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Summary

BNFL Inc. is evaluating various pretreatment technologies to mitigate the impacts of sulfate on the
LAW vitrification system. One pretreatment technology for separating sulfate from LAW solutions
involves the use of SuperLig® 655 (SL-655), a proprietary ion exchange material developed and
supplied by IBC Advanced Technologies, Inc., American Fork, UT. This report describes testing of
SL-655 with diluted ([Na] 5 M) waste from Hanford Tank 241 -AN-107 at Battelle, Pacific
Northwest Division.

Batch contact studies were conducted from 4 to 96 hours to determine the sulfate distribution
coefficient and reaction kinetics. A small-scale ion exchange column test was conducted to evaluate
sulfate removal, loading, breakthrough, and elution from the SL- 655. In all of these tests, an
archived 241-AN-107 tank waste sample (pretreated to remove Cs, Sr, and transuranics elements) was
used. The experimental details and results are described in this report.

Under the test conditions, SL- 655 was found to have no significant ion exchange affinity for sulfate
in this matrix. The batch contact study resulted in no measurable difference in the aqueous sulfate
concentration following resin contact (K4 0). The column test also demonstrated SL - 655 had no
practical affinity for sulfate in the tested matrix. Within experimental error, the sulfate concentration
in the column effluent was equal to the concentration in the feed after passing 3 bed volumes of
sample through the columns. Furthermore, some, if not all, of the decreased sulfate concentration in
these first three column volumes of effluent can be ascribed to mixing and dilution of the
241-AN-107 feed with the interstitial liquid present in the column at the start of the loading cycle.
Finally, ICP-AES measurements on the eluate solutions showed the presence of barium as soon as
contact with the feed solution is completed. Barium is a metal not detected in the feed solution.
Should the loss of barium be correlated with the resin’s ability to selectively complex sulfate, then
maintaining even the current limited resin characteristics for sulfate complexation over multiple
cycles becomes questionable.
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Terms, Symbols and Abbreviations

BNFL BNFL, Inc; subsidiary of British Nuclear Fuels, Ltd
BV bed volume

C concentration

C, initial concentration

GEA gamma energy analysis

IC ion chromatography

ICP inductively-coupled plasma optical emission spectrometry
Ky distribution coefficient

LAW low-activity waste

L/D length:diameter ratio

MRQ minimum reportable quantity

NMRQ no minimum reportable quantity

RPL Radiochemical Processing Laboratory

SAL Shielded Analytical Laboratory

SL-655 SuperLig® 655 resin

TOC total organic carbon

TIC total inorganic carbon

TRU transuranic



°C
cm

meq
uCi
ug
um

Units

degrees celsius or centigrade
centimeter

molarity, moles per liter
milliequivalent

microCuries

micrograms

micrometer
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1.0 INTRODUCTION

The presence of sulfate ion in the Hanford low-activity waste (LAW) solutions generates several
potential processing difficulties. Preliminary testing of the LAW vitrification system at the Vitreous
States Laboratory (VSL) indicates a separate molten sulfur layer will form in the melter (nominally at
1150°C) at sufficiently high sulfate concentrations. A molten sulfur layer in the LAW melter can lead
to accelerated corrosion of the melter and unacceptable operating conditions (e.g., steam explosion).

BNFL Inc. (BNFL) has been evaluating several methods to mitigate the impacts of sulfate on the
LAW vitrification system, including pretreatment technologies, blending of high and low sulfate
LAW solutions, modification to the LAW glass formulations, and volatilization of sulfur in the LAW
melter as SO, or SO;. BNFL is evaluating four pretreatment technologies for separating sulfate from
LAW solutions:

Ton Exchange (SuperLig® 655)
Evaporation

Precipitation

Low-temperature crystallization

This report presents the results of a series of experiments conducted by Battelle, Pacific Northwest
Division to evaluate the use of ion exchange with SuperLig® 655 (SL-655) for sulfate ion removal
from the waste currently stored in tank 241-AN-107 (referred to hereafter as AN-107). SL-655is a
developmental material prepared by IBC Advanced Technologies Inc. The resin incorporates a
divalent cation (proprietary) as an exchange site for sulfate ion as it replaces two nitrate ions in the
loading stage. The theoretical capacity of SL-655 is 0.8 meq sulfate per gram of dry resin. The test
matrix used was an archived sample of actual AN-107 tank waste pretreated to remove Sr, Cs, and
transuranic elements (TRU). The AN-107 waste is categorized as LAW Envelope C waste. Batch
contacts and small-scale column testing were conducted in order to evaluate Kgs, column loading and
elution characteristics, and physical properties of the eluates and effluents as delineated in the BNFL
test specification.' This report summarizes the results of these studies.

" Test Specification for Evaluating Sulfate Separation from LAW Solutions, Rev. 0, September 13, 1999,
TSP-W375-99-00012. Rev. 0.
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2.0 TEST CONDITIONS AND EXPERIMENTAL
PROCEDURES

2.1 Preparation of the AN-107 Test Sample

Testing was conducted with a sample of 241-AN-107 tank waste archived after previous examination
(Hendrickson et. al., 1997). This sample was originally obtained as a grab sample in January of 1997.
It was diluted with 0.53 M NaOH to approximately 5 M Na and 0.24 M OH". Cesium was removed
using a crystalline silico-titanate ion exchanger. Following Cs removal, the free hydroxide measured
0.126 M. The cesium-decontaminated samples were transferred to the Radiochemical Processing
Laboratory (RPL) and were archived in the Shielded Analytical Laboratory (SAL). A 1-L aliquot of
this archived material was processed for St/TRU removal using 1 M Sr(NOs), and 1 M NaMnO,
solutions (Hallen et al., 2000). After decontamination, the archive AN-107 could be contact-handled
in a fume hood. The archive AN-107 feed composition is given in Table 2.1. The density of the
AN-107 feed solution was determined to be 1.22 g/mL.

2.2 SuperLig® 655

Battelle received SuperLig® 655 (IBC Advanced Technologies, Inc. American Fork, Utah) material
from batch 990805DHC-8-030 suspended in 0.25 M NaNO;. An F-factor (the fraction of the resin’s
dry weight to the as-received material) of 0.454 was experimentally determined using duplicate
aliquots of ca. 2.8-g resin that were weighed, dried at 95°C, and re-weighed.

2.3 Batch Contacts

The batch contact study was conducted according to the Test Plan BNFL-29953-056.> As-received
SL- 655 was taken and the particles drained to a damp dryness. Nominally 0.33 g samples of the
damp SL-655 (possessing an estimated ca. 0.12 meq. sulfate capacity per test sample) were weighed
into tarred glass vials. To these resin aliquots, 5-mL aliquots (containing an estimated ca. 0.2 meq.
sulfate) of archived AN-107 solution were added and the slurries were agitated for 4, 8, 16, 24, 72,
and 96 hours. An archive AN-107 blank (no added resin) was similarly prepared and the test samples
agitated for 96 hours. The temperature was not controlled but the temperatures at the beginning
(nominally 22.7°C) and the end (22.7°C to 28.7 C) of the agitation process were recorded. A
summary of resin masses, AN-107 masses, contact times, and temperatures is provided in Table 2.2.
After agitation was complete, the samples were filtered through 0.2-0.8-um syringe filters and the
filtrate submitted for sulfate analysis by ion chromatography.

2.4 Small-scale lon Exchange Column Testing

The ion exchange study was conducted according to the Test Plan BNFL-29953-054.° A slurry of the
SL-655 resin in aqueous 0.25 M NaNOj; was loaded into a column providing a resin bed 2.5-cm
diameter by 5.75 cm high (L/D =2.3 with an approximate volume of 29 mL). A schematic of the ion
exchange system is provided in Figure 2.1. The processing steps, solution matrices, volumes, and
flow rates are summarized in Table 2.3. All processing was conducted at room temperature, 23.8C.

2 BNFL-29953-056, Rev. 0, Batch Contact Test Instructions for SL-655 and Archive AN-107 Sample, 9/16/99.
> BNFL-29953-054, Rev. 0, Test Instructions for Sulfate Removal Column Testing Using Envelope C (AN-107
Archive) Solution, 9/10/99.
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Table 2.1.

241-AN-107 Feed Composition

Concentration | MRQ Concentration MRQ
Analyte ug/mL ng/mL Analyte uCi/mL uCi/mL
Cr 13 15 Cs-137 2.67E-02 9.00E+00
TOC 14,000 1500 Tc-99 5.61E-02 1.50E-03
TIC 6800 1500 Additional opportunistic analytes
Cl 930 3000 Sr-90 6.87E-01 NMRQ
F 3600 1500 Am-241 4.52E-03 NMRQ
PO, 1400 2500 Total alpha 5.13E-03 NMRQ
SO, 3920? 2300 Co-60 5.72E-02 NMRQ
Additional opportunistic analytes Sb-125 5.62E-04 NMRQ
Al | 133 NMRQ SnSb-126 2.87E-04 NMRQ
B 21 NMRQ Cs-134 <2E-4 NMRQ
Ba <1 NMRQ Eu-154 1.10E-02 NMRQ
Ca 162 NMRQ Eu-155 7.95E-03 NMRQ
Cd 26 NMRQ
Co [2.1] NMRQ
Fe 3 NMRQ
K 723 NMRQ
La <0.5 NMRQ
Mg <1 NMRQ
Mn [2.1] NMRQ
Mo 15 NMRQ
Na 114,200 NMRQ
Nd [1.3] NMRQ
Ni 222 NMRQ
P 203 NMRQ
Rh [5] NMRQ
Ru [15] NMRQ
Si 101 NMRQ
Sn <15 NMRQ
Sr 91 NMRQ
Ti <0.3 NMRQ
U [41] NMRQ
W [73] NMRQ
Y <0.5 NMRQ
7Zn 6 NMRQ
Zr [1.2] NMRQ
NO, 28,000 NMRQ
NO; 111,000 NMRQ

Uncertainties typically do not exceed +/-15% (2-0).
Note: bracketed values indicate uncertainties greater than +/-15% (2-0).
1) Fluoride concentration is suspect because of retention time shift and peak shape anomaly
2) Based on an average of 5 determinations.
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Table 2.2. SuperLig® 655 Batch Contact with 241-AN-107

SuperLig® AN-107  Contact
655 mass mass time  Start temp. End temp.
Vial ID (2 (2 (h) (O (O
AAN-C 0.0 6.1655 96 NR 28.0
AANS55-04 0.3305 6.1933 4 22.7 23.9
AANSS5-08 0.3300 6.2000 8 22.7 28.7
AANS55-16 0.3299 6.1733 16 NR 22.7
AANSS-24 0.3299 6.1725 24 NR 28.7
AANS55-72 0.3305 6.2380 72 24.0 28.0
AANSS 0.3304 6.1883 96 NR 28.0
AANSS5-D 0.3287 6.1962 96 NR 28.0

NR: not recorded

Table 2.3. Summary of Ion Exchange Column Processing Steps

M, Flow Rate in Column
Gt/ Volumes per Hour (mL/hr)
Process Step Solution (mL)
target actual target actual
Column 0.1M NaOH + 3 (90) 3 (90) 3(90) 3.1 (90)
Preparation 0.25M NaNO;
Loading AN-107 Feed 10 (300) | 11.2 (327) 3 (90) 3.0 (88)
Feed 0.1M NaOH + 2 (60) 2.0 (59.5) 3 (90) 3.0 (88)
Displacement 0.25M NaNO;
Column 0.25M NaNO; 2 (60) 2.1 (60) 3 (90) 3.1(89)
Washing
Elution 0.5M HNO; 10 (300) | 10.7 (310) 1 (30) 1.1 (31)
Elution Rinse 0.25M NaNO; 2 (60) 2.1(62) 1 (30) 1.1 (31)
Regeneration 0.1M NaOH + 2 (60) 2.1 (60) 3 (90) 3 (90)
0.25M NaNO;

NOTE: The column volume is based on a resin bed volume of 29.1 mL with a height 5.75 cm.

23
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The column was initially conditioned with 90-mL (3 column volumes) of a solution consisting of

0.1 M in NaOH and 0.25 M in NaNOs. Next, the resin was loaded with 327-mL of AN-107.
Throughout the sample loading stage, 15-mL increments (0.5 column volumes) of the column effluent
were collected. Some leakage around the top and bottom o-rings on the column was observed. The
leakage at the bottom was collected while the leakage at the top was collected above the adjustable
plunger. After sample loading was complete, the sample bed height measured 5.5-cm. The 15-mL
column effluent samples were sub-sampled for sulfate analysis. The remaining fractions were
combined and sub-sampled for GEA, PSr, PT¢, TOC, TIC, IC and Cr. The TOC, TIC, *Tc, and
several *’Sr analyses were later cancelled per request by BNFL.

Following completion of the resin loading with AN-107, a column feed displacement solution 0.1 M
in NaOH and 0.25 M in NaNO; was passed through the SL-655 resin bed and the effluent collected in
two 15-mL fractions followed by two 30-mL fractions. Next, a column wash using 0.25 M NaNO;
was collected in two 30-mL fractions. The first 15-mL feed displacement fraction was analyzed only
by IC. The remaining feed displacement and column wash fractions were analyzed by GEA, IC and
ICP.

To remove any remaining sulfate on the column the SL-655 resin next was eluted with ten, =30-mL
volumes of 0.5 M HNO;. Each of these volumes was collected separately. During this initial elution
process, the column plugged and went completely dry. The column plugging was attributed to the
leakage of feed during the loading step around the adjustable plunger at the top. This feed appeared
to drain back into the column where it was neutralized by the acid, resulting in precipitation of some
of the dissolved metals which plugged the column. The plug was removed and the air bubbles in the
resin bed were removed with a plastic Pasteur pipette causing some resin bed mixing. This incident
most affected the first two elution fractions. Some leakage at the bottom of the column also occurred
during this elution step and was repaired. Sub-samples of each elution fraction were analyzed by
GEA, IC, and ICP. The remaining elution sample fractions, excluding the first and second, were
combined and submitted for ICP, GEA, IC, and *°Sr analyses. The TIC, TOC, total alpha, and T
analyses were cancelled per request by BNFL.

The column was finally rinsed with two, =30-mL volumes 0.25 M NaNQO;, with the eluate being
collected in two 30-mL increments. The two samples were analyzed by GEA, IC and ICP. Finally,
the column was regenerated with two 30-mL volumes of a solution 0.1 M in NaOH and 0.25 M in
NaNO;, This effluent was collected in a single container.
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3.0 RESULTS AND DISCUSSION

3.1 Batch Contact K4 Study

Within experimental error, the sulfate concentration did not change from the initial sulfate
concentration of 3920 pg/mL, even after a 96-hour contact time with SL-655 resin. For all contacts
the average final sulfate concentration was 3900 + 47 pug/mL (1 standard deviation). The initial and
final aqueous sulfate concentrations are essentially equal, and thus the measured sulfate K s become
effectively 0, as described by the following formula:

Kq = C=0) x v, (3.1

where C, = initial aqueous sulfate concentration, C = final aqueous sulfate concentration, V =
solution volume, and m, = dry resin mass.

From the uncertainty associated with the IC measurements, a maximum possible Ky can be estimated.
The uncertainty associated with the IC analysis is claimed to be 15% or less. Assuming, then, that the
final aqueous sulfate concentration is 15% less than the initial aqueous concentration and that this
difference is bound up in the resin (which would correspond to only 25% of the resin’s capacity), the
application of equation 3.1 would lead to a maximum possible K4 of only about 6.

3.2 lon Exchange Column Test

The sulfate concentration during the AN-107 loading phase was monitored for each half-column
volume (15-mL). The sulfate loading/breakthrough curve, as determined by the concentration/initial
concentration ratio (C/C,) as a function of column volume, is given in Figure 3.1. The sulfate
concentration changes only in the initial loading stages through the first 2 column volumes. This
decrease in sulfate concentration is probably attributable to simple mixing of the sulfate containing
AN-107 feed with the non sulfate containing column conditioning solution of 0.1 M NaOH/0.25 M
NaNOs. After the initial loading stages, the sulfate concentration remained consistent with the feed
sulfate concentration (within the error of the analytical method), indicating that no exchange onto the
column resin was taking place.

The subsequent feed displacement samples manifested reduced sulfate concentrations consistent with
sample dilution in the effluent. The first column volume of 0.5 M HNO; elution resulted in a spike in
sulfate concentration. This could indicate the stripping of a small amount of sulfate exchanged onto
the resin during the loading phase. The amount of stripped sulfate is small, coming to only about

0.1 meq. of sulfate ion, which is only the amount of sulfate contained in about 2.6 mL or 0.089
column volumes of the AN-107 feed solution with a sulfate concentration of 3900 pg/mL. The
sulfate concentration changes during the various parts of this column test are illustrated in Figure 3.2,
which shows the sulfate concentration found in solution relative to the feed sulfate concentration.

Other measured analytes displayed similar behavior relative to loading and recovery. Analyte
concentrations (C) and C/C, (where C, is the AN-107 feed concentration) are shown in Table 3.1. The
column effluent concentrations are virtually identical to the AN-107 feed concentrations (Table 3.1)
and the C/C, values are close to 1.0. The ICP analysis shows that a significant amount of Ba was
eluted with the 0.5 M HNOs, leveling off at a nominal concentration of ca. 200 pg/g-eluate. Because
Ba was not significantly present in the AN-107 load solution, the most likely source of the Ba must

3.1



be from the SL-655. During the load stage, Ba appears to have remained with the ion exchange resin.
However, even during the feed displacement and column wash stages, detectable quantities of barium
were observed in the eluate. Iron and manganese also eluted from the column in higher
concentrations than the load solution. No evidence for any significant retention of the radionuclides
7Cs, *Sr and **' Am was observed. Not all column volume fractions are represented in the table,
however analytical details of these samples can be found in Appendix B.

1.2 T T T I T T T I T T T I T T T T T T T T T T T

0.8 -

0

0.6 —

Sulfate C/C

0.4 | -

02 -

Column volume

Figure 3.1. Sulfate Concentration Changes During Loading of Superlig® 655 Resin with an Archived
Waste Sample from Tank AN-107
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Eluent A represents Feed Displacement solution 0.25 NaNO;-0.25M NaOH.
Eluent B represents Column Wash solution 0.25M NaNOs.

Eluent C represents Elution solution 0.5M HNOs.

The first 10 column volumes consisted of the AN-107 loading.

Figure 3.2. Sulfate Concentration Profiles in Eluates Relative to Feed Sulfate Concentration
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4.0 CONCLUSIONS

The SL-655 resin was ineffective in removing sulfate from an archived sample of waste from tank
AN-107. Both batch contact and small column tests indicate that insignificant quantities of sulfate
from 241-AN-107 are bound by the SL-655. Taking into account the precision of the sulfate
analyses, the sulfate batch K4 values for of SL-655 are determined to be between 0 and 6 and the
column tests indicate that no more than 0.09 column volumes of sulfate of the 10 column volumes of
AN-107 feed passed through the system were retained by the resin. In addition, the elution of
significant quantities of barium from the SL-655 during the process is troubling. If the assumption is
made that the presence of one equivalent of barium in the resin is required to bind one equivalent of
sulfate, then the capacity equivalent of 0.25 grams of dry resin was lost in this one test cycle.

Finally, it should be noted that, if the performance of SL-655 is tied to the affinity of Ba for sulfate,
the poor results shown in the batch and column tests are consistent with the results from concomitant
studies examining selective precipitation of sulfate by barium from the same 241-AN-107 solution.
In these precipitation tests, the presence of large amounts of carbonate in the AN-107 solution were
shown to inhibit barium precipitation of sulfate, even when Ba:sulfate ratios were significantly
greater than were employed in this study. However, a much more effective precipitation of sulfate
from carbonate depleted AN-107 solutions was observed. Should there be any interest in trying to
further apply SL-655 to sulfate removal of Hanford tank supernatants, an initial processing step to
remove carbonate might enhance column performance.

4.1



5.0 REFERENCES

Hallen, R. T., K. P. Brooks, and L. Jagoda. 2000. Demonstration of the Sr/TRU Removal Process
with Archived AN-107 Waste, BNFL-RPT-026, PNWD-3033, Battelle, Pacific Northwest Division,
Richland, Washington.

Hendrickson, D.W. 1997. Hanford Complexant Concentrate Cesium Removal Using Crystalline
Silicotitanate, SESC-EN-RPT-005, SGN Eurisys Services Corporation Richland, Washington.

5.1



APPENDIX A



Appendix A: Test Instructions

Al



APPENDIX B



Appendix B: Analytical Data

B.1



APPENDIX C

C.1



Appendix C: Sample Spreadsheets

C.1



199°0
G0s0
LSTO-
18€°0
LT6°0
6€0°0-
eveo

(8/ )
P

(49)

6'€L8E 6L0°S 29619 L8TE0 ASSNVV
168¢€ CLO'S £€881°9 $0€€°0 SC-NVV
['6L6€ cIres 8€C9 S0€€0 CL-SSNVV
S06¢ 650°S STLT9 667¢°0 YC-SSNVV
9°¢v8¢ 090°S €eLT9 667¢°0 91-SSNVV
L'€S6¢E Z80°S 79 £€€0 80-SSNVV
L'988¢ 9L0°S £€¢€619 S0€€0 Y0-SSNVV
['oev6¢ ¥S0°S G919 0 ONVV
A “ou0d (Tw) dwnjoA (3) ssewt (3) ssewt
Jjejns uonnjos uonnjos uIsoa i ordues
12940 = 1030e] J ¢GO-TIS
Tw/8 771 = KNSudp LO[-NV SAIYOIY

[EXIND /AT X [1D/(1D-°) ] = P :UOnE[NI[ES JUSIOYJI00 UONNqLISI(
950-€$66C-1L-TINE ‘,2IdWes LO1-NV 2AIoIY pue $69-S 10§
suononnsuy 197, 19eju0) yored ,, 1d se ‘66/07/60 USNOIY 66/91/6(0 POULIOJID]

(§59-1S) §59-,S1adng Yym PajoRIUOD LOT-NV SAIOIY SI0BIU0D Yojed '[°D d[qeL



€D

| | T97AG 10¢€ = 9Jel MO} OAE | 9 0Z¢ ZL¢ 6101
: , %¢ 68 00S¢ 9}1SOdWOJ JJo SbelseAe
UoNN|OS JUBIBDEISIP—orewer A 870 00Z1 0Vl €901 Z1°0 VZZ FOS-NV G892-66
posy Alened ai1emi— g >5g €01 150 00S€ R ze0'8l 10 VIZ T-OS-NV 789¢-66
¢z pue |27 “paysodwod—res Z2 0l €50 009€ VGl 8c28 8l Z1°0 VOZ FOS-NV £892-66
8ioM 0Z7-}1 seldwes o epg 696 6v0 00.€ vl Z69€° L1 910 V61 T-OS-NV ¢89¢-66
%816 026 950 009¢ £ol GI¥86) 810 V8l 1-OS-NV 1892-66
%816 Go'8 250 009¢€ 06l 9EvE 8l 10 VZI T-OS-NV 0892-66
%E 76 €18 250 00/€ 1'Gl 8807 81 10 VOl 1-OS-NV 6292-66
%816 1977 150 009¢ 67 6ES1 8L 10 VGl T-OS-NV 8292-66
%816 012 150 009¢ IvT 2E86°LT 10 Vvl 1-OS-NV 229266
%E 76 659 150 00/€ 67 909181 10 VeI T-OS-NV 9292-66
%¢c 68 800 670 00G€ A4 162 LT 10 VI FOS-NV 629266
%816 09°G 250 009¢€ A €8158) 10 VI T-OS-NV v292-66
%696 80°G 250 008€ A €0vS 8l 10 YOI T-OS-NV £292-66
%816 (e 150 009¢ 8Vl 1850°8) 10 V6 1-OS-NV 2292-66
%816 S0V 050 009¢ oVl V89L LT 10 V8 T-OS-NV 1292-66
%816 Gse 050 009¢ X2 1726 L1 S10 VZ1-OS-NV 0292-66
%E 76 v0€ 050 00/€ [ VIEL LT 810 VO T-OS-NV 6992-66
%816 vS'C 670 009¢ vyl Z16GL1 10 VG 1-OS-NV 8992-66
%< 68 S0¢ 670 00S€ vl 18T LV 10 Vv 1-OS-NV 2992-66
%918 9G'1 150 002€ 8yl 87008} v1°0 VE T-OS-NV 9992-66
%6 €L 90T ¥50 0062 8Gl 9EEC 61 120 VZ -OS-NV G992-66
%G €S 150 150 0012 67 766181 020 VI T-OS-NV v992-66
Po3)|  62¢6E Po5] X1 vOS £992-66
abelane Ng Ng JE\UD i b 1y
09)/0 9Alle|nWwNd| SBWN|OA pag ajej|ns awiN|OA ssewl awl}
SEINIS

goce UuoneIrsq piepuels
| A9y ‘¥S0-€£5662 6 ¢cee SbEIeAY
-11-74Ng ‘.uonnjos (aAydly L0L-NY) O adojeaus Buisn Buisa] uwnjo) 6€9.¢ Peed X1 ¥OS £99¢-66
[eAOWaY B1BJNS Joj suoioNIIsu| Isa |, Jod 66/81/6 - 66/S1/6 PoWIOHS  6v6¢ V-ONVY
, : , vveor VEls J01-NV
"pasn awnjoA paq ey Hels /01-NV
mmm._®>< ‘PuUL Je W G'G 0] Jels je wod 9 wold} U@@Cmco Hr_@_wr_ poeg i 1 62 = 9WN|OA pag 12£9¢ uels J0L-NV
SUOI}eJjuaduod ajejins /0L -NV SAIYIIyY
Lz = KJISUSp pas)

LOT-NV 9AIJoIY WO [BAOWISY 18IS 10 $S9-TS JO SUNSSL MO[] uwn[o) 'z") d[qeL




O

qu 8°60¢ 1y 26’6 [elol
JY/ng L0°1 = 9]l MO} SAe
g'¢> 00L> V 8sodwo) I3 +OS ¢0.¢-66
g'¢> €901 14" 00L> c'ee 10,9°€E 00°L V-013-OS-NV L0.Z-66
G'¢> 676 4" 00L> L'G¢ ¥9.1°9¢€ c0’L V-63-OS-NV 00.2-66
g'¢> 12’8 Gl 00L> 9¢e r.L0ve 96°0 V-83-OS-NV 669¢-66
g'¢> A WA YA 00L> 0ve SeeEY ve 90°L V-.3-0OS-NV 869¢-66
G'¢> G6'S 86°0 00L> 1'8¢ 9690°'6¢ 00°L Y-93-OS-NV ,69¢-66
g'¢> 16V 101 00L> 9'6¢ 2186°'6¢ 00°L V-G3-OS-NV 969¢-66
g'¢> G6'¢ 6L°1L 00L> 9v¢ Y¥,0°GE 00°L V-73-OS-NV G69¢-66
g'¢> 9/.°¢ c0’L 0oL> 8'6¢ 69.1°0¢ 00°L Y-€3-OS-NV 169¢-66
g'¢> VL'l 680 00L> 09¢ 1€2€°9¢C 88°0 Y-¢3-OS-NV £69¢-66
%601 G680 g8’ 0 VXA 8'v¢ 414 14 00°L V-13-OS-NV ¢69¢-66
sbeloAe Ag Ag Tw/Bn W 3 g
09/ BAIIRINWIND| SBWN|OA pag a1e)Ing awinjoA ssew aw
S w6 viob = PO ONIU [\ G 0 JO AYISUSP Sjelixoidde
uonn|g
y/nd €Le = 9jel MOJ} dAe 2’09 99°0 [elol
%€’ 1> cesl 101 0S> §'6¢ 61¥8°6¢ A1) SIN ¢ZMO-OS-NV 069¢-66
%€’ 1> (019 4" Go’L 0S> L0¢ €6.0°LE €0 SN LMO-OS-NV 689¢-66
sbeloAe Ag Ag Tw/Bn W 3 g
09/ aAlIRINWIND| SBWN|OA pag a1e)Ing awiNjoA ssew aw
BEINS w6 ZI01 = CONEN N G 0 JO ANISUSp SjelixoIade
USEM SONEN W G2 0
TW/AG|20°€ = 9Bl MOJ 9AB | G'6G 10 1oL
%€ 1> Gzl 00’L 0S> L'6C 61¥8'6¢ €0 ¢d4-OS-NV 889¢-66
%8¢ Ggccl 70°L (0]°] €0¢ €6.0°'Le €e0 1Ad-OS-NV /L89¢-66
sbeloAe Ag Ag Tw/Bn W B g
09/ BAIlRINWIND| SBWN|OA pag a1eJIng awinjoA ssew aw
djejins Jw/b 720’1 = HO®BN WSZ'0/SONEN N §¢°0 Jo Alisusp sjellixoldde

juswade|dsiqg pad4 HO®BN IN ST'0/SONeN N S2°0

(3u00) LOT-NV QAIYDIY WOL [BAOWY $OS 10F $S9-TS JO Sunsa Mol uwnjo) ‘z°) dqeL




0]

T UOR9S1ap MO[3q 1ad 910N

g'¢> a0'¢ 00L> 009 88¥1°L9 NOIH-0OS-NV S0.2-66
Ag w/Bn W §)
09/D SSWN[OA pag | olelnS | aWnN[OA ssew
1ZAN" = HO®N INSZ'0/SONEN A GZ°0 10 Allsusp sjewixoidde
LI UoNda1ep Mofaq 1Ay ‘910N toneiouabay
Y/Ag|90°L = djel MO|} dAe 8’19 00°¢ [ElOL
g'¢> ZlL'e L0°L 00L> o'Le LLLY'LE 660 ¢d3-0S-NV 10.2-66
g'¢> 90°'L 90’} 00L> L0¢ 9cll’le 101 1 43-OS-NV €0.¢-66
sbeloAe Ag Ag w/Bn W 3 g
09/ aAllR|NWIND| SBWN|OA pag alelng awIN|oA ssew awi
Tw/B ZI0L  [ONEN IN G2 0JO AIsUsp sjewixoidae

asulr uonn[g

(3u00) LOT-NV QAIYDIY WOL [BAOWY $OS 10F $S9-TS JO Sunsa Mol uwnjo) ‘z°) dqeL




PNNL-3053
BNFL-RPT-036, Rev. 0

Distribution
No. of No. of
Copies Copies
OFFSITE ONSITE
2 DOE/Office of Scientific and Technical 5 British Nuclear Fuels, Limited
Information M. E. Johnson (4) BN-FL
E. Higginbotham BN-FL
1 R. Bruening
IBC Technologies 1 CHG
856 E. Utah Valley Drive D. J. Washenfelder H6-18

American Fork, UT 84003

P. McGinnis

Oak Ridge National Laboratory
PO Box 2008

Oak Ridge, TN 37831-6273

B. Moyer

Oak Ridge National Laboratory
PO Box 2008

Oak Ridge, TN 37831

Distr.1

11 Pacific Northwest National Laboratory

J. R. Bontha K6-24
D. L. Blanchard Jr. P7-22
S. K. Fiskum P7-22
D. E. Kurath P7-28
E. V. Morrey P7-28
B. M. Rapko P7-25

Technical Report Files (5) K1-06



APPENDIX A






Appendix A: Test Instructions

Al






Batch Contact Test Instructions for SL-655 and Archive AN-107 Sample

et

BNFL Project Document Number: 29953-056, rev 0
Effective Date: September 16, 1998

Controlling Test Plan: 29953-03

Author Approval: JQ i M ‘i/ ! L[ ? 7

D.E. Kurath. Date

Technical Reviewer: Mw\/ 2HA_c / 7//5/ 75

D.L. Blanchard Date




BNFL-29953-056, Rev. O:
Batch Contact Test Instructions for SL-655 and Archive AN-107 Sample

Objective:  To perform the batch contact tests with SL-655 and archive AN-107 sample that has been
treated for St/TRU removal.

~i

CAUTION: FOLLOW THE INSTRUCTIONS LISTED BELOW.

Materials:  Distilled de-ionized water
Waste samples (archive AN-107 filtrate composite)
Superlig 655 for SO, removal (abbrev. SL-655)

Equipment: Standard laboratory glassware and plasticware
Syringe filters, 0.2-0.8 um (10-12)
Thermometer to record temperature in lab 410 and 507
Splash shield for separation of equipment for radiological work in fume hoods
20 mL scintillation vials
Shaker table

Wastes: A sample of archive AN-107 (envelope C) will be used. The actual AN-107 will be
tested at a later date.

Location: Solution and materials preparations will be done in labs in Pacific Northwest National
Laboratory’s Radiochemical Processing Laboratory (RPL). Actual waste sample preparations and batch

contact tests will be performed in the lab 410 and 507 of the RPL.

Starting Date:

Balance No.: Location: Next Calibration Date:
Balance No.: Location: Next Calibration Date:
Balance No.: Location: Next Calibration Date:
Balance No.: Location: Next Calibration Date:
Balance No.: Location: Next Calibration Date:
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BNFL 29953-056, Rev. 0
Batch contact test instructions for SL-655 and Archive AN-107 Sample

Section A: Feed Characterization

Al.__ Locate the actual waste bottle in lab 410 fume hood. Record  the actual labels and the”
appearance (color, cloudiness, precipitates, etc.).
Envelope C (AN-107) Label(s):
Appearance:

Dose rate if given:

A2. _ Ifdata are available, determine the SO, concentration using the feed analytical characterization
data collected for these samples. Record the data report used and show the calculations here.

Report(s) Used:

A3.  If data are available, determine the CrO, concentration using the feed analytical
characterization data collected for these samples. Record the data report used and show the calculations

here.

Report(s) Used:

Page 3 of 6 z



BNFL-29953-056, Rev. 0:
Batch Contact Test Instructions for SL-655 and Archive AN-107 Sample

Sulfate Batch Contacts

The SL-655 material is untested. BNFL has directed PNNL to use a V/M of dpproximately 15 mL per -
gram, so 5mL/0.33 g will be used. The resin is stored in 1 M NaNO3 and is not to be dried or washed
with water but will be weighed dzﬁnp\. Three unspiked samples will be run with one control.

Section B: Vial Preparation

Note: For each resin, the samples for the contacts should all be weighed in one session.

Bl.  Label, tare and weigh materials into 20 mL scintillation vials using Tables B.1. The SL-655
should be damp but not saturated with the solution it is currently stored in.

B2.  Label, tare and weigh materials into 20 mL scintillation vials using the following table for the
SO, batch contacts.

Table B.1: Material Contact Vial Weights - SO, Batch Contacts.

\_/ial ID IX Vial Mass Vial + cap + Resin Required Resin Date
Material (incl. Cap) resin mass Mass (g) Mass (g)
g) (2)
AAN-C None (68750 . - UYiofaq
AANSS SL-655 | ;0,869 7|1 72692 0.3304 | B30£0.002 9 o
AANS5-D SL-655 /L .8604 (-—l : } 35{ f |, 3%7 0.330+£0.002
AANSS-04 | SL655 | |7 0290 | 7. 4 /8% | .38@5] 0-330:0.002
AAN55-08 | SL-655 | ,, g/,9 |/7.1969 | D, 3300 | 03300.002
AAN5S5-16 | SL-655 |,/ 92 9¢ | 1725257 0.3299 | 03300002 |
AAN5S5-24 | SL-655 | /. 83320 |7, /{aﬁ 0,3299 | 0330£0.002
AAN5S5-48 | SL-655 | 17 nq =¢ |)7.3747 | 0.33] | 03300002
AAN55-72 | SL-655 | /4.935¢ |17 24659 | 0.3305 | 0-3300.002 S
< ) 7% webuedy drag osrd
F fncto=s SCIAL | e o
( 206 (8.2656¢ 2oy 1290
5SS FI bo G726 4.3 :
FE D 19.2933 .8 :
55—5‘;2— 6 982 (qﬁ 133 ¢ 2-8727 |-3042
£ bt
5G6s5F I
' O . HSH
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BNFL 29953-056, Rev. 0
Batch contact test instructions for SL-655 and Archive AN-107 Sample

Section C: Batch Contacts

The contacts will be performed in Room 507 using a shaker on the bench.

Cl,

-

Cé.

C7.

8.

.

Pipette 5 mL of the archive AN-107 sample into the vials as shown in Table C.1 below. Note
that the sample will be pipeted into the vials at different times. and that this experiment
requires 4 davs to complete. Make sure to start this experiment on a Monday, or Thursday
and make sure that you will be here to start and to collect samples at the appropriate times
(see Table C.1), and that you have RCT coverage as appropriate.

Check the masses of each capped vial with solution when the solution is added, and record in
Table C.1 below. Also record the actual date and time for each.

Place the capped vial in the shaker table on the bench top immediately. Follow all appropriate

radiological procedures. 6\,\41,0&,._, AT o Kok~ ~ (8O rPwa

Record the room temperature (rm 507) in Table C.1 each time you start a contact. Also
transfer the figure for the mass of each vial from Table B.1, column “ Vial Mass” to Table
C.1, column “Mass,” and determine the mass of solution added to the vial.

Prepare for collection of the samples by assembling 9 syringe filter setups, and erecting a
clear splash shield in the hood. Keep some extra syringe filter stuff handy in case you need
more.

Remove the vials from the shaker after the target contact time specified in Table C.1. Record
the actual date and time that they were removed, and check the mass of each vial.

Immediately separate the solution from the SL655 resin by filtering the solution through a
clean syringe filter into the appropriate “-A” vial (i.e., AAN-C into AAN-C-A, etc.). Perform
the filtration behind the splash shield, and cap vials immediately.

Record the room temperature in Table C.1 each time you stop one of the contacts. Also
transfer the figure for the mass of each vial from Table D.1, column “ Vial Mass” to Table

C.1, column “Mass,” and determine the mass of solution in the vial.

The filtered samples should be submitted for IC anion analysis on Monday, Sept 20. These
samples will be batched with other samples requiring IC to determine sulfate.

Page 5 of 6



J, 9Joy /w Q
o A
. : , i o7 : i 00:11 00:11
OB | ebr | 08529 bees=wz |[goz 'Ll s+ og
\\ bbjoz /y, bb/Li/L, 66/0T/6 66/L1/6 7L ZL-SSNVV
(et et | 00y 27
ne) L - e
e —661E8I6 | 66086 | ——8b— I BP-SSNVY
LT GELD | o hedsd? | LEULI| ows 9 00 9] 0€:S1 0€:S1
balLity oo, | 66/L1/6 66/91/6 bz bT-SSNVV
| E Rl Bs¥t 2 7 B2 wloin=1v SCR R 00:8 “00:91
N 8 ) bb/Li/, bo/oyl, | 66/L1/6 66/91/6 91 91-SSNVV
% Lot | LZ2Z (e bZheez| L |2 ) | sEie | eS| oL
Loty | bb/Li/b| 66/L1/6 66/L1/6 g 80-SSNV'V
L'sZ ez |8 Sl™? B8Tl9°2 2| 5L11L1 @kl Chl@ 0€:Tl . 0t'8
bb7Li), | b4 | 66/LLIG 66/L1/6 ¥ p0-SSNVV
oot | 7 T § Ssgige| 1681 LY LS e 5 | ool 00:11
bb/oZ/b w2] 71| 66/0T/6 66/91/6 96 d-SSNVV
~ = -5 Wk . \ B3 11 . .
o8 33177 as Low2' L1 g % 0011 00:11
&3 Tzl £T bb/oz /b 619118 66016 66/91/6 96 SSNVV
0 FY 591N e lagygear | hSH o501 | 0011 00:11
v 5= a T
2 o'« bb/ez/1, b6/ 91/B|  66/076 66/91/6 ouou D-NVV
(Do) (Do) (8) (3) (3) (s1y)
dois 1e)s [ + UIsdI uIsal o iy aw) awry ‘auI} JOBJUO0D
1edwa], e dwsg, 19N WS +deo g | deoyquip | ‘owep puyg | ‘o wels | dois 1a8re] | ueys 198 1odie ], Al [BIA

'S1ORIUO)) YoIeg AW ], SNSIOA PY 'S 10J SAWIL ], LIS puk SIYS12A, 19BIU0Y) [BLIJBIAl 1] ]qEL

ajdweg £0]-NV 2AI4Y pue ¢Co-1§ 0] SUOLINSU] 153 ], 198IU0)) ydleg]
‘0 "AY '980-£S66TTINH




M%
TI-29953-054 Rev O

TEST INSTRUCTIONS FOR SULFATE REMOVAL COLUMN TESTING
USING ENVELOPE C (AN-107 ARCHIVE) SOLUTION

S~
BNFL Project Document Number: 29953-054, Rev. 0
Effective Date: 09/10/1999 N 2995 2
Controlling Procedure/Test Plan Number: 29953-003 1"1/0’3’
i AteA (2
CT- 2__" )" K ;. I

Author: 74 [m Y

JR Bontha %
Technical reviewer: %/ L Bl e g TAERT
DEKuratr— 7

oL Bl ArEH ALD

Page 1 of 21



TI-29953-054 Rev 0

SYSTEM DESCRIPTION

The ion exchange column system is diagramed in Figure A.1. It consists of a small column

containing SL-655 ion exchanger, a small metering pump and two valves. Valve 1 is placed at the

outlet of the pump and may be used to eliminate air from the system or isolate the columns from
the pump. Valve 2 is primarily used for obtaining samples or redirecting the effluent to the-

collecting vessel.

The term “sample position” will be used to denote directing flow into a sample bottle. Closed
denotes no flow. Valve 1 and 2 are closed when the handles point away from the sample port or

the flow line.

NOTE: Valve 1 should always be in the flow position throughout the entire experiment unless

otherwise specified.

The process testing steps are:

Process Step Solution Total Volume, | Flow Rate in Column Est.
mL (Column Volumes per Hour Time in
Volumes) (mL/hr) Hours

Column 0.IMNaOH+ | 90(3) 3 (90 mL/hr) 1 hr

Preparation 0.25M NaNO;

Loading AN-107 Feed 300 (10) 3 (90 mL/hr) 3.33 hrs

Feed 0.IMNaOH+ | 60 (2) 3 (90 mL/hr) 0.67 hrs

Displacement 0.25M NaNO;

Column 0.25M NaNO; | 60(2) 3 (90 mL/hr) 0.67 hr

Washing

Elution 0.5M HNO; 300 (10) 1 (30 mL/hr) 10 hrs

Elution Rinse 0.25M NaNO; | 60 (2) 1 (30 mL/hr) 1 hr

Regeneration 0.IMNaOH+ | 60(2) 3 (90 mL/hr) 0.67 hrs

0.25M NaNO;

NOTE: The column volume is based on a volume of 30 mL with a height ~ 5.9-cm or 2.33-
inches.

CAUTION: Water or chelating compounds (e.g., EDTA) that are not associated with metals
should not contact with SuperLig® 655 because the divalent cation may be extracted and
precipitate in the contacting solution.

CAUTION: Carefully monitor the pressure during all column operations to ensure the pressure
remains below 40-45 psi. Normal operating pressure is less than 5 psig.

CAUTION: It is difficult to remove air from the system, especially from the ion exchange bed.
Valve 2 should be closed prior to turning off the pump and opening or loosening of the plunger so
that the system doesn’t drain and draw air into the beds. It is possible to recover from air in the
beds up to the point at which the experiment has been started. Once the experiment is started,
air in the resin beds can not be removed with out disrupting the resin bed, which will
invalidate the experiment and about $200k worth of work.
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TI-29953-054 Rev 0

USEFUL INFORMATION

Density of feed = 1.2281 g/mL @24 °C(determined with a 25 mL volumetric flask)
Density of 0.1 M NaOH + 0.25M NaNO;@ 25 °C= 1.008 g/mL.

Density of 0.25 M NaNO; @ 25 °C=1.001 g/mL.

Density of 0.5 M nitric acid @ 25 °C =1.014 g/mL

PRE TEST PREPARATIONS

1. Label and tare the 20 and 40-mL collection vials shown in Tables A.1 to A9.

2. Record the information about the balances to be used

36z2-06-01
(A)Balance — - 040 Location @&® 410 Calibration 3(12[ 41 4t 22000
(B) Balance Location Calibration
(C) Balance Location Calibration

Zr50
3. Obtain an initial tare weight of a 5860-mL Bottle and Cap labeled “AN-107 SO4 IX Effluent

Composite™: g

L2850
4. Obtain the initial tare weight of a 566-mL Bottle and Cap labeled “AN-107 IX Acid Eluant
Composite™: g.

NOTES:
5 conple o3 — vy [lec Ao
{6 o i JMW
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TI-29953-054 Rev 0

COLUMN PREPARATION

NOTE: The Superlig 655 resin i;f‘;rovided in a solution containing 0.25M NaNO;. Water or i
chelating compounds (e.g., EDTA) that are not associated with metals should not contact with

SuperLig 655 because the divalent cation may be extracted and precipitate in the contacting

solution.

NOTE: The pump calibration curve is shown in Figure A2.

5. Record the height of the bed: _~ 6 cm.

6. Record the Room Temperature: o H T

7. Obtain the tare weight of the Waste Bottle: =7 g.

8. Obtain the tare weight of the Waste Bottle with the Cap: — 2.

9. Insert the effluent line from the Column into the Waste Bottle.

10. Insert the pump inlet line into the 0.1M NaOH and 0.25M NaNO; solution.

11. Set the pump controller tmmr).
J‘\

12. Turn Valve 2 to the flow positio.n to direct flow to the waste bottle.
13. Immediately turn the Pump ON and pump for 1 hour.
Start Time & Date: u#gﬁr/ gq -
End Time & Date: 30 [F]IC[79
W—
14. Close Valve 2 and immediately turn Pump OFF.  ># V ‘VLV‘L 'L %

15. Obtain mass of Waste Bottle + 0.1M NaOH and 0.25M NaNO;

Mass of 0.1M NaOH and 0.25M NaNO; pumped = = g.
16. Record the height of the bed: b e cm.
NOTES:
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COLUMN LOADING

NOTE: Prior to the start of the loading cycle, ensure that the tare weight of the Vial’s + Cap’s
listed in Table Al and A2 is determined and recorded.

17. Using a pipette, transfer 20-mL sample of the starting feed material into the 20-mL vial
labeled AN-S6=L0. Record the weight of the Vial + Cap + Sample in Table Al.
S04 - 1 X- FeEEP
18. Record the following information:

Resin Bed Volume: f & m)
Resin Bed Color: Vellow brown
Room Temperature: 23%°c

[——

Other Observations:

19. Insert the pump inlet line into the AN-107 Feed solution.

20. Ensure that Valve 2 is in the no flow position
7% -
21. Ensure the pump controller is set to Z-4"(90 mL/hr) and initiate pumping.

Start Time & Date: ~_7.¥2A# , 9-/¢-97
22. Immediately open Valve 2 to allow solution to flow into the waste bottle
23. After 40 minutes, close Valve 2 and turn the Pump OFF.

24. Place Vial AN-SO-LI under Valve 2, turn the pump ON and immediately turn Valve 2 to the
sampling position

25. Record time of sampling in Table Al

26. After approximately 15-mL of the feed (takes ~ 10 min) is collected in the sample vial, turn
the Pump OFF, quickly replace the vial AN-SO-L(n) with AN-SO-L(n+1), and turn the Pump
ON.

27. Record stop time of collecting sample AN-SO-L(n) and start time of collecting AN-SO-
L(n+1) sample in Table Al.

28. Record the weight of the Vial + Cap + Sample in Table Al.
29. Repeat Steps 26 to 28 until 10 CV (or 300-mL) of feed has been pumped through the column.

NOTE: Samples should be taken in the order given in Table Al. In all, 20 samples of the ion
exchange effluent will be collected.

30. After the loading is completed, close Valve 2 and turn the pump OFF.

Page 50f 21



TI-29953-054 Rev 0

31. Record the Time and Date the pump is stopped and loading is complete: ~ ~_//" 32 A1, F-ve-179

32. Record the height of the bed: s.< cm.

NOTES:

g 0o §am¢ feed wend to warde ba'ﬁ‘fe'

G [SAM ST HAVE Belps SomE CHANWELDVG, oL AT LEAST Bou~dDary

TBETVEEN RESIODUAC Ma Ot Ard FELD WwhAS Ko7 DISTDVET,

2 EcAnSE THE LAST Drofs =F o -1 WEtE A DPIFLLZE~T DEMsZTy
Tran) THE REST A= THE LT 0 wID D THE UZRL - OBUITIS A5 THE
D f et TWTT THE LTEH N Twe UDR _ COrwed SEE LT MIXDJE
T Wy THE REST o THE LIPWID, THIZ IS pO7 7HE CAsE &/
So-L2, Ht DroPS tosk O TBE P Azl THE SHmE DERSETY,
WHEN SD-Li AT sTéarTED , THE LECLubnAT pas BrZown, So
fomp ELLD vis CETDY THY2 0 #,

Jo: 55 TR THAT TEP HAS S Hiaric 7D o Frl G ~LSem

TAIET

fr Gt
WAoo Purtd o~ FE5 TUBE SwIiTek T F€ed DI PLACL 7

SotaTrdsns (0171 sl o, 25 x/muaj,)

[0 76 204 Purl! Bhcic ov, SAmrPE So- L2O s TED

——

/e 54 [ cvEED LIXA L0 DISPLACE ME~T SocalTor’ Al prr ey
- a——v V

DEME THAY FEED. DRoFPT Shwk Tv BoTIOM  of VIAL As

VAL MEMEED Full,

(o Lorn STARTED LEXEDNG AT "G BIAN, LesT <limbL, THEM
it “ eoTTY,

PLACED VIAT vy Ep” T PLATE 70

FEED LEACED AlowsD BOTH TOF¥ ¢ Bo7lort 0-BIvGS o-Carermas

& THEEADS o T LR hvil) Bt Jeo o ferl deirs

Page 60of 21



TI-29953-054 Rev 0

Preparation of the Loading Samples for Analysis

NOTE: All loading samples will be sub-sampled for analysis and the remaining samples will be
~ mixed to prepare a composite of the feed effluent.

NOTE: Analytical vials need to be loaded out of the fume hood and therefore, need to be
uncontaminated. ‘

NOTE: Analytical sample preparation can be done at the completion of the experiment.

29
23,

34,

35.

37.

38.

39.

Prepare the analytical samples as indicated in Table A2.

After the analytical sample preparation is complete, transfer the remaining solution from each

vial into the 560 mL bottle labeled “AN-107 SO4 IX Effluent Composite” — 7. .. = £ 2. /6899
4L25 © {w/enp) %

Cap and determine the weight of the effluent bottle: e g

Mass of the processed waste stream =

. Gently shake the effluent bottle to mix the contents.

Determine the tare weight of a 20-mL sample vial labeled “SO4 Effluent Composite™ and
record in Table A2.

Carefully pipette 20-mL of the composite into the vial.

Determine the weight of the Vial + Cap + Composite Sample and enter in Table A2.

NOTES:
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FEED DISPLACEMENT

L

NOTE: After the loading cycle is completed, the column must be washed to displace feed. This is -
accomplished by pumping 2 CV (60 mL) of 0.1 M NaOH + 0.25M NaNO; solution through the

column at a flow rate of 3 CV/hr and collecting the effluent in 1 CV increments (i.e. two samples

of approximately 30 mL each will be collected).

NOTE: Feed displacement with a 0.25M NaNOj; solution containing 0.1M NaOH removes any
aluminate that might precipitate on the column during the column washing or acid elution steps.

NOTE: The feed displacement samples will be directly loaded out of the fume hood for analysis
and therefore, care must be taken to ensure that the samples are uncontaminated.

40. Using a clean pipette, collect 20-mL of the 0.1 M NaOH + 0.25M NaNO; in a tared vial
labeled the same and record the weight in Table AS.

41. Place the pump inlet line into the 0.1M NaOH + 0.25M NaNO;solution.
' 77

42. Adjust the pump controller to 3-8 (90 mL/hr).

43. Record the tare weight of the Sample Vials + Caps in Table A3.

44. Record the Room Temperature: 23 ¢ @ /475

45. Place the vial labeled “AN-SO-FD-1" under the Valve 2.
46. Start the pump and immediately turn Valve 2 to the sampling position. o foed Di :/9
gt A )

47. Record the Start Time and Date of the feed displacement: Srelei ¥@ A

48. After one column volume (~ 30 mL) of sample is collected in the vial, turn the Pump OFF,
quickly replace vial “AN-SO-FD-1” with “AN-SO-FD-2”, and turn the Pump ON.

49. After one CV (~ 30 mL) of sample is collected in the vial, close Valve 2, and turn Pump

OFF.
50. Record Finish Time and Date of feed displacement: [2:27 00
51. Record the height of the bed: 5.5 cm.
NOTES:

[2:0905 DYLET TUBE SwITeHED TO FEED DIIPLACERENT SoewTTmy
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COLUMN WASHING

NOTE: After the feed is flushed through the column, the column is washed with 2CV of 0.25M i
NaNO:; solution at a flow rate of 3CV/hr and collecting the effluent in 1 CV increments (i.e. two
samples of approximately 30 mL each will be collected).

NOTE: Flushing with 0.25M NaNQ; solution removes any hydroxide might have been left
behind on the column during the feel displacement step.

NOTE: The column washing samples will be directly loaded out of the fume hood for analysis
and therefore, care must be taken to ensure that the samples are uncontaminated.

52. Record the tare weight of the sample bottles in Table A4.

53. Record the Room Temperature: sl

54. Using a clean pipette, collect 20-mL of the 0.25M NaNO; solution in a tared vial labeled the
same and record the weight in Table A9.

55. Place the pump inlet line in the 0.25M NaNO; bottle.

56. Place the sample vial AN-SO-CW1 under Valve 2 in a sample holder.
5

57. Ensure that the pump controller is set at 34°(90 mL/hr).

58. Start the pump and immediately turn Valve 2 to the sampling position.

o

59. Record the Start Time and Date of the column \L;gshi@:

60. After one column volume (~ 30 mL) of sample is collected in the vial, turn the Pump OFF,
quickly replace vial “AN-SO-CW-1" with “AN-SO-CW-2”, and turn the Pump ON.

61. After one CV (~ 30 mL) of sample is collected in the vial, close Valve 2 and turn Pump
OFF.

62. Record Finish Time and Date of column washing:

63. Record the height of the bed: cm.

NOTES:
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COLUMN ELUTION

NOTE.: After the feed is flushed thrs‘f;gh the column and the column is washed, it will be eluted
with 10CV of 0.5M HNO;. The eluant flow rate is 1CV/hr and will be collected in increments of
ICV (i.e. a total of 10 samples will be collected).

64.

65.

66.

67.

68.

69.

70.

71.

Using a clean pipette, collect 20-mL of the 0.5M HNO; acid eluant into the vial labeled
“0.5M HNO;”, and record weight in Table AS.

Record the Room Temperature: 2 0°%c & “Si4n, 7-17-77

Record the tare weight of the Vials + Caps in Table AS.

Place the vial number AN-SO-E1 under Valve 2 in a sample holder.
Set the pump controller at 122% (1 CV/hr or 30 mL/hr).

Turn the Pump ON and turn Valve 2 to the sampling position.

Record the Time and Date the elution is initiated: ~_7:$5477, 7-/3-99

Collect 1 CV (30 mL) in each of the vials listed in the Table A5. Each vial should take 1
hour to collect. Record the mass of each Vial + Cap after the sample is obtained.

NOTE: During switching of the sample collecting vials, turn the Pump OFF, replace the vial, and
turn the Pump ON.

72. When the elution is complete, close Valve 2 and turn the Pump OFF.

73. Record the time and date the elution is finished:
NOTES:
9-1F-79
Y SO A FEED THAT LEAEED AeusDd TP O-AIWG HAS Tud BATk Down
O™ BED. 1L ELatTonrs sAmPLE MAY 1IOT BE VELY REPRESESTATIVE,
"D 4 FLow RATE T Frow - Tinloa/ PumpP SpEEn WP 7O 38.
5.
vE O-AIVG, PuST BE BAO
sionaw  BER Loyl Eear FRLR & ARE .
pomE eTT o T APTRITDLE o Lun GER. Phrf OFF AT &- A,
SAMPLE v erty Y PTLLED, P BLEM PAPBAGLY BELAN LI 125 Ut
V324 PumP Bpck ow. THIED SAmPLE CortLeTIDw SPALTED,
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Sulfate Column Plugging Incident
9-17-99

~i

All times are AM.

4:50

5:50

6:48

8:32

9:32

1537 Ponp by Sreramre of Sgh Lewll iRt e ln
ol HCuinmin FMW Rt & 18140,

Y34

Start elution. Pump set at 26, liquid dripping from valve into sample vial (E1).
Feed (brown liquid) clearly still above O-ring of top plunger.

Switch to second sample vial (E2). Flow rate appears too slow — sample not up to
the 30 mL mark on vial.Still clearly feed above O-ring of top plunger. Increase
pump speed to 30.

Pump turned off. Sample vial only half full. No drips into column. Bed
completely dry. Top level of liquid above O-ring has now risen out of sight
behind connectors at top of column. Also lighter color — guess that the feed
initially present mixed with the eluant. Guess that the top plunger frit is plugged
Apparently liquid is leaking out above frit and O-ring.

Loosen top plunger O-ring so liquid will flow down around it onto top of bed, and
remove plunger. Air bubbles in bed removed using long plastic Pastuer pipet. Bed
somewhat mixed during this procedure. While fooling with top plunger, force
liquid into vial E2. Cloudy. Some solids settle to bottom of vial. Almost a full BV
in E2 now.

Frit and screen removed from top plunger and then flow tested — looks good.
Remove liquid on top of column (very cloudy - placed in vial “Precip volume”)
and re-insert plunger. Air between top plunger plastic-to-metal connection and
bottom end of top plunger (where frit was).

Pump restarted. New sample vial (E3). Pump speed still at 30. Liquid dripping
into vial.

Full (30 mL) sample collected in E3. Switch to E4.

)fbgdaé, Vl,djr r{: ,“kazé —
P
deflo. trpels M?.,% O¢ o rod, Conhnae c.«ﬂauﬁ‘n} o EF
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Preparation of the Elution Samples for Analysis

NOTE: Each Elution sample will be sub-sampled for analysis and the remaining samples will be
mixed to prepare a composite of the eluant.

NOTE: Elution samples for analysis will be samples will be directly loaded out of the fume hood
and therefore, care must be taken to ensure that the samples are uncontaminated.

74. Prepare the analytical samples as indicated in Table A6.

75. After the analytical sample preparation is complete, transfer the remaining solution from each
vial into the 500 mL bottle labeled “AN-107 IX ACID Eluant Composite™

76. Cap and determine the weight of the eluant bottle: g

Mass of the eluant = g

77. Gently shake the eluant bottle to mix the contents.

78. Determine the tare weight of a 20-mL sample vial labeled “SO4 Eluant Composite” and
record in Table A6.

79. Carefully pipette 20-mL of the composite into the vial.

80. Determine the weight of the Vial + Cap +Composite Eluant Sample and enter in Table A6.

NOTES:

3
Okﬂy Cfﬁ"’l/‘-,wgi =g %’ [0 . N 1=
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ELUTION RINSE

NOTE: After the column is elutéd, it is washed with 2CV of 0.25M NaNO; solution at a flow
rate 6f 1CV/hr and collecting the effluent in 1 CV increments (i.e. two samples of approximately
30 mL each will be collected).

NOTE: The elution rinse samples will be directly loaded out of the fume hood for analysis and
therefore, care must be taken to ensure that the samples are uncontaminated.

81. Place the pump inlet line in the 0.25M NaNO; solution.

82. Record the Room Temperature: RA - Bed helqif = & eom
83. Record the tare weight of the vials in Table A7.

84. Place the vial labeled AN-SO-ER1 in the sample collection position under Valve 2 ina
sample holder.

85. Set the pump controller to 3.9 (1 CV/hr, 30 mL/hr).
86. Turn the Pump ON and immediately turn Valve 2 to the sampling position.

87. Record Start Time and Date of Eluant Rinse: /26 P4 Tv-99

88. Collect 1 CV volume (~30 mL or sampling for 1 hr) in vial AN-SO-ER1, then turn the pump
OFF, replace the vial “AN-SO-ER-1” with vial “AN-SO-ER2”, and then turn the Pump ON. -

89. Collect 1 CV volume (~30 mL or sampling for 1 hr) in vial AN-SO-E1-R2.

90. Close Valve 2 and turn the Pump OFF.

91. Record End Time and Date of Eluant Rinse:

92. Record the height of the bed: cm.

NOTES:

p?.ﬁ/d-cfo TIreet Twibe SwITTHED v RLGr Socmw ((d./n Moow o 25H M_,vci;:
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COLUMN REGENERATION

S

NOTE: After the elution solution is displaced, the column is washed with 2CV of 0.1M NaOH +
0.25M NaNO; solution at a flow rate of 3CV/hr and collecting the effluent in a single bottle.

93.

94.

5.

96.

97.

98.

99.

100.
101.
102.
103.

104.

e
Place the pump inlet line in the 025 NaOH + 0.25M NaNO; solution bottle.
Record the Room Temperature: R7EC @ 3B32PM F-9-7F

Record the tare weight of a 100-mL sample bottle labeled “SO IX Column REGN™:
2L ¥ F

Place the “SO IX Column REGN” bottle under Valve 2.
39

Set the pump controller to Z-4"(90 mL/hr, 3 CV/hr).

Tumn on the pump and turn Valve 2 to the sample position.

Record the Start Time and Date: ~ 3-27.ovf4  7-/8-99

Run the system for 0.67 hours (40 min).
Turn the pump OFF and close Valve 2.

Record the Finish Time and Date: Yo% 08fr 9-1£-97

Record the mass of the regeneration effluent bottle + contents: ~_¥5. 7745~

Pipette 20-mL of the regeneration effluent solution into a tared vial labeled “AN-SO-
REGN”

105. Determine and record weight of Vial + Cap + Sample in Table A8.
106.  Record the height of the bed: ~6.0 cm.
NOTES:

Page 130f21



TI-29953-054 Rev 0

POTENTIAL PROBLEMS AND SOLUTIONS

~4

PRESSURE RISE: If the pressure as indicated on the pressure gauge starts to rise a block in the
flow is indicated. Inspect the valves to ensure that they are not closed. If the valves are all open
a plug in the system is indicated. Attempt to isolate the location of the plug. The most likely
place is the screen in the bottom of the columns. Contact the task leader before taking action to
unplug the system.

AIR ABOVE THE RESIN BED AND BELOW THE PLUNGER: Air above the resin bed and
below the plunger may be removed as follows. Close the valve after the column. Loosen the
plunger by tumning the white disk at the top of the column assembly. If you look at the disk from
below, it is loosened by turned in the clockwise direction. Pump some fluid into the system with
the valve closed. The pressure may rise slightly. The plunger may have to be forced down to
expel air. Do not disrupt the bed. It is best to wait until you see liquid above the bed before
forcing the plunger down. Once air is expelled retighten plunger by tuming disk in the same way.
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Battelle PNNL/RPG/Inorganic Analysis --- IC Report toib 1T
r5dn5.5
WO/Project: W48416 and W48418 /29953 ;:,; j j ‘.“_ ikt
Client: D. Kurath Rii. uiond by
SRR
Le

ACL Numbers: 99-02655 through 99-02708
ASR Number 5520

Procedure: PNL-ALO-212, "Determination of Inorganic Anions by Ion Chromatography"
Analyst: MJ Steele Analysis Date: September 21-23, 1999
M&TE: IC system (WD25214); Mettler AT400 Balance (360-06-01-031) See Chemical

Measurement Center 98620 RIDS for IC File for Calibration, Standards Preparations, and
Maintenance Records.

R fﬁ/ﬁﬁ%
Approval: W/zz/ Zﬂﬂ Date /2 2597

Notes:
1) "Final Results"” have been corrected for all dilution performed on the sample during processing or analysis.
2) The low calibration standards are defined as the estimated quantitation limit (EQL) for the reported results ~

and assume non-complex aqueous matrices. Actual detection limits or quantitation limits for specific
sample matrices may be determined, if requested.

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

Final Results:

The liquid samples were analyzed by ion chromatography (IC) for inorganic anions as specified
in ASR 5520, with sample 99-2655 through 99-2684 for sulfate only. The samples were diluted
at the IC workstation up to 2,000-fold to ensure that all anions were within the calibration range.
The anion results are presented in the Table 1 and Table 2 below.

ASR 5520 Lumetta.doc ' _ Page. 1 of3 -



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

Q.C. Comments:

Besides the matrix spike QC, the following are results of analytical quality control checks
performed during IC analyses. In general, quality control checks met the requirements of the
governing QA Plan. No duplicates were analyzed with these samples; however, similar samples
from other samples submitted under the same ASR produced precision and accuracy results
within acceptance criteria.

System Blank/Processing Blanks: Over 20 system blanks were process during the analysis of
the samples. With the exception of only four nitrate values, no anions were detected above
reportable concentrations in the system blanks. The four nitrate blanks measured about two
times the instrument detection limit and were due primarily to the high nitrate samples analyzed.

Quality Control Calibration Verification Check Standards: Over 20 mid-range verification
standards were analyzed throughout the analysis runs. Except for a few values, the reported
results for all analytes of interest were recovered within the acceptance criteria of £10% for the
verification standard. For most of the values exceeding the acceptance criteria, no recoveries
exceeded +15% of the standard values; however, some nitrate values exceeded 125% recovery.
These nitrate values were obtained for samples requiring only sulfate results, and are considered
for information only.

Table 1: Samples for Sulfate Only

380, SOy

IabID |[SAMPLEID. | ug/ml 1abID |[SAMPLEID. | ug/ml
992655 |AAN-C-A 3,900 992670 |AN-SO-L7A | 3,600
992656 |AANS5-A 3,900 992671 |AN-SO-L8A | 3,600
99-2657 |AAN55-D-A 3,900 99-2672 |AN-SO-L9A 3,600
992658 |AAN55-4A 3,900 99.2673 |AN-SO-L10A | 3,800
992659 |AAN55-08-A 4,000 99-2674 |AN-SO-L11A | 3,600
992660 |AANS5-16A 3,800 99-2675 |AN-SO-L12A | 3,500
99-2661 |AAN55-24-A 3,900 99-2676 |AN-SO-L13A | 3,700
992662 [AANS55-72-A 4,000 99.2677 |AN-SO-L14A | 3,600
| 199-2663  [SO4IX Feed 3,800 99-2678 |AN-SO-L15A 3,600
v 199-2664 |AN-SO-L1A 2,100 99-2679 |AN-SO-L16A 3,700
99-2665 |AN-SO-L2A 2,900 99-2680 |AN-SO-L17A | 3,600
99-2666 |AN-SO-L3A 3,200 99-2681 |AN-SO-L18A 3,600
99-2667 |AN-SO-L4A 3,500 99-2682 |AN-SO-L19A | 3,700
992668 |AN-SO-L5A 3,600 992683 |AN-SO-L20A | 3,600
99-2669 |AN-SO-L6A 3,700 992684 |AN-SO-L21A | 3,500

ASR 5520 Lumetta.doc Page.: 2 of 3 o



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

Table 2: Samples for Fluoride, Chloride, Nitrite, Nitrate, Phosphate, and Sulfate

LabID [SAMPLEID. ‘ug/ml 'ml
99-2685 |AN-SO-L22A 1,900 (1) < 200 | 1,700
99-2686  |SO4 Eff Composite 3,400 (1) 1,300 | 3,500
99-2687 |AN-SO-FD1 140 (1) < 100| 150
99-2688 |AN-SO-FD2 < 25 <50 | <50
99-2689 |AN-SO-CW1 < 25 <50 | <50
AN-SO-CW1 MS Recovery 108% 101% | 105%
99-2690 |AN-SO-CW2 < 25 <50 | <50
99-2692 |AN-SO-E1-A 400 (1) < 100 | 430
99-2693 |AN-SO-E2-A 120 (1) < 100 | < 100
99-2694 |AN-SO-E3-A 100(1) | <50 | < < 100 | < 100
99-2695  |AN-SO-E4-A <50 | <50 | < < 100 | < 100
99-2696  |AN-SO-E5-A <50 | <50 < < 100 | < 100
99-2697 |AN-SO-E6-A <5 | <350] < < 100 | < 100
99-2698 |[AN-SO-E7-A <50 | <50 | < < 100 | < 100
99-2699  |[AN-SO-E8-A <5 | <50/ < < 100 | < 100
99-2700 |AN-SO-E9-A <50 | <50 | < < 100 | < 100
99-2701 |AN-SO-E10-A <50 | <50 < < 100 | < 100
99-2702  |SO4 Eff Composite A < 60 1] mosn e < 100 | < 100
99-2703  |AN-SO-ER1 <5 | <50 | < < 100 | < 100
99-2704 |AN-SO-ER2 < 50 < 50 ) < 100 | < 100
99-2705 |AN-SO-REGN <50 | <50 | < < 100 | < 100
99-2706  |Leak 120(1) | <50 | <100 | OvrRng | < 100 | 150
992707  |Leak 2 1,600 (1) | 490 | 13,000 | OvrRng | < 200 | 1,600
99-2708  |Precip Volume 1,200 (1) | 320 8,800 | OvrRng | < 200 | 1,200

(1) Quantified by IC system as fluoride; however, slight retention time peak shift and peak shape suggest significant

organic anion interference. High probability that little or no fluoride is actually present in the samples.

(2) For samples not requiring nitrate analysis, samples were not diluted sufficiently to obtain a nitrate results; however,

ASR 5520 Lumetta.doc

all nitrate values exceeded the calibration upper limit, indicated high nitrate concentrations.
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Project: 29953
Client: G. Lumetta, and D. Kurath

ACL Number(s): 99-2650 through 99-2705

Client ID: “AANI107-Start” through “AN-SO-REGN”

ASR Number: 5520

Total Samples: 25

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

Analyst: D.R. Sanders
Analysis Date (Filename):  11-05-99 (A0551) & 11-24-99 (A0559)
See Chemical Measurement Center 98620: ICP-325-405-1 File for Calibration and
Maintenance Records.
M&TE Number: ICPAES instrument -- WB73520

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

W LUW ©/—-/0-00
Rev1@y)cdby
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
’ ICPAES Data Report

Twenty-five radioactive liquid or precipitate samples, AN107-Start through AN-SO-REGN
(ACL# 99-2650 through 99-2705), were analyzed by ICPAES after preparation by the Sample
Receiving and Processing Lab (SRPL). Samples were prepared by SRPL using PNL-ALO-128
acid digestion procedure. Approximately 1 to 12 gram sample aliquots (weighed) were
processed and diluted to a final volume of 10ml or 20ml. Concentrations reported for liquids and
precipitates have been corrected for process and final volumes. Both are reported in pg/g except
the process blank, which is reported in pg/ml.

An equivalent blank estimate may be calculated by multiplying the concentration listed for the
blank by the “multiplier” listed at the top of each sample data column divided by the anlytical
dilution factor (ADF). The ADF value is the number following the “@” symbol associated with
the ACL-sample number. If the “@” symbol is not present, the ADF value is equal to one (1).
Volumes and weights have been recorded on bench sheets and included with this report.

' Specific analytes of interest requested are listed in table 2-1. “Analytical Requirements for AN-
107 Solution, Concentrate, Wash Solution, and Solids Separated from Archive AN-07 Sample”
and Table 1-2 “Analytical Requirements for SO4 Column Eluate Solution” included with the
ASR-5520. Analytes include: Al, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, La, Mn, Mo, Na, Ni, Pb, Si,
Sn, Ti, U, and Zn.

Samples contained mostly high concentrations of sodium. Other analytes measured were
generally much lower in concentration.

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

Five fold serial dilution:
Analytes of interest were within tolerance limit of £ 10% after
correcting for dilution.

Duplicate RPD (Relative Percent Difference):
All analytes of interest were recovered within tolerance limit of £20%
relative percent difference (RPD) except silicon in sample AN-SO-
CW2 (ACL# 99-2690). The RPD for Silicon was about 39% which is
above the tolerance limit of 20%. All other analyte concentrations
above EQL in the sample were less than about 7% except boron which
was about 90% (not an analyte of interest).

1/10/00
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Post-Spiked Samples (Group A):

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

Post-Spiked Samples (Group B):

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

125%.
Blank Spike:

None.
Matrix Spiked Sample:

None.

Quality Control Check Standards:

Concentration of all analytes of interest was within tolerance limit of £
10% accuracy in the standards: QC_MCVA, QC_MCVB, and
QC_SSTMCV except as follows.

Potassium was slightly high (<14%) in two of seven QC_MCVA
check standard measurements. Single element reagent standards of
potassium at 100 ppm measured at the beginning and end of the run
were well within the tolerance limit.

One of seven sodium measurements of QC_MCVA was somewhat
high (+17%) and also one of two measurements in QC_SSTMCV
(+13%). Sodium measurement of SRM-1643d, a NIST reference
solution, was within tolerance limits at a concentration similar to that
in QC_MCVA.

One of three tin measurements of QC_MCVB was low by about 14%.
Measurement of a single element reagent standard of tin at 2 ppm was
well within tolerance limit.

High Calibration Standard Check:
Verification of the high-end calibration concentration in QC_SST for
all analytes of interest was within tolerance of £ 5% accuracy except
sodium in one of two measurements (+7%).
A single element sodium standard of 1000 ppm measured at the
beginning and at the very end of the run was within tolerance limits.

1/10/00
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Process Blank:
All analytes of interest were within tolerance limit of < EQL or < 5%
of sample concentration. Calcium, nickel and zinc were detected in
the process blank but were below EQL.

Laboratory Control Standard (LCS):
None prepared.

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

Comments:
1) "Final Results" have been corrected for all laboratory dilution performed on the sample during
processing and analysis unless specifically noted.
2) Detection limits (DL) shown are for acidified water. Detection limits for other matrices may be
determined if requested.
3) Routine precision and bias is typically + 15% or better for samples in dilute, acidified water (e.g.
2% viv HNO; or less) at analyte concentrations greater than ten times detection limit up to the
upper calibration level. This also presumes that the total dissolved solids concentration in the
sample is less than 5000 pg/mL (0.5 per cent by weight). }
4) Absolute precision, bias and detection limits may be determined on each sample if required by the
client.
5) The maximum number of significant figures for all ICP measurements is 2.
1/10/00
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report TN ot

Muitiplier= 1.0 82 36.4 37.8 . 2.0
ALO#=  |99-2650-PB 99-2650 @5 99-2651 @10 99-2652 @10 99-2653
Client ID= |Process Blank AN107 START AN107-1 AN107-2 AN107-PPT1
Det. Limit  Run Date= 11/5/99 11/5/98 11/5/99 11/5/99 11/5/99
{ug/mL) (Analyte) ug/mL ug/g ug/g ug/g ug/g
0.025 Ag - - - - -
0.060 Al = 109 288 218 2.22
0.250 As - - — = -
0.050 B = 17.3 51.4 35.2 5.51
0.010 Ba - - - - -
0.010 Be - - - - -
0.100 Bi - - - - -
0.250 Ca [0.27] 133 355 235 [4.3]
0.015 Cd - 21.7 56.7 48.1 0.457
0.200 Ce - - - - -
0.050 Co - [1.71 [4.6] [3.8] - -
0.020 Cr - 10.8 29.0 242 [0.22)
0.025 Cu - 14.7 37.3 30.0 [0.30)
0.050 Dy - - - - -
0.100 Eu i - ; - - - -
0.025 Fe - 257 [6.5] [4.5] -
2.000 K - 593 1,560 1,350 [11]
0.050 .La = e - = -
0.030 L = = - = -
0.100 Mg - - - - -
0.050 Mn - [1.7] [2.0] - -
0.050 Mo - 12.4 33.3 27.6 [0.25]
0.150 Na - 93,600 179,000 87,800 2,990
0.100 . Nd - [1.1] - - -
0.030 Ni [0.044] 182 491 414 4.09
0.100 P - 166 423 4 235 3.14 :
0.100 Pb = 62.9 168 143 [1.4] 5
0.750 Pd - - - - -
0.300 Rh - [3.9] - - -
1.100 Ru - [12] - - -
0.500 Sb - - - - -
0.250 Se - - - - -
0.500 si - 82.9 238 (120] 18.4
1.500 Sn - - - - = -
0.015 Sr - 74.8 191 107 1.64
1.500 Te - - - - -
-1.000 Th - - - - -
0.025 Ti - - - - -
0.500 Tl = - - - -
2.000 u - [34] [86] - -
0.050 v i - - - -
2.000 w = [60] [160] [140] -
0.050 Y - - = - =
0.050 Zn [0.068] 4.73 [16] [11] [0.54]
0.050 Zr - [1.0] {3.8] [2.8] -

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 deteclion limit may be found by
multiplying "det. limit* (far left column) by "multiplier” (top of each column).

, Data (1) from *A0551 G Lumetta-D Kurath ASR-5520 ALO-128 AN107 ICP98 hi.XLS T, 12/29/99 @ 3:36 PM
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Multiplier= 2.0 233 16.6 2.0 2.0
ALO#=  |99-2654 99-2685 @5 99-2686 @10 99-2687 99-2688
Client ID= |AN107-PPT2 AN-20-L22A S04-Effluent-Comp. AN-SO-FD1 AN-SO-FD2
let. Limit  Run Date= 11/5/99 : 11/5/99 11/5/99 11/5/99 11/5/99
(ugimL) __(Analyte) ug/g uglg uglg ug/g ug/g
0.025 Ag - - = - -
0.060 Al 2.68 64.2 104 5.73 2.95
0.250 As - = = = =
0.050 B 5.09 49.2 20.8 11.8 13.6
0.010 Ba [0.034 120 [0.98] 25.1 9.76
0.010 Be - - - - -
0.100 Bi - = = - =
0.250 Ca 6.07 76.2 126 6.81 [1.4]
0.015 cd 0.598 12.0 205 0.882 [0.050]
0.200 Ce - il s = e
0.050 Co = = 1.7 - =
0.020 Cr [0.30] 5.50 10.1 [0.37] -
0.025 Cu [0.35] 9.75 12.6 1.26 [0.080]
0.050 Dy - = = = -
0.100 Eu = o . = = = -
0.025 Fe [0.057 {1.0] [2.0] (0.11 s
2.000 K [15] [440] 503 159 152
0.850 La = - = = -
0.030 Ll - - = - -
0.100 Mg - = — - , -
0050 Mn = = - = -
0.050 Mo (0.34] (6.7 11.7 {0.41) -
0.150 Na 3,580 52,700 79,300 10,300 7,790
..... 0.100 . Nd = = = = =
Ni 5.21 109 175 8.64 [0.59)
Oivou P 5.47 147 147 39.2 5.03
0.100 Pb [1.8] 36.8 52.7 2.64 z )
0.750 Pd " = - - -
0.300 Rh - = . - -
1.100 Ru - & = - -
0.500 Sb - = - - -
0.250 Se = - - - -
0.500 Si 18.7 280 109 80.3 102
1.500 Sn - - - - -
0.015 St 3.45 45.8 495 5.70 1.05 =
1.500 Te - - - - -
1.000 Th - = = - -
0.025 Ti = - = - -
0.500 Tl - = oo = -
2.000 u - - {39] ' - -
0.050 v w = - - -
2.000 w - - 59] - =
0.050 Y - v = -~ -
0.050 Zn {0.24] [4.3] [4.8] (0.37] 1.50
0.050 Zr - o 10.92) = -

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 measuremnent is below detection. Sample detection limit may be found by
multiplying "det. limit” (far left column) by "multiplier” {top of each column).

Data (1) from *A0551 G Lumetta-D Kurath ASR-5520 ALO-128 AN107 ICP98 hi.XLS - 12/29/99 @ 3:36 PM
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Multiplier= | . 2.0 20 20 2.0 20
ALO#=  |99-2689 99-2650 99-2690-DUP| 99-2703 99-2704
Client ID= |AN-SO-CW1 AN-SO-CW2 AN-SO-CW2 | AN-SO-ER1 AN-SO-ER2

let. Limit  Run Date= 11/5/99 11/5/99 11/5/99 11/5/99 11/5/99
[ug/mL)  (Analyte) ugl/g ug/g ug/g ug/g ug/g
0.025 Ag - - - - -
0.060 Al 1.80 - - 2.09 [0.48]
0.250 As - - - = -
0.050 B 9.37 4.84 1.80 6.57 6.30
0.010 Ba 8.37 8.89 8.90 152 196
0.010 Be - - - = -
0.100 Bi - - - Z -
0.250 Ca [1.1] [1.9] [1.4] 9.62 [3.6]
0.015 cd - - - = -
0.200 Ce - - — - -
0.050 Co - - - _- -
0.020 Cr - - - [0.041] -
0.025 Cu [0.22] 0.582 0.578 - -
0.050 Dy - - - = -
0.100 - Eu - - - - o -
0.025 Fe - - - 0.829 [0.46]
2.000 K 107 78.3 76.7 - -
0.050 La - - - - -
0.030 Li - e - | i -
0.100 Mg - - - [0.43] =
0.050 Mn - [0.53] - [0.11] -
0.050 Mo - - ~ - -
0.150 Na 6,200 5,220 5,500 4,070 5,340
0.100 Nd - - - - -
0.030 Ni [0.26] {0.20] [0.20] [0.26 [0.23]
0.100 P [1.1] {0.90] [0.93] {0.38] [0.27] .
0.100 Pb - o i = - '
0.750 Pd - - - - -
0.300 Rh - - - - -
1,100 Ru - - - - -
0.500 Sb - - - - -
0.250 Se - - - — -
0.500 Si 64.1 15.6 10.3 [3.0] [1.5]
1.500 Sn - - - - -
0.015 Sr 0.726 0.844 0.840 [0.053] - )
1.500 Te - - - - -
1.000 Th - - - - =
0.025 Ti - - - - =
0.500 T - - - - -
2.000 u - - - - =
0.050 v - - - - =
2.000 w - - - - =
0.050 Y - - - - -
0.050 Zn [0.12) [0.37] [0.23] [0.26] [0.16]
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 left column) by “multiplier” (top of each column).

Data (1) from *A0551 G Lumetta-D Kurath ASR-5520 ALO-128 AN107 ICP98 hi.XLS

12/29/99 @ 3:36 PM



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

Multiplier= 20
ALO#= 99-2705
Client ID= |AN-SO-REGN
Det. Limit Run Date= 11/5/99
{ug/mL) (Analyte) ug/g
' 0.025 Ag - - - -
0.060 Al [1.0] - - =
0.250 As - - - -
0.050 B 747 - - o
0.010 Ba 217 - - -
0.010 Be - - - -
0.100 Bi - - - -
0.250 Ca (1.8) - - -
0.015 Cd - —- - i
0.200 Ce - - - -
0.050 Co - - - -
0.020 Cr - - - e
0.025 Cu - - - -
0.050 Dy - - - -
0.100 Eu - - - - -
0.025 Fe - - - e
2.000 K - - -~ =
0.050 La - - - o
0.030 LI - - - -
0.100 Mg - - - -
0.050 Mn - - - =
0.050 Mo - - - =
0.150 Na 7,180 - -~ ==
0100 Nd - - - s
Ni [0.064) - - =
- P [0.20] - - = 5

0.100 Pb [1.1] - - =
0.750 Pd - - - =
0.300 Rh - - - =
1.100 Ru - — - =
0.500 Sb - - - =
0.250 Se - - - =
0.500 Si 34.5 - - -

1.500 Sn - - = i -
0.015 Sr - - - =
1.500 Te - - s =
1.000 Th - - e =
0.025 Ti - - - =
0.500 Tl - - - =
2,000 u - - - =
0.050 v - - - =
2.000 w - — - =
0.050 Y - - - =
0.050 Zn [0.53] - e =
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 left column) by “muttiplier” (top of each column).

Data (1) from "A0551 G Lumetta-D Kurath ASR-5520 ALO-128 AN107 ICP98 hi.XLS
e

. 12/29/99 @ 3:36 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report R 1oka

Multiplier= 242 247 247 24.8 247
ALO#= [99-2692 @5 99-2693 @5 99-2694 @5 99-2695 @5 99-2696 @5
Client ID= |AN-SO-E1-A AN-SO-E2-A AN-50-E3-A | AN-SO-E4-A AN-SO-E5-A

Det.Limit Aun Date= | 11/24/99 11/24/99 11/24/99 11/24/99 11/24/99

(ug/mLj  (Analyte) ug/g ug/g ug/g ug/g ug/g
0.025 Ag - = o= = =
0.060 Al 83.7 32.8 29.2 18.6] 7.7
0.250 As [11] - = = -
0.050 B 108 84.2 89.4 82.1 82.7
0.010 Ba 478 1,280 523 459 435
0.010 Be - - — - -
0.100 B - - v = =
0.250 Ca 110 144 85.1 98.3 [51]
0.015 cd 14.2 5.07 [3.2) - &
0.200 Ce - = = = =
0.050 Co - - - - -
0.020 Cr 7.21 [3.3) [2.1] — -
0.025 Cu 8.76 7.34 [2.1] - -
0.050 Dy - - = - - -
0.100 Eu - - - o -
0.025 Fe 2.2] 8.77 8.62 [2.0] [1.1]
2.000 K 7 {260] [130] [150] [110]
0.050 La - - - - -
0.030 Li - - = - -
0.100 Mg = -~ o = R
0.050 Mn [3.5) 54.4 41.1 [a.1] -
0.050 Mo [8.1] [1.6 o = =
0.150 Na 77,900 32,600 14,600 2,310 245
0.100 Nd - — — - -
0.030 Ni 124 42.2 27.4 [2.3] - 3
0.100 P 99.6 109 36.9 [4.6] -
0.100 Pb 38.3 [7.0] - - =
0.750 Pd = - - - -
0.300 Rh = - o - -
1100 ‘Ru - - — -~ -
0.500 Shb = = = - -
0.250 Se = — - - -
0.500 si 563 [62) 196] [80] [66]
1.500 Sn - - - - -
0.015 Sr 35.4 280 93.6 24.4 4.60
1.500 Te . - - - -
1.000 Th - - - - -
0.025 Ti - - - - -
0.500 T1 - = - - o=
2.000 u - - - - =
0.050 \'/ - - - - s
2.000 w - - - - =
0.050 Y - - - - -
0.050 Zn (3.5) [2.7] [1.9]) 16.8 (4.7
0.050 Zr - [1.7] - - -

Data (1) from
g -

Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.
2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) "--" indicate measurement is below detection. Sample detection limit may be found by

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

*A0559 Lumetta-Kurath ASR-5520 ALO-128 ICP98 hi.XLS

-, 12/29/99 @ 2:34 PM



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

Multiplier= | 2486 245 | 24.6 24.6 248
ALO#=  [93-2697 @5 98-2698 @5 99-2699 @5 99-2700 @5 99-2701 @5
Client[D= |AN-SO-E6-A |AN-SO-E7-A AN-SO-E8-A AN-SO-ES-A AN-S0-E10-A
Det. Limit  Run Date= 11/24/99 11/24/99 11/24/99 11/24/99 11/24/99
(ug/mL) (Analyte) ug/g ug/g ugl/g ug/g ug/g
0.025 Ag - - - - -
0.060 Al [7.4] [14] [8.7] [8.7] [8.5]
0.250 As - - - = -
0.050 B 88.6 90.2 94.4 91.5 92.8
0.010 Ba 411 472 435 408 408
0.010 Be - - - g - -
0.100 Bi - - - - -
0.250 Ca 87.5 128 82.1 [59] 83.1
0.015 cd - [0.87] - - -
0.200 Ce - - - - -
0.050 Co - - - - -
0.020 Cr - [0.53] - - -
0.025 Cu - - - - -
0.050 Dy - - . - - - -
0.100 Eu - - - - -
0.025 Fe [0.96] [2.3] [2.2] [1.3) 1.9]
2.000 K 71] - - - -
0.050 La - - - - -
0.030 Li - - - - -
0.100 Mg - - - - -
0.050 Mn - j - - - -
0.050 Mo - - - - -
0.150 Na 215 2,960 272 305 861
B ‘ Nd - - - - -
Ni - 9.29 - [0.85] - :
0.100 P - [6.3] - - -
0.100 Pb - - - - =
0.750 Pd - - - - =
0.300 Rh - - - - =
1.100 Ru - - - : - =
0.500 Sb - - - - =
0.250 Se - - - - =
0.500 Si [75] [87] [81) [85] [89] B
1.500 Sn - - - - =
0.015 Sr [1.6] [3.5] [0.41] - -
1.500 Te - - - - =
1.000 Th - - - - s
0.025 Ti - - - - =
0.500 Ti - - - - =
2.000 u - - - = =
0.050 v - - - - a
2.000 w - - = — =
0.050 Y - - - - =
0.050 Zn (7.6] [2.9] [5.4] [4.3] 16.8
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
muitiplying "det. limit" (far left column) by “muitiplier” (top of each column).

Data (1) from *A0559 Lumetta-Kurath ASR-5520 ALO-128 ICP98 hi.XLS ©.12/29/99 @ 2:34 PM
.



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

Multiplier= 247
ALO#= 99-2702 @5
S04 ELUANT:
Client ID= |jcoMP-A
et. Limit Run Date= 11/24/39
'ug/mL) (Analyte) ug/y
0.025 Ag - - - -
0.060 Al [7.1] - - -
0.250 As - - - -
0.050 B 31.0 - - -
0.010 Ba 464 - - i
0.010 Be - - - -
0.100 Bi - - - -
0.250 Ca [59] = - -
0.015 Cd [0.54) - - -
0.200 Ce - - - w
0.050 Co - - - -
0.020 Cr - - - -
0.025 Cu - - - -
0.050 Dy - - - -
0.100 Eu - - - -
0.025 Fe [2.3] - - -
2.000 K [73] - - -
0.050 La - - - =
0.030 LI - - - i
0.100 Mg - - - -
0.050 Mn [5.7] - - =
0.050 Mo - - - =
0.150 Na 2,540 - - =
0.100 Nd - - - .
0.030 Ni 5.1] - - = ‘
0.100 P [6.5] - s - :
0.100 Pb - - — ==
0.750 Pd - - - =
0.300 Rh - - - =
1.100 Ru - - = o
0.500 Sb - - - o
0.250 Se - - - i
0.500 Si [33] - - P
1.500 Sn - - - -
0.015 Sr 153 - - =
1.500 Te - - =5 =
1.000 Th - = e s
0.025 Ti - - - %
0.500 Tl - und e =
2.000 U - - i ed
0.050 v - - - h
2.000 w - - = =
0.050 Y - - - =
0.050 Zn [3.5] - - =
0.050 Zr - - - -

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

. Data (1) from 'A0559 Lumetta-Kurath ASR-5520 ALO-128 ICP98 hi.XLS
8o

- 12/29/99 @ 2:34 PM
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Battalle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building

Radioanalytical Applications Team

Client : Kurath/Lumetta

Cognizant Scientist; ;;!-O{;j«ﬂw—"//

| Tﬁcmo -l

Concur:

Procedure: PNL-ALO-420, 421

(J

99-2650
10/22/99

Date :

Date :

Measured Activities (uCifml) and 1-sigma error

ALOID Alpha Sr-90
Client ID Error % Error %
99-2650 5.12E-3 6.87E-1
AN107 Start 3% 3%
99-2650 REP 5.27E-3 7.46E-1
AN107 Start 3% 3%
RPD "3% 8%
99-2651 ) 8.70E-3 1.88E+0
AN107-1 3% 4%
99-2852 1.66E-2 2.16E+0
AN107-2 2% 3%
99-2653 1.11E-4 1.18E-2
AN107-PPT1 24% 3%
99-2654 1.81E-4 2.68E-2
AN107-PPT2 “19% 3%
99-2685 3.45E-1
AN-S0-122A 2_3%
99-2686 6.02E-1
S04-Effulent Composite 3%
99-2687 4.85E-2
AN-SO-FD1_ 3%
99-2688 7.38E-3
AN-SO-FD2 3%
89-2689 5.60E-3
AN-SO-CW1 3%
99-2690 6.51E-3
AN-SO-CW2 3%
99-2692 5.04E-2
AN-SO-E1-A 3%
99-2693 3.92E-1
AN-SO-E2-A 3%
99-2694 1.29E-1
AN-S0-E3-A 3%

Page 1
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Measured Activities (uCi/ml) and 1-sigma error

ALOID " . Alpha Sr-90
Client ID . Error % Error %
99-2695 3.33E-2
AN-SO-E4-A 3%
99-2695 Rep ; 3.37E-2
AN-SO-E4-A 3%
RPD 1%
99-2696 6.15E-3
AN-SO-E5-A 3%
99-2697 ¢ 2.21E-3
AN-SO-EB-A 3%
99-2698 4 76E-3
AN-SO-E7-A 3%
99-2699 _ 4.76E-4
AN-SO-E8-A : 5%
99-2700 ' 1.34E-4
AN-SO-E9-A 14%
99-2701 7.72E-5
AN-SO-E10-A 23%
99-2702 2.19E-2 .
SC4-Eluant-Composite A 3% T
99-2703 1.14E-4
AN-SO-ERf1 16%
€9-2704 7.76E-5
AN-SO-ER2 23%
99-2705 <4.E-5
AN-SO-REGN
Spike 100% 106%
101%
Matrix Spike* 43% 89%
111%
Blank <3.E-5 <5.E-6
<B.E-6

“Note: The total alpha matrix spike racovery was low due to high mass absorpt:on indicating a
potential low bial for the total alpha results.

Page 2



Battelle Pacific Northwest Laboratory 21953

Radiochemical Processing Group-325 Building 99-2650
Radioanalytical Applications Team 10/12/1999 “f'«.zA (>
Client : Kurath/Lumetta T2.1i3.3. 3

e e T
Cognizant Scientist: }j/C e JLJ" L"M—' A Py i Date : Mﬁ‘?
- H & _' ! ‘ - ;
Concur : | lvaung - lO l $.0 0N ! Date : Mﬁ
) P Lurt |
Procedure: PNL-ALO-450 ! :

T o

Measured Activities (uCi/m!) and 1-sigma error

ALOID Co-60 Sb-125 SnSb-126 Cs-134  Cs-137 Eu-154 Eu-155 Am-241
Client ID Error % Error % Error% Error% Error % Error % Error%  Error %
99-2650 5.72E-2 5.62E-4 2.87E4 <2.E-4 2.67E-2 1.10E-2 7.95E-3 4.52E-3
AN107 Start 1% 19% 7% 2% 2% 3% 5%
99-2651 . ) 1.63E-1 9.54E-4 6.56E-4 <4 E-4 7.T4E-2 2.42E-2 1.75E-2 1.11E-2
AN107-1 1% 30% 9% 2% 2% 3% 6%
99-2652 3.07E-1 1.32E-3 1.51E-3 <6.E4  1.49E-1 3.62E-2 266E-2 1.92E-2
AN107-2 1% 27% 6% 2% 2% 3% 5%
99-2653 1.02E-3 <3.E-5 <9.E-6 <2.E-5 4 56E4 2.70E-4 2.10E4 9.71E-5
AN107-PPT1 2% 3% 3% 7% 22%
99-2654 1.31E-3 <2.E-5 7.32E-6 <8.E-6 6.07E-4 2.83E4 2.06E-4 1.18E4
AN107-PPT2 2% 17% 2% 2% 5% 15%
99-2685 2.90E-2 <3.E-4 1.35E-4 9.69E-5 1.64E-2 4.50E-3 3.19E-3 1.87E-3
AN-SO-L22A 2% 16% 49% 2% 3% 5% 15%
99-2686 5.53E-2 3.65E-4 2.41E-4 <2.E4 2.38E-2 1.06E-2 7.58E-3 4.45E-3
S04-Effulent Composite 1% 22% 7% 2% 2% 3% 5%
99-2687 2.64E-3 <5.E-5 <2.E-5 <2.E-5 5.93E-3 2.61E-4 2.03E-4 1.28E4
AN-SO-FD1 2% 2% 4% 8% 22%
99-2688 2.24E-4 <3.E-5 <9.E-6 <4E-6 4.71E-3 1.07E-5 <2.E-5 <3.E-5
AN-SO-FD2 2% 2% 18%

99-2689 1.04E-4 <3.E-5 <8.E-6 <3.E-6 3.42E-3 8.50E-6 <2.E-5 <2.E-5
AN-SO-CW1 2% 2% 21%

99-2690 6.73E-5 <2.E-5 <3.E-6 <2E6 230E-3 1.38E-5 <1.E-5 1.10E-5
AN-SO-CW2 2% 2% 11% 42%
99-2692 6.48E-3 3.82E-5 2.49E-5 <2.E-5 1.38E-3 5.91E4 4144 2.27E-4
AN-SO-E1-A 2% 36% 12% 2% 3% 5% 16%
99-2693 2.02E-3 <5.E-5 <2 E-5 <2.E-5 1.67E-3 4.29E-3 3.09E-3 1.48E-3
AN-SO-E2-A 2% 2% 1% 3% 6%
99-2694 1.36E-3 <3.E-5 8.81E-6 <2.E-5 1.30E-3 1.08E-3 8.06E-4 4.05E-4
AN-S0O-E3-A 2% 27% 2% 2% 3% 7%
99-2695 3.25E-4 <3.E-5 <6.E-6 <7.E-6 1.04E-3 9.65E-5 6.81E-5 6.20E-5
AN-SO-E4-A 2% 2% 5% 13% 26%
99-2696 9.28E-5 <2.E-5 <7.E-6 <6.E-6 7.94E-4 1.51E-5 1.21E-5 1.68E-5
AN-SO-E5-A 3% 2% 17% 33% 35%
99-2697 521E-5 <2.E-5 <5.E-6 <6.E-6 6.04E-4 1.28E-5 <2.E-5 2.06E-5
AN-SO-E6-A 5% 2% 27% 36%

Page 1



ALOID
ClientID °

99-2698
AN-SO-E7-A
98-2699
AN-SO-E8-A
99-2700
AN-SO-ES-A
99-2701
AN-SO-E10-A

99-2702
S04-Eluant-Composite A

99-2703
AN-SO-ER1

99-2704
AN-SO-ER2

99-2705
AN-SO-REGN

Measured Activities (uCi/ml) and 1-sigma error

Co-60 Sb-125 SnSb-126 Cs-134 Cs-137 Eu-154 Eu-155 Am-241
Error % Error % Error% Error%  Error % Error % Error%  Error %
3.75E4 <2.E-5 <7.E-6 <7.E-6 5.44E-4 8.18E-5 511E-5 4.03E-5
2% 2% 5% 10% 19%

4.66E-5 <2.E-5 <7E6 <7E-6 287E4 <2E5 <2E5 <2E5
7% 3%

2.40E-5 <2.E-5 <5.E-6 <5.E-6 1.66E-4 <2.E-5 <2.E-5 <2.E-5
8% 3%

1.98E-5 <3.E-5 <7.E-6 <7.E-6 9.56E-5 <2.E-5 <2.E-5 <2.E-5
14% 6%

2.75E-4 <B.E-6 <4 E-6 <3.E-6 5.82E4 1.55E-4 1.16E-4 541E-5
2% 2% 2% 4% 9%

3.21E-5 <6.E-6 <3.E-6 <3.E-6 8.09E-5 6.73E-6 <7.E-6 <9.E-6
4% 4% 17%

1.18E-5 <4 E-6 <2.E-6 <2.E-6 571E-5 <3.E-6 <4 E-6 <5.E-6
5% 3%

2.70E-5 <3.E-6 <1E-6 <2.E-6 2.53E-5 <3.E-6 <3.E-6 <3.E-6

3%

Page 2
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Appendix C: Sample Spreadsheets

C.1
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