PNNL-27432
RPT-DFTP-006, Rev. 0

o

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Ballelle Since 1965

Multi-Cycle Cesium lon Exchange
Testing Using Spherical
Resorcinol-Formaldehyde Resin
with Diluted Hanford Tank Waste
241-AP-105

April 2018
SK Fiskum AM Rovira
JR Allred MR Smoot

HA Colburn RA Peterson

U.S. DEPARTMENT OF

EN ERGY Prepared for the U.S. Department of Energy
under Contract DE-AC05-76RLO1830



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor Battelle Memorial Institute, nor any of their employees. makes any
warranty, express or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product,
proccss. or scrvice by trade name, trademark, manufacturcr, or otherwisc docs not
necessarily constitute or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thercof. or Battelle Memorial
Institute. The views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency thereof.

PACIFIC NORTHWEST NATIONAL LABORATORY
aperated hy
BATTELLE
Jor the
UNITED STATES DEPARTMENT OF ENERGY
under Contract DE-AC05-76RL0OI1830

Printed in the United States of America

Available to DOE and DOE contractors from the
Office of Scientific and Technical Information,
P.O. Box 62, Oak Ridge, TN 37831-0062;
ph: (863) 576-8401
fax: (865) 576-5728

email: reportsi@adonis.osti.gov

Available to the public from the National Technical Information Service
5301 Shawnee Rd., Alexandria, VA 22312
ph: (B00) 553-NTIS (6847)
email: ordersiantis.gov <http://www.ntis.gov/about/form.aspx>
Online ordering: http://'www.ntis.gov

(% This document was printed on recycled paper.
(8/2010)



PNNL-27432
RPT-DFTP-006, Rev. 0

Multi-Cycle Cesium lon Exchange
Testing Using Spherical Resorcinol-
Formaldehyde Resin with Diluted
Hanford Tank Waste 241-AP-105

SK Fiskum AM Rovira
JR Allred MR Smoot
HA Colburn RA Peterson
April 2018

Prepared for
the U.S. Department of Energy
under Contract DE-AC05-76RL01830

Pacific Northwest National Laboratory
Richland, Washington 99352






Table ES.1. Column Performance Summary

Elution 50% Cs Mass Cs Load Capacity,  Contract Limit

Flowrate, Volume,  Breakthrough, Transfer mg Cs/g H-form Breakthrough,
Test Number BV/h BVs BVs Zone, BVs® Resin BVs
1 1.80 15.9 206 95 6.64 275
2 3.05 29.9 205 124 6.38 245
3 4.53 23.0 189 149 6.09 189
4 (Take 1) 3.04 24.9 NA NA NA NA
4 (Take 2) 2.95 29.5 182 112 6.06 193
5 3.17 29.1 181 128 5.53 202

(&) The mass transfer zone was the range between 1% and 90% C/C, breakthrough.
NA = not applicable; Test 4 Take 1 processing was short, with only 52.9 BVs.
One BV equals 9.9 mL.

Cs leakage from the lag column occurred from one process run to the next. Increased elution beyond
16 BVs was apparently required to keep the product effluent below the 10% contract limit. The leakage
appeared to reduce as more feed was processed until the expected Cs breakthrough profile was
established.

The repeated cycling resulted in significant resin swelling. The initial Na-form resin beds were 9.9 mL;
after the final process cycle, the Na-form resin BVs were 10.9 mL (lead column) and 12.1 mL (lag
column), expansions of 10% and 20%, respectively. Volume expansions of resin in the H-form were
106% and 112%, respectively.

The effluent and eluate were characterized to assess distribution of cations, anions, and radionuclides
during the ion exchange process. In addition to Cs, small fractions of Fe, Ca, Cu, Pb, and Zn were
measured in the eluate; all other cations and anions were quantitatively recovered in the
Cs-decontaminated effluent. Within 10% analytical uncertainty, all ®Sr, Pu, and Am reported to the
Cs-decontaminated effluent. However, 66% of the Cm and 78% of the *Tc were found in the effluent;
less than 4% was found in the eluate, indicating the difference may be held by the resin.
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1.1 Quality Assurance

The work described in this report was conducted with funding from WRPS contract 36437/212, DFLAW
Radioactive Waste Test Platform. This contract was managed under PNNL Project 69832. All research
and development (R&D) work at PNNL is performed in accordance with PNNL’s Laboratory-Level
Quality Management Program to R&D activities, which is based on a graded application of NQA-1-2000,
Quality Assurance Requirements for Nuclear Facility Applications (ASME 2000). To ensure that all
client quality assurance (QA) expectations were addressed, the QA controls of the PNNL’s WRPS Waste
Form Testing Program (WWFTP) QA program were also implemented for this work. The WWFTP QA
program implements the requirements of NQA-1-2008, Quality Assurance Requirements for Nuclear
Facility Applications (ASME 2008) and NQA-1a-2009, Addenda to ASME NQA-1-2008 (ASME 2009),
and consists of the WWFTP Quality Assurance Plan (QA-WWFTP-001) and associated QA-NSLW-
numbered procedures that provide detailed instructions for implementing NQA-1 requirements for R&D
work.

The work described in this report was assigned the technology level “Applied Research” and was
planned, performed, documented, and reported in accordance with procedure QA-NSLW-1102, Scientific
Investigation for Applied Research. All staff members contributing to the work received proper technical
and QA training prior to performing quality-affecting work.
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of the eluate were performed in Tests 4-5. The water rinse following elution was collected in nominal
1.1-BV increments. Finally, the bulk water rinse was conducted to better clear the system from acidic
matrix, implemented to accommodate the resin idle time between tests and reduce exposure to residual
acidic fluid. Aliquots of each solution were removed for GEA.

Cesium load and elution performance was determined from the *¥'Cs in the collected samples relative to
the native **’Cs in AP-105DF feed. The collected samples were analyzed directly to determine the *3'Cs
concentration using GEA (constant reference date of July 10, 2017). Cesium breakthrough and elution
curves were generated as previously described (Fiskum et al. 2017).

Some unexpected issues occurred during processing. These are described in the following sections.

2.3.1 Test 1 Process Notes

After processing ~144 BVs of feed, one polyethylene line between the lead and lag columns broke. The
break occurred off-shift and was not found until the next morning, after an estimated 147 mL of feed was
calculated to have leaked from the system (passing through the lead column but not through the lag
column). The broken line was replaced; the air in the replacement line and hardware displaced 3.7 mL of
the fluid above the lag column. The replacement line also broke after processing another ~12 BVs of
AP-105DF. At this point, the system (partially loaded) was placed in standby mode (all valves closed)
over the weekend (Friday, July 14, at 5:00 p.m. until the following Monday, July 17, at 1:30 p.m.). The
broken line was replaced with stainless steel tubing before resuming feed processing. The resin was in
contact with AP-105DF for 239 hours, including the weekend standby period. Refer to Fiskum et al.
2017.

2.3.2 Test 2 Process Notes

Regeneration with 1 M NaOH was extended beyond the nominal 6 BV. Conversion of the lead column
resin bed from H-form (orange) to Na-form (black) was slow (visually observed color change). It was
clear that some channeling was occurring in the conversion process.

2.3.3 Test 3 Process Notes

Samples (15-mL) were collected from the lead column to support technetium studies (separate study) at
22, 200, and 247 BVs. The volume of AP-105DF that was processed through the lag column was
proportionately lower.

2.34 Test 4 Process Notes

The AP-105DF feed ceased flowing after processing 52.9 BVs. The system pump head had failed. The
pump was replaced along with the associated process tubing. The lead and lag columns were in static
contact with the AP-105DF for 27 h while the pump was replaced. Once the pump was repaired, the
AP-105DF feed process was aborted and FD, water rinse, elution, and water rinse were processed through
the columns. During elution, some leakages were observed in the tubing connections. Fluid above the lead
column resin bed dropped very close to the top of the bed. Corrective measures were implemented
(tightened Swagelok connections, added fluid to the top of the resin bed from the column top access port).
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Table 2.9. Analytical Scope

AP-105DF Test Sample Description Sample ID ASR ASO Sample ID Analysis Scope
Composite feed TI014-FEED 17-1240 GE'ﬁ(;s'fgggs',':l":’Ffli';?n'fcshf,o;f"égfﬂaé?ﬁ’e PN
. Composite effluent TI014-EFF Comp 0335 17-1241 GE'ﬁ(;s'fgggs',':l":’Ffli';?n'fcsg,o;f"égfﬂaé?ii’e UOﬁPA'
Composite eluate T1014-ELComp 17-1242 GEAQLngQC;_FI’_CM'\SIpIgEg\lrEnS/CtrcT)]ta_Ir%IpCr;jall_/IbCetz%KPA
Peak elution sample T1014-E8-A 0329 17-1224 Cs isotopic

Composite feed TI015-FEED 18-0001 GEA, ICP-OES, Pu, *Tc, U ICP-MS

2 Composite effluent TI1015-EFFComp 18-0002 GEA, ICP-OES, Pu, *Tc, U ICP-MS

Composite eluate TI1015-ELComp 18-0003 GEA, ICP-OES, Pu, *Tc, U ICP-MS

Composite feed TI016-FEED 18-0004 GEA, ICP-OES, Pu, *Tc, U ICP-MS

3 Composite effluent T1016-EFFComp 18-0005 GEA, ICP-OES, Pu, *Tc, U ICP-MS

Composite eluate TI1016-ELComp 18-0006 GEA, ICP-OES, Pu, *Tc, U ICP-MS

Composite feed TI1020-FEED-1-A 18-0007 GEA, ICP-0OES, Pu, *Tc, U ICP-MS

4 Take 1 Composite effluent T1020-EFFComp 0372 18-0008 GEA, ICP-OES, Pu, *Tc, U ICP-MS

Composite eluate T1020-ELComp 18-0009 GEA, ICP-OES, Pu, *Tc, U ICP-MS

Composite feed T1020-FEED-Take2 18-0010 GEA, ICP-OES, Pu, *Tc, U ICP-MS

4 Take 2 Composite effluent T1020-EFFComp-Take2 18-0011 GEA, ICP-OES, Pu, *Tc, U ICP-MS

Composite eluate T1020-EComp 18-0012 GEA, ICP-OES, Pu, *Tc, U ICP-MS

Composite feed TI021-FEED 18-0013 GEA, ICP-0OES, Pu, *Tc, U ICP-MS

5 Composite effluent T1021-EFFComp 18-0014 GEA, ICP-0OES, Pu, *Tc, U ICP-MS

Composite eluate T1021-EComp 18-0015 GEA, ICP-OES, Pu, *Tc, U ICP-MS

(@) The large sample dilution rendered the H* analysis too inaccurate for meaningful evaluation.
IC = ion chromatography; KPA = kinetic phosphorescence analysis; TIC = total inorganic carbon; TOC = total organic carbon.
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Table 3.2. ¥'Cs Activity Balance for AP-105DF Test 1

Input MCi %
Feed Sample 328,834 100
Output

Effluent-1 (0-159 BVs) 0.108 3.29E-05
Effluent-2 (159-294 BV5s) 0.938 2.85E-04
Load samples 1740 0.529
Loss (spill) 271 0.082
Feed displacement 2.16 6.58E-04
Water rinse 0.0775 2.36E-05
Elution 351,558 107
Water rinse 4.40 1.34E-03
Total 3’Cs recovery 353,577 108
Total ©*¥’Cs Column Loading

Lead column 229,270 69.7
Lag column 97,552 29.7

Table 3.3. ¥'Cs Activity Balance for AP-105DF Test 2

Input pCi %
Feed Sample 294,285 100
Output

Effluent-1 (0-154 BVs) 8.32 2.83E-03
Effluent-2 (154-254 BVs) 3.83 1.30E-03
Load samples 911 0.310
Feed displacement 1.944 6.61E-04
Water rinse 0.163 5.55E-05
Elution 313,584 107
Water rinse 0.958 3.25E-04
Total *¥"Cs recovery 314,510 107
Total ¥*’Cs Column Loading

Lead column 233,663 79.4
Lag column 59,699 20.3
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Table 3.4. 'Cs Activity Balance for AP-105DF Test 3

Input MCi %
Feed Sample 312,539 100
Output

Effluent-1 (0-128 BVs) 2.76 8.84E-04
Effluent-2 (128-248 BVs) 85.4 2.73E-02
Load samples 3775 1.21
Feed displacement 37.2 1.19E-02
Water rinse 1.89 6.05E-04
Elution 307,268 98.3
Water rinse 2.74 8.76E-04
Total 3’Cs recovery 311,173 100
Total *¥’Cs Column Loading

Lead column 236,739 75.7
Lag column 71,936 23.0

Table 3.5. *'Cs Activity Balance for AP-105DF Test 4, Take 1

Input pCi %
Feed Sample 66,520 100
Output

Effluent-1 (0-53 BVs) 1.78 2.67E-03
Load samples 0.20 3.02E-04
Elution 68,063 102
Total ¥"Cs recovery 68,067 102
Total ¥*’Cs Column Loading

Lead column 66,515 100
Lag column 3.14 0.00008
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Table 3.6. 'Cs Activity Balance for AP-105DF Test 4, Take 2

Input MCi %
Feed Sample 294,050 100
Output

Effluent-1 (0-144 BVs) 1.01 3.45E-04
Effluent-2 (144-238 BV5s) 95.8 3.26E-02
Load samples 1286 0.437
Feed displacement and water rinse 0.5 1.81E-04
Elution 302,697 103
Water rinse 15.2 5.16E-03
Extended water rinse 3.1 1.04E-03
Total 3’Cs recovery 304,091 103
Total *¥’Cs Column Loading

Lead column 229,186 77.9
Lag column 64,194 21.8

Table 3.7. *¥'Cs Activity Balance for AP-105DF Test 5

Input pCi %
Feed Sample 259,960 100
Output

Effluent-1 (0-99 BVs) 3.64 1.40E-03
Effluent-2 (99-183BVs) 5.67 2.18E-03
Effluent-3 (183-218 BV5s) 6.97 2.68E-03
Load samples 1942 0.747
Feed displacement and water rinse 3.8 1.46E-03
Elution 258,380 99.4
Water rinse 15.4 5.94E-03
Extended water rinse 4.1 1.56E-03
Total ¥'Cs recovery 260,357 100
Total ¥*’Cs Column Loading

Lead column 213,597 82.2
Lag column 44,867 17.3

3.4 lon Exchange Column Absorbed Dose Calculation

The isotope **’Cs decays to the metastable state of **’Ba with the emission of a beta particle that has an
average energy of 169.6 keV, and the metastable state de-excites to the ground state with the emission of
a 662-keV photon. As the **Cs loads onto the resin bed, the resin is exposed to increasing decay energy
(beta and gamma source terms). The accumulated dose to the SRF resin was determined from the
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calculated **'Cs load and was assumed to be distributed over the entire volume of the resin bed. More
realistically, the Cs load is more concentrated at the top of the bed.

Absorbed dose was calculated on a time step basis using the grab samples taken at intervals while the ion
exchange system was operated. This involved determining a volumetric **'Cs activity concentration, C,,,
in each column after each grab sample. This concentration was derived from the GEA data for each of
these grab samples. To first determine the gamma ray contribution to the column’s absorbed dose, an
exposure rate based on the volumetric geometry of the column was calculated using a volume source
formula from Stabin (2007):

c . C 7% + h?
— | = = v — e Ht
Exposure rate [kg h] X=m F<l1 ) (1-e )ln( 2 ) (3.1)

* 2 - - -
where I is the **¥Cs gamma constant 0.33 % (Saenger et al. 1972); u is the linear attenuation
coefficient of the material (assumed to be water) based on ICRU Report 44 (ICRU 1989):

u

h=_—xp 3.2)
where pi is the mass attenuation coefficient; p is the density of the material; t is the thickness of the
source (ID of column 1.43 cm); r is the radius of the source (%) h is the height of the source (6.3 cm).

Exposure rate was converted to exposure based on the duration of the time step. The column’s exposure is
converted to absorbed dose via Stabin (2007):

Hen
de .
D [rad] == 088 X =P Imaterial (3.3)

&)

where de is the mean energy imparted by ionizing radiation to matter in a volume element of mass dm; X

air

is the exposure (R); (e is the mass energy absorption coefficient for the specified material at
P/ material

the photon energy of interest (assumed to be water, from ICRU Report 44 [ICRU 1989]); while (’%)
air

is the mass energy absorption coefficient for dry air at the photon energy of interest (ICRU 1989).

The mass energy absorption coefficient for the 662 keV was interpolated from a log-log plot using the
following linear interpolation formula:

[In() = In(t)] _ [In(¥) = In(¥,)] )
GO = (X1~ [nCX,) - InCx,)] |

where Y is the desired mass energy absorption coefficient component; X is the gamma energy that Y is
being solved for; and (X3, Y;), (X5, Y,) are the known data points.
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Table 3.10. AP-105DF Feed, Effluent, and Eluate Compositions (Test 1) ASR 0335, Inorganic and
Carbon Analytes

T1014-EFF- Fraction in Fraction in
Analysis TI014-FEED Comp T1014-ELComp Effluent Eluate
Method Analyte pg/mL pg/mL pg/mL % %
ICP-MS Hg <8.1E-5 <8.1E-5 <8.1E-5 NA NA
Ag® <1.8 <1.8 <0.3 -- --
Al 14,550 14,500 50.4 100% 0.019%
As <98 <98 <16 -- --
B 82.1 [55] [8.8] [67%] [0.58%]
Ba [0.41] [0.36] [0.46] [87%] [6.0%)]
Ca [41] [51] 24.3 [123%] 3.2%
Cd <17 <17 <0.3 -- --
Cr 362 362 [2.8] 100% [0.042%]
Fe [4.9] [6.25] 3.35 [128%] 3.7%
K 3975 3920 558 99% 0.75%
ICP-OES Li <1.8 <1.8 <0.3 == ==
Na 143,000 140,000 4770 98% 0.18%
Ni [30] [33] [1.6] [108%] [0.29%]
P [510] [520] 10.5 [102%] 0.11%
Pb <25 <25 205 -- --
Se <141 [200] <23 - -
Th <7.4 <7.4 <1.2 -- --
Ti <0.9 <0.9 <0.1 - --
U (total) <42 <42 <6.9 -- --
Zn [7.2] [11] 8.33 [147%] [6.3%]
Zr <13 <13 <0.2 100% 0.019%
KPA U (total) 4.70 4.39 3.71 93% 4.2%
ClI 4385 4355 NA 99% --
NOy 63,600 61,800 NA 97% --
I SO4* 1800 1950 NA 108% -
C204* 195 178 NA 91% -
NO3z 113,500 112,500 NA 99% -
PO* 1018 967 NA 95% --
Titration Hyg:gii o L05M 105 M NA 100 -
Hot TOC 2600 2770 NA 107% -
Persulfate
Oxidation TIC 5845 5430 NA 93% --
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Table 3.11. Test 2 and Test 3 Analytical Results Summary (ASR 372)

Test 2 Test 3
T1015- T1015- T1015- Fraction in Fraction in T1016- T1016- T1016- Fraction in Fraction in
Analyte FEED EFFComp ELComp Effluent Eluate FEED EFFComp ELComp Effluent Eluate
Radionuclide pCi/mL pCi/mL pCi/mL % % pCi/mL pCi/mL pCi/mL % %
187Cs 109 0.00471 1110 0.0044% 121% 129 0.0401 1510 0.031% 108%
239+240py 5.82E-05 5.68E-05 <MDL 98 - 5.77E-05 5.68E-5 <MDL 99 --
e 1.03E-01 8.02E-02 [7.9E-06] 79% [0.00091%] 8.92E-02 7.92E-02 7.58E-06 89% 0.00078%
Inorganic pg/mL pg/mL pg/mL % % pg/mL pg/mL pg/mL % %
Al 13,500 14,000 69.2 105% 0.061% 14,700 13,900 78.0 95% 0.049%
Cd [0.85] [1.5] <0.17 [178%)] -- [1.5] <0.79 <0.17 -- --
Cr 332 324 1.86 98% 0.067% 344 323 2.56 94% 0.068%
Cu [3.0] [2.4] 11.7 [81%] [47%] [2.7] [1.6] 9.53 [59%] 32%
Fe [5.6] [3.6] 4.58 [65%] [10%] [5.9] [3.5] 4.14 [59%] 6.4%
K 3735 3750 282 101% 0.90% 4130 3880 369 94% 0.82%
Mo 50.8 49.8 <0.51 99% - 50.5 47.0 <0.51 93% --
Na 136,500 132,000 3150 98% 0.28% 142,000 134,000 4110 95% 0.27%
Ni 30.1 30.2 [2.5] 101% [1.0%)] 30.3 28.3 4.35 94% 1.3%
Pb [17] [8.9] 87.6 54% 63% [20] <7.0 111 - [51%)]
S 1130 1090 [27] 97% [0.29%] 1080 1020 [35] 95% [0.30%]
Si 125 133 739 107% 71% 103 120 625 117% 56%
Sr [0.081] [0.11] 0.211 [137%)] [31%] [0.080] [0.056] 0.414 [70%] [0.30%]
Zn [3.85] [5.1] 17.6 [134%] [55%)] <11 <11 10.2 -- --
U ICP-MS 6.03 5.51 1.65 92% 3.3% 6.29 5.71 2.47 91% 3.6%

= not applicable.
<MDL = less than method detection limit.

Bracketed values indicate the associated sample results were less than the estimated quantitation limit but greater than the MDL. Analytical uncertainty for these analytes is
>+15%.
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Table 3.12. Test 4 Take 1 and Test 4 Take 2 Analytical Results Summary (ASR 372)

Test 4 Take 1

Test 4 Take 2

T1020-EFF
T1020- T1020- T1020- Fraction in Fraction in T1020-FEED- Comp-Take T1020- Fraction in Fraction in
Analyte FEED-1-A EFFComp ELComp Effluent Eluate Take 2 2 EComp Effluent Eluate
Radionuclide puCi/mL pCi/mL pCi/mL % % pCi/mL pCi/mL pCi/mL % %
187Cs 111 0.00352 260 0.0031% 106% 130 0.0466 1060 0.035% 99%
239+240py 7.39E-05 4.39E-05 <MDL 57% -- 5.94E-05 5.18E-05 <MDL 86% --
*e 0.0862 0.0767 <MDL 86% - 0.0832 0.0772 [5.2E-6] 92% [0.00075%]
Inorganic pg/mL pg/mL pg/mL % % pg/mL pg/mL pg/mL % %
Al 13,300 13,200 93.5 96% 0.32% 14,000 14,200 49.8 100% 0.043%
Cd [1.3] [1.1] <0.17 [82%] -- [1.3] [1.3] <0.17 [99%)] --
Cr 337 301 2.63 86% 0.35% 341 334 2.50 97% 0.089%
Cu [2.9] <11 5.32 - 83% [2.4] [1.2] 11.3 [49%)] [57%)]
Fe [4.1] [15] [3.4] [353%)] [37%)] [8.1] [5.4] 4.22 [66%)] [6.3%]
K 3930 3460 289 85% 3.3% 4020 3950 268 97% 0.81%
Mo 48.8 43.9 <0.51 87% - 48.5 49.4 <0.51 101% --
Na 140,000 128,000 3150 88% 1.0% 140,000 139,000 3020 98% 0.26%
Ni 30.5 24.8 5.86 78% 8.7% 29.8 29.0 5.48 96% 2.2%
Pb [15] <7.0 29.9 - [90%)] [15] <7.0 95.6 - [77%)]
S 1060 924 [23] 84% [1.0%] 1050 1040 [20] 98% [0.23%]
Si 127 152 546 115% 194% 145 172 373 117% 31%
Sr [0.096] [0.049] 0.148 [49%)] [70%)] [0.074] [0.12] 0.115 [160%)] [19%)]
Zn <11 <11 13.7 -- -- [2.0] <11 10.4 -- [63%)]
U ICP-MS 5.87 4.54 1.46 75% 11% 6.08 5.52 2.22 90% 4.4%

“--” = not applicable.
<MDL = less than method detection limit.
Bracketed values indicate the associated sample results were less than the estimated quantitation limit but greater than the MDL. Analytical uncertainty for these analytes is

>+15%.

3.24






The %'Np (Test 1) results were similar to the Pu results where 92% of the loaded *’Np was accounted for
in the effluent; 2"Np was not detected in the eluate. The >***?**Cm chemistry behavior normally follows
that of 2Am ; therefore, the low 2***?**Cm recovery (66%) in the Test 1 effluent is at odds with the
quantitative recovery for 2:Am (101%) in the Test 1 effluent. Analytical uncertainties for **Am and
243+244cm were 2% and 8%, respectively; these uncertainties were well below the missing 34% #**24Cm,
Virtually all °Sr reported to the effluent (analysis uncertainty was 2%). Nominally 78% of the **Tc was
recovered in the effluent product; <0.1% was found in the eluate. This indicates that the *Tc may have
reacted with the SRF resin and was retained. Analysis of the spent resin is intended to be conducted in the
future.

The **Tc recovered similarly in all test cycles at about 79% to 92% with no up or down trend. A small
amount of **Tc (<0.013%) was recovered in the eluate. Thus, the remaining *Tc mass balance could
remain on the column.

The ICP-OES results for metals showed that virtually all analytes reported to the effluent. In some cases,
the analyte percent recovery could not be calculated because the analyte was not detected in the feed, the
effluent, and/or the eluate. Three transition metals (Fe, Cu, Zn), Pb, and U (U as measured by KPA or
ICP-MS) recovered at >3% in the eluate composite. In the case of Test 1, Pb recovery could not be
estimated because Pb was not detected in the feed. Over 50% of the Pb was detected in the eluate from
Tests 2-5. These results indicate that a high proportion of Pb and some Fe, Cu, Zn, and U exchanged from
the feed onto the ion exchanger during the loading phase and were eluted at least to some extent with 0.45
M HNO:s.

Nominally 100% of all anions were accounted for in the effluent. TIC is generally ascribed to carbonate
and thus is ascribed as an anion. TOC includes oxalate and other organic carbon forms, usually
complexants. The oxalate measured by IC, 2.2 E-3 M, was a small fraction of the TOC (0.22 M as C).
The TOC recovery in the effluent was quantitative at 107%.
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Figure 5.1. Resin Bed Expansion and Contraction History
Feed Feed Feed Feed

Matrix ID Matrix ID Matrix ID Matrix ID Matrix
1.0 M NaOH soak 11 1.0 M NaOH 20 0.1 M NaOH FD 30 1.0 M NaOH 40 0.45 M HNOs
DI water 12  AP-105DF Test 1 21 Dl water 31 AP-105DF Test 4 Take 1 41 DI water
0.45 M HNO3 125 AP-105DF Test 1 end 22 0.45 M HNOs 32 0.1 M NaOHFD 42 1.0 M NaOH
DI water 13 0.1 M NaOH FD 23 DIl water 33 DI water 43  AP-105DF Test 5
1.0 M NaOH 14 DI water 24 1.0 M NaOH 34 0.45 M HNOs 44 0.1 M NaOH FD
Simple Simulant 15 0.45 M HNOs 25 AP-105DF Test 3 35 DI water 45 DI water
0.1 M NaOH FD 16 DI water 26 0.1 M NaOH FD 36 1.0 M NaOH 46 0.45 M HNOs
DI water 17 DI water 27 DI water 37 AP-105DF Test 4 Take 2 47 DI water
0.45 M HNOs 18 1.0 M NaOH 28 0.45 M HNOs3 38 0.1 M NaOH FD
DI water 19 AP-105DF Test 2 29 DIl water 39 DI water
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10.

The Cs mass transfer zone increased with increasing flowrate, ranging from 95 BVs at 1.8 BV/h
to 144 BVs at 4.5 BV/h. The increased mass transfer zone was attributed to the reduction in
residence/equilibration time and the increased flowrate did not overcome limitations due to film
diffusion (Fiskum et al. 2017).

The 50% Cs breakthrough generally shifted left with successive cycles, ranging from 206 BVs
(first process cycle) to 181 BVs (sixth process cycle), commensurate with the decreased capacity
associated with resin degradation (Fiskum et al 2006a).

Within analytical uncertainty, typically >99% of the Cs processed through the ion exchange
system was collected in the eluate. However, trace Cs remained on the resin beds.

After an initial loading with AP-105DF, Cs leakage from the lag column to the effluent was a
significant factor in the system’s ability to satisfy the effluent decontamination target. Although
virtually all Cs was accounted for in the eluate, a very small Cs fraction remained on the lag
column and leaked into the next cycle product. Approximately 30 BVs of 0.45 M HNOs eluent
were required to meet the target DF in the next process cycle.

Small fractions (3% to 15%) of Fe, Cu, U, and Zn were found in the eluate; an indeterminate
fraction of Pb was found in the eluate. This indicates that some fraction of these analytes
exchanged onto the resin and was eluted with the acid. Less than 1% of detectable metals were
found in the eluate. All other metals and anions were found with the effluent product.

Radionuclides (*°Sr, Z2"Np, 2**2%%py, and ***Am) were largely recovered in the effluent. About 2%
of the Pu was found in the eluate and 4% was not accounted for. Only 66% of the 2***2**Cm and
78% of the ®Tc were recovered in in the effluent product. Less than 0.1% of the *Tc was
recovered in the eluate, indicating that ~20% remained on the SRF. Only the first process cycle
eluate was measured for 24**2%Cm, where 3.1% was recovered.

The SRF resin continued to expand from one cycle to the next, increasing in volume by an
additional 10% to 20% after six process cycles.

The SRF resin in two 10-mL beds maintained the Cs exchange efficacy after processing 12.3 L of
AP-105DF in six cycles with reasonable efficiency despite the synergistic resin degradation
effects from the combined radiological dose and chemical and physical (shrink/swell) exposures.
These results support test observations and conclusions previously described in SRF literature
reviews (King 2007; Brown 2014).
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Table A.1. AP-105DF Test 1 Cs Load, Feed Displacement, and Water Rinse Results

Lead Column Lag Column Feed Displacement and Water Rinse
uCi uCi uCi
BV 187Cs/ mL % C/Co DF BV 187Cs/ mL % CICo DF BV 187Cs/ mL % CICo DF
44 1.36E-3 1.22E-3 82,238 4.4 1.50E-4 1.34E-4 743,720 FD
10.2 1.30E-4 1.17E-4 856,213 10.0 6.05E-5 5.43E-5 1,843,199 275.3 1.71E-2 1.54E-2 6507
314 8.05E-5 7.21E-5 1,386,420 30.8 6.53E-5 5.86E-5 1,707,607 276.4 3.03E-2 2.72E-2 3682
50.6 7.04E-5 6.32E-5 1,583,472 49.7 6.50E-5 5.83E-5 1,716,546 277.6 3.74E-2 3.35E-2 2985
73.9 3.71E-4 3.33E-4 300,640 72.6 8.41E-5 7.54E-5 1,325,798 278.7 5.55E-2 4.97E-2 2010
93.6 3.72E-3 3.34E-3 29,978 92.1 5.09E-5 4.56E-5 2,192,986 279.7 491E-2 4.40E-2 2273
116.2 4.56E-2 4.09E-2 2446 1145 6.65E-5 5.96E-5 1,676,868 280.8 7.95E-3 7.12E-3 14,040
135.8 3.65E-1 3.28E-1 305 133.8 3.85E-3 3.45E-3 28,946 DI rinse
159.3 3.32E+0 2.98 34 141.9 3.72E-4 3.34E-4 299,567 281.9 2.77E-3 2.48E-3 40,332
171.6 1.07E+1 9.63 10 154.2 4.13E-5 3.70E-5 2,702,566 283.0 2.04E-3 1.83E-3 54,722
175.1 1.42E+1 12.73 7.9 159.9 7.80E-5 7.00E-5 1,429,522 284.0 1.44E-3 1.29E-3 77,221
200.4 4.47E+1 40.07 25 179.2 1.90E-4 1.70E-4 587,351 285.0 1.15E-3 1.03E-3 97,250
210.2 6.34E+1 56.8 1.8 191.9 8.02E-5 7.19E-5 1,390,128
219.6 7.89E+1 70.7 141 201.0 8.63E-5 7.73E-5 1,293,150
230.4 9.14E+1 82.0 1.22 211.7 9.25E-5 8.30E-5 1,205,396
2415 9.98E+1 89.5 1.12 222.6 1.28E-4 1.15E-4 870,556
252.1 1.05E+2 94.3 1.06 232.9 2.17E-4 1.95E-4 513,854
262.9 1.12E+2 100 1.00 243.6 4.30E-4 3.85E-4 259,499
272.1 1.17E+2 105 0.95 252.6 1.25E-3 1.12E-3 89,109
282.9 1.20E+2 107 0.93 263.2 4.11E-3 3.68E-3 27,169
294.0 1.19E+2 107 0.93 274.2 1.33E-2 1.19E-2 8382

BV = bed volume; DI = deionized; DF = decontamination factor; FD = feed displacement; Co = 112 uCi *¥’Cs/ mL.
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Table A.2. Elution and Water Rinse Results Following AP-105DF Processing Test 1

Elution Water Rinse
uCi uCi
BV 187Cs/ mL CICo BV 187Cs/ mL C/Co
1.42 2.84E+0 2.54E-2 17.42 2.43E+0 2.18E-2
2.87 2.65E+0 2.37E-2 18.84 9.56E-1 8.57E-3
4.40 3.55E+0 3.18E-2 20.23 5.85E-1 5.25E-3
5.89 1.03E+1 9.21E-2 21.73 4.28E-1 3.84E-3
7.35 1.12E+1 1.01E-1
8.77 1.33E+1 1.20E-1
10.21 2.83E+3 2.54E+1
11.64 1.92E+4 1.72E+2
13.08 2.56E+3 2.29E+1
14.53 5.84E+1 5.24E-1
15.94 1.29E+1 1.16E-1

BV = bed volume; Co = 112 pCi *Cs/ mL.
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Table A.3. AP-105DF Test 2 Cs Load, Feed Displacement, and Water Rinse Results

Lead Column Lag Column Feed Displacement and Water Rinse
uCi uCi uCi

BV 187Cs/ mL % C/Co DF BV 187Cs/ mL % C/Co DF BV 187Cs/ mL % C/Co DF

5.6 1.12E+1 9.49E+0 11 5.6 5.98E-2 5.06E-2 1977 FD

14.5 1.15E-1 9.71E-2 1030 14.4 1.32E-2 1.12E-2 8934 252.1 2.94E-2 2.49E-2 4015
26.8 4.78E-2 4.04E-2 2474 26.5 8.89E-3 7.52E-3 13,300 253.7 3.23E-2 2.73E-2 3663
60.8 7.98E-2 6.75E-2 1481 60.2 5.26E-3 4.45E-3 22,456 255.4 4.34E-2 3.67E-2 2722
79.5 7.43E-2 6.29E-2 1591 78.6 3.90E-3 3.30E-3 30,288 256.9 1.63E-2 1.38E-2 7242
98.5 1.65E-1 1.39E-1 717 97.5 2.66E-3 2.25E-3 44,412 Dl rinse
116.3 5.65E-1 4.78E-1 209 115.0 2.49E-3 2.11E-3 47,476 258.5 5.00E-3 4.23E-3 23,666
134.3 1.93E+0 1.63E+0 61 132.7 1.82E-3 1.54E-3 65,121 260.0 3.07E-3 2.60E-3 38,505
154.0 6.45E+0 5.5 18 153.8 2.05E-3 1.73E-3 57,660 261.7 2.36E-3 1.99E-3 50,196
170.1 1.65E+1 14.0 7 168.0 2.20E-3 1.86E-3 53,620
186.0 3.79E+1 32.0 3.1 185.7 2.20E-3 1.86E-3 53,784
206.5 6.28E+1 53.1 1.9 203.6 2.45E-3 2.07E-3 48,204
223.7 8.65E+1 73.2 1.4 220.7 3.87E-3 3.27E-3 30,549
242.0 1.04E+2 87.9 1.14 238.8 1.22E-2 1.03E-2 9684
254.0 1.06E+2 89.6 1.12 250.5 2.97E-2 2.51E-2 3976

BV = bed volume; DI = deionized; DF = decontamination factor; FD = feed displacement; Co = 118 pCi *¥Cs/ mL/
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Table A.4. Elution and Water Rinse Results Following AP-105DF Processing Test 2

Elution Water Rinse
uCi uCi
BV 187Cs/ mL C/Co BV 187Cs/ mL CICo
1.47 1.92E+0 1.63E-2 31.37 1.30E-1 1.10E-3
2.99 1.83E+0 1.55E-2 32.88 1.14E-1 9.62E-4
4.50 3.31E+0 2.80E-2 34.36 9.24E-2 7.82E-4
6.01 1.23E+1 1.04E-1 35.50 8.05E-2 6.81E-4
7.52 9.61E+0 8.13E-2
8.98 1.05E+1 8.89E-2
10.47 4.04E+3 3.42E+1
11.96 1.52E+4 1.29E+2
13.46 1.66E+3 1.41E+1
14.93 1.93E+2 1.63E+0
16.43 3.29E+1 2.79E-1
17.93 3.86E+0 3.27E-2
19.37 1.53E+0 1.29E-2
20.89 8.41E-1 7.11E-3
22.38 5.72E-1 4.84E-3
23.85 3.16E-1 2.67E-3
25.33 2.15E-1 1.82E-3
26.90 2.18E-1 1.84E-3
28.37 1.73E-1 1.46E-3
29.89 1.39E-1 1.18E-3

BV = bed volume; Co = 118 pCi 3Cs/ mL.
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Table A.5. AP-105DF Test 3 Cs Load, Feed Displacement, and Water Rinse Results

Lead Column Lag Column Feed Displacement and Water Rinse
uCi uCi uCi

BV 187Cs/ mL % C/Co DF BV 187Cs/ mL % C/Co DF BV 187Cs/ mL % C/Co DF

7.5 7.04E-2 5.61E-2 1783 7.4 8.50E-3 6.77E-3 14,767 FD

20.7 3.33E-2 2.66E-2 3764 20.4 4.42E-3 3.52E-3 28,416 2425 6.25E-1 4.98E-1 201
34.2 2.71E-2 2.16E-2 4636 321 2.86E-3 2.28E-3 43,880 244.0 6.80E-1 5.42E-1 185
52.6 6.31E-2 5.03E-2 1988 50.2 2.24E-3 1.78E-3 56,115 245.6 7.40E-1 5.90E-1 170
61.5 1.22E-1 9.71E-2 1030 58.8 2.10E-3 1.67E-3 59,854 247.2 3.25E-1 2.59E-1 387
79.0 4.04E-1 0.32 311 76.1 1.81E-3 1.44E-3 69,413 Dl rinse

95.6 1.38E+0 1.10 91 92.3 1.84E-3 1.46E-3 68,300 248.7 6.55E-2 5.22E-2 1916
1111 4.47E+0 3.56 28 107.7 1.86E-3 1.48E-3 67,386 250.3 4.09E-2 3.26E-2 3068
128.4 9.83E+0 7.83 13 128.5 2.03E-3 1.62E-3 61,788 251.3 2.32E-2 1.84E-2 5421
150.4 2.15E+1 17.15 6 146.4 2.61E-3 2.08E-3 48,015
164.2 3.92E+1 31.26 3.2 164.2 5.00E-3 3.99E-3 25,075
186.0 5.81E+1 46.33 2.2 181.6 1.33E-2 1.06E-2 9429
202.5 7.98E+1 63.60 1.6 196.3 2.88E-2 2.30E-2 4355
219.2 9.57E+1 76.27 1.31 214.3 1.07E-1 8.55E-2 1170
232.9 1.07E+2 85.65 1.17 240.4 2.65E-1 2.11E-1 473
247.6 1.15E+2 91.31 1.10 240.9 5.46E-1 4.35E-1 230

BV = bed volume; DI = deionized; DF = decontamination factor; FD = feed displacement; Co = 125 uCi ¥’Cs/ mL.
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Table A.6. Elution and Water Rinse Results Following AP-105DF Processing Test 3

Elution Water Rinse Regeneration
uCi uCi uCi
BV 187Cs/ mL CICo BV 187Cs/ mL C/Co BV 187Cs/ mL CICo
1.44 2.85E+0 2.27E-2 24.61 4.77E-1 3.80E-3 1.8 1.36E-1 1.12E-1
2.92 2.89E+0 2.30E-2 26.23 2.86E-1 2.28E-3 32 1.27E-1 1.04E-1
4.45 4.03E+0 3.21E-2 27.78 3.63E-1 2.89E-3 4.7 1.14E-1 9.39E-2
5.99 7.62E+0 6.07E-2 29.33 2.52E-1 2.01E-3 6.3 2.29E-2 1.89E-2
7.50 9.95E+0 7.93E-2 7.9 7.51E-3 6.18E-3
9.00 9.57E+0 7.62E-2 9.4 7.73E-3 6.37E-3
10.49 4.26E+3 3.39E+1
11.97 1.38E+4 1.10E+2
13.50 2.50E+3 1.99E+1
15.05 1.07E+2 8.51E-1
16.57 3.51E+1 2.80E-1
18.21 8.46E+0 6.74E-2
19.79 1.47E+0 1.17E-2
21.51 6.94E-1 5.53E-3
23.03 5.22E-1 4.16E-3

BV = bed volume; Co = 125 uCi *¥Cs/ mL.
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Table A.7. AP-105DF Test 4 Take 1 Cs Load, Feed Displacement, and Water Rinse Results

Lead Column Lag Column Feed Displacement and Water Rinse
uCi uCi uCi
BV 187Cs/ mL % C/Co DF BV 187Cs/ mL % C/Co DF BV 187Cs/ mL % C/Co DF
4.0 2.03E-2 1.67E-2 5982 4.0 4.07E-3 3.35E-3 29,815 NA
11.2 1.04E-2 8.53E-3 11,724 11.0 4.33E-3 3.57E-3 28,017
18.9 6.61E-3 5.44E-3 18,379 18.5 3.53E-3 2.91E-3 34,364
36.0 5.93E-3 4.89E-3 20,467 355 2.53E-3 2.08E-3 48,084
52.9 1.10E-2 9.04E-3 11,059 52.0 2.36E-3 1.94E-3 51,503
BV = bed volume; DF = decontamination factor; FD = feed displacement; Co = 121 uCi ¥'Cs/ mL
Table A.8. Elution Results Following AP-105DF Processing Test 4 Take 1
Elution Water Rinse Regeneration
pCi uCi pCi
BV 187Cs/ mL C/Co BV 187Cs/ mL C/Co BV 187Cs/ mL C/Co
24.92 2.75E+2 2.26E+0 NA NA NA 1.6 7.44E-2 6.09E-2
3.3 2.53E-2 2.07E-2
4.8 2.90E-2 2.38E-2
6.4 1.43E-2 1.17E-2
8.3 4.43E-3 3.62E-3

BV = bed volume; Co = 121 pCi ¥Cs/ mL.
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Table A.9. AP-105DF Test 4 Take 2 Cs Load, Feed Displacement, and Water Rinse Results

Lead Column Lag Column Feed Displacement and Water Rinse
uCi uCi uCi

BV 187Cs/ mL % C/Co DF BV 187Cs/ mL % C/Co DF BV 187Cs/ mL % C/Co DF
4.1 5.73E-3 4.69E-3 21,324 4.1 1.00E-3 8.20E-4 121,922 240.5 4.91E-3 4.02E-3 24,866
13.3 3.23E-3 2.64E-3 37,837 13.1 8.66E-4 7.09E-4 141,082

23.4 2.59E-3 2.12E-3 47,111 22.9 1.70E-3 1.39E-3 71,981

41.0 2.60E-3 2.13E-3 46,961 40.4 5.58E-4 4.57E-4 218,925

58.3 7.27E-3 5.95E-3 16,797 57.5 5.64E-4 4.62E-4 216,596

76.1 3.50E-2 0.03 3492 74.9 5.39E-4 4.41E-4 226,611

92.1 2.18E-1 0.18 560 90.5 5.62E-4 4.60E-4 217,423
109.5 8.61E-1 0.70 142 107.8 5.98E-4 4.89E-4 204,353
126.8 3.19E+0 2.61 38 124.8 7.11E-4 5.82E-4 171,674
144.4 1.12E+1 9.18 11 142.0 7.18E-4 5.88E-4 170,002
161.8 2.71E+1 22.20 45 159.0 1.22E-3 1.00E-3 99,943
182.3 6.11E+1 50.05 2.0 179.4 5.01E-3 4.10E-3 24,375
204.8 8.75E+1 71.64 1.4 201.5 3.80E-2 3.11E-2 3212
226.0 1.10E+2 89.68 1.12 2225 2.14E-1 1.75E-1 572
238.5 1.14E+2 93.11 1.07 234.7 6.13E-1 5.02E-1 199

BV = bed volume; DF = decontamination factor; FD = feed displacement; Co = 122 uCi *3’Cs/ mL.
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Table A.10. Elution and Water Rinse Results Following AP-105DF Processing Test 4 Take 2

Elution Water Rinse Regeneration
uCi uCi uCi
BV 187Cs/ mL C/Co BV 187Cs/ mL C/Co BV 187Cs/ mL C/Co

29.46 1.03E+3 8.47E+0 EDi 15 8.71E-2 6.98E-2
31.04 1.78E-1 1.46E-3 3.0 8.72E-2 6.98E-2
32.67 1.15E-1 9.42E-4 4.5 1.15E-1 9.23E-2
34.29 1.48E-1 1.21E-3 6.0 2.16E-2 1.73E-2
35.93 2.13E-1 1.74E-3 7.5 6.53E-3 5.23E-3
37.57 9.72E-2 7.96E-4 9.1 4.59E-3 3.67E-3
EDiF
29.46 3.16E-2 2.59E-4

BV = bed volume; Co = 122 uCi 13'Cs/ mL.
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Table A.11. AP-105DF Test 5 Cs Load, Feed Displacement, and Water Rinse Results

Lead Column Lag Column Feed Displacement and Water Rinse
uCi uCi uCi
BV 187Cs/ mL % C/Co DF BV 187Cs/ mL % C/Co DF BV 187Cs/ mL % C/Co DF
7.5 9.38E-2 7.52E-2 1331 7.6 5.20E-3 4.17E-3 23,998 186.8 2.98E-2 2.38E-2 4196
15.8 1.24E-2 9.90E-3 10,099 15.6 4.20E-3 3.37E-3 29,711
29.2 8.78E-3 7.03E-3 14,223 28.7 3.79E-3 3.04E-3 32,942
429 9.21E-3 7.38E-3 13,549 42.0 3.03E-3 2.43E-3 41,199
59.5 3.30E-2 2.65E-2 3778 58.3 3.77E-3 3.02E-3 33,067
72.9 9.76E-2 0.08 1279 714 2.79E-3 2.23E-3 44,774
85.7 3.28E-1 0.26 380 84.0 2.26E-3 1.81E-3 55,171
99.1 9.84E-1 0.79 127 97.0 2.41E-3 1.93E-3 51,864
112.0 2.37E+0 1.90 58 109.7 2.44E-3 1.96E-3 51,136
121.6 4.56E+0 3.66 27 119.0 2.57E-3 2.06E-3 48,637
137.3 9.76E+0 7.82 13 134.4 2.58E-3 2.07E-3 48,420
149.7 1.85E+1 14.80 7 146.6 3.18E-3 2.54E-3 39,310
162.2 3.25E+1 26.03 4 158.8 3.32E-3 2.66E-3 37,582
173.4 4.73E+1 37.93 3 169.8 3.89E-3 3.12E-3 32,063
183.0 6.41E+1 51.39 2 179.0 4.95E-3 3.97E-3 25,204
194.7 8.07E+1 64.66 2 190.4 9.22E-3 7.39E-3 13,534
203.5 8.89E+1 71.20 1 198.9 1.45E-2 1.16E-2 8617
212.1 9.62E+1 77.08 1 207.2 2.18E-2 1.75E-2 5719
218.2 1.04E+2 83.05 1 2131 3.42E-2 2.74E-2 3650

BV = bed volume; DF = decontamination factor; FD = feed displacement; Co = 125 uCi *¥"Cs/ mL
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Table A.12. Elution and Water Rinse Results Following AP-105DF Processing Test 5

Elution Water Rinse
uCi uCi
BV 137Cs/ mL C/Co BV 137Cs/ mL C/Co
29.13 8.93E+2 7.15E+0 EDi

30.83 1.83E-1 1.46E-3
32.42 1.45E-1 1.16E-3
33.95 1.31E-1 1.05E-3
35.53 1.39E-1 1.11E-3
37.08 1.20E-1 9.61E-4
EDIiF
29.13 4,76E-2 3.82E-4

BV = bed volume; Co = 125 uCi ¥7Cs/ mL.
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Appendix B

Analytical Reports

Analytical reports provided by the Analytical Support Operations (ASO) are included in this appendix. In
addition to the analyte results, they define the procedures used for chemical separations and analysis, as
well as quality control sample results, observations during analysis, and overall estimated uncertainties.
The analyses are grouped according to Analytical Services Request (ASR) number.

Table of Contents

ASR 0272, Initial Characterization of AP-105
e |CP-OES, Metals
e ICP-MS, *¥Cs
e Titration, Free Hydroxide

o GEA
ASR 0329, Cs Isotopic Results

ASR 0335, Test 1 Results
e ICP-OES, Metals
ICP-MS, Mercury

o Titration, Free Hydroxide

e lon Chromatography, Anions

e TOC/TIC

e GEA

¢ Radionuclides (Sr, Pu, Np, total alpha, total beta)
o U

ASR 0372 Test 2 through Test 5 Results
e |CP-OES, Metals

e GEA

e Pu

e TcC

e UbyICP-MS
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ASR 0272, Initial Characterization of AP-105
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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 specified as optional or ASR is a revision

Requestor: Z
Signature ./1'74176(/?’» /C 9/10 U~ Project Number: 69833
Print Name Sandra Fiskum Work Package: N78228
Phone __ 5-5677 MSIN _P7-25
Matrix Tvne Information QA/Special Requirements
¢ Liquids: Aqueous [ Organic O Maulti-phase ¢ QA Plan:
¢ Solids: 0 Soil O Sludge O Sediment M ASO-QAP-001 (Equivalent to HASQARD)
O Glass O Filter O Metal O Additional QA Requirements, List Document Below:
O Smear O Organic O Other Reference Doc Number:
¢ Field COC Submitted? M No O Yes
¢ Other: O Solid/Liquid Mixture, Slurry ¢ Lab COC Required? [ No 0O Yes

O Gas 0 Biological Specimen

¢ Sample/Container Inspection Documentation Required?
M No 0O Yes

(If sample matrices vary, specify on Request Page)

Disposal Information

¢ Disposition of Virgin Samples:
Virgin samples are returned to requestor unless
archiving provisions are made with receiving group!
If archiving, provide:
Archiving Reference Doc:

¢ Disposition of Treated Samples:

@ Dispose [ Return

¢ Hold Time: M No O Yes
If Yes,

Contact ASO O Use SW 846 (PNL-ASO-071, identify
Lead before  analytes/methods where holding times apply)
submitting

Samnles O Other? Specify:

¢ Special Storage Requirements:
o None O Refrigerate O Other, Specify:

¢ Data Requires ASO Quality Engineer Review? [ No [ Yes

Data Reporting Information

¢ Is Work Associated with a Fee-Based
Milestone? M No [ Yes

If yes, milestone due date: HASQARD).

Contact ASO Lead or
Document:

¢ Preliminary Results Requested, As
Available? O No M Yes

¢ Data Reporting Level
M ASO-QAP-001 (Equivalent to

O Minimum data report.
O Project Specific Requirements:

¢ Requested Analytical Work Completion Date:
4/28/17

(Note: Priority rate charge for < 10 business day turn-around time)

¢ Negotiated Commitmeng Date:
tJsh#

(To be completed by ASO Lead)

List Reference

Waste Designation Information

¢ ASO Sample Information Check List Attached? ONo M Yes
If no, Reference Doc Attached:

or, Previous ASR Number:

or, Previous RPL. Number:

Does the Waste Designation Documentation
Indicate Presence of PCBs?
M No 0O Yes

Send Report To: Sandra Fiskum, Reid Peterson
John Geeting, Jarrod Allred
Additional or Special Instructions

P7-25. P7-22
K9-89. P7-25

MSIN
MSIN

Receiving and Login Information (te be completed by ASO staff)

Group 1D (optional)
O Yes

KNO

CMC Waste Sample?

Date Delivered: ﬂzs [_I'I _ Received By: .
Delivered By (optional) 3, ! c Zmdm?(
Time Delivered: __(39:%0 ) ASR Number: 0272 Rev:

o

RPL Numbers: gg:aﬂé&

ASO Work Accepted By: A/N /20}

Signature/Date:

e

Pty
v
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ASO Sample Information Checklist (SICL) Form

Sample Location, Owner and Hazard Description Information
To be completed by the sample custodian relinguishing the sample(s) and based on best available information.

ASO Customer Information:
Company: PN L

Project #: & G955 3 )
Point of Contact (name. telephone#): 8k & L. 375 -56 13

Comments:

Sample Description (medium, collection location, known contaminants, purpose of sample collection):

Sample Collection Date: Sample Collection Time:

Is the sample known to be radioactive? IE/Yes [ Ino

Comments diist known isotopes): AP~ /05 Fank, aske  CGse 137 ~ %&/yj_,

Is the sample known to contain or have come in contact with PCBs? Yes [ _|No
List any hazardous sample constituents known to be present:
Constituent/Chemical Concentration Comment
C ~ 4500 [r L TtI NS
Ayde ey e, EE Tl 1 A

Are any other comments applicable to sample receipt, storage, handling, or disposition?

Checklist Prepared By:
5@#]6{”& F_‘ 3 é(’l Lang Jé;@im %{;"ZL._,\__, C/:/J' 9’//7
Printed Name Signature _°  Date "
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Battelle PNNL/RPL/Inorganic Analysis ... ICP-OES Analysis Report
PO Box 999, Richland, Washington 99352

Project / WP#: 69833 / N78228
ASR#: 0272
Client: S. Fiskum
Total Samples: 1 (liquid)
ASO Client . _— Sample
~ SampleID Sample ID | CHeat Swmple Deacription - Weight (g) |
17-0868 5AP-16-01 AP-105 as sampled from the Hanford Tank | NA

Sample Preparation: Client prepared.

Procedure: RPG-CMC-211, Rev. 4, “Determination of Elemental Composition by
Inductively Coupled Argon Plasma Optical Emission
Spectrometry (ICP-OES)”.

Analyst: | J. Carter Analysis Date: | 05-01-2017 ICP File: C0714

See Chemical Measurement Center 98620 file: ICP-325-405-3
(Calibration and Maintenance Records)

'M&TE: X PerkinElmer 5300DV ICP-OES ' SN: 077N’5122002
[_] Sartorius ME414S Balance ' SN: 22406373
(<] Sartorius ME414S Balance - SN: 22006647
D4 Sartorius R200D Balance " SN: 39080042
(] Mettler AT201 Balance - SN: 192720-92
shaly
Reporl Preparer Date
0./ s/a/)7
Review and Concurrence Date
Page | of 4
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Battelle PNNL/RPL/Inorganic Analysis ... ICP-OES Analysis Report

One liquid sample submitted under Analytical Service Request (ASR) 0272 was analyzed by
ICP-OES. The sample was analyzed after dilution of the “as received” liquid in 5% v/v HNOs,
Neither the sample nor any of the dilutions were filtered.

All results are reported on a mass per unit volume basis (pg/mL) for each detected analyte. The
data have been adjusted for instrument dilutions.

Analytes of interest (AOI) were specified in the ASR and are listed in the upper section of the
attached ICP-OES Data Report. The quality control (QC) results for the AOI have been
evaluated and are presented below. Analytes other than the AOI are reported in the bottom
section of the report, but have not been fully evaluated for QC performance.

Calibration of the ICP-OES was done following the manufacturer’s recommended calibration
procedure using multi-analyte custom standard solutions traceable to the National Institute of
Standards and Technology (NIST). Midrange calibration verification standards (MCVA and
MCVB) were used to verify acceptance of the two-point calibration curves obtained for each
analyte and for continuing calibration verification.

The controlling document was ASO-QAP-001, Rev. 11, Analytical Support Operations (ASO)
Quality Assurance Plan. Instrument calibrations, QC checks and blanks (e.g., ICV/ICB,
CCV/CCB, LLS, ICS), post-digestion spikes, duplicate, blank spike, and serial dilution were
conducted during the analysis run.

Preparation Blank (PB):
No preparation blank was required. The ICP-OES laboratory diluent (5% HNO;) was
analyzed as a blank. All AOI were within the acceptance criteria of <EQL (estimated
quantitation level), <50% regulatory decision level, or less than £10% of the concentration
in the samples.

Blank Spike (BS)/Laboratory Control Sample (LCS):
The MCVA solution was analyzed as the blank spike. Recovery values are listed for all
analytes included in the BS that were measured at or above the EQL. All AOI were present
in the MCVA solution. Recovery values for the AOI meeting this requirement ranged from
97% to 101%, and were within the acceptance criterion of 80% to 120%.

Duplicate/Replicate Relative Percent Difference (RPD)/Relative Standard Deviation (RSD):
A replicate of sample 17-0868 was prepared and analyzed. RPD are listed for all analytes
that were measured at or above the EQL. RPD for the AOI meeting this requirement
ranged from 0.1% to 1.3% and were within the acceptance criterion of <20% for liquid
samples.

Matrix-Spike (MS) Sample:
No matrix spike was required.

S. Fiskum ASR-0272 (Liquid Tank Waste) ICP File C0714.docPage 2 of 4
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Battelle PNNL/RPL/Inorganic Analysis ... ICP-OES Analysis Report

Initial/Continuing Calibration Verification (ICV/CCV):
MCVA and MCVB solutions were analyzed immediately after calibration, after each group
of not more than ten samples, and at the end of the analytical run. The concentrations of all
AOI were within the acceptance criteria of 90% to 110% recovery.

Initial/Continuing Calibration Blank (ICB/CCB):
The ICB/CCB solution (5% v/v HNO;) was analyzed immediately after the ICV solutions
and after the CCV solutions (after each group of not more than ten samples and at the end
of the analytical run). The concentration of all AOI were within the acceptance criteria of
<EQL.

Low-Level Standard (LLS):
The LLS solution was analyzed immediately after the first CCB solution. The
concentrations of all AOI were within the acceptance criteria of 70% to 130% recovery.

Interference Check Standard (ICS/SST):
The ICS solution was analyzed immediately after the first LLS solution and immediately
prior to analyzing the final CCV solutions. The concentrations of all AOI were within the
acceptance criteria of 80% to 120% recovery.

Serial Dilution (SD):
Five-fold serial dilution was conducted on sample 17-0868. Percent differences (%Ds) are
listed for all analytes that had a concentration at or above the EQL in the diluted sample.
The %Ds for the AOI meeting this requirement ranged from 2.2% to 5.1% and were within
the acceptance criterion of <10%.

Post-Digestion Spike (PS-A)/Analytical Spike (AS-A) - Sample (A Component):
Because no MS sample was prepared, a post-digestion spike (A Component) was
conducted on sample 17-0868. Recovery values are listed for all analytes in the spike that
were measured at or above the EQL, and that had a spike concentration >25% of that in the
sample. Recovery values for the AOI meeting this requirement ranged from 100% to
107%, and were within the acceptance criterion of 80% to 120%.

Post-Digestion Spike (PS-B)/Analytical Spike (AS-B) - Sample (B Component):
Because no MS sample was prepared, a post-digestion spike (B Component) was
conducted on sample 17-0868. Recovery values are listed for all analytes in the spike that
were measured at or above the EQL, and that had a spike concentration >25% of that in the
sample. There were no AOI included in the spike B Component.

Other QC.:
All other instrument-related QC tests for the AOI passed within their respective acceptance
criteria.

S. Fiskum ASR-0272 (Liquid Tank Waste) ICP File C0714.docPage 3 of 4
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Battelle PNNL/RPL/Inorganic Analysis ... ICP-OES Analysis Report

Comments:

1)

2)

3)

4

5)

The “Final Results” have been corrected for all laboratory dilutions performed on the samples during
processing and analysis, unless specifically noted.

Instrument detection limits (IDL) and estimated quantitation limits (EQL) shown are for acidified water
and/or fusion flux matrices as applicable. Method detection limits (MDL) for individual samples can be
estimated by multiplying the IDL by the “Process Factor™ for that individual sample. The estimated
quantitation limit (EQL) for each concentration value can be obtained by multiplying the EQL by the
“Process Factor”.

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 > EQL 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). Note
that bracketed values listed in the data report are within the MDL and the EQL, and have potential
uncertainties greater than 15%. Concentration values < MDL are listed as “- -”. Note, that calibration and
QC standard samples are validated to a precision of +10%.

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 two.

Analytes included in the spike A component (for the AS/PS) are; Ag, Al, As, B, Ba, Be, Bi, Ca, Cd, Co, Cr,
Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Sb, Se, Si, Sn, Sr, Ta, Ti, Tl, V, W, Y, Zn, and Zr. Analytes
included in the spike B component are; Ce, Dy, Eu, La, Nd, Pd, Rh, Ru, S, Te, Th, and U.

S. Fiskum ASR-0272 (Liquid Tank Waste) ICP File C0714.docPage 4 of 4
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Battelle PNNL/RPG/Inorganic Analysis ... ICPOES Data Report RAQaROIe

Run Date > | 5M/2017 | 5M/2017 sMiz017
— Process
Factor > 1.0 500.0 500.0
TT-UB68 @ |
RPL/LAB > | 405 diluent 500x 500x rep
Instr, Det. | Est. Quant.
Limit (IDL) | Limit (EQL) | ClientID > |Lab Diluent SAP-16-01
(pg/mL) (ug/mL) | (Analyte) | (wg/mi)} | (pg/mL) | (ugimL)
0.0276 0.276 Al - 20,600 20,900
0.0500 0.500 K - 5,520 5,530
0.0171 0.171 Na - 195,000 197,000
Other Analytes
0.0030 0.030 Ag - - -
0.1576 1.576 As - el -
0.0120 0.120 B [0.032] 7.T 68.0
0.0005 0.005 Ba - [0.60] [0.52]
0.0002 0.002 Be - [0.19] [0.32]
0.0546 0.546 Bi [0.065] [29] -
0.0233 0.233 Ca - (90] 991
0.0027 0.027 cd = [1.8] [1.9]
0.0448 0.448 Ca - - -
0.0071 0.071 Co - - -
0.0047 0.047 Cr - 505 505
0.0036 0.036 Cu - [3.9] [3.2]
0.0034 0.034 Dy - [1.91 -
0.0010 0.010 Eu - - -
0.0017 0.017 Fe [0.0045] (5.9] [6.2]
0.0030 0.030 La - - -
0.0028 0.028 Li - - -
0.0023 0.023 Mg - - -
0.0009 0.009 Mn - - -
0.0094 0.094 Mo [0.021] 83.0 84.0
0.0188 0.188 Nd - - -
0.0074 0.074 Ni - 45.8 45.3
0.1021 1.021 P - 752 715
0.0399 0.399 Pb - [25] [31]
0.0170 0.170 Pd - - -
0.0162 0.162 Rh - - -
0.0158 0.158 Ru - [13] [11]
01773 1.773 S - 1,820 1,800
0.0919 0.919 Sb - - -
0.2271 2.271 Se - - [230]
0.0136 0.136 si = [67] 1611
0.0446 0.446 Sn - - -
0.0003 0.003 Sr - [0.28] [0.29]
0.0242 0.242 Ta - - -
0.0412 0.412 Te - - -
0.0120 0.120 Th - - -
0.0014 0.014 Ti - - =
0.0885 0.885 Tl - - -
0.0676 0.676 u - - -
0.0032 0.032 v - - =
0.0249 0.249 w - 141 154
0.0006 0.006 Y [0.0008] [0.35] 10.42]
0.0066 0.066 Zn - (28] [27]
0.0022 0.022 Zr - .21 -
1) "="indicates the value is < MDL. The method detection limit (MDL) = IDL times the "
near the top of each col The estimated sample quantitation limit = EQL (in Columr.

times the “multiplier”. Overall error for values = EQL is estimated fo be within £15%.
2) Values in brackets [ ] are 2 MDL but < EQL, with errors likely o exceed 15%.

ASR 0272 Final from CO714 Fiskum ASR-0272 Tank Waste.xls
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Battelle PNNL/RPG/Inorganic Analysis ... ICPOES Data Report

Perf: 05/01/2017
Criteria > $20% 80%-120% | 75%-125% | 80%-120% | 80%-120% S10%
17-0868
acio> 17-0868 17-0868 + 17-0868 + 5-fold
Rep LCS/BS MS (none) AS-A AS-B Sarial Dil
Analytes RPD (%) %Rec %Rec %Rec %Rec %Diff
Al 13 101 104 3.3
K 0.1 100 100 22
Na 1.3 a7 107 5.1
Other A
Ag 93 93
As 99 101
B 54 101 101
Ba 98 a7
Be 99 99
Bi 95 94
Ca 102 101
Cd 102 102
Ce 92
Co 99 99
Cr 0.0 100 100 07
Cu 99 101
Dy 99
Eu 100
Fe 99 98
La 99
Li 102 102
Mg 99 98
Mn 101 101
Mo 1.1 93 a8
Nd 99
Ni 1.1 98 97
P 50 102 101
Pb 99 99
Pd 91
Rh 93
Ru 95
] 1.0 99
Sh 96 98
Se 103 105
Si 99 106
Sn 95 95
Sr 99 98
Ta 98
Te 99
Th 101
Ti 98 a7
TI 91 92
u 100
v 99 98
w 8.8 101 100
Y 100 100
Zn 101 102
2Zr 99 98

Shaded results are outside the acceptance criteria.

nr = spike concentration less than 25% of sample concentration. Malrix effects can be assessed from the serlal dilution.

ASR 0272 Final from CO714 Fiskum ASR-0272 Tank Waste.xls

Page 2 of 2



Battelle PNNL/RPL/Inorganic Analysis ... ICP-MS Analysis Report
PO Box 999, Richland, Washington 99352

Project /| WP#: 69833 / N78228
ASR#: 0272
Client: S. Fiskum
Total Samples: 1 (liquid)
ASO Client : _ Sample
Sample ID | Sample ID | Client Sample Description | Weight (g) |
17-0868 5AP-16-01 AP-105 as sampled from Hanford tank NA

Sample Preparation: Dilution of “as received” samples in 0.5 M HNO; and 2% v/v HNO; was
performed by L. Damnell on 4/26/17 and G. Brown on 7/7/17, respectively.

Procedure: RPG-CMC-292, Rev. 0, “Determination of Elemental Composition by
Inductively Coupled Argon Plasma Mass Spectrometry (ICP-MS)”.

Analyst:  G. Brown Analysis Date:  07-10-2017 ICP File: MO0025

See Chemical Measurement Center 98620 file: 1CP-MS-325-405-1
(Calibration and Maintenance Records)

M&TE: [ PerkinElmer NexION"™ 350X ICP-MS - SN: 85VN4070702
[ | Sartorius ME414S Balance ' SN: 22406373
> Mettler AT400 Balance  SN: 1113292667
|E Sartorius R200D Balance | SN: 39080042
|E Mettler AT201 Balance | SN: 192720-92
««MI\ [ po— /’?'/ 2 L/// a
“Report Preparer ' Date

7)25)17

Review and Concurrence Date

Page | of 5
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Battelle PNNL/RPL/Inorganic Analysis ... ICP-MS Analysis Report

PNNL ASO ICP-MS Analysis Results

RPL ID Client ID Run Date Process Facto] Sample | Replicate | Triplicate Units
17-0868 5AP-16-01 07/10/17 1,934,970 [8230] [8800] [7730] |pg/L Cs-133
17-0868 5AP-16-01 07/10/17 389,931 [8070] [7100] nm pg/L Cs-133
Average: 8,000 |pg/L Cs-133
QC Performance 07/10/2017
Criteria > < 20% 80%-120%| 75%125% |80%-120%| =10%
17-0868
QciD> 17-0868 LCS/IBS 17-0868 + | 5-fold Analyte Lab_
Trip (None) MS (None) PS Serial Dil IDL Analye BQL | Diluent
Analytes RSD (%) %Rec %Rec %Rec %eDiff (ug/L) (pg/L) (Hg/L)
Cs-133 6.44% 95.3% na 95.0% 3.38% 0.0030 0.030 -

1) "--"indicates the value is < MDL. The method detection limit (MDL) = IDL times the "Process Factor"
for each sample analysis. The estimated sample quantitation limit = EQL times the "Process Factor."

Overall error for values =2 EQL is estimated to be within +15%.
2) Values in brackets [ ] are 2 MDL but < EQL, with errors likely to exceed 15%.

Matrix effects can be assessed from the serial dilution. Shaded results are outside the acceptance criteria.
nr = spike concentration less than 25% of sample concentration.
na = not applicable (e.g., LCS, BS or MS may not be required for liquid samples).
nm = not measured (e.g., triplicate analysis may not be required by procedure).

M0025 Fiskum ASR-0272 (AP-105 Liquid) Full.docx

B.13
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Battelle PNNL/RPL/Inorganic Analysis ... ICP-MS Analysis Report

One liquid sample submitted under Analytical Service Request (ASR) 0272 was analyzed by
ICP-MS for Cs-133. The sample was analyzed after dilution of the “as received” liquid in 0.5 M
HNO:; by L. Damnell on 4/26/17 and 2% v/v HNO; by G. Brown on 7/17/17. The sample and
dilutions were not filtered.

All results are reported on a mass per unit volume basis (pg/l.) for each detected analyte. The
data have been adjusted for instrument dilutions.

The analyte of interest (AOI), Cs-133, was specified in the ASR. Results for Cs-133 are listed in
the upper section of the attached ICP-MS Data Report. The quality control (QC) results for
Cs-133 have been evaluated and are presented below. Results for other analytes are not included
in the report.

Calibration of the ICP-MS was done following the manufacturer’s recommended procedures
using custom standard solutions traceable to the National Institute of Standards and Technology
(NIST). Midrange calibration verification standards were used to verify acceptance of the six-
point calibration curve and for initial and continuing calibration verification (ICV/CCV).

The controlling document was the analytical procedure and ASO-QAP-001, Rev. 11, Analytical
Support Operations (ASO) Quality Assurance Plan. Instrument calibration, QC checks and
blanks (e.g., ICV/ICB, CCV/CCB, LLS, ICS), post-digestion spike, triplicates, and serial dilution
were conducted during the analysis run.

Internal Standard (IS):
All solutions (blanks, standards, QC checks, and samples) were mixed in-line with 10 ppb
Rb-85 as an internal standard. All data were normalized using the Rb-85 mass. The IS
recovery ranged from 96.8% to 103.5%, which is within the acceptance criterion of 30% to
120%.

Preparation Blank (PB) Sample:
No preparation blank (PB) sample was required to be prepared since the client sample was
received as a liquid and only simple dilution was required prior to analysis. The ICP-MS
laboratory diluent (2% v/v HNOj;) was analyzed in place of a PB sample as the initial and
continuing calibration blanks (described below).

Blank Spike (BS) Sample/Laboratory Control Sample (LCS):
A blank spike (BS) sample was prepared by spiking a 2% HNO; blank with an equivalent
volume of the 2 ppb Cs-133 CCV standard (1:1 ratio). The Cs-133 recovery was 95.3%
and was within the acceptance criteria of 80% to 120% recovery.

Triplicate/Relative Standard Deviation (RSD):
A triplicate analysis was performed on sample 17-0868. The RSD is listed for analytes
that were measured at or above the EQL. The RSD for Cs-133 was 6.44% and was within
the acceptance criterion of <20% for liquid samples.

MO0025 Fiskum ASR-0272 (AP-105 Liguid) Full.docx Page 3 of 5
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Battelle PNNL/RPL/Inorganic Analysis ... ICP-MS Analysis Report

Matrix-Spike (MS) Sample:
No matrix spike (MS) sample was required.

Initial/Continuing Calibration Verification (ICV/CCV):
The ICV/CCV solution was analyzed immediately after calibration, after each group of not
more than ten samples, and at the end of the analytical run. The Cs-133 recoveries ranged
from 94.9% to 97.4% and were within the acceptance criteria of 90% to 110% recovery.

Initial/Continuing Calibration Blank (1ICB/CCB):
The ICB/CCB solution (2% v/v HNO;) was analyzed immediately after the ICV solutions

and after the CCV solutions (after each group of not more than ten samples and at the end
of the analytical run). The concentrations of Cs-133 in all ICB/CCBs were within the
acceptance criteria of <EQL.

Low-Level Standard (LLS):
The LLS solution was analyzed immediately after the first CCB. The recovery for Cs-133
(97.6%) was within the acceptance criteria of 75% to 125%.

Interference Check Standard (ICS):
The ICS solution was analyzed immediately after the LLS solution and immediately after
the final CCV solution. The recoveries for Cs-133 (98.7% and 99.9%) were within the
acceptance criteria of 80% to 120%.

Serial Dilution (SD):

Five-fold serial dilution was conducted on sample 17-0868. Percent differences (%D) are
listed for all analytes that had a concentration at or above the EQL in the diluted sample.
The %D for Cs-133 was 3.38% and was within the acceptance criterion of <10%.

Post-Digestion Spike (PS)/Analytical Spike (AS) - Sample (Cs-133 Component):
Because no MS sample was prepared, a post-digestion spike (Cs-133 Component) was
conducted on sample 17-0868. Recovery values are listed for all analytes in the spike that
were measured at or above the EQL, and that had a spike concentration >25% of that in the
sample. The recovery for Cs-133 was 95.0% which is within the acceptance criterion of
75% to 125%.

Other QC:
All other instrument-related QC tests for the AOI passed within their respective acceptance
criteria.

M0025 Fiskum ASR-0272 (AP-105 Liquid) Full.docx Page 4 of 5
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Battelle PNNL/RPL/Inorganic Analysis ... ICP-MS Analysis Report

Comments:

1) The “Final Results™ have been corrected for all laboratory dilutions performed on the samples during
processing and analysis, unless specifically noted.

2) Instrument detection limits (IDL) and estimated quantitation limits (EQL) shown are for acidified water
and/or fusion flux matrices as applicable. Method detection limits (MDL) for individual samples can be
estimated by multiplying the IDL by the “Process Factor” for that individual sample. The estimated
quantitation limit (EQL) for each concentration value can be obtained by multiplying the EQL by the
“Process Factor”.

3) Routine precision and bias is typically £15% or better for samples in dilute, acidified water (e.g. 2% v/v
HNO; or less) at analyte concentrations > EQL up to the upper calibration level. This also presumes that
the total dissolved solids concentration in the sample is less than 500 pg/mL (0.05 per cent by weight).
Note that bracketed values listed in the data report are within the MDL and the EQL, and have potential
uncertainties greater than 15%. Concentration values < MDL are listed as *- -”. Note, that calibration and
QC standard samples are validated to a precision of £10%.

4) 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-MS measurements is three.

MU0025 Fiskum ASR-0272 (AP-105 Liquid) Full docx Page 5 of 5
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Pacific North.wesst

Client: S. Fiskum Report Date:| 5/10/2017
Analysis Date:| 5/1/2017

Subject: Hydroxide Analyses for: Aqueous Samples
Project: 69832 WP # N79888
69833 WP # N78228
ASR: 0262 & 0272 Rev-0 Procedure: RPG-CMC-228-Rev 0.1
Sample ID. 17-0791 and 17-0868

Diluted sample aliquots of 2 aqueous samples (see above assigned RPL Sample #'s), provided on ASR's 0262
and 0272 were analyzed by manual titration for the base constituents content following procedure RPG-CMC-
228. Each sample was diluted by a factor of 26x prior to titration (0.100 mL of sample added to 2.5 mL of DI
water). The titrant used was 0.0957 M HCI (Standardized HCI| was prepared and documented on Chem Rec 232,
prepared on 3/15/2017). pH measurements were obtained using a Beckman Coulter 560 pH meter, SN
110650046. The pH meter was calibrated using 3 buffers, pH 4,7 and 10 and the calibration verified using an
independent pH 7 buffer.

The initial diluted pH is reported on attached Report Summary along with the free hydroxide molarity (the
1st inflection point at pH of 11.0 - 11.1) was very weak but discernable. A 2nd inflection point was determined for
both samples at pH 7.6 to 7.7. The third inflection point (at pH 4.8 to 5.0) was easily identified and reportable.

Following is the report summary and the sample results calculated from the raw data. A copy of the titration
curve data for each sample is also included with this report.

7.

Prepared by: L zj ,./> . .(//Lé ' Date: Sl//O / / ;
Reviewed by: ( //;)‘.—,,‘{Zi 'ﬂtﬂ L;L{ /‘_ Date: 39-"/ / d// 7

ASR0262-0272-Rev-0 (Fiskum).xls Page 1 of 1 5/10/2017
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Battelle Pacific Northwest Laboratory ASR #(0262 & 0272
Nuclear Chemistry and Engineering Group

Chemical Measurements Center WP#  N79888 & N78228
Hydroxide and Alkalinity Determination
Procedure: RPG-CMC-228-Rev 0.1 Equip# Beckman Coulter 560, SN#110650046
Report Summary for ASR # --(0262 & 0272 Report Date:| 5/10/2017

Revision #|Rev-0 I Analysis Date:| £/1/2017

Concentration, moles / Liter

Diluted First Point Second Point Third Point
Initial OH conc
RPG # Client ID pH ug/mL Molarity Molarity Molarity
17-0791 SS07Feed A 12.57 2.51E+04 1.47 0.74 0.42
17-0868 5AP-16-01 12.50 2.98E+04 1.75 1.49 0.73

OH conc (mg/L) =M (g/L) * 17,000

Note: Results are presented for the first, second, and third inflection points on the titration curves, as
applicable. The first inflection point is generally associated with the free hydroxide concentration. The
second inflection point generally represents total hydroxide, or carbonate or a combination of aluminate
and carbonate. The third inflection point is usually indicative of bicarbonate or other weak acids or
possibly the continued protonation of alumina.

P

5 40-17

Analyst:

Reviewer:

ASR0262-0272-Rev-0 (Fiskum).xls Page | of 1 5/10/2017

B.18



L10T/01/¢ zjo | 23eqd Sp(wnysty) 0-AY-7LT0-79T0ASV
S1-eN-1 | gedco9r ] LRI | L
e andxyg  Joquny 107 Jopuap JUIA pU-T
81-uef-1 | 680T0SIM-TIH S2UMUIA JMUREIOU] 0l
SI-BN-1 | L60TOSOM-TI SOINUIA dlURFIOU] L
81-In[-1 9L1T0SOM-TI SAUINIUAA JIUBFIOU] ¥
0. 7°Ch aeqandxy  1aquinn 107 10pUDA 1apng]
adojg uoneIqIe)) JUdWUNNSU|
By SLI'O oot 0£8°1 00§°C1 VN VN VN 001°0 VN 10-91-dV§ 8980-L1
PLF'l L¥1'0 000711 0¥l 0LE°T1 VN VN VN 001°0 VN V P234L0SS 16L0-L1
oseq aseq Hd (Tw) "JoA durpeal # w3 (3w (Tw) oA 10308 4 i apdureg # OdY
ALIBO]A]  SOjoWI[[IW JuRIL Hd aunnoy Aisuog  ojdweg  ojdweg uonn[i(g
puno, 104 reniug SIGASIA
auajeanby 1sy|  panng €T LS60°0 1DOH
HO #0Y Auejopy uenip
way)
skeuy
_ 10€ 20TqeT  9¥00§9011  # dinby uonent], fenueiy Ag
L ¥ {
L00T/1/v  SIX LopapoTarejdwa] -HO 19ayspeaidg sajeusadng pue sajeyoeaT ‘suonn|og snoanby jo Auureyy
pue (-HO) JAX0IPAH JO UOIIBUILIdIO(T 1°0 AY-8ZZ-DIND-9dY :21npadold
RTIRLN £€869
LIOT/1/S  |owq sishfeuy 8886LN #dM  TEs69  vlolg
L10Z/01/S |- noday wnysty gl aus) dnoin gurvauidus pue Ansiway)) JesjonN
0-A3Y TLT0 ® TIT0|# A PUe #USV A10J210QE] 1SOMULION d1j198d 2]janeg

B.19



L10T/0L/S

LTLO ELOO 000°S |0SIt
1Tro oo 008F |0SLT
aseq aseq Hd  (Tw) "JoA
Aoy sajowl||iw juent |
punog uiod

dudjeainby pag

730 7 38eg

900S901 1#NS ‘09§ 19no) uewypag  # dinbg

SIX (WNYSL) 0-A9Y-TLTO-TITOUSY

8TCRLN

8886LN

€611 6170 009°L  [o6g°€ 001°0 8980-L1
LELO $LO'0 00LL  [0I€T 001°0 16L0-L1
aseq aseq Hd  (Tw) ‘[oA [(Tuw) “JoA # DAY
KLIR[OW SOOI el ] ajdweg
puno, o
2suajeaInby pug LS60°0 IOH
Aireopy enty,

CLTO B T9T0 | # A9Y PUB # USV

uonent] [enuejy Ag

sojeurodng pue sajeyoea ‘suonnjos snoanby jo Ajuifeyy
1INPID0I [

#d M
dnoin Sunsouiduy pue AnstwayD) 1esjonN

K101RI0qR T JSOMULION 21}108 J][oNRY

B.20



Battelle PNNL/RPL/ASO Radiochemistry Analysis Report
P.O. Box 999, 902 Battelle Blvd., Richland, Washington 99352

Gamma Energy Analysis (GEA)

Revision 1 (This report was revised to correct the sample preparation information)

Project / WP#: 69833/ N78228

ASR#: 0272.00

Client: SK Fiskum

Total Samples: 1
RPL ID Client Sample ID
17-0868 SAP-16-01

Analysis Type:

GEA- for all positively measured or non-detected isotopes

Sample Processing Prior to Radiochemical
Processing/Analysis

None
[] Digested as per RPG-CMC-129, Rev. 0 HNO3-HC! Acid Extraction of
Solids Using a Dry Block Heater

[] Fusion as per RPG-CMC-115, Solubilization of Metals from Solids
Using a KOH-KNQO; Fusion

[J Other:

Preparation may also involve attaining a GEA geometry that is compatible
with the calibration geometry.

Analysis Procedure:

RPG-CMC-450, Rev. 3 Gamma Energy Analysis (GEA) and Low-Energy
Photon Spectrometry (LEPS)

Reference Date: Not Applicable
Analysis Date or Date Range: April 26,2017
Technician/Analyst: T Trang-Le

Rad Chem Electronic Data File:

17-0868 Fiskum.xls

ASO Project 98620 File:

File Plan 5871, T4.4 Technical (Radiochemistry), Gamma Calibration,
daily checks, and maintenance records, and T3 standard certificates and
preparation. Also, balance calibration and Performance check records.

M&TE Number(s):

Detectors T

-—

1 h;iczt_n‘[s& /i) 7 540//\).}%%17{/ / '7////7

Prepare - Dite

[

Reviewer Date

Page 1 of 3
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Battelle PNNL/RSE/ASO Radiochemistry Analysis Report

SAMPLE RESULTS

Activities for all gamma emitters detected in this sample are presented in an attached Excel
spreadsheet for ASR 0272.00. All sample results for all target isotopes are reported in units of
nCi/sample with estimates of the total propagated uncertainty reported at the 1-sigma level.

ASO Project File, ASR 0272 has been created for this report including all appropriate supporting
records which may include the Pipette Performance Verification form, Standard Certificates,
Laboratory Bench Record, Shielded Analytical Laboratory Bench Sheet, and Gamma Energy
Analysis printouts. Detector calibration records, control charts and balance calibration records
can be found in the ASO Records.

Sample Preparation, Separation, Mounting and Counting Methods
The quality control (QC) procedures for direct GEA are discussed below.
QUALITY CONTROL RESULTS

Tracer:
Tracers are not used for ASO GEA methods.

Process Blank (PB):

The sample was sent to the counting room with 0.5ml of sample that was diluted to a total
volume of 2.0ml prior to the GEA count. There is no process blank for this ASR.

Required Detection Limits

There are no required detection limits for these samples.

Blank Spike (BS)/Laboratory Control Sample (LCS)/ Matrix Spike (MS):

There are no BS, LCS or MS samples analyzed for ASO GEA analyses. Instrument
performance is assessed by the analyses of daily control counts and weekly background
counts, as discussed below.

Duplicate Relative Percent Difference (RPD):

There are no duplicate samples for this ASR.

Page 2 of3
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Battelle PNN1./RSE [/ ASO Radiochemistry Analysis Report

Instrument Calibration and Quality Control

Gamma detectors are calibrated using multi-isotope standards that are NIST-traceable and
prepared in the identical counting geometry to all samples and detectors. Counter control sources
containing Am-241, Cs-137 and Co-60 are analyzed daily before the use of each detector.
Procedure RPG-CMC-450 requires that a counter control source is checked daily and must be
within +3 sigma or +3% of the control value, whichever is greater. Gamma counting was not
performed unless the control counts were within the required limits. Background counts are
performed on all gamma detectors at least weekly for either an overnight or weekend count. The
most recent background is subtracted from all sample counts.

Assumptions and Limitations of the Data

None
Interferences/Resolution

None.
Uncertainty
For gamma counting, the uncertainty in the counting data, photon abundance and the nuclear
half-life, and efficiency are included in the calculation of the total uncertainty along with a
systematic uncertainty for sample prep. The Canberra Genie software includes both random and
systematic uncertainties in the calculation of the total uncertainties which are listed on the report.
We conservatively estimate that 2% is the lowest uncertainty possible for our GEA
measurements taking into account systematic uncertainties in gamma calibration standards.
Comments

None

Attachment: Data Report Sample Results for ASR 0272.

Page 3 of 3
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ASR 0329, Cs Isotopic Results

B.25



Analytical Service Request (ASR)

(Information on this COVER PAGE is applicable to all samples submitted under this ASR)
Requestor --- Complete all fields onthis COVER PAGE, unless specified as optional or ASR is a revision

O Gas O Biological Specimen

Requestor: / /
Signature kj’(’j)(t s k( étﬁ oot Project Number: G Lf?j 2
Print Name SelbR A FisKum Work Package: ARZ456
Phone _ 5-5( 17 MSIN
Matrix Type Information QA/Special Requirements
¢ Liquids: i Aqueous [ Organic O Multi-phase ¢ QA Plan:
¢ Solids: 0O Soil 0 Sludge O Sediment ﬂ ASO-QAP-001 (Equivalent to HASQARD)
O Glass O Filter O Metal O Additional QA Requirements, List Document Below:
O Smear O Organic O Other Reference Doc Number:
¢ Field COC Submitted? B No O Yes
¢ Other: [ Solid/Liquid Mixture, Slurry ¢ Lab COC Required? HNo 0O Yes

¢ Sample/Container Inspection Documentation Required?
BINo O Yes

(If sample matrices vary, specify on Request Page)

Disposal Information

¢ Disposition of Virgin Samples:

If archiving, provide:
Archiving Reference Doc:

4 Disposition of Treated Samples:
M Dispose O Return

¢ Hold Time: fNo [I Yes

If Yes,
Contact ASO O Use SW 846 (PNL-ASO-071, identify
Lead before  analytes/methods where holding times apply)

Virg.in' samples. are returned to re.questor‘ unless submitting
archiving provisions are made with receiving group! Samples O Other? Specify:

¢ Special Storage Requirements:
?None O Refrigerate [ Other, Specify:

¢ Data Requires ASO Quality Engineer Review? B No [ Yes

Data Reporting Information

¢ Is Work Associated with a Fee-Based
Milestone? OO0 No 0O Yes

If yes, milestone due date: HASQARD).

¢ Preliminary Results Requested, As
Available? O No B Yes

Document:

4 Data Reporting Level
ASO-QAP-001 (Equivalent to

[0 Minimum data report.
[0 Project Specific Requirements:
Contact ASO Lead or List Reference

¢ Requested Analytical Work Completion Date:
Quuot I, 20/7

{Note: I’ru{riry rate charge for < 10 business day turn-around time)

¢ Negotiated Co

(To be co Ipleted by ASO Lead)

Waste Designation Information

¢ ASO Sample Information Check List Attached? OO0 No Y Yes
If no, Reference Doc Attached:

or, Previous ASR Number:

or, Previous RPL Number:

Does the Waste Designation Documentation
Indicate Presence of PCBs?

F’No O Yes

Send Report To: S@ndre S R oo

Additional or Special Instructions

pq-25

-+

MSIN
MSIN

Receiving and Login Information (o be complered by ASQ staff)

Date Delivered: Tl26]17 Received By: [ IRang -~ (&
{ : X
Delivered By (optional) R ~J .
Time Delivered: 8 J4S aim ASR Number: 039 Rev.: oG
Group ID (optional) RPL Numbers: CtT1- 1234y
(first and last) =
CMC Waste Sample? X No O Yes

ASO Work Accepted By: & 'Al ézﬂl

A
sevwenne: _ Al ol 7)26)17
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Exhibit 1. Example ASO Sample Information Checklist (SICL) Form

Sample Location, Owner and Hazard Description Information
To be completed by the sample custodian relinquishing the sample(s) and based on best available information.

ASO Customer Information:

Company: TAINL

Project #: &9832
Point of Contact (name telephone#);  Don-due =5 Itu ey S5-StF1
Comments:

Sample Description (medium, collection location, known contaminants, purpose of sample collection):

Sample Collection Date: 4/‘?0[ s Sample Collection Time: &?3:/¢6
Is the sample known to be radioactive? E Yes [ |No

Comments (list known isotopes). (1) -/37

Cs- /3¢
Is the sample known to contain or have come in contact with PCBs? Jves @ No
List any hazardous sample constituents known to be present: :
Constituent/Chemical Concentration Comment

Are any other comments applicable to sample receipt, storage, handling, or disposition?

\4?.;’((1‘}@;( w 0.45 M ‘HAJC}

Checklist Prepared By:

, o/
Sand 2 Pséum Lrrd 2 jw — 7/24 //-z
Printed Name Signature Date ¥ )
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