-023 Rev 0, Regulatory DQO Step 1: MDL/EQL Evaluation for
Metals by ICP-AES in Tank Waste, JJ Wagner, 2001.

6  Modification documented in TP-RPP-WTP-023 Rev 0, Regulatory DQO Step 1: MDL/EQL Evaluation for
Metals by ICP-AES in Tank Waste, JJ Wagner, 2001.

7.4



7.2.6 Fusion Digestion (PNL-ALO-116, Platinum Group Metals only)

The AZ-101 wet centrifuged solids were prepared in the SAL according to procedure PNL-ALO-116,
Solubilization of Platinum Group Metals from Solids Using a Na,O,-NaOH-NaCl Fusion. The SAL
processed approximately 0.2-g aliquots of the wet centrifuged solids in triplicate. The fusion digestions
were brought to a final volume of 100 mL; a slight cloudiness was observed in the flask but cleared upon
heating. Besides the triplicate samples, the SAL prepared duplicate PBs, a LCS/BS, and a MS. Aliquots
of all digestions were delivered to the 329 Facility for analysis of Pt, Pd, Rh, and Ru by ICP-MS.

7.2.7 Fusion Digestion (PNL-ALO-114, Iodine only)

The AZ-101 wet centrifuged solids were prepared in the SAL for iodine analysis according to
procedure PNL-ALO-114, Solubilization of Metals from Solids Using a Na,O,-NaOH Fusion (lodine
Analysis Option). The SAL processed approximately 0.2-g aliquots of the wet centrifuged solids in
triplicate. The fusion digestions were brought to a final volume of 100 mL. All samples (except PB and
LCS/BS), exhibited brownish particulates on the bottom of the flask. The samples were allowed to settle
over night and aliquots withdrawn without remixing. Along with the triplicate samples, the SAL prepared
duplicate PBs, a LCS/BS, and a MS. Aliquots of all digestions were delivered to the 329 Facility for
analysis of '*'I and '’ by ICP-MS.
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8.0 Analytical Results

8.1 Introduction

The inorganic, radioisotopic, and organic analytical results for the AZ-101 as-received supernatant and
wet centrifuged solids samples are provided in Table 8.1 through Table 8.4. Results are reported in
pg/mL, pg/g, nCi/mL, or uCi/g, as appropriate. For many radioisotope analyses, the nominal propagated
uncertainties are provided as 1-o, unless otherwise noted. For the inorganic and organic analyses, no
uncertainties are included in the tables; the estimated uncertainty is 10-15% for results above the
estimated quantitation limit (EQL) (See 8.3 Data Limitations for analyses that exceed this estimated
uncertainty). Besides the triplicate sample results, the results obtained on the PBs are also reported, as
appropriate.

The analyte concentrations reported in Tables 8.1 through 8.4 include a data flag column (i.e., a data
qualifier code). The data flag is developed from the QC results (found in Table 9.1 through Table 9.4)
and concentration results are flagged, as appropriate. The data flags are taken from the QA Plan and are
defined below, as they relate to this report:

U Undetected. Analyte was analyzed but not detected (e.g., no measurable instrument
response) or response was less than the MDL. (Note: For some analyses, no results are
reported below an EQL established by the lowest calibration standard adjusted for sample
and analytical dilutions. In these cases, results less than the EQL are flagged with a U.
Footnotes in the tables identify which analyses use the lowest calibration standard as the
reporting level.)

J Estimated value. The value reported is below the EQL and above the MDL. For
radiochemical data, the J flag identifies results that have a propagated error of >10%,
indicating that the results are typically within 10 times the minimum detectable activity
(MDA).

B Analyte found in associated PB above the QA plan acceptance criteria (i.e., the analyte
concentration in the blank is greater than the EQL or exceeds 5% of sample concentration).

X A QC deficiency is associated with the reported result. For this report the X flag is used for
the following: a) LCS (LCS/BS) fails or was not analyzed, b) both the MS and the post
spike (PS) fail, and c) serial dilution test (if required) fails for analytes with concentration
greater than 0.1%.

The term MDL used in this report is an estimated MDL. That is, the MDLs have not been determined
on the AZ-101 waste matrix per SW-846 ) protocol. For most inorganic and organic methods, the
estimated MDLs are based on an instrument detection limit (IDL) established from using reagents and/or
low concentration high-purity standards as samples and evaluating instrument response near background
levels. For mercury and cyanide the MDLs are based on the MDLs established from the Regulatory DQO
work (Patello 2001) using samples from Tanks 241-AN-102 (supernatant) and 241-AY-102 (solids). For

7 U.S. Environmental Protection Agency (EPA). 1986. Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods, SW-846, Third Edition, Office of Solid Waste and Emergency Response.
Washington, D.C.
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radiochemical methods, the MDA is calculated per the QA Plan and is based on the background counting
statistics.

The EQL is typically set at 10 times the estimated MDL adjusted for dilution factors resulting from
digestion or leaching processing. For a few methods (e.g., IC and ammonia), no ‘estimated” MDL is
determined and the EQL is based on the lowest calibration standard; no results are reported below the
EQL for these methods. For radiochemical methods, no EQL is established; however, results are flagged
with a ‘J” when uncertainty exceeds 10%. Specific QC and QA discussions are given in Section 9.4.

8.2 Analyte List or Method Deviations

The supernatant analytes (i.e., liquid fraction analyses) and undissolved solids analytes (i.e., HLW
solids analyses) and recommended analysis methods are defined by the test specification. A few
modifications to the analyte list or procedures defined by the test specification are detailed below:

e The laboratory was directed to determine pertechnetate (**TcO,), as opposed to total **Tc, using
separations and beta counting techniques. Procedure PNL-ALO-432, Separation of Technetium
by Cation Exchange and Solution Extraction Prior to Measurement by Beta Counting, was
modified slightly to exclude the sample oxidation step so that the non-pertechnetate fraction was
not oxidized.

e Results for analytes not specified by the test specification are included in this report for
information only. These additional analytes are measured as part of the method and may or may
not have adequate QC for validating the results.

e The '*Cs and "*’Cs concentration in the wet centrifuged solids was not measured by ICP-MS, but
calculated based on the assumption the cesium isotopic ratio in the wet centrifuged solids is
equivalent to the isotopic ratio in the supernatant. The '*>Cs in the wet centrifuged solids and
supernatant was measured and the '*>Cs and "*'Cs are calculated based on the supernatant cesium
isotope mass ratios.

e The wet centrifuged solids were prepared by using a modification to the acid leaching procedure
PNL-ALO-129, HNO3-HCI Acid Extraction of Solids Using a Dry-Block Heater. The
modification provided an acid digestion procedure that dissolved all the wet centrifuged solids
material, allowing the results to be compared to those from the fusion digestion (see Section 7.2.4
and Appendix G).

e The supernatant uranium analysis by KPA required an ion exchange separation prior to analysis
to mitigate interference effects (see Section 9.3).

e One analyte defined in the test specification (i.e., D2EHP) could not be measured due to the lack
of reliable methods (see Section 9.13).

e The tritium in both the supernatant and wet centrifuged solids was very low and the '*’Cs beta
activity very high. This required a minor modification to the analytical separations procedure
(i.e., ion exchange to remove beta emitters other than tritium, and a double distillation) (see
Section 9.4.6).

e For both the wet centrifuged solids and especially the supernatant, a violent reaction between the
sample matrix and the cyanide releasing agent required a minor modification to the cyanide
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procedure. However, the modification did not totally mitigate the problems and low recoveries
were common (see Section 9.7).

e Per the test specification, ammonia was not an analyte of interest for the wet centrifuged solids
analysis. Therefore, comparison of the solids fraction to the Contract Specification 8
(Envelope D) was not possible.

8.3 Data Limitations

e The fluoride results on both the supernatant and wet centrifuged solids represent the summation
of fluoride, acetate, and formate (if present), as these anions cannot adequately be resolved using
the IC procedure used for measuring inorganic anions. Thus, the fluoride results may be biased
high.

e The ICP-MS result for the AZ-101 supernatant at atomic mass unit 241 (AMU-241) is **' Am,
241py, or a combination of both. However, no response was detected at AMU-241 above the
*' Am MDL of 1E-03 pg/mL, which is approximately an order of magnitude below the MRQ of
8.7E-03 pg/mL for **'Pu/**' Am.

e Concentrations of numerous elements are reported by ICP-MS. Element concentrations are
determined by comparison of a selected isotopic mass response for a given element to the
calibration curve generated for that element. However, the calibration curve is based on natural
abundance, and many of the analytes measured may not have a natural isotopic distribution.
Elements such as Rb, Ru, Pd, Sb, Se, Mo, Ce, Te, and AMU-151 (Sm) likely have significantly
altered isotopic ratios. For accurate analysis of elements with altered isotopic distributions,
chemical separation of the element is required so that individual atomic masses can be quantified.
Except for the Cs, U, and Pu, no chemical separations were performed prior to the ICP-MS
analysis of the AZ-101 as-received sample.

e For ICP-MS analysis of *’Tc the uncertainty is estimated at +30%, versus the typical 10-15% for
ICP-MS analyses. Approximately a year following the **Tc analysis, the calibration and
verification standards used for the analysis were analyzed by liquid scintillation counting (LSC)
and although the standards measured within acceptance criteria, the measured values for both
standards were biased slightly high from the assigned standard value. To ensure that the >’ Tc
results are bounded properly, the uncertainty has been increased to include the
measured-to-assigned value differences.

e The average IC phosphate result of 1,630 pg/mL for the supernatant is consistent with the
ICP-AES phosphorous results 504 pg/mL (i.e., 1,550 pg/mL as phosphate). However, the
average IC phosphate result of 250 pg/g for the leached wet centrifuged solids does not compare
well with the ICP-AES phosphorus result from either the KOH fusion (350 pg/g or 1,070 pg/g as
phosphate) or the Mod 2 acid digestion (1,790 ug/g or 5,500 ng/g), indicating water insoluble
phosphate. Additional phosphorus data was obtained from the Na,O, fusions used for the
ICP-MS platinum group metals analysis. At an average of about 1,900 pg/g, these results
compare favorably with the Mod 2 results, suggesting that the KOH fusion results for phosphorus
may be significantly biased low.
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e There are few QC failures (i.e., failure of QC sample to meet the QC flagging criteria established
by the test specification). These failures do not impact the usability of the reported results except
in those cases where the results are flagged with an ‘X’, which indicates a significant QC failure.
The following results are flagged with an ‘X’ and are considered qualitative at best.

> AZ-101 Supernatant: Boron, silicon, and HEDTA.

> AZ-101 Wet Centrifuged Solids: Silver, calcium, zinc, and bismuth from fusion
preparation, silicon from acid digestion preparation, total cyanide, and oxalate from
water leach.

e The TIC and TOC results obtained from the hot persulfate oxidation method and the furnace
oxidation method are significantly different. The hot persulfate TOC result and furnace TOC
result differ by factor of 10. The TOC results produced by the furnace oxidation method appear
to be biased high. The best TOC results are most likely estimated from the hot persulfate results
for the TIC and furnace results for total carbon (TC); i.e., TOC = 9,670 - 8,380 = 1,290 ug/g.

e The supernatant *Sr result is significantly lower than other published data for the AZ-101
supernatant; see Section 9.4.4 for full discussion. It is recommended that the *’Sr result from the
first liquid sampled from the cells unit filter (CUF) operation (i.e., 1.19 uCi/mL) be used for the
supernatant *’Sr concentration.

8.4 General Observations

e The average total *Tc concentration measured by ICP-MS (3.7E-01 pCi/mL) is within about
15% of the *’Tc measured as pertechnetate (**TcO,’) by separation and beta counting
(3.77E-01 uCi/mL), indicating that all of the technetium is in the pertechnetate form.

e Two analytes (Ce and Y) were analyzed by both ICP-AES and ICP-MS on the wet centrifuged
solids within the MDL of the ICP-AES. The agreement between the results is excellent. The
average results from ICP-AES are 380 and 110 pg/g for Ce and Y, respectively. For ICP-MS, the
average results were 300 and 117 ug/g for Ce and Y, respectively.

e The supernatant *’Cs concentration determined by ICP-MS agreed within 19% of the
concentration determined by GEA. And, the wet centrifuged solids '*’Cs concentration
calculated from '**Cs measured by ICP-MS and the supernatant Cs isotopic mass fraction result
agreed within 12% of the concentration determined by GEA.

e The *°**°Pu supernatant result from alpha energy analysis (AEA) compare reasonably well with
the sum of the **’Pu and ***Pu from ICP-MS (i.e., within 10%). The supernatant average being
1.8E-03 ug/mL from AEA versus the sum of 2.0E-03 pug/mL from ICP-MS; the ICP-MS results
are ‘B’ flagged. Per the test specification, Pu was not measured in the wet centrifuged solids by
ICP-MS.

e For the wet centrifuged solids, the total alpha measurements do not agree well with the sum of
measured alpha-emitting radioisotopes (237Np, B8py 239290py 2 Am 2432%Cm, and 242Cm). The
total alpha is approximately 33% higher than the sum of the alpha emitters. The total alpha in the
supernatant was below the MDL and no comparison could be made to the sum of the alpha
emitters.
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8.5 Analytical Results Tables

The analytical results for the AZ-101 as-received supernatant are presented in Table 8.1 and Table 8.2
and the AZ-101 as-received wet centrifuged solids results are presented in Table 8.3 and Table 8.4. The
undissolved solids results corrected for interstitial supernatant analyte contribution are presented in
Section 8.6. The comparison of the supernatant results to Contract Specification 7 and undissolved solids
results to Contract Specification 8 are presented in Section 8.7 and Section 8.8, respectively.
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Table 8.1. AZ-101 As-Received Supernatant — Radionuclide Results (uCi/mL)

Process Blank (PB) Sample (01-01844) Duplicate (01-01844D) Triplicate (01-01844T)
MDA/ @ MDA/ @ MDA/ @ MDA/ @
MDL Result 1-sigma MDL Result 1-sigma MDL Result 1-sigma MDL Result 1-sigma
Method | Prep Radionuclides | uCi/mL | pCi/mL | pCi/mL |DF |pCi/mL| pCi/mL | pCi/mL |DF|pCi/mL | pCi/mL | pCi/mL |DF |pCi/mL| pCi/mL | pCi/mL | DF
H-3 Direct *H 2E-05 | 2.79E-05 | 6.42E-06 | J | 2E-05 | 1.82E-02 | 7.28E-04 2E-05 | 1.80E-02 | 7.20E-04 2E-05 | 1.81E-02 | 7.24E-04
C-14 Direct 14c ® NA 4E-05 | 1.98E-03 | 8E-05 4E-05 | 1.95E-03 | 7.80E-05 4E-05 | 1.85E-03 | 7.4E-05
GEA Acid-128 | ®Co 1E-04 | 1E-04 U | 4E-02 | 4E-02 U | 5B-02 | 5E-02 U | 5B-02 | 5E-02 U
Se-79 | Acid-128 | ”Se 2E-05 | 2.84E-05 | 7.18E-06 | J | 2E-05 | 9.76E-04 | 3.32E-05 4E-05 | 8.01E-04 | 3.84E-05 1E-05 | 1.13E-03 | 3.62E-05
Sr-90 Acid-128 | *Sr @ 1E-03 | 1E-03 U | 1E-03 | 4.97E-02 | 2.49E-03 1E-03 | 4.76E-02 | 2.38E-03 1E-03 | 5.30E-02 | 2.65E-03
ICP-MS | Acid-128 |**Tc¢® 2E-04 | 3.03E-03 2E-04 | 3.32E-01 2E-04 | 3.31E-01 2E-04 | 3.18E-01
Tc-99 | Direct Pt 6E-04 | G6E-04 U | 6E-04 | 3.80E-01 | 7.60E-03 6E-04 | 3.74E-01 | 7.48E-03 6E-04 | 3.76E-01 | 7.52E-03
GEA Acid-128 | '*°Sn 1E-04 | 1E-04 U | 2E+00 | 2E+00 U | 2E+00 | 2E+00 U | 2E+00 | 2E+00 U
ICP-MS | Direct 121 4E-07 | 4E-07 U | 4E-07 | 9.90E-07 J | 4E-07 | 1.06E-06 J | 4E-07 | 1.03E-06 J
ICP-MS | Acid-128 |'*Cs-MS ® 1E-05 | 1.33E-05 T | 2E-05 | 1.06E-02 2E-05 | 1.09E-02 2E-05 | 1.03E-02
ICP-MS | Acid-128 | '¥7Cs-MS ® 9E-01 | 9.06E-01 T | 1E+00 | 1.40E+03 1E+00 | 1.43E+03 1E+00 | 1.37E+03
GEA Acid-128 | ¥7Cs 1E-04 | 2.25E-03 | 9.00E-05 7E-01 | 1.66E+03 | 3.33E+01 7E-01 | 1.64E+03 | 3.28E+01 7E-01 | 1.63E+03 | 3.25E+01
GEA Acid-128 | *Eu 4E-04 | 4E-04 U | 2BE-01 | 2E-01 U | 2B-01 | 2E-01 U | 1E-01 1E-01 U
GEA Acid-128 | '**Eu 4E-04 | 4E-04 U | 2E+00 | 2E+00 U | 2E+00 | 2E+00 U | 2E+00 | 2E+00 U
GEA Acid-128 |*'Pa 6E-03 | 6E-03 U | 2E+00 | 2E+00 U | 2E+00 | 2E+00 U | 2E+00 | 2E+00 U
ICP-MS | Acid-128 |**U 9E-06 | 9E-06 U | 9E-06 | 9E-06 U | 9E-06 | 9E-06 U | 9E-06 | 9E-06 U
ICP-MS | Acid-128 | **U 6E-06 | 6E-06 U | 6E-06 | 6E-06 U | 6E-06 | 6E-06 U | 6E-06 | 6E-06 U
ICP-MS | Acid-128 |**U 3E-09 | 1.86E-08 J | 3E-09 | 4.66E-08 B | 3E-09 | 4.75E-08 B | 3E-09 | 4.78E-08 B
ICP-MS | Acid-128 | %¢U 6E-08 | 6E-08 U | 6E-08 | 9.15E-08 J | 6E-08 | 9.69E-08 J | 6E-08 | 9.11E-08 J
ICP-MS | Acid-128 | U 2E-09 | 3.60E-07 2E-09 | 9.22E-07 B | 2E-09 | 9.56E-07 B | 2E-09 | 9.36E-07 B
ICP-MS | Acid-128 |*'Np @ 7E-06 | 7.4E-06 U | 7E-06 | 3.87E-05 J | 7E-06 | 3.88E-05 J | 7E-06 | 3.55E-05 J
AEA Acid-128 |*®pu 6E-07 | 2.89E-05 | 1.44E-06 2E-05 | 3.77E-04 | 2.26E-05 | B | 1E-05 | 3.40E-04 | 2.04E-05 | B | 2E-05 | 3.14E-04 | 2.51E-05 | B
AEA Acid-128 | #%0py 7E-07 | 9.77E-06 | 7.82E-07 2E-05 | 1.76E-03 | 5.28E-05 7E-06 | 1.82E-03 | 5.47E-05 2E-05 | 1.83E-03 | 7.34E-05
ICP-MS | Acid-128 |*?Pu® 6E-04 | 1.36E-03 J | 6E-04 | 2.49E-03 JB| 6E-04 | 2.00E-03 JB | 5E-04 | 1.50E-03 JB
ICP-MS | Acid-128 |2*pu ® 2E-03 | 2E-03 U | 2E-03 | 2E-03 U | 2E-03 | 2E-03 U | 2E-03 | 2E-03 U
AEA Acid-128 | *'Am 9E-07 | 4.07E-05 | 1.63E-06 1E-05 | 1.02E-04 | 1.13E-05 |JB| 1E-05 | 1.43E-04 | 1.43E-05 | B | 2E-05 | 6.95E-05 | 1.11E-05 | JB
GEA Acid-128 | *'Am-GEA® | 4E-04 | 4E-04 U | 2E+00 | 2E+00 U | 2E+00 | 2E+00 U | 2E+00 | 2E+00 U
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Table 8.1. (Cont’d)

Process Blank (PB) Sample (01-01844) Duplicate (01-01844D) Triplicate (01-01844T)
MDA/ o MDA/ = MDA/ O MDA/ O
MDL Result 1-sigma MDL Result 1-sigma MDL Result 1-sigma MDL Result 1-sigma
Method | Prep Radionuclides | pCi/mL | pCi/mL | pCi/mL | DF |uCi/mL| pCi/mL | pCi/mL [DF|pCi/mL | pCi/mL | pCi/mL |DF |pCi/mL| pCi/mL | pCi/mL | DF
AEA Acid-128 | **Cm 5E-07 | 5E-07 U | 9E-06 | 9E-06 U | 9E-06 | 9E-06 U | 1E-05 1E-05 U
AEA Acid-128 |*#2%Cm 7E-07 | 1.83E-05 | 1.10E-06 1E-05 | 3.46E-05 | 6.92E-06 |JB| 1E-05 | 4.89E-05 | 8.32E-06 | JB | 2E-05 | 2E-05 U
Alpha | Acid-128 | Gross Alpha | 6E-05 | 1.43E-04 | 2.15E-05 | J | 5E-03 | 5E-03 U | 6E-03 | 6E-03 U | 5E-03 | 5E-03 §]
Alpha Sum @ 9.77E-05 | 2.54E-06 2.27E-03 | 5.91E-05 2.35E-03 | 6.12E-05 2.22E-03 | 7.76E-05
TRU © 9.78E-05 2.31E-03 2.39E-03 2.25E-03

Bolded radionuclides required for comparison to Contract Specification 7 (Envelope B)

MDA: minimum detectable activity (used with all radiochemical analysis results)

MDL: method detection limit (used with ICP-MS results)

DF: Data quality flag (for definition of flags used see Section 8.1)

NA: Not applicable

(a) 1-sigma: Nominal propagated uncertainty including preparation and counting for radiochemistry methods only.
(b) '*Cs-MS and "*"Cs-MS determined by HPIC-ICP-MS.

(c) Opportunistic radionuclides analysis; not required by test specification or test plan.

(d) Alpha Sum = Summation of AEA results only (239’240Pu, B8py, 2 Am, 2*2Cm, and 243’244Cm).

(¢) TRU = Z>92, alpha emitter, half-life >10yr (*'Np, 2**°Pu, »**pu, ' Am, ***Cm, and *****Cm).

(f) Results corrected for laboratory blanks and verification standard recoveries per procedure PNL-ALO-482. Supernatant analyzed without processing; no PB prepared.

(g) Supernatant *Sr result is significantly lower than other published results (e.g., first filtered liquid from CUF operation; *°Sr = 1.19E+00 pCi/mL); see discussion Section 8.3 and Section 9.4.4.

(h) Uncertainty estimated at +30%; see Section 6.4 for further details.

(1) Same certified source standard used to prepare calibration and verification standards for ICP-MS. Calibration and verification standards prepared approximately 1 year apart; prepared standards

verified by independent analysis (i.e., LSC, AEA, or GEA).

Nominal decay correction reference dates:
ICP-MS: U (3/2002), Pu/Np (4/2002), Tc (2/2002) and I (5/2003)
Radchem: GEA, Gross Alpha, AEA Pu and Am/Cm (10/2001); *Sr (9/2002); *Tc (8/2002); °Se (11/2001); *H (2/2002); and "*C (6/2002)

8.7




Table 8.2. AZ-101 As-Received Supernatant— Analyte Results (ug/mL)

Process Blank (PB) Sample (01-01844) Duplicate (01-01844D) Triplicate (01-01844T)

MDL | Results 9 MDL Results MDL Results ¢ MDL Results
Method | Prep Analyte pg/mL pg/mL DF pg/mL pg/mL DF pg/mL pg/mL DF pg/mL pg/mL DF
IC-Org | Direct Acetate © 140 140 U 140 140 U 140 140 U 140 140 U
ICP-AES | Acid-128 | Ag® 0.7 0.7 U 0.7 0.7 U 0.6 0.6 U 0.6 0.6 U
ICP-AES | Acid-128 | Al 1.6 7.1 J 1.6 6,090 1.5 6,050 1.5 6,020
ISE Direct Ammonia 1.5 1.5 U 1.5 3.0 J 1.5 23 J 15 1.7 J
ICP-MS | Acid-128 | AMU-241© 0.0011 0.0011 U 0.0011 0.0011 U 0.0011 0.0011 U 0.0011 0.0012 J
ICP-AES | Acid-128 | As® 6.6 6.6 §] 6.7 9.7 J 6.4 10.0 J 6.3 10.0 J
ICP-AES | Acid-128 | B 13 60.6 X 1.3 66 BX 13 85 BX 13 82 BX
ICP-AES | Acid-128 | Ba 0.3 0.3 U 0.3 0.3 U 0.3 0.3 U 0.3 0.3 J
ICP-AES | Acid-128 | Be ® 0.3 0.3 §] 0.3 0.3 6] 0.3 0.3 U 0.3 0.3 §]
ICP-AES | Acid-128 | Bi ® 2.6 2.6 U 2.7 2.7 U 2.6 2.6 U 2.5 2.5 U
IC-Inorg | Direct Br 130 130 U 130 620 130 660 130 660
C (HP) Direct Cas TC @D NA 61 10,400 61 10,300 61 10,400
C (Furn) | Direct CasTC® NA 89 7,320 89 7,240 89 7,480
C (HP) Direct C as TIC NA 34 9,810 34 9,820 34 9,920
C (Furn) | Direct CasTIC© NA 170 5,540 170 6,080 170 5,880
C (HP) Direct C as TOC NA 87 560 87 500 87 470
C (Furn) | Direct C as TOC NA 250 1,780 250 1,160 J 250 1,600
ICP-AES | Acid-128 | Ca 6.6 6.6 §] 6.7 9.3 J 6.4 6.4 6] 6.3 6.3 §]
ICP-AES | Acid-128 | Cd 0.4 0.4 J 0.4 0.9 IB 0.4 0.8 B 0.4 0.7 JB
ICP-AES | Acid-128 | Ce 5.3 5.3 U 5.3 5.3 U 5.1 5.1 U 5.0 5.0 U
IC-Org Direct Citrate 410 410 §] 410 410 U 410 410 U 410 410 U
GC/FID | Derivatize | Citric acid 5.8 5.8 U 5.8 5.8 U 5.8 5.8 U 5.8 5.8 U
IC-Inorg | Direct a® 130 130 U 130 230 130 220 130 280
CN Distill-287 | CN 0.055 0.099 J 0.057 1.53 B 0.053 1.19 B 0.054 3.40
ICP-AES | Acid-128 | Co® 1.3 1.3 U 1.3 1.3 U 1.3 13 U 1.3 1.3 U
ICP-AES | Acid-128 | Cr 0.5 0.5 U 0.5 689 0.5 685 0.5 683
ICP-MS | Acid-128 | '¥Cs-MS ® 0.013 0.013 U 0.016 27 0.016 28 0.015 26
ICP-MS | Acid-128 | '¥Cs-MS ®P 0.011 0.011 J 0.013 8.8 0.014 9.1 0.014 8.6
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Table 8.2. (Cont’d)

Process Blank (PB) Sample (01-01844) Duplicate (01-01844D) Triplicate (01-01844T)

MDL | Results 9 MDL Results @ MDL Results ¢ MDL Results ¢
Method | Prep Analyte pg/mL pg/mL DF pg/mL pg/mL DF pg/mL pg/mL DF pg/mL pg/mL DF
ICP-MS | Acid-128 | ¥'Cs-MS ® 0.01 0.01 J 0.013 16 0.015 16 0.013 16
ICP-MS | Acid-128 | '3Cs 0.031 0.065 0.0089 26.2 0.0092 26.8 0.0088 26.3
ICP-AES | Acid-128 | Cu® 0.7 0.7 U 0.7 0.7 U 0.6 0.6 U 0.6 0.6 U
None None D2EHP @ O ® ® ®
ICP-AES | Acid-128 | Dy @ 1.3 1.3 U 1.3 1.3 U 1.3 13 U 13 13 U
GC/FID | Derivatize | ED3A 49 49 U 49 49 U 49 4.9 U 49 49 U
GC/FID | Derivatize | EDTA 49 49 U 49 49 U 49 4.9 U 49 49 §]
ICP-AES | Acid-128 | Eu® 2.6 2.6 U 2.7 2.7 U 2.6 2.6 U 25 25 U
IC-Inorg | Direct F @Y 125 125 U 125 1,960 125 2,020 125 2,040
ICP-AES | Acid-128 | Fe 0.7 0.8 J 0.7 2.1 JB 0.6 13 1B 0.6 1.1 JB
IC-Org | Direct Formate 180 180 U 180 180 U 180 370 J 180 180 U
None None Gluconate ™ 450 450 U 450 450 450 450 450 450
IC-Org Direct Glycolate ™ 170 170 6] 170 170 U 170 170 U 170 170 §]
GC/FID | Derivatize | HEDTA 8.8 8.8 UX 8.8 8.8 UX 8.8 8.8 UX 8.8 8.8 UX
CVAA Acid-131 | Hg 0.00013 |  0.00064 J 0.00014 0.067 0.00011 0.030 0.00014 0.069
ICP-MS | Direct 127 0.007 0.007 §] 0.007 0.007 U 0.007 0.007 U 0.007 0.007 §]
GC/FID | Derivatize | IDA 11 11 U 11 11 11 11 11 11
ICP-AES | Acid-128 | K 53 53 U 53 4,500 51 4,460 50 4,420
ICP-AES | Acid-128 | La 13 13 §] 1.3 13 6] 13 13 6] 13 13 §]
ICP-AES | Acid-128 | Li 0.8 0.8 U 0.8 0.9 J 0.8 0.9 J 0.8 0.9 J
ICP-AES | Acid-128 | Mg 2.6 2.6 U 2.7 2.7 U 26 2.6 U 2.5 2.5 U
ICP-AES | Acid-128 | Mn® 13 13 §] 1.3 13 6] 13 13 U 13 13 §]
ICP-AES | Acid-128 | Mo ©® 1.3 1.3 U 1.3 89.2 1.3 88.7 13 88.4
ICP-AES | Acid-128 | Na 3.9 70.6 20 111,000 19 112,000 19 110,000
ICP-AES | Acid-128 | Nd® 2.6 2.6 §] 2.7 2.7 6] 2.6 2.6 U 2.5 25 §]
ICP-AES | Acid-128 | Ni 0.8 2.7 J 0.8 1.2 B 0.8 1.0 1B 0.8 0.8 JB
IC-Inorg | Direct NO,® 2,500 2,500 U 2,500 60,700 2,500 61,600 2,500 61,600
IC-Inorg | Direct NO; ® 2,500 2,500 6] 2,500 52,000 2,500 52,900 2,500 52,800
GC/FID | Derivatize | NTA 5.6 5.6 U 5.6 5.6 U 5.6 5.6 U 5.6 5.6 U
Titration | Direct OH 170 170 U 170 11,300 170 11,400 170 11,400
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Table 8.2. (Cont’d)

Process Blank (PB) Sample (01-01844) Duplicate (01-01844D) Triplicate (01-01844T)

MDL | Results 9 MDL Results @ MDL Results ¢ MDL Results ¢
Method | Prep Analyte pg/mL pg/mL DF pg/mL pg/mL DF pg/mL pg/mL DF pg/mL pg/mL DF
IC-Inorg | Direct Oxalate ® 250 250 6] 250 930 250 1,030 250 1,030
IC-Org | Direct Oxalate 210 210 U 210 1,100 210 960 210 1,000
ICP-AES | Acid-128 | P 2.6 2.6 U 2.7 506 2.6 505 25 500
ICP-AES | Acid-128 | Pb 2.6 2.6 §] 2.7 3.4 J 2.6 3.3 J 2.5 3.3
ICP-AES | Acid-128 | Pd® 20 20 U 20 20 U 19 20 J 19 20
IC-Inorg | Direct PO, ® 250 250 U 250 1,610 250 1,640 250 1,630
ICP-MS | Acid-128 | Rb 0.025 0.32 0.024 9.53 0.025 9.54 0.026 8.53
ICP-AES | Acid-128 | Rh® 7.9 7.9 U 8.0 8.0 U 7.7 7.7 U 7.5 7.5 U
ICP-AES | Acid-128 | Ru® 29 29 U 29 29 U 28 28 U 28 28 U
ICP-AES | Acid-128 | Sb® 13 13 U 13 13 U 13 13 U 13 13 §]
ICP-AES | Acid-128 | Se® 6.6 6.6 U 6.7 6.7 U 6.4 6.4 U 6.3 6.3 U
ICP-AES | Acid-128 | Si® 13 138 X 13 194 BX 13 221 BX 13 204 BX
ICP-AES | Acid-128 | Sn® 39 39 U 40 46 J 38 47 J 38 47 J
IC-Inorg | Direct so,® 250 250 U 250 15,700 250 16,400 250 16,400
ICP-AES | Acid-128 | Sr® 0.4 0.4 U 0.4 0.4 U 0.4 0.4 U 0.4 0.4 U
GC/FID Derivatize | Succinic acid 6.1 19 J 6.1 52 J 6.1 52 J 6.1 47 J
ICP-AES | Acid-128 | Te® 39 39 U 40 40 U 38 38 U 38 38 U
ICP-AES | Acid-128 | Th 26 26 U 27 27 U 26 26 U 25 25 U
ICP-AES | Acid-128 | Ti® 0.7 0.7 §] 0.7 0.7 6] 0.6 0.6 U 0.6 0.6 §]
ICP-AES | Acid-128 | T1® 13 13 U 13 13 U 13 13 U 13 13 U
ICP-AES | Acid-128 | U 53 53 U 53 53 U 51 51 U 50 50 U
KPA Acid-128 | U 0.0004 | 0.0016 J 0.0004 0.50 0.0004 0.52 0.0004 0.52
ICP-MS | Acid-128 | U@ 0.0044 1.08 0.0045 2.77 B 0.0047 2.87 B 0.0046 2.81 B
ICP-AES | Acid-128 |V 13 1.3 U 13 1.5 J 13 1.5 J 1.3 1.5 J
ICP-AES | Acid-128 | W 53 53 §] 53 58 J 51 58 J 50 58 ]
ICP-AES | Acid-128 | Y® 1.3 13 U 1.3 1.3 U 1.3 1.3 U 13 13 U
ICP-AES | Acid-128 | Zn® 1.3 1.3 U 13 13 U 13 1.3 U 1.3 1.3 U
ICP-AES | Acid-128 | zr® 13 13 §] 1.3 13 6] 13 13 U 13 13 §]
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Table 8.2. (Cont’d)

Method

Prep

Analyte

Process Blank (PB) Sample (01-01844) Duplicate (01-01844D) Triplicate (01-01844T)
MDL | Results ¥ MDL Results ¢ MDL Results ¥ MDL | Results 9
pg/mL pg/mL DF pg/mL pg/mL DF pg/mL pg/mL DF pg/mL pg/mL DF

Bolded analytes required for comparison to Contract Specification 7 (Envelope B)

MDL: method detection limit (with all processing factors applied)
DF: data quality flag (for definition of flags used see Section 8.1)

AMU: atomic mass unit

D2EHP: bis-(2-ethylhexyl) phosphate
EDTA: ethylenediaminetetraacetic acid
ED3A: ethylenediaminetriacetic acid

HEDTA: N-(2-hydroxyethyl) ethylenediaminetriacetic acid

IDA: iminodiacetic acid

NTA: nitrilotriacetic acid

NA: not applicable

(a) U analysis is the sum of all measured isotopes of U by ICP-MS.
(c) TIC by difference (TC Furn - TOC Furn).

(d) TC by summation (TIC HP + TOC HP).

(¢) AMU-241 calibrated using Am-241; AMU-241 is typically the sum of **'Pu and **' Am.

(f) Opportunistic analyte; not included in test specification or test plan.

(g) The fluoride results are upper bound concentration; peak shape and retention time suggests the presence of co-eluting anion(s), possibly formate.

(h) Glycolate and gluconate results should be considered the upper bound concentration, since glycolate and gluconate are not resolved by the IC measurement method used for the
analysis. IC system calibrated using glycolate; gluconate estimate based on gluconate-to-glycolate response factor. Each result assumes 100% of response due to each analyte

(i) Analytes not measured due to lack of reliable method.

(j) Typical analysis precision/accuracy better than £15% for results >10xMDL (i.e., results without a U or J flag).

(k) MDL is based on the lowest calibration standard adjusted for sample dilution; equivalent to SW-846 EQL definition.
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Table 8.3. AZ-101 As-Received Wet Centrifuged Solids — Radionuclide Results (LCi/g)

Process Blank (PB-1) Process Blank (PB-2) Sample (01-01845) Duplicate (01-01845D) Triplicate (01-01845T)
MDA/ @ MDA/ ® MDA/ @ MDA/ @ MDA/ @
MDL Result | 1-sigma MDL Result 1-sigma MDL Result 1-sigma MDL | Result | 1-sigma MDL | Result 1-sigma
Method [Prep Radionuclide | pCi/g nCi/g uCi/g | DF | uCi/g uCi/g uCi/g | DF | pCi/g uCi/g uCi/g | DF | pCi/g | pCi/g uCi/g | DF | uCi/g uCi/g uCi/g |DF
H-3 Leach-103 [*H 2E-05 | 2E-05 U n/a 4E-04 | 7.19E-03 |3.60E-04 4E-04 | 7.05E-03 | 3.53E-04 4E-04 | 7.00E-03 | 3.50E-04
C-14 Combust  |"“C © 2E-04 | 4.21E-04 |6.32E-05| I n/a 2E-04 | 4.62E-04 |5.54E-05| JB |2E-04| 1.56E-03 |9.36E-05| B | 2E-04 | 1.11E-03 | 7.77E-05 | B
GEA  [Fusion-115 |*Co 2E-03 | 2E-03 U [2E-03| 2E-03 U | 3E-01 | 2.06E+00 |1.65E-01 2E-01 | 1.97E+00 | 6.38E-01 3E-01 |2.06E+00| 1.44E-01
Sr-90  |Fusion-115 [*Sr 8E-03 | 6.80E-02 |2.72E-03 1E-02 | 8.75E-02 |3.50E-03 4E+02 | 2.12E+04 |6.36E+02 3E+02| 2.03E+04 |6.09E+02 4E+02 | 1.91E+04 | 5.73E+02
GEA Fusion-115 |'**Sb 7E-03 | 7E-03 U | 8E-03| 8E-03 U | 6E+00 | 6E+00 U |4E+00| 8.07E+00 |1.29E+00 | J | SE+00 | SE+00 u
GEA Fusion-115 |'*Sn 3E-03 | 3E-03 U |3E-03| 3E-03 U [2E+00 | 2E+00 U |2E+00| 2E+00 U | 3E+00 | 3E+00 U
ICP-MS |Fusion-114 "1 2E-08 | 2E-08 U [2E-08| 2E-08 U | 7E-06 | 8.28E-06 J | 8E-06| 1.40E-05 J | 9E-06 | 1.04E-05 J
GEA  [Fusion-115 |"*'Cs 3E-03 | 3E-03 U |[2E-03| 2E-03 U | 7E-01 | 7E-01 U |6E-01| 6E-01 U | 6E-01 | 6E-01 U
ICP-MS |Fusion-115 |"*3Cs ® 1E-06 | 1E-06 U |1E-06| 1E-06 U | 1E-06 | 6.72E-03 1E-06 | 6.66E-03 1E-06 | 6.50E-03
GEA  |Fusion-115 [%'Cs 3E-03 | 1.10E-01 |4.40E-03 3E-03 | 2.39E-01 |9.56E-03 2E+00 | 7.51E+02 |2.25E+01 2E+00| 7.64E+02 |3.06E+01 2E+00 | 7.42E+02 | 2.97E+01
ICP-MS |Fusion-115 [*7Cs ® 2E-01 | 2E-01 U [2E-01| 2E-01 U | 2E-01 | 8.88E+02 1E-01 | 8.81E+02 2E-01 | 8.60E+02
lSlAMU
ICP-MS [Fusion-115 |(Sm)® 1E-02 | 6.36E-01 1E-02 | 2.25E-01 1E-02 | 5.55E+02 9E-03 | 5.34E+02 1E-02 |5.31E+02
GEA Fusion-115 |"*?Eu 8E-03 | 8E-03 U |9E-03| 9E-03 U | 2E+00 | 2E+00 U [8E-01| SE-01 U | 1E+00 | 1E+00 U
GEA  [|Fusion-115 |'**Eu 5E-03 | 5E-03 U |6E-03| 6E-03 U | 1E+00 | 2.27E+01 | 6.81E-01 9E-01 | 2.45E+01 | 7.35E-01 8E-01 |2.31E+01| 6.93E-01
GEA  [Fusion-115 |"Eu 8E-03 | 8E-03 U |8E-03| 8E-03 U | 8E+00 | 3.27E+01 |2.62E+00 7E+00| 3.38E+01 | 2.78E+00 6E+00 | 2.52E+01 | 2.27E+00
[CP-MS |Fusion-115 [**U 7E-06 | 2.47E-05 J | 7E-06 | 1.56E-05 J | 9E-06 | 1.84E-03 6E-06 | 1.72E-03 7E-06 | 1.78E-03
AEA  |Fusion-115 [*°Pu 8E-06 | 8E-06 U |1E-05| 1E-05 U | 4E-02 | 4E-02 U |3E-02| 3E-02 U | 3E-02 | 3E-02 U
[CP-MS |Fusion-115 [*¢U 1E-07 | 2.41E-07 J | 1E-07 | 1.77E-07 J | 1E-07 | 1.72E-04 8E-08 | 1.56E-04 9E-08 | 1.54E-04
AEA  |Fusion-115 [**Pu 1E-05 | 7.50E-04 |3.00E-05 1E-05| 2.20E-03 |6.60E-05 3E-02 | 3.27E-01 |3.60E-02| J |[3E-02| 2.99E-01 |2.99E-02 4E-02 | 2.93E-01 | 2.93E-02
[CP-MS |Fusion-115 [**U 3E-08 | 3.79E-07 3E-08 | 5.95E-07 4E-08 | 1.28E-03 3E-08 | 1.20E-03 3E-08 | 1.24E-03
AEA Fusion-115 [****Py 8E-06 | 2.62E-04 |1.83E-05 9E-06 | 6.00E-04 |3.00E-05 3E-02 | 2.48E+00 |9.92E-02 3E-02 | 2.41E+00 | 9.64E-02 3E-02 |2.34E+00 | 9.36E-02
AEA  |Fusion-115 [*'Am 1E-05 | 6.41E-04 |2.56E-05 2E-05| 1.85E-03 |5.55E-05 4E-02 | 3.92E+01 |7.84E-01 4E-02 | 3.56E+01 | 7.12E-01 5E-02 |3.78E+01 | 7.56E-01
GEA  |Fusion-115 'Am GEA | 1E-02 | 1E-02 U |2E-02| 2E-02 U | 2E+01 | 5.93E+01 |6.52E+0 | J |9E+00| 4.27E+01 |3.94E+00 9E+00 | 3.26E+01 | 3.91E+00| J
Pu-241 |Fusion-115 [*'Pu 1E-03 | 1.40E-02 |1.01E-03 1E-03 | 3.77E-02 |2.56E-03 3E-03 | 1.20E+01 |8.40E-01 2E-03 | 1.17E+01 | 8.19E-01 2E-03 | 1.12E+01 | 7.84E-01
AEA  |Fusion-115 [**Cm 7E-06 | 7E-06 U |1E-05| 1E-05 U | 4E-02 | 4E-02 U |3E-02| 3.70E-02 | 1.22E-02| J | 3E-02 | 4.11E-02 | 1.36E-02 | J
AEA  [|Fusion-115 [*’Pu 2E-05 | 2E-05 U |2E-05| 2E-05 U | 1E-02 1E-02 U |6E-03| 6E-03 U | 1E-02 | 1E-02 U
AEA  |Fusion-115 [*¥?%Cm 8E-06 | 4.44E-04 |2.22E-05 2E-05| 2.58E-03 |7.74E-05 4E-02 | 8.38E-02 [2.10E-02| J |3E-02| 7.76E-02 |1.78E-02| J | 3E-02 | 1.23E-01 | 2.34E-02 | J
Alpha  |Fusion-115 |Gross alpha | 8E-04 | 1.41E-03 [2.82E-04| J |9E-04| 6.22E-03 |5.60E-04 1E+01 | 5.34E+01 |5.87E+00| J |7E+00| 5.35E+01 |4.28E+00 1E+01 | 5.49E+01 | 4.94E+00
Alpha Sum © 2.10E-03 |4.82E-05 7.23E-03 |1.23E-04 421E+01 |8.00E-01 3.84E+01 |7.29E-01 4.06E+01 | 7.71E-01
TRU @ 2.11E-03 |5.39E-05 7.24E-03 |1.26E-04 421E+01 |8.00E-01 3.84E+01 |7.29E-01 4.06E+01 | 7.71E-01
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Table 8.3. (Cont’d)

Method

Prep

Radionuclide

Process Blank (PB-1)

Process Blank (PB-2)

Sample (01-01845)

Duplicate (01-01845D)

Triplicate (01-01845T)

MDA/
MDL

uCi/g

Result
uCi/g

@
1-sigma
pCi/g

DF

MDA/
MDL

uCi/g

Result
pCi/g

()
1-sigma
pCi/g

DF

MDA/
MDL

pCi/g

Result
uCi/g

@
1-sigma
uCi/g

DF

MDA/
MDL

uCi/g

Result
uCi/g

)
1-sigma
pCi/g

DF

MDA/
MDL

uCi/g

Result
uCi/g

@
1-sigma
uCi/g

DF

Bolded radionuclides required for comparison to Contract Specification 8 (Envelope D)

MDA: minimum detectable activity (used with all radiochemical analysis results)

MDL: method detection limit (used with ICP-MS results)

DF: Data quality flag (for definition of flags used see Section 8.1)

(@

(b) Calculated using '**Cs results and isotopic mass distribution from Supernatant analysis; see Table 8.2.
(c) Alpha Sum = Summation of AEA results only (****°Pu, ***Pu, **' Am, ***Cm, and *****Cm).

(d) TRU =Z>92, alpha emitter, half-life >10yr (*'Np, 2*?*’Pu, **Pu, ** Am, ***Cm, and ******Cm).
(e) Results corrected for laboratory blanks and verification standard recoveries per procedure PNL-ALO-482. PB results from DIW transferred from SAL with the samples.

(f) AMU-151: Mass calibrated using '*’Sm; response converted to activity using "*'Sm specific activity; No chemical separation of samarium and europium performed and result may be bias high by '*'Eu

Nominal decay correction references dates
ICP-MS: ' (5/2003), all others (6/2002)
Radchem: GEA, AES Pu and Am/Cm, *°Sr, gross alpha (10/2001); *H (2/2002); '*C (3/2002); **'Pu (6/2002), ***Pu (6/2002)
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Table 8.4. AZ-101 As-Received Wet Centrifuged Solids — Analyte Results (ug/g)

Process Blank (PB-1)

Process Blank (PB-2)

Sample (01-01845)

Duplicate (01-01845D)

Triplicate (01-01845T)

MDL | Result MDL | Result ® MDL | Result® MDL | Result® MDL | Result®
Method |Prep Analyte ug/s ug/lg | DF | pg/g pg/g DF | pgig pg/g DF | pg/g pg/g DF ug/g pe/g DF
ICP-MS  |Fusion-115 PTe 0.002 0.21 0.002 0.18 0.002 9.0 0.001 8.4 0.002 8.7
[CP-MS  |Fusion-114 127y 0.00008| 0.00008 | U |0.00008| 0.00008 | U 0.03 2.78 0.04 2.13 0.04 2.44
ICP-MS  |Fusion-115 33¢s 0.003 | 0.003 U | 0.003 0.003 U 0.004 16.8 0.003 16.7 0.003 16.3
ICP-MS  |Fusion-115 By 0.001 0.006 J | 0.001 0.002 J 0.001 0.17 0.001 0.17 0.001 0.16
[CP-MS  |Fusion-115 By 0.002 | 0.024 0.002 0.018 J 0.003 345 0.002 323 0.002 33.1
ICP-MS |Fusion-115 BINp O 0.001 0.01 0.001 0.010 0.001 30.0 0.0005 26.6 0.0005 25.3
ICP-MS  |Fusion-115 Bpy O 0.01 0.39 0.01 0.12 0.01 20.7 0.004 17.6 0.004 16.9
ICP-MS  |Fusion-115 2#0py O 10.0003 | 0.024 0.0003 | 0.007 0.0002 1.5 0.0001 1.3 0.0001 1.2
[CP-AES |Acid-129M2 Ag 14 14 U 16 59 J 14 49 J 14 58 J
[CP-AES |Fusion-115 Ag 55 55 UX | 55 55 UX 68 230 IX 48 210 IX 54 330 JX
[CP-AES |Acid-129M2 Al 34 34 U 38 138,000 34 134,000 34 137,000
ICP-AES [Fusion-115 Al 130 190 J 133 290 J 160 134,000 120 127,000 130 130,000
ICP-MS  |Fusion-115 As 0.1 0.1 U 0.1 0.1 U 0.1 493 0.1 45.7 0.1 43.4
[CP-AES |Acid-129M2 As @ 140 140 U 160 160 U 140 140 U 140 140 U
ICP-AES [Fusion-115 As @ 550 550 U | 550 550 U 680 680 U 480 480 U 540 540 U
ICP-AES |Acid-129M2 B 29 29 U 32 32 U 28 28 U 29 29 U
ICP-AES |Fusion-115 B 110 110 U 111 111 U 140 140 U 96 96 U 110 110 U
ICP-AES |Acid-129M2 Ba 5.7 5.7 U 6.4 516 5.7 463 5.7 489
ICP-AES [Fusion-115 Ba 22 25 J 22 22 U 27 452 B 19 462 B 22 437 B
ICP-AES |Acid-129M2 Be 5.7 5.7 U 6.4 9.6 J 5.7 8.5 J 5.7 8.9 J
ICP-AES |Fusion-115 Be 22 22 U 22 22 U 27 27 U 19 19 U 22 22 U
ICP-AES |Acid-129M2 Bi 57 57 U 64 64 U 57 57 U 57 57 U
ICP-AES [Fusion-115 Bi 220 220 UX | 221 221 UX 270 270 UX | 190 190 UX 220 220 UX
[C-Inorg |Leach-103 Br ® 13 1.3 U 130 350 130 360 130 350
C (HP) |Direct Cas TC @9 NA 83 9,770 104 9,510 98 8,410
C (Furn) |Direct Cas TC NA 350 10,500 500 9,000 850 9,500
C (HP) |Direct C as TIC NA 47 8,780 59 8,600 56 7,750
C (Furn) |Direct CasTIC© NA 750 1,100 J 1,300 1,300 U 950 950 9]
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Table 8.4. Cont’d)

Process Blank (PB-1)

Process Blank (PB-2)

Sample (01-01845)

Duplicate (01-01845D)

Triplicate (01-01845T)

MDL | Result MDL | Result ® MDL | Result® MDL | Result® MDL | Result®
Method [Prep Analyte ug/g ug/g DF | pg/g ueg/g DF ueg/g ne/g DF ug/g une/g DF uneg/g ueg/g DF
C (HP) |Direct C as TOC NA 120 960 150 880 140 630 J
C (Furn) |Direct C as TOC NA 1,100 9,300 2,000 10,800 1,000 9,600
[CP-AES |Acid-129M2 Ca 140 140 U 160 2,580 140 2,230 140 2,390
ICP-AES |Fusion-115 Ca 550 550 UX | 554 554 UX 680 2,300 IX | 480 2,500 IX 540 2,200 X
ICP-AES |Acid-129M2 cd 8.6 8.6 U 9.6 5,040 8.5 4,380 8.6 4,600
ICP-AES |Fusion-115 cd 33 33 U 33 33 U 41 4,470 29 4,400 32 4,270
[CP-MS  |Fusion-115 Ce 0.04 4.07 0.04 5.12 0.04 301 0.03 289 0.04 301
[CP-AES |Acid-129M2 Ce® 110 110 U 130 410 J 110 350 J 120 370 J
ICP-AES |Fusion-115 Ce® 440 440 U | 440 440 U 540 540 §] 380 500 J 430 550 J
[C-Inorg |Leach-103 ao 13 13 U 13 50 13 130 13 160
CN Distill-287 CN 0.0400 |  0.040 U 0.042 0.891 X | 0.039 0.039 UX | 0.039 0.69 X
ICP-MS  |Fusion-115 Co 0.01 11.4 0.01 9.8 0.01 46.7 B 0.01 33.9 B 0.01 34.4 B
ICP-AES |Acid-129M2 Co® 29 29 6] 32 32 U 28 33 J 29 29 U
ICP-AES |Fusion-115 Co® 110 110 U 110 110 U 140 140 U 96 96 U 110 110 U
[CP-AES |Acid-129M2 Cr 11 11 U 13 638 11 1,180 11 583
ICP-AES |Fusion-115 Cr 44 44 U 44 44 U 54 551 38 591 43 688
ICP-AES |Acid-129M2 Cu 14 14 U 16 259 14 224 14 231
ICP-AES |Fusion-115 Cu 55 55 U 55 55 U 68 68 U 48 48 U 54 54 U
[CP-AES |Acid-129M2 Dy @ 29 29 U 32 32 U 28 28 U 29 29 U
ICP-AES |Fusion-115 Dy @ 110 110 U 110 110 U 140 140 U 96 96 U 110 110 U
ICP-AES |Acid-129M2 Eu ® 57 57 U 64 64 U 57 57 6] 57 57 U
[CP-AES |Fusion-115 Eu ® 220 220 U | 220 220 U 270 270 U 190 190 U 220 220 U
IC-Inorg |Leach-103 F @9 1.3 1.3 U 130 4,490 130 3,850 130 4,000
ICP-AES |Acid-129M2 Fe 14 14 U 16 70,100 14 63,900 14 66,300
ICP-AES |Fusion-115 Fe 55 130 J 55 86 J 68 62,900 48 63,500 54 58,400
CVAA  |Acid-131 Hg 0.0008 |  0.002 J 0.007 2.4 0.0075 3.4 0.0092 3.6
[CP-AES |Acid-129M2 K 1,100 1,100 U 1,300 1,700 J 1,100 1,200 J 1,100 1,200 J
[CP-AES |Acid-129M2 La 29 29 U 32 1,900 28 1,700 29 1,780
ICP-AES |Fusion-115 La 110 110 U 111 111 U 140 1,600 96 1,590 110 1,550
[CP-AES |Acid-129M2 Li 17 17 U 19 75 J 17 66 J 17 70 J
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Table 8.4. (Cont’d)

Process Blank (PB-1)

Process Blank (PB-2)

Sample (01-01845)

Duplicate (01-01845D)

Triplicate (01-01845T)

MDL | Result MDL | Result ® MDL | Result® MDL | Result® MDL | Result®
Method [Prep Analyte ug/g ug/g DF | pg/g ueg/g DF ueg/g ne/g DF ug/g une/g DF uneg/g ueg/g DF
[CP-AES [Fusion-115 Li 66 66 U 66 66 U 82 82 U 57 69 J 65 70 J
ICP-AES |Acid-129M2 Mg 57 57 U 64 460 J 57 430 J 57 430 J
[CP-AES |Fusion-115 Mg 220 220 U | 221 221 U 270 530 J 190 580 J 220 470 J
[CP-AES |Acid-129M2 Mn 29 29 U 32 1,560 28 1,480 29 1,400
ICP-AES |Fusion-115 Mn 110 110 U 111 111 U 140 1,500 96 1,570 110 1,380
[CP-MS  |Fusion-115 Mo 0.03 9.48 0.03 4.00 0.03 147 B 0.02 146 B 0.03 145 B
[CP-AES |Acid-129M2 Mo @ 29 29 U 32 45 J 28 110 J 29 36 J
ICP-AES |Fusion-115 Mo @ 110 110 U 110 110 U 140 140 U 96 96 U 108 108 U
ICP-AES |Acid-129M2 Na 86 86 U 96 72,600 85 65,400 86 72,300
ICP-AES |Fusion-115 Na 330 2,400 J 332 2,400 J 410 65,400 290 73,500 320 75,600
[CP-AES |Acid-129M2 Nd 57 57 U 64 1,340 57 1,200 57 1,250
ICP-AES |Fusion-115 Nd 220 220 U | 221 221 U 270 1,300 J 190 1,200 J 220 1,200 J
ICP-AES |Acid-129M2 Ni 17 17 U 19 2,750 17 2,980 17 2,570
[C-Inorg |Leach-103 NO, 9 25 25 U 260 27,200 260 27,900 260 27,200
[C-Inorg |Leach-103 NO; 9 25 25 U 260 22,800 260 23,300 260 22,700
[C-Inorg |Leach-103 Oxalate @) | 2.5 25 UX 26 2,180 X 26 4,010 ® X 26 3,260 X
ICP-AES |Acid-129M2 P 57 57 U 64 1,910 57 1,700 57 1,750
ICP-AES |Fusion-115 P 220 220 U | 221 221 U 270 410 J 190 290 J 220 340 J
[CP-AES |Acid-129M2 Pb 57 57 U 64 540 J 57 450 J 57 480 J
ICP-AES |Fusion-115 Pb 220 220 U | 221 221 U 270 520 J 190 460 J 220 560 J
ICP-MS |Fusion-116 Pd 0.01 0.55 0.01 0.76 0.003 110 0.003 142 0.003 50
[CP-AES |Acid-129M2 Pd @ 430 430 U 480 530 J 430 450 J 430 500 J
[CP-AES |Fusion-115 Pd @ 1,700 1,700 U | 1,700 1,700 U 2,000 2,000 U | 1,400 1,400 U 1,600 1,600 U
[C-Inorg |Leach-103 PO, ® 2.5 2.5 U 26 210 26 270 26 280
ICP-MS  |Fusion-115 Pr 0.004 0.40 0.004 0.03 J 0.01 273 0.004 259 0.004 259
[CP-MS  |Fusion-116 Pt 0.02 0.27 0.02 0.59 0.01 0.6 B 0.01 0.60 B 0.01 0.94 B
[CP-MS  |Fusion-115 Pusum ¢ | 0.01 0.41 0.01 0.12 0.01 22.1 0.004 18.9 0.004 18.2
ICP-MS  |Fusion-115 Rb 0.02 287 0.02 271 0.03 323 B 0.02 217 B 0.02 247 B
ICP-MS |Fusion-116 Rh 0.001 0.044 0.001 0.035 0.001 94.9 0.001 94.7 0.001 82.8
[CP-AES |Acid-129M2 Rh @ 170 170 U 190 190 U 170 170 U 170 170 U
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Table 8.4. (Cont’d)

Process Blank (PB-1)

Process Blank (PB-2)

Sample (01-01845)

Duplicate (01-01845D)

Triplicate (01-01845T)

MDL | Result MDL | Result ® MDL | Result® MDL | Result® MDL | Result®

Method [Prep Analyte ug/g ug/g DF | pg/g ueg/g DF ueg/g ne/g DF ug/g une/g DF uneg/g ueg/g DF
ICP-AES |Fusion-115 Rh @ 660 660 U 660 660 U 820 820 U 570 570 U 650 650 U
[CP-MS  |Fusion-116 Ru 0.3 0.3 U 0.3 0.3 U 0.2 1183 0.2 1185 0.2 1070
[CP-AES |Acid-129M2 Ru @ 630 630 U 700 700 U 620 620 U 630 630 U
ICP-AES |Fusion-115 Ru @ 2,400 | 2,400 U | 2,400 2,400 U 3,000 3,000 U | 2,100 2,100 U 2,400 2,400 U
ICP-MS  |Fusion-115 Sb 0.006 0.18 0.006 0.16 0.007 3.8 0.005 32 B 0.005 32 B
[CP-AES |Acid-129M2 Sb @ 290 290 U 320 320 U 280 280 U 290 290 U
[CP-AES |Fusion-115 Sb @ 1,100 1,100 U | 1,100 1,100 U 1,400 1,400 U 960 960 U 1,100 1,100 U
ICP-MS |Fusion-115 Se 1 1 U 1 2 J 1 1 UB 1 1 UB 1 1 UB
ICP-AES |Acid-129M2 Se @ 140 140 U 160 160 U 140 140 U 140 140 §]
ICP-AES |Fusion-115 Se @ 550 550 U | 550 550 U 680 680 U 480 480 U 540 540 U
ICP-AES |Acid-129M2 Si @ 290 290 UX 320 990 X | 280 820 IX 290 1,100 J
ICP-AES |Fusion-115 Si 1,100 1,100 U | 1,107 1,107 U 1,400 3,700 J 960 4,200 J 1,100 3,500 J
ICP-AES |Acid-129M2 Sn® 860 860 U 960 1,000 J 850 850 U 860 860 §]
ICP-AES |Fusion-115 Sn @ 3,300 3,300 U | 3,300 3,300 U 4,100 4,100 U | 2,900 2,900 U 3,200 3,200 6]
IC-Inorg |Leach-103 SO, ® 25 25 U 260 26,300 260 22,400 260 23,300
[CP-AES |Acid-129M2 Sr 8.6 8.6 U 9.6 376 8.5 336 8.6 356
ICP-AES |Fusion-115 Sr 33 33 6] 33 33 6] 41 330 J 29 323 32 310 J
[CP-MS  |Fusion-115 Ta 0.001 0.39 0.001 0.46 0.001 9.2 B | 0.001 0.45 B 0.001 131 B
ICP-MS |Fusion-115 Te 0.2 0.7 J 0.2 0.4 J 0.3 206 0.2 193 0.2 189
[CP-AES |Acid-129M2 Te @ 860 860 U 960 960 U 850 850 U 860 860 U
ICP-AES |Fusion-115 Te @ 3,300 3,300 U | 3,300 3,300 §] 4,100 4,100 U | 2,900 2,900 U 3,200 3,200 §]
[CP-MS  |Fusion-115 Th 0.005 0.14 0.005 0.092 0.004 116 0.003 106 0.003 104
[CP-AES |Acid-129M2 Th ® 570 570 U 640 640 U 570 570 U 570 570 U
ICP-AES |Fusion-115 Th ® 2,200 | 2,200 U | 2,200 2,200 U 2,700 2,700 U | 1,90 1,900 U 2,200 2,200 U
ICP-AES |Acid-129M2 Ti 14 14 U 16 50 J 14 91 J 14 52 J
[CP-AES |Fusion-115 Ti 55 55 U 55 55 U 68 75 J 48 69 J 54 60 J
ICP-MS |Fusion-115 Tl 0.002 | 0.053 0.002 0.016 J 0.002 0.13 B | 0.002 0.12 B 0.002 0.22 B
[CP-AES |Acid-129M2 T1® 290 290 U 320 320 U 280 280 U 290 290 U
ICP-AES |Fusion-115 T1® 1,100 1,100 U | 1,100 1,100 U 1,400 1,400 U 960 960 U 1,100 1,100 U
[CP-AES |Acid-129M2 U 1,100 1,100 U 1,300 3,800 J 1,100 3,500 J 1,100 3,400 J
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Table 8.4. (Cont’d)

Process Blank (PB-1)

Process Blank (PB-2)

Sample (01-01845)

Duplicate (01-01845D)

Triplicate (01-01845T)

MDL | Result MDL | Result ® MDL | Result® MDL | Result® MDL | Result®
Method [Prep Analyte ug/g ug/g DF | pg/g ueg/g DF ueg/g ne/g DF ug/g une/g DF uneg/g ueg/g DF
ICP-AES |Fusion-115 U 4,400 | 4,400 U | 4,400 4,400 U 5,400 5,600 J 3,800 4,900 J 4,300 5,400 J
KPA Fusion-115 U 0.20 0.38 J 0.20 2.26 0.20 3130 0.20 3400 0.20 2970
ICP-MS |Fusion-115 U sum ® 0.1 1.2 0.1 1.8 0.1 3800 0.1 3560 0.1 3680
ICP-MS |Fusion-115 A% 0.03 6.97 0.03 6.17 0.03 24.0 B 0.02 23.9 B 0.03 222 B
ICP-AES |Acid-129M2 v® 29 29 6] 32 32 U 28 28 U 29 29 U
ICP-AES |Fusion-115 v® 110 110 U 110 110 U 140 140 U 96 96 U 110 110 U
[CP-MS  |Fusion-115 W 0.01 1.53 0.01 1.12 0.02 383 0.01 322 0.01 29.4 B
[CP-AES |Acid-129M2 w® 1,100 1,100 U 1,300 1,300 U | 1,100 1,100 U 1,100 1,100 U
ICP-AES |Fusion-115 w® 4,400 | 4,400 U | 4400 4,400 §] 5,400 5,400 U | 3,800 3,800 U 4,300 4,300 §]
ICP-MS  |Fusion-115 Y 0.01 0.39 0.01 0.02 J 0.01 118 0.01 115 0.01 117
[CP-AES |Acid-129M2 Yy ® 29 29 U 32 120 J 28 110 J 29 110 J
ICP-AES |Fusion-115 Y ® 110 110 U 110 110 U 140 140 U 96 100 J 110 110 U
ICP-AES |Acid-129M2 Zn 29 29 U 32 81 J 28 73 J 29 83 J
ICP-AES |Fusion-115 Zn 110 110 UX | 111 111 UX 140 140 IX 96 110 IX 110 130 JX
[CP-AES |Acid-129M2 Zr 29 29 U 32 20,600 28 18,300 29 19,500
ICP-AES |Fusion-115 Zr 110 110 U 111 111 U 140 12,600 96 14,100 110 13,400

Bolded analytes required for comparison to Contract Specification 8 (Envelope D)

MDL: method detection limit (with all processing factors applied)

DF: data quality flag (for definition of flags used see Section 8.1)

NA: not applicable

Prep: See Section 7.0 for preparation information for PNL-ALO-114, -115, -116 fusion and PNL-ALO-129 Mod 2 acid digestion

(a) Opportunistic analytes; not included in test specification or test plan.

(b) Total uranium (U Sum) based on the sum of all U isotopes measured by ICP-MS.
(¢) TC is sum of TIC and TOC by HP; TIC is difference between measured TC Furn and TOC Furn.
(d) The fluoride results should be considered the upper bound concentration for the fluoride, since the fluoride peak shape and retention time suggests the presence of co-eluting anion(s).

(e) Oxalate not recovered in the hot cell BS/LCS, apparently due to precipitation (see Section 9.5).

(f) Typical analysis precision/accuracy better that £15% for results >10xMDL (i.e., results without a U or J flag).

(g) Total plutonium (Pu Sum) based on sum of Pu isotopes measured by ICP-MS.

(h) Result calculated from response approximately 5% above the highest calibration standard.

(i) MDL is based on the lowest calibration standard adjusted for sample dilution; equivalent to SW-846 EQL definition.
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Table 8.4. (Cont’d)

Method

Prep

Analyte

Process Blank (PB-1)

Process Blank (PB-2)

Sample (01-01845)

Duplicate (01-01845D)

Triplicate (01-01845T)

MDL
ug/g

Result
ug/g

DF

MDL
ug/g

Result ®
ug/g

DF

MDL
ug/g

Result
ug/g

DF

MDL
ug/g

Result
ug/g

DF

MDL
ug/g

Result @
ug/g

DF

(j) Most silicon from PNL-ALO-129 Mod 2 lost in processing; see Section 7.2.4.
(k) Two PBs prepared only for fusion preparations.

(1) Same certified source standard used to prepare calibration and verification standards for ICP-MS. Calibration and verification standards prepared approximately 1 year apart; prepared

standards verified by independent analysis (i.e., LSC, AEA, or GEA).
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8.6 Undissolved Solids Results

Table 8.5 and Table 5.6 present the calculated undissolved solids results derived from subtracting the
contribution of the interstitial liquid from the wet centrifuged solids results. When the concentration of
the analyte in the wet centrifuged solids is above the MDL, the density and wt% solids data from Table
6.2 have been used to calculate the concentration of each analyte in the undissolved solids per

Equation 8.1.
oo (BH2)
D 1-T

where: X = undissolved solids concentration (pug/g or nCi/g) on a per g of wet centrifuged
solids (i.e., concentration on a wet-weight basis)

O
Il

average measured concentration of analyte in wet centrifuged solids (ng/g or
uCi’g)

= average measured concentration of analyte in supernatant (pg/mL or pCi/L)
density of supernatant (1.223 g/mL, see Table 6.2)

= fractional solids weight in wet centrifuged solids after drying at 105°C (0.702, see
Table 6.2 and Section 6.0).

fractional solids weight in supernatant after drying at 105°C (0.267, see Table 6.2
and Section 6.0).

0@
I

—
I

Also reported in Table 8.5 and Table 5.6 are the analyte concentrations calculated on a dry-weight
basis. This is calculated by subtracting the supernatant from the wet centrifuged solids fraction according
to Equation 8.2.

X 1-W
Y =—, where F =1—-| —— (8.2)
F 1-T
where: Y = undissolved solids concentration (ug/g or nCi/g) on a per gram of undissolved

solids (i.e., concentration on a dry-weight basis).

X = undissolved solids concentration (ug/g or uCi/g) on a per g of wet centrifuged
solids (See Equation 8.1)

F = undissolved solids weight fraction (g undissolved solids per g of wet centrifuged
solids).

The following apply to the both undissolved solids calculations:

a) If the analyte is not measured on the supernatant, then the undissolved solids
concentration ‘X’ is set equal to the wet centrifuged solids concentration ‘C’ (i.e.,
assumes no analyte contribution from the supernatant).

b) Ifthe analyte is measured on the supernatant but not detected above the MDL, then
the average concentration in the supernatant ‘S’ is set to zero (0).

c) Ifthe analyte is measured on the wet centrifuged solids but is not detected, the
undissolved solids concentration ‘X’ is set to the wet centrifuged solids MDL, even
if the analyte is measured in the supernatant.

d) If the calculated undissolved solids concentration is less than or equal to zero, the
analyte is assumed to come only from the supernatant within uncertainty of the
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analysis method. The undissolved solids concentration ‘X’ is set to the wet
centrifuged solids MDL.

e) The wet centrifuged solids average concentration ‘C’ and the supernatant average
concentration ‘S’ are based only on results >MDL.
Table 8.5. AZ-101 Undissolved Solids Radionuclide Concentration (nCi/g)
WCS Supernatant © uDs ®

Measurement | MDL/MDA | Average © Average & Average Average
Radionuclide| Method uCi/g puCi/g |DF| Method puCi/g | DF |uCi/g (Wet) | pCi/g (Dry)
*H H-3 4E-04  |7.08E-03 H-3 1.81E-02 1.06E-03 | 1.79E-03
Hc C-14 2E-04 |1.04E-03| B | C-14 1.93E-03 4.04E-04 | 6.80E-04
9Co GEA 3E-01  [2.03E+00 GEA 0 U | 2.03E+00 | 3.42E+00
PS¢ Sr-90 4E+02  [2.02E+04 Sr-90 5.01E-02 © 2.02E+04 | 3.40E+04
P @ ICP-MS 3E-05 | 1.48E-01 ICP-MS 3.27E-01 3.91E-02 | 6.59E-02
125Sb GEA 5E+00 |8.07E+00| J | GEA 0 U | 8.07E+00 | 1.36E+01
1269n GEA 2E+00 2E+00 | U NM <2E+00 | <4E+00
12 ICP-MS 8E-06 |1.09E-05| J | ICP-MS 1.06E-06 | J | 1.05E-05 | 1.78E-05
BCs GEA 2E+00  |7.52E+02 ICP-MS 1.64E+03 2.06E+02 | 3.47E+02
BCs ICP-MS (Calc) 8E-02  [8.76E+02 GEA 1.40E+03 4.11E+02 | 6.92E+02
2y GEA 1E+00 1IE+00 | U NM <1E+00 | <2E+00
S4By GEA 9E-01 |2.34E+01 GEA 0 U | 2.34E+01 | 3.95E+01
5By GEA 7E+00  |3.06E+01 GEA 0 U | 3.06E+01 | 5.15E+01
3y ICP-MS 9E-06 |1.61E-03 ICP-MS 0 U | 1.61E-03 | 2.71E-03
2y ICP-MS 5E-09 |7.32E-05 ICP-MS 4.73E-08 | B | 7.32E-05 | 1.23E-04
“"Np ICP-MS 4E-07  |1.94E-02 ICP-MS 3.77E-05 | J | 1.94E-02 | 3.26E-02
¥py AEA 3E-02  |3.06E-01 AEA 3.44E-04 | B | 3.06E-01 | 5.16E-01
239240py AEA 3E-02  |2.41E+00 AEA 1.81E-03 2.41E+00 | 4.06E+00
9py ICP-MS 3E-04 |1.14E+00 ICP-MS 2.00E-03 | JB | 1.14E+00 | 1.92E+00
#lpy Pu-241 2E-03  |1.15E+01 NM 1.15E+01 | 1.93E+01
T Am AEA 4E-02  [3.75E+01 AEA 1.05E-04 | B | 3.75E+01 | 6.32E+01
*'Am (GEA) | GEA 1E+01  |4.49E+01 GEA 0 U | 449E+01 | 7.56E+01
*2py AEA 9E-03 9E-03 |U NM < 9E-03 < 2E-02
*2Cm AEA 3E-02 |3.91E-02| J | AEA 0 U | 391E-02 | 6.59E-02
M2M4cm AEA 3E-02  |9.48E-02| J | AEA 4.18E-05 | JB | 9.48E-02 | 1.60E-01
Alpha Gross Alpha 9E+00 |5.39E+01 Gross Alpha 0 U | 5.30E+01 | 9.08E+01

WCS = wet centrifuged solids; UDS = undissolved solids; NM = not measured

(a) If the analyte is measured but not detected above the MDL, the supernatant analyte concentration is set to 0 (zero). If the analyte is
not measured (NM), the supernatant is assumed to have no contribution to the wet centrifuged solids results; the average field
indicates ‘NM’ and the supernatant concentration is set to 0 (zero) when calculating the undissolved solids concentration.

(b) Ifanalyte is measured in the wet centrifuged solids, but is not above the MDL, the undissolved solids results is set to < MDL of the
wet centrifuged solids. When the calculated undissolved solids results is <0 or =0, the undissolved solids results is set to <MDL of
the wet centrifuged solids.

(¢) Supernatant **Sr result is significantly lower than other published results; see discussion Section 8.3 and Section 9.4.4. However,
the WCS *°Sr concentration is so high that the low supernatant *°Sr concentration has no impact on the UDS concentration.

(d) Uncertainty estimated at £30%; see Section 8.3 for further details.
(e) data flag: B = analyte measured in blank above EQL; T = estimated value, U = not detected above the reported MDL.
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Table 8.6.

AZ-101 Undissolved Solids Analyte Concentration (ug/g)

WCS Supernatant ® uDps ®
Measurement | MDL | Average © 1 Measurement Average © Average Average

Analyte Method neg/g ng/g  |DF Method ug/g DF |ug/g (Wet)| ug/g (Dry)
Ag ICP-AES 2E+01 |5.50E+01| J | ICP-AES 0 U | 5.50E+01 | 9.27E+01
Al ICP-AES 4E+01 |1.36E+05 ICP-AES 6.05E+03 1.34E+05 | 2.26E+05
Ammonia ¥ | none NM ISE 2.30E+00 | J NM NM
As ICP-MS 1E-01 [4.61E+01 ICP-AES 9.90E+00| J | 428E+01 | 7.21E+01
B ICP-AES 3E+01 3E+01 | U | ICP-AES 7.74E+01 | BX | <3E+00 <5E+00
Ba ICP-AES 6E+00 |4.89E+02 ICP-AES 2.50E-01 | J | 4.89E+02 | 8.24E+02
Be ICP-AES 6E+00 |9.00E+00| J | ICP-AES 0 U | 9.00E+00 | 1.52E+01
Bi ICP-AES 6E+01 6E+01 | U | ICP-AES 0 U | <6E+01 < 1E+02
Cas TIC C (Furn) 1E+03 |1.10E+03| J | C (HP) 5.83E+03 < 1E+03 <2E+03
Cas TIC C (HP) SE+01 |8.38E+03 C (Furn) 9.85E+03 S5.11E+03 | 8.30E+03
Cas TOC | C (Furn) 1E+03 |9.90E+03 C (HP) 1.50E+03 9.40E+03 | 1.58E+04
Cas TOC |C((HP) 1E+02 |8.20E+02 C (Furn) 5.10E+02 6.50E+02 | 1.10E+03
Ca ICP-AES 2E+02 |2.40E+03 ICP-AES 9.30E+00| J | 2.40E+03 | 4.04E+03
Cd ICP-AES 9E+00 |4.67E+03 ICP-AES 7.70E-01 | JB | 4.67E+03 | 7.87E+03
Ce ICP-MS 4E-02 |2.97E+02 ICP-AES 0 U | 297E+02 | 5.00E+02
Cl IC-Inorg 1E+01 |1.10E+02 IC-Inorg 2.40E+02 3.02E+01 | 5.09E+01
CN CN 4E-02 |5.41E-01| X | CN 2.04E+00 <4E-01 <7E-01
Co ICP-MS 6E-03 |3.83E+01| B | ICP-AES 0 U | 3.83E+01 | 6.45E+01
Cr ICP-AES 1E+01 |8.00E+02 ICP-AES 6.86E+02 5.72E+02 | 9.64E+02
Cs© ICP-MS 3E-03 |3.20E+01 ICP-MS 5.18E+01 1.48E+01 | 2.92E+01
Cu ICP-AES 2E+01 |2.38E+02 ICP-AES 0 U | 2.38E+02 | 4.01E+02
F IC-Inorg 1E+02 |4.11E+03 IC-Inorg 2.01E+03 3.44E+03 | 5.80E+03
Fe ICP-AES 2E+01 |6.68E+04 ICP-AES 1.50E+00 | JB | 6.68E+04 | 1.13E+05
Hg CVAA 8E-03 [3.15E+00 CVAA 5.53E-02 3.13E+00 | 5.28E+00
K ICP-AES 1E+03 |1.40E+03| J | ICP-AES 4.46E+03 < 1E+03 <2E+03
La ICP-AES 3E+01 |1.79E+03 ICP-AES 0 U | 1.79E+03 | 3.02E+03
Li ICP-AES 2E+01 |7.00E+01 ICP-AES 890E-01 | J | 6.97E+01 | 1.17E+02
Mg ICP-AES 6E+01 |4.40E+02 ICP-AES 0 U | 440E+02 | 7.41E+02
Mn ICP-AES 3E+01 |1.48E+03 ICP-AES 0 U | 1.48E+03 | 2.49E+03
Mo ICP-MS 3E-02 |1.46E+02| B | ICP-AES 8.88E+01 1.16E+02 | 1.96E+02
Na ICP-AES 3E+02 |7.15E+04 ICP-AES 1.11E+05 3.46E+04 | 5.83E+04
Nd ICP-AES 6E+01 |1.26E+03 ICP-AES 0 U | 1.26E+03 | 2.12E+03
Ni ICP-AES 2E+01 |2.77E+03 ICP-AES 1.0 JB | 2.77E+03 | 4.67E+03
NO, IC-Inorg 3E+02 |2.74E+04 IC-Inorg 6.13E+04 7.02E+03 | 1.18E+04
NO; IC-Inorg 3E+02 |2.29E+04 IC-Inorg 5.26E+04 5.41E+03 | 9.12E+03
P ICP-AES 6E+01 |1.79E+03 ICP-AES 5.04E+02 1.62E+03 | 2.73E+03
Pb ICP-AES 6E+01 |4.90E+02| J | ICP-AES 3.30E+00| J | 4.89E+02 | 8.24E+02
Pd ICP-MS 3E-03 |1.01E+02 ICP-AES 2.00E+01 | J | 9.44E+01 | 1.59E+02
Pr ICP-MS 4E-03 |2.64E+02 NM 2.64E+02 | 4.45E+02
Pu sum ICP-MS 4E-03 |1.97E+01 NM 1.97E+01 | 3.32E+01
Rb ICP-MS 2E-02 |2.62E+02| B | ICP-MS 9.20E+00 2.59E+02 | 4.36E+02
Rh ICP-MS 6E-04 |9.08E+01 ICP-AES 0 U | 9.08E+01 | 1.53E+02
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Table 8.6. (Cont’d)

WCS Supernatant ® UDs @

Measurement | MDL | Average © | Measurement Average © Average Average

Analyte Method neg/g ug/g |DF Method ug/g DF |ug/g (Wet)| ug/g (Dry)
Ru ICP-MS 2E-01 |1.15E+03 ICP-AES 0 U | 1.15E+03 | 1.94E+03
Sb ICP-MS 6E-03 |[3.42E+00| B | ICP-AES 0 U | 3.42E+00 | 5.76E+00
Se ICP-MS 1E+00 1E+00 |UB| ICP-AES 0 U | <1E+00 <2E+00
Si ICP-AES 1E+03 |3.80E+03| J | ICP-AES 206 BX | 3.73E+03 | 6.29E+03
SO, IC-Inorg 3E+02 |2.40E+04 IC-Inorg 1.62E+04 1.86E+04 | 3.14E+04
Sr ICP-AES 9E+00 |3.56E+02 ICP-AES 0 U | 3.56E+02 | 6.00E+02
Ta ICP-MS 7E-04 |3.65E+00| B NM 3.65E+00 | 6.15E+00
Te ICP-MS 2E-01 |1.96E+02 ICP-AES 0 U | 1.96E+02 | 3.30E+02
Th ICP-MS 3E-03 |1.09E+02 ICP-AES 0 U | 1.09E+02 | 1.84E+02
Ti ICP-AES 2E+01 |6.40E+01| J | ICP-AES 0 U | 6.40E+01 | 1.08E+02
Tl ICP-MS 2E-03 | 1.55E-01| B | ICP-AES 0 U | 1.55E-01 | 2.61E-01
U ICP-AES 1E+03 |3.60E+03| J | ICP-AES 0 U | 3.60E+03 | 6.07E+03
U KPA 2E-01 |3.17E+03 KPA 5.15E-01 3.17E+03 | 5.34E+03
U sum ICP-MS 1E-01 |3.68E+03 ICP-MS 2.81E+00| B | 3.68E+03 | 6.20E+03
A% ICP-MS 3E-02 |2.34E+01| B | ICP-AES 1.50E+00 | J | 2.29E+01 | 3.86E+01
w ICP-MS 1E-02 |3.33E+01| B | ICP-AES 5.80E+01| J | 1.40E+01 | 2.36E+01
Y ICP-MS 9E-03 |1.17E+02 ICP-AES 0 U | 1.17E+02 | 1.97E+02
Zn ICP-AES 3E+01 |7.90E+01| J | ICP-AES 0 U | 7.90E+01 | 1.33E+02
Zr ICP-AES 3E+01 |1.95E+04 ICP-AES 0 U | 1.95E+04 | 3.29E+04

WCS = wet centrifuged solids; UDS = undissolved solids; NM = not measured

C as TIC and TOC: HP = hot persulfate oxidation method; Furn = Furnace oxidation method

(a) If the analyte is measured but not detected above the MDL, the supernatant analyte concentration is set to 0 (zero). If the analyte
is not measured (NM), the supernatant is assumed to have no contribution to the wet centrifuged solids results; the average field
indicates ‘NM’ and the supernatant concentration is set to 0 (zero) when calculating the undissolved solids concentration.

(b) If the analyte is measured in the wet centrifuged solids, but is not above the MDL, the undissolved solids results is set to < MDL
of the wet centrifuged solids. When the calculated undissolved solids results is <0 or =0, the undissolved solids results is set to
<MDL of the wet centrifuged solids.

(¢) Total Cs: Cesium on wet centrifuged solids calculated from sum of '**Cs measured by ICP-MS and the calculated **"3’Cs using
the Cs isotope mass fractions from the supernatant results.

(d) Ammonia analysis of wet centrifuged solids not specified by test specification or test plan.

(e) data flag: B = analyte measured in blank above EQL; T = estimated value, U = not detected above the reported MDL; X = QC
deficiency.
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8.7 Comparison of Supernatant Results to Specification 7 Limits

Specification 7 for Envelope B defines limits for several analytes relative to sodium concentration
(moles analyte per mole Na or Bq analyte per mole Na). Table 8.7 presents the Specification 7 ratio
limits and compares them to the AZ-101 as-measured ratios. For analytes measured above the MDL or
MDA, the mole or Bq analyte to mole Na ratio does not exceed the limits defined in the specification.
However, two analytes (**Co and "**Eu) had MDAs that exceeded the threshold necessary to evaluate
whether or not Specification 7 limits were met. The “°Co and **Eu were measured by GEA with an
extended counting time of 14 hours. However, due the very high "*’Cs activity, the MDA for ®*Co and
'**Ey are significantly higher than normal. For the sodium molarity measured, the Bq to mole of sodium
ratio based on the “°Co and '**Eu MDAs are 5.6 and 1.3 times the Specification 7 Envelop B limit,
respectively.
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Table 8.7. AZ-101 As-Received Supernatant Compared to Specification 7

MRQ | MDL® | Average | ¥ | Average | Average |‘BSpec7’| % of Meet
Method Prep | Analyte | ng/mL | pg/mL | pg/mL | DF | Moles (M) | M/M Na | M/M Na Limit Spec 7
ICP-AES |Acid-128| Al 75 1.5 6,050 2.24E-01 | 4.64E-02 | 2.5E-01 19 Yes
ICP-AES |Acid-128| Ba 2.3 0.3 0.3 J | 1.82E-06 | 3.77E-07 | 1.0E-04 0.4 Yes
ICP-AES |Acid-128| Ca 150 6.4 9.3 J | 232E-04 | 4.81E-05 | 4.0E-02 0.1 Yes
ICP-AES |Acid-128) Cd 2.3 0.4 0.8 JB | 6.88E-06 | 1.42E-06 | 4.0E-03 0.04 Yes
IC-Inorg | Direct Cl 300 125 243 6.86E-03 | 1.42E-03 | 8.9E-02 2 Yes
ICP-AES |Acid-128)  Cr 15 0.5 686 1.32E-02 | 2.73E-03 | 2.0E-02 14 Yes
IC-Inorg | Direct F 150 125 2,010 1.06E-01 | 2.19E-02 | 2.0E-01 11 Yes
ICP-AES |Acid-128| Fe 150 0.6 1.5 JB | 2.69E-05 | 5.56E-06 | 1.0E-02 0.1 Yes
CVAA |Acid-131| Hg 1.5 |0.00013| 0.055 2.76E-07 | 5.71E-08 | 1.4E-05 0.4 Yes
ICP-AES |Acid-128) K 75 52 4,460 1.14E-01 | 2.36E-02 | 1.8E-01 13 Yes
ICP-AES |Acid-128] La 35 1.3 1.3 U | <9.27E-06 | <1.92E-06 | 8.3E-05 <2 Yes
ICP-AES |Acid-128| Na 75 19 111,000 4.83E+00 | 1.00E+00
ICP-AES |Acid-128] Ni 30 0.8 1.0 JB | 1.71E-05 | 3.54E-06 | 3.0E-03 0.1 Yes
IC-Inorg | Direct | NO, | 3,000 | 2,500 | 61,300 1.33E+00 | 2.76E-01 | 3.8E-01 73 Yes
IC-Inorg | Direct | NO; | 3,000 | 2,500 | 52,600 8.48E-01 | 1.76E-01 | 8.0E-01 22 Yes
ICP-AES |Acid-128) Pb 300 2.6 3.3 J | 1.61E-05 | 3.33E-06 | 6.8E-04 0.5 Yes
ICP-AES®™ |Acid-128| Pas PO, | 7,700 | 7.9 1,540 1.62E-02 | 3.36E-03 | 1.3E-01 3 Yes
IC-Inorg | Direct | PO, | 7,700 | 250 1,630 1.68E-02 | 3.49E-03 | 1.3E-01 3 Yes
IC-Inorg | Direct | SO; | 7,500 | 250 16,200 1.69E-01 | 3.49E-02 | 7.0E-02 50 Yes
C (HP) | Direct |CasTIC| 150 34 9,850 8.21E-01 | 1.70E-01 | 3.0E-01 57 Yes
C (Furn) | Direct |CasTIC| 150 170 5,830 4.86E-01 | 1.01E-01 | 3.0E-01 34 Yes
C (HP) | Direct |Cas TOC| 1,500 87 510 4.25E-02 | 8.80E-03 | 5.0E-01 2 Yes
C (Furn) | Direct |Cas TOC| 1,500 | 250 1,500 1.26E-01 | 2.59E-02 | 5.0E-01 5 Yes
ICP-AES |Acid-128] U 600 52 52 U | <2.16E-04 | <4.48E-05| 1.2E-03 <4 Yes
KPA  |Acid-128) U 780 | 0.0004 | 0.52 2.17E-06 | 4.48E-07 | 1.2E-03 0.04 Yes
Radio- | MRQ | MDA | Average | ® | Average | Average |‘B Spec?7’ % of Meet
Method | Prep | nuclide |pCi/mL|pCi/mL | pCi/mL® | DF | Bg/mL® | Bq/M Na | Bg/M Na | Limit | Spec?
ICP-MS |Acid-128| *Tc |1.5E-03| 2E-04 | 3.27E-01 1.21E+04 | 2.50E+06 | 7.1E+06 35 Yes
Sr-90  [Acid-128| *°Sr [1.5E-01| 1E-03 | 5.01E-02 1.85E+03 | 3.84E+05 | 4.4E+07 1® Yes
GEA |Acid-128] “Co |2.1E-03| 4E-02 | 4E-02 | U |<1.66E+03 6.1E+04 No?
GEA  |Acid-128| "'Cs [9.0E+00| 7E-01 | 1.64E+03 6.08E+07 | 1.26E+10 | 2.0E+10 63 Yes
GEA  |Acid-128] '“Eu |2.0E-03| 2E-01 | 2E-01 | U |<7.54E+03 1.2E+06 No?
TRU © 2.32E-03 8.58E+01 | 1.78E+04 | 4.8E+05 4 Yes

Outlined and bolded results may exceed Specification 7 (Envelope B) criteria.

MDL: method detection limit
MDA: minimum detectable activity
No?: Absolute evaluation can not be made, since analyte was not detected above the analysis MDL or MDA.

(@)
(b)
(©
(d)

limit by 5.6 times and 1.3 times, respectively.

(e)

ICP-MS.

®

1.19 pCi/mL (CUF result), the Bq/M Na = 9.12E+06 (21% of limit).

(&
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Value represents EQL for F, Cl, NO,, NOs, PO,, and SO,, since anions only reported above the EQL.
Phosphate based on ICP-AES average total phosphorus result of 504 pg/mL.
Nominal decay correction reference dates: *°Tc (June 2002), *Sr (9/2002), and GEA radionuclides (10/2001).
%Co and "**Eu not detected from 14 hour extended time GEA, and due to high activity from '*’Cs the MDAs exceed the Specification

data flag: B = analyte measured in blank above EQL; T = estimated value, U = not detected above the reported MDL.

7>92, alpha emitter, half-life >10yr (237Np, 239.240py 238py 24 Am, 22Cm, and 243’244Cm); Pu, Am, and Cm from AES and Np from

Supernatant *Sr result is significantly lower than other published results; see discussion Sections 8.3 and 9.4.4. At a concentration of




8.8 Comparison of Undissolved Solids Results to Specification 8

Specification 8 for Envelope D defines limits for several analyte concentrations and radionuclide
activities per 100 g equivalent non-volatile waste oxides (e.g., sodium oxide and silicon oxide). The
analyte mass (g) per 100 g of waste oxide is calculated according to Equation 8.3 when starting from wet
centrifuged solids (i.e., wet-weight basis assuming only water is the supernatant), and according to
Equation 8.4 when starting from an undissolved dry solid (i.e., dry-weight basis). The radionuclide
activity (Ci) per 100 g of waste oxide is calculated in a similar manner.

1-T
Z=Xx*Fi* * o 8.3
(( ocs*a—T»—(vvos*(l—w»J "
Z=Y*F1*( W-oT j*Fz (8.4)
(Wocs * (1 =T )_ (Wos * (1 _W))
where: Z = analyte concentration per mass of oxide (g/100g)
X = undissolved solids analyte concentration in pg/g (wet-weight basis, see
Section 8.6)
Y = undissolved solids analyte concentration in pug/g (dry-weight basis, see
Section 8.6)
F, = mass conversion factor (g/10° pg)
Woes = fractional oxide mass of the wet centrifuged solids (0.526, see Table 6.2)
W, = fraction oxide mass of the supernatant (0.158, see Table 6.2)
W = fractional dried mass of solids in the wet centrifuged solids (e.g., 0.702, see
Table 6.2 and Section 6.0)
T = fractional dried mass of solids in supernatant (0.267, see Table 6.2)
F, = 100-g oxide mass conversion factor, 100.

The calculated results are based on the unwashed solids (i.e., as received from tank AZ-101) analysis
results. The HLW solids feed for vitrification will be washed, removing soluble solids present in the
AZ-101 sludge. The calculated ‘Ci radionuclide per 100 g waste oxide’ results are shown in Table 8.8
and the ‘g analyte per 100 g waste oxide’ results are presented in Table 8.9. One radionuclide (***Sn)
could not be measured at a low enough detection level to be able to determine whether or not the
radionuclide met the specification. All other radionuclides met the Table TS-8.3 criteria. Of the analytes
measured, aluminum and sulfur are significantly above the Table TS-8.4 criteria. The sulfur comparison
to the specification is made from the SO, results from DIW leaching of the solids and the reported result
is most likely lower than the actual SO, concentration.
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Table 8.8. AZ-101 Undissolved Solids — Ci Radionuclide / 100 g¢ Waste Oxide

ups ® Spec 8 Evaluation
Measurement MDL/MDA Average @ Ci/100 g waste oxide % of | Meets
Radionuclide | Method uCilg ® |uCi/g (Wet)|uCi/g (Dry)| DF|  UDS | Spec Limit | Limit | Spec
Specification 8 Table TS-8.3 Radionuclides (Isotopes)
*H H-3 4E-04 1.06E-03 | 1.79E-03 2.30E-07 6.5E-05 04 | Yes
"¢ C-14 2E-04 4.04E-04 | 6.80E-04 | B | 8.74E-08 6.5E-06 1 Yes
Co GEA 3E-01 2.03E+00 | 3.42E+00 4.40E-04 1.0E-02 4 Yes
PS¢ Sr-90 4E+02 2.02E+04 | 3.40E+04 4.37E+00 1.0E+01 44 Yes
PTc © ICP-MS 3E-05 3.91E-02 | 6.59E-02 8.47E-06 1.5E-02 0.1 Yes
1235h GEA 5E+00 | 8.07E+00 | 1.36E+01 | J | 1.75E-03 3.2E-02 5 Yes
1268 GEA 2E+00 | <2E+00 | <4E+00 | U | [<5E-04 1.5B-04 | <340/ | No?
1291 ICP-MS 8E-06 1.05E-05 | 1.78E-05 | J | 2.27E-09 2.9E-07 0.8 Yes
BTCs GEA 2E+00 | 2.06E+02 | 3.47E+02 4 47E-02 1.5E+00 3.0 Yes
B2Ey GEA 1E+00 <1E+00 | <2E+00 | U | <3E-04 4.8E-04 <57 | Yes
Eu GEA 9E-01 2.34E+01 | 3.95E+01 5.07E-03 5.2E-02 10 Yes
5By GEA 7E+00 3.06E+01 | 5.15E+01 6.62E-03 2.9E-02 23 Yes
By ICP-MS 9E-06 1.61E-03 | 2.71E-03 3.48E-07 9.0E-07 39 Yes
3y ICP-MS 5E-09 7.32E-05 | 1.23E-04 1.59E-08 2.5E-07 6 Yes
“Np ICP-MS 4E-07 1.94E-02 | 3.26E-02 4.19E-06 7.4E-05 6 Yes
28py AEA 3E-02 3.06E-01 | 5.16E-01 6.63E-05 3.5E-04 19 Yes
239240py AEA 3E-02 2.41E+00 | 4.06E+00 5.22E-04 3.1E-03 17 Yes
#lpy Pu-241 2E-03 1.15E+01 | 1.93E+01 2.48E-03 2.2E-02 11 Yes
T Am AEA 4E-02 3.75E+01 | 6.32E+01 8.13E-03 9.0E-02 9 Yes
#3244 0m AEA 3E-02 9.48E-02 | 1.60E-01 | J | 2.05E-05 3.0E-03 0.7 Yes

UDS = undissolved solids
Outlined and bolded results may exceed Specification 8 (Envelope D).

No?: Absolute evaluation can not be made, since analyte was not detected above the analysis MDA.

(a) Method detection limit (MDL) is presented for ICP-MS and minimum detectable activity (MDA) is presented for all radiochemical

analyses.

(b) For decay correction reference dates, see Table 8.1 and Table 8.3.
(c) Uncertainty estimated at £30%; see Section 8.3 for further details.
(d) data flag: B = analyte measured in blank above EQL; T = estimated value, U = not detected above the reported MDL.
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Table 8.9. AZ-101 Undissolved Solids — g Analyte / 100 g Waste Oxide

UDS Spec 8 Evaluation
Measurement MDL Average @ g/100 g waste oxide % of | Meets
Analyte Method ug/g ug/g Wet | ug/g Dry [DF| UDS ‘ Spec Limit Limit Spec
Specification 8 Table TS-8.1 Analytes
As ICP-MS 1E-01 | 428E+01 | 7.21E+01 9.27E-03 1.6E-01 6 Yes
B ICP-AES 3E+01 <3E+01 | <5E+01 |U | <6E-03 1.3E+00 <0.5 Yes
Be ICP-AES 6E+00 | 9.00E+00 | 1.52E+01 | J | 1.95E-03 6.5E-02 3 Yes
Ce ICP-MS 4E-02 | 2.97E+02 | 5.00E+02 6.43E-02 8.1E-01 8 Yes
Co ICP-MS 6E-03 | 3.83E+01 | 6.45E+01 | B | 8.29E-03 4.5E-01 2 Yes
Cs @ ICP-MS 3E-03 | 1.48E+01 | 2.49E+01 3.20E-03 | 5.8E-01 0.6 Yes
Cu ICP-AES 2E+01 | 2.38E+02 | 4.01E+02 5.15E-02 4.8E-01 11 Yes
Hg CVAA 8E-03 | 3.13E+00 | 5.28E+00 6.78E-04 1.0E-01 1 Yes
La ICP-AES 3E+01 | 1.79E+03 | 3.02E+03 3.88E-01 2.6E+00 15 Yes
Li ICP-AES 2E+01 | 6.97E+01 | 1.17E+02 | J | 1.51E-02 1.4E-01 11 Yes
Mn ICP-AES 3E+01 | 1.48E+03 | 2.49E+03 3.21E-01 6.5E+00 5 Yes
Mo ICP-MS 3E-02 | 1.16E+02 | 1.96E+02 | B | 2.52E-02 6.5E-01 4 Yes
Nd ICP-AES 6E+01 | 1.26E+03 | 2.12E+03 2.73E-01 1.7E+00 16 Yes
Pr ICP-MS 4E-03 | 2.64E+02 | 4.45E+02 5.72E-02 3.5E-01 16 Yes
Pu sum ICP-MS 4E-03 | 1.97E+01 | 3.32E+01 4.27E-03 5.4E-02 8 Yes
Rb ICP-MS 2E-02 | 2.59E+02 | 4.36E+02 | B | 5.61E-02 1.9E-01 30 Yes
Sb ICP-MS 6E-03 | 3.42E+00 | 5.76E+00 | B | 7.41E-04 8.4E-01 0.1 Yes
Se ICP-MS 1E+00 | <1E+00 | <2E+00 |UB| <3E-04 5.2E-01 <0.05 Yes
Sr ICP-AES 9E+00 | 3.56E+02 | 6.00E+02 7.71E-02 5.2E-01 15 Yes
Ta ICP-MS 7E-04 | 3.65E+00 | 6.15E+00 | B | 7.90E-04 3.0E-02 3 Yes
Tc ICP-MS 3E-05 <2E-03 | <3E-03 <3E-07 2.6E-01 <0.0001 | Yes
Te ICP-MS 2E-01 1.96E+02 | 3.30E+02 4.24E-02 1.3E-01 33 Yes
Tl ICP-MS 2E-03 1.55E-01 | 2.61E-01 | B | 3.36E-05 4.5E-01 0.01 Yes
A% ICP-MS 3E-02 | 2.29E+01 | 3.86E+01 | B | 4.96E-03 3.2E-02 15 Yes
w ICP-MS 1E-02 | 1.40E+01 | 2.36E+01 | B | 3.04E-03 2.4E-01 1 Yes
Y ICP-MS 9E-03 | 1.17E+02 | 1.97E+02 2.53E-02 1.6E-01 16 Yes
Zn ICP-AES 3E+01 | 7.90E+01 | 1.33E+02 | J | 1.71E-02 4.2E-01 4 Yes
Specification 8 Table TS-8.2 Analytes

Ammonia | none NM NM NM 1.6E+00 NM NM
Cas COs C (Furn) 1E+03 | <6E+03 | <9E+03 | J | <1E+00 3.0E+01 <4 Yes
Cas COs C (HP) 5E+01 | 2.55E+04 | 4.30E+04 5.53E+00 3.0E+01 18 Yes
Cas TOC | C (Furn) 1E+03 | 9.40E+03 | 1.58E+04 2.04E+00 1.1E+01 19 Yes
Cas TOC | C(HP) 1E+02 | 6.50E+02 | 1.10E+03 1.41E-01 1.1E+01 1 Yes
Cl IC-Inorg 1E+01 | 3.02E+01 | 5.09E+01 6.54E-03 3.3E-01 2 Yes
CN CN 4E-02 <4E-02 | <7E-02 < 9E-06 1.6E+00 <0.001 | Yes
NO, IC-Inorg 3E+02 | 9.32E+03 | 1.57E+04 2.02E+00 3 6E401 9 Yes
NO; IC-Inorg 3E+02 | 5.41E+03 | 9.12E+03 1.17E+00
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Table 8.9. (Cont’d)

UDS Spec 8 Evaluation
Measurement MDL Average @ g/100 g waste oxide % of | Meets
Analyte Method neg/g pg/g Wet | ug/g Dry IDF| UDS ‘ Spec Limit Limit Spec
Specification 8 Table TS-8.4 Analytes
Ag ICP-AES 2E+01 | 5.50E+01 | 9.27E+01 | J | 1.19E-02 5.5E-01 2 Yes
Al ICP-AES 4E+01 | 1.34E+05 | 2.26E+05 2.90E+01 1.4E+01 No
Ba ICP-AES 6E+00 | 4.89E+02 | 8.24E+02 1.06E-01 4.5E+00 2 Yes
Bi ICP-AES 6E+01 <6E+01 | <1E+02 |U | <1E-02 2.8E+00 <0.5 Yes
Ca ICP-AES 2E+02 | 2.40E+03 | 4.04E+03 5.19E-01 7.1E+00 7 Yes
Cd ICP-AES 9E+00 | 4.67E+03 | 7.87E+03 1.01E+00 4.5E+00 22 Yes
Cr ICP-AES 1E+01 | 5.72E+02 | 9.64E+02 1.24E-01 6.8E-01 18 Yes
F IC-Inorg 1E+02 | 3.44E+03 | 5.80E+03 7.45E-01 3.5E+00 21 Yes
Fe ICP-AES 2E+01 | 6.68E+04 | 1.13E+05 1.45E+01 2.9E+01 50 Yes
K ICP-AES 1E+03 | <1E+03 | <2E+03 <3E-01 1.3E+00 <23 Yes
Mg ICP-AES 6E+01 | 4.40E+02 | 7.41E+02 9.53E-02 2.1E+00 5 Yes
Na ICP-AES 3E+02 | 3.46E+04 | 5.83E+04 7.49E+00 1.9E+01 39 Yes
Ni ICP-AES 2E+01 | 2.77E+03 | 4.67E+03 6.00E-01 2.4E+00 25 Yes
P ICP-AES 6E+01 | 1.62E+03 | 2.73E+03 3.51E-01 1.7E+00 21 Yes
Pb ICP-AES 6E+01 | 4.89E+02 | 8.24E+02 | J | 1.06E-01 1.1E+00 10 Yes
Pd ICP-MS 3E-03 | 9.44E+01 | 1.59E+02 2.04E-02 1.3E-01 16 Yes
Rh ICP-MS 6E-04 | 9.08E+01 | 1.53E+02 1.97E-02 1.3E-01 15 Yes
Ru ICP-MS 2E-01 1.15E+03 | 1.94E+03 2.49E-01 3.5E-01 71 Yes
Si ICP-AES 1E+03 | 3.73E+03 | 6.29E+03 | J | 8.08E-01 1.9E+01 4 Yes
SO4as S® | IC-Inorg 3E+02 | 6.21E+03 | 1.05E+04 1.35E+00/|  6.5E-01 207 No
Th ICP-MS 3E-03 | 1.09E+02 | 1.84E+02 2.36E-02 5.0E+00 0.5 Yes
Ti ICP-AES 2E+01 | 6.40E+01 | 1.08E+02 1.39E-02 1.3E+00 1 Yes
U ICP-AES 1E+03 | 3.60E+03 | 6.07E+03 7.80E-01 1.4E+01 6 Yes
U KPA 2E-01 | 3.17E+03 | 5.34E+03 6.86E-01 1.4E+01 5 Yes
U sum ICP-MS 1E-01 | 3.68E+03 | 6.20E+03 7.97E-01 1.4E+01 6 Yes
Zr ICP-AES 3E+01 | 1.95E+04 | 3.29E+04 4.22E+00 1.5E+01 28 Yes

Outlined and bolded results exceed or may exceed Specification 8 (Envelope D).

MDL: method detection limit; UDS: undissolved solids; NM: not measured

C as TIC and TOC: HP = hot persulfate oxidation method; Furn = furnace oxidation method
(a) Cs total calculated from measured '**Cs by ICP-MS and **'*’Cs calculated from supernatant Cs isotope mass fractions.
(b) Sulfur not measured. Sulfate from IC analysis converted to sulfur and compared to the specification.
(c) Ammonia analysis on wet centrifuged solids not specified in test specification or test plan.

(d) data flag: B = analyte measured in blank above EQL; T = estimated value, U = not detected above the reported MDL.
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9.0 Procedures, Quality Control, and Data Evaluation

A discussion of procedures, data quality, and QC is provided below for each analytical method.
Analytical instrument calibration and calibration verification were performed in accordance with the QA
plan, Conducting Analytical Work in Support of Regulatory Programs, which is in compliance with
HASQARD(g). Raw data including bench sheets, instrument printouts, data reduction, and calibration
files are maintained or cross-referenced in the Project 42365 file (by ASR number).

The sample average, MRQ, data flags, and QC results (including QC flagging criteria) are presented
in Table 9.1 through Table 9.4. The QC flagging criteria are defined in the test plan for both the
supernatant analysis (i.e., Test plan Table 4, QC Parameters for Liquid Analysis) and wet centrifuged
solids analysis (i.e., Test plan Table 5, QC Parameters for Solids Analysis). Where the result for one (or
two) of the triplicate analysis is reported at <MDL (i.e., flagged with a U) and remaining sample result(s)
is(are) >MDL (i.e., either not flagged or flagged with a J), the average is based only on the result(s)
>MDL.

The QC and results evaluations provided in the following sections are limited to the analytes of
interest defined by the test plan. Analytes other than those specified by the test plan are considered
‘opportunistic’ and are provided for information only. Some of these ‘opportunistic’ analytes have been
measured per the requirements stated in the governing QA Plan or test plan; however, the data may not
have been fully evaluated against the QC flagging criteria.

9.1 Inductively Coupled Plasma-Atomic Emission Spectroscopy
Table 8.2, Table 8.4, Table 9.2, and Table 9.4. Appendix F4

The AZ-101 supernatant samples were prepared by acid digesting per procedure PNL-ALO-128. The
AZ-101 wet centrifuged solids were prepared using four different preparation methods; PNL-ALO-129
Mod 1 (acid leach), PNL-ALO-129 Mod 2 (acid digest), PNL-ALO-115 (KOH fusion), and
PNL-ALO-116 (Na,O, fusion). However, only the results from the PNL-ALO-129 Mod 2 and
PNL-ALO-115 are discussed; a summary comparison of the results between the four different preparative
methods is presented in Appendix G. Once dissolved, all samples were analyzed according to PNL-ALO-
211, Determination of Elements by Inductively Coupled Argon Plasma Atomic Emission Spectrometry.
The detected analytes at or above the EQL (equivalent to ten times the MDL) were reported with an
uncertainty of £15% (2-5). As the MDL was approached, uncertainty increases to 100%.

Quality control for the ICP-AES analysis consisted of triplicate samples, PBs (one for the acid
digestions and two for the fusions), MSs, LCS/BS (or solid LCS), PS, serial dilution, calibration
verification check standards, interference check standards, and linear range check standards. Matrix spike
recovery, LCS/BS (or solid LCS) recovery, and precision (based triplicate RSD) QC flagging criteria are
defined by the test plan.

8 Hanford Analytical Services Quality Assurance Requirements Document; Volume 4: Laboratory Technical
Requirements. DOE/RL-96-68, Rev 2, September 1998.
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9.1.1 Acid Digest (PNL-ALQO-128) — Supernatant

The QC flagging criteria were met except for the sodium LCS/BS recovery and the MS recoveries for
boron, cerium, thorium, and tungsten. The sodium LCS/BS recovery of 121% exceeds the LCS flagging
criterion by 11%; the LSC/BS criterion for sodium is significantly more restrictive that either the PNWD
QA Plan or SW-846® QC requirements. This QC failure is highlighted in the QC tables. Other sodium
QC analyses were acceptable and the failure is considered restricted to the LCS/BS; thus, the analysis
results are not flagged with an ‘X’ as detailed in Section 8.1. The boron MS recovery (136%)
significantly exceeds the MS flagging criterion. The PB had significant boron contamination (as well as
silicon contamination), most likely from contamination from glassware. Moderate variability (e.g.,
120%) of the PB boron concentration impacts the MS recovery at the concentrations measured. Based on
the processing dilutions and the spiking concentrations, cerium, thorium, and tungsten were at final
concentrations below the EQL, and the MS recoveries were not calculated; PSs were not prepared.
Cerium, thorium, and tungsten were not detected above the EQL in any sample.

9.1.2 Acid Digest (PNL-ALO-129 Mod 2) — Wet Centrifuged Solids

The QC flagging criteria were met except the RSD criterion for chromium, potassium, titanium, and
sodium and the MS recovery criterion for a number of analytes. The MSs were not recovered on a
number of analytes because the spiking concentration was low with respect to the sample concentration
(i.e., spike <20% of sample), and a few MSs were not calculated since the MS were below the EQL
following processing dilution. A batch PS (sample 01-00955, AW-101 simulant) was performed for all
analytes specified in the test plan and all PS recoveries were well within the QC flagging criterion. The
poor RSD for potassium and titanium is likely due to the measured concentration being near the MDL.
For chromium and sodium, the RSD appears to be biased by the duplicate results, with the duplicate
chromium being nearly twice the concentration of the sample and triplicate. The chromium results for the
sample and triplicate correspond very well with the chromium results obtained from the KOH fusion
digestion. The 3.5% RSD criterion for sodium is difficult to meet by ICP-AES, especially on solids
where sample heterogeneity from processing of small sample sizes contributes significantly to the
variability of the results. The results from both the acid digestion and KOH fusion digestion of the wet
centrifuged solids produced similar RSD for sodium (6.0% and 7.5%, respectively). Since the acid
digestion procedure used for processing the wet centrifuged solids uses HF and evaporates the samples to
dryness during processing, silicon cannot be measured by this method.

9.1.3 Fusion Digestion (PNL-ALO-115) — Wet Centrifuged Solids

The QC flagging criteria were met except the RSD criterion for silver, molybdenum, and phosphorus
and the LCS/BS recovery criterion for silver, bismuth, calcium, and zinc. The poor RSD for silver and
phosphorus is likely due to the measured concentration being near the MDL. The slightly high LCS/BS
recovery for calcium and zinc (i.e., 122% and 128%, respectively) is not considered significant, since the
solid LCS (NIST SRM-2710 Montana Soil), which better represents the fusion digestion processing,
demonstrated calcium and zinc recoveries at 99% and 98%, respectively. The LCS/BS recoveries for
silver and bismuth were approximately 50% higher than expected; the reason is unknown. (However, it
should be noted that the measured concentration silver is about 3 times lower than the MRQ and bismuth

9 U.S. Environmental Protection Agency (EPA). 1986. Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods, SW-846, Third Edition, Office of Solid Waste and Emergency Response.
Washington, D.C.
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is 30 times lower.) All other batch and analysis QC (e.g., PS, calibration check standard, linear range
checks) produced results well within acceptance criteria, suggesting that the reported results are correct
and that there may be difficulties in processing ‘acid-based’ spiking solution through the caustic fusion
process. Both the silver results and bismuth results have been flagged as suspect data (i.e., X flag). It can
be noted that the fusion results produced similar results to the acid digestion (PNL-ALO-129 Mod 2),
except that the aluminum, iron, and particularly zirconium appear slightly lower.

9.2 Inductively Coupled Plasma-Mass Spectrometry
Table 8.1 through Table 8.4 and Table 9.1 through Table 9.4. Appendix F13

The PNL-ALO-128 acid-digested samples of the supernatant and direct dilutions of the supernatant
(for "'T and '*°I), as well as the PNL-ALO-114, PNL-ALO-115, and PNL-ALO-116 fusion samples of the
wet centrifuged solids, were submitted for ICP-MS analysis and analyzed according to procedure
PNL-SC-01, Inductively Coupled Plasma Mass Spectrometric (ICP-MS) Analysis. Except for the MS and
LCS, the acid digest solutions and the fusion digestions from PNL-ALO-115 were from the same as those
analyzed by ICP-AES.

Quality control for the ICP-MS analysis consisted of sample triplicates, PSs, MS, LCS/BSs (solid
LCSs), PSs, and calibration verification check standards and blanks. Matrix spike recoveries, LCS
recoveries, and precision (based on duplicate analyses) QC criteria are defined by the test specification.
Radionuclides were not spiked into the LCS/BS or the MS samples during digestion processing. The
quantities of isotopics required would be extremely large given the large dilutions necessary to perform
the analysis. Therefore, radionuclides are post-spiked into samples following digestion.

9.2.1 Direct Dilution — Supernatant

Both '*'I and '®I were determined from direct dilutions of the AZ-101 superantant; i.e., no processing
was performed on the supernatant. Revision 1 of this report replaces of all '*’I and "I results and related
discussion of results presented in Revision 0. Updating of the iodine results was necessary due to
standards verification issues; i.e., potential biases were discovered in 121 standards used to calibrate and
verify the ICP-MS.

No '*'I was detected in the AZ-101 supernatant and the '*’I concentration was below the EQL and is
J-flagged. All QC met acceptance criteria.

9.2.2 Acid Digest (PNL-ALO-128) — Supernatant

Except for the poor RSD for **°Pu, analytes and radionuclides analyzed by ICP-MS met the QC
flagging criteria. The poor precision is attributed to the low concentrations of the **’Pu in the AZ-101
samples. The failure of the MS may be due to loss from the acid digestion processing.

The Cs isotopic mass (‘**Cs, "*°Cs, and "*’Cs) was determined following separation of the Cs from
isobaric interferences using high-performance ion chromatography (HPIC). Relative abundances of the
cesium isotopes were measured and mass concentrations determined relative to the measured '**Cs. QC
acceptance criteria were not specified for cesium isotopic distribution. Triplicate samples results agreed
within 3% RSD, and the computed "*’Cs compared within 15% with the GEA result.
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9.2.3 Fusion Digestion (PNL-ALO-115) — Wet Centrifuged Solids

In general the QC performance for the analytes and radionuclides measured by ICP-MS was good.
However, a number of analytes demonstrate poor precision (i.e., RSD >15%). In each such case, the
samples have significant blank contribution (i.e., B flagged), and a variable blank contribution is the most
likely reason for the poor RSDs. Also, there are a few failures of the LCS/BS and MS analytes and
radionuclides. The majority of these failures are due to the spiking levels selected versus the final
dilutions analyzed. For all LCS/BS failures a post-spiked PB was analyzed and for all MS failures a PS
was analyzed. The post spiked PB (laboratory LCS/BS) and sample PS produced recoveries within the
QC flagging criteria.

9.2.4 Fusion Digestion (PNL-ALO-114, Iodine only) — Wet Centrifuged
Solids

2T and '®I were determined by ICP-MS following fusion of the wet centrifuged solids (using the
iodine preparation option of the fusion procedure). Revision 1 of this report replaces of all '*’I and '*°I
results and related discussion of results presented in Revision 0. Updating of the iodine results was
necessary due to standards verification issues; i.e., potential biases were discovered in '*’I standards used
to calibrate and verify the ICP-MS.

For the reanalysis of '*'I and '*I, all QC met acceptance criteria. However, the MDL for '*1 is
higher than the MRQ defined by the test plan.

9.2.5 Fusion Digestion (PNL-ALO-116, Platinum Group Metals only) —
Wet Centrifuged Solids

Poor precision (i.e., RSD > 15%) was evident for platinum and palladium. Since the MDL for these
analytes is significantly lower than the measured concentrations and since the QC samples show good to
excellent recoveries, poor precision may be due to either heterogeneity of the sample (i.e., only 0.2 g
samples processed) or the fusion digestion produced non-reproducible results. Since the method has been
evaluated for quantitative dissolution of the platinum group metals from various matrices, sample
heterogeneity is the most likely reason for the poor precision.

9.3 U Analysis by Kinetic Phosphorescence Analysis (KPA)
Table 8.2, Table 8.4, Table 9.2, and Table 9.4. Appendix F12

Total uranium was measured on the AZ-101 supernatant and wet centrifuged solids according to
procedure RPG-CMC-4014, Uranium by Kinetic Phosphorescence Analysis (KPA). For the total uranium
analysis by KPA the supernatant sample was prepared in the SAL per procedure PNL-ALO-128
(HNO;-HCl digestion) and the wet centrifuged solids per procedure PNL-ALO-115 (KOH fusion).

Prior to analysis by KPA, the supernatant and wet centrifuged solids preparations were evaporated to
dryness several times with nitric acid to eliminate halides and any residual organics, then reconstituted in
0.5 M nitric acid. These reconstituted solutions, free of halides and organics, were used for the KPA
uranium measurement. The wet centrifuged solids analysis met all QC flagging criteria; i.e., the LCS/BS,
MS, and triplicate RSD are well within the QC flagging criteria and the PBs have concentrations <1% of
the sample concentrations. However, the SAL supernatant digestion preparations ran poorly on the KPA
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system and produced results that failed QC flagging criteria (e.g., the linearity was poor, the lifetimes
were short, and the MS failed).

Measurement of the uranium (by KPA) in the supernatant required an alternate digestion and
separation of the uranium by anion exchange in order to obtain solutions suitable for KPA. This anion
exchange separation is an abbreviated form of the uranium separation in procedure RPG-CMC-4017,
Analysis of Environmental Water Samples for Actinides and Strontium-90. This separation is very fast,
gives quantitative recovery of the uranium, and eliminates all interferences in the KPA. Following the
anion exchange separation, the supernatant samples ran very well by KPA; i.e., the LCS/BS, MS, and
triplicate RSD are well within the QC flagging criteria and the PB has a concentration <0.5% of the
sample concentrations. Highlights of the digestion and anion exchange method modifications for
preparation of the supernatant are:

e Supernatant samples heated in a beaker with HNO; to destroy organics, evaporated to dryness,
then dissolved in HCI.

e Each sample solution passed through an anion exchange column (approximately 1 mL of strong
base anion exchanger in concentrated hydrochloric acid; e.g., AG MP-1, 50-100 mesh, chloride
form) and the effluent discarded.

e Anion exchange column washed with HCI solution and the effluent discarded.

e Uranium eluted from the column into a collection beaker using 0.5 M HNOs.

e The HNO; effluent evaporated to dryness to eliminate the chloride ion, then re-constituted in a
known volume of 0.5 M HNOs.

e The 0.5 M HNOs; solution measured for uranium concentration per procedure RPG-CMC-4014.

9.4 Radiochemical Analyses
Table 8.1, Table 8.3, Table 9.1, and Table 9.3. Appendix F12

For most radiochemical analyses, the supernatant samples were prepared per procedure
PNL-ALO-128 (HNOs-HCI digestion), and the wet centrifuged solids samples were prepared by
PNL-AOL-115 (KOH fusion). The supernatant digests were analyzed for gamma emitters, total alpha,
"Se, *°Sr, 28pu, 292%py, ' Am, ***Cm, and *****Cm. The wet centrifuged solids fusion digestions were
analyzed for gamma emitters, total alpha, NG, 238py, 232240py, 241py, #2py, 21 Am, >**Cm, and *****Cm.
Some radiochemical analyses were performed using as-received material (i.e., samples processed by
neither PNL-ALO-128 or PNL-ALO-115). These analyses include 1) *H, '*C, and *Tc¢ (as pertechnetate)
on the supernatant, 2) '*C on the wet centrifuged solids, and 3) *H on the wet centrifuged solids following
DIW leaching per procedure PNL-ALO-103. For nearly all radiochemical analyses, the LCS/BSs and
MSs were prepared at the analytical workstation; the exception being *H for the wet centrifuged solids
where the LCS/BS and MS are processed through the leaching process. The reported errors (1-0)
represent the total propagated error including counting, dilution, yield, and calibration errors, as
appropriate.

9.4.1 Gamma Spectrometry

Sample aliquots were directly counted for gamma emitters according to procedure PNL-ALO-450,
Gamma Energy Analysis and Low-Energy Photon Spectrometry. No LCS/BSs or MSs are required for
this analysis; the measurement is a direct reading of the gamma energy and is not subject to matrix
interferences; laboratory control standards analyses and background counts were performed. The samples

9.5



were counted for up to 14 hours to give extended-time MDAs. Supernatant and wet centrifuged solids
triplicate results were in good agreement taking into account the relative uncertainties in the
measurements. Negligible levels of "*’Cs were detected in both the supernatant and wet centrifuged
solids PBs. Due to the very high concentration of *’Cs in the supernatant, no other gamma emitting
isotopes were detected. The supernatant MDA values for all gamma emitters, except *’Cs, exceed the
MRQ values defined in the test plan. For the wet centrifuged solids, all radionuclides specified in the test
plan, except 1268, 134Cs, and '*Eu, were detected; however, the MDAs for all radionuclides exceed the
MRQ values defined in the test plan. The decay correction reference date for radionuclides reported by
GEA i1s October 9, 2001.

9.4.2 Total Alpha Activity

The total alpha activity was determined by evaporating small aliquots of the samples onto planchets
according to RPG-CMC-4001, Source Requirements for Gross Alpha and Gross Beta Analysis. The
samples were counted on Ludlum detectors according to RPG-CMC-408, Low Background Alpha and
Beta Counting - Proportional. Alpha activity was not detected in the supernatant by this method, and the
MDA is much lower than the MRQ defined in the test plan. Summing the individual alpha emitters from
plutonium, americium, and curium provides the best estimate of the total alpha activity. The total alpha
activities determined in the wet centrifuged solids samples are significantly higher (approximately 35%)
than the sum of the wet centrifuged solids alpha emitters for reasons that are not understood. There is
negligible alpha activity in the PB and the LCS/BS and MS recoveries are acceptable. The total alpha
activities for the wet centrifuged solids are significantly (>10* times) higher than the MRQ value. The
decay correction reference date for the total alpha activity analysis is October 8, 2001.

9.4.3 Plutonium, Americium, and Curium

The Pu and Am/Cm separations were performed according to PNL-ALO-417, Separation of Am and
Pu and Actinide Screen by Extraction Chromatography. The separated fractions were precipitation plated
according to PNL-ALO-496, Precipitation Plating of Actinides for High-Resolution Alpha Spectrometry,
and counted by alpha spectrometry according to PNL-ALO-422, Solution Analysis: Alpha Spectrometry.
Plutonium recovery was traced with ***Pu. The curium is known to follow the americium chemistry and
both of these elements were traced with ** Am. For both the supernatant and wet centrifuged solids
samples, the plutonium and americium radiochemical yields were acceptable, averaging about 95% for
plutonium and 80% for americium/curium. The decay correction reference date for the plutonium
isotopes (except 21py and 242Pu) is October 17, 2001, for >*'Pu is June 27, 2002, for ***Pu is June 20,
2002, and for americium and curium isotopes is October 18, 2001.

The supernatant and wet centrifuged solids LCS/BS and MS recoveries are acceptable, ranging from
86% to 112% recovery, and triplicate results for all radionuclides measured are in good agreement, except
for the measurement uncertainties. The RSD for *****Cm in both the supernatant and wet centrifuged
solids exceeded the QC flagging criterion of <15%; however, the ******Cm concentration is only 2-3 times
the MDA and poor precision is not unexpected. The PB for the supernatant demonstrated significant
contamination with **Pu, **' Am, and *****Cm at levels up to 50% of the activities in the supernatant
samples; thus, the results have been flagged with a ‘B’. Most of the total alpha activity in the supernatant
is due to Z***°Pu (i.e., about 70%) and the supernatant PB activity for ******Pu meets the acceptance
criteria of <EQL or <5% of the sample activity. Per discussions with BNI, re-processing and re-analysis
of the supernatant was not performed since the alpha activities for ***Pu, **' Am, and *****Cm are well
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below the MRQ values (i.e., 30-300 times). The alpha activities in the SAL PBs for the wet centrifuged
solids, as well as the laboratory PB, were negligible. As indicated in Section 9.4.2, 1) the sum of the
alpha emitters detected in the supernatant is the best estimate of the total alpha activity, since the
measured total activity results were below the MDA ; 2) the sum of the alpha emitters detected in the wet
centrifuged solids is about 35% lower than the measured total alpha activity for reasons unknown.

The **'Pu activity in the wet centrifuged solids samples was determined by performing a liquid
scintillation beta count on the precipitation mount that was prepared for the alpha energy analyses, as
described above. The samples were analyzed using procedure PNL-ALO-474, Measurement of Alpha
and Beta Activity by Liquid Scintillation Spectrometry. A blank filter was used to determine the
background counting rate, and a blank filter was spiked with a **'Pu standard to determine the beta
counting efficiency. The LCS/BS analyzed with the batch had a recovery of 113%, well within the QC
flagging criterion. The batch MS was prepared from an AZ-101 sample from ASR 6403 (02-02246,
AZ-101-Cs-Eluate) and had an acceptable recovery of 114%. The **'Pu activity in the two PBs and the
laboratory reagent blank were negligible with respect to the activity in the samples. The triplicate results
were in excellent agreement with an RSD of 3%. At an average 11.8 pCi/g, the sample activity is
approximately ten times greater than the MRQ of 1.2 uCi/g.

Since ***Pu was used as a tracer for the initial plutonium measurements, it could not be measured. A
second plutonium separation was performed without using any tracer. The ratio of the counts in the ***Pu
peak to the 2****'Pu peak times the *****°Pu activity measured in the initial run (using the ***Pu tracer) was
used to determine the absolute ***Pu activity. No peak was observed for ***Pu in the triplicate samples or
the two PBs, and the ***Pu MDA values were calculated from the background on the tail of the Z*°**’Pu
alpha peak. A ***Pu MS gave a recovery of 98%.

9.4.4 Strontium-90

The strontium separation was performed on aliquots of the digestions according to PNL-ALO-476,
Strontium Determination using Sr-SPEC, and radiochemical yields were traced with *’Sr. The separated
fractions were beta-counted according to RPG-CMC-408, Low Background Alpha and Beta Counting —
Proportional (for *Sr determination). Following beta counting the samples were gamma counted
according to PNL-ALO-450, Gamma Energy Analysis and Low-Energy Photon Spectrometry (for **Sr
yield determination and '*’Cs impurity assessment). The supernatant and wet centrifuged solids samples
were processed and analyzed in separate batches. The LCS/BS recovered at 94% for the supernatant and
111% for the wet centrifuged solids, well within the QC flagging criterion. At 95% and 107% for the
supernatant and wet centrifuged solids, respectively, the MS recoveries were also well within the QC
flagging criterion. *’Sr was not detected in either the supernatant or the wet centrifuged solids PB above
the MDA, and no "*’Cs was detected in the separated strontium fraction. The *°Sr activity in the wet
centrifuged solids is significantly greater than 100 times the MRQ value; whereas the *Sr in the
supernatant was below the MRQ. The decay correction reference date for the wet centrifuged solids *°Sr
is October 15, 2001 and for the supernatant is September 4, 2002.

The supernatant analysis for *Sr was performed three different times because of QA/QC problems.
The data from the final analysis (average 5.0E-02 nCi/mL) is reported in the data tables. The first result
(<MDA, which was 5.0E-01 uCi/mL) and the second result (average 7.9E-02 uCi/mL) were consistent
with the final analysis. These results are significantly lower than the value currently assigned to the tank
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AZ-101 supernatant'® (9.3E-01 pCi/mL). These results are also lower than those obtained on the first
filtrate following separation from the solids by the CUF'" (1.19E+00 uCi/mL). The sample material used
for the CUF run was from the same composite as the characterization sample (different composite
sub-samples), but the CUF filtrate was analyzed immediately following the CUF phase separation. This
suggests that some of the strontium in the archived phase-separated characterization sub-sample could
have precipitated and adhered to the container walls prior to sub-sampling for the analysis.

It is recommended that the *°Sr results from the CUF run (i.e., 1.19E+00 uCi/mL) be used as the best
estimate of the supernatant *’Sr concentration. This concentration agrees with other reported values for
the tank supernatant.

9.4.5 Technetium-99 (as Pertechnetate)

The radiochemical *’Tc determination was requested to measure only technetium in the +7 oxidation
state (as pertechnetate); therefore, all sample processing was conducted so as not to alter the original
technetium oxidation state. Small aliquots from the as-received supernatant (no digestion) was taken for
analysis according to procedure PNL-ALO-432, Separation of Technetium by Cation Exchange and
Solution Extraction Prior to Measurement by Beta Counting. This procedure normally requires the use of
a sodium dichromate addition to oxidize all technetium to the +7 oxidation state. The sodium dichromate
addition was omitted and otherwise the procedure was performed as written. The separated fraction was
then counted according to RPG-CMC-408, Low Background Alpha and Beta Counting - Proportional.
The sample was also counted by liquid scintillation counting according to PNL-ALO-474, Measurement
of Alpha and Beta Activity by Liquid Scintillation Spectrometry, to confirm that the beta energy spectra
matched that of ’Tc and that no other beta emitters were present. The decay correction reference date for
*Tc by this method is August 5, 2002.

An initial analysis for Tc"” produced results that indicated that only about 25% of the total *Tc was
pertechnetate. These results were inconsistent with information available on the AZ-101 supernatant;
therefore, the sample analyses were rerun. Only the results from the rerun are reported. The triplicate
analyses are in excellent agreement with a RSD of 1%. The level of *Tc in the PB was negligible. The
LCS/BS recovery was 95% and the MS recovery was 94%, both well within the QC flagging criteria.
The measured sample activities were well above the requested MRQ value of 1.50E-03 mCi/L, while the
MDA levels are slightly greater than a third of the MRQ value.

9.4.6 Tritium

The wet centrifuged solids sample was prepared in triplicate for tritium analysis using a water leach
method PNL-ALO-103, Water Leach of Sludges, Soils and Other Solid Samples. The wet centrifuged
solids leachate solutions as well as the as-received composite supernatant samples were distilled using
procedure PNL-ALO-418, Tritium Determination in Soil and Water Using a Lachat Micro-Dist 7™ System.
The tritium was measured by liquid scintillation counting (LSC) according to procedure PNL-ALO-474,

1 Tank Waste Information Network System (August 2002): **Sr (liquid phase) concentration equal to 7.5E-01 pCi/g
at density of 1.24 g/mL.

" PNWD analysis: ASR 6284 Sample AZ-A (first filtered supernatant sample from cells unit filter, chemically
unaltered).

9.8



Measurement of Alpha and Beta Activity by Liquid Scintillation Spectrometry. The decay correction
reference date for tritium is February 2, 2002.

The samples have very high beta activity (typically from "*’Cs contamination) and a low tritium
concentration; a combination that has caused trouble in previous tritium analyses using distillation
procedure PNL-ALO-418. Therefore, prior to measuring the tritium by LSC, two procedure
modifications were made to eliminate the other beta emitters that would interfere in tritium measurement;
1) after distillation, a cation exchange column (Dowex® 50-WX8, 0.25-mL, excess water removed) was
used to remove any remaining beta emitters, and 2) the sample was distilled a second time. These
modification are being incorporated in the next revision of procedure PNL-ALO-418.

These modifications resulted in very clean beta energy spectra with no trace of other beta emitters.
The SAL PBs did not show any significant tritium activities. The supernatant and wet centrifuged solids
samples demonstrated excellent reproducibility (i.e., RSD values of 1%). The SAL MS activity for the
supernatant was very low compared to the sample activity; thus, the calculated recovery (57%) has a very
high uncertainty. The SAL MS for the wet centrifuged solids recovered at 90%. The SAL LCS/BSs
recovered at 92% and 91% for the supernatant and wet centrifuged solids, respectively. A laboratory
LCS/BS recovered at 89%, both indicating that the method modifications do not impact the tritium
measurement. Tritium was detected near the MRQ for the supernatant and about 50% below the MRQ
for the wet centrifuged solids.

9.4.7 Carbon-14

The supernatant and wet centrifuged solids samples were sub-sampled in the SAL and prepared in
triplicate for '*C analysis according to Method A in procedure PNL-ALO-482, Determination of
Carbon-14 in Radioactive Liquids, Soils, and Sludges. The trap solution generated from PNL-ALO-482
was measured by LSC according to procedure PNL-ALO-474, Measurement of Alpha and Beta Activity
by Liquid Scintillation Spectrometry. Beside the triplicate samples, an LCS/BS, MS, and PB were
analyzed. Like the TIC and TOC results measured by PNL-ALO-381, the samples, duplicate, LCS, PB,
and MSs were corrected for the recovery obtained on calibration standards that were processed and
analyzed with the samples. The decay correction reference date for '*C in the wet centrifuged solids is
March 5, 2002 and in the supernatant is June 19, 2002.

The LCS for the supernatant and wet centrifuged solids analysis were recovered at 101% and 94%,
respectively and are within the QC flagging criterion. The MSs demonstrated good recoveries; 112% for
the supernatant and 100% for the wet centrifuged solids. The '*C measured in the supernatant is
approximately three times the MRQ and RSD results (i.e., 4%) are well within the QC flagging criterion
of <15%. However, the triplicate results for the wet centrifuged solids had very poor agreement; an RSD
of 53%. The '*C measured in the wet centrifuged solids at only five times the MDA, and the average
result is approximately 60% of the MRQ. The PB exhibits significant '“C contamination. Contamination,
as evidenced by the PB, and the low '*C concentration are the primary reasons for the poor precision
demonstrated for the wet centrifuged solids. Although the PB contamination may be a factor in the poor
precision, the samples were not re-prepared because the results were less than the MRQ.
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9.4.8 Selenium-79

The AZ-101 supernatant sample was sub-sampled in the SAL and analyzed in triplicate for ”’Se
according to Method A in procedure PNL-ALO-440, Selenium-79 by lon Exchange and Distillation
Separation prior to Measurement by Liquid Scintillation Counting. This procedure involves an
anion/cation exchange to remove most radiochemical interferences followed by a selenium bromide
distillation and reduction of selenium to elemental form.

Since "’Se is not available as a radioactive standard, a selenium carrier was used in the analysis for
establishing the yield and '“C was used to establish the instrument efficiency since it has a very similar
beta maximum energy (156 keV for '*C versus 149 keV for Se-79). Direct 2-mL aliquots of the diluted
acid digest supernatant were analyzed. The gravimetric recoveries for the PB and triplicate samples
ranged from 25% to 80%. The "’Se activities were measured by LSC according to procedure
PNL-ALO-474, Measurement of Alpha and Beta Activity by Liquid Scintillation Spectrometry. Peaks
were observed in the "’Se region of interest in the beta energy spectra; no other higher energy beta
contaminants were observed. The PB had no discernable peak in the beta energy spectrum, and the
counts above background (i.e., PB reported result) are most likely not due to "Se. Since "’Se is not
available as a standard, no LCS/BS or MS was analyzed. The average results for the ”Se are
approximately ten times higher than the MRQ and approximately 40 times the MDA. At 17%, the RSD
does not meet the QC flagging criteria; this is primarily due to the low concentration and the very low
carrier recovery for the duplicate.

9.5 Imorganic Anions
Table 8.2, Table 8.4, Table 9.2, and Table 9.4. Appendix F5

The wet centrifuged solids samples were prepared for inorganic anion analysis in the SAL by water
leach procedure PNL-ALO-103, Water Leach of Sludges, Soils, and Other Solid Samples, at a leaching
ratio of approximately 10:1 (DIW : wet centrifuged solids). The supernatants and the wet centrifuged
solids leach solutions were prepared for analysis at the IC workstation by diluting with the stock IC
mobile phase solution (eluent). The anion analysis was conducted according to method PNL-ALO-212,
Determination of Inorganic Anions by lon Chromatography. Prior to analysis, the wet centrifuged solids
leach solutions required 10-fold to 100-fold dilution and the supernatant samples required 1,000-fold to
10,000-fold dilution to ensure that the anions were measured within the calibration range. Column
overloading prohibited analysis of the wet centrifuged solids leachates at dilutions less than 10 fold and
the supernatant at dilutions less than 1,000 fold.

Quality control for the anions analysis consisted of sample triplicates, PBs, MSs, LCS/BSs, PSs, and
calibration verification check standards and blanks. Matrix spike recovery, LCS/BS recovery, and
precision (based on triplicate RSD) QC flagging criteria are defined by the test plan.

All supernatant QC analyses produced results within the QC flagging criteria. However, the RSD for
the chloride results is near the RSD criterion and the initial MS preparation did not provide useful spike
recoveries for nitrate and nitrite (i.e., spike concentrations were significantly less than 20% of the sample
concentrations). The chloride results are only about two times the EQL, leading to the poorer precision.
The initial MS was prepared at a sample dilution of 2,000 fold; at this dilution, nitrate and nitrite
produced results that exceeded the highest calibration standard. A MS prepared from a 20,000-fold
dilution of the sample demonstrated recoveries well within the QC flagging criterion.
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Most of the wet centrifuged solids QC analyses produced results within the QC flagging criteria. The
exceptions are the chloride and oxalate RSD results, the initial MS recoveries for all anions, and the
LCS/BS result for oxalate. The phosphate RSD is at the QC flagging limit of 15%. The poor precision
(i.e., high RSD) is mostly demonstrated on anions that may be present as solids (e.g., fluoride, chloride,
phosphate, sulfate, and oxalate) and is most likely attributed to variability of the leaching process. The
MS prepared and processed through the solids leaching procedure could not be recovered since the
dilution required for the analysis of the AZ-101 wet centrifuged solids leachates diluted the spikes to
below the EQL. Post spikes were prepared on the leachate, and all PS recoveries were within the QC MS
flagging criterion. The oxalate in the LCS/BS processed through the SAL was not recovered (i.e.,
recovery = 0%). The LCS/BS standard solution was analyzed and confirmed to have oxalate at the
expected concentration. The loss of the oxalate is most likely due to precipitation of the oxalate as
sodium oxalate (sodium being the only cation in the LCS/BS standard solution), but this has not been
confirmed. The oxalate results from the inorganic IC analysis are for information only; oxalate is
measured and reported as part of the organic acids analysis (See Section 9.11).

9.6 TOC/TIC by Hot Persulfate and Furnace
Table 8.2, Table 8.4, Table 9.2, and Table 9.4. Appendix F6

The AZ-101 as-received supernatant and wet centrifuged solids were analyzed in triplicate for TOC
and TIC by two different procedures: Procedure PNL-ALO-381, Direct Determination of TC, TOC, and
TIC in Radioactive Sludges and Liquids by Hot Persulfate Method, and PNL-ALO-380, Determination of
Carbon in Solids Using the Coulometric Carbon Dioxide Coulometer.

9.6.1 Hot Persulfate Method (PNL-ALO-381)

The hot persulfate wet oxidation 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. All sample results are corrected for average percent recovery of system calibration check standards
and are also corrected for contribution from the system blanks, as per calculations defined in procedure
PNL-ALO-381.

For both the supernatant and wet centrifuged solids analyses, pure chemical solid compounds are used
for system calibration check standards as well as for the LCS and MSs. The TIC analysis uses two
calcium carbonate compounds and the TOC analysis uses two a.-Glucose compounds. The QC for the
method involves, sample triplicates, LCS, and MS. Although PBs are analyzed, they are not reported
since their average is subtracted from the sample instrument result prior to calculating the reported results.

The supernatant and wet centrifuged solids samples were analyzed in separate analytical batches. For
the supernatant analysis; three calibration check blanks and three calibration check standards were run at
the beginning and end of the analysis run. The blanks averaged 22 pgC TIC and 59 pgC TOC, which is
about typical for the method. The calibration check standards for the supernatant analysis averaged 96%
for TIC analysis and 99% for the TOC analysis. For the wet centrifuged solids analysis, five calibration
check blanks and four calibration check standards were run at the beginning and end of the analysis run.
Although the TOC blank is slightly higher than normal, the average TOC blank (101 pugC) and average
TIC blank (18 pgC) are considered acceptable for the concentration of TIC and TOC measured in the
samples. The standard deviation for the TOC blanks was outside the historical pooled standard deviation
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used to establish the MDL; this indicates that there is more variability in the blank than normal. The
calibration check standards for the wet centrifuged solids analysis averaged 97% for TIC analysis and
101% for the TOC analysis.

Except for the TOC results on the wet centrifuged solids, the TIC and TOC RSDs for both the
supernatant and wet centrifuged solids meet the QC flagging criterion of <15%. Since the average wet
centrifuged solids TOC result of 820 pg/g is less than five times the average MDL of 140 pg/g for the wet
centrifuged solids TOC measurements, a RSD of 21% is not unreasonable. The MS and LCS recoveries

for both the supernatant and wet centrifuged solids are well within the QC flagging criterion of 75% to
125%.

9.6.2 Furnace Oxidation Method (PNL-ALO-380)

The furnace oxidation method determines TOC by oxidizing organic carbon in oxygen at
temperatures between 600°C and 750°C and TC by oxidizing all carbon species at 1000°C. By the
furnace oxidation method, TIC is determined by difference. All sample results are corrected for average
percent recovery of system calibration standards and are also corrected for contribution from the system
blank, as per calculations defined in procedure PNL-ALO-380. The temperature selected for the TOC
analysis for the AZ-101 samples was 700°C.

For both the supernatant and wet centrifuged solids analyses, pure chemical solid compounds are used
for system calibration check standards as well as for the LCS and MSs. The TC analysis (1000°C) uses
two calcium carbonate compounds and the TOC analysis (700°C) uses two a-Glucose compounds. The
QC for the method involves, sample triplicates, LCS, and MS. Although PBs are analyzed, they are not
reported since their average is subtracted from the sample instrument result prior to calculating the
reported results.

The supernatant and wet centrifuged solids TOC samples were analyzed in the same analysis batch,
as were the supernatant and wet centrifuged solids TC samples. For both the TOC and TC analyses, the
performance of the coulometer analysis system is checked by analyzing calibration check standards and
calibration check blanks at the beginning and end of the analysis run. The average recovery for TOC
analysis was 101% and for the TC analysis was 95%, well within the procedure requirements of 90% to
110%. The average TOC blank (22 pugC) and TC blanks (17 pgC) generally represent less than 5% of the
sample concentration.

Except for the TOC on the supernatant, which has a RSD of 21%, the TC and TOC RSDs for both the
supernatant and wet centrifuged solids meet the QC flagging criterion of <15%. The reason for the poor
precision on the supernatant TOC is unknown; however, the duplicate analysis appears to be significantly
lower than the sample and triplicate analysis. The MS and LCS recoveries for both the supernatant and
wet centrifuged solids are within the QC flagging criteria of 75% to 125%.

9.6.3 Comparison of TIC/TOC by Hot Persulfate and Furnace Oxidation
Methods

Table 8.2 presents the TOC and TIC results obtained from the hot persulfate method and the furnace
oxidation method for the AZ-101 as-received supernatant and wet centrifuged solids. The TIC results
from the furnace method are obtained by difference (TC — TOC), with the analysis being performed on
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two independent sample aliquots. The TC for the hot persulfate method is the summation of the TIC and
TOC, with the analyses being performed on the same aliquot under different oxidation conditions.

9.6.3.1 Wet Centrifuged Solids Results

The two methods appear to produce similar results for TC for the wet centrifuged solids samples;
however, there are significant differences between the TIC and TOC results. It appears that the nearly all
the carbon (both inorganic and organic compounds) combusts at the 700°C used for the furnace method
and produces a TOC result that is biased high; some metal carbonates, such as iron, magnesium, and
nickel, will typically fully or partially oxidize at 700 °C. It is unlikely that the TIC result from the hot
persulfate acid wet oxidation is biased high; i.e., organic compounds typically present in the tank waste
should not be oxidized. Conclusion: Best results are most likely the hot persulfate results for the TIC and
furnace results for TC, with the TOC being the difference (i.e., 9,670 - 8,380 = 1,290 ug/g).

9.6.3.2 Supernatant Results

For the supernatant sample, the trend is similar (i.e., inorganic carbon compounds combusting during
the 700°C furnace analysis) but not as pronounced. The analysis time for the furnace method TOC
analysis is 10 minutes; extending the analysis time by 20 minutes produced TOC results approximately
twice as high as those reported. Typically, this effect is either from difficult to oxidize organic
compounds or inorganic compounds that wholly or partially oxidize at 700°C. The fact that the furnace
TC results are significantly lower than the hot persulfate TC results is very unusual and is difficult to
evaluate. However, the hydroxide titration (2™ and 3™ inflection points equivalent to 0.88 and 0.70 molar
OH, respectively) results suggest that the carbon from carbonate should be closer to the hot persulfate
TIC results (see Section 9.9). Based on the hydroxide supporting data, the TIC furnace result for the
supernatant (i.e., average 5,830 ug/mL) is highly suspect.

9.7 Cyanide (CN) Analysis
Table 8.2, Table 8.4, Table 9.2, and Table 9.4. Appendix F7

The AZ-101 as-received supernatant and wet centrifuged solids were distilled and analyzed in
triplicate. The supernatant and wet centrifuged solids samples were micro-distilled according to
PNL-ALO-287, Midi and Micro Distillation of Cyanide in Liquid and Solid Samples, with the addition of
sulfamic acid to minimize interference from high nitrates present in the sample. The distillates were
analyzed by automated spectrophotometry for CN concentration according to PNL-ALO-289, Total
Cyanide Determination with Spectrophotometry (Manual or Automated) or Argentometric Titration. Due
to the dose levels, the wet centrifuged solids samples were distilled in the SAL; the supernatant samples
were distilled at the cyanide workstation. Quality control for the cyanide analysis consisted of sample
triplicates, PBs, MSs, LCS (BS for supernatant and solids LCS for wet centrifuged solids), and calibration
verification check standards and blanks.

Three LCSs were prepared, distilled, and analyzed. A liquid LCS prepared from a dilution of the
highest calibration standard, which was prepared from sodium cyanide (97% assay, from Aldrich), meets
the QC flagging criterion. Two solid LCSs (ERA Priority PollutnT® reference materials), identified in
this report as LCS solid-old and LCS solid-new, were distilled and analyzed. The LCS solid-old is an
expired solid standard, which has consistently produced satisfactory results and the recovery meets the
QC flagging criterion of 80% to 120%. And at 161 pg/g, the result is well within the vendor’s advisory
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range of 71 to 301 pg/g. The LCS solid-new is from a newly procured solid standard, which has a
significantly larger mesh size than the LCS solid-old. The LCS solid-new is a portion of the newly
procured solid standard that has been ball-milled in the laboratory to a powder. The LCS solid-new
recovery of 37% is significantly below the QC flagging criterion. And at 75 pg/g, the result is slightly
outside the vendor’s advisory range of 80 to 322 ug/g. Previous analyses of this ball-milled material have
yielded widely varying recoveries. Since very small sample sizes are analyzed, the larger mesh size and
the inconsistency of the mill powder is the most likely cause of the poor recoveries for this LCS
solid-new material.

The PBs for both the supernatant and wet centrifuged solids analyses meet the QA Plan’s acceptance
criteria of <EQL or <5% of sample concentration; the EQL being establish by multiplying the lowest
calibration standard (i.e., 0.01 pg/mL) times the appropriate processing dilution factors. However, the
RSDs for the supernatant (i.e., 58%) and wet centrifuged solids (i.e., 82%) do not meet the QC success
criteria of <15%. When the releasing agent was added to the samples, a vigorous reaction occurred. In
other samples where this reaction has been observed, poor yields were often the result, and it was
assumed that cyanide was being volatilized and lost prior to placing the distillation tube on the sample
tube. To minimize this effect, the releasing agent was pipetted into small vials, which were then added to
the sample tubes. The small vials floated on the surface of the sample while the distillation tube was
capped onto the sample tube. The distillation assembly was then inverted to mix the releasing agent into
the sample. However, the reaction was so vigorous that the cyanide may have been released too rapidly
for the trapping solution to capture all of the cyanide or was lost through leaking created by
over-pressurization. In addition, when the distillation assembly was being inverted for mixing, there were
some areas in the cross section of the distillation tube where the off-gases, for a brief time, did not contact
the trapping solution. For samples that react vigorously with the releasing agent, additional investigations
and/or method modification are warranted.

For the supernatant, the MS recovery averages 94%, with both the MS recovery (87%) and MSD
recovery (101%) meeting the QC flagging criterion of 75% to 125%. However, for the wet centrifuged
solids, the MS recovery averages only 15%, with both the MS recovery (27%) and MSD recovery (3%)
being significantly below the QC flagging criterion. The poor MS recovery of the wet centrifuged solids
is most likely due to either sample heterogeneity or the same cause as the RSD failures; i.e., vigorous
reactions resulting in loss of cyanide.

9.8 Mercury (Hg) Analysis
Table 8.2, Table 8.4, Table 9.2, and Table 9.4. Appendix F8

The AZ-101 supernatant and wet centrifuged solids samples and associated batch QC samples were
digested for Hg analysis per procedure RPG-CMC-131, Mercury Digestion, and analyzed by cold vapor
atomic absorption (CVAA) spectroscopy for inorganic mercury according to procedure RPG-CMC-201,
Mercury Analysis. Due to the dose levels, the wet centrifuged solids samples were digested in the SAL;
the supernatant samples were digested at the mercury workstation. Quality control for the Hg analysis
consisted of sample triplicates, preparation blanks, MSs, LCS (BS for supernatant and solids LCS for wet
centrifuged solids), and calibration verification check standards and blanks.

The liquid LCS (NIST SRM-1641d) for the supernatant and the solids LCS (NIST SRM 2709) for the
wet centrifuged solids analyses meet the required QC flagging criteria. Also, the PBs for both the

9.14



supernatant and wet centrifuged solids analyses meet the QA Plan’s acceptance criteria of <EQL or <5%
of sample concentration. However, the RSD for both the supernatant (40% RSD) and wet centrifuged
solids (21% RSD), as well as the MS and MSD recoveries for the wet centrifuged solids (131% and
175%, respectively), failed to meet the QC flagging criterion. Based on the excellent results from all the
other QC samples and since the typical precision and accuracy is +15% (2-c) or better for non-complex
aqueous samples that are free of interference, the failure of the supernatant and wet centrifuged solids to
meet the RSD (i.e., precision) criterion and the failure of the wet centrifuged solids to meet the MS
recovery (i.e., accuracy) criterion is considered to be a matrix effect.

The supernatant demonstrated a vigorous reaction during the addition of the nitric acid, the first of the
digestion reagents. Although the oxidizing strength of the supernatant digests was maintained, this
vigorous reaction may have caused inconsistent loss of mercury. It should be noted that the average
supernatant mercury concentration is 15 times lower than the MRQ. The reason for the wet centrifuged
solids RSD and MS failure is unknown. However, three factors may have contributed to the failures:

1) an inconsistent loss of mercury may be attributed to a slight foaming reaction (similar to the
supernatant, but less vigorous), 2) the oxidizing strength of the digests may not have been maintained
during the digestion of each sample (i.e., color consistency of the digest is difficult to determine through
the SAL hot-cell leaded windows), and 3) the wet centrifuged solids may not be homogeneous relative to
the small sample quantities used for analysis. The wet centrifuged solids contained an average
concentration of mercury approximately two times the MRQ.

9.9 Hydroxide (OH) Titration
Table 8.2 and Table 9.2. Appendix F9

The AZ-101 supernatant was analyzed in triplicate for free hydroxide content following procedure
PNL-ALO-228, Determination of Hydroxyl and Alkalinity of Aqueous Solutions, Leachates &
Supernates. Direct sample aliquots were analyzed using a Brinkman 636 Auto-Titrator. A 0.1186 N
sodium hydroxide solution was prepared for use as a standard and spiking solution. The titrant was
0.2040 M hydrochloric acid. Triplicate results gave an average hydroxide molarity of 0.67 with a
1% RSD for the triplicate measurements. This result is equivalent to 11,400 pg/mL, well below the MRQ
of 75,000 ng/mL. The LCS/BS recovery of 93% is well within the QC flagging criterion. Although not
required by the test plan, a MS was prepared and analyzed; the MS recovered at 94%. No hydroxide was
detected in the SAL hot cell DIW PB.

For information only — the second and third inflection points were detected in the samples at an
average of 0.88 molar (2% RSD) and 0.70 molar (2% RPD), respectively. The second inflection point is
primarily from both carbonate and aluminate and the third inflection point from carbonate (i.e., second
equivalent point). Weak acids such as acetate, oxalate, formate, citrate, etc. also contribute to these
inflection points, but are too low in concentration relative to the carbonate and aluminate to be detected
separately. Based on these inflection points, the upper bound (i.e., inflection points due solely to
carbonate) for TIC is approximately 14,000 ug/mL; the hot persulfate carbon method produced an
average TIC result of approximately 10,000 pg/mL.
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9.10 Ammonia Analysis
Table 8.2 and Table 9.2. Appendix F12

Triplicate samples of the AZ-101 supernatant were diluted with water (to reduce dose) in the SAL
and preserved by acidifying with sulfuric acid. The preserved samples were stirred to allow carbon
dioxide to evolve, then transferred to clean vials and removed from the SAL. (The supernatant sample is
high in carbonate and evolves carbon dioxide upon acidification.) The supernatant samples, PB, MS, and
LCS/BS were transferred to the ammonia analytical workstation. The samples were analyzed for
ammonia by ion selective electrode (ISE) procedure RPG-CMC-226, Measurement of Ammonia in
Aqueous Solutions. The ISE was calibrated over the range of 1E-01 molar to 1E-05 molar ammonia.

The 28% RSD of the triplicate samples for the supernatant exceeds the QC flagging criterion of
<15%. However, the ammonia concentration is J-flagged and is below the linear range of the ISE,
leading to very high uncertainty. The average ammonia result is only about 2% of the MRQ); thus the
high RSD is not considered significant. Ammonia was not detected in the PB. The LCS/BS and MS
recoveries at 95% and 85%, respectively, meet the QC flagging criteria.

9.11 Organic Acids
Table 8.2 and Table 9.2. Appendix F11

Triplicate samples of the AZ-101 supernatant were sub-sampled in the SAL and subjected to an ion
exchange procedure to reduce the sample dose, such that the resulting samples could be analyzed in the
329 Facility organic IC workstation. Following the ion exchange dose reduction in the SAL which
diluted the samples about 25 fold, the samples were further diluted from 63 fold to 125 fold at the IC
workstation, then analyzed for the organic acids glycolate, acetate, formate, oxalate, and citrate by IC
procedure TP-RPP-WTP-046, Method for the Analysis and Quantification of Organic Acids in Simulated
and Actual Hanford Tank Waste by lon Chromatography. A PB, LCS/BS, MS, and MSD were also
prepared for analysis. The LCS/BS was subjected to the ion exchange process to provide assurances that
the ion exchange processing did not impact the analytes of interest. The MS and MSD were prepared
following the ion exchange processing. All measured organic acids meet the <15% RSD QC flagging
criterion defined in the test plan. No organic acids were detected in the SAL PB above the MDL, which
is estimated at about 30% of the lowest calibration standard adjusted for process dilution factors. The
LCS/BS recoveries and MS/MSD recoveries for the organic acids meet the QC flagging criteria of 80% to
120% and 75% to 125%, respectively, for all organic acids measured.

The organic acids analyses were accomplished by using different columns to provide separation and
quantitation for the anions specified in the test plan, except for gluconate and glycolate. A Dionex™
AS-15 column was used for separation of glycolate and acetate, and a Dionex™ AS-11 column used for
the analysis of formate, oxalate, and citrate (glycolate and acetate co-elute on AS-11 column). This
multiple column approach provides good analyses for acetate, formate, oxalate, and citrate. However,
glycolate and gluconate co-elute on the AS-15 column and gluconate elutes very close to the unretained
volume of the AS-11 column and can not be resolved from early eluting anions (e.g., fluoride), making
both gluconate and glycolate analyses difficult.

Ion chromatography with conductivity detection is not well suited for analysis of gluconate in the

presence of glycolate (or vice versa), due to low relative response and lack of retention and resolution
from other anions. Alternate detection methods that provide better response are available; however, this

9.16



provides little benefit since current IC columns suffer from either poor retention of gluconate or
significant overlap/co-elution with other anions. With the current IC methods available, gluconate can be
measured using the either the AS-11 and AS-15 column but only in the known absence of either fluoride
or glycolate, respectively. For the AS-15 column, the MDL stated for glycolate is based on a calibration
using glycolate standards; a MDL for the co-eluting gluconate is estimated at 450 pg/mL, since the
detector response factor for gluconate is approximately 40% that of glycolate.

9.12 Chelator Analysis and Degradation Products
Table 8.2 and Table 9.2. Appendix F10

The analysis of the AZ-101 supernatant samples for chelators and chelator-degradation products was
performed on a best-effort basis. The chelators, ethylenediaminetetraacetic acid (EDTA),
N-(2-hydroxyethyl) ethylenediaminetriacetic acid (HEDTA), ethylenediaminetriacetic acid (ED3A),
iminodiacetic acid (IDA), succinic acid, and nitrilotriacetic acid (NTA) have low volatility and high
polarity precluding direct analysis by GC/FID. Derivatizing the chelators with a boron
trifluoride/methanol mixture produces a methyl ester that is amenable to GC/FID separation and analysis.
The derivatization process and analysis are still considered experimental; i.e., the method has not been
fully qualified for complex matrices such as Hanford tank waste. Additional work is required to provide a
reliable, robust technique for the analysis of chelators in tank waste.

Triplicate 5-mL (nominal) sub-samples of the AZ-101 supernatant were diluted with 5-mL of DIW
and subjected to an ion exchange procedure, TPR-RPP-WTP-049, lon Exchange for Activity Reduction, to
reduce the sample dose. Besides the samples a PB, LCS/BS, MS, and MSD were prepared for analysis
and subjected to the ion exchange process to provide assurances that the ion exchange processing did not
impact the analytes of interest. Following ion exchange, the samples were transferred to the 329 Facility
organic analysis workstation for analysis according to procedure TP-RPP-WTP-048, Derivatization
GC/FID Analysis of Chelators and Degradation Products. Adipic acid was added to 2-mL aliquots of
each sample (prior to the derivatization step) as a derivatization monitor. An LCS/BS was prepared by
spiking DIW with citric acid, succinic acid, EDTA, NTA and HEDTA. The MS and MSD for the
analytical batch were prepared by spiking an AP-104 tank waste sample from ASR 6378 (prepared and
analyzed in the same batch as the AZ-101 supernatant samples) with all analytes of interest except ED3A.
Since no standard is available for ED3A, no LCS/BS or MSs was prepared and the reported results are
based on the EDTA calibration.

Only succinic acid was detected (albeit at a very low concentration) above the EQL. The sample
EQL is defined as the lowest calibration standard adjusted for any preparative and analysis dilutions. The
MDL is set as one-tenth the EQL. The LCS/BS recovery met the QC flagging criterion with the
exception of HEDTA, which was significantly high (170%). Of the seven MS analytes, the MS recovery
for EDTA and HEDTA exceeded the QC flagging criterion but the MSD was acceptable. For the IDA
MS/MSD recovery, it is assumed that all of the IDA spiked into the sample is converted to NIDA (the
measured compound) in the presence of nitrite found in the tank waste.

Because of the failures observed with the MS/MSD and LCS/BS data, the QC samples were
reprepared in the SAL. A different analyst performed the derivatization of the samples to confirm or
refute original observed results. The reprepared data confirmed the trends observed in the original results;
with the MS EDTA producing a low recoveries and the LCS/BS HEDTA producing high recoveries. One
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difference between the original and the confirmation results is the HEDTA recovery result for the MS and
MSD. Originally, the recoveries for the MS/MSD were 70% and 103% respectively; the confirmation
results produced slightly higher results for the MS/MSD (135% and 155%, respectively). The QC
samples from both runs are included in Table 9.2.

9.13 Organic Phosphates Analysis

Following extraction of the AZ-101 supernatant in the SAL for the organic phosphate analysis, the
resulting extracts (both methylene chloride and butanol) were transferred to the Building 329 Facility for
analysis. The butanol extracts were processed in case the recoveries demonstrated from the methylene
chloride were very poor but were not analyzed.

A five-point calibration curve was constructed for both diphenylphosphate (DPP - surrogate
compound and D2EHP). The MDL for D2EHP was based on the concentration of the lowest calibration
standard adjusted for the sample volume extracted (about 5 mL). The supernatant samples and QC
samples were analyzed per test plan TP-RPP-WTP-047, Identification and Quantification of D2EHP in
Tank Wastes. This method describes a derivatization technique with diazomethane. The products are
then measured using GC/FID.

The sample and QC data obtained from this method were unacceptable and no results are reported.
Similar unacceptable results were obtained for supernatant samples from Tank 241-AP-104. The
problems encountered are potentially due to critical pH adjustment, poor extraction, and/or incomplete
and variable derivatization, and they are compounded by the necessity of performing the pH adjustment
and extraction operations in a remote handling facility (i.e., SAL). Following the failure of this method to
reliably analyze for D2EHP, this analyte was deleted from the analyte list by BNI and no further work
was undertaken to evaluate the failure.
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Table 9.1. AZ-101 As-Received Supernatant — Radionuclide QC Results

80%- | 75%-
QC Flagging Criterion >> | <15% | 120% 125%
Blank | Matrix
MDA/ Spike Spike
MRQ | MDL |MRQ>| Average RSD® | (LCS) | (MS)
Method Radionuclide pCi/mL | pCi/mL | 3xMDL | pCi/mL | DF % %Rec | %Rec
H-3 *H 2.1E-02 | 2E-05 Yes 1.81E-02 1 92 57 ™)
C-14 Hc 7.2E-04 | 4E-05 Yes 1.93E-03 4 101 112
GEA “Co 2.1E-03 | 4E-02 No 4E-02 U
Se-79 "Se 9.0E-05 | 2E-05 Yes | 9.69E-04
Sr-90 2gr O 1.5E-01 | 1E-03 Yes 5.01E-02 5 94 © 95 ™
ICP-MS T O 1.5E-03 | 2E-04 Yes 3.27E-01 2 105 106
Tc-99 1t 1.5E-03 | 6E-04 No 3.77E-01 1 95 94 ©®
GEA 126Sn 6.0E-03 | 2E+00 No 2E+00 U
ICP-MS 1297 1.8E-05 | 4E-07 Yes 1.03E-06 | J 4 90 97 ®
ICP-MS B3Cs - MS 1.5E+00 | 2E-05 Yes 1.06E-02 3 © ©
ICP-MS B7Cs - MS 1.5E+00 | 1E+00 No 1.40E+03 2 © ©
GEA BCs 9.0E+00 | 7E-01 Yes 1.64E+03 1
GEA SEu 2.0E-03 | 2E-01 No 2E-01 U
GEA 5SEu 9.0E-02 | 2E+00 No 2E+00 U
GEA Blpy 7.9E-05 | 2E+00 No 2E+00 U
ICP-MS 3y 42E-04 | 9E-06 Yes 9E-06 U @ @
ICP-MS | 2'U 1.2E-04 | 6E-06 Yes 6E-06 §] @ @
ICP-MS 2y 4.5E-08 | 3E-09 Yes 4.73E-08 | B 1 @ @
ICP-MS 35y 1.4E-06 | 6E-08 Yes 9.32E-08 | J 3 @ @
ICP-MS 3y 7.2E-09 | 2E-09 Yes 9.38E-07 | B 2 @ @
ICP-MS | Z'Np® 2.7E-02 | 7E-06 Yes 3.77E-05 | ] 5 101 101 ®
AEA 28py 1.0E-02 | 2E-05 Yes 3.44E-04 | B 9
AEA 239240py 3.0E-02 | 2E-05 Yes 1.81E-03 2 102® | 112®
ICP-MS 239py® 3.0E-02 | 6E-04 Yes 2.00E-03 | JB | 25 102 99 ®
ICP-MS 2#40py®) 1.0E-02 | 2E-03 Yes 2E-03 U 101 99 ®
AEA 2 Am 3.0E-02 | 2E-05 Yes 1.05E-04 | B o1 ™ | g6®
GEA ' Am - GEA 3.0E-02 | 2E+00 No 2E+00 U
AEA #2Cm 1.5E-01 | 9E-06 Yes 9E-06 §]
AEA M2 em 1.5E-02 | 2E-05 Yes 4.18E-05 | JB
Alpha Gross Alpha® | 2.3E-01 | 5E-03 Yes 5E-03 U 104 103
Alpha Sum 2.28E-03
TRU 2.32E-03

Outlined and bolded results exceed QC flagging criteria

Blank fields indicate QC not required or not defined in the test plan or test specification
Bolded radionuclides required for comparison to Contract Specification 7 (Envelope B)
Alpha Sum: Summation of AEA results only (**?*°Pu, 2**Pu, **! Am, ?**Cm, and ******Cm)

TRU: Z>92, alpha emitter, half-life >10yr (237Np, 239.240py, 238py 241 Am 242Cm, and 243'244Cm); Pu, Am, and Cm from AES and
Np from ICP-MS
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Table 9.1. (Cont’d)

80% - | 75% -
QC Flagging Criterion >> | <15% | 120% | 125%

Blank | Matrix
MDA/ Spike Spike
MRQ | MDL |MRQ>| Average RSD® | (LCS) | (MS)
Method Radionuclide puCi/mL | pCi/mL | 3xMDL | pCi/mL | DF % %Rec | %Rec

MRQ: minimum reportable quantity

MDA: minimum detectable activity (used with all radiochemical analysis results)
MDL: method detection limit (used with ICP-MS results)

DF: data quality flag (for definition of flags used see Section 8.1)

RSD: relative standard deviation (in percent)

(a) LCS and MS QC flagging criteria 70% to 130%.

(b) MS QC flagging criterion 70% to 130%.

(c) LCS QC flagging criterion 75% to 125%.

(d) For U LCS and MS performance, see ICP-MS ***U in Table 9.2.

(e) '*Cs-MS and '*’Cs-MS calculated from HPIC/ICP-MS isotopic data and ICP-MS '**Cs result; For Cs performance '**Cs

Table 9.2

(f) Spike concentration significantly less than 20% of sample concentration; high uncertainty.

(g) RSD only calculated if results >MDA/MDL for sample, duplicate, and triplicate.

(h) Not required by test plan or test specification; performed as part of laboratory QC.

(1) Although both the batch QC (i.e., LCS, MS, PB) and analysis QC (i.e., reference counting standards) produced excellent
results, the supernatant *°Sr result is significantly lower than other published results; see discussion Section 8.3 and Section
9.4.4.

() Uncertainty estimated at £30%; see Section 8.3 for further details.

(k) Same certified source standard used to prepare calibration and verification standards for ICP-MS. Calibration and

verification standards prepared approximately 1 year apart; prepared standards verified by independent analysis (i.e., LSC,
AEA, or GEA).

Nominal decay correction reference dates:

ICP-MS: U (3/2002), Pu/Np (4/2002), Tc (2/2002) and I (5/2003)

Radchem: GEA, Gross Alpha, AEA Pu and Am/Cm (10/2001); *°Sr (9/2002); **Tc (8/2002); ™Se (11/2001); *H (2/2002);
and "C (6/2002)
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Table 9.2. AZ-101 As-Received Supernatant — Analyte QC Results

©

80% - 75% - 75% - 75%-
QC Flagging Criteria >> | <15% | 120% 125% 125% 125% | <+10%
Average Blank Spike| Matrix |Matrix Spike| Post Serial
MRQ | MDL | MRQ | Result RSD (LCS) |Spike (MS)| Dup (MSD) | Spike | Dilution
Method Analyte pg/mL | pg/mL | >3xMDL | pg/mL DF % %Rec %Rec %Rec %Rec %Diff
IC-Org Acetate © 1,500 140 Yes 140 U 102 82 87
ICP-AES Ag © 0.6 0.6 U 102 101
ICP-AES Al 75 1.5 Yes 6,050 1 97 0 22
ISE Ammonia 140 1.5 Yes 2.3 J 28 95 85
ICP-MS AMU-2419 | 0.0087 |0.0011 Yes 0.0012 J 92 @ NM 91 @
ICP-AES As® 6.4 9.9 J 2
ICP-AES B 23 1.3 No 77 BX 13 109 136 6.3
ICP-AES Ba 2.3 0.26 Yes 0.3 J 98 92
ICP-AES Be @ 0.3 0.3 U 95 97
ICP-AES Bi © 26 2.6 U 98
IC-Inorg Br 300 130 No 650 4 98 98
C (HP) Cas TC @ 61 10,400
C (Furn) Cas TC® 89 7,350 2 97 88
C (HP) C as TIC 150 34 Yes 9,850 1 100 105
C (Furn) Cas TIC @ 150 170 No 5,830 9 ® ®
C (HP) C as TOC 1,500 87 Yes 510 9 97 103
C (Furn) C as TOC 150 250 No 1,500 102 81
ICP-AES Ca 150 6.4 Yes 9.3 J 100 95
ICP-AES Ccd 2.3 0.39 Yes 0.8 JB 10 97 98
ICP-AES Ce 75 52 No 5.2 U 95
IC-Org Citrate 410 410 U 95 86 82
GC/FID Citric acid @ | 1,500 5.8 Yes 5.8 U 88/93 © 92/82 © 88/83 ©
IC-Inorg Cl 300 130 No 240 13 95 96
CN CN 3.0 0.055 Yes 2.04 B 105 87 101
ICP-AES Co 1.3 1.3 U
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Table 9.2. (Cont’d)

© 80% - 75% - 75% - 75%-
QC Flagging Criteria >> | <15% 120% 125% 125% 125% | <£10%
Average Blank Spike| Matrix |Matrix Spike| Post Serial
MRQ MDL MRQ Result RSD (LCS) Spike (MS) | Dup (MSD) Spike | Dilution
Method Analyte pg/mL | pg/mL | >3xMDL | pg/mL DF % %Rec %Rec %Rec %Rec %Diff
ICP-AES Cr (r) 15 0.52 Yes 686 0.4 102 @ 4.7
ICP-MS Bes—MS ®|0.00070 | 0.016 No 26.5 2 ® ®
ICP-MS s —Ms ® 0.013 No 8.8 3 ® ®
ICP-MS Bics —Ms @ 0.014 No 16.1 2 ® ®
ICP-MS Cs 0.00070 | 0.0090 No 26.5 1 107 98 @ 1119 0.8
ICP-AES Cu® 0.6 0.6 U 106
None D2EHP ©® 1,500
ICP-AES Dy © 13 1.3 U
GC/FID ED3A 1,500 49 Yes 49 U () () ()
GC/FID EDTA 1,500 4.9 Yes 49 U 103/111© | |61/65 ©) 85/74 ©)
ICP-AES Eu® 2.6 2.6 U
IC-Inorg F 150 130 No 2,010 2 95 96
ICP-AES Fe 150 0.64 Yes 15 JB 35 107 94
IC-Org Formate 1,500 180 Yes 370 J 104 97 82
IC-Org Gluconate 1,500 450 Yes 450 U
IC-Org Glycolate 1,500 170 Yes 170 U 109 95 84
GC/FID HEDTA 1,500 8.8 Yes 8.8 UX 170/221 © | 70135 | [103/155 ©)
CVAA Hg 1.5 0.00013|  Yes 0.055 88 104 105 100
ICP-MS 1271 1.5 0.007 Yes 0.007 U @ @
GC/FID IDA 1,500 5.4 Yes 5.4 U @ 121/110 @ | {131/111 ©)
ICP-AES K 75 52 No 4,460 1 97 80 3.9
ICP-AES La 35 1.3 Yes 13 U 96 96
ICP-AES Li 23 0.77 No 0.89 J 1 102 94
ICP-AES Mg 300 2.6 Yes 2.6 U 103 102
ICP-AES Mn © 1.3 1.3 U 101 97
ICP-AES Mo @ 1.3 88.8 0.5 98 91 4.8
ICP-AES Na 75 19 Yes 111,000 1 ® 121 ©) (.1 4.6
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Table 9.2. (Cont’d)

© 80% - 75% - 75% - 75%-
QC Flagging Criteria >> | <15% 120% 125% 125% 125% | <£10%
Average Blank Spike| Matrix |Matrix Spike| Post Serial

MRQ MDL MRQ Result RSD (LCS) Spike (MS) | Dup (MSD) Spike | Dilution
Method Analyte pg/mL | pg/mL | >3xMDL | pg/mL DF % %Rec %Rec %Rec %Rec %Diff
ICP-AES Nd @ 2.6 2.6 U 96 95
ICP-AES Ni 30 0.77 Yes 1.0 JB 19 101 97
IC-Inorg NO, 3,000 | 2,500 No 61,300 1 99 102
IC-Inorg NO, 3,000 | 2,500 No 52,600 1 92 95
GC/FID NTA 1,500 5.6 Yes 5.6 U 111/118 @ | 78/80 © 81/89 ©
Titration OH 75,000 170 Yes 11,400 1 93 94 ©
IC-Inorg Oxalate 1,500 250 Yes 1,000 6 101 101
IC-Org Oxalate 1,500 210 Yes 1,000 5 103 97 75
ICP-AES P 600 2.6 Yes 504 1 97 ® 0.4
ICP-AES Pb 300 2.6 Yes 33 J 2 102 100
ICP-AES pPd® 19 20 J 0.1
IC-Inorg PO, 7,700 250 Yes 1,600 1 95 95
ICP-MS Rb 1.0 0.025 Yes 9.20 6 103 128 @ 95 @ 53
ICP-AES Rh @ 7.7 7.7 U
ICP-AES Ru® 28 28 U
ICP-AES Sb @ 13 13 U
ICP-AES Se @ 6.4 6.4 6]
ICP-AES Si® 13 206 BX 7 122 132 4.1
ICP-AES Sn ® 39 47 J 1
IC-Inorg SO, 7,500 250 Yes 16,200 2 95 96
ICP-AES Sr® 0.4 0.4 U 113
GC/FID Succinic acid | 1,500 50 Yes 50 J 6 97/104 © | 90/94 © 91/96 ©
ICP-AES Te ® 39 39 U
ICP-AES Th 2.3 26 No 26 U 99
ICP-AES Ti® 0.6 0.6 U 95 92
ICP-AES T ® 13 13 U
ICP-AES U 600 52 Yes 52 U 96 90
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Table 9.2. (Cont’d)

© 80% - 75% - 75% - 75%-
QC Flagging Criteria >> | <15% | 120% 125% 125% 125% | <+10%
Average Blank Spike| Matrix |Matrix Spike| Post Serial

MRQ MDL MRQ Result RSD (LCS) Spike (MS) | Dup (MSD) Spike | Dilution
Method Analyte pg/mL | pg/mL | >3xMDL | pg/mL DF % %Rec %Rec %Rec %Rec %Diff
KPA U 780 [ 0.0004 | Yes 0.52 2 103 98
ICP-MS U@ 600 |0.0046 | Yes 2.81 B 2 105 106 @ 101 @ 0.8
ICP-AES \Y 2.3 1.3 No 1.5 J 0.0 94 91
ICP-AES w 2.3 52 No 58 J 0.0
ICP-AES Yo 13 1.3 U
ICP-AES Zn® 1.3 1.3 U 103 97
ICP-AES Zr® 1.3 1.3 U 104 101

Outlined and bolded results exceed QC flagging criteria

Blank fields indicate QC not required or not defined in the test plan or test specification.
Bolded analytes required for comparison to Contract Specification 7 (Envelope B)

MRQ: minimum reportable quantity

MDL: method detection limit

DF: data quality flag (See Section 8.1 for definitions)

RSD: relative standard deviation (in percent)

D2EHP: bis-(2-ethylhexyl) phosphate

EDTA: ethylenediaminetetraacetic acid

ED3A: ethylenediaminetriacetic acid

HEDTA: N-(2-hydroxyethyl) ethylenediaminetriacetic acid

IDA: iminodiacetic acid

NTA: nitrilotriacetic acid

(a) AMU-241: **' Am and/or **'Pu; ICP-MS calibrated using **' Am; post spiked as **' Am.
(b) Not applicable, TIC by difference (TC-TOC); see TC (Furn) for QC performance.

(c) Not applicable, TC by summation (TIC+TOC); see TIC (HP) and TOC (HP) for QC performance.
(d) MS/PS QC flagging criteria 70% to 130%.

(e) RSD only calculated if sample, duplicate, and triplicate >MDL.

(f) For QC performance for uranium by ICP-MS, see 129] Table 9.1.

(g) U is the sum of all measured isotopes of U by ICP-MS.

(h) 133Cs-MS, 1**Cs-MS, and *’Cs-MS calculated from HPIC/IC-MS isotopic data and ICP-MS 33Cs result; see Cs for LCS and MS performance.
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Table 9.2. (Cont’d)

© 80% - 75% - 75% - 75%-
QC Flagging Criteria >> | <15% 120% 125% 125% 125% | <£10%
Average Blank Spike| Matrix |Matrix Spike| Post Serial
MRQ MDL MRQ Result RSD (LCS) Spike (MS) | Dup (MSD) Spike | Dilution
Method Analyte pg/mL | pg/mL | >3xMDL | pg/mL DF % %Rec %Rec %Rec %Rec %Diff

(1) Sodium MS concentration <20% of sample concentration; serial dilution used to evaluate matrix interferences.
(j) Analyte not included in LCS or MS, or diluted below EQL and no PS performed.

(k) Sodium RSD requirement <3.5% and LCS/MS requirement 90% to 110%.

(m) ED3A not added to LCS or MS; unavailability of standards.

(n) IDA not added to LCS; LCS matrix does not convert IDA to NIDA for measurement.

(o) Second set of analyses performed to confirm low EDTA and high HEDTA; both sets of LCS and MS reported.
(p) Analytes not measured due to lack of reliable method.

(q) TC is sum of TIC and TOC by HP; TIC is difference between measured TC Furn and TOC Furn.

(r) Opportunistic analytes; not include in test specification or test plan.

(s) Not required by test plan or test specification; performed as part of laboratory QC.
(t) Glycolate and gluconate results should be considered the upper bound concentration, since glycolate and gluconate are not resolved by the IC measurement method used for the
analysis. IC system calibrated using glycolate; gluconate estimate based on gluconate-to-glycolate response factor. Each result assumes 100% of response due to each analyte
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Table 9.3. AZ-101 As-Received Wet Centrifuged Solids — Radionuclide QC Results

QC Flagging Criteria >> <15% |80% - 120% (80% - 120%]| 70%-130% | 70%-130% | < +/-10%
MDA/ Blank Spike | SRM-2710 Matrix Serial

MRQ |MDL| MRQ > | Average RSD® (LCS) (LCS) ™ | Spike (MS) | Post Spike | Dilution

Method |Analyte ¢ pCi/g | pCi/g | 3xMDL pCi/g |DF % %Rec %Rec %Rec %Rec %Rec

H-3 H 1.5E-02 [4E-04| Yes 7.08E-03 1 91 90 ™

C-14 | Yc 1.8E-03 |2E-04|  Yes 1.04E-03 | B 94 100 ®

GEA | *®Co 1.2E-02 [3E-01 No 2.03E+00 3

Sr-90 | *Sr 7.0E+01 |[4E+02| No 2.02E+04 5 111 ® 107 ™

GEA | '5Sp 6.0E+00 |5E+00| No 8.07E+00 | J

GEA | 'Sn 6.0E-02 |2E+00| No 2E+00 | U

ICP-MS| 1 1.80E-05|8E-06| No 1.09E-05 | J 27 82 83

GEA | 'Cs 9.0E-01 |6E-01| No 6E-01 | U

ICP-MS| '¥Cs @ 5.30E-03 | IE-06| Yes 6.63E-03 2 © © © ©

GEA | M'Cs 6.0E-02 [2E+00| No 7.52E+02 1

ICP-MS| ¥Cs @ 9.00E-02|2E-01| No 8.76E+02 2 © © © ©

ICP-MS| "'AMU (Sm)| TBD |1E-02 - 5.40E+02 2 105 ® 124 105 1

GEA | "™Eu 6.0E-02 [IE+00| No 1E+00 | U

GEA | ™Eu 6.0E-02 |9E-01 No 2.34E+01 4

GEA |"™Eu 6.0E-02 [7E+00| No 3.06E+01 15

ICP-MS| #*U 3.70E-03 | 7E-06|  Yes 1.78E-03 4 © © © ©

AEA | %Py NA 3E-02 | U

ICP-MS| #U 3.80E-04|1E-07| Yes 1.61E-04 6 © © © ©

AEA | 2%Pu 6.0E-02 |3E-02| No 3.06E-01 6

ICP-MS | Z*U 2.00E-06 |4E-08| Yes 1.24E-03 3 124/102 ©) 109 @ 106 9

AEA | 2%40py 6.0E+00 |3E-02| Yes 2.41E+00 3 102 ™ 103 ™

AEA | *Am 1.8E-02 |4E-02| No 3.75E+01 5 91 ™ 89 ™

GEA | *Am -GEA | 6.0E+00 |IE+01| No 4.49E+01 30)

Pu-241 | *'Pu 1.2E+00 [2E-03|  Yes 1.15E+01 3 113 ™ 114 ™

AEA |*Cm 1.2E-02 [3E-02| No 3.91E-02 | J 7

AEA | *Pu 3.36E-01|9E-03| Yes 9E-03 | U 98

AEA | *Cm 1.2E-01 [3E-02| No 9.48E-02 | J 26
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Table 9.3. (Cont’d)

QC Flagging Criteria >> <15% |80% - 120% (80% - 120%]| 70%-130% | 70%-130% | < +/-10%
MDA/ Blank Spike | SRM-2710 | Matrix Serial
MRQ |MDL | MRQ > | Average RSD® (LCS) (LCS) ™ | Spike (MS) | Post Spike | Dilution
Method |Analyte © uCi/g | pCi/g | 3xMDL uCi’g |DF| % %Rec %Rec %Rec %Rec %Rec
Alpha | Gross alpha | 1.0E-03 [9E+00| No 5.39E+01 2 104 9 108
Alpha Sum 4.04E+01
TRU 4.04E+01

Outlined and bolded results exceed QC flagging criteria

Blank fields indicate QC not required or not defined in the test plan or test specification
Bolded radionuclides required for comparison to Contract Specification 8 (Envelope D)
Alpha Sum: Summation of AEA results only (*°?*°Pu, 2*Pu, **' Am, ***Cm, and *****Cm)
TRU: Z>92, alpha emitter, half-life >10Y (237Np, 239.240py 238py 24 Am, 2*2Cm, and 243’244Cm); Pu, Am, and Cm from AES and Np from ICP-MS
MRQ: minimum reportable quantity

MDA: minimum detectable activity (used with all radiochemical analysis results)

MDL: method detection limit (used with ICP-MS results)

DF: data quality flag (for definition of flags used see Section 8.1)

RSD: relative standard deviation (in percent)

NA: not applicable

TBD: to be determined

(a) Calculated using **Cs results and isotopic mass distribution from Supernatant analysis; see Table 8.2.

(b) RSD only calculated if results >MDA/MDL for sample, duplicate, and triplicate.

(¢) For QC performance for uranium by ICP-MS see ***U.

(d) MS not recovered; sample concentration significantly greater than spike concentration or spiking level too low after required analytical dilution.

(e) For cesium QC performance, see '**Cs Table 9.4.

(f) Post spiked Blank used as LCS/BS for analyte.

(g) Results of both the LCS/BS (first results) and post spiked LCS/BS (second result).

(h) Solids LCS NIST 2710 for ICP-MS prepared by total digestion method and compared to certified results based on a leaching preparation; high recoveries for
some analytes not unexpected.

(1) LCS recovery criterion 75% to 125%.

(G) LCS recovery criterion 70% to 130%.

(k) MS/PS recovery criterion 75% to 125%.

() Prep method PNL-ALO-115, except *H leached by PNL-ALO-103, ' by PNL-ALO-114, and "*C by combustion.

(m) Not required by test plan or test specification; performed as part of laboratory QC.
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Table 9.3. (Cont’d)

QC Flagging Criteria >> <15% |80% - 120% [80% - 120%| 70%-130% |70%-130% | < +/-10%

MDA/ Blank Spike | SRM-2710 | Matrix Serial

MRQ |MDL | MRQ > | Average RSD® (LCS) (LCS) ™ | Spike (MS) | Post Spike | Dilution

Method |Analyte © uCi/g | pCi/g | 3xMDL uCi’g |DF| % %Rec %Rec %Rec %Rec %Rec

Nominal decay correction references dates
ICP-MS: '#°I (5/2003), all others (6/2002)
Radchem: GEA, AES Pu and Am/Cm, *°Sr, gross alpha (10/2001); *H (2/2002); "*C (3/2002); **'Pu (6/2002), ***Pu (6/2002)
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Table 9.4. AZ-101 As-Received Wet Centrifuged Solids — Analyte QC Results

80-120% | 80-120% | 75-125% |75-125%
QC Criteria >>| <15% ® ® ® ® < +/-10%
Blank Matrix
Spike Solid Spike Post Serial
MRQ | MDL | MRQ> | Average RSD® | (LCS) [LCS©P (MS) Spike | Dilution
Method | Prep Analyte ug/g ug/g 3xMDL ng/g DF % %Rec %Rec %Rec %Rec % Diff
ICP-MS | Fusion-115 | *Te¢ 6.0 0.002 Yes 8.69 3 105 9 100 0
ICP-MS | Fusion-114 | 1 1.5 0.04 Yes 2.45 13 ® ®
ICP-MS | Fusion-115 33¢Cs 0.00070 | 0.003 No 16.6 2 103 105 106 1
ICP-MS | Fusion-115 | U 60 0.001 Yes 0.17 4 ® ® ®
ICP-MS | Fusion-115 | U 6.0 0.002 Yes 33.3 3 ® ® ® 8
ICP-MS | Fusion-115 | ®'Np®? 1.8 0.001 Yes 27.3 9 106 9 111 5
ICP-AES | Acid-129M2 | Ag 900 15 Yes 55 J 10 94 95 98 @
ICP-AES | Fusion-115 | Ag 900 57 Yes 260 IX 25 142 100
ICP-AES | Acid-129M2 | Al 330 36 Yes 136,000 2 101 100 ® 108 @ 2
ICP-AES | Fusion-115 | Al 330 140 No 130,000 3 93 96 105 2
ICP-AES | Acid-120M2 | As© 150 150 U 103@
ICP-AES | Fusion-115 | As© 570 570 U 100
ICP-MS | Fusion-115 | As 3.0 0.1 Yes 46.1 6 96 94 103
ICP-AES | Acid-129M2 | B 3.0 30 No 30 U 91 104 @
ICP-AES | Fusion-115 | B 3.0 120 No 110 §] 100 105
ICP-AES | Acid-129M2 | Ba 60 5.9 Yes 489 5 101 99 92 101 @ 2
ICP-AES | Fusion-115 | Ba 60 23 No 450 B 3 91 93 101
ICP-AES | Acid-129M2 | Be 3.0 5.9 No 9 J 98 93 100 @
ICP-AES | Fusion-115 | Be 3.0 23 No 23 §] 91 101
ICP-AES | Acid-129M2 | Bi 6,000 59 Yes 59 U 98 100 @
ICP-AES | Fusion-115 | Bi 6,000 230 Yes 230 Ux 153 99
IC-Inorg | Leach-103 Br® 450 130 Yes 350 2 98 ®) 94
C (Furn) | Direct Cas TC ©9 570 9,670 8 97 104
C (HP) | Direct Cas TC © 95 9,230 8 93
C (Furn) | Direct Cas TIC @ 30 1,000 No 1,100 J
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Table 9.4. (Cont’d)

80-120% | 80-120% | 75-125% |75-125%
QC Criteria >> <15% @ ® ®) ®) <+/-10%
Blank Matrix
Spike Solid Spike Post Serial
MRQ | MDL | MRQ> | Average RSD® | (LCS) [LCS©P (MS) Spike | Dilution
Method | Prep Analyte ng/g ng/g 3xMDL neg/g DF % %Rec %Rec %Rec %Rec %Diff
C (HP) | Direct C as TIC 30 54 No 8,380 7 101 96
C (Furn) | Direct C as TOC ™ 60 1,400 No 9,900 8 102 81
C (HP) | Direct C as TOC ™ 60 140 No 820 93 89
ICP-AES | Acid-129M2 | Ca 180 150 No 2,400 7 105 101 90 103 @
ICP-AES | Fusion-115 | Ca 180 570 No 2,300 | JX 7 122 99 102
ICP-AES | Acid-129M2 | Cd 11 8.9 No 4,670 7 104 ® 103 @ 2.4
ICP-AES | Fusion-115 | Cd 11 34 No 4,380 2 98 103 1.9
ICP-AES | Acid-129M2 | Ce © 120 380 J 8 98 99 @
ICP-AES | Fusion-115 | Ce© 450 530 J 117 109
ICP-MS | Fusion-115 | Ce 6.0 0.04 Yes 297 2 88 101 102 2
IC-Inorg | Leach-103 c® 230 13 Yes 110 105 ®) 95
CN Distill-287 | CN 3.0 0.040 Yes 0.54 X 91370 | [15°)
ICP-AES | Acid-129M2 | Co © 30 33 J 104 @
ICP-AES | Fusion-115 | Co © 120 110 U 109
ICP-MS | Fusion-115 | Co 3.0 0.006 Yes 383 B 98 144 75 101
ICP-AES | Acid-129M2 | Cr 120 12 Yes 800 107 ® 104 @ 23
ICP-AES | Fusion-115 | Cr 120 45 No 610 12 99 102
ICP-AES | Acid-129M2 | Cu 18 15 No 238 8 104 97 101 99 @
ICP-AES | Fusion-115 | Cu 18 57 No 57 §] 88 104
ICP-AES | Acid-129M2 | Dy © 30 30 9] 101 @
ICP-AES | Fusion-115 | Dy © 120 110 U 96
ICP-AES | Acid-129M2 | Eu© 59 59 U 108 @
ICP-AES | Fusion-115 Eu © 230 230 U 103
IC-Inorg | Leach-103 F 7,500 130 Yes 4,110 8 104 ®) 99
ICP-AES | Acid-129M2 | Fe 140 15 Yes 66,800 5 109 100 ® 104 @ 32
ICP-AES | Fusion-115 | Fe 140 57 No 61,600 5 107 98 105 25
CVAA | Acid-131 Hg 1.5 | 0.0079 Yes 3.2 101 155 9 93
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Table 9.4. (Cont’d)

80-120% | 80-120% | 75-125% |75-125%
QC Criteria >> <15% @ ® ®) ®) <+/-10%
Blank Matrix
Spike Solid Spike Post Serial
MRQ | MDL | MRQ> | Average RSD® | (LCS) [LCS©P (MS) Spike | Dilution
Method | Prep Analyte ng/g ng/g 3xMDL neg/g DF % %Rec %Rec %Rec %Rec %Diff
ICP-AES | Acid-129M2 | K 200 1,200 No 1,400 J 21 97 102 @
ICP-AES | Acid-129M2 | La 60 30 No 1,790 6 100 ® 97 ® 1.1
ICP-AES | Fusion-115 | La 60 120 No 1,580 2 97 96
ICP-AES | Acid-129M2 | Li 30 18 No 70 J 6 106 87 104 @
ICP-AES | Fusion-115 | Li 30 68 No 74 J 10 100 100
ICP-AES | Acid-129M2 | Mg 540 59 Yes 440 J 4 112 103 107 109 @
ICP-AES | Fusion-115 | Mg 540 230 No 530 J 10 107 106 109
ICP-AES | Acid-129M2 | Mn 300 30 Yes 1,480 5 105 103 ® 110® 2.4
ICP-AES | Fusion-115 | Mn 300 120 No 1,480 6 120 103 106
ICP-AES | Acid-129M2 | Mo © 30 64 J 63 103 98 101 @
ICP-AES | Fusion-115 Mo © 110 110 U 99 103
ICP-MS | Fusion-115 Mo 30 0.03 Yes 146 B 1 106 178 101 2.0
ICP-AES | Acid-129M2 | Na 150 89 No 70,100 5.8 ™) 103 101 ®) 7.4
ICP-AES | Fusion-115 | Na 150 340 No 71,500 7.5 ™) 97 94 101 2.4
ICP-AES | Acid-129M2 | Nd 600 59 Yes 1,260 6 99 95 98 @
ICP-AES | Fusion-115 | Nd 600 230 No 1,200 J 5 102 96
ICP-AES | Acid-129M2 | Ni 160 18 Yes 2,770 7 106 ® 104 @ 2.7
IC-Inorg | Leach-103 NO, @ 450 260 No 27,400 1 90 ®) 102
IC-Inorg | Leach-103 NO,; © 450 260 No 22,900 1 104 ®) 98
IC-Inorg | Leach-103 Oxalate ¥ 26 Yes 3,150 X 0™ ®) 100
ICP-AES | Acid-129M2 | P 600 59 Yes 1,790 6 103 90 100 101 @
ICP-AES | Fusion-115 | P 600 230 No 350 J 17 102 101
ICP-AES | Acid-129M2 | Pb 600 59 Yes 490 J 9 109 99 103 100 @
ICP-AES | Fusion-115 | Pb 600 230 No 510 J 10 108 97 104
ICP-AES | Acid-129M2 | Pd © 450 490 J 8 92 @
ICP-AES | Fusion-115 Pd© 1,700 1,700 U 102
ICP-MS | Fusion-116 | Pd 300 0.003 Yes 101 84 ® 104 3
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Table 9.4. (Cont’d)

80-120% | 80-120% | 75-125% |75-125%
QC Criteria >> <15% @ ® ®) ®) <+/-10%
Blank Matrix
Spike Solid Spike Post Serial
MRQ | MDL | MRQ> | Average RSD® | (LCS) [LCS©P (MS) Spike | Dilution
Method | Prep Analyte ng/g ng/g 3xMDL neg/g DF % %Rec %Rec %Rec %Rec %Diff
IC-Inorg | Leach-103 PO, © 1,840 26 Yes 250 15 86 ®) 93
ICP-MS | Fusion-115 Pr 6.0 0.004 Yes 264 3 135/105 © 163 99 1
ICP-MS | Fusion-116 | Pt 3.0 0.01 Yes 0.70 B 92 97 94
ICP-MS | Fusion-115 | Pu sum ©? 6.0 0.004 Yes 19.7 11 ™) ™) )
ICP-MS | Fusion-115 | Pu-239® 0.004 18.4 11 106 9 114 5
ICP-MS | Fusion-115 | Pu-240% 0.0002 1.3 9 1109 118 8
ICP-MS | Fusion-115 | Rb 6.0 0.02 Yes 262 B 1119 107 ® 102 9
ICP-AES | Acid-129M2 | Rh © 180 180 U 95 @
ICP-AES | Fusion-115 Rh © 680 680 U 97
ICP-MS | Fusion-116 | Rh 300 0.001 Yes 90.8 8 94 95 3
ICP-AES | Acid-129M2 | Ru @ 650 650 U
ICP-AES | Fusion-115 | Ru© 2,500 2,500 U
ICP-MS | Fusion-116 | Ru 300 0.2 Yes 1150 6 88 ® 106 2
ICP-AES | Acid-129M2 | Sb © 300 300 U 101@
ICP-AES | Fusion-115 Sh © 1,200 1,100 U 99
ICP-MS | Fusion-115 | Sb 12 0.01 Yes 3.4 B 10 69/102 ® 103
ICP-AES | Acid-129M2 | Se © 150 150 U 103 @
ICP-AES | Fusion-115 | Se © 570 570 U 100
ICP-MS | Fusion-115 | Se 300 1 Yes 1 UB 106 77 96
ICP-AES | Acid-129M2 | Si ™ 3,000 300 Yes 970 JX 15 ® ® ® 107 @
ICP-AES | Fusion-115 | Si 3,000 | 1,200 No 3,800 J 9 99 89 106
ICP-AES | Acid-129M2 | Sn @ 890 1,000 J
ICP-AES | Fusion-115 Sn © 3,400 3,400 U
IC-Inorg | Leach-103 SO, 1,800 260 Yes 24,000 9 94 ®) 100
ICP-AES | Acid-129M2 | Sr 300 8.9 Yes 356 6 118 100 ®) 103 @
ICP-AES | Fusion-115 | Sr 300 34 Yes 320 J 3 119 101
ICP-MS | Fusion-115 | Ta 6.0 0.001 Yes 3.65 B 101 9 ®) 97
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Table 9.4. (Cont’d)

80-120% | 80-120% | 75-125% |75-125%
QC Criteria >> <15% @ ® ®) ®) <+/-10%
Blank Matrix
Spike Solid Spike Post Serial
MRQ | MDL | MRQ> | Average RSD® | (LCS) [LCS©P (MS) Spike | Dilution
Method | Prep Analyte ng/g ng/g 3xMDL neg/g DF % %Rec %Rec %Rec %Rec %Diff
ICP-AES | Acid-129M2 | Te © 890 890 U
ICP-AES | Fusion-115 Te © 3,400 3,400 U
ICP-MS | Fusion-115 Te 6.0 0.2 Yes 196 4 73/93 ©) 90 8
ICP-AES | Acid-129M2 | Th© 590 590 U 104 102®
ICP-AES | Fusion-115 Th © 2,300 2,300 U 97
ICP-MS | Fusion-115 | Th 600 0.003 Yes 109 6 50/107 ™ 111 ® 110 5
ICP-AES | Acid-129M2 | Ti 150 15 Yes 64 J 36 98 95 110 99 @
ICP-AES | Fusion-115 | Ti 150 57 No 68 J 11 95 89 100
ICP-AES | Acid-129M2 | T1© 300 300 U 96 @
ICP-AES | Fusion-115 T1© 1,200 1100 U 98
ICP-MS | Fusion-115 | TI 600 0.002 Yes 0.16 B 82 111 80 95
ICP-AES | Acid-129M2 | U 150 1,200 No 3,600 J 6 98 96 94 @
ICP-AES | Fusion-115 | U 150 4,500 No 5300 J 7 108 97
KPA Fusion-115 | U 150 0.20 Yes 3,170 7 100 95
ICP-MS | Fusion-115 U sum 6.0 0.1 Yes 3680 3 ® ® ® ®
ICP-AES | Acid-129M2 | V © 30 30 U 97 95 98 @
ICP-AES | Fusion-115 v © 120 110 U 100 98
ICP-MS | Fusion-115 | V 6.0 0.03 Yes 23.4 B 4 115 110 75 101
ICP-AES | Acid-129M2 | W © 1,200 1,200 U ®
ICP-AES | Fusion-115 | W© 4,500 4,500 U
ICP-MS | Fusion-115 | W 6.0 0.01 Yes 33.3 B 14 106 103 101 1
ICP-AES | Acid-129M2 | Y © 30 110 J 5 99 @
ICP-AES | Fusion-115 | Y © 120 100 J 102
ICP-MS | Fusion-115 Y 6.0 0.009 Yes 117 1 129/107 © 96 106 101 2
ICP-AES | Acid-129M2 | Zn 6.0 30 No 79 J 114 99 97 105 @
ICP-AES | Fusion-115 | Zn 6.0 120 No 130 IX 12 128 98 104
ICP-AES | Acid-129M2 | Zr 600 30 Yes 19,500 6 105 ® 103 @ 1.2
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Table 9.4. (Cont’d)

80-120% | 80-120% | 75-125% |75-125%
QC Criteria >>| <15% ® @ ®) ®) <+/-10%
Blank Matrix
Spike Solid Spike Post Serial
MRQ | MDL | MRQ> | Average RSD® | (LCS) [LCS©P (MS) Spike | Dilution
Method | Prep Analyte ng/g ng/g 3xMDL neg/g DF % %Rec %Rec %Rec %Rec %Diff
ICP-AES | Fusion-115 | Zr 600 120 Yes 13,400 6 109 105 1.8

Bolded analytes required for comparison to Contract Specification 8 (Envelope D)

Outlined and bolded results exceed QC flagging criteria

Blank fields indicate QC not required or not defined in the test plan or test specification.

Prep: See Section 7.0 for preparation information for PNL-ALO-114, 115, and 116 fusion methods and PNL-ALO-129 Mod 2 acid digestion method
MRQ: minimum reportable quantity

MDL: method detection limit

DF: data quality flag (See Section 8.1 for definitions)

RSD: relative standard deviation (in percent)

(a) Batch QC PS for ICP-AES performed on sample 01-0955 ASR 6104 (AW-101 Simulant).

(b) LCS or MS not recovered; sample concentration >> spike concentration (MS) or spiking level too low after required analytical dilution (MS and/or LCS).
(c) Solid LCS: ICP-AES/ICP-MS NIST SRM-2710; Hg NIST SRM-2709; CN ERA Priority PollutnT reference material (see Section 9.1, 9.7 and 9.8).
(d) MS recovery average of MS 131% and MSD 175%.

(e) MS recovery average of MS 27% and MSD 3%.

(f) Solids LCS recovery 91% from expired standard; see Section 9.7 for explanation.

(g) RSD only calculated when sample, duplicate, and triplicate exceed MDL.

(h) MS and PS QC flagging criteria for Na = 90% to 110%, all ICP-MS analytes 70% to 130%.

(i) Sodium QC flagging criterion: 90% to 110%.

(j) Post spiked blank used as LCS/BS for analyte.

(k) Results include both the LCS/BS recovery (first result) and a post spiked LCS/BS recovery (second result).

(I) Solids LCS for ICP-AES and ICP-MS prepared by total digestion method and compared to certified results based on a leaching preparation; high recoveries for some analytes not
unexpected.

(m) RSD QC criterion for sodium: 3.5%.

(n) Oxalate LCS recovery = 0%; reason unknown (see Section 9.5).

(o) Opportunistic analytes; not include in test specification or test plan.

(p) Total uranium (U Sum) based on the sum of all U isotopes measured by ICP-MS.

(@) TCis sum of TIC and TOC by HP; TIC is difference between measured TC Furn and TOC Furn.

(r) The fluoride results considered the upper bound concentration for the fluoride, since the fluoride peak shape and retention time suggest the presence of co-eluting anion(s).
(s) Total plutonium (Pu Sum) based on sum of Pu isotopes measured by ICP-MS.

(t) MDL is based on the lowest calibration standard adjusted for sample dilution; equivalent to SW-846 EQL definition.
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Table 9.4. (Cont’d)

80-120% | 80-120% | 75-125% |75-125%
QC Criteria >>| <15% ® @ ®) ®) <+/-10%
Blank Matrix
Spike Solid Spike Post Serial
MRQ | MDL | MRQ> | Average RSD® | (LCS) [LCS©P (MS) Spike | Dilution
Method | Prep Analyte ng/g ng/g 3xMDL neg/g DF % %Rec %Rec %Rec %Rec %Diff

(u) Most silicon from PNL-ALO-129 Mod 2 lost in processing; see Section 7.2.4.
(v) For QC performance for uranium by ICP-MS, see ***U Table 9.3.
(w) For QC performance for plutonium by ICP-MS, see ***Pu and **’Pu by ICP-MS.
(x) Best estimate for TOC is about 1,300 pg/g; See Section 9.6.3.1.

(y) For QC performance for iodine by ICP-MS, see '’ Table 9.3.
(z) Same certified source standard used to prepare calibration and verification standards for ICP-MS. Calibration and verification standards prepared approximately 1 year apart;

prepared standards verified by independent analysis (i.e., LSC, AEA, or GEA).
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24590-PTF-TSP-RT-01-001
Revision 0
7/2/01
Purpose

This specification provides instructions to Battelle Laboratories personnel for:

o Preparing composite samples of waste from multiple waste samples from tank 241-AZ-101

e Verifying the homogeneity of the composite samples

»  Measuring physical properties of the composite samples at three undissolved solids concentrations that are
expected to occur during processing in the waste pretreatment facility '

*  Analyzing both the liquid and the sludge composites

¢ Comparing analytical results with the low-activity waste (LAW) and high-level waste (HLW) feed
specifications for the waste treatment plant (WTP)

s Reporting analytical results

Testing performed in accordance with this specification is to support process verification testing.
Environmental/regulatory testing is limited to PCB analysis only. PCB testing is to address urgent waste
management issues in a timely fashion that cannot be addressed soon enough by implementation of the Regulatory
DQO (Wiemers, et al., PNNL 12040).

Background

Between August 17 and 28, 2000, Hanford site personnel obtained one core sample [Core 283] consisting of
eighteen segments (19 inch high) from the entire tank depth and two additional sludge segments from the bottom 39
inches of tank 241-AZ-101. The prefix “241” is common to all Hanford Site tanks and will not be used further.
This sample was obtained to satisfy requirements in ICD-23 for process verification testing'. Attachment 2 contains
recent core profiles taken from AZ-101 and includes Core 283. The core sampling process requires the addition of a
hydrostatic fluid into the sampling system to displace the sample volume removed. The hydrostatic fluid is a2 0.3 M
LiBr solution. Both lithium and bromine are not normally found in Hanford waste. Attachment 3 provides
additional information collected at the time the core sediments were extruded in building 222-S. The 283 core
sample was taken after tank mixing pumps were run in tank AZ-101 in April and May 2000% Evidence collected
during the mixer pump testing program demonstrated that most of the tank's sludge was suspended. At that time, the
sludge became well homogenized both vertically and horizontally, therefore, the sludge in the core sample taken
after the sludge suspension event is representative of the tank’s entire sludge composition.

However, compositing all core samples is not likely to produce a composite sample that has the same liquid-solids
ratio of tank AZ-101. This is the case since additional segments were taken for segments 17 and 18. The additional
cores were necessary to obtain the minimum quantity of solids needed for process verification testing. During the
threc month lag between mixing and sampling, the readily gravity separable solids settled to the tank bottom. The
near complete sediment of the solids is evident by the data shown in Attachment 3. As a result of the earlier tank
pump test, thé supernate zone is likely to contain entrained solids (non-gravity separable solids) more closely
representative of the entrained solids expected during Low Activity Waste (LAW) transfers to WTP.

After sampling the tank, the core segments were extruded or poured into glass bottles. These sample bottles have
been stored in 222-S building since the sampling event. It is likely that some evaporation of the sample contents has
occurred. The tank AZ-101 waste samples are expected to be shipped to Battelle by way of sample trucks.
Shipments are expected to occur in May or June 2001. Prior to shipment of the core to Battelle, 222-S personnel are
planning to sub-sample the solids in segments 17, 17A, 18, and 18A. A total of about 6 grams of solids are expected
to be removed from the entire core. The slurried waste contained in tank AZ-101 is candidate high level waste
(HLW) for the River Protection Project Waste Treatment Plant (RPP-WTP). The liquid portion of the tank waste,
after separation from the sludge in the RPP-WTP will become low-activity waste (LAW) feed (envelope B) for
RPP-WTP.

Battelle personnel were initially going to perform a crossflow ultrafiltration test using waste from core segment 1
through 16. However, after BNI R&T and PNNL representatives inspected the core segments that containing liquid
proposed for crossflow ultrafiltration, it was determined that there was insufficient solids present to perform,
crossflow ultrafiltration testing. Battelle personnel shall composite the waste using the sludge containing segments

! BNFL-5193-ID-23, Rev 4, Interface Control Document for Waste Treatability Samples, June 2000.
? Preliminary Test 241-AZ-101 Mixer Pump Test, RPP-6548, Rev. 0, July 2000.
Page 3 of 51
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and liquid core segments that have not been contaminated with hydrostatic fluid. The entire composite will be sub-
sampled. The homogeneity of sub-samples will be measured. Physical properties listed in Table 1 will be measured
at three different solids concentrations. The concentration of elements and radionuclides listed in Tables 2 and 3
will be measured in the liquid and centrifuged solids. Separate test specifications will be issued for the process
verification testing and waste form qualification test activities conducted with the AZ-101 sample and will include
the following tests: -

e Crossflow ultrafiltration of HLW slurry to provide filter flux for WTP design verification
e Undissolved solids washing
e  Caustic leaching of the undissolved solids

e The filtrate will be used for multiple load and elution tests with SuperLig 644 (Cs) and SuperLig 639 (Tc) ion
exchange columns (~10-ml resin per column) to determine useful operating life of these resins and variability in
resin performance

e  Evaporation of pretreated sample to determine saturation end-point, partitioning of compounds of potential
regulatory concern, and provide information to verify process models

e Melter feed rheology measurements

s Lab-scale radioactive melter process test to determine partitioning of radionuclides and inorganic compounds,
determine if hazardous compounds (e.g., dioxins) form in melter system, verify ability to process glass
formulation, demonstrate compliance for both LAW and HLW glasses with land disposal restrictions and other
contract specifications

In 2000, the Tank Farm contractor performed mixer pump tests in AZ-101 to demonstrate the applicability of the
- mixer pump system to prepare high level waste for retrieval. During the mixer pump operation, the tank waste was
sampled.>*”

The sodium concentration of the liquid fraction of tank AZ-101 waste is ~4.8M as reported in Tank Waste
Information Network System [TWINS], “Best Basis Inventory”. Battelle personnel will not need to dilute the tank
241-AZ-101 sample for process verification testing and waste form qualification activities unless considerable loss
of liquid occurred during sample storage.

Tank AZ-101 contains 865,000 gallons of supernate and 52,000 gallons of settled sludge.® The tank waste is
scheduled to be mixed and transferred to WTP to become the first batches of waste to the HLW Pretreatment
Facility.” ™ _

3 HNF-1706,Tank 241-AZ-101, Grab samples for the Mixer Pump Test Event 1 Analytical Results for the Final

Report.
4 HNF-1708,Tank 241-AZ-101, Grab samples for the Mixer Pump Test Event Two, Three and Four Analytical

Results for the Final Report.
5 HNF-6052, Tank 241-AZ-101 Grab Samples for the Mixer Pump Test Event Six Analytical Results for the Final

Report.
¢ HNF-EP-0182, Rev. 155, Waste Tank Summary Report for Month Ending February 28, 2001.
T HNF-SD-WM-SP-012, Rev. 2, Tank Farm Contractor Operation and Utilization Plan, April 19, 2000.
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Task Specification Title: AZ-101 Sample Composite, Homogeneity, and Analysis

BNI R&T Plan Reference

Section 1.0 of the Research and Technology Plan identifies characterization requirements for low-activity waste
(LAW) and high-level waste (HLW) samples.

Schedule Reference

The RPP-WTP Research and Technology schedule for fiscal year 2001 identifies this activity as R20250,
Characterization (PNNL). This activity is listed in the Battelle schedule for fiscal year 2001.

BNI/WGI Statement of Work / RPP-WTP Request for Proposal Reference

Characterization of tank waste samples is identified in the Design and Construction Contract for the Hanford Tank
Waste Treatment and Immobilization Plant, standard 2, item (a)(3)(i).

1.1  Justification

This task provides information for assessing tank AZ-101 waste for compliance with the HLW and LAW feed
specifications. Measurement of the physical properties of the AZ-101 feed and concentrated slurries provides an
opportunity to underpin the pretreatment facility design basis. Additionally, it is critical that the AZ-101 waste
samples shipped to Battelle are homogeneous before sub-sampling to ensure the analysis of the sub-samples
provides information representative of the bulk sample.

1.2 Objectives
The objectives of these tasks are to:

o Receive and verify liquid samples were not corrupted with hydrostatic head fluid
Composite all low LiBr liquid samples and undissolved solids from cores 17, 17A, 18, and 18A from
" CUF if performed by thoroughly mixing in a compositing vessel,
While operating the vessel agitator, extract all of the material from the compositing vessel into volume
graduated jars
Verify the homogeneity of the sub-samples by measuring the volume of settled solids and supernate in
- at least five sub-samples
Determine the wit% undissolved solids concentration in composite
Perform PCB analysis per methods established for the Regulatory DQO
Adjust the concentration of sub-samples to 3+1 wt%, 13+2 wi% and 2042 wt% undissolved solids
Measure the physical properties of the 3, 13 and 20 wt% sub-samples
Measure the chemical and radioisotope concentrations listed Tables 2 and 3 in the solid and liquid
fractions of the original composite.
Determine liquid fraction compliance to specification 7 of contract DE-AC27-01RV14136
Determine solid fraction compliance to specification 8 of contract DE-AC27-01RV14136
Report liquid and solid analyses in accordance with Standard Electronic Format Specification for Tank
Waste Characterization Data Loader: Version 3.0, (HNF-3638 revision 1)
Provide a draft comprehensive technical report within 90-days of completing all analyses

[ ]

|
i

1.3 Test Plan

Battelle shall prepare a general or specific test plan containing detailed information needed to implement this test
specification. The test plan shall include a table that lists the expected amount of sample needed for each
characterization step and the expected amount of sample remaining and available for process verification testing.
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The test plan shall provide specific direction for the designated use volumes and preparation method for each sub-
sample. All non-corrupted excess sample material shall be retained for use for process verification testing.

The test plan shall provide in tabular form; the methods chosen for sample preparation, whether an actual analyte,
surrogate, or tracer shall be used for Laboratory Control Standards (LCS), matrix spikes and the instrument
calibration requirements. The estimated minimum detection limit for each analyte in Tables 2 and 3 shall be
provided. If the target minimum reportable quantity for an analyte in Tables 2 and 3 are below the estimated
minimum detection limit, they shall be flagged. The QA target requirements listed in Tables 1, 4, and 5 shall be
reviewed and any requirements that are not expected to be met should be identified and an the expected delta from
the criteria be identified. The test plan shall provide the technical basis for calibration and demonstration methods
for continued performance where LCS and spike recovery are not performed for a specific analyte.

Battelle may propose and use alternate analytical methods and QC requirements than those listed in this test
specification provided justification is provided in the approved test plan. If analytical procedures developed for the
Regulatory DQO (Wiemers et al., PNNL-12040) have been successfully demonstrated, then the use of these
procedures shall be considered. However, modification of these procedures may be needed to account for smaller -
sample volumes. -

A draft of the test plan shall be submitted to BNI R&T for review and comment. Comments labeled "Required”
under the "significance” column require a disposition. That is, the comment should be incorporated into the
document to the degree that it is technically correct if it is not negated by other document revision. Comments that
are "acknowledged" or "noted” require written justification for not incorporating the comment to some degree.

The final test plan must be approved by BNI R&T representative. Prior to performing testing for this work, the
approved test plan must be submitted to BNI's Project Document Control.

1.4  Success Criteria

The analytes and physical properties listed in this test plan were obtained. The QC target criteria in Tables 1, 4, and
5 along with the QC requirements for the approved QA plan for the project were also met. The target criteria
presented are goals for demonstrating reliable method performance. However, the analytical data may be acceptable
for its intended purpose even if some of the QA criteria is not met. It is understood that the laboratory will follow its
internal QC system for required actions whenever QC failures occur. If more than 5 QC failures occur, or if all
analysis cannot be performed (e.g., insufficient sample), analysts shall consult with BNI R&T representative to
determine the proper action. The laboratory should provide a suggested course of action at that time. AllQC
failures and limitations on the associated data shall be discussed in the narrative of the data report. Proper
notification of all data not meeting QC requirements shall be included with the data.

For PCB measurements, success criteria will be identification/quantification of detectable PCBs with the QA/QC
requirements specified in the “Regulatory DQO Test Plan for Determining Method Detection Limits, Estimated
Quantitation Limits, and Quality Assurance Criteria for Specified Analytes”, PNNL-13429, and the associated PCB
test plan, TP-RPP-WTP-30.

1.5  Quality Assurance

The RPP-WTP Quality Assurance Program, BNFL-5193-QAP-01 revision 8, requires the designation of a quality
level for all work. The sample analysis results may be used directly for assessing the performance of important to
safety equipment. Therefore, the work performed under this test specification is designated as important to safety
(quality level QL-1 or QL-2 per the RPP-WTP Quality Assurance Program, BNFL-5193-QAP-01 revision 8).

Battelle implements the RPP-WTP quality requirements in a quality assurance plan (QAP) as approved by the RPP-
WTP QA organization, Battelle shall perform this task in compliance with 10 CFR 830.120, “Quality Assurance

Requirements” and any additional quality assurance requirements based on nationally recognized standards
incorporated in the Battelle QAP for important to safety items and activities.
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Additionally, BNI/WGI personnel may use the PCB analysis results for regulatory submittals (i.e., environmental
data). For the PCB analysis, the requirements specified in PNNL-13429 and the associated test plan, TP-RPP-WTP-
30 shall be met.
The Quality Assurance Requirements and Description (DOE/RW-00333P), the principal quality assurance
document for the Civilian Radioactive Waste Management Program applies to certain activities conducted as part of
this task. Specifically, the formation of the composite, the homogeneity check of the composite fractions and the
characterization of the tank composite centrifuged solids should be performed to the QARD. The QARD does not
apply to the characterization of the liquid fraction of the tank composite, the proce:s testing of the expected receipt,
mid-range and maximum slurry concentration or the lithium bromide segment analyses.

1.6  Test Conditions

Battelle personnel are to inspect and weigh the “as received samples” to determine what degree of sample loss has
occurred during sample storage and transport. Battelle personnel are to report the visual appearance of the liquid
and solid / crystalline phases present in each AZ-101 sample bottles.

Battelle personnel are to maintain a material balance for the AZ-101 samples throughout the process steps defined
by this test specification. Items typically to be recorded include sample bottle identification number, bottle tare
weight (provided by 222-S), the mass (or volume) of sample received in each bottle, loss of sample due to residual -
sample left in each bottle, mass (or volume) of composite AZ-101 sample, mass and volume of chemical additions,
mass (or volume) of sample removed for analysis, and any other significant activities that add or remove mass (or
volume) from the AZ-101 sample.

Battelle personnel are to monitor the condition of all samples that are archived for extended periods. Actions shall
be taken to prevent samples from drying out. Ata minimum actions shall include; keeping the samples in sealed
jars, replacing evaporated liquid before solids are exposed, and delay separating the liquid from solids until ready to
proceed with testing or analysis.

1.6.1.1 Compositing Tank Samples

Battelle personnel are to record the temperature of the cell during sample compositing and sub-sampling activity.

Battelle personnel shall sub-sample the liquid in each sample jar that contains a separate liquid phase and analyze
the sub-samples for lithium and bromide (only single analysis per sub-sample is required). The purpose of the
analysis is to determine if the sample contains hydrostatic head fluid from the sampling process. If the concentration
of either lithium or bromide is greater than 0.003 M, then the sample shall not be included in the compositing
process. The,criteria of 0.003 M was selected to limit the amount of hydrostatic head fluid to 1 part in 100 parts.
Notify BNI R&T of actual lithium and bromine concentrations before proceeding . QARD does not apply to the
above activity. T
_o-'—"-—'_‘_-

All sample bottles containing liquid that meet the criteria of <0.003 M lithium and / or bromide and sample bottles
containing undissolved solid shall be transferred into a clean vessel that contains an 1/8 to 3/32" screen, and in
addition agitation and sampling (e.g., re-circulation line from pump) systems.

Once the material is transferred into the vessel, remove the screen and place a cover on the mixing vessel. If any
material remains on the sample screen after flushing the screen with the liquid samples, determine weight of
material and archive material. Notify BNI representative with a proposed path forward for this material.

The vessel agitation system shall be operated continuously at least an hour prior to performing sub-sampling and
shall continue to operate during sub-sampling.

QARD applies to the following steps. The sub-sampling method and homogeneity verification method shall be
based on the methods and criteria described in PNNL Test Plan for “Regulatory Data Quality Objective: Sample
Compositing Strategy,” TP-41500-001, Rev. 0 and shall be consistent with the following. While operating the
vessel agitation system, Battelle personnel are to extract sub-samples from the AZ-101 slurry into volume graduated
glass jars. The volume of the composite samples will range in size from 100 to 500 ml and be based on the
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anticipated volume needed for sample preparation and analysis, that is documented in the test plan. The order the
sub-samples pulled must be recorded. The entire contents of the compositing vessel shall be extracted as sub-

samples.
a.

b.

These sub-samples are to be tightly sealed and sit undisturbed for a minimum of 24-hours.

Battelle personnel are to inspect the sub-samples for floating organic layers and record volume or thickness
and appearance on any found layer. '

Administrative Hold Point: If an organic layer is observed in any of the composite batches, then BNI's
R&T representative must be consulted before work continues.

Battelle personnel are to record the volume of settle solids/crystalline material and supernate present in
each of the sub-samples after the 24 hour undisturbed period. The volume measurement shall be reported
to an accuracy of 1% of the container volume for containers > 100 mls and £1.0-ml for containers <100
mls.

Battelle personnel are to calculate the relative volume percentage of settle solids/crystalline material
present in each of the sub-samples selected for homogeneity verification and compare the volume percent
settled solids versus the order of sample collection.

Administrative Hold Point: If the liquid sub-samples contain an average of less than 5 vol% settled solids,
then the homogenization is complete. The volume settled solids data on the composite liquid sub-samples
are 1o be presented to BNI R&T for approval before proceeding. Once this approval has been received,
proceed to compositing sludge samples. Documentation of approval shall be recorded and included in the
data package.

Administrative Hold Point: If the liquid sub-samples contain an average of greater than 5 vol% but less
than 60% settled solids, then the following two criteria must be met before the composite sub-samples are
to be presented to the BNI R&T for approval before proceeding to composing sludge samples. The data
package submitted for BNI R&T approval is to include information on any outlier eliminated from the data
set reconciled against the criteria. If the composite sub-samples fail the criteria, then the composite sub-
samples will be returned to the mixing vessel and rehomogenized and sub-sampled again at a higher
agitation rate and/or other modifications deemed necessary to obtain improved mixing. If the second
homogenization fails, BNI R&T will be consulted. Documentation of approval to continue shall be
recorded and included in the data package.

1. Calculate a standard deviation for the entire vol% settled solids data set. If there are a few outliers,

" eliminate up to 10% of the samples from the data set, and then recalculate the standard deyiation. This
standard deviation must be no greater than 5 vol%. Note, after eliminating outliers, there must be at
least 5 sub-samples remaining in the data set.

2. Calculate a best fit line for the data set (vol% settled solids versus collection order). This best fit line
must not show a trend of greater than 5 Vol% over the range. For example, if the linear best fit line is
at 50 vol% for the first sample, then it cannot exceed 55 vol% or be below 45 vol% for the last sample
(these are the values for the best fit line, not samples).

If the liquid sub-samples contain an average of greater than 60% settled solids, then proceed to do the
following with the samples selected for homogeneity testing. A minimum of five sub-samples shall be used
for determination of sub-sample homogeneity. These sub-samples for homogeneity determination shall
include the second, middle and next to the last sub-samples removed from the compositing vessel. Two
other sub-samples will be chosen at random. Mix the selected sub-sample and transfer triplicate aliquots of
the selected homogeneity sub-samples into volume graduated centrifuge cones. Allow the triplicates to
settle for 3 days. Record the total mass and volume and the volume of the settled solids. Calculate the bulk
slurry density, and the volume percent settled solids. If sufficient clarified liquid is present following
settling, transfer a portion to a volumetric container and determine supernate density. Centrifuge the settled
slurries at approximately 1000 times the force of gravity for 1 hour. Transfer all of the centrifuged
supernate into a graduated cylinder and measure its mass and volume. Measure and record the mass and
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volume of the centrifuged solids. Calculate density of centrifuge solids. Dry the centrifuged solids and
supernate at 105 to constant weight. Determine wt% solids, wt% dissolved solids and wt% undissolved
solids. Record the volume of centrifuged solids/crystalline material and supernate present in each of the
sub-samples after centrifuging. Plot the data against the sub-sample removal sequence. Submit the data
Package to BNI R&T as confirmation that the sub-sampling was homogenized. The data package
submitted for BNI R&T approval is to include information on any outlier eliminated from the data set
reconciled against the criteria. If the composite sub-samples fail homogenization criteria, then all the
composite sub-samples will be returned to the mixing vessel and rehomogenized and sub-sampled again at
a higher agitation rate and/or other modifications deemed necessary to obtain improved mixing. If the
second homogenization fails, BNI R&T will be consulted.

1.6.1.2  Chemical and Radiological Characterization of Sub-Sample

If step 1.6.1.2 h was not done then Battelle personnel are to rehomogenizing one sub-sample of the initial slurry
composite and then measure in triplicate the slurry density, wt% total solids, wt% dissolved solids, wt% undissolved
solids (by way of calculation) and supernate density.

The remaining material from the sub-sample shall be centrifuged for 1 hr at ~ 1000 x g. to separate damp solids
from liquid. Decant the liquid from the solids. Measure the volumes and weights of the liquid and centrifuge solids.
Calculate the density of the damp centrifuge solids, the density of the centrifuged liquid and the vol% and wi%
centrifuged solids.

For Decanted Liquid Analysis:

e Dryan aliquot of the decanted centrifuged liquid to a constant weight at 105 °C. Measure and record % wt
residual, this is the wt% dissolved solids.
Determine the concentration of the analytes listed in Table 2. All analysis shall be performed in triplicate.
Quality Control parameters are defined in Table 4. Note extended GEA count time will be required to obtain
minimum reportable quantities for some isotopes.

For Centrifuge solids analysis:

e Dryan aliquot of the centrifuged solids at 105 °C to a constant weight. Measure and record % wt loss.

e Calculate the wi% undissolved solids and wt% soluble solids in the centrifuged solids and in the original sub-
samples, using an equation equivalent to Section 1.6.1.7, Equation (1).

o Prepare the centrifuged solids for analysis by using laboratory sludge dissolution methods that are specified in
the test plan. Note: Sample dissolution may be done on the centrifuge solids rather than dried solids as long as
the results of the analysis are reported on a equivalent undissolved solids basis. If after the dissolution process,
the solids aren’t completely dissolved, then archive the solids analysis. After reviewing the results from all
dissolution methods, contact the BNI R&T representative if there is concern that the undissolved material was
not dissolved by either dissolution method used. Document any issues and the approval to continue and include
in the data package. '

e Determine the concentration of the analytes listed in Table 3. All analysis shall be performed in triplicate.
Quality Control parameters are defined in Table 5. Note extended GEA count time wil! be required to obtain
minimum reportable quantities for some isotopes.

« Report concentration on a dried solids and a undissolved solids basis. Reporting on a undissolved basis will
require adjusting the results for the contribution of the dissolved solids, using a method equivalent to that
provided Section 1.6.1.7 equation (3).

1.6.1.3  PCB Characterization of Sub-Sample

One sub-sample shall be designated for PCB analysis. This sub-sample shall be archived without separating the
solids from the liquid until the analytical laboratory is ready to analyze the sample. The sample shall be analyzed
along with the Reg. DQO Step 1 Analysis or after the Reg. DQO Step 1 analysis is complete. The analysis shall be
performed using the same approved procedures and reporting methods required by the Reg. DQO. The archived
sample condition shall be monitored and controlled in order to preserve the sample integrity.
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1.6.1.4  Physical Characterization at the Expected Receipt, Mid-Range and Maximum Concentration

Settle and decant supernate from one sub-sample designated for the maximum-range concentration sub-sample until
a final concentration of 2042 wt% undissolved solids is reached. Note the 20 wt% undissolved solids is the design
basis for concentrating HLW. To reach this concentration, it may be necessary to augment settling by centrifuging
the sub-sample. Save the supernate. The amount of supemate to be decanted shall be determined by calculation
based on the undissolved solids concentration in the original composite sub-sample (Section 1.6.1.3).

Settle and decant supernate from sub-sample designated to be the mid-range concentration sub-sample until a final
concentration of 1342 wt% undissolved solids is reached. Note the 13 wt% undissolved solids is mid range for
design basis for concentrating HLW. Save the supernate. The amount of supernate to be decant shall be determined
by calculation based on the undissolved solids concentration in the original composite sub-sample (Section 1.6.1.3).

Adjust the concentration of the sub-sample designated for the receipt concentration by adding liquid to the sub-
sample to reach a concentration of 3+1 wi% undissolved solids. Note 3 wt% undissolved solids is the expected feed
concentration for tank AZ-101%. The amount of supernate to be added shall be determined by calculation based on
the undissolved solids concentration in the original composite sub-sample (Section 1.6.1.3).

Battelle personnel are to mix the above three sub-samples after adjusting the wt% solids. Then the three sub-
samples shall be analyze in triplicate to determine slurry density, wt% total solids, wt% dissolved solids, wt%
undissolved solids, yield strength, shear stress Vs shear rate, and heat capacity per Table 1.

Only one of the sub-samples shall require particle size distribution and SEM analysis.

1.6.1.5 Compare Analysis to WPT Contract Specification 7 (LAW)

Battelle personnel are to compare and report the centrifuged liquid analytical results for the slurry feed concentration
composite sample to the limits listed in Specification 7, Low-Activity Waste Envelopes in WTP Contract No. DE-
AC27-01RVi4136 (see attachment 1).

1.6.1.6  Compare Analysis to WPT Contract Specification 8 (HLW)

Battelle personnel are to compare and report the analytical results for the centrifuged solids to the limits listed in
Specification 8, High-Level Waste Envelope in TP Contract No. DE-AC27-01RV14136 (see attachment 1).

Specification 8 limits are specified in units of curies or grams per 100 grams non-volatile waste oxides (unwashed
solids). It is necessary to limit the waste oxides to those available from the undissolved solids.

The characterization of sludge solids is done on samples that contain both dissolved and undissolved solids.
Therefore the results of the analysis must be adjusted to an undissolved basis, by calculation. The undissolved
solids basis does not include the contribution of the analyte and dried mass in the interstitial liquid. The results are
determined from a calculation rather that analysis of the undissolved solids only. A method that accomplishes this
157

o determine wt of centrifuged solids sub-sample [w,,]

e determine wt of dried (105 °C for 24+1-hour) centrifuged solids sub-sample [wqc]
s determine wt of a sub-sample of liquid [w,]

¢ determine wt of dried sub-sample of liquid [wgs]

wg, = weight fraction of dissolved solids, wai/wi,, (Wt dissolved solids/ wt of supernate)

wies = Weight fraction of total dried centrif. solids, Wc/We,, (Wt total dried centrif, solids/wt of centrif. solids)
W = weight fraction undissolved solids, (wt of undissolved solids/ wt of centrifuged solids)

w,, = weight fraction of soluble solids, (wt dissolved solids/wt of centrifuged solids)

Wads = (Wies. Was)/(1- W) : Equation (1)

8 HINF-SD-WM-SP-012, Rev. 2, Tank Farm Contractor Operation and Utilization Plan, April 19, 2000.
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Wig = Wies=Wads Equation (2)

i, =analyte i concentration on dried centrifuged solids wt basis (mg/Kg or mCi/Kg)
iy =analyte i concentration in liquid, on liquid volume basis (mg/L or mCi/L)

i, =analyte i concentration on undissolved solids basis (mg/Kg or mCi/Kg)

S,g = specific gravity of liquid

i = (o Waes) - iy /(5580 *(Was))/(1-Way) Equation (3)

Once the concentrations are reported on a undissolved solids basis, then the concentrations can be reported on a
oxide basis by converting the concentration of the elements present to their oxide form and summing the oxides.

1.7  Reporting

Battelle personnel are to report all characterization results in metric units, in accordance with section 6.6.3,
Convention of Units of Measure, of the DOE-ORP statement of work to BNI/WGL

Battelle personnel are to issue the draft test results to RPP-WTP within 90 calendar days after completing the
analyses identified in this test specification. Battelle personnel are to issue a final test report within 30 calendar days
after receiving comments on the draft report from RPP-WTP. This report shall be issued as a document approved
for public release and available to all Hanford contractors.

Battelle personnel shall also report liquid and solid analyses in accordance with Standard Electronic Format
Specification for Tank Waste Characterization Data Loader: Version 3.0, (HNF-3638 revision 1), to the extent data
field information is available.
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Tablel'
Slurry Analyses for Feed Composition, Mid Range Composition and Concentrated Composition®™
Analyte Minlmum Reportable Quantity Analysis Method
Physical Property @ Expected Range
Slurry D‘“’i'lm 1to 1.6 gm/cm; Gravimetric
Liquid Density 1 tol.6 gm/cm Gravimetric
Vol% Centrifuged solids 0.1 to 50 vol% Volumetric -
W% Centrifuged solids®) _ 0.1 t0 30 wi% Gravimetric
W1% Total Dried solids 1 to 80 wt% Gravimetric
Wi% Dissolved solids > 11025 wt% Gravimetric
Wt% Undissolved solids 1to 25 wt% Calculation
Heat Capacity 0 0.5102.0J/g"C Calorimeter
Shear Stress Vs Shear Rate' 0 10 1000'® sec” Viscometer
Yield Strength*? 1to 1000 Pa Viscometer
Particle size'® 0.1 to 500 micron Laser Scattering
Particle (size & shape) 0.1 to 500 micron SEM

TQARD does not apply when these analyses are performed on the process testing samples. Any physical property measurements on the original

composite should be performed according to QARD

Footnotes:

 Triplicate measurements are to be made for each Physical Property at specified concentration and temperature.

Acceptable precision is <15% RSD. RSD = (standard deviation/mean) * 100

®) Measurements are to be made using vendor calibration of glassware and laboratory balances.
© Measurements are to be made at cell ambient temperature (normally ambient between 28-35 °C), and 40£3 °C.
© Results are calculated based on behavior of sample relative to a standard (water or sapphire depending on sample

range).

© or the upper limit of selected sensor/viscometer configuration.

0 perform calibration check every 30 days using a NIST traceable standard.

® perform calibration check every 30 days using instrument manufactures recommended method.
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Table2'
Liguid Fraction Analyses
Analyte Target Minl Reportable Quantity Recommended Analysis Met_hndﬁr
mg/L
Al 7.5EH01
B 2.3E+H00
Ba 2.3E+00
Ca 1.5E+02
Ce 2.3E+00
Cd 7.5E+00
Cr 1.5E+01 ICP-AES
Fe 1.5E+02 {AA may be used for Na, K)
K 7.5E+01
La 3.5E+01
Li 2.3EH00
Mg 3.0E+02
Na 7.5E+01
Ni 3.0EH01
P 6.0E+02
Pb 3.0E+02
Th 2.3E+00
\ 2.3E+00
W 2.3E+00
U 6.0E+02
U 7.8E+02 Kin. Phosphorescence
TOC 1.5E+03 (as C)
TIC 1.5E+02 (as C) Silver catalyze persulfate and fumace oxidation method
Hg 1.5E+00 Cold Vapor AA
Cl 3.0E+02
Br 3.0E+02
F 1.5E+02
NO; 3.0E+03 IC
NOy 3.0E+03
PO, 2.5E+03 (as P)
SO, 2.3E+03 (as S)
mCUL (except as noted)
Rb 1.0E+00 (mg/L)
il 1.5E+00 (mg/L) ICP-MS
LT 1.8E-05 (AA may be used for Cs determination)
Cs 7.0E-04 (mg/L)
FCs 1.5E+00
7'Cs 1.5E+00
“/Np 2.7E-02
py 3.0E-02 -
Py 1.0E-02
Ty / T Am 8.7E-03(mg/L)
e 1.5E-03
“Su 4.2E-04
2y 1.2E-04
Sy 4.5E-08
“y 1.4E-06
'y 7.2E-09
i c(pertechnetate) 1.5E-03 Separations / Liquid Beta Scintillation without sample oxidation to
_ determine pertechnetate
°H 2.1E-02
YC 7.2E-04
Pse 9.0E-05 Separations / Liquid Scintillation
¥Sr 1.5E-01
Tpy 1.0E-02
TPy 3.0E-02
TTam 3.0E-02 Separations / AEA
“Cm 1.5E-01
pL}! 'I-ucm 1 SE'OZ
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Table 2 Cont.
MEu 2.0E-03
“Eu 9.0E-02
“Co 2.1E-03
%3n 6.0E-03 Extended Counting Time GEA
Cs 9.0E+00
“'Pa 7.89E-05
Total Alpha 2.3E-01 Alpha counting
Sum of Alpha N/A Summation™ of: Pu-238, Pu-230+Pu-240 (or Pu-239, Pu-240
(TRU) ICP/MS) and Am-241
Total and Free OH 7.5E+04 mg/L Titration
CN 3.0E+00 mg/L CN Analysis
Ammonia 1.4E+02 mg/L ISE or IC
Organic Analytes mg/L
Oxalate 1.5E+03
Citrate 1.5E+03
Formate 1.5E+03 Ton Chromatograph
Gluconate 1.5E+03
Gylcolate 1.5E+03
EDTA"™ 1.SE+03
HEDTA™ 1.5E+03
D2EHPA™ 1.5E+03 Derivatization/ GC-MS
NTA® 1.SE+03
IDA"™ 1.5E+03
Succinic Acid™ 1.5E+03
ED3A" 1.5E+03
Expected Range
Density 0.95 -1.5 (gm/mL) Gravimetric
Dissolved solids 1 to 50 (gm solids/gm supemnate) Gravimetric

' QARD does not apply to these analyses .

Footnote:

) MRQs are target values,
to set QC parameters.

® Guidance for reporting summation of isotopics and reporting isotopic values derived by different methods will be provided later after an
agrecment is obtained with DOE.

) [f analytical method changes result in full attainment of desired QC and MRQs, then method substituticn shall be documented in Test Plan or
in final test report. Method changes that don't satisfy desired QC/MRQ targets shall be communicated to BNI R&T representative for approval
before proceeding.

ement of chelators and organic phosphates are best effort only, since there is insufficient method data available
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Table 3. HLW Solids Analyses ' :

Analyte Target Minimum Reportable Recommended Analysis Method®
uanti
Qm ity

Ag 9.0E+02

Al 3.3E+02

B 3.0E+00

Ba 6.0E+02

Be 3.0E+00

Bi 6.0E+03

Ca 1.8E+02

Cd 1.1E+01

Cr 1.2E+02

Cu 1.8E+01

Fe 1.4E+02 ICP-AES
K 2.0E+02 (AA may be used for Na & K)
La 6.0E+01

Li 3.0E+01

Mg 54E+02

Mn 3.0E+02

Na 1.5E+02

Ni 1.6E+02

Nd 6.0E+02

P 6.0E+02

Pb 6.0E+02

Si 3.0E+03

Sr 3.0E+02

Ti 1.5E+02

U 1.5E+02

Zr 6.0E+02

Zn 6.0E+00
TOC 6.0E+01 (asC) -

TIC 3.0E+01 (as C) Silver catalyze persulfate and furnace oxidation method
Hg 1.5E+00 Cold Vapor AA
Cli 2.3E+02

Br 4.5E+02

F 7.5E+03
NO; 4.5E+02 IC
NOy 4.5EH02

PO, 6.0E+02 (as P)

SO, 1.2E+03 (as S)

CN + 3.0E+00 CN analysis

mg'Kg -

As 3.0EH00

Ce 6.0E+00

Co 3.0E+00

K 1.5SE+03

Mo 3.0E+01

Pd 3.0E+02

Pr 6.0E+00

Pt 3.0E+00 ICP-MS
Pu 6.0E+00

Rb 6.0E+00

Rh 3.0E+02

Ru 3.0E+02

Sb 1.2E+01

Se 3.0E+02

Ta 6.0E+00

Te 6.0E+00

Th 6.0E+02

Tl 6.0E+02

u 6.0E+02

Vv 6.0E+00
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Table 3. Continued, HLW Solids Analyses
Analyte Target Minimum Reportable Recommended Analytical Methods"
Quantity
mg/Kg
W 6.0E+00
Y 6.0E+00
“Te 6.0E+00
il 1.5E+00
s 7.0E-04
oy 6.0E+01
o1y 6.0E+00
“'Np 1.8E+00
mCUKg
1 1.8E-05 ICP-MS
Cs 53E-03
ICs 9,0E-02
PiSm TBD
Riall] 3.7E-03
oy 3.8E-04
7y 2.0E-06
°H 1.5E-02 Separations / Liquid Scintillation
HC 1.8E-03
“WSe 7.0E+01 Separations / Beta Gas Flow Proportional Counter
“Epy 6.0E-02
TRT0p, 6.0E+00
Py 3.36E-01 Scparations / AEA
“TAm 1.8E-02
TICm 1.2E-02
T C 1.2E-02
“FCo 1.2E-02
'Bsb 6.0E+00
T 6.0E-02
Cs 9.0E-01
Cs 6.0E-02 Extended Counting Time GEA
FEy 6.0E-02
“'Eu 6.0E-02
"Eu 6.0E-02
*lAm 6.0E+00
Total Alpha 1.0E-03 Alpba Count
Sum of Alpha NA Summation™ of. Pu-238, Pu-239, Pu-240, and Am-241 1
(TRU)
Hpy 1.2E+00 mCiVKg Beta Liquid Scintillation Counting
Physical Property Expected Range —
Wi% Oven Dried Solids 0.1 to 100 wi% Gravimetric
Density 0.9 to 2.0 gm/ml Gravimetric
W% Undissolved Solids 10 to 50 wt% Calculation
W% Soluble Solids 1 to 50 wi% Calculation
TQARD does apply to these analyses
Footnote:

® MRQs are based on dried solids weighs.
® Guidance for reporting summation of isotopics t

DOE

© [f analytical method changes result in full attainment of desired QC and MRQs,

hat are derived by different methods will be provided later after an agreement is obtained with

then method substitution shall be documented in Test Plan or

in final test report. Method changes that don't satisfy desired QC/MRQ targets shall be communicated to BNI R&T representative for approval

before proceeding.
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Table 4. Quality Control Parameters for quuld Analysis
o B Recommended QcC Flum g Criteria : ;
Liquid Fraction Analytical Technique® [ LCS %Rcmvuym— Spike %Recovery™ | Triplicate RSD©
Al, B, Ba, Ca, Cd, Ce, Cr, Fe, K, La, Li, |ICP/AES 80 - 120% 75 - 125% <15%
Mg, Ni, P,Pb, Th, U, V, W
Na [CP/AES 90-110% 90 - 110°% <3.5%
U Kin. Phosphorescence 80 - 120% 75-125% <15%
Rb, W, [, WICs, Cs™, Cs”, °U,  |ICP/MS 80 - 120% 70 - 130% <15%
By, BIY, ey, :uU :J?NP wpy, Mapy
‘.I-ltpu I“IA]'I] ”TC
Cl', Br, F, NO;y, NOy, PO.”, SO.* IC 80 - 120% 75 - 125% <15%
CN CN Analysis B0 - 120% 75 -125% <15%
Hg CVAA 80 - 120% 75 - 125% <15%
NHy/NH," ISE, standard additions 80 - 120% 75 - 125% <15%
OH- (total and Free) Potentiometric titration 80 - 120% N/A <15%
i /precipitation )
TIC Persulfate and combustion |80 - 120% 75-125% <15%
fumace
TOC Silver catalyzed persulfate |80 - 120% 75-125% <15%
and combustion furnace
H |Separation/lig. 80 - 120% NIAT <15%
|Scintillation
Hc Separation/liq. 80 - 120% -125% <15%
Scintillation
T R T Extended GEA NP N/A® <15%
7Se Lig. scintillation NP N/A® <15%
Sr Isotopic specific 75 - 125% NA® <15%
separation/beta count
PTc (pertechnetate) Separation/beta count 80 - 120% 70 - 130% <15%
Cs GEA NP N/AW <15%
g™ GEA NP N/AW <15%
WD GEA NP N/AT <15%
Tpy, D"y, PTAm, *'Cm, - 'Cm_| Separation/AEA NP N/A® <15%
Total Alpha Proportional counter 70 - 130% 70 - 130% <15%
Sum of Alpha®™ [TRU] Calculation N/A N/A N/A
Density Gravimetric N/A N/A <20%
W1t% dissolved solids Gravimetric N/A N/A <20%
EDTAY Derivatization/GC-MS 80 - 120% 75 -125% <15%
HEDTAM Derivatization/GC-MS 80 - 120% 75-125% <15%
Oxalate IC 80 - 120% 75-125% <15%
Citrate IC 80 - 1207 75 - 125% <15%
Formate 1C 80 - 120% 75 - 125% <15%
Gluconate IC 80 - 120% 75 - 125% <15%
Glycolate IC 80 - 120% 75 - 125% <15%
D2EPHA’ Derivatization/GC-M3 80 - 120% 75 - 125% <15%
NTA™ Derivatization/GC-MS 80 - 120% 75-125% <15%
IDA™ Derivatization/GC-MS 80 - 120% 75 - 125% <15%
Succinic Acid® Derivatization/GC-M3 80 - 120% 75-125% <15%
EDIAY Derivatization/GC-MS B0 - 120% 75 -125% <15%
Acronyms:
AEA - Alpha Energy Analysis
CVAA - Cold Vapor Atomic Absorption
GEA ~ Gamma Energy Analysis
IC - Jon Chromatography

ICP/AES - Inductively Coupled Plasma Atomic Emission Spectroscopy

~ Inductively Coupled Plasma Mass Spectroscopy

ICP/MS

LsC — Laboratory Control Standard
N/A - Not applicable

NP ~ Not performed

RSD - Relative Standard Deviation
Wi% - Weight percent
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Eootnotes:

®)1.CS = Laboratory Control Standard. This standard is carried through the entire method. The accuracy of a method is usually expressed as
the percent recovery of the LCS. The LCS is a matrix with known concentration of analytes processed with each preparation and analyses
batch. It is expressed as percent recovery; i.c., the amount measured, divided by the known concentration, times 100.

® For some methods, the sample accuracy is expressed as the percent recovery of a matrix spike sample. It is expressed as percent recovery,
i.¢., the amount measured less the amount in the sample, divided by the spike added, times 100. One matrix spike is performed per analytical
batch. Samples are batched with similar matrices. For other analytes, the accuracy is determined based on use of serial dilutions.

©) RSD = Relative Standard Deviation between the samples. Sample precision is estimated by analyzing replicates taken separately through
preparation and analysis. Acceptable sample precision is usually <15% RSD if the sample result is at least 10 times the instrument detection
limit. RSD = (standard deviation /mean) x 100

) |CP-MS mass unit 90 includes *Sr, Y, and ®Zr, use Sr in the standard for determining the total mass-90 concentration.

 Matrix spike analyses are not required for this method because a tracer is used to correct for analyte loss during sample preparation and
analysis. The result generated using the tracer accounts for any inaccuracy of the method on the matrix. The reported results reflect this . -
correction.

 An extended counting time in the presence of high "*'Cs activity may be required to achieve the minimum reportable quantity for “Co and
I“E“. 15|En’ I.”Eu'

® The measurement is a direct reading of the energy and the sample matrix does not affect the analysis; therefore, a matrix spike is not
required.

® The sum of PPy, *Pu, **Pu, and *'Am activities will be used as a measurement of alpha-cmitting TRU. The selected isotopes account for
greater than 95% of the alpha-emitting TRU activity based on previous analysis of Phase [ candidatc tank waste (Esch 1997a, 1997b, 1997¢).
Additional isotopes that are defined as alpha-emitting TRU (c.g.. *’Np, **Pu, *Cm, *’Am, and ****Cm) are not uscd to calculate total TRU
activity because the MDAs for these isotopes are large in comparison with the envelope limits and it is expected that their concentrations are
well below the MDA, Note that *'Pu is a beta-emitting TRU whose analysis, along with **Cm, is required specifically for class C waste
determination. Ifany of the isotopes are below the MRQ, then the method of summation will be agreed by BNI prior to reporting values.

© Total Cs and Eu are sums of all isotopes, therefore spiking and LCS does not apply.
9 Calibrate with Sn-117.

® Measurement of chelators and organic phosphates are best effort only, since there is insufficient method data available to set QC parameters,
QC acceptance criteria are target values.

O If analytical method changes result in full attainment of desired QC and MRQs, then method substitution shall be documented in Test Plan
orin final test report. Method changes that don't satisfy desired QC/MRQ targets shall be communicated to BNI R&T representative for
approval before proceeding.
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Table 5. Quahty Control Parameters for Solids Analysis
- QC Fllxﬂ g Cr crl.l
) Recommendcd Amlylical ! o | 'Spike % Triplicate
Solids Fraction Technlque® - LC'S % Recovery™ Recoverf"’ ‘RSD¥
Ag, Al, Ba, Bi, Ca, Cd, Cr, Cu, Cs, |ICP/AES BO - 120% 75-125% <15%
Fe, K, La, Mg, Mn, Nd, Ni, P, Pb,
Pd, S, Si, Sr, Ti, U, Zn, Zr
Na ICP/AES 90-110% 90 - 110% <3.5% .
As, B, Be, Ce, Co, K, Li, Mo, Pd, ICP/MS 80 - 120% 70 - 130%% <15%
Pr, Rb, Rh, Ru, Sb, Se, Ta, Te, Th,
LU, V, W, mass unit 90, *Te,
I!TL lJJcs lllU SHU ?.'l 1& I!?[
I”CS !)‘lcs I!IS].I.I !JdU n'U.
Cr, ?r F, NOy, NO;.PO. f IC 80-120% 75-125% <15%
SO
CN’ D;sullauun’culonmetnc 80 - 120°% 75-125% <15%
Hg CVAA ) 180 - 1200 - 75 - 125% <15%
TIC/COy Persulfate and combustion B0 - 120% 75-125% <15%
fumace
TOC silver catalyzed persulfate and |80 - 120% 75-125% <15%
combustion furnace
H Separation/lig. Scintillation |80 - 120% N/AW <15%
C Separation/lig. Scintillation 80 - 120% 75-125% <15%
WCo Extended count GEA NP N/A® <15%
S Isotopic specific 75 -125% N/A® <15%
separation/beta count
[ ICP/MS 80 - 120% 70 - 130% <15%
Togp Extended Count GEA NP N/A <15%
Tgn® Ex d Count GEA NP N/A <15%
TACs™ Extended Count GEA NP N/A <15%
Cs GEA NP NIA <15%
BIEY® Extended Count GEA NP N/AT <15%
W Extended Count GEA NP NAD <15%
ELD Extended Count GEA NP N/A™ <15%
Am Extended Count GEA NP N/AT <15%
Total Pu Sum of Isotopes N/A N/A N/A
Dpy, T8y, TPy Separation/AEA NP N/AW <15%
Tpw/Am, **Pu ICP/MS 80 - 120% 70 - 130% <15%
TAm Separation/AEA NP NIA <15%
"Cm Separatio/ AEA NP NIAW <15%
W Hem Separation/AEA NP N/A® <15%
Total Alpha Proportional counter 70 - 130% 70 - 130% <15%
Bulk density Gravimetric N/A N/A <20%
Wi% solids Gravimetric N/A N/A <20%
Acronyms: —
AEA - Alpha Energy Analysis —
CVAA - Cold Vapor Atomic Absorption
GEA - Gamma Energy Analysis
IC - Ion Chromatography

ICP/AES - Inductively Coupled Plasma Atomic Emission Spectroscopy

- Inductively Coupled Plasma Mass Spectroscopy

ICP/MS

LsC — Laboratory Control Standard
N/A ~ Not applicable

NP - Not performed

RSD - Relative Standard Deviation
Wi% — Weight percent
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Footnotes:
®1.CS = Laboratory Control Standard. This standard is carried through the entire method. The accuracy of a method is usually expressed as the

percent recovery of the LCS. The LCS is a matrix with known concentration of analytes pmcmod with each preparation and analyses batch. It
is expressed as percent recovery; i.¢., the amount measured, divided by the known concentration, times 100.

® For some methods, the sample accuracy is expressed as the percent recovery of a matrix spike sample. It is expressed as percent recovery; i.c.,
the amount measured less the amount in the sample, divided by the spike added, times 100. One matrix spike is performed per arm[yucal batch.
Samples are batched with similar matrices. For other analytes, the accuracy is determined based on use of serial dilutions.

() RSD = Relative Standard Deviation between the samples. Sample precision is estimated by analyzing replicates taken separately through
preparation and analysis. Acceptable sample precision is usually <15% RSD if the sample result is at least 10 times the instrument detection
limit. RSD = (standard deviation /mean) x 100

@ [CP-MS mass unit 90 includes *Sr, *'Y, and ¥Zr.

) Total Cs and Eu are sums of all isotopes, therefore spiking and LCS does not apply.

 Not used.

® Matrix spike analyses are not mql.umd for this method because a tracer is used to correct for analyte loss during sample preparation and

analysis. The result generated using the tracer accounts for an inaccuracy of the method on the matrix. The reported results reflect this
correction.

™ Radionuclide only required for WAPS justification.

© An extended counting time in the presence of relatively high gamma-activity may be required to achieve the minimum reportable quantity for
%Co and "“'Eu, "*Eu, Eu.

@ Combined analysis of **Sr and ¥Y.

™ The measurement is a direct reading of the energy and the sample matrix does not affect the analysis; therefore, a matrix spike is not required.
® Combined analysis with *™Nb.

™) Combined analysis with '*"Te.

(o Cumbined analysis of '*Sn, '%Sb, and '**"Sb.

© If analytical method changes result in full attainment of desired QC and MRQs, then method substitution shall be documented in Test Plan or

in final test report. Method changes that don't satisfy desired QC/MRQ targets shall be communicated to BNI R&T representative for approval
before proceeding.
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ATTACHMENT 1, CONTRACT SPECIFICATIONS
(Excerpt from Contract No. DE-AC27-01RV14136)

Specification 7: Low-Activity Waste Envelopes Definition

Scope: This Specification establishes three LAW feed envelopes, Waste Envelopes A, B, and C; and
defines how a unit of LAW is determined for each LAW envelope. Each waste envelope provides the
compositional limits for chemical and radioactive constituents in the waste feed to be provided to the WTP.
The WTP shall be designed to treat the waste envelopes.

Requirements:
7.2.1  References:
72.1.1  HNF-SD-WM-SAR-067, Rev. 1-I. March 2000. Tank Waste Remediation System
Final Safety Analysis Report. CH2M HILL Hanford Group, Inc., Richland,
‘Washington.
72.12  HNF-SD-WM-TSR-006, Rev. 1-HE. March 2000. Tank Waste Remediation System

722

Technical Safety Requirements, CH2M HILL Hanford Group, Inc., Richland,
Washington.

7.2.1.3 OSD-T-151-00007, Rev. H-22. June 14, 2000. Operating Specification for 241-AN, AP,

AW, AY, AZ, and SY Tank Farms. CH2M HILL Hanford Group, Inc., Richland,
Washington.

7.2.1.4 DOE/RL-88-21, Rev. 10. December 21, 1999. Double Shell Tank Unit Permits

Application. U.S. Department of Energy, Richland Operations Office, Richland,
Washington.

Envelope Requirements:

7.22.1

Composition: This specification lists the concentration limits for the LAW Envelopes
A, B, and C feed to be transferred by DOE to the Contractor for LAW services in
Tables TS-7.1, Low-Activity Waste Chemical Composition, Soluble Fraction Only, and
TS-7.2, Low-Activity Waste Radionuclide Content, Soluble Fraction Only. The
concentration limits apply to the soluble fraction only. The Na concentration limits for
the LAW feeds are identified below.

Na (mole per liter)
1.7.1.1.1  Waste Feed

Envelope A, B, C ) ) 4-10
AZ-101 and AZ-102 Supernatant 2-5
HLW Slurry and other HLW Liquids

(Defined in Specification 8, High-Level 0.1-10

Waste Envelope Definition)

The LAW feeds may contain up to two weight percent solids.” Solids are defined as the
product of centrifuging the LAW feed, separating and drying the solids, and removing
the dissolved solids contribution. The insoluble fraction characterization will include
measurements of Al, Cr, Fe, Mn, Na, P, S, Si, U, TIC, TOC, ®Co, **sr, *Te, ¥'Cs,
1346y, B9240py, 2! Am, and total alpha concentrations. Trace quantities of unspecified
radionuclides, chemicals, and other impurities may be present in the waste feed.
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All LAW feed (soluble and insoluble components) will meet the Tank Farm Operations
specifications given in OSD-T-151-00007 (except for free hydroxide), the Tank Waste
Remediation System Final Safety Analysis Report, and Techmca! Safety Requirements,
as applicable,

The radiochemical inventory of the LAW feed at the time of delivery shall be
compared to the specification limits to assess compliance. The specifications for €Co,
and "**Eu shall apply at the time of delivery for ILAW immobilization.

The LAW feed provided shall not contain a visible separate organic phase.

The LAW feed provided will generate gases, including hydrogen and
ammonia, at a nearly constant rate and a nearly uniform composition.

The maximum “’Cs concentration equivalent in the transferred Envelope A, Envelope
B, and Envelope C wastes feeds shall not exceed 1.2 Ci/l. The maximum "’'Cs
concentration equivalent in the liquid fracnon of Tank AZ-101 and AZ-102 feeds shall
not exceed 3.0 Ci/l.

Dangerous waste codes are identified in the Double-Shell Tank System Unit Permit
Application (DOE/RL-88-21, December 21, 1999). Multi-source leachate (F039) is
included as a waste derived from non-specific source wastes FO01 through F005.

Units of Low-Activity Waste: Units of LAW shall be defined as follows:

(2)

(b)

(c)

Envelope A:  The quantity of Waste Envelope A containing one metric ton of waste
-sodium shall equal one unit.

Envelope B:  The quantity of Waste Envelope B containing one metric ton of waste
sodium shall be the lesser of the following number of units:

(n 2.6 units; or

()  Xunits
Y

where X is equal to 18-weight percent sodium oxide loading in the
ILAW glass and Y is equal to the achievable waste sodium oxide
loading, for the particular waste feed. The waste loading limitations
shall be based solely upon effects of chlorine, chromium, phosphate,
and sulfate.

Envelope C:  The quantity of Waste Envelope C containing one metric ton of waste
sodium shall be the lesser of the following number of units:

n 1.15 units; or

(2)  Xunits
Y

where X and Y are defined above. The waste loading limitations shall
be based solely upon sodium additions required for cesium, technetium,

strontium and TRU removal from Envelope C for the particular waste
feed.
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Table TS-7.1 Low-Activity Waste Chemical Composition, Soluble Fraction Only
Maximum Ratio, analyte (mole) to sodium (mole)
Chemical Analyte Envelope A Envelope B Envelope C
Al 2.5E-01 2.5E-01 2.5E-01
Ba 1.0E-04 1.0E-04 1.0E-04
Ca 4,0E-02 4,0E-02 4.0E-02
Cd 4.0E-03 4.0E-03 4.0E-03
Cl 3.7E-02 8.9E-02 3.7E-02
Cr 6.9E-03 2.0E-02 6.9E-03
F 9.1E-02 2.0E-01 9.1E-02
Fe 1.0E-02 1.0E-02 1.0E-02
Hg 1.4E-05 1.4E-05 1.4E-05
K 1.8E-01 1.8E-01 1.8E-01
La 8.3E-05 8.3E-05 8.3E-05
Ni 3.0E-03 3.0E-03 3.0E-03
NO, 3.8E-01 3.8E-01 3.8E-01
NO, 8.0E-01 8.0E-01 8.0E-01
Pb 6.8E-04 6.8E-04 6.8E-04
PO, 3.8E-02 1.3E-01 3.8E-02
SO, 1.0E-02 7.0E-02 2.0E-02
TIC' 3.0E-01 3.0E-01 3.0E-01
TOC 5.0E-01 5.0E-01 5.0E-01
u 1.2E-03 1.2E-03 1.2E-03
Notes:

1

2

Mole of inorganic carbon atoms/mole sodium

Mole of organic carbon atoms/mole sodium
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Table TS-7.2 Low-Activity Waste Radionuclide Content, Soluble Fraction Only

Maximum Ratio, radionuclide (Bq) to sodium (mole)

Radionuclide Envelope A Envelope B Envelope C
TRU? 4.8E+05 4.8E+05 ~ 3.0E+06
B1cs 4.3E+09 2.0E+10C 4.3E+09
%S¢ 4.4E+07 4.4E+07 8.0E+08
PTe 7.1E+06 7.1E+06 7.1E+06
%Co 6.1E+04 6.1E+04 3.7E+05
1“Eu 1.2E+06 1.2E+06 4.3E+06
Notes:

"™ The activity limit shall apply to the feed certification date.

TRU is defined as: Alpha-emitting radioncludes with an atomic number greater than 92 with half-life greater

than 10 years.

Some radionuclides, such as *Sr and '*’Cs, have daughters with relatively short half-lives. These daughters have
not been listed in this table. However, they are present in concentrations associated with the normal decay chains

of the radionuclides.
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Specification 8: High-Level Waste Envelope Definition

Scope: This Specification establishes the HLW slurry composition and the unwashed solids
composition (Envelope D). This waste envelope provides the compositional limits for chemical
and radioactive constituents and physical properties in the waste feed to be provided to the WTP.
The WTP shall be designed to treat the feed envelopes. '

Requirements:
8.2.1  References:
8.2.1.1 HNF-SD-WM-SAR-067, Rev. 1-1. March 2000. Tank Waste Remediation
System Final Safety Analysis Report. CH2M HILL Hanford Group, Inc.,
Richland, Washington.
8.2.1.2 HNF-SD-WM-TSR-006, Rev. 1-HE. March 2000. Tank Waste Remediation
System Technical Safety Requirements, CH2M HILL Hanford Group, Inc.,
Richland, Washington.
82.1.3  OSD-T-151-00007, Rev. H-22. June 14, 2000. Operating Specification for
241-AN, AP, AW, AY, AZ, and SY Tank Farms. CH2M HILL Hanford Group,
Inc., Richland, Washington.
8.2.14 DOE/RL-88-21, Rev. 10. December 21, 1999. Double Shell Tank Unit
Permits Application. U.S. Department of Energy, Richland Operations
Office, Richland, Washington.
8.2.2  High-Level Waste Slurry Description and Envelope Requirements:

8.2.2.1

Composition: The HLW slurry will contain a mixture of liquids (Envelopes
A, B, or C) and solids (Envelope D). The compositional range of the liquid
fraction is defined in Specification 7, Low-Activity Waste Envelopes
Definition. For liquid fractions with a sodium molarity of less than three, the
liquid shall be treated as if 3 molar sodium were present for feed certification
purposes. Specification 7.2.2.4, Radioactive Material Concentration, does not
apply to Envelope A, B, or C liquids. The composition range of the Envelope
D unwashed solids is given in Tables TS-8.1, TS-8.2, TS-8.3, and TS-8.4.
The feed concentration will be between 10 and 200 grams of unwashed
solids/liter, except for feeds from waste Tanks AZ-101 and AZ-102, where
minimum solids content does not apply.

Compositions for Envelope D unwashed solids (Tables TS-8.1, TS-8.2, TS-
8.3, and TS-8.4) are defined in terms of elemental or anion concentrations and
radionuclide activities per 100 grams equivalent non-volatile waste oxides.
The non-volatile waste oxides include sodium oxide and silicon oxide.

The HLW feed components identified in Tables TS-8.1, TS-8.2 and TS-8.3
are waste components important to establishing the waste oxide loading in the
HLW glass. Only these components have concentration limits, which will be
used to provide the basis for certification that the HLW feed is within
specification limits.
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The HLW feed components identified in Table TS-8.4 are also important to
HLW glass production. The concentrations of these components in the waste
are not expected to exceed the maximum values listed in Table TS-8.4.
Information on these components will be provided to support product and
process qualification but will not be used as a basis for determining if the feed
meets specification requirements. '

All HLW feed (solutle and insoluble components) will meet the Tank Farm
Operations specifications given in OSD-T-151-00007 (except for free
hydroxide), the Tank Waste Remediation System Final Safety Analysis Report
(HNF-SD-WM-SAR-067), and Technical Safety Requirements (HNF-SD-
WM-TSR-006, Revision 1-D) as applicable. The radiochemical inventory of
the waste feed at the time of delivery shall be compared to the specification
limits to assess compliance.

Trace quantities of unspecified radionuclides, chemicals, and other impurities
may be present in the waste feed. Feed will be delivered by pipeline in
batches. Limits apply to the total retrievable contents of waste from a feed
tank. Some elements, components, and isotopes are determined by calculation
and not analytic measurement.

The HLW feed provided will not contain a visible separate organic layer.

The HLW waste provided will generate gases due to radiolysis including
hydrogen and ammonia at a nearly constant rate and nearly uniform
composition. The Contractor is responsible for the management of changes in
gas release rate and distribution resulting from their waste processing
activities.

Applicable dangerous waste codes are identified in the Double-Shell Tank
System Unit Permit Application (DOE/RL-88-21, December 21, 1999).

Multi-source leachate (F039) is included as a waste derived from non-specific
source wastes FOO1 through F005.
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Table TS-8.1 High-Level Waste Feed Unwashed Solids Maximum Non-Volatile Component

Composition

(grams per 100 grams non-volatile waste oxides)

Maximum Maximum
(grams / 100 grams (grams / 100 grams
Non-Volatile Element waste oxides) Non-Volatile Element waste oxides)

As 0.16 Pu 0.054

B 1.3 Rb 0.19

Be 0.065 Sb 0.84

Ce 0.81 . Se 0.52

Co 0.45 Sr 0.52

Cs 0.58 Ta 0.03

Cu 0.48 Tc 0.26

Hg 0.1 Te 0.13

La 2.6 Tl 0.45

Li 0.14 v 0.032

Mn 6.5 w 0.24

Mo 0.65 Y 0.16

Nd 1.7 Zn 0.42

Pr 0.35

Table TS-8.2 High-Level Waste Feed Unwashed Solids Maximum Volatile Component Composition
(grams per 100 grams non-volatile waste oxides)

Volatile Components Maximum (grams / 100 grams waste oxides)
Cl 0.33 -
coy? 30
NO, 36
(total NO/NO)
NO, as NO,
TOC 11
CN 1.6
NH, 1.6

Page 27 of 51

A00—-029

fe



24590-PTF-TSP-RT-01-001
Revision 0
7/2/01

Table TS-8.3 High-Level Waste Feed Unwashed Solids Maximum Radionuclide Composition (Curies
per 100 grams non-volatile waste oxides)

Maximum Maximum i Maximum
(Ci/ 100 grams (Ci/ 100 grams (Ci/ 100 grams
Isotope waste oxides) Isotope waste oxides) Isotope waste oxides)

H 6.5E-05 129 2.9E-07 ¥Np 7.4E-05

c 6.5E-06 BCs 1.5E00 Bipy 3.5E-04
“Co 1E-02 e 4.8E-04 py 3.1E-03
sr . 1E+01 "Eu 5.2E-02 Hipy 2.2E-02
“Tc 1.5E-02 gy 2.9E-02 HAm 9.0E-02
1sb 3.2E-02 By 9.0E-07 M Mom 3.0E-03
12650 1.5E-04 »y 2.5E-07

Table TS-8.4 Additional High-Level Waste Feed Unwashed Composition for Non-Volatile
Components
(grams per 100 grams non-volatile waste oxides)

Maximum Maximum
(grams /100 grams (grams /100 grams
Non-Volatile Element waste oxides) Non-Volatile Element waste oxides)
Ag 0.55 Ni 24
Al 14 P 1.7
Ba 4.5 Pb 1.1
Bi _ 238 Pd 0.13
Ca 7.1 Rh 0.13
.G _ 45 Ru 0.35
Cr 0.68 S 0.65
F 35 Si 19
Fe .29 Ti 1.3
K 1.3 U 14
Mg 2.1 Zr 15
Na 19
Th 5.0
Page 28 of 51
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AZ-101 CORE PROFILE

Page 29 of 51

A00-031

24590-PTF-TSP-RT-01-001
Revision 0
7/2/01



Page 30 of 51

A00-032

24590-PTF-TSP-RT-01-001
Revision 0
7/2/01

f



Attachment 3

CORE SEGMENT EXTRUSION INFORMATION
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AZ-101 Core 283 Segment 1 Riser 59

Date Extruded: 09/12/00

Sample Number: 283-01

Cask SN: 24G
Logbook : WHC-N-1126-2
LABCORE ID: S00T001800

2 EXTRUSION INFORMATION

Liner Liquid: < 5 mL, did not retain.

Drainable Liquid: Collected approximately 285 mLs of drainable liquid (L1). The liquid was
yellow in color and clear.

Solids: No solids were observed.

3 SUBSAMPLE INFORMATION

Liner Liquid: n/a Jar:
Drainable Liquid: 346.2 g Jar: 18396 (500 mL) -
Whole Segment Solids: n/a Jar:

Total Sample Mass: 346.2 g

Reviewed by Robert Schroeder 09/12/00
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AZ-101 Core 283 Segment 2 Riser 59

Date Extruded: 9/12/00

Sample Number: 283-02

Cask SN: 6G
Logbook : WHC-N-1126-2
LABCORE ID: S00T001801

4 EXTRUSION INFORMATION

Liner Liquid: <10 mLs /did not retain.

Drainable Liquid: Collected approximately 290 mLs of drainable liquid (L1). The liquid was

yellow in color and slightly opaque.

Solids: Trace brown/white, flaky solids were present. The solids were retained with the

drainable liquid.

5 SUBSAMPLE INFORMATION

Liner Liquid: n/a Jar:
Drainable Liquid: 354.8¢g Jar:
Whole Segment Solids: n/a Jar:

Total Sample Mass: 354.8¢g

18397 (500 mL)

Reviewed by Rob Schroeder 9/12/00
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AZ-101 Core 283 Segment 3 Riser 59

Date Extruded: 09/12/00

Sample Number: 283-03

Cask SN: C2004
Logbook : - WHC-N-1126-2
LABCORE ID: S00T001802

6 EXTRUSION INFORMATION

Liner Liquid: < 5 mL, did not retain.

Drainable Liquid: Collected approximately 295 mLs of drainable liquid (L1). The liquid was
yellow in color and slightly opaque.

Solids: Observed a few brown/white, flaky, suspended solids. The solids were retained with
the drainable liquid.

7 SUBSAMPLE INFORMATION

Linér Liquid: n/a Jar; -
Drainable Liquid: 3642 ¢ Jar: 18398 (500 mL)
Whole Segment Solids: n/a Jar:

Total Sample Mass: 3642 g

Reviewed by Robert Schroeder 09/12/00
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AZ-101 Core 283 Segment 4 Riser 59

Date Extruded: 09/12/00

Sample Number: 283-04

Cask SN: SN-77
Logbook : WHC-N-1126-2
LABCORE ID: S00T001803

8 EXTRUSION INFORMATION

Liner Liquid: None observed.

Drainable Liquid: Collected approximately 310 mLs of drainable liquid (L1). The liquid was

yellow in color and slightly opaque.

Solids: A small quantity of brown/white solids was observed. The solids were retained with

the drainable liquid.

9 SUBSAMPLE INFORMATION

Liner Liquid: n/a Jar:
Drainable Liquid: 362.2¢g Jar:
Whole Segment Solids: n/a Jar:

Total Sample Mass: 362.2 g

18399 (500 mL) -

Reviewed by Robert Schroeder 09/12/00
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AZ-101 Core 283 Segment 5 Riser 59

Date Extruded: 09/07/00

Sample Number: 283-05

Cask SN: 15G
Logbook : WHC-N-1126
LABCORE ID: S00T001786

10 EXTRUSION INFORMATION

Liner Liquid: There was no liner liquid.

Drainable Liquid: Collected approximately 290 mLs of drainable liquid (L1). The liquid was
yellow in color and clear.

Solids: Observed a few white, flaky, suspended solids. The solids were retained with the
drainable liquid. :

11 SUBSAMPLE INFORMATION

Liner Liquid: n/a Jar:
Drainable Liquid: 3704 g Jar: 18394 (500 mL) -
Whole Segment Solids: n/a Jar:

Total Sample Mass: 3704 g

Reviewed by Robert Schroeder 09/07/00
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AZ-101 Core 283 Segment 6 Riser 59

Date Extruded: 9/07/00

Sample Number: 283-06

Cask SN: C-2010
Logbook : WHC-N-1126
LABCORE ID: S00T001787

12 EXTRUSION INFORMATION

Liner Liquid: <5 mLs /did not retain.

Drainable Liquid: Collected approximately 290 mLs of drainable liquid (L1). The liquid was
yellow in color and clear.

Solids: Trace white, flaky solids were present. The solids were retained with the drainable
liquid.

13 SUBSAMPLE INFORMATION

Linér Liquid: n/a Jar: -
Drainable Liquid: 369.6 g Jar: 18391 (500 mL)
Whole Segment Solids: n/a Jar:

Total Sample Mass: 369.6 g

Reviewed by Rob Schroeder 9/07/00
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AZ-101 Core 283 Segment 7 Riser 59

Date Extruded: 09/07/00

Sample Number: 283-07

Cask SN: C-1047
Logbook : WHC-N-1126
LABCORE ID: S00T001788

14 EXTRUSION INFORMATION

Liner Liquid: < 5 mL, did not retain.

Drainable Liquid: Collected approximately 298 mLs of drainable liquid (L1). The liquid was
yellow and slightly opaque.

Solids: Observed a small amount of white, flaky, suspended solids. The solids were retained
with the drainable liquid.

15 SUBSAMPLE INFORMATION

Liner Liquid: n/a Jar:
Drainable Liquid: ~ 364.8 g Jar: 18393 (500 mL) B
‘Whole Segment Solids: n/a Jar:

Total Sample Mass: 364.8 g

Reviewed by Rob Schroeder 09/07/00
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AZ-101 Core 283 Segment 8 Riser 59

Date Extruded: 09/07/00

Sample Number: 283-08

Cask SN: 14G
Logbook : WHC-N-1126
LABCORE ID: S00T001789

16 EXTRUSION INFORMATION

Liner Liquid: <5 mLs /did not retain.

Drainable Liquid: Collected approximately 305 mLs of drainable liquid (L1). The liquid was

yellow in color and clear.

Solid Sample: Observed a small quantity of white, flaky, suspended solids. The solids were

retained with the drainable liquid.

17 SUBSAMPLE INFORMATION

Liner Liquid: n/a Jar:
Drainable Liquid: 371.0¢g Jar:
Whole Segment Solids: n/a Jar:

Total Sample Mass: 371.0g

18407 (500 mL)

Reviewed by Rob Schroeder 09/07/00
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AZ-101 Core 283 Segment 9 Riser 59

Date Extruded: 09/07/00

Sample Number: 283-09

Cask SN: C-1002
Logbook : WHC-N-1126
LABCORE ID: S00T001790

18 EXTRUSION INFORMATION

Liner Liquid: <5 mLs /did not retain.

Drainable Liquid: Collected approximately 300 mLs of drainable liquid (L1). The liquid was

yellow in color and slightly opaque.

Solid Sample: Observed a small quantity of white, flaky, suspended solids. The solids were

retained with the drainable liquid.

19 SUBSAMPLE INFORMATION

Liner Liquid: n/a Jar:
Drainable Liquid: 372.0¢g Jar:
Whole Segment Solids: n/a Jar:

Total Sample Mass: 372.0 g

18406 (500 mL)

Reviewed by Annette Barnes 09/08/00
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AZ-101 Core 283 Segment 10 Riser 59

Date Extruded: 09/07/00

Sample Number: 283-10

Cask SN: 1012
Logbook : WHC-N-1126
LABCOREID:  S00T001791

20 EXTRUSION INFORMATION

Liner Liquid: <5 mls / did not retain.

Drainable Liquid: Collected approximately 310 mLs of drainable liquid (L1). The liquid was

yellow in color and slightly opaque.

Solid Sample: Observed a small quantity of white and brown, suspended solids. The solids

were retained with the drainable liquid.

21 SUBSAMPLE INFORMATION

Liner Liquid: n/a Jar:

Drainable Liquid: 3748¢g Jar:
Whole Segment Solids: n/a Jar:

Total Sample Mass: 374.8 g

18402 (500 mL)

Reviewed by Annette Barnes 09/07/00
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AZ-101 Core 283 Segment 11 Riser 59

Date Extruded: 09/07/00

Sample Number: 283-11

Cask SN: 76
. Logbook : WHC-N-1126
LABCORE ID: S00T001792

22 EXTRUSION INFORMATION

Liner Liquid: <5 mLs /did not retain.

Drainable Liquid: Collected approximately 305 mLs of drainable liquid (L1). The liquid was

yellow in color and slightly opaque.

Solid Sample: Observed a small quantity of white, flaky, suspended solids. The solids were

retained with the drainable liquid.

23 SUBSAMPLE INFORMATION

Liner Liquid: n/a Jar:
Drainable Liquid: 3709 ¢ Jar;
Whole Segment Solids: n/a Jar:

Total Sample Mass: 370.9 g

18403 (500 mL)

Reviewed by Annette Barnes 09/07/00
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AZ-101 Core 283 Segment 12 Riser 59

Date Extruded: 09/07/00

Sample Number: 283-12

Cask SN: 72
Logbook : WHC-N-1126
LABCORE ID: S00T001793

24 EXTRUSION INFORMATION

Liner Liquid: <10 mLs /did not retain.

Drainable Liquid: Collected approximately 320 mLs of drainable liquid (L1). The liquid was

yellow in color and clear.

Solid Sample: Observed a small quantity of white, flaky, suspended solids. The solids were

retained with the drainable liquid.

25 SUBSAMPLE INFORMATION

Liner Liquid: n/a Jar:
Drainable Liquid: 368.5g Jar:
Whole Segment Solids: n/a Jar:

Total Sample Mass: 368.5 g

18390 (500 mL)

Reviewed by Annette Barnes 09/07/00
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AZ-101 Core 283 Segment 13 Riser 59

Date Extruded: 09/07/00

Sample Number: 283-013

Cask SN: 29
Logbook : WHC-N-1126
LABCORE ID: S00T001794

26 EXTRUSION INFORMATION

Liner Liquid: <10 mLs /did not retain.

Drainable Liquid: Collected approximately 300 mLs of drainable liquid (L1). The liquid was
yellow in color and slightly opaque.

Solid Sample: Observed a small quantity of white, flaky, suspended solids. The solids were
retained with the drainable liquid.

27 SUBSAMPLE INFORMATION

Linel:‘.Liquid: n/a Jar:
Drainable Liquid: 366.0g Jar: 18408 (500 mL)
Whole Segment Solids: n/a Jar:

Total Sample Mass: 366.0 g

Reviewed by Annette Barnes 09/07/00
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AZ-101 Core 283 Segment 14R Riser 59

Date Extruded: 09/12/00

Sample Number: 283-14R

Cask SN: 73
Logbook : WHC-N-1126-2
LABCORE ID: S00T001804

28 EXTRUSION INFORMATION

Liner Liquid: < 10 mL, did not retain.

Drainable Liquid: Collected approximately 270 mLs of drainable liquid (L1). The liquid was
yellow in color and clear.

Solids: No solids were observed.

29 SUBSAMPLE INFORMATION

Liner Liquid: n/a Jar:
Dranable Liquid: ~ 333.3 g Jar: 18400 (500 mL) -
Whole Segment Solids: n/a Jar:

Total Sample Mass: 333.3 g

Reviewed by Robert Schroeder 09/12/00
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AZ-101 Core 283 Segment 15 Riser 59

Date Extruded: 09/12/00

Sample Number: 283-15

Cask SN: 20-G
Logbook : WHC-N-1126-2
LABCORE ID: S00T001805

30 EXTRUSION INFORMATION

Liner Liquid: < 5 mL, did not retain.

Drainable Liquid: Collected approximately 295 mLs of drainable liquid (L1). The liquid was

yellow in color and slightly opaque.

Solids: There was a trace amount of white solids observed. The solids were retained with the

drainable liquid.

31 SUBSAMPLE INFORMATION

Liner Liquid: n/a Jar:
Drainable Liquid: 3643 g Jar:
Whole Segment Solids: n/a Jar:

Total Sample Mass: 364.3 g

18401 (500 mL)

Reviewed by Robert Schroeder 09/12/00
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AZ-101 Core 283 Segment 16 Riser 59

Date Extruded: 9/12/00

Sample Number: 283-16

Cask SN: 1009-C
Logbook : WHC-N-1126-2
LABCORE ID: S00T001806

32 EXTRUSION INFORMATION

Liner Liquid: <5 mLs /did not retain.

Drainable Liquid: Collected approximately 295 mLs of drainable liquid (L1). The liquid was
yellow in color and slightly opaque.

Solids: Trace brown/white, flaky solids were present. The solids were retained with the
drainable liquid.

33 SUBSAMPLE INFORMATION

Liner Liquid: n/a Jar: -
Drainable Liquid: 3583 ¢g Jar: 18413 (500 mL)
Whole Segment Solids: n/a Jar:

Total Sample Mass: 358.3 g

Reviewed by Rob Schroeder 9/12/00
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AZ-101 Core 283 Segment 17 Riser 59

Date Extruded: 09/12/00

Sample Number: 283-17

Cask SN: 27-G
Logbook : WHC-N-1126
LABCORE ID: S00T001807

34 EXTRUSION INFORMATION

Liner Liquid: Less than 30 mL liner liquid present, did not retain.
Drainable Liquid: There was no drainable liquid observed.

Solids: Extruded approximately 8 inches of solids. The solids were dark brown in color and
the texture resembled a sludge slurry (D2).

35 SUBSAMPLE INFORMATION

Liner Liquid: n/a Jar: -
Drainable Liquid: n/a Jar:

Whole Segment Solids: 309.0 g Jar: 17023 (250 mL)

Total Sample Mass:  309.0 g

Reviewed by Robert Schroeder 09/12/00
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AZ-101 Core 283 Segment 17A Riser 59

Date Extruded: 9/12/00

Sample Number: 283-017A

Cask SN: 62
Logbook : WHC-N-1126
'LABCORE ID: S00T001808

36 EXTRUSION INFORMATION

Liner Liquid: <10 mLs /did not retain.

Drainable Liquid: Collected approximately 60 mLs of drainable liquid (L1). The liquid was
dark brown in color and opaque. A few mL (<5) of drainable liquid was lost during sampling.

Solids: Extruded approximately 10 inches of solids. The upper segment solids, 4 inches, were

dark brown in color and the texture resembled a sludge slurry (D2). The lower segment solids,
6 inches, were dark brown in color and the texture resembled a wet sludge (D3).

37 SUBSAMPLE INFORMATION

Line:z Liquid: n/a Jar:

Drainable Liquid: 69.1g Jar: 18344 (60 mL)
Upper Segment Solids: 110.9 g Jar: 15888 (125 mL)
Lower Segment Solids: 155.6 g Jar: 17331 (125mL)
Total Sample Mass: 335.6 g

Reviewed by Rob Schroeder 9/12/00
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AZ-101 Core 283 Segment 18 Riser 59

Date Extruded: 09/12/00

Sample Number: 283-18

Cask SN: SN-64
Logbook : WHC-N-1126-2
LABCORE ID: S00T001809

38 EXTRUSION INFORMATION

Liner Liquid: < 40 mL, did not retain,

Drainable Liquid: Collected approximately 50 mLs of drainable liquid (L1). The liquid was
dark brown in color and opaque.

Solids: Extruded approximately 4 inches of solids. The solids were dark brown in color and
the texture resembled a wet sludge (D3).

39 SUBSAMPLE INFORMATION

Liner Liquid: n/a Jar:
Drainable Liquid: 544¢g Jar: 18345 (60 mL)
Whole Segment Solids: 133.7 g Jar: 15958 (250 mL)

Total Sample Mass:  188.1 g

Reviewed by Rob Schroeder 09/12/00
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AZ-101 Core 283 Segment 18A Riser 59

Date Extruded: 05/12/00

Sample Number: 283-018A

Cask SN: 16G
Logbook : WHC-N-1126-2
LABCOREID:  S00T001810

40 EXTRUSION INFORMATION

Liner Liquid: <10 mLs /did not retain.

Drainable Liquid: Observed approximately 5 mLs of drainable liquid (L1). The liquid was
dark brown in color and opaque. The liquid was retained with the segment solids.

Solid Sample: Extruded approximately 11 inches of solids. The solids were dark brown in
color and the texture resembled a wet sludge (D3).

41 SUBSAMPLE INFORMATION

Line; l:iquid: n/a Jar:

Drainable Liquid: n/a Jar:

Whole Segment Solids: 390.1 g Jar: 17025 (250 mL)
Total Sample Mass:  390.1 g

Reviewed by Rob Schroeder 09/12/00
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Title: AZ-101 Sample Inspection

Work Location: HLRF/SAL Page 10of 8

Author: Paul Bredt Effective Date: Upon final signature
Supersedes Date: New

Identified Hazards: - -
% Required Reviewers:
Radiological
; X Author
Hazardous Materials = : ;

— ; X Technical Reviewer
Physical Hazards " Quality Engineer
Hazardous Environment —_— g

— ) Project Manager
Other: :

i Client

Approval Signature Date

Autho_r fAjg/ K////o/

Technical Reviewer ‘ yoptrereia é;//;'/c, /
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Applicability

This test instruction describes work to be performed under Project 42365 Tasks 2.01. Samples of
actual Hanford waste from Tank AZ-101 were received in the 325 HLRF for testing. Information
on these samples is provided in Attachment 1. This test instruction provides a method for
documenting the condition of the as-received samples in accordance with Technical Procedure
41500-004, “Sample Compositing”. This document is a mechanism for the cognizant scientist to
communicate to technical staff specifics on procedure implementation. Therefore, this Test
Instruction qualifies as a Test Instruction under Part B Section 16 of the RPL Operations Manual.

Work will be performed by RPL staff under the direction a cognizant scientist.
Work with actual tank material will be performed in radiological hot cells.
Justification/Test Objectives/Success Criteria

The initial objective of this test instruction is to document the condition of the samples shipped
from the Hanford 222-S laboratory to the 325 HLRF. Information to be documented includes the
following:

1) Jar numbers

2) Condition of the jars and lids

3) Jar masses

4) Appearance of the solids (approximate volume, color, texture, gel, and/or other
observations)

5) Appearance of the liquids (approximate volume, color, turbidity, and/or other
observations)

6) Inspection for a separable organic layer

The second objective of test instruction is to obtain a subsample of AZ-101 supernatant for
quantification of LiBr content. Supernatant (~2ml) will be removed from each bottle containing
material from segments 1 through 16. The bottles will be weighed before and after removal of
this supernatant.

Finally, lids on the jars will be replaced. Lids currently on the jars have shown poor radiation
resistance leading to cracking or loss of sealing ability. If radiation tolerant lids (currently on
order) are available at the time of this work, the old lids will be replaced and the bottles will be
reweighed.

Quality Control

This work is to be conducted under the quality requirements of PNNL’s Standards-Based
Management System (SBMS). Changes to the test instructions can be made only by the
cognizant scientist and will be documented by crossing out the original information with a single
line, and recording, initialing, and dating the changes. The results of all measurements will be
recorded in this Test Instruction, a Laboratory Record Book (LRB), or bench sheet. Copies of the
completed Test Instruction, bench sheets, and LRBs will be transferred to the project file upon
completion of the project.
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Spill Mitigation

When working with liquids and slurries, there is a risk of sample loss through inadvertent spills.
During hot cell work, spills primarily result from dropped or tipped sample bottles, broken
glassware, and the failure of transfer equipment. In most cases, spills can be controlled and
material losses minimized through the use of secondary containment and other good laboratory
practices. The cognizant scientist is responsible for working with hot cell staff to reduce the
potential and programmatic impact of spills. Specific examples include:

1) Bottle holders to stabilize jars during sample transfers

2) Catch pans below homogenization vessels and primary sample containers

3) Safety coated jars and bottles (when this does not interfere with analytical requirements)
4) Plastic centrifuge liners

If a spill does occur, every practical effort will be made to recover as much of the sample as
possible.

M&TE List
Balance: Calibration ID l ' ‘ ?_)lcl 9\'—]7
Expiration Date Q- 14-0 2

Balance Location Q Cold f\)e\'f\

Record daily balance check information below:

Date Actual (g) . Measured (g) Tolerance (g) Acceptable
(Y/N)

OL~1l -0 Jooo-;h 1000. 03 £.0 | Y es

QL-12-0} 1000.01 ipoo .0\ x .ol :,-f.a.-—-

"'K?p Y
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2) Ifradiation tolerant lids are available, replace the lids on each of the bottles and reweigh.
Record the new gross mass below.

Signature (ﬂwﬁ-ﬂ*—’ﬁate e /IQJOI
&=

Jar ID Gross Mass with new 1id ()
18729 8*“1- 20

18725 814.62

18726 818.20

18728 81d. 59

18727 216.24

18724 £1L. (0

18723 828.41

18720 82414

18722 8:1‘1.‘( B

18721 822 80

18719 1) 4o o

o | w{‘ 46 e
17023 513:01

15958 2564.%)

17025 Lol LA
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3) Obtain 11 small clean vials from Mike Urie.

i. Label the small vials as indicated in the table below
Weigh the small vials (with caps) to the nearest 0.01 g. Record the mass data in the
table below.
Transfer ~2ml of supernatant from each of the respective as-received jars to the
respective small vial
Weight the loaded small vials to the nearest 0.01 g. Record the mass data in the
table below.

Reweigh the as-received (parent) jar to the nearest 0.01 g. Record the mass data in
the table below.

iii.

iv.

V.

Signature (Zj\gwciaew Date c”./fa'f'/Dl

TI-RPP-WTP-087 Rev. 0

Page 7 of 8

As- Small Vial Small Vial | Small Vial | Sample mass New As-
Received mam | Tare(g) | with Sample | in Small Vial | Received Gross
ASR ((32] JarID ® @ L
Dl-¢i3g)| 18729 |1879LiBr| o g.c4 Q.10 §11.08
2| 18725 |187SLBr| ca | g o 2-10 &17.0p
3| 18726 | 18726LiBr | ( 4y 8,01 217 £15.90
4| 18728 |1sT28LBr| o G4 2.94 Eil. 1L
g| 18727 | 8727LBr| (o3 | g 44, 1,90 Q14.106
b 18724 | 18724LiBr | , 9.1 4 223 R12.8)
: | QA Y
g| 18720 |18720LBr| o g ‘ é | 28 s b, 82190
G 18722 | 18722LiBr | (, o, .46 a.4s £25.35
Go | 18721 | 18T21LiBr| (| o 8.7 9.99 820.41
[ 1879 |18TOLBr | o | g 2.0\ '805?33
th ————
17023 | 17023 LiBr ;>'<
15958 | ISgSBHABE| . Ctuinel ovis Sledei—~._
57 | 17025 LiBr Samgle  Fractfews iy
fﬂﬁ (/e [of -
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Attachment 1

Sample information received from staff at 222-S

Composite Jar Content Jar
Number Size  Tare Net Number Segment Tare Weight Net Weight | Physical
(mL) Weight Weight (2) . (@ State
) )
18729 500 288.66  521.05 18402 10 304.84 369.45 Supernatant
18413 16 456.89 a 151.69 Supernatant
18725 500  294.6 516.37 18406 9 305.49 365.74 Supernatant
18401 15 303.41 106.47 Supernatant
18413 16 608.58 a 4422 Supernatant
18726 500 286.48  522.64 18403 11 303.36 365.33 Supernatant
18413 16 299.42 157.47 Supernatant
18728 500 28894  516.16 18407 8 301.12 366.05 Supernatant
18401 15 409.88 a 150.22 Supernatant
18727 500 286.57 519.89 18393 7 298.65 360.69 Supernatant
18400 14 301.5 58.03 Supernatant
18401 15 560.1 a 102.08 Supernatant
18724 500  289.79 516.99 18391 6 301.17 361.81 Supernatant
18400 14 359.53 a 155.29 Supernatant
18723 500 295.92  523.69 18394 5 300.49 366.57 Supernatant
18408 13 303.44 40.5 Supernatant
18400 14 5149a 116.83 Supernatant
18720 500  302.6 5222 18399 + 298.04 359.3 Supernatant
18408 13 34394 a 163.06 Supernatant
18722 500 296.95 521.86 18398 3 304.08 345.82 Supernatant
18390 12 302.76 30.44 Supernatant
18408 14 507 a 146.43 Supernatant
18721 500 29626  521.13 18397 2 302.22 352.1 Supernatant
18390 12 333.2a 169.45 Supernatant
18719 500 290.46  508.24 18396 1 299.7 344.6 Supernatant
18390 12 502.64 a 163.7 Supernatant
16029 250 218.07  220.09 17331 17ALH 122.86 129.4 Wet Sludge
15888 17AUH 130.71 90.69 Sludge-Slurry
17023 250 A47.7 307.2 same 17 NA Solids
15958 250 a¢.7 1337 same 18 NA Solids
17025 250 24317.,7 3882 same 18A NA Solids
Total 958.5 Solids
5800.91 Supernate
Note: For core segment 17, the upper half (17AUH) was counted as liquid and the lower half
(17ALH) as solids.

a-Denotes the weight of a bottle that is not completely empty; not a tare weight.

‘e" -5 e r‘."l'f-.p.._ncg\ ‘_‘_-‘al..-:l'-l. R +” ~ u}{' B .""I ™
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From: Myers, Ronald L

Sent: Tuesday, June 12, 2001 2:27 PM
To: Bredt, Paul R

Cc: Kurath, Dean E

Subject: AZ-101 Tare weights

Paul,

The tare weights you requested are:

Bottle # 15958 216.7 g
#17023 217.7g

#17025 217.07 g

Ron

Ronald L. Myers

Sr. Research Engineer
Radiochemical Science & Engineering
Mail Stop P7-28

372-1323

302-010
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K4 112160

Analytical Service Request (ASR)
(Information on this COVER PAGE is applicable to all samples submitted under this ASR)

Requestor --- Complete all fields on this COVER PAGE, unless specificd as optional or ASR is a revision

Requestor: %é Ex ;% /é) /‘/{1 C‘/ PNNL Project #: 4 E 3(5 5

Criiie - - \
PoneName M v LRI Charge Code: _SEE S/C: TWOT
Phone _ 3 7= /‘}1(5"4{. MSIN __/ " 722 Date Required: &-27-2f
Mafrix Type Information QA /Special Requirements
+ Liquids: h_l/Aquc0L|s — Ocganic __ Muld-phase + QA Plan:
+ Solids: ___ Soil — Sludge __ Sediment SBMS
—Glass  ___Filter .__ Metal HASQARD (CAWSRP) _V/ ;_ﬁ_irz' TR ot )
— Smeacr  _ Organic ___ Other ¢ Additional QA Requirements? No
¢ Other: __ Solid/Liquid Mixture, Sluccy or Reference Doc # -
__ Gas —_ Biological Specimen ¢ Field COC? No v Yes
If sample matrices vary, specify on Request Page ¢ 1ah COC Baquired? No / ¥
. Hlaid Mg Mone _t
Disposal Information RCRA CERCLA
+ Disposition of Virgin Samples: °C Other, Specify
Viegin samples are returned o requestor unless . Date Sampled
archiving provisions are made with receiving group! & Time Sampled
If archiving, provide: ¢ Special Storage Requirements:
Archiving Reference Doc # : None ___ i~ Refrigerate (4°C)
¢ Disposition of Treafed Samples: or Othec, specify P
Dispose Retuen = ¢ Data Quality Review Required? No v Yes

‘Waste Designation Information

B i i > Yes ;
Sanipledaformation EndckaiiAmcheny e Doces the Waste Designation Documentation

< l\‘_: fcfc“ce. it Indicate Presénce of PCBs?
or Previous ASR # S
No Yes

or Preevious RPL ID GO/~ 1392 15 O7-8138 >

Additional or Special Instructions (7P

Send Report To //ﬁ . //l(/tf_. Phone s7¢ §-4§¢

Pho

Preliminary results requested, as available? No Yes requestng preliminary results may increase cost)
q PR 2P ) )
TR YT RSO WYY TS TR

Rcceiring and Log'in Information (to be completed by laboratory staff)

Dute Delivered: 1 3ES) ' "j"\ I__.
R wed By s
Deliveeed By (optional) 4°F (LSBL Gligf

Tume Delivered (opronal)

; ASR \umbcr i //7 / ./
Group 1D (optional) P
CMC Waste Sample? No 1/ Yes I\PL i\umbu\ : (Z) / '{7/3 57/ )‘?/(J/' ’0}597

Cost Estimate, if requested: §

RPG/CMC Work Accepted By: 2 EE gf( { 2/'(2" Signature /Date; W////% 42 ‘57

ASR FY 2060 - RPGldoc

_T:\!'H, M3, \LBL\ ’)6 MW IKMP

C01-00%2



SUPEOdY - 000N USY

m‘, jo _ ade {USV

€¢l9)

[TTavswnprny uQ T 2s0qy  :papravid uoneuuojug] *4jaA3] BO1A)ap pasinbas pur 1s2191ut jo sadjeur apracs [ wuononnsu] pasanbayy meljeuy,, 235 (1)

[ -G pIL b

[ A1) ITLS/

] oGzl sT
( ST 1T FTL Y/

\ AT e Ll

C01-003

G T HFTLD]

, )
PRI 9T L]

R AL A A%

~5¢ [ o/ K4/ 97t S [5K

TG7 GGl F2E

Ay 7 LT AYTGZL 57 TBCt1o-1er

(1) paisanbzyf sisAjuy (sawmp g1 %) uonduosa(g ajduweg agroidwesiuany [ 3 AITOL

S MUY s g 1 :
MUy sy s qe AUCY 257 Q1835 O]

(sapduseg aprapu] 01 3y129dg UOLEWIOJU] -=-=- DV LSUNOIW
(uSV) 3sanbay 2014108 EONAEUY



Special Instructions: ASR 6132
Lithium and Bromide Analyses for AZ-101 As-received Supernatants

AZ-101 Sarhp[es 01-01381 through 01-01391 — LIMS Tests

Digestion-128 SAL -- Use W357930
ICP-211-CMC LAB -- Use CMC K88407

Sub-Sample SAL -- Use W57930
IC-212-CMC LAB -- Use CMC K88406

NEED VERY RAPID TURNAROUND TIMES FOR BOTH PREPARATION AND ANALYSIS.
PROVIDE PRELIMINARY RESULTS TO M.W. URIE.

1. SAL receives from HLRF a 2 mL sub-sample from each of the AZ-101 as received jars containing only
liquid for Lithium and Bromide Analysis.

2. Obtain ICP spiking solution from J. Wagner

3. SAL - For each sample.

ICP Analysis:

Digest 0.25 mL per method ALO-128.

Digestion preparation blank and LCS with batch

Select one of the samples and digest as a duplicate

Select one of the samples, add a matrix spike, and digest

Contact J. Wagner for quantity of digestate to transfer to ICP lab.

o oo op

IC Analysis:
f. Obtain water diluent from IC lab staff.
g. Aliquot 0.5 mL into a 25-ml Volumetric flask and dilute with water diluent
h. Select one of the samples and dilute for a matrix spike (the MS solution will be added by the lab)
i. Select one of the samples and dilute as a duplicate
j. Transfer 0.5 mL of each diluted sample to IC lab
k. Transfer 5 mL of water diluent back to IC lab
4, Lab - For each sample
a. Target MRQ is 0.003M lithium or bromide
b. QC requirements: process/diluent blank, LCS, matrix spike, and instrument QC criteria meeting
the on-line QA Plan for lithium and bromide.
c. Report all analytes measured; however, preparation QC is required only for lithium and bromide

Page 1 of |
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Battelle PNNL/RPG/Inorganic Analysis --- IC Report

Client: M. Urie Charge Code/Project: W57932/42365
ASR Number: 6132 Sample Receipt Date: 06/14/2001
Sample Prep Date: N/A Sample Analysis Date: 07/05/2001
Analyst: M]J Steele

Preparation Procedure: N/A

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.

Sample (01-01381 through 01-1391) Final Results:

Br EQL Br Exceed
RPL Number Sample ID ug/mL ug/ml [Target?
Target: 0.003 M Br 240
01-1381 ICPB IC Prep Blank 0.13 <0.13 n/a
01-1381 Hot Cell PB Hot Cell Prep Blank 0.14 <0.13 n/a
01-1381 18729 LiBr 126 1,160 Y
01-1382 18725 LiBr 126 950 Y
01-1383 18726 LiBr 126 1,200 Y
01-1384 18728 LiBr 126 420 Y
01-1384 Dup 18728 LiBr Dup (Hot Cell) 126 440 Y
RPD 5%
01-1385 18727 LiBr 126 920 Y
01-1386 18724LiBr 196 1,240 Y
01-1387 18723LiBr 84 200 N
01-1388 18720LiBr 84 410 Y
01-1389 18722 LiBr 126 1,090 Y
01-1390 18721LiBr 126 740 Y
| 01-1391 _ 18719 LiBr 84 230 N
01-1391 Dup 18719 LiBr Dup (Lab) 84 230 N
RPD 0%
01-1390 MS(PS) % Rec 18721LiBr MS(PS) 102%
LCS % Rec 101%

The samples were prepared for ion chromatography anion analysis by diluting to a level to allow
separation of the bromide and nitrate peak. The typical dilution was from 670-fold to 1570-fold.
The estimated quantitation limits (EQL) which are based on the lowest calibration standard and
the dilutions used for reporting the bromide results are provided in the table. The target bromide
concentration is 0.003 M or about 240 ug/mL. Values in excess of this concentration indicate
that sample could have been contaminated by the hydrostatic head fluid used for obtaining the
AZ-101 core sample. Based on the IC results only, contamination is possible; however, an
evaluation of the IC and ICP results will be required before contamination is verified.

ASR 6132 Urie.doc Page | of 2

C02-002



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

Q.C. Comments:

Duplicates: No duplicate was provided. However, the sample 18728 LiBr (01-01384) was split
in the hot cell and sample 18719 LiBr (01-01391) was split in the laboratory and analyzed in
duplicate. The duplicate relative percent difference (RPD) meets the acceptance criteria of
<20%.

Matrix Spike (HCV 010328): A matrix spike was prepared and the bromide recovery was
within the 75% to 125% recovery acceptance criteria.

Laboratory Control Sample -LSC (Blank Spike): A Blank Spike (i.e., the spike solution used to
prepare the matrix spike samples) was prepared and measured at the same time as the Matrix
Spike sample and demonstrated recoveries for bromide within the 90% to 110% acceptance
criteria.

System Blank/Processing Blanks: Six system blanks were processed during the analysis of the
liquid sample. No bromide was detected in the system blanks above the estimate quantitation
level.

Quality Control Calibration Verification Check Standards: Six mid-range verification standards
were analyzed throughout the analysis runs. Bromide recoveries were within the acceptance
criteria from 90% to 110% 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.

«  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

Report Prepared by: WZ{) LZ%’—‘ Date {7 /-¢ /

Review/Approval: GW @ ,{/ (AL Date 7"/7"()/

Archive Information:

Files: ASR 6132 Urie.doc ASR 6132, 6155.xIs_|

ASR 6132 Urie.doc Page 2 of 2
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Battelle PNNL/RPG/Inorganic Anlaysis ... ICPAES Data Report

Project / WP#: 42365 / K88407
ASR#: 6132

Client: M. Urie

Total Samples: 1

'_____ o= From To
RPL#: 01-01381 ! 01-01391
Client ID: “18729 LiBr” [ “18719 LiBr”

Sample Preparation: PNL-ALO-128/SAL/vh (~0.25mL/25mL)
[AZ-101 as received supernatant]

Inductively Coupled Argon Plasma Atomic Emission
i Spectrometry" (ICPAES).

1
]

. Analyst: D.R. Sanders
Analysis Date (File): 06-29-01 (A0GI1)

| See Chemical Measurement Center 98620 file: ICP-325-405-1
(Calibration and Maintenance Records)

M&TE Number: WB73520 (ICPAES instrument)
360-06-01-029  (Metder AT400 Balance)

Procedure:  PNNL-ALO-211, "Determination of Elements by

Q—-.—r-. 22y Et ’(LA‘ M E— 7'”:“(”
/" Rev ewed by

W&D 7/,«, 7-17-0 (

7/16/2001

C03-002
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Battelle PNNL/RPG/Inorganic Anlaysis ... ICPAES Data Report

Concur

Eleven AZ-101 “as received supernatant” samples, 18729-LiBr through 18719-LiBr (RPL#
01-01381 through 01-01391), was processed in two batches by 325 Shielded Analytical Laboratory
(SAL) using PNL- ALO-128 acid digestion of liquids. Samples were prepared using approximately
0.250mL (~0.30g) of liquid supernatant material. After digestion the digestate was diluted to a final
volume of approximately 25mL. All sample aliquots and digestate solutions were weighed.
Digestate solution volume was determined by dividing the weight of digestate by its density. Density
of sample was measured therefore the volume is assumed to be 0.25mL. A 1mL pipette was used to
determine the density of each digestate solution. The total digestate volume was calculated by
dividing the weight of digestate by its density. Supernatant density of samples is estimated to be
approsimately 1.20 g/mL. Density of digestate solutions is about 1.05 g/mL.

Lithium was the only analyte requested. Lithium was detected in only one sample, 18724-LiBr
(RPL# 01-01386) and was below EQL (EQL=12.5 pug/mlL) and Target MRQ (0.003M or 20.82
tg/mL). All other analytes reported are for information only.

ICPAES results are reported in pg/mlL and have been corrected for analytical dilution and sample
processing. Analytes that were generally above EQL include Al B, Cr, K, Mo, Na, P, and Si. The
process blanks appear to have a small amount of B, Na and Si. The B, Na, and Si may come from
glassware used to digest the samples or from the digestion reagents (nitric acid or hydrochloric acid).
The Na concentration in the process blanks is far below that found in the samples (< 0.3%). Boron
and Si in the samples is approximately the same concentration as found in the process blanks.

See attached ICPAES Data Report for final results.

Quality control check-standard results met tolerance requirements for analyte of interest (Li).
Following is a list of quality control measurement results relative to ICPAES analysis tolerance
requirements of the controlling QA plan. LCS/BS, Matrix-spikes and duplicates were prepared with

each batch of samples and analyzed in this report for lithium only.

Matrix-spike and LCS/blank-spiked samples were prepared using 1mL and 3mL respectively of a
5ug/mL lithium solution per 25mL sample digestate volume.

Five fold serial dilution:

All analytes were within tolerance limit of 10% after correcting for
dilution.

Duplicate RPD (Relative Percent Difference):
The original and duplicate sample was within tolerance limit of < 20%
RPD for all analytes greater than EQL except B and Si which are not an
analytes of interest.

7/16/2001
Page 2 of 4
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Battelle PNNL/RPG/Inorganic Anlaysis ... ICPAES Data Report
Post-Spiked Samples (Group A):
All post-spiked analytes were recovered within tolerance of 75% to 125%
except Si, which is not an analytes of interest.

Post-Spiked Samples (Group B):

All post-spiked analytes were recovered within tolerance of 75% to
125%.

Bla ike: '
Blank-Spike recovery for Li (97% and 103%) was within tolerance of
80% to 120%.

Matrix Spiked Sample:
‘ Matrix-Spike recovery for Li (95% and 96%) was within tolerance of

75% to 125%.

uality Control Check Standards:
Concentration of Li and all other analytes are within tolerance limit of £
10% accuracy in the check standards: QC_MCVA, QC_MCVB, and
QC_SSTMCYV with the following exceptions.
Palladium measured (-12% to -26%) lower than expected in QC_MCVB.
Tin measured (-11% to -34%) lower than expected in QC_MCVB.
Europium measured (10% to 14%) higher than expected in QC_MCVB.
All analytes are within tolerance limit of = 10% accuracy in QCSSTMCV.

High Calibration Standard Check:

Verification of the high-end calibration concentration in QC_SST for all
analytes contained in the standard is within tolerance of £ 5% accuracy
except for potassium. Potassium measurements were about 6% to 7%
high in the QC_SST standard. All other analytes measured were within

tolerance.

Process Blanks:
Concentration of Li and all other analytes detected is within tolerance

limit of SEQL or less than £5% of the sample except B, Na, and Si (not
analytes of interest).

Laboratory Control Standard (LCS):
See “LCS/blank spike” above.

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%.

7/16/2001
Page 3of 4
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Battelle PNNL/RPG/Inorganic Anlaysis ... ICPAES Data Report

Comments:

1)

2)

3)

4)

3)

7/16/2001

"Final Results" have been corrected for all laboratory dilution performed on the
sample during processing and analysis unless specifically noted.

Detection limits (DL) shown are for acidified water. Detection limits for other
matrices may be determined if requested.

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).

Absolute precision, bias and detection limits may be determined on each sample if
required by the client.

The maximum number of significant figures for all ICP measurements is 2.

Page 4of 4
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report "1

Multiplier= 831 82.6 B5.0 I 882 85.9
RPL/LAB #= |01-1381-B 01-1381 01-1381-DUP 01-1382 01-1383
Client ID= 18729-LiBr 18729-LiBr 18725-LiBr |18726-LiBr
Det. Limit  Run Date= | 6/29/2001 6/29/2001 6/29/2001 6/29/2001 6/29/2001
(ug/mL) (Analyte) (ug/mL) (ug/mL) {ug/mL) {ug/mL) (ug/mL)

0.025 Ag - - - - =
0.060 Al [15] 5,860 5,760 5,740 7,080
0.250 As - - - - -
0.050 B 132 165 193 196 200
0.010 Ba - - [1.1] - =
0.010 Be - - - - -
0.100 Bi [22] [22] [21] [26] [18]
0.250 Ca - - [23) - -
0.015 cd (3.1 [1.7] - [1.3] ~
0.200 Ce - - -- - --
0.050 Co - = = - -
0.020 Cr - 577 587 555 684
0.025 Cu [4.4] - - - -
0.050 Dy - - - - =
0.100 Eu - - - - =
0.025 Fe [3.7] [16] = - -
2.000 K - 3,570 3,530 3,420 4,240
0.050 La - - - - -
0.015 Li - - - - -
0.100 Mg - - - - -
0.050 Mn - - - - -
0.050 Mo - 75.4 74.4 72.7 89.7
0.150 Na 174 87,500 87,600 85,600 >94544
0.100 Nd - - - - -
0.030 Ni - [2.6] - - -
0.100 P - 372 367 359 443
0.100 Pb [10] [11] = - -
0.750 Pd - - - - -
0.300 Rh - - & - -
1.100 Ru - - - - -
0.500 Sb - - - -
0.250 Se - - - - e R
0.500 Si 422 521 511 [420 761
1.500 Sn - - - - -
0.015 Sr - - - -
1.500 Te - - - - =
1.000 Th - - -- - -
0.025 Ti - = - -
0.500 TI - 2 - - =
2.000 u - - - - -
0.050 v - - - - -
2.000 w - - - - -
0.050 Y - - - - -
0.050 Zn [5.9] [5.8) - 14.7] B
0.050 Zr - - - - -

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 lef: column) by “multiplier” (top of each column)

Data (1) from ~AD691 M.URIE ASR-6132.XLS

C03—006
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report "23¢2°'3

Multiplier= 85.1 B3E 835 841 88.3
RPL/LAB #= |01-1384 01-1385 01-1386 01-1387 01-1388
Client ID= |18728-LiBr 18727-LiBr 18724-LiBr 18723-LiBr 18720-LiBr
Det. Limit  Run Date= 6/29/2001 6/29/2001 6/29/2001 6/29/2001 6/29/2001
(ug/mL) (Analyte) (ug/mL) (ug/mL) {ug/mL) {ug/mL) (ug/mL)

0.025 Ag - - - - 2
0.060 Al 6,240 5,640 6,170 6,840 6,140
0.250 As - - - -
0.050 B 134 133 168 130 200
0.010 Ba - - - [1.6) [1.1]
0.010 Be -- - - - --
0.100 Bi [21] [22] [17] [20] [21]
0.250 Ca - - - - -
0.015 Cd [1.3] - - [1.3) -
0.200 Ce -- - - - -
0.050 Co - - - - -
0.020 Cr 572 544 574 641 558
0.025 Cu - - - - -
0.050 Dy - - - - -
0.100 Eu - - - - -
0.025 Fe [6.3] - - 93.8 [3.0]
2.000 K 3,500 3,320 3,590 3,840 3,570
0.050 La - - - - -
0.015 Li - - [2.7] - -
0.100 Mg - - - - -
0.050 Mn -- - - [5.4] -
0.050 Mo T4.4 71.0 75.2 83.1 74.0
0.150 Na 88,200 84,300 88,800 >92507 90,900
0.100 Nd - - - - -
0.030 Ni - - - 46.9 -
0.100 P 369 348 374 405 360
0.100 Pb - - - [8.5] -
0.750 Pd - - - - -
0.300 Rh - - - - -
1.100 Ru - - - hed .
0.500 Sb - - - - - |
0.250 Se - - - e
0.500 Si €661 525 483 460 556
1.500 Sn - - - - e
0.015 Sr - o == - R [SPRRRTN
1.500 Te - - = L =
1.000 Th - - - oo e
0.025 Ti - - - b =
0.500 Tl - - - = >
2.000 u - - - - ==
0.050 v - - - = i
2.000 w - - = ey s
0.050 ¥, - bid o = -
0.050 Zn [4.7] = - [5.0] -
0.050 Zr - - " - o

Data (1) from ~A0691 M.URIE ASR-6132.XLS

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

2) Values in brackels [] are
3) ~-"indicate measurement is
multiplying “det. limit* (far left column) by *multiplier” (top of each column)

C03-007

within 10-times detection limit with errors likely to exceed 15%
below detection Sample datection limit may be found by
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report F23%3°'

Multiplier= B87.7 80.3 B2.2 I B34 76.3
RPL/LAB #= |01-1389 01-1389-B 01-1389-DUP 01-1390 01-1381
Client ID= |18722-LiBr 18722.LiBr 18721-LiBr 18719-LiBr
Det. Limit Run Date= 6/29/2001 6/29/2001 6/29/2001 6/29/2001 6/29/2001
(ug/mL) (Analyte) (ug/mL) (ug/mL) (ug/mL) {ug/mL) (ug/mL)
0.025 Ag - - - i -
0.060 Al 5,940 [11] 5,940 5,830 6,200
0.250 As - - - - -
0.050 B 271 141 209 153 194
0.010 Ba [1.1] [1.9] - - [0.92]
0.010 Be - - - - -
0.100 Bi [18] [22) [17] [16] [19]
0.250 Ca - - - - -
0.015 Cd - - - it -
0.200 Ce - - - - : -
0.050 Co - - - - -
0.020 Cr 571 - 573 555 551
0.025 Cu - - - - -
0.050 Dy - -- - = -
0.100 Eu - - - - -
0.025 Fe - - - - [4.4]
2.000 K 3,350 - 3,360 3,230 3,540
0.050 La - - - - -
0.015 Li - - - - . -
0.100 Mg - - - - --
0.050 Mn - - - - -
0.050 Mo 74.6 == 75.0 72.4 73.3
0.150 Na 90,400 214 >90427 88,100 >83934
0.100 Nd - - - - -
0.030 Ni - - - - -
0.100 P 367 - 365 355 361
0.100 Pb - - - - 4.
0.750 Pd - - - - -
0.300 Rh - - - - -
1.100 Ru - - - -~ -
0.500 Sb - - - - ] -
0.250 Se - = - - =
0.500 Si 703 519 576 520 503
1.500 Sn - - - - -
0.015 Sr - - - . b
1.500 Te - 2= s = =
1.000 Th -- - - - -
0.025 Ti - - - - =
0.500 Tl - -- - - -
2.000 u - - - - =
0,050 v - - = - LR [
2.000 w - = os = X
0.050 Y - A= = ue =
0.050 Zn - - s = =
0.050 Zr » = S - =
Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.
2) Values in brackets [J are within 10-times detection fieit with errors likely to exceed 15%
3) "-*indicate measurement is below detection. Sample detaction limit may be found by
multiplying "det. limit” (far left column) by "multiplier” (top of each column).
Data (1) from ~A0891 M.URIE ASR-6132.XLS 7/16/2001 @ 5:18 PM
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TP-RPP-WTP-089, Rev. 1
Page 2 of 29
1  Applicability

This Test Plan describes work to be performed under Project 42365, WTP-RPP Support. Samples of actual
waste from Hanford tank AZ-101 were received at Battelle’s Radiochemical Processing Laboratory (RPL) for
testing under this project. This Test Plan describes how these materials will be composited, homogenized,
and sub-sampled for process testing and characterization tasks. This Test Plan also provides details on a
select set of physical, theological, chemical and radiochemical tests.

Client requirements for successful achievement of project data needs have been established via Task
Specification TSP-24590-01-00006, “Tank 241-AZ-101 Sample Composite, Homogeneity, Analysis”. This
Test Plan is a mechanism for communicating Battelle’s testing scheme for meeting these client expectations.

Work is to be performed by RPL technicians under the supervision of a cognizant scientist or additional
technical staff. The cognizant scientist shall be responsible for implementation and adherence to this test
plan. As needed, test instructions may be issued by the cognizant scientist to communicate details on
implementation of existing procedures,

2 Justification

Characterization of the AZ101 feed and concentrated slurries provides an opportunity to underpin the
pretreatment facility design basis. Additionally, it will provide data to the WPT to validate assumptions in the
flowsheet and to support process verification testing and waste form qualification. Additionally, it is critical
that the AZ-101 waste samples shipped to Battelle are homogenous Before sub-sampling to ensure the
analysis of the sub-samples provides information representative of the bulk sample.

3 Objectives

The objectives of these tasks are to:

* Receive and verify liquid samples were not corrupted with hydrostatic head fluid

¢ Composite all low LiBr liquid samples and undissolved solids from cores 17, 17A, 18, and 18A
by thoroughly mixing in a compositing vessel. The compositing scheme implement within this
test plan is not consistent with the compositing requirements of the Regulatory DQO,
“Regulatory Data Quality Objectives Supporting Tanks Waste Remediation System Privatization
Project”, PNNL-12040.

*  While operating the vessel agitator, extract all of the material from the compositing vessel into
volume graduated jars

* Verify the homogeneity of the sub-samples by measuring the volume of settled solids and
supernatant in at least five sub-samples

¢  Determine the wt% undissolved solids concentration in composite

*  Perform PCB analysis per methods established for the Regulatory DQO

*  Adjust the concentration of sub-samples to 31 wi%, 13+£2 wt% and 2042 wt% undissolved
solids

*  Measure the physical properties of the 3, 13 and 20 wt% sub-samples (see Attachment 3)

* Measure the chemical and radioisotope concentrations listed in Tables 2 and 3 of the Test
Specification (see Attachment 1) in the solid and liquid fractions of the original composite

*  Determine liquid fraction compliance to specification 7 of contract DE-AC27-01RV14136 (see
Attachment 2)

*  Determine solid fraction compliance to specification 8 of contract DE-AC27-01RV14136 (see
Attachment 2)

*  Report liquid and solid analyses in accordance with Standand Electronic Format Specification for Tank
Waste Characterization Data L oader: Version 3.0, (HINF-3638 revision 1)

* Provide a draft comprehensive technical report within 90-days of completing all analyses
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4  Success Criteria

*  The analytes’ analyses listed in this test plan were obtained.

* The QCtarget criteria in Tables 1, 4, and 5 of Attachment 1. The target criteria presented are goals
for demonstrating reliable method performance. In the event of QC failures, the laboratory will
follow internal procedures to resolve the issues. If the failures can not be resolved, the BNI R&T
representative will be notified as soon as the inability to resolve the failures at the bench level is
identified.  All QC failures and limitations on the associated data shall be discussed in the narrative
of the data report.

* For PCB measurements, success criteria will be identification/ quantification of detectable PCBs with
the QA/QC requirements specified in the “Regulatory DQO Test Plan for Determining Method
Detection Limits, Estimated Quantitation Limits, and Quality Assurance Criteria for Specified
Analytes”, PNNL-13429, and the associated PCB test plan, TP-RPP-WTP-30.

5  Description of Test
5.1 General Instructions

5.1.1 A material balance for the AZ-101 samples will be maintained throughout the test
steps defined by this Test Plan. Items to be recorded include sample bottle
identification number, bottle tare weight (provided by 222-5), the mass (or volume)
of sample received in each bottle, loss of sagple due to residual sample left in each
bottle, mass (or volume) of composite AZ-101 sample, mass and volume of
chemical additions, mass (or volume) of sample removed for analysis, and any other
significant activities that add or remove mass (or volume) from the AZ-101 sample.
Sample identification must be traceable to the original sampling event through ASR,
Test Instructions, Laboratory Record Books, etc. Depending on conditions, it is
best to record both mass and volumes, although measurement of both properties
may not be possible in all situations during this testing,

5.1.2  Several administrative hold points in this Test Plan require client consultation,
concurrence or approval before proceeding. The client is to respond with approval
by email or letter before proceeding past the hold points. This documentation is to
be included in the data package delivered to the client as part of the final report.

5.1.3  Battelle personriel are to record the temperature of the cell during any data
collection that could be effected solids solubility. At a minimum, temperature shall
be recorded at the time of vol% settled solids measurements, and decanting of liquid
from settled or centrifuged solids.

5.1.4  Asappropriate, any unused material collected for characterization, will be made
available for use in process testing. The task leader responsible for the as-received
characterization is considered the sample custodian and will ensure that the unused
material is transferred to the appropriate task leader(s).

5.1.5  Samples requiring archiving per this test plan shall be archived under an approved
archiving/monitoring procedure. [Note: An archiving procedure is to be developed
to support this and other RPP-WTP archiving needs in the RPL) The purpose of
the archiving procedure will be to insure sample security and integrity.

5.1.6  The following table list estimated sample volumes required for each analysis detailed
in this Test Plan. Volume for physical and rheological testing assumes the initial
composite sample contains at least 5 wt% undissolved solids. If the sample
contains less than 5 wt% undissolved solids, the client will be contacted prior to
using a greater volume of material for work described under section 5.4. Total
material available is estimated to be 958 g of sludge and 5800 g of supernatant.

Volume of Initial Composite Required for Characterization Testing

Bulk Slurry Liquid Fraction Wet Centrifuged
(mL) (mL) Solids(g wet)

Testing Section
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Chemical & 5.5 NA 120-150 30-35
Radiochem

PCB Archive 5.6 NA 300-400 20

3 wt% = 60
Physical Properties 5.3/5.4 13 wt% = 260 NA NA
20 wt% = 400
Total NA 720 420-550 50-55
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Compositing Tank Samples

5.2.1

522

523

524

5.2.5

5.2.6

5.2.7

5.2.8

5.29
5.2.10

5.2.11

The “as-received samples” will be inspected and weighed to determine what
degree of sample loss has occurred during sample storage and transport. Report
will include visual appearance of the liquid and solid / crystalline and floating
phases present in each AZ-101 sample bottles. Video images of the samples are
to be collected at this time as well.
Battelle personnel shall sub-sample the liquid in each sample jar that contains a
separate liquid phase and analyze the sub-samples for lithium and bromide (only
single analysis per sub-sample is required). The purpose of the analysis is to
determine if the sample contains hydrostatic head fluid from the sampling
process. If the concentration of either lithium or bromide is greater than 0.003 M,
then the sample shall not be included in the compositing process. The criteria of
0.003 M was selected to limit the amount of hydrostatic head fluid to 1 partin 100
parts.
Administrative Hold Point: BNI R&T will be notified of the measured lithium
and bromine concentrations before proceeding. Email or letter of concurrence
from BNIR&T is to be received before proceeding.
All sample bottles containing liquid that meet the criteria of <0.003 M lithium
and/or bromide and sample bottles containing undissolved solids shall be
transferred to the 7.5L mixing vessel through screen with openings sized between
1/8 x 1/8 inches and 3/32 x 3/32 inches’in diameter.
If any material remains on the sample screen after flushing the screen with the
liquid samples, determine weight of material and archive material.
Administrative Hold Point:
5.2.6.1 If greater than 2 wt% of the settled solids content of the composite
(20g for AZ-101) are collected on the screen, notify BNI
representative with a proposed path forward for this material,
Email or letter of concurrence from BNI R&T is to be received
before proceeding.
5.2.6.2 If 2 w1% or less of the settled solids content of the composite (20g
for AZ-101) are collected on the screen, testing may continue
without BNI concurrence. Retain this material separate from the
composite and proceed with testing. Notify BNI of the solids mass
at the earliest convenience.
The vessel agitation system shall be operated continuously at least an hour prior to
performing sub-sampling and shall continue to operate during sub-sampling,
The sub-sampling method and homogeneity verification method shall be based on
the methods and criteria described in PNNL Test Plan for “Regulatory Data Quality
Objective: Sample Compositing Strategy," TP-41500-001, Rev. 0 and shall be
consistent with the following. While operating the vessel agitation system, Battelle
personnel are to extract sub-samples from the AZ-101 slurry into volume graduated
glass jars. Jar volumes will range from 100 to 500 mL. The order the sub-samples
pulled shall be recorded. The entire contents of the compositing vessel shall be
extracted as sub-samples.
Sub-samples are to be tightly sealed and sit undisturbed for a minimum of 24-hours.
Sub-samples will be inspected for floating layers. If found, the record volume or
thickness and appearance will be noted and if possible, video images will be
collected.
Administrative Hold Point: If an organic layer is observed in any of the
composite batches, then BNI’s R&T representative must be consulted before work
continues. Email or letter of concurrence from BNT R&T is to be received before
proceeding.
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5.2.12  Battelle personnel are to record the volume of settled solids/ crystalline material and

5213

5.2.14

5.2.15

supernatant present in each of the sub-samples after the 24 hotr undisturbed period
(settling times may exceed 24 hours). The volume measurement shall be reported to
an accuracy of 1% of the container volume for containers > 100 ml and +1.0-ml for
containers <100 ml. Record settling time and temperature at the time of the
measurements.

Battelle personnel are to calculate the relative volume percentage of settled
solids/crystalline material present in each of the sub-samples selected for

homogeneity verification and compare the volume percent settled solids versus the
order of sample collection.

Note:

10 vol% was chosen as a criteria over the vol% listed in the task specification.
Volume graduations on typical commercially available volume graduated jars start at
10% of full scale. Approximately 11 vol% of the material received at the RPL is
settled sludge. Assuming the solids will be less compacted after the homogenization
activities, the final composite should contain greater than 10 vol% settled solids.

Administrative Hold Point: If the liquid sub-samples contain an average of less
than 10 vol% settled solids, then the homogenfation is complete. The volume
settled solids data on the composite liquid sb-samples are to be presented to BNI
R&T for approval before proceeding. Once this approval has been received,
proceed to compositing sludge samples.

Administrative Hold Point: If the liquid sub-samples contain an average of greater
than 10 vol% but less than 60% settled solids, then the following two criteria must
be met before the composite sub-samples are considered homogenous. If the
composite sub-samples fail the criteria, then the composite sub-samples will be
returned to the mixing vessel and rehomogenized and sub-sampled again at a higher
agitation rate and/or other modifications deemed necessary to obtain improved
mixing. If the second homogenization fails, BNI R&T will be consulted. A data
package is to be presented to the BNIR&T for approval before proceeding. The
data package submitted for BNI R&T approval is to include information on any
outlier eliminated from the data set reconciled against the criteria. . Email or letter
of concurrence from BNI R&T is to be received before proceeding,

1) Calculate a standard deviation for the entire vol% settled solids data set. This
standard deviation must be no greater than 5 vol%. (Note: Outliers may be
eliminated using any standard outlier test, e.g., Dixon Test; however, at least 5
sub-samples must be used for calculating the standard deviation.)

2) Calculate a best fit line for the data set (vol% settled solids versus collection
order). This best fit line must not show a trend of greater than 5 vol% over the
range. For example, if the linear best fit line is at 50 vol% for the first sample,
then it cannot exceed 55 vol% or be below 45 vol% for the last sample (these
are the values for the best fit line, not samples).
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5.2.16 Administrative Hold Point: If the liquid sub-samples contain an average of

greater than 60% settled solids, then perform the following physical properties
analysis with the samples selected for homogeneity testing. Attachment 3 provides
further detail on this protocol and associated calculations, Submit a data Package to
BNI R&T containing the results of the following as confirmation that the sub-
sampling was homogenized. The data package submitted for BNI R&T approval is
to include information on any outlier eliminated from the data set reconciled against
the criteria. If the composite sub-samples fail homogenization criteria, then all the
composite sub-samples will be returned to the mixing vessel and rehomogenized
and sub-sampled again at a higher agitation rate and/or other modifications deemed
necessary to obtain improved mixing, If the second homogenization fails, BNT R&T
will be consulted. Email or letter of concurrence from BNI R&T is to be received
before proceeding.

5.2.16.1. A minimum of five sub-samples shall be used for determination of sub-
sample homogeneity. These sub-samples for homogeneity determination
shall include the second, middle and next to the last sub-samples removed
from the compositing vessel. Two other sub-samples will be chosen at
random.

5.2.16.2. Mix the selected sub-samples and transfer triplicate aliquots of the
selected homogeneity sub-samples into volume graduated centrifuge
cones (a total of 15 cones). L

5.2.16.3. Allow the triplicates to settle for'd days. Record the total mass and
volume and the volume of the settled solids. '

Note:

Measurement of the settled supernatant density requested in the Test
Specification has been omitted. Supernatant density will be determined
under step 5.2.16.7 following centrifugation. More supernatant is

available after centrifugation, and supernatant loss during step 5.2.16.4
could effect vol% centrifuged solids calculations.

5.2.16.4. Calculate the volume percent settled solids and bulk density.

5.2.16.5. Centrifuge the settled slurries at approximately 1000 times the force of -
gravity for 1 hour. Measure and record the mass and volume of the
centrifuged solids and volume of centrifuged liquid. Calculate the solids
density.

5.2.16.6. Plot the vol% centrifuged solids against the sub-sample removal
sequence.

5.2.16.7. Transfer all of the centrifuged supematant into a graduated cylinder and
measure its mass and volume. Calculate the supernatant density.

5.2.16.8. Dry the centrifuged solids and supernatant at 105°C to constant weight.
Determine wt% solids, wt% dissolved solids and wt% undissolved solids
as detailed in attachment 3.

Chemical and Radiological Characterization of Composite Sub-Sample

5.3.1

If the composite contains less than 60 vol% settled solids, a subsample will be
mixed and sampled in triplicate to determine the slurry density, supernate density,
wt% total solids, wt% dissolved solids and wt% undissolved solids. See Attachment
3 for details on the physical properties protocol and associated calculations.

Physical and Rheological Characterization at the Expected Receipt, Mid-Range and
Maximum Concentration
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Administrative Hold Point: Itis estimated that the testing detailed in this section will
required 720 ml of as-received composite. This estimate is based on an assumption of 5
wt% undissolved solids in the as-received composite (analyses will be conducted under
section 5.3 or 5.2.16). If the undissolved solids content is less than 5wt%, then client will be
contacted prior to using more than 750 ml of the as-received composite for this work (In
this case, Email or letter of concurrence from BNI R&T is to be received before proceeding
on testing with more material). At least 75% of this material will be returned for process
testing.

54.1  Sette and decant supernatant from one sub-sample designated for the maximum-
range concentration sub-sample until a final concentration of 20+2 wt% undissolved
solids is reached. To reach this concentration, it may be necessary to augment
settling by centrifuging the sub-sample. Archive the supernatant. The amount of
supernatant to be decanted shall be determined by calculation based on the
undissolved solids concentration in the original composite sub-sample.

54.2  Settle and decant supernatant from sub-sample designated to be the mid-range
concentration sub-sample until a final concentration of 13+2 wt% undissolved
solids is reached. Archive the supernatant. The amount of supernatant to be
decanted shall be determined by calculation based on the undissolved solids
concentration in the original composite sub-sample.

5.4.3  Adjust the concentration of the sub-sample destgnated for the receipt concentration
by adding liquid to the sub-sample to reach a concentration of 311 wt% undissolved
solids. The amount of supernatant to be added shall be determined by calculation
based on the undissolved solids concentration in the original composite sub-sample.

5.4.4  The three sub-samples prepared in steps 5.4.1, 5.4.2, and 5.4.3 (20, 13, 3 wt%
respectively) shall be analyzed in triplicate to determine slurry density, wt% total
solids, wt% dissolved solids, wt% undissolved solids, yield strength, shear stress vs
shear rate, and heat capacity per Table 1 in attachment 1. Particle size distribution
and SEM analysis need only be conducted on one of the three samples.

Chemical and Radiological Characterization of Sub-Sample

The chemical and radiological characterization of the sub-sample shall be initiated by 2
“standard” laboratory Analytical Service Request with special instructions to direct
labotatory staff on quantity of sub-sample to process, phase separation requirements,
analysis requitement for the liquid and wet centrifuged solid phases, and the QC criteria for
the analyses. All analyses will be performed on triplicate aliquots from one
homogeneous sub-sample. Steps 5.5.1 through 5.5.12 summarize the ASR
documentation.

5.5.1  Sub-sample is to be phase separated by centrifuging for 1 hour at approximately
1000x G and decanting the liquid phase.

5.5.2  Determine the volume and weights of the liquid and wet centrifuged solids, and
calculated the density of the centrifuged liquid, the density, vol%, and wt% of the
wet centrifuged solids.

For Decanted Liquids

5.5.3  Perform a Total Dissolved Solids (TDS) measurement (i.e., dry liquid at 105 °C to
constant weight) and W% Oxide measutement (i.e., following TDS, heat in air at
1050 °C to constant weight.)

5.5.4 Determine concentration of analytes in Table 2 using QC parameters defined in
Table 4. (Note: Extend GEA counting times necessary to obtain MRQs for some
analytes.)
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For Wet Centrifuged Solids

55.5  Perform a Wt% Solids measurement (.e., dry wet centrifuged solids at 105 °C to
constant weight) and Wt% Oxide measurement (i.e., following Wt% Solids, heat in
air at 1050 °C to constant weight.)

556  Using the TDS data from the Decant Liquid analysis and the Wt% Solids data from
the Centrifuged Solids analysis, calculate the weight fraction of undissolved solids
and the weight fraction of soluble solids in the Centrifuged Solids per the equations
provided in the Test Specification TSP-24590-01-00006, .

557 Prepare centrifuged solids for analysis by both an acid digestion and a fusion
method. :

5.5.8  Administrative Hold Point: Review the results from all dissolution methods,
contact the BNI R&T representative if there is concern that the sample material was
not completely dissolved by either dissolution method used.

559  If after the either the acid digestion or fusion dissolution process the solids aren’t
completely dissolved, then archive the undissolved solids for possible future
analysis.

5.5.10  Determine concentration of analytes in Table 3 using QC parameters defined in
Table 5. (Note: Extended GEA counting times necessary to obtain MRQs for some
analytes)

5.5.11  Using the Wt% solids result from the wet centrifuged solids, calculate and report the
centrifuged solids results on a ‘dried’ solids basis.

5.5.12  Cdlculate and report the centrifuged solids .,gfs'iﬂts on an ‘undissolved’ solids basis
per the equations provided in the Test Specification TSP-24590-01-00006..

5.5.13  Using the Wt% oxide results from the decanted liquid and the wet centrifuged
solids, calculate and report the centrifuged solids results on an ‘undissolved’ oxide
basis (g / 100 g oxide). Provide details of the calculation in the final report.

PCB Characterization of Sub-Sample

The PCB characterization of the sub-sample shall be initiated by a same “standard”
laboratory Analytical Service Request with special instructions as used for the Chemical and
Radiological Characterization (Step 5.5). In summary,

5.6.1 One sub-sample shall be archived without separating the solids from the liquid until
the analytical laboratory is ready to analyze the sample. The sample shall be analyzed
along with the Reg. DQO Step 1 Analysis or after the Reg. DQO Step 1 analysis is
complete. The analysis shall be performed using the same QA/QC, approved
procedures, and reporting methods required by the Reg. DQO.

5.6.2  The archived sample condition shall be monitored and controlled in order to
preserve the sa