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Summary of Project

The Copper Mountain Conference on Iterative Methods was held on March 29-April 4,
1998. Over 200 mathematicians born all over the world attended the meeting. (See
attached list of participants). No matter how well organized, a conference is only as good
as the talks presented. Under that measure this meeting was a great success. The quality
and diversity of the talks was excellent. During the five day meeting 138 taIks on current
research topics were presented (see the Fhal Program which is located at the front of
Volume I of the attached Proceedhgs). Talks with similar content were organized into
sessions. Session topics included:

Preconditioning
Multigrid and Multilevel Methods
Applications
Student Paper Wbmers
Nonlinear Problems
Elgenvalue Problems
Parallel Computation
Navier-Stokes
Krylov Methods
Computational Fluid Dynamics
Multiple Right Hand Sides
Projection Methods
Hehnhokz Equations
FOSLS
Intergral Equations
Software

Late evening sessions included Ir&ormal Workshops on the following topics:
The ASCVDOE Equation Solver Interface Effort, Linear System Analyzer, Algorithms
and Applications of Approximate Inverses, and a discussion group on Computational
Kernels.
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Summary

Battelle received 2.3 kg of Hanford tank waste material from tank 241-C-104 distributed over 14 sample
jars. The contents of all jars were mixed to provide a single composite. The composite was homogenized
and representative sub-samples were collected, and then separated into supernatant and wet solids
fractions. The individual fractions were analyzed for organic, radiochemical and inorganic composition,
as defined in Test Plan BNFL-29953-30, in support of regulatory activities. This report presents the
inorganic (including TCLP metals) and radiochemical results. Organic analyte results are reported in
WTP-RPT-008 (Draft), Organic Analysis of C-104 Tank Waste.

The characterization analyses of the as received material for C-104 include:

-- Inductively-coupled plasma spectrometry for Ag, Al, As, B, B% Be, Bi, C% C&
Co, Cr, Cu, Fe, & Li, Mg, Mn, Mo, N% Ni, P, Pb, P~ Rh, Sb, Se, Si, Sn, Tl, U,
V, W, Y, Z% and Zr (although not specified in the test plan Ce, L% N& Sr, ~
and Ti were also measured and are reported for tiormation only)

-- Radiochemical analyses for total alpha and total beta activity, H-3, C-14, CO-60,
Se-79, Sr-90, Nb-94, Ru-106/Rh-106, Sb-125, Sn-126, CS-134, CS-137, Eu-154,
Eu-155, Pu-238, Pu-239+240, Pu~241, Am-241 (by GEA and AEA), Cm-242, and
Cm-243+244 (Pu-236 was also reported for information only)

-- Inductively-coupled plasma mass spectrome~ for Pr, ~ Rb, T% Tc-99, 1-127,
1-129, CS-133 U-233, U-234, U-235, U-236, Np-237, U-238, Pu-239, Pu-240
(total U was also reported for iniiormation only)

-- Total uranium by kinetic phosphorescence

-- Ion chromatography for Br-, Cl-, F, NO~,NOJ, PO~3, and S012 (oxalate,
C20~2, was also measured and reported for ini?ormationonly since oxalate
is reported with organic anions as part of the organic analyte report)

-- Mercury, cyanide, amrnoniz and inorganic, organic, and total carbon

-- Free hydroxide and pH determination (supematant only)

-- Flashpoint determination (supematant only)

Except for a few cases, the characterization results met or exceeded the quality control requirements
established by the governing quality assurance plan, and met or exceeded the minimum reportable
quantity requirements specified by BNFL. Whenever possible the analyses were petiormed to
SW-846 protocols so that the results can be used to support permit application, as well as to provide feed
envelope characterization data.
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ABA
ALAIU4
ASR
BNFL
Coc
CVAA
EQL
GEA
HLRF
IC
ICP
ICP/MS
ISE
LCS
MDL
MRQ
MSA
NIST
‘/oD
PB
QA
QC
RPD
RPL
SAL
SRM
TC
TCLP
TDs
TIc
TOC
W-DOE

Terms and Abbreviations

,
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v
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alpha energy analysis
as low as reasonably achievable
analytical services request
BNFL, Inq subsidiary of British Nuclear Fuels, Ltd.
chain of custody
cold vapor atomic absorption
estimated quantitation level
gamma energy analysis
High Level Radiation Facility
ion chromatography
inductively coupled plasma/atomic emission spectrometry
inductively coupled plasma/mass spectrometry
ion specific electrode
laboratory control standard
method detection limit
minimum reportable quantity
method of standard addition
National Institute of Standards and Technology
percent difference
process blank
quality assurance
quality control
relative percent difference
Radiochemical Processing Laboratory
Shielded Analytical Laboratory
Standard Reference Material
total carbon
toxicity characteristic leaching procedure
total dissolved solids
total inorganic carbon
total organic carbon
Washington State Department of Ecology
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Units

‘C -‘F degrees

g
g/mL
keV
kJ?a

P#g - PdmL
pCi/g - pCi/mL
mL
mmole/mL
rpm
Vol%
Wt%

Centigrade / degrees Fahrenheit

gram per milliliter
kiloelectron volts
kilopascal
microgram per gram /microgram per milliliter
microcurie per gram/ microcurie per milliliter
milliliter
millimole per milliliter
revolutions per minute
volume percent
weight percent
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1.0 Introduction

This report presents the inorganic and radiochemical analytical results for Hanfiord waste tank 241-C-104
(C-104) as-received materials. The analyses were conducted in support of the BNFL Proposal No.
30406/29274 Task 5.0. The inorganic and radiochemical analysis results obtained from the as-received
materials are used to provide initial characterization information for subsequent process testing and to
provide data to support permit application activities. The governing Quali~ Assurance (QA) Pkm
“Conducting Analytical Work in Support of Regulatory Programs” provided the operational and quality
control protocols for the analytical activities, and whenever possible, analyses were performed to SW-846
equivalent methods and protocols.

The inorganic and radiochemical analytes of interest and recommended methods are defined in the BNFL
proposal and Test Plan BNFL-29953-30 Revision O. All inorganic and radiochemical analytes of interest
defined by these documents are reported. Estimated method detection Iiiits (MDL) are provided where
analytes of interest were not detected. Certain other originally requested analyses have not been
performed based on agreements between Battelle, BNFL, and/or W-DOE. These inorganic analyses are
total sulfide, reactive sulfide, reactive cyanide, total sulfur, total nitrogen, total iodine, and stainless steel
corrosion testing.

Per the analysis protocols established by the QA Plan, process blanks, samples, duplicates, blank spikes
(or lab control standards) and matrix spikes (or post spikes) were analyze~ as appropriate. Recoveries for
quality control samples (such as matrix spikes and bkmk spikes) are discussed in this report and evaluated
for their effect on the reported results if they failed to meet the acceptance criteria of the QA Plan. All
analytical data and QC results are included in the Project File 29274 (Record Inventov and Disposition
Schedule, Technical Support to BNJ?Lfor Phase lB, T5.5).

The composite of the C-104 as-received material was prepared per Test PlanBNFL-29953-31,
Revision O. The C-104 composite (from 14 shipping jars) was prepared in a three-liter stainless steel
vessel with a bottom drain spigot. A bladed stainless steel impeller was used to homogenize the material.
While the composite was being stirre~ the composite was drained into three 125-mL glass jars to
demonstrate the ability to obtain representative sub-samples. These sub-samples were allowed to settle
for a minimum of 16 hours. After this settling perio~ the volume percent of settled solids in each of the
125-mL glass jars was similar (i.e., 88.9% to 89.9%), providing indication that the sub-samples were
representative of the composite. Following confirmation of representative sub-sampliig, the remaining
composite was re-agitated and three additional 500-mL glass bottles were used to sub-sample the
remainder of the C-104 composite into fictions labeled C-104 Comp C, C-104 Comp D, and C-104
Comp E. These latter four fi-actions were allowed to stand for 5 weeks. The supematant was collected
and combined into one fraction, C-104 Sup A. The supernatant was observed to be red and the
centriiiged solids were observed to be green.

Figure 1.1 provides the sample flow diagram for the preparation of the C-104 as-received analytical
characterization sub-samples. Two containers of C-104 composite slurry (C-104 Comp A and C-104
Comp B) and one container of composite supernatant (C-104 SUP A) were allocated for organic,
inorganic, and radiochemical characterization. The compositing and sub-sampling operations were
conducted in the High Level Radiation Facility (HLRF). The sub-samples were transferred under chain-
of-custody (COC) to the Shielded Analytical Laboratory (SAL) for characterization analysis preparation
and distribution.



C-104 aAs-Received” Samples

C104-C248-16273151.6 g C104-C249-1628O144.7g
C104-C248-16274168.8 g C104-C249-16281148.9 g
C104-C248-16275 182.4 g C104-C249-16282178.9 g
C104-C248-16276162.4 g C104-C249-16283163.9 g
C104-C248-1627718O.5g C104-C249-16284166.6 g
C104-C248-16278179.5 g C104-C249-1628516O.7g
C104-C248-16279 166.1 g C104-C249-16286

161.7 g

H
Composite Sample

Total 2181.6 g Slurry

Slurry Densi~ = 1.45 g/mL
Vol% Settled Solids = 87?4.

1

Process Testing
Sub-Samples

G104 Comp C 605.7 g
C-104 Comp D 608.5 g
C-104 Comp E 125.2 g
C-104 GL 156.6 g

To&d 1496.0 g Slurry

Analytical Slurry
Sub-Samples

C-104 Comp A 168.9 g
C-104 Comp B 170.3 g

Total 339.2 g Slurry

C-104 Comp D,
C-104 Comp E, and

A
To Process Testing

C-104 Comp C Solids
C-104 Comp D Solids
C-104 Comp E Solids

C-104 GL Sofids

Figure 1.1. Compositing and Sub-sampling for C-104 As-Received Analytical Samples
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2.0 Sample Processing

The inorganic and radiochemical analysis sample processing instructions were provided to the SAL via
special instruction included with Analytical Service Request (ASR) number 5729 and the total dissolved
solids (TIM), weight percent solids, and phase separation instructions were provided via Test Plan
BNFLTP-29953-080. The inorganic and radiochemical sub-sampling was pefiormed after all organic
sub-sampling had been complete~ to minimize loss of volatile organic compounds.

2.1 Total Dissolved Solids and Weight Percent Solids

Duplicate aliquots (approximately 3 g each) were withdrawn fkom C-104 Comp A for determination of
centrifuged weight percent solids (wt!%solids) of the composite slurry, TDS of the supematan~ and wt%o
solids (dry) of the centrii%ged solids phase. The aliquots were withdrawn from the C-104 Comp A jar
while the contents were mechanically stirred providing homogeneous sub-samples. The Jlquots were
placed in volume-graduated centrifuge tubes and centrifuged at 1100 rpm for about one hour. Following
centrifuging, the volume percent solids and wt?!osolids (wet) were determined on tie slurry. Following
phase separation by decanting, the wt% solids (dry) of the centrifuged solids fkaction and the TDS of the
supematant fraction were determined. Table 2.1 provides the results for the TDS and percent solids.

Table 2.1. Slurry Volvo and Wt% Solids, TDS, and Centriiiged Solids Wt% Solids

Sllq’iy siiie@i@@ Centrif@geil Solids
volume ‘X6 Weight %

Centrifuged, Centrifuged TDS (Ye)
Weight %

SampIe ID Soii@s,@Jet) SoXi@(Wet), Solids (I@)

C-104 Comp A 63 81.0 16.7 58.8
C-104 Comp A 60 83.0 16.8 59.4
Dup

Based on the Slurry wt% wet centiged solids and the Centrifuged Solids wt% dry
solids, the Slurry wt??osolids (dry) averages 51.5°/0,of the’as-received material.

2.2 Phase Separation

The contents of C-104 Comp A and C-104 Comp B were separated into solids and supematant phases so
that inorganic and radiochemical analyses could be performed on each phase. The phase separation was
performed by centrifuging and decanting the supematant. Each sample was centrifuged in its original jar
at 1100 rpm for one hour, and the supematant decanted and combined with C-104 SUP A. The wet
centrifuged solids remained in the original jars. Following sub-sampling and processing for organic
analysis, sub-samples of the supematant and centrifuged solids were processed for inorganic and
radiochemical analysis. Following phase separatio~ the RPL internal tracking number 00-1360 was used
to identi~ the supematant sample and 00-1361 was used to iden@ the centrifuged solids sample.



2.3 Supernatant Density Measurements

Due to the viscous nature of the as-received supematants, all supematant samples were processed by
weight (i.e., most analytical sub-samples were aliquotted by weight instead of by volume). The density of
the supematant was determined by weighing 5-mL aliquots delivered from a calibrated 5-mL pipet. The
delivery volume of the pipet was determined by five replicate measurements of water density corrected
for the ambient temperature. The resulting average density was used to convert supematant results from a
per mass to a per volume basis, as necessary. Table 2.2 provides the density results obtained on the C-
104 supematant following phase separation.

Table 2.2. Density Results for C-104 Supernatant Composite

RIZ Number Sarnplq m
nei@& AveiygeXlemiity
‘&n@). “ (g/mL)

00-01360 Supernatant 1.163
Supematant Duplicate 1.160 1.161
Supematant Triplicate 1.160

2,4 Initial Preparation of Supernatants and Solids

The processing of the C-104 composite supematant and solids and distribution of the processed samples
are detailed in Figure 2.1. All processing was conducted in the SAL.

I C-104
SUPERNATANT

F%E=
I Acid Digestion-PIWALO-128

Radiochemistry I
~+

Water Dilution
IC, ICP/MS (metals and

radionuclides),
TOC/TIC/TC

*Samplesdriedand
homogenizedpriorto digestion
and fh.sionprocessing

U C-104
SOLIDS

Direct Analysis
CN, C-14,TOC/TIC/TC,Hg

w

*Acid Digestion-PNL-ALO-129
ICP (metals,TCLP metals)

i

* KOH-KN03 Fusion —PNL-ALO-115
Radiochemistry

ICP (metals)
ICP/MS (metalsand radionuclides)

-4 * Na202-NaOH-HCl Fusion —
PNL-ALO-116 ICP/MS @t)

P
Water Leach - PIWAJX)-103

IC, N&, H-3

Figure 2.1. Flow Diagram for Analytical Preparation of Supematant and Solids
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The C-104 composite supematant was prepared by acid digestion per procedure PNLALO-128
(HNOq-FIClacid digestion) for metals analysis by inductively coupled plasma spectrometry (ICP),
radiochemical analysis, and metal and radionuclides analysis by inductively coupled plasma – mass
spectrometry (ICP/MS). The digested solutions had no visible residue or precipitate. All other analyses
were performed duectly on the supematant or on water dilutions of the supematant.

For the centrifuged solids, three preparative methods, PNLALO-129 @N03-HCl acid digestion),
PNL-ALO-115 (KOH-KN03 fision), PNL-ALO-1 16 (Na20z-NaOH-NaCl fision), were performed on the
dried centrifuged solids to provide analysis solutions for analytes of interest; The different preparative
techniques were utilized in order to obtain optimal analyte information. For example, some analytes will
go into solution only when fise~ such as Si and refractory metals. Other analytes, such as Na and ~ are
better analyzed from an acid digestion where the fbsion flux is absent. The wet centrifuged samples were
initially dried to provide more consistent sub-sampling for the small aliquots taken for dissolution. The
acid digestion and KOH-KN03 fhsion preparations were analyzed for metals by ICP; the KOH-KN03
fhsion preparations were used for radiochemical analyses and for metals and radionuclides by ICP/MS.
The Naz02-NaOH-NaCl fhsion was prepared specifically to obtain solutions for analysis of platinum by
ICP/MS. All acid digestion and ftision preparations produced clear solutions with no visible residue,
except for a few of the samples prepared by the Naz02-NaOH-NaCl fhsion, which demonstrated a slight
cloudiness. The wt’%dry solids from the analysis of the wet centrifuged solids were used to adjust the
measured results to the reported ‘per gram wet centrifuged solids’ basis.

Aliquots of wet centrifuged solids were dilutedleached per PNL-ALO-1O3. Aliquots of the water leach
were analyzed for soluble anions by ion chromatography (following filtering), ammonia by ion specific
electrode (ISE), and tritium by liquid scintillation counting.

Carbon (total carbon-TC, total inorganic-TIC, ad total organic-TOC), mercury, and cyanide analyses
were performed directly on the wet centrifuged solid.

Sub-samples from the processing steps were delivered to specific laboratories for analysis under COC.

2.3
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3.0 Analysis Results for Analytes of Interest

Tables 3.1 through 3.5 provide the results for all inorganic and radiochemical analyses performed on the
C-104 as-received composite. Results for samples and duplicates, as well as processing blanks (PB), are
reported. Although the supernatants were processed by weigh~ the density of the supematants has been
used to provide the results in pghnL or pCihnL, as appropriate. Solids are reported in pg/g or pCi/g, as
appropriate, where g represents mass of centrifuged wet solids. These results maybe converted to a dry
weight basis using the wt?/o solids given in Table 2.1. The reported results have not been corrected for
contributions present in the process blank.

The ICP/MS results are reported in both pghnL and pCihnL for supematants and pg/g and pCi/g for
solids (where activity units are relevant). The results are provided based on both curies and mass so that a
direct comparison can be made against the minimum reportable quantity (MRQ) specifications. The
radionuclides measured by ICP/MS have supematant MRQs specified in pCi/mL and solids MRQs
specified in pg/g.

To evaIuate the concentrations of analytes of interest in the as-received slurry material, slurry results have
been calculated from the concentrations measured in the supematant and in the wet centrifuged solids and
the weight fractions of each phase. To provide a consewative total slurry concentratio~ the highest
measured concentration from either the sample or the duplicate, from either preparative technique (where
applicable), for each phase is used in the calculation. Where no analyte concentration is measured (i.e.,
results are less than MDL), the lowest MDL is used in the calculation. The “maximum” slurry
concentration is calculated by Equation (l).

Cm=((Cl/D]) *WI)+ (C, *WJ

wher~ % = Maximum slurry concentration in pg/g or pCi/g
c1 = Analyte concentration in supernatant in pghnL or pCi/mL
D, = Density of supematant in ghnL (i.e., 1.161 ghnL, Table 2.2)
WI = Weight fraction of supematant (i.e., 0.18, Table 2.1)
c. = Analyte concentration in solids in pg/g or pCi/g
w, = Weight fraction of wet centrifuged solids (i.e., 0.82, Table 2.1)

(1)

3.1
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Table 3.1. C-104 As-Received --- ICP Metals Results
Wi@it :.: ‘-’.’ - ‘ .;” ‘: “ @04z@@m-~il(’)
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‘Max

0im61 00W61 00-1361~ m 0om61 Wk%61 @-136141 ~ Slurry
,. PB, “ @lJspIe Dup., RPD .*m@ <Dup. RED *B Sample Wp. RPD Cone.

ur@s pg@L pghiiL pg/mL (%) “I@g~ ? IXA (%) -A34z ‘Wiz .P#g .(%) W
LLiit’ “ ~~ -:- - --- “.- ..-. “- - - .’ .“. ~~ “’ -

AS <0.1 [1.4] [1.6] <13 210 158 28 <0.8 [54] [46] 170
Al 5.3 418 449 7 [51] 63,800 68,600 7 33 72,100 73JO0 2 60~00
As <1.2 < L? <13 < 13(r <151 <114 <8 <71 <73 <95

B 12.4 205 237 14 <26 <30 <23 76 [71] [71] 95
Ba [0.08] < (1.5 [0.5] <5 79 83 4 [0.5] 85 83 1 69
Be <0.05 <0.5 <0.5 <5 [17] [18] <0.3 [19] [19] 16
Bi <0.5 <4.9 <5.1 <52 <61 <46 <3 <29 <29 <24

Ca <1.2 r311 r281 <130 2.020 2.020 0 <8 2.140 2.140 0 1.760

-. I -— I --- 1 --- 1
Cr <().1 I 55.4 I 61 I 10 I <10 I 721 I 733 I 2

Cd I <0.1 I 9.0 I 9.8 I 9 I <8 I 388 I 393 I 1 <0.5 411 420 2 584
s% <0.2 <?5 <25 I 1 <Z(j <30 <23 I <2 <14 <15 <13

<0.6 709 709 0 610
Cu <0.1 [6.9] [7.7] <13 [106] 115 c 0.8 99 96 2 96
Fe [0.18] 17.7 18.4 4 230 19,500 20,000 2 [1.1] 19,400 18,900 2 16,400
K <9.9 [6201 r6901 srla nla rsla <61 <571 <588 575
L1 I <0.1 I 21.0 I 22.9 9 <16 205 207 1 < ().9 249 252 1 210

c 52 ~72] [325] <3 [266] [272] 307
Mn I <0.2 I r6.81 I r7.01 I r711 4.430 4.490 1 <2 4.830 4.850 0 3.980

Mg I <0.5 I [11] I [12] I

Mo i <0.2 I r7.91 I r8.81 I lc26ic30ic23t 1<21<141 <151 1 13 II

Pd I <3.7 I <37 <38 I I <391 I <454 I <343 I c 23 <214 I <220 I I <180
Rh <1.5 <15 I <15 <156 <1x2 <137 I <9 I <86 < fix <73 I..- -- -- --- --— -- I I -- -- .-
Sb c 2.5 <25 <25 <261 <303 <229 <15 <143 <147 <120

Se <1.2 <12 <13 <130 <151 <114 <8 <71 <73 <60

Si 26.4 1,880 2,110 12 <261 6,030 5,820 3 163 [768] 1,660 5270
Sn <7.4 <74 <76 <782 <908 < tj&5 <46 [585] [585] 491
l-r -=2.5 e 25 c 25 <261 <303 <229 <15 <143 <147 <120

u <9.9 <99 <101 < IMO 21300 21,300 0 <61 23,600 23,600 0 19,400
inphos)m 0.005 29 30 5 0.54 19,800 19200 3 nlm nlm n/m 16~00
mkfsp 0.013 31.6 35.8 12 -44 21,400 21,000 2 nim n/m n/m 17,600

v <0.2 <2.5 <2.5 <26 [31] <23 <2 <14 <15 <12

w <9.9 <99 <101 <1040 <1210 <915 <61 c 571 <588 <480

Y < ().2 <2.5 <2.5 <26 <30 <23 <2 r171 r171 14
Zn I <02 ! <2.5 I <2.5 I I <26 I rlool I r951 I I . <2 I r951 1 r951 I I 83 II, , , .. . .. .. . . r , , .--a , ---- I 1
Zr I <0.2 I r20] I po] I I <26 I 23,600 I 24,000 I 1 <2 I 17400 1 17,500 I 2 19,700

.erAnalytesDeteeted

Ce < 1.() <9.9 <10 < IM p66] [177] <6 [154] [136] 220
La < OJ c 2.5 <2.5 <26 [71] [59] <2 [65] [59] 59
Nd <0.5 <4.9 <5.1 <52 [183] [130] <3 [136] [136] 151
Sr <0.1 <07 <ox <R ml r4n <0.5 [40] [40] 34

300 I 5 <31 30,600 30,900 1 25,400
Ti I <0.1 I <1.2 I <13 I I <13 I r951 I r951 I c 0.8 r581 r571 78

—. I -.. I -.. I --- ! I I ~--, 1 ,.-, I
Tb <5.0 I <49 <51 <521 I 26,100 I 27;

... . - . . . .
)verall error for reportedresultsis estimatedto bewitim *15%(2-q howeverresults in brackets’[ ]“ are less than the estimatedquantitationlevel I
fi.e., 10-timesMDLlistedinTable6.1)anderror is anticipatedto be greaterthan H5°/0.
WD onlyeaicrdatedwhen bothsampleand duplicateexceedestimatedqurmtitationlevel.

J (KinPhos)by kinetic phosphorescence.;U (ICPMS) by inductively-caupledplasmamassspectrometry.
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Table 3.2. C-104 As-Received -- Radiochemical Results

?3zmzzJ-— --
‘otriW.Dis.roMion

L&ID

AnaIyte

CO-60(GEA)
se-79 ~)
Sr-90

Nb-94 (GEA)
.06/Rh-106(GEA)
W-125(GEA)
3n-126(GEA)
CS-134(GEAj
CS-137(GEA)
Eu-154(GEA)
Eu-155(GEA)

Pu-236
PU-238

‘U-239+PU-240
PU-241

im-241(GEA)
km-241(AIM)

Cm-242
❑-243+Cm-244

Beta
Alpha

AMa Sum”)

H-3

C-14

. .+.-.. -.. .. —.,. . ...... ..-— . .. .... . ..~,. ._-.
&qwnatan~.-.A@d Digest

oW3@ 0W360 &-iw
PB Sample Dup

pC~mL YoErr pqpl~: %“E~ #CUrn_L”,*A,Erg

4.s-6 ‘- 4.22E-2 3 4.73E-2 3
6.41E-5 4 6.50E-5 5

GE-3 1.06E-1 16 L08E-I 16
GE-6 GE-3 -Q.E-3
GE-5 <9X-2 4.E-2
G.E-d <6X-2 UiE-2
GE-6 G+E-2 GE-2

=E
4.E-6
L27E4 5
@J.E-d
Q.E-s
~.E-7

a=<1.E-4

G.E-5
4.s6

=E
-SE-7
Q.E-d
L42E-3 9
<1.E-4

da

e.&3 Q.E-3
3.66E+1 2 4.05E+1
4.)?-3 @.E-3
4X-2 4E-2
Q.E-d <1.E-5

1.78E4 7 L88WI
L82E-3 4 L82E-3
5.07E-3 9 5.1lE-3
ti.E-2 44.E-2
2.OIE-3 5 2.02E-3
5.73E-6 40 1.02E-5
4.23E-5 15 3.81E-5
3.00E+I 4 3.08E+I
4.03E-3 6 4.58E-3
4.06E-3 4.08E-3
Snuernatant-Dii

[

2

8
4
9

5
31
16
4
5

da I I 4.;3E-3° ( ‘i [ 4.81E3 ] 4
Supgpa@_r- Direct,

rr/a I I 7.7E-4 I 5 I 7.71E4 I 5

._caa4Aa&eiYai

s
(%). p~vg-%Err

11 < 3E-4
1 < 4E4

< IE.I

< 3E-4
< 3E.3
< IE.3
< 4E-4
< 4E-4

10 4.72E-2 2
< IE-3
< IE.3
< 3E-5

5 L34E-4 40
0 1.15E-4 34
1 < 5E.3

< lE.3
o 2.91E-4 27

< 2E-5
5.21E-5 49

3 4.20E-I 22
13 < lE.2
o 5.92E-4

Cei@f
6 I L28E-2 I 4

-.—...-
%mifii

1- 13
Sam~

-
pclig ?

@i
3.80E-3
2.97E+2
< 2E-2
< 2E-1
< lE.1
< 4E.2
< IE.2

14.08E+I
19.16E-1
5.3X-I
< 2E-3

3.41E-1
m
-
3.42E+0
3.27E+0
18.92E-3
~3.45E-2
m
5.79E+0
6.63E+0

m
5.93E-2

tifug-?dv-.-—.-
1S2E-3—

.-—--. —... -. —-,- . .-- ”-- . . . . ...-+.

H?e?%r5
3 1.12E-1
6 3.94E-3
3 3.14E+2

< 2E.2
< 2E-I
1.58E-1
c 4E.2
< l&2

2 4.10Ei-l
2 928E-1
5 5.48E-I

< lE-3
6 3.43E-1
4 2.89E+0
8 L03E+1
3 3.40E+0
5 3.25E+0

28 5.54E-3
15 4.58E-2
4 6.80E+2
3 6.09E+0

6.54E+0
Wids%”water 1

3 1 1.00E-1
7 4 3.24E-3
3 5 2.57E+2

< lE-2
< 2E-I

20 1.39E-1
c 3E.2
< IE.2

2 1 3.99E+I
2 1 7.61E-I
5 3 4.56E-I

< lE.3

5 1 2.82E-1
4 3 2.43E+0
8 22 8.43E+0
3 0 2.81E+0
5 1 2.69E+0

33 7.32E-3
12 3.76E-2
4 6 5.96E+2
3 5 4.99E+0

1 5.43E+0
~cE I

51 1.14E-2 I 5 I 136 4.94E-2
efWi-&:-D&ect. ..-

7 i L28E-3 \ 7 I 13 1.17E-3

(1) RPD is only eakxdatedwhenboth sampleand duplicatehave erroruncertainties<10% (1-@.

(2) SC-79analysispertlormeddmctly on supematautrnateri~ not on acid digestionpreparation.

(3) Alpha Sumeqmdsthe pCtimLor pCUgsummationofPu-238, Pu-239+240,AM-241,Cm-242,and Cm-243+244.



Table 3.3. C-104 As-Received --- ICP/MS Results

. M&ix Snpematant . . : I &rtt@rged wet S&Is

Acid’’D”igcst 1’
I II

Diswilztion
....,. ,.. .—

. . watei:bflutiorl : “ “KOHXNOJFt&o,n. . ------ . . . . . . < Max.
UU-156U- u&13rm-

.

&/j ;@ -O&60. Oo-lti d. 00-1860 )0-1360 “d” 00-2361 ;fJ&1361- IJow61-d slurry”

PB Sam& :D,up. *W? i?B ,,tiple Alp. l&DY),“PJ3 Sample Dup. ~DWJ c~~~.

.Units pC~mL pCUmL IICl@L
,,

‘?(O @rnL .pwmL ‘.@/mL 0/0 ycvg Jlwg Jlcvg .O/O ycifg
.Ailak- 1 I 1 I [

f&c I I I I 1- 1 I I I 1“ 1 I I
II Tc-99 < 4E-5 I 1.40E-2 i 1.49E-2 I 6.2 < lE-4 [ 1.44E-2 I L45E-2 I 0.7 c 2E.3 ! 2.65E-2 ! 2.90E-2 I 9.0 13.77E-2

1-129 < 8E-7 [1.80E-4] [2.17E-4] c 3E-5 [2.13E4] 1.95E-4 < 2E-4 [5.00EAI] [4.IOE-4] 6.43E-4
u-233 < IE-6 3.37E4 3.95E-4 16 < lE-4 3.15E-4 2.18E4 36 < 7)3.3 2.56E-I 2.43E-1 5.2 3.12E-1

u-234 < G-6 L19E-5 L89E-5 45 < 3E-6 1.55E-5 1.31E-5 17 < 4E-3 1.OIE-2 L50E-2 39 1.83E-2

u-235 < 5E-9 4.79E-7 5.52E-7 14 < 2E-8 4.80E-7 3.65E-7 27 1.OE-5 3.35E-4 3.14E-I 6.5 4.09E-4

U-236 < 3E.8 6.26E-7 7.46E-7 17 < 7E-7 6.07E-7 4.27E-7 35 < 5E.5 3.86EAl 4.40E-4 13 5.37E-4t
II U-238 I <4E-9 I Lo5E-5 I 1.19E.5 I 13 I < 3E-8 I 1.06E-5 I 7.87E-6 I 30 I <3E-5 I 7.13E-3 i 7.03E-3 I 1.4 18.70E-3II

Tc-99 c 2E.3 8.24E-I 8.76E-1 6.2 < 7E-3 8.47E-I 8.53E-1 0.7 < IE-I 1.56E+0 1.71E+0
1-129

9.0 2.22E+0
c SE-3 [1.02E+O][1.23E+O] < 2E-I [L20E+O] I.1OE+O < lEO [2.82E+O][2.32E+O] 3.64E+0

u-233 < lE~ 3.50E-2 4.1OE-2 16 < lE-2 3.27E-2 2.26E-2 36 <ml 2.66E+1 2.52E+1 5.2 3.24E+1

u-234 < IE-3 1.91E-3 3.04E-3 45 < 5E-4 2.49E-3 2.IOE-3 17 < GE-1 1.62E+0 2.41E+0 39 2.94E+0

u-235 < 3E.3 2.50E-1 2.86E-1 14 < IE.2 2.50E-1 1.90E-1 27 < 5Eo 1.74E+2 1.63E+2 6.5 2.13E+2

U-236 < 5E-4 9.62E-3 L15E-2 17 < IE-2 9.33E-3 6.56E-3 35 < 8E-I 5.93E+0 6.76E+0 13 8.25E+0

U-238 < IE.2 3.13E+I 3.54E+I 13 c 9E-2 3.15E+I 2.34E+1 30 < 9EI 2.12E+4 2.09E+4 1.4 2.59E+4

NP-237 < 3E-3 4.27E-2 4.38E-2 3 < 4E-4 5.08E-2 4.88E-2 4.0 < 3E-1 3.62E+0 3.90E+0 7.5 4.76E+0
PU-239 < 2E-4 3.80E-2 3.82E-2 0.4 < 2E-2 rl.60E-11 6.93E-2 < 5Eo 3.38E+1 3.51E+1 3.7 4.29E+I
PU-240 < 2E.3 1.59E-3 [2.09E-3] < 4E-3 [1.19E-2] [6S7E-3] < lE-1 2.98E+0 2.88E+0 3.6 3.64E+0
CS-133 1.6E-2 9.3E-I 1.05E+0 12 3.5E-2 1.28E+0 1.28E+0 o [4.BI] 1.87E+0 ~.13E+O] 2.80E+0

1-127 [1.E-2] [1.OIE+O] 1.15E+0 < lE-I [7.60E-1] [6.70E-1] [1.IE+O] [1.7E+1] [1.9E+1]
Pr

2.33E+1
< IE.3 2.51E-2 [2.90E-2] 3E-2 [7.30E-2] [3.00E-2] [4.E-1] 4.08E+1 4.38E+I 7.1 5.34E+I

p#l nim nfm tim n/m n/m nim 8.OE-2 2.09E-1 3.14E-1 40 tic
Rb 1.7E-2 5.54E-I 5.90E-1 6 7E-2 5.64E-1 5.90E-I 5 9.87E+I 1.70E+2 1.52E+2 11 2.07E+2

Ta I <2E-3 I~.30E-3] I[5.20E-3]I I < 3E-3 I ~.6E-3] I < 3E-3 I I < 2E.I I 1.06E+0I 1.05E+0 I 0.9 11.29E+0
(1) Reportederror is witim +/-15%,bracketedresults indicatethe errorexceeds+/-15% (2-17).
(2) RPDis calculatedon sampleandduplicatevalues wherethe individualerrors are <15%(2-cr).
(3) The maximumslurryconcentrationis calculatedusing the supematsntacid digestionvalue as it is consideredmoreaccurate.
(4) Pt was measured tim the Na&NaOH-HCl fwion prepamtion.

nhrxnot measured; n/c not calculated
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Table 3.4. C-104 As-Received Cs and U Mass Abundance Ratios

Cr104As-Remiwd

Mu.tn?x Su*mat$in< C&5&d tictsoiiii”

DksoMon Aci$:Digt@ian KOH-KN03 Fusion

Lab ID 00-1340
I

O&l&&d I 00-1361 0&1361d I
Sample. 1 Dup.. RPD sample Dup. MD.

Uilifs ‘/0 massabundance.. ●/e ‘~o.mas$abundancc. ‘??0.—
Analti”’

CS-133 5.53E+1 5.59E+1 1.1 6.94E+1 7.223+1 4.0

CS-135 1.97E+1 1.93E+I 2.1 1.33E+1 1.19E+1 11
CS-137 2.50E+1 2.48E+1 0.8 1.74E+1 L60E+1 8.4

u-233 1.11)3-1 L15E-1 3.5 1.03E-I 9.57E-2 7.3
u-234 6.07E-3 8.50E-3 33 7.83E-3 8.91E-3 13
U-235 7.04E-I 7.17E-I 1.8 6.98E-1 7.15E-1 2.4
U-236 3.05G2 3.22E-2 5.4 2.93E-2 2.78E-2 53

U-238 9.91E+1 9.91E+l 0.020 9.92E+I 9.92E+I 0.010

3.5
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Table 3.5. C-104 As-Received --- Other Results

T&.3iif&i& ‘..’. . ..’. . ..-..”.’. &:X04 Ak=Rek&~e@}. ..
jjf& ,’, . : supe@at@ Cen&ifugedWetS$Kds Max.

“ ~jD ..:
I 00-1360 I 0&13* oo-1360d “~ I .. I 00-1361 I 00-1361;[ 00-1,*1- I Q) slurry

‘rypeof. . PB - ‘pup. *D Typeof P\B Sample \ Dup. RPr) Cone.

Writs ‘.P@p jq@L ..
‘s~;:

“tig
~g

I :jlglg (%) Pllg
Analfie :.. . : ,. 3.’”. . .. .. .,. . ..- . .. .

It
1 I 1 -,-— 1 I I I . .

TOC I PersuMte I nla I 6.s00 6.7X-I ? Pefmlfate I n
II TIC T Persrdfhte.I n/a I 8.330 I 8270 I 1 I Persuhte. 1 tia 4200 3,800 10 4,730

1 -,--- 1 -, --- I I --..-— I .Ja

Iw ‘e’d*‘ ‘; ‘
10JOO 7,700 29 9,490

14,800 15,000 I 1 I Pemlti I n/a 14.500 11.500 23 14.200

l==
Fluoride
Chloride
Nitrite

II Bromide
II Nitrate

E
Phosphate

Stdfhte
Oxalate
Mercury

II Ammonia

I
Furnace rrla 14,900 14,100 6 Furnace nia 24,800 22,100 12 22:600
DuJDii. nfa 9,710~) 9,500Q) 2 Water <24 46~000) 48,300 0) 2 41,100

Dumll. nla 790 720 9 Water [26] 250 220 12 330
DKJm. nla 34,200 29,100 16 Water <48 10,500 10,500 0 13,900,
DKJIX1. I da 3;70 2:920 i 11 Water I <24 I 1:020 I 1.020 I o 1350 II

I DwJDii.I n/a I 17.600 t 16.100

Dumii. nla 3,040 2,640
DuJDii. nla 3,870 3,410
DuJDii. nla 3,590 3260

Acid Dlgestl 0.014 I 0.722 I 0.602
Dumll. nia 17.4 19.2

IICvanide (total) IDtilation I <0.01 I 7.4 I 8.5

20 AcidDigest <0.05 41.1 40.2
10 Water 1.05 3.38 3.09
14 Dtillation <0.04 11.4 13.8

1-
. –..–––.–––U*’ . 1 1

.°F ~ s~ ‘ : ,.lqr

Flashpoint I Dmct rria 20(4) 218(4)

UkifsI mmole/rnL ‘m-mole/mL‘mmole/mL

1

iR-
-i-
-5-

2
4

7,350
8,400
1,800
6,900

334

5.7
13

Hydroxide Dumll. <0.01 (~) 0.81 0.82 0.4

U* ,pH ipH .pH
pH Dmct rr/m 12.1 12.1 0

(1) Overallerror for reportedresultsis estimted to be withii +15% (2-> bracketedresults indicatethe errorexceeds+/-15% (2-cr).
(2) RPD only erdculatedwhenssmple and duplicateresultsabovethresholdfor method’sRPD ealculadon(calculatedpnorto rounding).
(3) IC systemquantifiesF basedon retentiondrnq however,fluoride,formateandacetatecannot be resolved. Reportedvalue reflects

contributionformate and/oracetate.
(4) Flashpointis attributed to a “ddse flash”due to watervolatiliirrg to steam.
(5) No titration idlection point detecte~ !%ehydroxideesdmatedat<O.01rnmolehnL.
dirJdil.= dmct or dilutiou n/a = not applicable; n/m= not measureddueto applieabiity of method

3.6



4.0 TCLP Metals Analysis and Evaluation

The TCLP, SW-846 Method 1311, was not performed on C-104 waste materials for toxic metals. The
estimated TCLP metals concentrations are calculated from 1) the concentrations of the supematant TCLP
metals, 2) the concentrations from acid digestion of the solids TCLP metal (assuming all metals would be
leached 100% using Method 1311), 3) the density of the supematan$ and 4) the centiged wet wt%
solids. The centrifuged wet wt% solids are used instead of the filtered wet wt% solids from Method
1311; however, the two methods for determining the wet wt’%solids are considered reasonably
comparable for this exercise. The concentrations of the TCLP metals are estimated by assuming that the
supematants and solids are analyzed separately and combined mathematically per Method 1311. The
estimated concentrations of the TCLP metals in the as-received tank waste materials, assuming a 100 g
initial sample size for processing, is provided in Equation 2:

C= [ (L * (V1/DJ) + (S * Vz )] / [ (VJDI) + (Vz*F/DJ ] (2)

Where: C = Waste material TCLP metal concentration in pg/mL
L= average supematant TCLP metal concentration in pghnL
S = average solids TCLP metal concentration in pg/g
DI = density of supematant in g/mL (1.161 ghnL)
D2 = 1, approximate density in g/mL of the TCLP extraction fluid
VI= mass in g of supematant of nominal 100 grams of waste material =

(100 g)* (1 – W/100); i.e., 18 g
V2 = mass in g of TCLP fluid to add to solids fraction of waste material for

TCLP extraction= (100 g) * (W/100); i.e., 82 g
F = 20, the TCLP fluid to solids extraction ratio
W= centrifuged wt% solids (82%).

The TCLP metals concentrations in the solids from the acid digestion preparations are used for the
calculation. The acid digestion results are considered to be consewative since the nitric-hydrochloric acid
digestion is significantly more rigorous thau the TCLP acetic acid leach. Additional consewatism is
ascribed to these calculations in that the results used were not corrected for contributions present in the
process blank. Table .4.1 provides the predicted maximum TCLP metals concentration results for the C-
104 as-received waste material.

The contribution of the solids only to the TCLP metals leach concentration is also provided in Table 4.1
under the heading “20: 1 Leach Equivalent.” This concentration is calculated according to Equation 3:

c.= s / (IYD2) (3)

Where: C,= the solid TCLP concen~tion in @mL.

The results indicate that the C-104 waste materials may have TCLP metal concentrations that exceed the
regulatory threshold, specifically cadmium, chromium, mercury, and lead. Due to the dilutions required
for the analyses to support ALAM (as low as reasonably achievable) radiation exposure concerns and
the low regulatory threshold for selenium (i.e., 1 j.@nL), it cannot be determined if selenium exceeds the
threshold. Nickel is included in the TCLP table at the request of BNF~ however, there is no TCLP
threshold associated with nickel.
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Table 4.1. TCLP Metals Predicted Maximum Concentrations

.,

TCIJ?
Analytes

Ag
As
Ba
Cd
Cr
Hg
Ni
Pb
Se

‘. C-104&$-@wived . . . .

‘Sypemat$ut ; ‘“wef~o$as ‘Frtiicted

Acid tigest ‘Acid~D~est 20:1 : “Maximum
,: Leach “

T-CLP 40-1360 ~ ~ 0&361 ~Euuivalent TCLP
t 1

Limit ‘Avenge Averag~ ‘A<etige ‘ Cone.{l)

I’@@? @d* ‘M3&; p@L .“ ‘“ pghnL
5.0 r 1.5I i501 [ 4.21 2.5
5.0 I <13 I c 72 I <1.4 I <3.7, ,

100.0 [ 0.5] 84 7.1 4.2
1.0 9.4 415
5.0 58 709 60
0.20 0.66 40.7 2.02

128 1,320 112 66.6
5.0 <5.0 703 60 34:9
1.0 <13 <72 <6.1 <3.7

— -a
Values in [ ] are above the MDLbut belowthe EQLaud have uncertainties>15% at 2-0.
Shadedand boxedvaluesexceedor potentiallyexceedregulatorythreshold.

(1) The predictedmaximumTCLPmetalsconcentrationis determinedfrom a nitric/hydrochloncaci
leach of the wet cen~ged solidsand supematant. A true TCLP leach could result in
significantlylowerTCLPmetal concentrations.

4.2



5.0 Quality Control and Data

5.1 Metals Analysis by ICP - Table 3.1

Aliquots of the acid-digested and fhsed samples were submitted to the ICP workstation. The samples
were analyzed in two analytical batches following procedurePNL-ALO-211. Where analytes were not
detected, the results are reported as less than the MDL. Results shown in brackets”[ ]“ are less than the
estimated quantitation level (EQL), and have uncertainties exceeding +15Y0,2-cr. For the ICP, the EQL is
defined as ten times the MDL. Above the EQL, results are expected to have 2-G uncertainties of less than
A150/0,and typically less than +lOO/o.

The analyte concentrations reported for the wet centrifuged solids prepared by acid digestion and
KOH-KN03 fision agree reasonably well. Two analytes, Si and Zr, are exceptions; their concentrations
are significantly lower in the acid digestion preparation. The fision preparation method is much better
than acid digestion in dissolving Si and Zr compounds, thus concentrations derived from the i%sion
preparation are considered more reliable for Si and Zr.

Quality control for the ICP analysis consists of duplicates, matrix spikes, blank spikes, post spikes,
process blanks, serial dilution, laboratory control standards, and calibration verification check standards.
An evaluation of each of the quality control (QC) criteria was petiormed and a summary is presented
below.

Duplicates: Except for a very few cases, the relative percent differences (RPD) for analytes of interest
were within the acceptance criterion of 20Y0. Exceptions are for the fi.usionpreparation of solids for silver
(28%) and phosphorous (55%).

Matrix Spikes: A matrix spike was not required to be run with the fusion preparation. Matrix spikes
associated with the acid digestion of the liquids and solids recovered within the tolerance limit of 75°/0to
125% except silver (24% and 27%), barium (56%), and arsenic (50%). Chloride from the hydrochloric
acid used in the acid digestion likely precipitated the silver as AgCl, resulting in low recovery. Low
barium recovery may be caused by the presence of sulfate in the sample precipitating barium as BaSOd.

Blank Spikes: Blank spikes were prepared with the acid digestion procedures; a blauk spike was not
required for the fision preparation. All spikes recovered within the tolerance limit of 80’%to 120°/0
except silver (210/0). Chloride from the hydrochloric acid used in the digestion procedure may have
precipitated the silver as AgCl causing low recovery.

Post Spikes: All post-digestion spikes recovered within the tolerance limits of 75% to 125%.

Process Blanks: Analytes of interest detected in the processing blanks for the acid digestions of the
supernatants and solids and the KOH-KN03 fusions were below the EQL or K5’XOof the sample
concentration, except for boron in both the acid digestions of the supematant and soli~ and silicon in the
acid digestion of solids. The boron concentration was about 6°/0of the concentration of the supematant
samples and about 100°/0of the concentration in the solids digested samples. The boron and silicon
contamination is probably a result of leaching from the borosilicate glass digestion vessel. The boron
measured in the acid-digested solid samples appears to be entirely from contamination and the actual
boron results should be considered less than the MDL of 26 pg/g.

Serial Dilution: The calculated analyte concentrations from the sample analysis and the five-fold dilution
of the sample met the acceptance criterion of ~10%, where analyte concentrations exceeded the EQL,

5.1
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with one exception. The sodium concentration determined from the 5X dilution of the wet solids fision
preparation was high by approximately 12% relative to the undiluted preparation. This indicates the Na
concentration determined from the fhsion preparation is potentially low by 12°/0. The average Na
concentration determined from the acid digestion is higher than the average Na concentration determined
fi-omthe fksion preparation by 14%, supporting the low bias indication of the fision result. Thus the acid
digestion result for Na is more reliable.

Laboratory Control Standard (LCS): A NIST SRM-271O (Montana Soil) reference standard was
processed with the fision-prepared samples as a LCS. The blank spike served as the LCS for the acid
digest samples. For all analytes in the LCS above the EQL, recoveries were within acceptance criteria.

Calibration Verification Check Standards: All standards provided results within acceptance criteri~
except for a few analytes. Acceptance criteria for the QC Check Standard are A1OO/oof true value.
Palladium measured low by 20% to 27% in the mixed QC standard run with the fision-prepared sample
series. A single-element palladium standard recovered within +3°/0. The acid digested samples were run
separately and the mixed QC standard analytes recovered within +1OVOexcept for magnesium (11’XOhigh
in one of four measurements) and palladium (20V0low). Again, the single element palladium standard
recovered within +1O’%0.These deviations are not expected to impact the reported analyte results.

5.2 Uranium Analysis by Kinetic Phosphorimetry- Table 3.1

Uranium was measured directly in dilutions of the SAL solids fusion and supernatant acid digestion
preparations by kinetic phosphorescence analysis (KPA) following procedure PNL-ALO-40 14. The
diluted samples analyzed were within the concentration range of 1.E-4 to 1.E+O~g/ml. The instrument
performance was stable over this range as determined by uranium standards analyzed before and after the
sample measurements where standard yields varied between 96% and 105’7o.Duplicate sample results
showed good agreement with RPD values K5’XO.The uranium concentrations measured in the hot cell
process blanks were negligible relative to the uranium in the samples. Uranium was not detected in the
laborato~ blanks. Post-digestion matrix spikes showed excellent recove~ at 101% for the supemate and
99% for the solids. The uranium KPA results are in good agreement with ICP and ICP-MS results.

5.3 Radiochemical Analysis -Table 3.2

5.3.1 Gamma Emitters by Gamma Energy Analysis (GEA)

The sample solids fhsion and supematant acid digestion preparations from the SAL were gamma counted
following procedure PNL-ALO-450. Most of the gamma emission from the samples was from CS-137.
Other detected gamma emitters were CO-60 in the supematant and solids, and Sb-125, Eu-154, Eu-155,
and &n-241 in the solids. All of these gamma emitters were at much lower concentration than the
CS-137. No gamma activity was detectable for Nb-94, Ru/Rh-106, Sb-125 (supematant), Sn/Sb-126, or
CS-134. The SAL process blanks had detectable quantities of Cs-137, but at insignificant levels (three
orders of magnitude lower) when compared to the CS-137 levels in the samples. No other gamma
emitters were detected in the blanks. All RPD results of detected analytes were 51 OVO.The Am-241
results were in excellent agreement with the alpha energy analyses (AEA) discussed below for the solid
samples. However, the AEA results had a much lower detection limit and were able to detect #un-241 in
the supematant samples below the GEA detection limit. Since gamma energy analyses are direct sample
measurements not involving chemical separations, sample and reagent spikes were not required.
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5.3.2 Total Alpha and Total Beta

For total alpha and total beta activity measurements, the SAL solids fision and supernatant acid digestion
sample preparations were further diluted and small aliquots evaporated on planchets for counting
following procedures RPG-CMC-4001 and -408. The total alpha results were in good agreement with the
sum of the individual alpha emitters. The supernatant total alpha and alpha sum averaged 4.31 pCi/mL
and 4.07 pCihnL, respectively, representing a 6% difference. The wet centrifuged solids total alpha and
alpha sum averaged 5.94 pCi/g and 6.58 pCdg, respectively, reflecting an 1l% difference. (The sum of
the alpha emitters is a better indicator of the total alpha activity as direct plating results in potential mass
attenuation effects of the total alpha emissions.) The duplicate samples showed good agreement with
~13’YoRPD. Alpha activity was not detected in the SAL process blanks or Laboratoryblanks. Blank
spikes for the solids and liquids showed acceptable recoveries; however, the solids sample alpha spike
recovery was low at 730A,probably due to mass attenuation effects. This effect was not an issue with the
sum of the individual alpha emitters, as discussed previously.

The total beta results were in reasonable agreement with the sum of the beta emitters, mainly CS-137 and
twice (to allow for Y-90) the Sr-90 activities. The total beta activity for the supematant averaged 30.4
pCi/rnL and the sum of the beta emitters averaged 38.8 pCi/mL, representing a 28’%difference. The total
beta activity for the wet centrifuged solids averaged 700 pCi/g and the sum of the beta emitters averaged
652 pCi/g, representing a 7.5% difference. The duplicate beta activity results agreed within 6’%RPD.
The SAL process blanks had beta activity concentrations three to four orders of magnitude less than the
samples. The total beta matrix and blank spikes showed excellent recoveries ranging from 98°/0to 1000/o.

5.3.3 Plutonium, Americium, and Curium

Plutonium, americium, and curium were separated from diluted SAL solids &ion and supematant acid
digestion preparations using Eicbrom TRU resin according to procedure PNLALO-417. The separated
fractions were mounted for alpha spectroscopy by co-precipitation with a neodymium fluoride (NdFJ
carrier (procedure PNL-ALO-496) and counted by alpha energy analysis according to procedure
PNL-ALO-422. Absolute activity of the alpha emitters was calculated relative to NIST-traceable Pu-242
and Am-243 tracers added to the sample aliquots at the start of the chemistry in the laboratory.

The SAL process blanks indicated detectable alpha emitters for the solids, but the activities were about
three orders of magnitude lower than the samples. Where the counting uncertainties were less than 10%
for the sample and duplicate, the plutonium and americium RPD results were <5% and well-within the
acceptance criterionof ~OO/O.The blank spike and sample spike showed good yield-corrected recoveries
of 820/o-1030/o.

The plutonium sample mounts were placed into scintillation coclctd and counted according to
PNL-ALO-474. The Pu-241 activity was determined by integrating the 2-20 keV region. Radiochemical
yields, assessed through alpha spectrometry, were applied to the sample activity calculations. Because
the laborato~ was not notified of the need for Pu-241 determination until after the Pu-239+240 analyses
were completed, Pu-241 blank spikes and matrix spikes were not prepared. The RPD for the Pu-241
supematant was 10/o;the RPD for the Pu-241 in the solids was 23°/0,greater than the ~0°/0 criterion. The
mean difference of the solids duplicates was 0.95 indicating the results were not si@lcantly different
given the error of the method.1

*The mean difference value indicates whether the results are statistically different at the 95’XOconfidence
level. Where the mean difference is greater than or equal to 1.96, there is 95% confidence the two results
are not equal.
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5.3.4 Strontium-90

Small aliquots of the SAL solids fhsion and supematant acid digested samples were taken for Sr-90
analysis. The Sr-90 analyses were conducted according to procedure PNL-ALO-476, which utilizes
Sr-Spec resin that contains a crown-ether for the selective extraction of strontium from the radioactive
and inactive matrix. After thorough washing, the strontium was back-extracted from the resin with water.
The water was dried onto 2-inch planchets and counted with a gas-flow proportional counter according to
procedure RPG-CMC-408. Radiochemical yields were determined with a Sr-85 tracer (added prior to
radiochemical separation) counted by GEA according to procedure PNL-ALO-450. The beta count rate
was corrected for the interference horn the Sr-85 tracer and Y-90 in growth. The samples were analyzed
in two batches; the supematants were analyzed in one batch and the solids material analyzed in another
batch. The wet centrifuged solids sample and duplicate showed good agreement with an RPD of 5%, well
within acceptance criteria of C20°/0. The RPD was not reported for the supematant sample and duplicate
because the analytical error for each result exceeded 15’%0.No contamination was detected in either of the
SAL process blanks or the laboratory blank. Sample matrix spikes and blank spikes were prepared in the
radioanalytical laboratory and were processed with the sample batches. The blank spike and matrix spike
yield-comected recoveries were excellent at 92-97%. Radiochemical yields were >95%.

5.3.5 Tritium

Tritium was isolated directly from the supematant sample material and fkom SAL water leachates of the
solids. Tritium was distilled per procedurePNL-ALO-418, followed by liquid scintillation counting of
the distillate per procedure PNL-ALO-474. For the liquid samples, the sample duplicates were in good
agreemen~ no tritium was detected in the laboratory bl~ and the blank spike showed good recovery at
95?0. However, for the solid samples, the sample duplicates showed very poor agreement with an RPD of
136Y0. The SAL process blank for the water leach of the solids showed significant tritiurn activity, higher
than one sample and at about 20% of the activity in the other sample. The SAL hot cells are known to
have high levels of tritium contamination. Hence, the solids samples appear to be badly contaminated and
the solids data are thus only usefid as an upper limit to the tritium concentration in the samples. No
tritiurn was detected in the solids blank prepared in the laboratory and a blank spike prepared in the
laboratory showed good recovery at 103%. NIST-traceable standards were used to determine the detector
efficiency. Due to an oversight matrix spikes were not prepared for tritium distillation and analysis with
either the liquid or solids samples.

5.3.6 Selenium-79

The Se-79 was isolated using procedure PNL-ALO-440 in samples of the direct supematant and in
aliquots of the fhsed solids. In this method the selenium is separated from the sample by precipitation,
followed by ion exchange, and then distillation. The product selenium is measured by liquid scintillation
counting following procedure PNL-ALO-474. Since a Se-79 calibration standard is not commercially
available, blank spikes or matrix spikes could not be prepared. Carbon-14 (which has a nearly identical
beta energy) was used to determine the detector counting efficiency. Selenium-79 was not detected in the
hot cell process blank for the fkion or in laboratory blanks prepared with each batch of samples. The
Se-79 activities measured in the supematant and solid resulted in 1% and 4% IWD respectively. The
centrifuged wet solid duplicate sample was also run in replicate by the radioanalytical laboratory and
resulted in 49°/0higher Se-79 concentration (40Y0RPD). This discrepancy is attributable to the relatively
low radiochemical yield of the replicate sample and may also be linked to the general variability of the
method near the MDL.
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5.3.7 Carbon-14

Carbon-14 was isolated from direct supematant sample aliquots and wet solids using hot acidic persulfate
oxidation and extraction in a Coulometrics Carbon Analyzer Acidification unit followed by C02
collection in a trap according to procedure PNL-ALO-482. The C-14 was then measured by liquid
scintillation counting according to procedure PNL-ALO-474. Both the supematant and solid sample
duplicates showed good agreement with O%and 13% RPDs, respectively. The blank spike showed good
recovery of C-14 at 96Y0,and matrix spikes showed good recoveries at 88V0and 970A,for the solids and
supematants, respectively. Carbon-14 was not detected in the blank samples and there was no evidence
of C- 14 carry-over into the samples or standards during the combustion process. NiST-traceable C- 14
standards were used to determine the net combustion and collection efficiency for the procedure, as well
as the detector counting efficiency.

5.4 Analysis by lCP/MS- Tables 3.3 and 3.4

Selected radionuclide and metal analyses were performed by ICP/MS per procedures PNL-ALO-280,
281, and 282. The radionuclide and metal analytes of interest were analyzed on both the acid digestions
and water dilutions of the supematants and on the KOH-KN03 fusion preparation. The supematant water
dilutionhnalysis was evaluated relative to the acid digestionhmalysis with respect to iodine. It is
chemically feasible to sustain losses of I_by volatilization (as HI) during the acid digestion preparation.
The potential for the loss is eliminated with the straight sample dilution. The Na202-’NaOH-HCl fision
preparation was used solely for the analysis of platinum. The radionuclide concentitions are presented in
both terms of mass (pg) and activity (pCi).

Off-1ine interference corrections were required for 1-129 (for xenon correction). Uranium isotopic
analyses were conducted on sample fractions processed through TRU-Resin to remove polyatomic ion

,interferences. Uranium isotope ratios were then multiplied by the total uranium concentration
(determined by summing the U-238 and U-235 concentrations) to report isotopic concentrations.
Similarly Pu was purified using TEVA Resin. Plutonium-242 was used as an internal tracer to correct for
yield losses and for instrument drift.

The ICP/MS was calibrated relative to isotope-specific standards in all cases except for Pu-240. In this
case, the Pu-240 concentration was determined by comparison of its response to the calibration curve for
Pu-239 Thus, the Pu-240 concentration results should be considered semi-quantitative.

The analyte RPDs were calculated from duplicate sample results where the individual error was45’XO,
2-G. The acid digest preparations of the duplicate supematant samples were within the 20% acceptance
criterion, except for U-234 where the RPD was 45Y0. The precision between the sample and duplicate
from the water dilution were generally s20% for U isotopes. Notably Tc-99, 1-129 and 1-127, Cs, and Rb
were =OYORPD and are chemically stable in dilute caustic solution. The RPDs for the KOH-KN03
fhsion were within acceptance criteria. The platinum RPD for the Na20z-NaOH-HCl fhsion of solids was
40’MO.

Preparation matrix spikes or blank spikes for ICP/MS were not prepared. However, post matrix spikes
were prepared and analyzed at the ICP/MS workstation. The post spike recoveries ranged from 79°/0to
125’XO,within the acceptance criteria of 75% to 125%.

In general, the results of the continuing calibration verification (CCV) check standard were with
acceptance criteria. However, one CCV result exceeded the acceptance criteria as follows: rubidium in
the water dilution run series-84%, technetium in the fision run series-113Y0, and platinum in the
Na202-NaOH-HCl fhion--89%. The second CCV from each series did meet the acceptance criteria. The
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potential bias introduced by the failure of some of the check standards is considered insignificant since
most of the failures were only marginally outside the acceptance window.

The reported Tc-99 results assume that the ruthenium present is exclusively fission-product ruthenium,
and therefore does not have an isotope at mass 99. The calculated results assume that everything
observed at mass 99 is due to technetium. The observed ruthenium mass spectra are not typical of natural
ruthenium and are consistent with spectra observed in previous tank waste analyses. Therefore, the
assumption that observed mass 99 is primarily technetium should be valid.

The water dilution blank preparation appears to have a significant praseodymium contamination,
containing about the same concentration found in the samples. The acid digestion blank result does not
demonstrate this contamination and should be used instead. The rubidium and Pu-239 process blank
results fi-omthe same sample preparation also show evidence of contamination representing 12’%0and
10%, respectively, of the sample concentration. The fision preparation blank also exhibits contamination
relative to the sample concentration for several analytes. The preparation blank contains Rb at 650/o
sample concentration, Pt at 38°/0,Cs- 133 at 20V0,and I-127 at 6°/0.

For the water soluble analytes, (I, Tc, Rb and Cs), comparison of the acid digestion and water dilution
preparations is generally good. The 1291concentration agrees well between the acid digestion
(1.12 pg/mL) and the water dilution (1.15 pg/mL) samples. The ’271should agree equally well, however,
the water dilution value (0.72 pghnL) is 34V0lower than that from the acid digestion (1.08 pghnL). This
indicates volatilization of 1-under the acid digestion processing conditions was not significant. Uranium
and plutonium showed greater variability in the water dilution as evidenced by higher RPDs between
duplicates. For these analytes, the acid digestion method is considered to produce more reliable results.

The ICP/MS results for Pu-239+240 wet solids fhsion preparation compare very favorably to the results
obtained by AEA. The supernatant Pu-239+240 concentrations differ by 53°/0,much greater than the
error associated with the two methods. Both methods utilized Pu-242 tracer to correct for yield biases.
However, it appears the ICP/MS method is biased high or the radiochemistry method is biased low, or
possibly a combination of both. The ICP/MS results for total uranium (i.e., U-238+235) compare well
with the results obtained by kinetic phosphorescence and ICP. In general, the average results between the
methods vary by less than 10VO,which is considered very good agreement for a method-to-method
comparison. Table 5.1 presents the comparison for these results. The ICPIMS cannot distinguish
between U-238 and Pu-238. However, since the Pu-238 concentration (in pg/g or yg/mL) is negligible,
the ICP/MS response at mass 238 is attributed solely to U-238.
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Table 5.1. Comparison of ICP/MS to Other Methods for Pu-239+240 and Total U

Timkilfirteriid c-1~ m“:@t@@
Mm Supe@atant Ce@’i@gedWeR3jolids—...

IMsofuiiolz Ac~d’~igxt Kt)H-KN03fu@ii
Aniiljte Method ~CyrnL. . p.cqg

Plutonium
—. *

239+240 ICP/MS 2.79%3 2.81E+0

Radiochemistry(AEA) 1.82E-3 2.93E+0

Differencefrom
ICPiMS 53% 4%

Allalge Met@d p~rn& P$lz
Total Uranium ICP/MS“) 34 21,200

Kinetic
Phosphorescence 30 19,500

Differencefrom
ICP/h4S 12% 9%

Total Uranium ICP/MS“) 34 21400
ICP <100 21,300

DitTerencefrom
ICP/MS n/a 0.5%

(1) All results are averageof sample and duplicateresults from Table3.1 to Table3.3
(2) ICP/MS Total Uranium= Sumof U-238 andU-235

5.5 TOC/TIC Analysis by Hot Persulfate/Coulometry - Table 3.5

The analyses of the C-104 as-received supernatant and solids samples were performed by the hot
persulfate wet oxidation metho~ PNL-~0-381 and the fhrnace oxidation rnetho~ P~ALO-380. The
hot persu~ate method uses acid decomposition for total inorganic carbon (TIC) and acidic potassium
persulfate oxidation at 92-95°C for TOC (total organic carbon), all on the same weighed sample, with
total carbon (TC) being the sum of the TIC and TOC. The fhrnace oxidation method determines TC by
oxidizing all forms of carbon (i.e., inorganic and organic) in oxygen at 1000 ‘C. Per the analytical
metho~ the TOC, TfC, and TC results are bias-co~ected for average percent recovery of system
calibration standards and are also corrected for contribution from the system blank.

The QC for the methods involves system calibration blanks, system calibration standards, sample
duplicates, and matrix spikes. The QC system calibration standards were all within acceptance criteri~
except for the hot persulfate TOC, which demonstrated an average recovery of 88’XO.Although this
recovery is slightly lower than the acceptance criteri~ the recovery results were consistent. Because the
final results are corrected for the average organic carbon recovery, the slightly low standard recovery is
not expected to bias the results. The calibration blanks run at the beginning, middle, and end of the
analysis runs were acceptable and the standard deviations for the TIC and TOC blanks were at or below
the historical pooled standard deviation used to establish the MDLs.

Under normal conditions, the furnace method and hot persu~ate method should provide equivalent TC
results. The supematant results demonstrated good agreement between the furnace and hot persulfate
methods, with the average hot persulfate TC being 14,900 pg/ml and the furnace TC being 14,500 pg/ml.
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The wet centrifuged solids TC from the iirnace method is nearly twice the level measured from the hot
persulfate method; i.e., approximately 23,000 versus 13,000 pg/g, respectively. The disagreement
between the finmace and hot persulfate TC for the centrifuged solids strongly suggests that the carbon
compounds (most likely organic carbon compounds) are not well decomposed by the hot persulfate
method.

The accuracy of the carbon measurements can be estimated by the recovery results from the matrix spike.
All spike recoveries were within the acceptance criteria of 75% to 125’XO.However, the matrix spike for
the hot persulfate method demonstrated somewhat low recoveries for the solids; i.e., from 79% to 87% for
TIC, TOC, and TC. Although these recoveries are within the acceptance criteri~ the low recoveries again
indicate some difficulties either in subsampling the solids sample or in ability of the hot persulfate
method to produce consistent results from the specific sample matrix,

5.6 Anion Analysis by [C - Table 3.5

The as-received supematant samples were diluted 10-fold to 2000-fold at the ion chromatography (IC)
workstation to ensure that all anions of interest were within the calibration range. The wet solid samples
were leached using procedure PNL-ALO- 103 in the SAL and I%rtherdiluted at the IC workstation
resulting in a 10-fold to 2000-fold dilution. The supematant and solid leach solutions were analyzed by
IC for inorganic anions per procedure PNL-ALO-212.

Although oxalate is an analyte of interest for the as-received material, it is measured by organic IC
analysis and reported as an organic anion in the C-104 tank waste organic report (WTP-RPT-008 [draft]).
The oxalate results reported in Table 3.4 from the inorganic IC analysis are for information only. The
reported fluoride results must be used with caution. For the IC column and parameters used, fluoride
cannot be isolated from acetate and forrnate. It is unlikely the levels of fluoride quantified are present in
the C-104 tank waste, and since both acetate and formate could be present the fluoride results should be
used with reservation. Both acetic acid and formic acid were characterized by organic IC analysis and are
reported as organic anions in the C-104 organic analysis report.

Matrix spikes were prepared at the IC workstation following the dilution at the IC workstation on the
solid Ieachate sub-sample. The matrix spike demonstrated recoveries between 100°/0and 108°/0,well
within the”acceptance criteria of 75°/0to 125°/0. The blank spike recoveries were within the 90°/0to 11OO/o
acceptance criteri% except for nitrate (78Yo). Other standards analyzed during the analytical run
demonstrated good nitrate recovery and the poor nitiate recovery from the blank spike is not considered to
affect the reported results. The analytical system blanks, as well as the dilution blanks and leach
processing bl~ were all within acceptance criteria except for chloride. The leaching blank chloride
concentration represents as high as 190/0of the solids chloride concentratio~ exceeding the z5°/0 criterion.
However, the blank chloride concentration was virtually at the instrument detection limit and has an
associated uncertainty of 1000/o.

For both the solid leachates and the supematant samples, the RPD was 16% or less for all anions, with the
exception of phosphate on the solids (RPD = 1150/0).The effectiveness of the water leach to maintain
phosphate in solution is considered the primary cause of the large discrepancy in the phosphate results.
Although sample heterogeneity cannot be ruled out as a cause for the large discrepancy, the fact the other
anions were in close agreement diminish this hypothesis. The phosphorous concentration determined by
ICP analysis of the KOH-KN03 fusion also resulted in a high RPD (55%). The phosphorous
concentration determined from the acid dissolutions of the solids was a small fraction relative to the
fusion preparation. Again this points to a volubility problem and a possible heterogeneity problem.
Within the range defined by the IC phosphate results, the ICP phosphorous results are consistent with the
IC results.
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As required by the governing QA Plan, mid-range verification standards were analyzed at the beginning
of the analysis, after every 10 injections, and at the end of the analysis. For all reported results, all
analytes of interest were recovered within the acceptance criteria of 90% to 110°/0for the verification
standard. However, due to column degradation caused by a sample from another AS~ one verification
standard produced low recoveries (i.e., 80% to 90Yo). Column performance was recovered following
flushing by the eluant. The reported results are considered valid.

5.7 Mercury Analysis by CVAA - Table 3.5

The supematant and solids samples were analyzed by cold vapor atomic absorption spectrophotometry for
inorganic mercury. Approximately 0.10 g mass of wet cenfiged solid samples and approximately 0.5
ml (0.57 g weight) of supematant liquid samples were transferred to glass digestion vessels by the SAL.
Samples were processed and diluted to a final volume of 25.5 ml to 27 ml per procedure PNLALO-13 1.
The digestion procedure requires organic matrix destruction using potassium permanganate. The
supematant samples were processed with 0.5 g additional potassium permanganate and the centrifuged
solids were processed with 1 g additional potassium permanganate. The increased amount of potassium
permanganate was used to ensure complete oxidation of potential organic material in the samples.
Quality control was assessed with process blanks, blank-spike and matrix-spiked samples that were
treated similarly with increased potassium permanganate addition. Following digestion, the samples were
analyzed according to PNJAILO-201. Analytical dilution of 2 to 5 l-fold was necessary for some
samples.

The sample RPDs were within the acceptance criterion of ~0%. The supernatant process blank result
was e50/oof the sample concentration, the wet solids process blank result was less than the detection
limit. The blank spikes and supematant matrix spike recovered 96’%to 108%, well within the acceptance
criteria. The Hg spiked in the wet solids matrix was insufficient relative to the sample Hg concentration
and the difference could not be measured. The LCS for the solids and liquids recovered 100°/0to 113’XO,
well within the acceptance criteria. Three mid-range instrument calibration verification checks recovered
96V0to 105’XO.

5.8 Ammonia Analysis by ISE - Table 3.5

Ammonia was measured directly in the supematant and in water leachates of the wet centrifuged solids
using an ammonia ion specific electrode (ISE). The analysis was petiormed per procedure PNLALO-
226. The method of standard additions was used to determine the ammonia concentrations by first taking
a direct reading and then adding a known standard to each sample. Duplicate results are in good
agreement for both the liquid and solid samples with RPD values of 10% and 9Y0,respectively. The
method detection limit was estimated at 0.2 jq#ml for the liquids. The process blank prepared in the SAL
with the water leach sample preparation of the solids shows significant ammonia contamination at about
30% of the concentration in the sample. It should be noted that the direct sample measurements for the
wet solids (before addition of the standards) were below the lowest ammonia standard at 1.E-6 pg/ml.
Hence, the measurements for the wet solids are very close to the estimated detection limit of about 0.8
pg/g, based on half the concentration of our lowest standard.

5.9 Total Cyanide Analysis by Distillation/Calorimetry - Table 3.5

Cyanide (CN) was measured in the C-104 supematant and cent.rifhged wet solids after distillation by a
calorimetric method using an autoanalyzer. Because of the high sample dose rate, the SAL aliquoted
small sample aliquots directly into distillation tubes. These were then transfemed to the CN workstation.
Sulfmic acid was added to the samples prior to distillation to ensure minimal interference from the high
nitrate concentration present in the samples. The samples were distilled according to procedure
PNL-ALO-287. Cyanide was measured in the distillates according to procedure PNL-ALO-289 using the
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Lachat QuickChem AE Autoanalyzer. Data quality is assessed through the use of sample duplicates,
process blanks, blank spikes, matrix spikes, and calibration verification standards.

The RPD measured in both matrices (i.e., 14% for supematant and 13% for solids) was within the
acceptance criterion of ~OO/ci.However, these RPDs are higher than typically obtained with this method.
The relatively small sample sizes (0.3-g centrifuged wet solids and 0.05-mL supematant) used to
minimize persomel exposure are most likely a major contributor to the poor precision. The process
blanks associated with both matrices were less than the instrument detection limit indicating sample
CN contamination was not measurable. A blank spike, used as the supematant LCS, recovered 101Yo.A
solid LCS was run with the wet centrifuged solids and recovered well within the certified advisory CN
concentration range. The matrix spike recoveries were 94’XO(supematant) and 111VO(wet centrhiged
solids), well within the acceptance criteria of 75°/0to 125°/0. The calibration verification standards gave
recoveries of 970/0to 101‘%0,well within the acceptance criteria.

5.10 Flashpoint Determination - Table 3.5

The C-104 supematant composite was subjected to a closed-cup flash point test using a Grabner
Miniflash apparatus according to procedure PNL-ALO-234. This instrument produces a flash point test
equivalent to the SW-846 Pensky-Martin closed-cup method for determining ignitability. However, the
Grabner Miniflash apparatus uses only 2-mL sample sizes instead of the 50-mL sample sizes used for the
typical Pensky-Martin flash point testers. The 2-rnL sample size allows the testing of highly radioactive
liquids in the laboratory (versus in a shielded hot cell facility). Dodecane was used as the control
standard and water was also tested with the sample set.

The average C-104 flashpoint measured by the Grabner Miniflash tester at 2190F is most likely a “false
flash” caused by the rapid production of steam at the boiling point of water. The C-104 supematant
composite is essentially an aqueous caustic matrix with essentially no highly volatile or low boiling point
organic compounds present (as determined by various organic analyses). When water was subjected to
the closed-cup flash point te~ a “false flash” at approximately the same flash point (2160F) was
measured. Also, the low flash point pressure (averaging 5.9 kpa in the duplicate supematant samples) is
indicative of the steam “false flash”. The “false flash” pressure of water was 6.4 kPa. An actual ignition
flash point produces a much higher pressure as was evidenced by the control standard dodecane pressures
(averaging 26 lcpa).

Dodecane tested prior to, and following, sample analysis must produce a flash point of 184 +4 “F. The
initial dodecane test met the acceptance criteria The dodecane measurement immediately tier the C- 104
supernatant measurements failed to meet the acceptance criteria. Residual water or water vapor from the
previous C-104 aqueous matrix is suspected of creating this problem. An additional dodecane test was
performed following sample analysis that did meet the acceptance criteria.

5.11 Free Hydroxide and pH Analysis - Table 3.5

Analysis of free hydroxide was pefiormed on supematant subsamples according to procedure
PNL-ALO-228. The samples were titrated with normalized hydrochloric acid solution. Quality control
check standards were prepared from recently standardized sodium hydroxide solution. Duplicate analyses
of the QC check standard resulted in measured hydroxide concentrations within 0.7°/0of the true
hydroxide concentration.

The total hydroxide concentration of 0.81 millimoles OH per milliliter was calculated fkom the first
equivalence point on the titration curve, pH 7.64 and pH 8.16 for the sample and duplicate with a IWD of
0.4%. To verifJ that this equivalence point is associated with hydroxide, the supematant was spiked with
sodium hydroxide standard and titrated. The matrix spike fwst equivalence point was pH 7.87,

5.10



corresponding to the pH equivalence of the unspiked samples. Recovery of the matrix spike (first
equivalence point) was 98’Yo.

‘I’hepH measurement was performed directly on one supernatant aliquot per procedure PNL-ALO-225.
Because the tank waste was expected to be outside of the calibration buffer range of pH 4 and pH 10, a
standard NaOH soIution providing pH 13.07 was also determined. The standard resulted in pH 12.83,
within 0.24 pH units of true. The C-104 supematant was determined to be pH 12.1

5.11
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6.0 Method Detection Limits & Minimum
Reportable Quantities

The MDLs for specific analytes of interest vary significantly based on the procedures used for preparing
the samples for analysis (e.g., acid digestion, fision), the sample,size taken for the analysis, required
dilutions for ALARA safety considerations, and the magnitude of intefiering analytes. For the work
presented in this repo~ effort was made to optimize the sample preparation parameters (e.g., minimal
dilutions). Table 6.1 provides a direct comparison of each analyte MDL to the target minimum reportable
quantity (MRQ) provided by BNFL. The MDLs are nominal values based on average sample sizes used
for analysis. The MDLs are presented for both liquids and solids. Where solids are prepared by both acid
digestion and fusion, both the acid digestion MDL and fusion MDL are provided for comparison. The
MDLs that are shaded and boxed exceed the BNFL requested MRQs.

As is evident Iiom the Table 6.1, some analytes of interest have not been measured at the target MRQ.
Many of the high MDLs are within a factor of five from the target MRQ. These include the supernatant
potassium, fluoride, CO-60, and Eu154 and the wet centrifuged solids cobalt molybdenum zinc, chloride,
nitrate, TIC, TOC, Eu- 155, Pu-238, and U-238. Optimization of sample size and analytical dilutions may
help achieve the target MRQs. The sample size increase must always be balanced with the corresponding
additional dose to the analyst at the workstation.

Given the sample matrix and processing conditions, the Am-241 by GEA analysis and Pu-241 (in solids)
MRQs will probably be unattainable. The Am-241 photopeak is fairly low energy at 59 keV and
background continuum from higher energy gamma emitters will adversely affect the Am-241 detection
limit. Thus the higher the CS-137 concentration (as well as other gamma emitters), the higher the
Am-241 detection limit will be. However, the Am-241 analysis by AEA did meet the MRQ by two
orders of magnitude. It is unlikely than any preparative technique will allow the quantification of Pu-241
in a typical tank waste at the 1.2 pCi/g level unless very large sample volumes “canbe prepared for
counting. “

It is also unlikely that the MRQ of 3 vg/mL chloride can be achieved consistently on tank waste
supematants by using IC as the analysis method. The presence of other anions at high concentrations
(e.g., nitrate and nitrite) requires significant dilution of the samples prior to analysis to prevent IC column
overloading. This required dilution and the presence of intefiering organic anions significantly limit the
chloride MDL.

6.1
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Table 6.1 Comparison of Measurement MDLs to Target MRQs
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902BattelleBoulevard
P.O. Box 999
Riddan& Washington 99352
Telephone (509)376-1982
Emaileugene.morrey@pnl.gov
Fax (5o9)376-7I27

Jkuary 28,2000

Mr. Michael Johnson 29953-114

I

I
Contracting Officer’s Technical Representative

r

3000 George Washington Way
Mailstop: BN-FL
Richland, WA 99352

Dear Mr. Johnsom

llUINSMITTAL OF FINAL TEST PLAN ‘INORGANIC, ORGANIC AND
RADIOCHEMICAL C~CTERIZATION OF C-lO4 HLW SAMPLE”
BNFL-29953-030, REV O.

Reference: 1) “Quality Assurance Project Plan for Testing Programs: Savannah River .
Technology Center ( SRTC) and Pacific Northwest National Laborato~
(PNNL), QP-W375-ENOOO02, Rev. O, dated June 7,1999.

Enclosed is a fully signed test plan of B~L-29953-030, “Inorganic, Organic and Radiochernical
characterization of C-104 HLW Sample.” The test plan details the regulatory characterization
analyses to be conducted on material from Tank C-104. The test plan does not include all analyses
identified in Appendix B of the recently distributed “Quality Assurance Project Plan for Testing
Programs, dated June 7,1999 (Reference 1). The electronic copy of the test plan was transmitted to
you on 1/28/00 by Chrissy Charron.

Battelle’s deviation from Appenc@ B of the referenced QA Plan is the same as those agreed to for
the analysis of materials from Tanks AN-107 and AW-101. The exceptions include deletion of
specific analytical tests, deletion of a few organic analytes of interest, and deletion of TCLP leach
test and analysis. The Exception Section of the test plan provides further details. No costs were
included in the recent Baseline Change Request (BCR) to cover the deleted analyses or analytes.

Technical matters shall be referred to Mike Uric, 376-9454. I



Mr. Michael Johnson
hnuary 28,2000
Page 2

Sincerely,

ZjA-&
Eugene V. Morrey
Project Manager

EVM:C2

Enclosure

cc Mike Uric, Battelle (w/attaclzment)
BNFL Project File/LB
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Applicability

This Test Plan describes work to be performed under Task 5.0, Double Shell Tank Analytical Support Change
No. 1, for tank wastes from C-104. A composite generated from Test PlanTP-29953-031, “C-104 Sample
Compositing”, provide the starting material for the inorganic, organic, and radiochemical characterization of
the “as received” tank waste material. Per T’P-29953-031, two bottles containing approximately 340 grams of
slurry and one jar containing approximately 175 grams of decanted supematant are allocated to support the “as
received” characterization analysis. The representative slurry and supematant sub-samples are extracted from
the C-104 HLW composite sample in the High Level Radiation Facility and transferred to the Shielded
Analytical Laboratory for analytical sub-sampling, digestion, extraction, and distribution for analysis.

The characterization of the “as received” tank waste materials is conducted to provide key characterization
itiormation for processing, as well as to provide limited information for the permitting activities. This Test
Plan covers the sub-sampling and processing of analytical samples, and the inorganic, organic and
radiochemical analysis of these samples to provide both precise and accurate compositional results that mee~
when possible, regulatory requirements.

This Test Plan does not cover physical properties testing on the C-104 material. Physical properties testing is
to be conducted under an alternate test plan. Also, this Test Plan does not include analyses to support the
dilution of the C- 104 material for the CUP activities, nor does it include the inorganic and radiochemical
analysis for the resulting diluted material.

Prerequisites

The majority of sub-sampling, analytical processing, and inorganic, organic and radiochemical analysis are
being conducted per established and approved Battelle procedures or analytical test plans written specifically
to support the work detailed in this Test Plan. The Battelle technical procedures and test plans supporting the
characterization activity adhere to SW-846 protocols to the extent possible considering the limited sample
volume, radiological condition, and extended target analyte list.

Hazards Assessment and Mitigation

All hazards associated with work conducted to this Test Plan have either been evaluated as part of each
laboratory’s Hazard Awareness Summary or as hazards unique to a specific analytical preparation or specific
analytical procedures or test plans. The Hazard Awareness Summaries are posted for all laboratories in the
Radiological Processing Laboratory. Hazards unique to analysis procedures are identified in the applicable
procedures or test plans, and where applicable, specific Chemical Processing Permits are obtained.

Quality Control

Quality control is governed by Quality Assurance Planning Subject Are% including Exhibit “Conducting
Analytical Work in Support of Regulatory Progams”. The Subject Area Exhibit specifies calibration and
verification requirements for analytical systems, as well as batch processing quality control samples to monitor
preparation and extraction processing (i.e., blanks, duplicates, matrix spikes, matrix spike duplicates, and
laboratory control standards). This Test Plan identifies those analyses for which duplicates and matrix spikes
are to be peflorrned, and the approximate quantity of sample to be used for each analysis.

Technical procedures used to support the characterization of the HLW material are either from Chemical

Measurement Center Core Capabilities Manual or are project-specific procedures/test plans written specifically

to support activities identified in this Test P1an. Necessary method modifications and deviations from

technical procedures, test plans, or SW-846 protocols shall be documented in the final report.



I
BNFL-29953-30 Rev. O

Page 3 of 9
Integrity of the sub-samples and processed samples distributed throughout the laboratory will be maintained by
chain-of-custody documentation. Changes to this Test Plan (initialed markups are allowed) shall be approved
by the Task Manager.

Exceptions “

Based on the history of the C-104 sample, exceptions are being taken to the preservation, temperature control,
and hold time requirements specified by SW-846 protocols. The samples are not preserved and no
refrigeration of the samples is practical at this time. Hold times, based on sampling dates, have been exceeded
prior to sample receipt and starting the analytical characterization.

In some cases, sample sizes based on SW-846 protocols are not attainable due to limited sample quantity. A
limited quantity of material is available for the characterization analyses, and to the extent possible, the sample
material is allocated based on the PNNL method sensitivity and ability to meet Minimum Reportable
,Quantities (MRQ). The sample volumes and weights used for analyses maybe less than the recommended
values in SW-846. The effect of small sample size on detection limits and reproducibility will be discussed in
the final report. Specifically, the quanti~ of supematant available for analysis is insuilicient to ensure that all
the MRQs are met. All the supematant from the C-104 “as received” material is targeted to support the
regulatory analyses, including inorganic, radiochemical, and organic analytes of interest.

Due to the limited sample quantity, deviations from SW-846 preparation methods maybe necessmy (e.g.,
modification to organic extraction procedure). Per the QA Planning Subject Area Efilbi~ modifications (e.g.,
single organic extraction protocol) require Task Leader approval prior to performing the analysis. Formal
method qualification ofminor modifications will not be performe~ but the modification will be validated by
the use of duplicate, matrix spikes and surrogates. Modifications, as well as minor deviations to procedures or
SW-846 protocols that do not effect data quality, will be documented in the final report.

Per discussion with WDOE and BNFL, certain analyses’included in the Battelle Proposal No. 29274/30406
(for AN-107, AW-1OI, and C-104 tank waste materials) are not being performe~ specifically, Total Oil and
Grease, Sulfide, Iodide, Nitrogen, Corrosion Tesg Reactive Cyanide, Reactive Sulfide, and ZHE for VOA.
Also, three organic analytes (ammonium peffluorooctanoate, oxifane, and picric acid) are being omitted from
the organic analysis analyte list following discussions with BNFL and WDOE. Nso, per letter
communication from BNFL, no TCLP extractions of the solids are being conducted for”either inorgauic or
organic constituents.

Based on radiological dose considerations, the analytical samples maybe diluted to reduce the dose to
laboratory sM. This may significantly impact the ability to meet the MRQs for some analytes.

Work Instructions

A simple flowchart for the sub-sampling activity is provided in Figure 1. The analysis methods are contained
in Appendix A of the Battelle Proposal No. 29274/30406 and are not duplicated.in thk Test Plan. Analytical
work is either initiated by a standard Analytical Service Request that will identi~ each test to be performed on
the various samples and sub-sarnples or through the implementation of an analysis-specific test plan.
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fi’igure1. Analytical Sub-Sampling Flowchart

The startinganalysis materialconsists of two containers of representativecomposite slurrv and one container
of decanted superantant. The supematant from the two slu~ containers and ‘tie decant~d supernatant
represent essentially all of the supematant available for characterization analysis. If slurry from the two
containers have to be combined prior to sub-sampling, the entire contents of the containers shall be thoroughly
homogenized, by mechanical mixing, prior to extracting any sub-samples. All material sub-sampling and most
analytical processing (e.g., digestions, fhsions, and organic extractions) will be performed in the Shielded
Analytical Laboratory due to dose levels.
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1.0 Sub-Sampling and Phase Separation

The slurry and supematant materials for “as received” characterization analysis are contained in three sample
containers as described in Test PlanBNFL-29953-031. Table 1 details the container tare values and the
sample masses associated with each container.

Table 1. “~ Received” Sub-Samples for Characterization
Bottle Total “Supernatant or Slurry

SampleMaterial BottleID Tare (g) Mass @ Mass (g)
CompositeSlurry C-104CompA 133.8 302.7 168.9
CompositeSlurry C-104 Comp B 133.5 303.8 170.3
Supematant C-104 Sup A 248.8 424.5 175.7

The composite slurry samples are to be centrifuged to provide solids and supematant phase separation. The
supematant from the slurry samples is decanted from the “wet solids” and combined with the supematant in
C-104 Sup A. The “wet solids” remaining are to be sub-sampled immediately for weight percent solids (in
duplicate) and then sub-sampled for all organic analyses, water leaching analyses (i.e., anions, tritium, and
ammonia), and mercury analysis as soon as practical. .Following the sub-sampling for organic analysis, water
leaching analyses, and mercury analysis, the remaining solids are to be dried to allow representative sub-
sampling for all other analyses to be performed at a later date (i.e., without the necessity of additional weight
percent solids measurements).

2.0 Organic Analysis

Special care is taken handling both the supematants and ‘Wet solids” to ensure sample integrity is maintained
and representative sub-samples are extracted for analysis. Organic analyses (either direct or following
extraction processing) are performed on the supematant and ‘Wet solids” fictions, and Table 2 details the
estimated sub-sampling quantities for each analysis. Appendix A identifies the orgtiic analyte list and
associates each compound with an analysis method. Organic compounds other than those listed in Appendix
A that are identified duripg analysis will be noted in the final report.

Test plans will be used to establish the extraction protocols for each extraction process used to generate
samples for organic analysis (i.e., SVOA, PCB/Pes~ and/or. Dioxin). In order to conserve sample material, the
Matrix Spikes and Matrix Spike Duplicates may be prepared using half the sample size used for the Sample
and Duplicate.

3.0 Inorganic and Radiochemistry Sub-SampIk”g

Where required by the analysis method, sample preparation by digestion, fusion, or leaching are pefiormed to
established and approved Battelle procedures. Table 3 details the estimated sub-sampling quantities of the
supematants, “wet solids”, and “dried solids”. Inorganic analytes and radionuclides of interest are included in
Appendix B. Inorganic analytes and radlonuclides other than those listed jn Appendix A that are identified
during analysis will be noted in the final report.

4.0 Analytical Service Request and Special Laboratory Instructions

This Test Plan details the sub-sampling and sample quantity requirements for processing the HLW C-104 “as
received” material for inorganic, radiochemistiy, and organic analysis. The Analytical Service Request form is
to be used to assign unique sample identification numbers to all samples and to identi~ specific analyses to be
performed on each sub-sample. As part of the AS~ special laboratory instructions are to be provided to the
laboratory staff to ensure that all sub-sampling and preparation activities are accomplished per this Test Plan.
The ASR and the special instruction require review and approval of the Task Leader and become part of the
project record once approved and implemented. Changes to the ASR or special instructions also require the
approval of the Task Leader.
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Table 2: Organic Analytical Sub-Sampling Quantities Required ‘1)

Phase Analjsis or Procedure ‘ Sample Duplieati “MS/MSD SW-84(W
a=-

Wet Solids VOA, 0.5g 0.5g 5g
Water Leach (IC Org.) lg Ig lg nla
Extraction (SVOA) 5g 5g 5g 30 g
Extraction (PCB/Pest) 5g 5g 5g 30 g
Extraction (Dioxins) 5g 5g 5g 30 g

Sub Total 16.5 g 16.5 g 16.5 g
Total 49.5 g

Supematant VOA 2 ml 2 ml 2 ml 5 ml
HeadSpace 2 ml 2 ml 2 ml 10g
IC (organic anions) 1 ml 1 ml 1 ml nia
Extraction (SVOA) 35 ml 35 ml 35 ml 3000 ml
Extraction (PCB/Pest) 35 ml 35 ml 35 ml 3000 ml
Extraction (Dioxins) 10 ml 10 ml 10 ml 3000 ml

Sub Total 85 ml . 85ml 85 ml1 I
Total 255ml

(1) Subsampling quantities are estimates; actual quan~ties used for the analyses will be dictated by the total
quantity of material available for analysis.

(2) Typical SW-846 total volume for sample, duplicate, matrix spike, and matrix spiked duplicate extraction

Table 3: Inorganic/Radiochemistry Analytical Sub-Sampling Quantities Required ‘1)
IPhase Analysisor-Procedure ‘ ~ Sample Duplicate MS SW-84(Y
I Dried Solids Acid Digest (ICP, ICP/MS) Ig lg lg 3g

KOH Fusion (ICP,ICP/MS,

Radiochemistrv)
0.3g 0.3g 0.3g nfa

Na202 Fusion (ICP, ~CP/MS) 0.3g 0.3g . 0.3g n/a
Total CN 0.5g 0.5g 0.5g 75g
TOC/TIC/”TC 0.5g 0.5g . 0.5g nfa
Carbon-14 0.5g 0.5g 0.5g da

Selenium-79 lg lg lg nfa
Wt% Solids . . 3E 3!z nla nia, I I
Water Leach (IC, Amrnoni~ H-3) I 2; 2; 2g da
>r -- 1 ,.. 1 . . 1 .- , -. 11
Mercury U.3 g U.5 g U.3 g U.6 g

Sub Totzds 9.4 g I 9.4 g I 6.4 g ,.,
Total 25.2 g

Supematant
Acid Digest (ICP, ICP/MS,

8 ml 8 ml 8 ml 300 ml

I Dilution (ICP/MS) 1 ml 1 ml 1 ml nla---
IC (inorg’~ic anions) 1 ml 1 ml i rni nfa

Mercury - 1 ml 1 ml 1 ml 300 ml
Total CN 1 ml 1 ml 1 ml 1500 ml
TOC/TIC/TC 1 ml 1 ml 1 ml nla
Carbon-14 1 ml 1 ml 1 ml n/a
Ammonia 2 ml 2 ml nla nla
Tritium (H-3) 2 ml 2 ml 2 ml n/a
Hydroxide (OH) & pH 5 ml 5 ml nfa n/a
Flashpoint 2 ml 2 ml nia 150 ml “
Total Dissolved Solids 5 ml 5 ml nfa n/a
Density 2 ml 2 ml nfa tia

Sub Totals 32 ml 32.ml 16 ml ,
Total

(1) Subsarnpling quantities are estimates; actual quantities used for the analyses will be dictated by ’t,hetotal
quantity of material available for analysis.

(2) Typical SW-846 total volume for sample, duplicate, and matrix spike.
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Appendix A: Organic AnaIytes of Interest List and MRQs
MRQ ! Ii4RQ

CAS lCompound/Element ugi~ CAS lCompound/Element ug/Kg
PNL-ALO-346(9056). .

‘144-62-7 Oxalicacid — 64-19-7 Acetic acid

k4-18-6

—

Formic acid — 79-1o-7 2-l?ropenoic acid —

,P~ALO-346(3810\5021)

121-44-8 Triethylamine 500 71-23-8 n-propyl alcohol (1-propanol) —

‘54-17-5 Ethyl alcohol — 71-36-3 n-Butyl alcohol I 900
67-56-1
67-63-O

PNL-ALO

‘Me~hylalcohol (Methanol) — 75-65-O 2-Methyl-2-propanol —

~2-Propylalcohol (Isopropanol) — 78-92-2 l-Methylpropyl alcohol (2-butanol) —
346(8082]

1336-36-3Pol~chlo~inatedbiphenyls (PCBS)
I

3300 58-89-9 ga.mma-BHC(Limlane) —

309-00-2 Akkii 22 60-57-1 Dleldrin 43
319-84-6 alpha-BHC 22 72-20-8 Endrin 43
319-85-7 beta-BHC 22 72-54-8 4,4’-DDD —

465-73-6 Isodrin 22 7644-8 Heptachlor 22
50-29-3 4,4’-DDT — 8001-35-2 Toxaphene 900
PNLALO-345(8270C)
100-00-5 p-Nitrochlorobenzene — 2234-13-1 Octachloronaphthalene —

100-25-4 1,4-Dinkrobenzene 800 50-32-8 Benzo(a)pyrene 1100
100-51-6 Benzyl alcohol — 53-70-3 Dibe@~h]anthracene 2700
106-46-7 1,4-Dichlorobenzene — 541-73-1 1,3-Dichlorobenzene —

108-95-2 Phenol 2100 62-75-9 N-Nitroso-N,N-dimethylamine 800
110-86-1 Pvridine 5300 67-72-1 Hexachloroethane —

1319-77-3 C;esol (1) — 82-68-8 Pentachloronitrobenze.ne(PCNB) 1600
95-48-7 2-Methylphenol (Cresol isomer) — 87-68-3 Hexachlorobutadiene 1900 ;
106-44-5 4-Methylphenol (Cresol isomer) — 87-865 pentacb.loroDhenol —

117-81-7 Di-sec~~l phth-date . —

117-84-0 ndioctyl phthalate —

118-74-1 Hexachlorobenzene 3300
120-82-1 1,2,4-Trichlorobenzene —

122-39-4 N,N-Diphenylamine (2) 4300
126-73-8 Tributyl phosphate - —

128-37-0 2,6-Bis(tert-butyl)-4-methylphenol —

TEST Plan pet’8290 “
1746-01-6 2,3,7,8-Tetrachlorodibenzo-p-dioxin —
19408-74-31,2,3,7,8,9-Hexachlorodibenzo-p-dioxin —
3268-87-9

35822-39-4
39001-024
39227-28-6

40321-76-4
51207-31-9
55673-89-7

.
88-85-7 2-sec-Bu@4,6dinitrophenol (lXnoseb) —
91-20-3 Naphtha.lene —

92-52-4 1,1‘-Biphenyl —

95-50-1 1,2-Dichlorobenzene 2000
98-862 Acetophenone 3200
98-95-3 Nitrobenzene 4700

57117-31-4 12,3,4,7,8-Pentachlorodilxnzofuxzm I ——

57117-41-6 11,2,3,7,8-Pentachlorodibenzofuran I —I . . . .
1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin — 57117-44-912367 8-Hexachlorodibenzofuran>> 997 —
1,2,3,4,6,7,8-Heptacblorodibenzo-pdioxin — 57653-85-71,2,3,6,7,8-Haacbloro&benzo-p.&oxin —
1,2,3,4,6,7,8,9-Octachlorodibenzofuran — 60851-34-523467 8-Hexachlorodibenzofuran9s3>7 —
1,2,3,4,7,8-Hexachlorodibenzo-pdioxin — 67562-39-41,2,3,4,6,7,8-Heptachloro&be~furan —
1,2,3,7,8-Pentachlorodibenzo-p-dioxin — 70648-26-912347 8-Hexachlorodibenzofuran —99727
2,3,7,8-Tetrachlorodibenzofuran —’ 72918-21-9 1237 89-I-Iexachloro&b~h —>>9s9

1,2,3,4,7,8,9-Heptachlorodibenzofuran —
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Appendix A: Organic ‘ArMIytes of Interest List and MRQs
MRQ MRQ

CAS lCompound/Element ug/Kg CAS lCompound/Element ug/Kg

PNL-ALO-335(8260B)
100-41-4 Ethyl benzene 3300 141-78-6 Acetic acid ethyl ester 11000
100-42-5 Styrene — 142-82-5 n-Heptane —

10061-01-5 cis-1,3-Dichloropropene 6000 287-92-3 Cyclopentane —

10061-02-6trans-1,3-Dichloropropene 6000 4170-30-3 2-Butenaldehyde(2-Butenal) —

106-35-4 3-Heptanone — 56-23-5 Carbon tetrachloride 2000
106-42-3 p-Xylene & m-Xylene 3300 563-80-4 3-Methyl-2-butanone —

106-93-4 Ethylene &bromide 5000 591-78-6 2-Hexanone —

106-97-8 Butane — 627-13-4 Nitric acid, propyl ester —

106-99-0 1,3-Butadiene — 684-16-2 Hexafluoroacetone (3) —

107-02-8 Acrolein — 67-641 2-Propanone (Acetone) 53300
107-05-1 3-Chloropropene 10000 67-66-3 Chloroform 2000
107-06-2 1,2-Dichloroethane 2000 71-43-2 Benzene 3300
107-12-0 Propionitrile 120000 71-55-6 1,1,1-Trichloroethane 2000
107-13-1 Acrylonitrile 28000 74-83-9 Bromomethane 5000
107-87-9 2-Penmnone — 74-87-3 Chloromethane 10000
108-10-1 4-Methyl-2-pentanone 11000 75-00-3 Chloroethane —

108-38-3 m-Xylene (See10642-3) 3300 75-01-4 l-Chloroethene 2000
108-87-2 Methylcyclohexane — 75-05-8 Acetonitrde 12700
108-88-3 Toluene 3300 75-09-2 Dichloromethane (MethyleneChloride) 10000 ,
108-90-7 Chlorobenzene 2000 75-15-0 Carbon &sulfide —

108-94-1 Cyclohexanone — 75-343 1,1-Dichloroethane 2000
109-66-0 n-Pentane — 75-35-4 1,1-Dichloroethene 2000
109-99-9 Temahydrofuran — 75-434 Dichlorofluoromethane —

110-12-3 5-Methyl-2-hexanone — 75-45-6 Ch.lorodifluoromethane —

110-43-0 2-Heptanone — 75-69-4 Trichlorofluoromethane 10000
110-54-3 n-Hexane — 75-71-8 Dichlorodifluoromethane 2400
110-82-7 Cyclohexane — 76-13-1 1,2,2-Trichloro-l,1,2-trifluoroethane 10000
110-83-8 Cyclohexene — 76-142 1,2-Dichloro-1,1,2,2-tetrafluoroethane —
111-65-9 n-Octane — 78-87-5 1,2-Dichloropropane —

111-84-2 n-Nonane — 78-93-3 2-Butanone 12000
123-19-3 4-Heptanone — 79-00-5 1,1,2-Trichloroethane 2000
123-38-6 n-Propionaldehyde — 79-bl-6 1,1,2-Trichloroethylene 2000
.123-86-4 Acetic acid n-butyl ester — 79-34-5 1,1,2,2-Tetrachloroethane 2000
123-91-1 1,4-Dioxane — 95-47-6 o-Xylene 3300
126-98-7 2-Methyl-2-propenenitrile 28000 96-22-o 3-Pentanone —

127-18-4 1,1,2,2-Tetrachloroethene 2000
PNL.-ALO-345(827OC)-StandardsUmvailable PNL-ALO-346(8260B)- Very reactive
1321-648 Pentachloronaphthalene — 57-147 1,1-Dimethylhydrazine —

1335-87-1 Hexachloronaphthalene — 60-34-4 Methylhydrazine —

1335-88-2 Tetrachloronaphthalene — 62483-9 Methyl isocyanate —

Deleted per BFNL
3825-26-1 Ammonium perfluorooctanoate — 88-89-1 Picric acid —

75-21-8 Oxirane —

(1)Cresol measuredas independentMethylphenols. ~(2)Not be distinguished from Diphenylamine
(3)Toxic gas,not previously analyzed -“(4)“—” = No MRQ provided by BNFL
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Appendix B: Inorganic and Radiochemistry Analytes of Interest List
(Note: No~Qs Provided Forhorgmic hal~esorWdionuclides of1ntere~)

ICP Anaiytes ., . . .

Silver Iron Antimony
Aluminum Potassium . Selenium
Arsenic Lanthanum “~ Silicon
Boron Lithium Tin
Barium Magnesium Strontium ~“
Beryllium Manganese Tellurium ‘“
Bismuth Molybdenum Thorium ‘“
Calcium Sodium Titanium”)
Cadmium Neodymium “J Thallium
Cerium ~’) Nickel Uranium
Cobalt Phosphoms Vanadium
Chromium Lead Tungsten
Copper Palladium Yttrium
Dysprosium Rhodium zinc
Europium Ruthenium”~ Zirconium

Ic-lytw : ,-
,.t.:,, .,.

Bromide Nitrite Nitrate - Phosphate
Chloride Fluoride Sulfate
lCP-NIS “balytes ,.
Iodine-127 Plutonium-240 ‘Uranium-233
Iodine-129 Praseodymium Uranium-234
Neptunium-237 Rubidium Uranium-235
Platinum Tantalum Uranium-236
Plutonium-239 Technetium-99 -. Uranium-238
Radiocliernitry Ana~es -

Alph~ Total Cobalt-60 ‘ Plutonium-239/240 “J
Americium-241 (ABA) Curium-242 (AEA) Plutonium-241
.Americium-241 (GEA)L’) Curium-243/244 (AEA) Ruthenium-106/Rhodium- 106
Be@ Total Europium-154 (GEA) Selenium-79
Carbon-14 Europium-155 (GEA) Strontium-90/Yttrium-90
Cesium-134 (GEA) Niobiiun-94 (GEA) Tritium
Cesium-137 (GEA) Plutonium-238 Uranium-Fluorimetry
Other AnaI~es ‘1] “,,. ... .
Ammonia/Ammonium Mercury Wt% Dissolved Solids
Cyanide pH (Supernatant) Wt% Suspended Solids
Flashpoint (Supematant) Total Organic Carbon
Hydroxide (Supematant) Total Inorganic Carbon
Analytes Not Analyzed+7~er’Chtirige@equ’%t:Propos@ .

Total Nitrogen Total Sulfur Total lodme
Total Oil/Grease Reactive Sulfir Reactive Cyanide
SS Corrosion Testing TCLP Extractions/Analysis

(1) Additional Analytes of Interest Measured and Reported

. .

.. . .. ,., ,,, ,,,:,_.,,.+,,,,., ,... ....”.. ~ .- .. -,.. , ., ., J.+,., ....J, ., ..”,:,.-..,- .-—.. ---,:.+?.... >,.. : ..-,.-..



~w~yr- ●t*rA L.- u<~-r~~~—,

PNNL Test Plan Document No.: BNTL-TP-29953-031
Rev. No.: 1

Onlv ; Oti Coew

, Title: C-104 Sample Compositing d
Work Location: 325/SFO

Page lof6 .

Author: Paul Bredt Effective Date: Upon Final Signature
Supersedes Date: New

Use Category Identification: Reference

Identified Hazards: Required Reviewers:
_Radiological “ _X_Author
_Hazardous Materials ~Technical Reviewer
_Physical Hazards

.... .
_X_RPL Manager

_Hazardous Environment ~Project Manager...
_Othec &RPG Quali~ Engineer

_BNl?L

Are One-Time Modifications Allowed to this Procedure? ~Yes _ No

NOTE: If Yes, then modificationsare.not an~ci ated”toimpactsafe~. For documentationrequirementsof a
1’modificationsee SBMS or the controlhngProJec QA Plan as appropriate.

On-The Job Training Required? Yes or . . : x!~o
:(

FOR REVISIONS:
[s retraining to this procedure required? Yes X No

Does the OJT package associated with this procedure require”revision to reflect procedure changes?
Yes hlo X NiA

Approval Signature Date

Author
fd”d~ , ““ “ r//3/97

Technical Reviewer

RPL Manager

Project Manag

RPG QuaIi& Engineer

BNFL

.



... - ----

PNNL Test Plan
Document No.: BNFL-29953-031

Supplemental Signa~re Page
Rev. No.: 1

Title: C-IO4 Sample Compositing I

Work Location: 325/SFO
pace: Supplaental

Authoc Paul Bredt
Effective Date: Upon Final Signati~e
Supersedes Date: New

Use Catego~ IdentFlcatiom Reference

Identified Hazards:
Supplemental Reviewers:

_kdiolo@d
~SFO Manager

_Haz.ardow Materials
. . _Bd&g Manager .

_Physic4 Hazards
_Radiolo#cd Control

_Hazardom Envirommt
_ES&H

_Ckhen .
.. , _3her

I
.pproval Signature

SFO Manager

. .

Build.ing Manager

Radiologid Control

ES&H
. .

-. .
tier

Other

Other

Date

.. -



BNFL-29953-031 Rev. 1
page 2 of 6

Applicability

This Test Plan describes work to be peflormed under T,mk 2.01, LAW and HLW Feed Characterization.
This work is defined under BNFL letter W375-98-0018 dated September 29, 1998. Approximately 1.7 L
of material from Tank 241-C-104 have been transferred from the 222-S laboratory to the 325 HLRF. All
of this material is to be used to prepare a C-104 composite.

Approximately 250 ml of the homogeneouscomposite are to be collected for delisting and permitting
activities. These samples will be withdrawn from the composite in a manner which will provide
representative samples for chemical, radiochemical, and physical testing. To support the delisting and
permitting, this test plan will generate samples that will allow measurement of chemical properties of the
waste that are both precise and accurate. Integrity of the subsamples will be maintained consistent with
prior sampling and storage history. No preservation or temperature control of the subsamples are
planned. Sampling protocols in SW-846 are not strictly applicable since these protocols are targeted at
sampling in the field.

Following collection of the homogeneous delisting and permitting samples, all remaining standing liquid
will be removed from the composite. This liquid will be submitted for additional characterization
activities. .The remaining solids will only contain a limited amount of interstitial liquid.

Objectives

The”objectives of this test plan are the foil.o}ving: -
1) Homogenize the C-104 samples shipped from.222~S to 325

.2) Subsample the homogeneous composite for chemical and radiochemical characterization
3) Decant all standing Iiquid for additional chemical.and radiochemical characterization .
4) Subsample solids for solids washing and leacl@g studies

,:.. .!

Note
1. Sample material is not,to contact plastic as this could complicate organic analyses. This precludes the

use of plastic transfer pipettes. - ~.
2. Use “Qorpak” jars with TFE-lined closures. These bottleslclosures do not introduce contamination to .

the samples. .“ . .
3. Secondary containment is to be used wherever practical to prevent sample loss.

Quality Control

Quality control has been implemented in the work instructions.
. . ..“

Since this document will be used to record an experimental process, markups as specified in the RPL
Operations manual section 16.6 will be allowed. The.staff member performing the change initials
markups to this Test Plan. The Cognizant Scientist overseeing the work initials and dates changes to the
Test Plan. Changes made by the Cognizant Scientist do not’require additional reviews or approvals. If
changes occur to multiple pages then the Cognizant scientist shall note the effected pages and initialize
the note. Superseded text shall be lined out, but not obscured, initialed and dated. “

.

., .1

. .. . .. ... . “

.1 .“. . . ...’.

. . ... .

,., , “,., , ,<..--.:?:.-7,-7-7;,. ,,.,........, ..:.,.>,..... ,,.,,-,,f,-,., ,, -.. ., ,,..,-.,. ..... : .7?-. ---..77-, -. 7-- ,. 7—’-------
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M&TE List:

Balance 1:

Balance 2:

Thermocouple:

Calib ID %$+o&- Q] - Ocq

Location 60/ p,,,

Calib ID ~ff.G6 -61-0213

Location C-tell

Calib ID
@z.s-$J16

’77 )

Location 60/

Calib ID 2 >“3 ]

1) The composite is to be prepared in a 3L stainless steel vessel.

Calib Exp Date y~ q

Calib Exp Date z\t’9

Calib Exp Date 5-/0 ~

Thermocouple type K

Calib Exp Date ~/o o

%? ~/47 /...4:0. fi~c.ff

Secondary containment will be used to
allow recovery from a possible breach of a 3L vessel or failure of the tap valve. The recommended
parts for the kettles are listed below. Viton O-rings are to be used for sealing the vessel. No grease is
to be used. All components (including the valve) are to be rinsed with methanol and then placed in a
102°C oven for 12 hours. The valve (packed with ultra high molecular weight polyethylene) is
lightly greased with silicone. Since the valve will only see limited use, remol~ingthis grease with the
methanol rinse should not effect its perforniance. The system is then to be assembled and leak tested
using deionized water. Do not use teflon tape to assemble the vessel.

Description I Part Vendor
UHMWPE packed%“Ball Valve SS-63ES12 Seattle Valveand Fitting
5“ID x 9.87” pipe nipple with 6.75” lWF0500 Varian
Comflat flange
6.75” blank off flange F06750000NC4 Varian
6.75” viton gasket FG0675VU Varian
Nut and bolt set FB0600C06 I Varian
Clamping ring 212,171-1 I Sigma-A1drich
%“ swa~elok to pipe thread SS-12-TA=l-12 I Seattle Valve and Fitting
Stir rod 14-500-18 “ I Fischer

-,.
. .

.,
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~j~: rcJ $JA
&.cn

Weigh the sample jars listed below to ~ 0.01 g. Transfer all material from the jars to the mixing GWJ s. I.SJJ

vessel. If necessary, use supematant from the jars or vessel to rinse the solids into the vessel.
Reweigh the emp~ jars and record the mass to ~ 0.01 gin thes ace provided.. f16:W.( +-.*S - a A (0/[7/577

I Sample Label I Mass (Full) I Mass (Empty) I Mass Transfemed

\

3)

4)

5)

4W6+-( ] L 2 %[, no w-s:kk .~a.%-c f.ycr
The goal of this step is to homogenize the sample using as little force as possible. Stir the sample by
slowly increasing the motor speed until the solids are mobilized. Given this work is being conducted
in a steel vessel, observations need to be made with the lid off the vessel. Stir for a minimum of one
hour. Rygm~he hot cell temperature. s +:z ~ S *rZ’ Z ‘:s”* “23’Z9

d“”
$~~~~ate ‘[’3/~~Temper.~re 337 ‘cs“+% :%mc

Clearing the valve: While the solids are mobilized, collect -50 ml of sample in a clean jar. This
fraction is probably high in solids due to the geomet~ of the vessel, so return this sample to the
vessel and continue to stir the vessel.

Collect 3-100 ml samples in volume-graduated tared bottles listed below by removing material using
the Yq”ball valve located on the bottom of the vessel. Sufficient sample is to be collected in each jar
as to minimize headspace in the jars. Weight the full bottles to + ().()1gandrecord the masses below.

?.”576- =:& Qll +? - C33. If’c .~ ~ //’”+4 /. Sk :-;$ >o~+B~L5$;)?7

C-104 COM3?A C-104 GL

6) Turn-;ff the stirring motor, record the date and time. Cover the vessel using a blank flange.

7) Allow C-104 COINIPA, C-104 COMP B, and C-104 GL to settle for a minimum of 16 hours.
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“8) Record the date and time, and total volume of the slurries and volume of the settled solids in C-104
COINJYA, C-104 CONll? B, and C-104 GL.

C-104 COMP A C-104 COW? B C-104 GL

9) If the volume percent settled solids in the 3 samples are within -1 OYO,then the samples are
representative of the whole composite and proceed to step 10. If the volume percent settled solids
vary by much more than 10YO,then return the slurry samples in jars C-104 COMP A, C-1 04 CON.IY
B, and C-104 GL to the kettle, increase the stirring rate and repeat steps 3 through 9. Record new
information and attach to this test plan. . .

10) Turn the stirrer on and allow the system to””& for-1 Ominutes. Mile the stirrer is on, collect all the
remaining material in 500 ml jars as labeled below. It is possible that UPto 3 jars maybe required.
Record the time and date.

C-104 COMP c C-104 COMP D. C-104 COMP E

11) Allow samples C-104 COJNIPC, C-104 CONXPD, and C-104 CONIP E to settle for at least 3 days
then transfer all standing liquid on samples C-104 COIVD?C, C-104 CONIJ?D, C-104 COMP E,
and C-104 GL to 250 ml jars as labeled belo~v..Thk transfer is to be conducted by decanting or using
clean glass ipettes. It is p ssible that up to 3 “ars maybe required. Record the time and date.

.

&-foy LL &&tid e.f ly’~ fflb?Jtf?

Day %1//jP~ Time ~~~<=+ d (m ~+%% 5
~ #/9? ~ <4’- \

“C-104 SUP A .C-104HIT (v;~~a’

/

J
C-104 SUP c fie&5. -

Total ‘?2?.~( g “
~.. (y

Total - Total
: 7 ~ :~f~@Tare ZW,%OOS g Tare 49.?560 Tare 25c.5623

slurry g slu- g slurry g

12) Transfer sample C-104 COI’YIPA, C-104 COMY B, C-104 GL, C-104 SUP A, C-104 SUP B, and
C-104 SUT C to the SAL with a chain of custody. .

13) Add 50mL of O.OIMNaOH to the vessel and a~itate.



C-104 RIN

15) Add another 50mL of 0.0 lM NaOH to the vessel and agitate.

16) Drain the vessel into C-104 RIN.

C-104 FUN

Total b-- % g
Tare 2ih2.Ex
Shin-y ~ 72.YY7g

.

..”.

17) Place sample jars C-104 CO1’YIPC, C-104 COMl? D, C-104 COMP E, and C-104 RIN in a
secondary container and retain for CUF studies.

. --...+- ., .. . .. ........ * .2.. .?:: ,r .........,,*A*- ,..,..,... ,.,, >.. -.:..,,...3-.,,,. ,,.Z. .:.,, . . . . ...4<.. . . . . . . . ,.. vfT-. ,— .-. IJL
------ ——. -. . . . .
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Applicability

This Organic Extraction Test Plan describes work to be performed under Test Plan TP-29953-030,
Inorganic, Organic and Radiochemical Characterization of C-104 %rnples. These samples are slurries,
which contain solidi, and decanted liquid. Together these samples provide the starting material for the
organic characterization of the “as received” materials. Per the TP-29953-030, two bottles containing
about 340 grams of slurry and one jar containing about 175 grams of supematant will be sub-sampled for
VOA, headspace analysis, organic anions, SVOA, pesticide/PCB, and Dioxin/Furan analysis, as well as
inorganic and radiochemistry analysis specified in the test plan. Sub-sampling and dilutions for VOA and
headspace analysis will be performed prior to beginning extractions so as not to contaminate these
sub-samples with solvent vapors.

Based on the history of the samples, and the limited quantities available, exceptions are being taken to the
presewation, temperature control, sample size, and hold time requirements specified by SW-846
protocols. The choice of spiking solutions and extraction solvents is based upon SW-846 methods
8270C, 8081A/8082 and 8290 guidelines, where applicable.

This revision provides final documentation for the actual work performed for phase separation of the
C-104 slurry, sub-sampling activities for the VOA and Headspace analyses, and the organic extraction
process performed for preparing the SVOA, PCB, and Dioxin/Furan samples.

Hazards Asessment and Mitigation

The radioactive work conducted under this Test Pkm is comprised of analytical organic analysis
preparative operations that have been conducted routinely in the RPL and 329 Facilities. The organic
extractions with small quantities of methylene chloride or methylene chloride/acetone mixtures have been
performed in the Shielded Analytical Laboratory (SAL) many times and are included as a standard
preparative activity on the RPL Analytical Service Request. The organic solvent extraction operations are
included in the SAL work authorization. Since all of the analytical preparative operations fall within
current work authorizations, no further assessment of the hazards is detailed in this Test Plan.

Quality Control

Per TP-29953-030, quali~ control is governed by PNNL’s web-based Quality Assurance Planning
Subject Are% “Conducting Analytical Work in Support of Regulatory Programs”. The organic analyses
will be pefiormed in duplicate using a sample size that will closely meet regulatory reporting level for
waste material. Sample sizes are specified in Test Plan TP-29953-030. Surrogate spike compounds will
be added to the sample, sample duplicate, and matrix spikes in order to provide information on analyte
recoveries. Separate laboratory control samples (LCS) will be prepared outside the hot-cell.

Integri~ of the sub-samples and processed extracts distributed throughout the laboratory will be
maintained by chain-of-custody documentation. The Task Manager shall approve changes to this Test
Plan (initialed markups are allowed).

Work Instructions

An extraction scheme for the SVOA extraction activity is provided in Figure 1. Extraction schemes for
PCB/pesticide and dioxin extractions are provided in Figures 2 and 3, respectively.

Total dissolved solids of the supematant and weight percent solids of the centrifuged solids will be
determined prior to sub-sampling and extracting.
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The extractions of these c-104 HLW samples will be performed in the Shielded Analytical Laboratory
within the 325 facili~.

1.0 Total Dissolved Solids and Weight Percent Solids Determination

Because these samples may contain reduced iron or other magnetically separable particles, a magnetic
stir-bar and magnetic stir table should not be used. A better approach is to petiorm the stirring with an
impeller-type stirrer, such as a Teflon coated spatula rotated by a variable speed drill. After a few
minutes of stirring, and once the solids appear to be suspended, a l-g to 3-g”aliquot is placed in a tared
graduated centrifuge tube, weighed, and centrifuged at 1000 RPM for approximately one hour. After
centrifuging, note and record the volume of both the liquid and the solids in the tube. Decant the liquid
into a tared beaker, weigh and dry at 105°C overnight. Weigh the beaker after at least 12 hours of drying
to determine the total dissolved solids for the supernatant. Weight percent solids determination will be
performed on the centrifuged solids, remaining in the centrifuge tube, in accordance with PNL-ALO-504.

1.1 Separation of the Wet Solids from the Slurry

Centrifhgation of the slurry (i.e., C104 Comp A and C104 Comp B) may be more convenient than
filtration for the separation of the wet solids from the slurry. In order to centrifuge the 120-mL jars, they
must first be balanced to *I g. Weigh each jar and transfer the appropriate quantity of liquid from the
heavier jti to the lighter jar to balance them. Place the jars in clean polyethylene sleeves, and centrifuge
at no greater than 1000 RPM for 1 hour. As a precaution, it is prudent to perjorm a “dry-run“first, Wing
balancedjarscontainingapproximately100mLof deionizedwater,andcentrl@gingat 1100Rl?M. Afier
the jars containing the slurries have been centrifuged, carefully remove them from the centrifuge and the
plastic sleeves. Carefully decant the supematant into a clean jar or combine with the jar containing C-104
supernatant (i.e., container Cl 04 SUP. A) if room is available in the container. Weigh the jar containing
the wet centrifuged solids, and record this weight on the benchsheet. In the event the total ciuantities of
supematant and wet solids are less than those listed in test plan BNFL-29953-30, contact Michael W.
Uric, 376-9454.

01.2 Sub-sampling for .VOA and Headspace analysis

VOA and headspace aliquots shall be made prior to introducing methylene chloride, or other solvents,
into the hot-cells.

Headspace samples should be aliquotted into clean 10-mL headspace vials and sealed with a septa-lined
cap immediately afierward. A 1-mL supematant sample, sample duplicate, sample triplicate and blank
will be prepared for each sample as described in Test Plan TP-29953-030, Table 2. (Note: The sample
triplicate is an additional sub-sample not identified in TP-29953-030.) A l-mL supematant matrix spike
and matrix spike duplicate will also be aliquotted at this time. The headspace vials should be tared on an
analytical balance, and each l-mL aliquot weighed and recorded, so that the density of the supematant
can be determined during this step. Addltionally, 50-microliter aliquots each of the supematant sample,
sample duplicate, sample triplicate, matrix spike, and matrix spike duplicate shall also be prepared to
permit quantitation of analytes that may be outside the calibration range for a l-mL sample size.

VOA samples should be aliquotted into clean 40-mL VOA vials and sealed with a septa-lined cap
immediately afterward. A 2-mL supematant sample, sample duplicate and blank wiIl be prepared for
each sample as described in Test Plan TP-29953-030. A 1-mL supematant matrix spike, and matrix spike
duplicate will also be aliquotted at this time. Additionally, 50-microliter aIiquots of each the supematant
sample, sample duplicate, matrix spike, matrix spike duplicate shall also be prepared to pennit
quantitation of analytes that maybe outside the calibration range for a 2-mL sample size.
Half gram aliquots of the wet centrifi.lged solids will be aliquotted into clean 40-mL VOA vials, diluted
with organic-flee water to a volume of 5 mL and sealed immediately with a septa-lined cap. The aliquots

m __ . .. . . - . . -
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for the VOA MS and MSD shall be 0.25-g rather than the 0.5-g aliquots used for the sample and
duplicate. In a like manner, a second set of wet centrifuged solids will be aliquotted using a 50-mg
sample size for each the sample, duplicate, MS and MSD.

VOA and headspace samples will be transfemed from the hot-cell immediately after preparation. For
IIM.herguidance or questions regarding VOA sub-sampling contact George S. Klinger, 372-0448. For
firther guidance or questions regarding headspace sub-sampling contact Eric W. Hoppe, 376-2126.

2.0Extraction samples for SVOA, PCB/pesticides and Dioxins analysis

General Comments:

The quantities of the sample, sample duplicate, matrix spike, and matrix spike duplicate are
given in Table 2 of Test Plan BNFL-29953-030 and restated in Section 2.1.

Teflon separator fimnels, with FEP caps, are used for the liquid-liquid extraction processing
and teflon centrifuge tubes are used for the subsequent solids ultrasonic processing.

Phosphoric acid is used to adjust the pH prior to extraction of the liquids, as appropriate.

A small (0.5 ml) portion of the liquid is potentiometricly titrated to determine the quantity of
phosphoric acid required to adjust the pH of the sample. The amount of precipitate formed
during acidification will be evaluated and the precipitate extracted separately, if required.

Spiking solutions will be added to the sample prior to extraction. If solids formed as a result of
pH adjustment warrant a separate extraction step, additional spikes will not be added as these
extracts will be recombined with the “like” phase extracts.

The nominal MDLs for liquids and solids are shown in Tables 1 and 2, respectively. The surrogate spikes
and quantities added are shown in Table 3. The appropriate spiking materials shall be provided by G.
Klinger for SVOA, by E. Hoppe for pesticides/PCB, and J. Campbell for dioxins/furans.

Table1 Liquidpotion HLW organk analysis MDIs

Analysis MDL (ppb,1Lwater) MD1. (ppb, 2S ml sampIe)

Semivolatiles 10 to 25 400to1000
Pestiades and PCBS 0.1 to 1 4t040

Dibenzodioxins and Dibenzofurans 1X1O+to 1X103 4X1O’ to 4X1O-’

Table2Sofidportion HLW organic analysisMDIs

Analysis MDL (ppm, 19 solid) MDL (ppm, 5 g sample)

Semivolatiles 10 to 2s 2t05

Pestiades and PCBS 0.1 to 1 0.02 to 0.2

Dibenzodioxins and Dibenzofurans 1X104to 1X103 2X105 to 2X104
I I I 1
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Table 3 Surroagte Spike Compounds and levels added to Samples

Analysis ~ - I Spike Compounds

Semivolatiles phenol~s
2-fluomphenol

2-chlomphenol-G
2,4,6-bibromophenol

1,2-dichlombenzene-cL
nitrobe~zeneds
2-fluorobiphenyl

Dibenzodioxins and Dibenzofwans
P-terphenyidlq

13ClZ-2,3,7,8TCDD
13C”>2;3;7,8TCDF

‘CW1,2,3, ,78 PeCDD
‘CIZ-1,2,3,7,8 PeCDF
13C12-2~,4,7,8PeCDF

13CWl,2,3,4, ,781-LxCDD
‘C12-1,2,3,6,7,8 HxCDD
13C1Z-1,2,3,4,7,8HxCDF
%2-U ,7/819H*F3678 HxCDF
%2-VA ,,
‘CIZ-2/3,4,6,7,8 HxCDF

34678 HPCDD‘cu-1#21 r4f6’7’8 Hp~F

%-1,2,3, , , ,
*c12-111;c:24tiD234789 HPCDF

Pesticides and PCBS teirachloro-m-xvlene

AmountsAdded(ug)

75
75
75
75

:
50
50

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.1

0.040
0.040

2.1 Extraction of the supernatant portion of the HLW samples

Extractions for the SVOA supematant sample and duplicate are pefiorrned on 20-mL aliquots, with the
extractions for the SVOA matrix spike and matrix spike duplicates being pefiormed on 10-mL aliquots.
Extractions for all pesticides and PCB supematant samples are perfom”ed on 10-mL aliquots. And,
extractions for dioxinshrans supematant sample and duplicate are petiormed on 15-mL aliquots, with
the extractions for the dioxins/fimms matrix spike and matrix spike duplicate being pefiormed on 7.5-mL
aliquots. The quantity of matrix spike used is given in Table 4. Extraction blanks shall be prepared
using the same quantity of organic-free water as the quantity of supematant s~ple. Stepwise instructions
for performing the extractions are given in Sections 6.1,7.1 and 8.1.

Semivolatiles

As shown in Figure 1, the supematant portion of the as received sample is diluted with 25 mL of 0.01 N
NaOH (prepared from organic-free water) prior to extraction. Following dilution the supematant sample
is extracted three times with equal portions of methylene chloride.

The superantant sample is then pH adjusted by slow drop-wise addition of phosphoric acid while the
sample is cooled in an ice-bath during the acidification. The pH-adjusted supematant sample is extracted
three times with equal portions of methylene chloride.

If during the acidification process any solids are formed at a relative quantity >1’Mo by volume, the solids
are separated, desiccated with sodium sulfate, and ultrasonic extracted three times using equal portions of
methylene chloride.

All SVOA extracts from the supematant portion of the as received sample are combined and concentrated
to 1 mL outside the hot-cells.
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Pesticides/PCB

As shown in Figure 2, the supematant portion of the as received sample is diluted with 25 mL of 0.01 N
NaOH (prepared from organic-free water) prior to extraction. Following dilution the supematant sample
is extracted three times with equal portions of methylene chloride.

The supematant sample is then pH adjusted by slow drop-wise addition of phosphoric acid while the
sample is cooled in an ice-bath during the acidification. The pH-adjusted supematant sample is extracted
three times with equal portions of methylene chloride.

If during the acidification process any solids are formed at a relative quantity >1 ‘%o by volume, the solids
are separated, desiccated with sodium sulfate, and ultrasonic extracted three times using equal portions of
a 1:1 methylene chloride/acetone mixture.

All extracts from the supematant portion of the as received sample are combined and concentrated to
1 mL outside the hot-cells.

Dioxins/Furans

Adjustment of the pH is presumed not to be necessary for the dioxin/fiu-an extractions. To dilute the
sample, 25 mL of 0.01 N NaOH (prepared from organic-free water) “willbe added to the sample prior to
extraction. As shown in Figures 3, a supematant sample is extracted (liquid-liquid) three times with equal
portions of methylene chloride. The extracts from the supernatant portion of the as received sample are
combined and concentrated to 1 mL outside the hot-cells.

2.2 Extraction of the centrifuged solids portion of the HLW samples

The solid sample and duplicate will be extracted using 5 g of the solids portion of the as received sampie.
A matrix spike and spike duplicate will be extracted using 2.5 g of sample. The quantity of matrix spike
used is given in Table 4. Leach blanks shall be prepared using the same quantity of organic-free water as
the quantity of 0.01 N NaOH added to the sample. Stepwise instructions for performing the extractions
are given in Sections 6.2, 7.2 and 8.2.

SVOAS

As shown in Figure 1, the solids portion of the as received sample is leached (with ultrasonic agitation)
once with 50 mL of organic-fi-ee 0.01 N NaOH solution. Based upon the earlier dissolution test using a
0.5-g aliquo~ any solids remaining at a level greater than 1YO of the original solids portion are separated
and extracted separately. The NaOH Ieachate (i.e., dissolved solids) is extracted three times with equal
portions of methylene chloride. _

The NaOH Ieachate is then pH adjusted by slow dropwise addition of phosphoric acid while the sample
is cooled in an ice-bath during the acidification. If a solid precipitate is formed at a relative quantity of
>1 ‘/o by volume, it is separated and extracted separately. The pH-adjusted NaOH Ieachate is extracted
three times with equal portions of methylene chloride.

The undissolved solids and any solids formed during the acidification process are combined, desiccated
with sodium sulfate, and ultrasonic extracted three times using methylene chloride.

All SVOA extracts from the solids portion of the as received sample are combined and concentrated to
1 mL outside the hot cells.
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Pesticide/PCBs

As shown in Figure 2, the solids portion of the sample is leached (with ultrasonic agitation) twice with
40 mL of organic-llee 0.01 N NaOH solution. Based upon the earlier dissolution test using a 0.5-g
aliquot, any solids remaining at a level greater than 1‘XOof the original solids portion are separated and
extracted separately. The NaOH Ieachate (i.e., dissolved solids) is extracted three times with equal
portions of methylene chloride.

The NaOH Ieachate is then pH adjusted by slow drop-wise addition of phosphoric acid while the sample
is cooled in an ice-bath during the acidification. If a solid precipitate is formed at a relative quantity of
>1‘/oby volume, it is separated and extracted separately. The pH-adjusted NaOH Ieachate is extracted
three times with equal portions of methylene chloride.

The undissolved solids and any solids formed during the acidification process are combined, desiccated
with sodium sulfate, and ultrasonic extracted three times using a 1:1 methylene chloride/acetone solution.

All pesticide/PCB extracts from the solids portion of the as received sample are combined and
concentrated to 1 mL outside the hot-cells. .

Dioxins/Furans

As shown in Figure 3, no liquids will be added to the solid portion of the solids sample, as was done for
the SVOA and pesticide/PCB extractions. The dioxin extractions do not require a pH adjustment of the

.wet centrifuged solids. A desiccant is mixed with the wet solids to retain any water, and the desiccated
solids are ultrasonically extracted three times with a 1:1 methylene chloride/acetone solution. The dioxin
extracts are combined and concentrated to 1 mL outside the hot-cells.

3.0 Preparation and Extraction of Matrix Spikes and LCS for SVOA, Dioxins/Furans and
pesticide/PCB analysis

A separate LCS will be prepared for each analysis outside the hot-cells using the sample reagents used for
the extraction of the HLW samples. The LCS matrix will consist of 1 Liter of distilled water. The LCSS
will be extracted using liquid-liquid extraction. The LCSS will be spiked with the compounds and levels
listed in Table 4. Separate LCSS will be prepared for SVOA, Dioxin/Furans, pesticides, and PCBS. The
LCS will be spiked with the same surrogates as listed in Table 3.

..,,,..: .:,,.. “;::,, ,..“ ‘.. , ,T~b[&..4,., ./..
CASReQ;:No::l@mpounii :;;. . . . ..”.“”;;,.>““:.-, ‘:,‘“ :.,

. ...’..> = ., -jug

Semivolatile MS and UC spike compounds

100-51-6 8enzyl alcohol 50

10646-7 1,4-Dichlombenzene 50
108-95-2 Phenol 50
117-81-7 Di-sec-ectylphthalate 50

117-84-0 ndioctyl phthalate 50
118-74-1 Hexachlorobenzene 50

120-82-1 1,2,4-Trichlorobenzene 50

50-32-8 I 8enzo(a)pyrene I 50

53-70-3 Dibenz[a,h]anthacene 50..—
541-73-1 1,3-Dichlorobenzene 50

62-75-9 N-Nitroso-N,Ndimethylamine 50

67-72-1 Hexachloroethane 50

87-68-3 Hexachlombuizdiene 50

.—,,..--,m,,, ;,~ ,:$Aj , .: , ,;, ,.,); , am..’ ?<z :<YZ,J-,,..-&m .=3?2;.’-2.
., --”. .- -.

—-= —-. . . . . . . .

. . - ,.:,.- 7... . ..-. . ..ti. ”- . ,. ,,. , , “--- ..,. (-...,,,.,..-:$$, . ...> .,. ,..,



13NFL-29953-80 Rev. 1
Page 8 of 17

Table4
CASReg.No. Compound Ug

87-86-5 Pentachlorophenol 50

91-20-3 Naphthalene 50

95-50-1 1,2-Dichlombenzene 50

98-95-3 Nitmbenzene 50

100-00-5 p-Nitrochlorobenzene 50

100-254 l,4-Dinitrobenzene 50

110-86-1 Pyridine 50

122-394 N,N-Diphenyiamine 50

126-73-8 Tributyl phosphate 50
128-37-0 2,6-Bis(tefi-butyl)+methylphenol 50
1319-77-3 Cresol 50
2234-13-1 Octachloronaphthalene 50

82-68-8 Pentachloronitrobenzene (PCNB) 50

88-85-7 2-sec-Buty14,6-dinitrophenol (Dinoseb) 50

92-524 1,1’-Biphenyl 50

98-86-2 Acetophenone 50

PCB MS and LCS spike compounds

11097-69-1 I PCBArochlor1254 I 0.5

PesticidesMSand La spike compounds

58-89-9 Gamma-BHC 0.2

50-29-3 4, 4’-DDT 0.8

72-20-8 Endrin 0.8

7644-8 Heptachlor 0.2

309-00-2 Aldrin 0.2

60-57-1 Dieldtin 0.8 “

Dioxins/Furans MS and LCS spike compounds

1746-01-6 2,3,7,8-Tetrachlorodibenzo-p-dioxin(TCDD) 8.0

40321-764 1,2,3,7,8-Pentachlorodibenzo-p-dioxin(PeCDD) 40

57653-85-7 1,2,3,6,7,8-Hexachlomdibenzo-p-dioxin (HxCDD) 40

35822-394 1,2,3,4,6,7,8-Heptachlomdibenzo-p-dioxin (HPCDD) 40

3268-87-9 1,2,3,4,6,7,8,9-Octachlomdibenzo-p-dioxin (OCDD] 80

51207-31-9 2,3,7,8-Tetrachlorodibenzofuran (TCDF) 8.0

5711741-6 1,2,3,7,8-Penta~ lomdibenzofuran (PeCDF) 40

5711744-9 1,2,3,6,7,8-Hexachlorodibenzofumn (HxCDF) 40

67562-394 1,2,3,4,6,7,8-Heptmhlorodibenzofumn (HpCDF) 40

39001-02-0 1,2,3,4,6,7,8,9-Octachlorodibenzofumn (OCDF) 80

4.0 Preparation of Organic Anion Samples

The organic anion sample preparation uses a sodium-form of a cation exchange column to remove most
of the radioactive cesium and strontium to reduce the overall radioactivity in the samples. Organic anion
samples ( l-mL supematant samples and 1 g wet solids samples) are prepared in accordance with
procedure AOAM-03. For fi,u-therguidance and questions regarding execution of this procedure contact
James A. Campbell, 376-0899.

5.0 Initial Testing

5.1 Determination of Titration
Solids

Curves for Supernatants and Soluble Fraction of Wet Centrifuged



1)

2)

3)

4)

5)
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Transfer a 0.5-mL aliquot of the supernatant (or soluble solids fiction) into a tared 100-mL beaker
and weigh.

Add 10mLof0.01 N sodium hydroxide solution (prepared fi-omorganic-free water) and a clean
magnetic stir bar to the beaker containing the aliquot. Measure and record the initial pH.

Titrate the sample to pH 2 using 0.1 N HsP04 solution. Record the acid volume, temperature and pH
at AO.1 -0.2 pH units. Note the acid volume and pH at the point where any precipitation begins to
occur, or redissolve. Repeat this titration using 0.1 N HN03 solution.

Using the titration spreadsheet plot the curves for both the supematant and soluble solids fraction.

Closely examine the curves. Find a region of the curve where the pH is near 6.5 and exhibits some
buffering behavior. Calculate the qu~tity of acid needed per ~ of sample to adjust the pH to the
midpoint of this region. Review the data with the cognizant scientist prior to adjusting the pH of the
extraction sample.

5.2 Determination of Insoluble Solids Content

1)

2)

3)

4)

5)

Transfer a 0.5-g aliquot of the centrifuged solids into a tared centril%getube and weigh.

Add 10.mLof0.01 N NaOH solution in l-mL aliquots. After each addition, swirl the centrifuge tube
for a few minutes and observe and record any dissolution of the solid that appears to occur after each
addition. If all of the solids dissolve before 10 mL of 0.01 N NaOH solution have been added, record
this volume for use in Step 1, Sections 6 and 7.

Centrifuge the tube at the highest safe speed for the centrifuge tube for approximately 15 minutes.
Carefi,xllydecant the liquid portion and reweigh the centrifuge tube containing the residual centrifuged
solids.

Calculate the percentage of solids remaining.

If the solids remaining are less than one percent of the original wet solids, 0.01 N NaOH solution
water should be added to the solids and then extracted as a liquid sample. If the solids remaining are
greater than 1’%then the dissolved portion will be extracted as a liquid and the insoluble solids will be
extracted using ultrasonication extraction.

6.0 Stepwise Instructions for Preparation of Semi-volatile Organic Samples

Note: Prior to performing SVOA extractions, perform activities defined in Sections 1.0 and 1.1 and
Section 5.0. Figure 1 provides a schematic of the following steps.

6.1

1)

2)

Solids

Transfer 5-g aliquot (2.5-g aliquot for MS and MSD) of the centrifuged solids to a tared 200-mL
centrifuge tube and weigh.

Add the surrogate spiking solution to all samples (including blank) and the target compound spiking
solution to the MS and MSD. Use the entire contents of the vial(s) provided for spiking. After
transfeming the contents of the spiking vial to the sample, add approximately 0.2 mL of methylene
chloride to the vial(s) and transfer this rinsate to the sample.
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3) Add 50 mL of organic-free 0.01 N NaOH solution to the centrifuge tube and ultrasonicate (pulsed) for
2 minutes.

4) Centrifuge the tube and decant the liquid into a tared bottle, labeled SVOA C- 104 SF1, and weigh.
Set aside the wet solids for ultrasonic extraction (Step 7).

5) Transfer the NaOH Ieachate sample to a centrifuge tube and while Stirnng vigorously, very slowly
adjust the pll of the soluble solids to near 6.5and verify final pH. This step should be done using an
ice bath to cool the sample.

Note: The quantity of acid required for adjusting the pH to near 6.5 is determined by titrating an
aliquot of the NaOH Ieachate (i.e., soluble solids fraction) per Section 5.1.

Note: If solids are formed that do not redissolve, centrifuge and decant the liquid into a separator
funnel. Cap the cen~ifhge tube containing the wet solids and set aside for ultrasonic extraction
(Step 7).

6) Transfer leachate to a separator fimnel and perform a set of three sequential separato~ funnel
shakeout extractions of the pH-adjusted liquid using 25-mL portions of methylene chloride. Collect
and combine the three extracts in the 250-mL amber bottle labeled as designated below.

Clofl-s-y-z
Where,

y = S for solid (centrifuged solids fraction), L for liquid (supernatant fraction)
z = B for blank S for sample, D for sample duplicate, MS for matrix spike,

MSD matrix spike duplicate

7) Combine the solids reserved in Step 4 and any solids formed in Step 5 and add 2-3 times amount of
anhydrous sodium sulfate desiccant and stir with a glass or metal rod until a sandy texture is obtained.

8) Add 25 mL of methylene chloride and ultrasonicate (pulsed) for 2 minutes. Settle (or centrh%ge if
necessary) and decant the extract into the 250-mL amber bottle labeled in Step 6.

9) Repeat Step 8 two additional times and combine the extracts.

6.2 Superatant

1) Transfer 20-mL aliquot (10-mL aliquot for MS and MSD) of the C-104 supematant into a separator
finnel and dilute with 25 mL of 0.01 N NaOH.

2) Add the surrogate spiking solution to all samples (including blank) and the target compound spiking
solution to the MS and MSD. Use the entire contents of the vial(s) provided for spiking. After
transferring the contents of the spiking vial to the sample, add approximately 0.2 mL of methylene
chloride to the vial(s) and transfer this rinsate to the sample.

3) Perform three sequential separator funnel shakeout extractions of the supematant using 25-mL
portions of methylene chloride. Collect and combine the three extracts in a 250-mL amber bottle
labeled as designated in Section 6.1 Step 6.

4) Transfer the sample to a centrifuge tube and while stirring vigorously, very slowly adjust the pH of
the sample with the quantity of acid calculated in Section 5.1 for supematant sample and veri~ final
pH. This step should be done using an ice bath to cool the sample.



5)

6)

7)
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BNFL-29953-80 Rev. 1
Page 11 of 17

Note: If solids are formed that do not redissolve, centrifuge and decant the liquid back into the
separator funnel used in Step 1. Cap the centrifuge tube containing the wet solids and set aside for
ultra-sonic extraction.

Transfer supematant to the separato~ fimnel used in St&p1 and petiorrn a second set of three
sequential separator funnel shakeout extractions of the pH-adjusted liquid using 25-mL portions of
methylene chloride. Collect and combine the three extracts in the 250-mL amber bottle labeled in
Step 3.

To any solids formed in Step 4, add 2-3 times amount of anhydrous sodium sulfate desiccant and stir
with a glass or metal rod until a sandy texture is obtained.

Add 25 ml of methylene chloride and ultrasonicate (pulsed) for 2 minutes. Settle (or centrifuge if
necessary) and decant the extract into the 250-mL amber bottle labeled in Step 3. .

Repeat Step 7 two additional times and combine the extracts.

For fbrther guidance and questions regarding execution of these steps, and those described in
Appendix A, for extraction of SVOA samples contact George S. Klinger, 372-0448.

7.0 Stepwise Instructions for Preparation of Pesticide/PCB Organic Samples

Note: Prior to performing pesticide/PCB extractions, perform activities defined in Sections 1.0 and 1.1
and Section 5.0. Figure 2 provides a schematic of the following steps.

7.1 Solids

1)

2)

3)

4)

5)

6)

Transfer 5-g aliquot (2.5-g aliquot for MS and MSD) of the centrh%ged solids to a tared 200-mL
centrifuge tube and weigh.

Add the surrogate spiking solution to all samples (including blank) and the target compound spiking
solution to the MS and MSD. Use the entire contents of the vial(s) provided for spiking. After

transferring the contents of the spiking vial to the sample, add approximately 0.2 mL of methylene
chloride to the vial(s) and transfer this rinsate to the sample.

Add 40 rnL of organic-free 0.01 N NaOH solution to the centrifuge tube and ultrasonicate (pulsed) for
2 minutes.

Centrifuge the tube and decant the liquid into a tared bottle, labeled PPCB C-104 SF1.

Repeats Steps 3 and 4 and.weigh-bottle PPCB C- 104 SF1. Set aside the wet solids for ultrasonic
extraction (Step 8).

Transfer the NaOH Ieachate sample to a centrifuge tube and while stirring vigorously, very slowly
adjust the pH of the soluble solids to near 6.5 and veri& final pH. This step should be done using an
ice bath to cool the sample.

Note: The quantity of acid required for adjusting the pH to near 6.5 is determined by titrating an
aliquot of the NaOH Ieachate (i.e., soluble solids fraction) per Section 5.1.



BNFL-29953-80 Rev. 1
Page 120f 17

Note: If solids are formed that do not redissolve, centrifuge and decant the liquid into a separator
funnel. Cap the centrifuge tube containing the wet solids and set aside for ultrasonic extraction
(Step 8).

7) Transfer leachate to a separator finnel and perform a set of three sequential separator funnel
shakeout extractions of the pH-adjusted liquid using 25-mL portions of methylene chloride. Collect
and combine the three extracts in the 250-mL amber bottle labeled as designated below.

cl 04-P-y-z
Where,

y = S for solid (centrifuged solids fraction), L for liquid (supematant fraction)
z = B for blank, S for sample, D for sample duplicate, MS for PCB matrix

spike, MSD for PCB matrix spike”duplicate, MSP for pesticide spike,
MSDP for pesticide matrix spike duplicate

8) Combine the solids reserved in Step 5 and any solids formed in Step 6 and add 2-3 times amount of
anhydrous sodium sulfate desiccant and stir with a glass or metal rod until a sandy texture is obtained.

9) Add 25 ml of methylene chloride/acetone mixture ( 1:1) and ukrasonicate (pulsed) for 2 minutes.
Settle (or centrifuge if necessary) and decant the extract into the 250-mL amber bottle labeled in
Step 7.

10) Repeat Step 9 two additional times and combine tie extracts.

7.2 Superatant

1) Transfer 10-mLaliquotoftheC-104 supernatant into a separator fhnnel and dilute with 25 mL of
0.01 N NaOH.

2) Add the surrogate spiking solution to all samples (including blank) and the target compound spiking
solution to the MS and MSD. Use the entire contents of the vial(s) provided for spiking. After
transfeming the contents of the spiking vial to the sample, add approximately 0.2 mL of methylene
chloride to the vial(s) and transfer this rinsate to the sample.

3) Perform three sequential separator fi,mnelshakeout extractions of the supematant using 25-mL
portions of methylene chloride. Collect and combine the three extracts in a 250-mL amber bottle
labeled as designated in Section 7.1 Step”7.

4) Transfer the sample to a centrifuge tube and while stirring vigorously, very slowly adjust the pH of
the sample with the quantity of acid calculated in Section 5.1 for supematant sample and verifi final
pH. This step should be done using an ice bath to cool the sample.

Note: If solids are formed that do not redissolve, centrifuge and decant the liquid back into the
separator funnel used in Step 1. Cap the centrifuge tube containing the wet solids and set aside for
ultra-sonic extraction.

5) Transfer supematant to the separator finnel used in Step 1 and perform a second set of three .
sequential separator funnel shakeout extractions of the liquid using 25-mL portions of methylene
chloride. Collect and combine the three extracts in the 250-mL amber bottle labeled in Step 3.

6) To any solids formed in Step 4. Add 2-3 times amount of anhydrous sodium sulfate desiccant and stir
with a glass or metal rod until a sandy texture is obtained. I



7)

8)
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Add 25 ml of methylene chloridelacetone mixture (1: 1) and ultrasonicate (pulsed) for 2 minutes.
Settle (or centrifuge if necessary) and decant the extract into the 250-mL amber bottle labeled in
Step 3.

Repeat Step 7 two additional times and combine the extracts.

For fiu-therguidance and questions regarding execution of these steps for pesticide/PCB extractions,
contact Eric W. Hoppe, 376-2126.

8.0 Stepwise Instructions for Preparation of Dioxin/Furan Samples

Note: Prior to performing Dioxin/Furan extractions, perform activities defined in Sections 1.0 and 1.1 and
Section 5.0. Figure 3 provides a schematic of the following steps.

1)

2)

3)

4)

Transfer 5-g aliquots (5-g aliquot for MS and MSD) of the centrifuged solids to a tared 200-mL
centrifuge tube and weigh. Add the labeled spiking solution (i.e., surrogates) to all samples

(including blank) and the unlabeled spiking solution (i.e., spikes) to the MS and MSD. Use the entire
contents of the vial(s) provided for spiking. After transferring the contents of the spiking vial to the
sample, add approximately 0.2 mL of methylene chloride to the vial(s) and transfer this rinsate to the
sample.

Add 2-3 times the amount of anhydrous sodium sulfate desiccant. Stir with glass or metal rod until it
forms a sandy texture. Add 25 mL of methylene chloridelacetone mixture (1: 1) and uhrasonicate
(pulsed) for 2 minutes. Settle (or centrifuge, if necessary) and dec@ the extract into 250-mL amber
bottle labeled as indicated below. Repeat methylene chloridelacetone extraction two more times and
combine extracts.

Cl 04-D-y-z
Where,

y= S for solid (centrifuged solids fraction), L for liquid (supematant fiction)
z = B for blank S for sample, D for sample duplicate, MS for matrix spike,

MSD for matrix spike duplicate.

Transfer 15mLoftheC-104 supematant (7.5 mL for MS and MSD) into a separator finnel and add
25 mL of 0.01 N NaOH to the separator fi.mnel. Add the labeled spiking solution (i.e., surrogates) to
all samples (including blank) and the unlabeled spiking solution (i.e., spikes) to the MS and MSD.
Use the entire contents of the vial(s) provided for spiking. After transferring the contents of the
spiking vial to the sample, add approximately 0.2 mL of methylene chloride to the vial(s) and transfer
this rinsate to the sample.

Perform three sequential separator funnel shakeout extractions of the supernatant using three 25-mL
portions of methylene chloride. Collect and combine the three extracts in a 250-mL amber bottle
labeled in Step 2.

For Iin-therguidance and questions regarding execution of these steps contact James A. Campbell,
376-0899.

—.. ,,,,,.,.. ., .,,..,... ... “.,. ,n-?x,7 .fm..=.mey ,.,, ,.”j .,. , . ., .-, , .. . . . .-::--?<,’ . . . . .+. ,... -. ,., ., ., ,.. ..m,----- --y .,, ,. . _ . .
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Figure 1: SVOA Extraction Process Diagram
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Figure 2: Pesticide/PCB Extraction Process Diagram
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Figure 3: Dioxin/Furan Extraction Process Diagram
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Appendix A: Semivolatile Research Sample

Prior work done on AW-101 and AN-107 samples using phosphoric acid to adjust the pH was
complicated by large quantities of formed solids. It is assumed that some of the formed solids were the
results of aluminum precipitation at pH less than 11 and greater than 3. It is also likely that some of the
formed solids were insoluble phosphates, which were formed upon addition of the phosphoric acid.

The use of nitric acid to adjust the pH of the sample to pH 3 may have certain advantages in reducing or
eliminating “formed solids” in the supernatant and the soluble portion of the centrifuged solids.
Additionally, it is likely that phosphate acts in a similar fashion to sulfate in its ability to catalyze nitrate
(which is present in the C-104 material at a concentration of approximately 30,000 ppm) to form the
reactive nitronium ion (’N03), which is a powerfid nitrating agent for a variety of organics.

Nitric acid alone producesonly a small quantityof “auto-catalyzed”nitronium ion. We believe that the
use of nitric acid, rather than phosphoricacid, to adjust the pH of the sample may eliminate or reduce
formed solids, thus reducing the number of extraction steps, and also reduce or eliminate the quantity of
nitration “artifacts”.

Reaction of organic arnines, such as chelator fragments found in some tank samples, with nitrous acid
(HONO) may also be reduced by the addition of nitric acid.

In order to test this idea for application to potential fbture work one additional semivolatile sample
(supernatant only) will be processed using the procedure described in Sections 5.1 and 6, using 0.1 N
nitric acid, rather than phosphoric acid, for the titration of the sample and pH adjustment during the
extraction.

The supernatant used for this testis to be decanted/pipetted from container “C104 COMP E“.
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ASR 5729

.
00-01360 C-104 Supernatant Composite

Density/Solution “
Wt% Solids/TDS
Digestion-128

ICP-211-CMC
IcP/Ms
GEA-381/474-CMC
Alpha/Gross-4001/408-CMC
Beta/Gross-4001/408-CMC
Am,Cm/AEA-417/422-CMC
Pu/AEA-417/422-CMC
WKPA-4014-CMC
Sr-90-4761408-CMC
Se79-440/474-CMC

IC-212-CMC
ICP/MS ~
TOC/TIC-381-CMC
TOCITIC-380-CMC
NH3-ISE
Flashpoint . ..
CNLI’otal
H3-418/474-CMC
C14-38V474-CMC :-
Hg-131/201-CMC ~

OH-~itration-228-CMC
pHL301ution

Ext-SISVOA
SVOAIGCMS

Ext-Solvent (for PCB)
PCB/Pesticides

Ext-Solvent (for Dioxins)
Dioxins/Furans

IC-Organic
Headspace
VOA/GCMS .

SAL
SAL
SAL
LAB
ADV INORG
RAD
RAD ,
RAD
RAD
RAD
RAD
RAD
RAD
LAB
ADV INORG
LAB
LAB
LAB
LAB
LAB
RAD
R4D
LAB
LAB
LAB

SAL
ORG
SAL
ORG
SAL
ORG
ORG
ORG
ORG

-- UseW49436
-- Use W49436
-- UseW49436
-- Use CMC WP Number
- Use W49439
-- Use CMC WP Number
-- Use CMC WP Number
- Use CMC WP Number
-“ Use CMC WP Number
- Use CMC WP Number
-- Use CMC WPNumber
- UseCMCWPNumber
-- UseCMCWPNumber
- Use CMC WP Number
-- Use W49439
-- Use CMC WP Number
- Use CMC WP Number
- Use W49439
– Use W49439
- Use W49439
- Use CMC WP Number
- Use CMC WP Number
- Use CMC WP Number
- Use CMS WP Number
-- Use W49439
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– Use W49436
- UseW49440
-- UseW49436
- UseW49441
-- UseW49436
- UseW49441(thist&t needs added to DB)
- Use W49441 (this test needs added to DB)
-- Use W49441 (this test needs added to-DB)
- Use W49440
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00-01361 C-104 Centrifuged Solids Com~ +itC
:.

Wt?A Solids/Total (after phase
sefxi ration)

Digestion-129
ICP-211-CMC

Fusion-1 15
TCP-21 I-CMC
IcP/lMs
GEA-381M74-CMC
A1pha/Gross-4001/408-CMC
BetalGross-4001/408-CMC
Am,CmlAEA-4171422-CMC
PuiAEA-4171422-CMC
U,11{r4AA-40j4-~MC
Sr-90-476/408-Ch’lC
SC79-4401474-CMC

LcacMWatcr-103
1~.~J2-cMc

NH3-lSE
I-13-418/474-CMC ““

TOCA’lC-381-CMC
TOCY17C-380-CMC .
CNfTotal
Cl 4-381 /474-CMC
Hg-131/2ol-clMc

Ext-S/SVOA
SVO.41GCMS

Ext-Solwnt (for PCB)
PC?3/Pesticides

Ext-Solvent (for Dioxins)
Dioxins/Furans

lC-Organic
Headspacc
vo.4/GcMs

.;;
SAL::,

i,
s.4~
LAB
SAC
LAB
Ally IJNORG
RAD
RA~ “
RAP
RAD
RA~
RAIJ
RAD
RA~
SAlj
AD~ INORG “
SAL
LA$
LAB
I-@
LA.

ELA
LA!B

RA’D
L+

SA~
Oqp .
SAP
oRp
sk~
oRp
OR’G
O$G
O~G

1.

-- Use W49436

-- use W49436
– Llse c~?c Wp N~ImJ.)er

-- Use W49436
- Use CMC WP Number
-- Usc W49439
- Use CMC WP Number
-- Use CMC WP Number
-- Use CMC WP Number
-- Use CMC WP Number
-- Use CIVICWP Number
-- Use CMC WP Number
-- Use CMC WP Number
– Use CIVICWP Number
- Use W49436
-- Use W49439
- USCW49436
-- Use CMC WP Number
– Use W49439
- Use CMC WP Number
-- Use CMC WP h’umber
-- Use C!MCWP Number
-- Use W49439
- Use CMC WP Number
- Use CIVICWP Number

-- USCW49436
– Use W49440
-- Usc W49436
- use W49441
-- Use W49436
- Use W49441 (this test needs added to DII)
- Use W49441 (this test needs added to DB)
-- Use W49441 (this test needs added to DB)
- Use W49440



Special Instructions (Revison 1) for ASR 5729

General Comment: This ASR is to complete the work defined by Test Plan
BNFL-29953-30 Rev O. Should sample quantities or other issues prohibit performing the
work as defined, contact M.W. Uric (376-9454.)

The “C-1 04 Supematant Composite” and “C-104 Centrifuged Solids Composite” are
prepared from the C-104 material supplied under COC BNFL-48 (i.e., C-104 Comp A,
C-104 Comp B, and C-104 Sup A).

For both the supematant and centrifuged solids sample, all organic analyses require
Sample, Duplicate, Matrix Spike, and Matrix Spike Duplicate, and all inorganic and
radiochemical analyses require Sample, Duplicate, Matrix Spike (except WtO/Osolids,
OH, Flashpoint, density, and TDS which do not require a Matrix Spike). Only the ICP
(acid digest only), SVOA, PCB/Pesticides, and Dioxin spiking solutions are to.be added
to Matrix Spikes during processing in the SAL. Process Blanks and Blank Spikes/LCSs
are to be processed per the governing QA Phui.

Movement of sub-samples or processed samples from the SAL to the laboratories shall be
done under Lab COC.

. . .

All supernatant results are to be reported on a per milliliter of supernatant basis
and all centrifuged solids are to be reported on a per gram of wet centrifuged solids
basis.

1. Prior to beginning the phase separation of the slurry material (C-104 Comp A and
C-1 04 Comp B), sub-sampling for TDS and Wt% Solids (on centrifuged solids) is to be
conducted and the tests performed per Test Instruction (TI) BNFL-29953-80 Rev O.

2. The phase separation of the slurry material is to be conducted per instructions in TI
BNFL-29953-80 Rev O. All separated.supematant from C-104CompAandC-104
Comp B and supematant from C-104 Sup A should be combined into single container.

3. All centrifuged solids sub-sampling activities that need to use undried solids should be
conducted as soon as possible following phase separation. This includes VOA, Water-
Leach sub-samples, cyanide, mercury, C-14, and TOC/TIC.

4. Following the solids sub-sampling activities, all organic sub-sampling and preparative “
activities (solids or supematant) should be completed, per TI BNFL-29953-80 Rev O, as
soon as possible and prior to any additional inorganic or radiochemical sub-sampling or
processing.

5. Following the organic sub-sampling and processin~extraction activities, the
remaining centrifuged solids should be dried to constant weight and mixed well prior to
sub-sampling for further processing (e.g., for digestions, fisions). (If a large quantity of
centrifuged Solids remain following the organic activities, not all of the solids need to be
dried.)

Page 3 of 3
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Battelle PNNL/RPL/Inorganic Analysis ... ICPUS Data Report

6/12/00

Project: 29274 I W49436
C1ient: M. Uric

----------------------------------------

RPL Number(s): 00-01360& 00-01361
-- —-—--------------------------

~Client ID: “C-104 Supernatant Composite” &
“C-104 Centrifuged Solids Composite”

----——----—--_ —-—---------— ------

ASR ~umbe~ 5729

REVISION 1

Total Samples: 2

-—--— — ---—- —— --—-——--

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

Analyst: -JJ Wagner

Analysis Date (Filename): 04-20-00 (A0597 K/Ni), 04-26-00 (A0599 ALO-128/-l29)

,
See Chemical Measurement Center 98620: ICP-325q05-l File for Calibration and

Maintenance Records.

M&TE Numbe~ ICPAES instrument – WB73520
Mettler AT400 Balance - Ser.No. 360-06-01-029

Qifw!!zL.,z.,.
.

Concur

Page 1



Battelle PA?.L/RPUInorganic Analysis ... ICPAES Data Report

ASR-5729
One radioactive licmid sanmle, C-104 Supernatant Composite (RPL# 00-01360), was prepared
in duplicate by the Shielded Analytical Laboratory (SAL) using ALO- 128 acid digestion of
liquids procedure. Approximately 5.0 ml of sample (weighed) was processed and diluted to a
fma.1volume of 25 ml. Sample aliquot volumes were calculated using the weight of sample
processed divided by a density of approximately 1.166 ghnl. Estimated density was based upon
the average verified delivery volume of a 5rnl pipette used to transfer each sample aliquot during
sample preparation and sample weight. Final volume of processed sample was calculated by
measuring net weight of the final processed volume and dividing by density. Density of each
prepared sample was estimated by weighing a one ml a.liquot of each processed sample. After
processing, sample aliquots were clear and did not require filtering. A process blank, blank-spike
and matrix-spiked sample were also prepared. Calculated results of density measurements and
volumes are recorded on bench sheets included in final ICPAES report data package. During
ICPAES analysis additional simple dilution of 10 and 50-fold were performed in order to
quantify high concentrations of certain analytes such as sodium. All measurement results
reported have been corrected for analytical and sample dilutions. Results are reported as pghnl.

One radioactive (dry) solid sample, C-104 Centrifuged Solids Composite (RPL# 00-01361),
was prepared in duplicate by SAL using ALO-129 acid leach of solids procedure and ALO- 115
KOH/Ni fusion procedure.

ALO-129 Procedure: Approximately 0.5g aliquots were used to prepare samples using ALO-129
acid leach of solids procedure including a matrix-spiked sample. Final volume of processed
sample was calculated by measuring net weight of the final processed volume and dividing by
density. Density of each prepared sample was estimated by weighing a one ml aliquot of each
processed sample. Some sample residue remained after processing. Residue was removed by
filtering each sample aliquot. The process blank for the acid leach of solids procedure is the
same as that used for ALO- 128 acid digestion of liquids above. Calculated results of density
measurements and volumes are recorded on bench sheets included in final ICPAES report data
package. During ICPAES analysis additional simple dilution of 10 and 50-fold were performed
in order to quanti~ high concentrations of certain analytes such as sodium. All measurement
results reported have been corrected for analytical and sample dilutions. Results are reported as

l@@Y-

ALO-115 Procedure: Approximately 0.2g and 0.25g size sample aliquots of dried centrifuged
solids were prepared. Final volume of processed sample was 100ml, prepared using volumetric
flasks. Essentially the entire sample dissolved. No evidence of residue was noted. Preparation
required the use of additional HC1 to dissolve the samples. All solutions remained soluble after
final dilution. During ICPAES analysis additional simple dilution of 2 and 10-fold were
performed in order to quanti@ high concentrations of certain analytes such as sodium, aluminum,
iron, thorium, uranium and zirconium. Potassium and nickel measurement results are not

6/12/00
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Battelle PNNURPL/Inorganic Analysis ... ICPUS Data Report

applicable for this p~ocedure because of reagents and crucible material used during sample

preparation. Measurement results reported have been corrected for preparation and amdytical
dilution. ICPAES measurement results are reported as ~g/g-dry.

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.

Five fold serial dilution:
(Fusion of solid samples) Results were generally within tolerance limit of S 10% after correcting

for dilution except as follows. Sodium in RPL# 00-1361-Ni was high -
by approximately 12%. All other analytes diluted similarly in this
sample was within tolerance. All other sample dilutions performed
were within tolerance.

(Acid digestieach prepared samples)

All results were within tOlerance limit of < 10% after correcting for
. dilution.

Duplicate RFD (Relative Percent lMference):

(Fusion of solid samples) All analytes of interest were recovered within tolerance limit of S 20%
relative percent difference (RPD) except silver and phosphorous. RPD
for silver was 28% and 55% for phosphorous.

(Acid digest/leach prepared samples)

All analytes of interest were recovered within tolerance limit of < 20%
relative percent difference (RPD).

Post-Spiked SampIes (Grou~ A):
(Fusion of solid sampIes) All analytes of interest were recovered within tolerance of 75% to

125%..

(Acid digest/leach prepared samples)
All analytes of interest were recovered within tolerance of 75% to
125%.

Post-Spiked Samples (GrouD B):
(Fusion of solid samples) All analytes of interest were recovered wih tolerance of 75% to

1255Z0.

6/12/00
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Battelle PA?NL/RPL/InorganiZ Analysis ... ICPAES Data Report

(Acid digest/leach prepared samples)
All anaiytes of interest were recovered within tolerance of 75% to
125%.

Blank Stike:
(Fusion of solid samples) A blank spike is not require for fusion prepared samples.

(Acid digestlleach prepared samples)

Matrix Suiked Sarrmle:
(Fusion of solid samples)

All analytes of interest in the blank spike 00-01360-BS were recovered
within tolerance limit of 80% to 120% except silver (21%). Chloride
from the hydrochloric acid used to prepare the sample using PNL-
ALO-128 digestion procedure likely precipitated the silver causing low
recovery.

A matiix spike is not require for fusion prepared samples.

(Acid digestAeach prepared samples)
AU analytes of interest in the matrix spiked sample (12PL# 00-01360-
MS and RPL# 00-01361-MS) were recovered within tolerance limit of
75% to 125% except silver (24%, 27%), barium (56%), and arsenic
(50%). Chloride from the hydrochloric acid used to prepare the
sample using PNL-ALO- 128 digestion likely precipitated silver
resulting in low recovery. Low barium recovery results maybe caused
by the presence of sulfate in the sample. The reason for low recovery
results for arsenic is not known.

C)UalitvControl Check Standards:
Concentration of all analytes of interest except palladium in the
KOH/M fusion prepared analytical runs were within tolerance limit of ‘
k 10% accuracy in the standards: QC_MCVA, QC_MCVB, and
QC_SSTMCV. Calibration Blank (ICP98.0) concentration was less
than two times IDL. Palladium in QC_MCVB measured low by 20 to
27%. A single element standard of palladium at 2 pghnl was
measured at the beginning and end of the analytical mn recovered
(M%) well within a tolerance limit of *1O% accuracy.

Concentration of all analytes of interest in the acid digestlleach
prepared samples was within tolerance limit of ~ 10% accuracy in the
standards: QC.MCVA, QC_MCVB, and QC.SSTMCV except as
follows. Magnesium was high by 11% in one of four measurements of

6/12/00
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Battelle PNNVRPLLInorganic Analysis ... ICPMS Data Report

QC.MCVA check standard. Palladium in QC.MCVB measured low

by 20%. However, a single element standard of palladium at 2 ~ghnl

measured 2.1 @rd well within a tolerance limit of A1O% accuracy
indicating that the overall calibration for palladium was within
tolerance. Palladium was not detected in any of the samples measured,

High Calibration Standard Check:
Verification of the high-end calibration concentration for all analytes
of interest was within tolerance of* 5% accuracy.

Process Blank
(Fusion of solid samples) All ana.lytesof interest were within tolerance limit of < EQL or < 5%

of sample concentration.

(Acid digest/leach prepared samples)
All analytes of interest were within tolerance limit of < EQL or e 5%
of sample concentration except boron and silicon. Boron
concentration was about 6% of the concentration measured in C-104.
Supematant Composite sample and about 100% of the boron
concentration measured in C-104 Centrifuged Solids Composite
sample. Silicon concentration in the process blank was about 10% to
21% of the concentration measured in C-104 Centrifuged Solids
Composite.

Laboratory Control Standard (KS}
(Fusion of solid samples) AU analytes of interest at a concentration equal to or greater than EQL

were recovered within tolerance limit of 7590 to 125% in both fusion
prepared LCS standards. SRM-271O Montana Soil was used for the
LCSinPNNLALO-115 fusion preparations.

(Acid digest/leach prepared samples)
LCS wasnot required or prepared for acid digest or acid leached
samples.

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%.

6/12/00
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Battelle PIViW/RPLLInorganic Analysis ... ICPAES Data Report

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 marnces may be
determined if requested.

3) Routine precision and bias is typically k 15% or better for samples in dilute, acidified water (e.g.
2% v/v HN03 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 yghn.L (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.

6/12/00
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Battelle PNNURPG/’norganic Analysis ... ICPAES Data Report “9’ 1‘f 2

F r50.7
00-1360-DUP @10

~
SUPERNATAN7
COMPOSITE 1.—--

Multiplier= 4.97

RPIJLAB #= 00-1360-PB

Process
Blank (ALG

Client ID= 1242

Det. Limit Run Date= 4/26/00

~
SUPERNATAN7
COMPOS17E

4/26100 .J._EE- . . . . . .... .(ug/mL) (Analyte)

k

ugfmL.. .... ..................... .... .. ... ...... .
0,025 Ag

E
uglmL.. .. . ... .
[1.4]

418

.. . . .. .
205

l=%=
.“

- !:‘E
——-—.-,—. —.”-

——

0,060 Al

E

5.31

0.250 As. ......”.......,............””.........””””,”
0.050 B 12.4
0.010 Ba [0.081]
0.010 Be. ... ......... ....... ..... . . .... ........ ...
0,100 Bi

0,250 Ca

0,015 Cd. . . .... .. . ...... ..... . ..... .... .....

k=%=
‘“””””-~ . . ... ....... . . .

“.”...”. . . . . .

.—. —.

. . . .

. . . . .

E[31]

8.96.. . . . . ... . E
[28]

9.83. .....

61.1......“.
F.71

0,200

0.050 :1+-

0,020 Cr

E

. .. .. .................. .... ..... . ..........
0,025 Cu
0,050 Dy

0.100 Eu. .. . ...... ......... . .. .. ... .. ........
0,025 Fe [0.18]

--t===

—.

---

-.
.-

—- .——

.—-...

. ..-

.——.
,

18.4

[690]2.000 *K l-l
0.050 La. ................ ........ ...... . .... ....
0,030 Li

0.100 Mg W
“--””-”+===

E=
22.9

[12]

~.o],- .. .
[8.8]

75,700E
[11]

. ..--..”. [6.8]

V.9J

67,700

0.050

~~ H

. .. ... . . ...... . .... . ....
0.050

0.150

0.100 U-+4.., I

--”m0.030 Ni

m

[0.35] 121

0.100 P 1,070
0.100 Pb. . . . .. ....”.-............”.....””.....””””. ... . . . .....
0.750 Pd
0.300 Rh

1.lW Ru. ........... ............ . ... ... ..... ....... . . . . .. ......
0,500 Sb
0.250 Se

0,500 s 28.4 1.880

‘“-H
. . . .

——
1-

1-

1.500 Sn

0,01q Sr

1.500 Te -.‘ -.,,,..,... ... ........ . . . . . .......... --
.... . . . ...

1.000 Th

0.025 Ti

0.500 TI -.. . ....... . . .... .. .... . ...... . .... ..... .. . . . . ..
2.000 u

0,050 v

2.000 w. . ..... .. ..................................... ..-.”—... .—.
0.050 Y -“

0.050 Zn

0.050 Zr [20]

-.-. —

. ...l-.

—. .. . . ..——

Note: 1) Overall error greater than Itl-times detection limit is estimated to be wlhin +/- 15%.

...-.E
I [20]

2) Values in brackets (j are - lo-times detection limit with errora likely to exceed 15%.

3) “--” inticate measurement is &w detection. Sample detection limit may be found by

, multiplying “det. limit”(far left column)by “multiplied (top of each column).

Data (1) from ‘A0599 M.Uric ASR-5729 C-104 ALO-128,-129 ICP98 hi.XLS 5/23/00 @ 10:40 AM
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PNNLLRPG/7norganic Analysis ... ICPAES Data

Muitipliee

r

51.9.

RPIJLAB #= QO-136&PB

Process
Blank (ALO-

Client ID= lW eauiv.)

Det. Limit Run Date= 4H6100

(u@mL) (Analyte) Uglg-dry. . —-—. —....--.
0.025 Ag

0.060 Al 55.5

0.250 As.. .. . ... . . . .
0.050 B 129

0.010 Ba [0.q

0.010 Be... .. .. . .... . . ...... .... . . .
0.100 Bi

0.250 Ca

0.015 cd—.. —-,
0.200 Ce

0.050 co

0.020 Cr——.
0.025 Cu

0.050 Dy

_ 0.100 Eu

0.025 Fe [1.9]
2.000 K

0.050 La

0.030 Li

0.100 Mg

0.050 Mn

0.050 Mo

0.150 Na 201

0.100 Nd

0.030 N; WI
0.100 P

0.100 Pb.—
0.750 Pd l-l

r483.2

00-1361 @10

G104 Centrifuged
Solids ComDosite

4/26/00

Ugfg-dry,—-
[91]

122,000

.----
[120]

143

. . ... [32]

3,620

696. ...-”
[260]

““H?=
I

e32,800

—... [110]

422

~

[450]
8,170

139,000

[230]

Z240

[150]

1,200

-B0.300 ‘h ~
1.100

%@

“u. . .. .. .
0.500 Sb

0.250 se

0.500 Si 276 _.— [1,300]
1.500 Sn [990]
0.015 Sr [68]
1.500 Te.. . ..-.
1.000 -Ill H 7M

~ -.L..EI””EE.—..
Zooo u ~ I 40,000
0.050 v

2.000 w— —
0.050 Y [28]
0.050 Zn [160]
0.050 Zr 29,100

Note: 1) Overall envr greater than I&times

mr
G104 Centrifuged
Solids ComDosite

--Es
4126100

u,. ..”..—
~8]

124,000

‘-”~-=

---”EEI----E
--”I=%H-”--E=
---+=9”-+=
.-.”

I-----

-.EEiE

-EEl””-f=
“-=--1=
--”-t=d’--=

_REik
det~”on limit is estimated to be within +/. 15%.

2) Valuas in brackets U am - I&times detection limit w“therrors likely to exceed 15%.

3) ‘- ● indicate measurement is ~w det-”on. Sample detection limit maybe found by

muMply-ng “det. limit- (far let?cvlumn) by “multiplier (top of each column).

Data (1) from ‘A0599 M.Uric ASR-5729 C-104 ALO-128,-129 ICP98 hi.XLS
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. . ..... ...... ....E

...— —. 1=

E
——.-——..
-–.--k

E-
k=

.-.—.—.--

E
.... .... . .1=

E-
I-

—“-... -J=

—.— .-1=

..... .. ..”—

.. ........”—

. . . . . . . . . . . . . .

, . . . . . . . ..””——.

“..... —-.

. . ...” . ..—

. . . . . . . . . . .

. . . . . . .

. . . . . . . . . . . . .

. . . . . .

.“ . . . . . . . .

. . . . . . . . . . .

. . ..——

-..-. —...

. . . . . . . . .
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PNNURPWnorganic Analysis ... ICPAES Data Report

G104
Centrifuged

Process Solids
Client ID= ~k Composite

Det. Limit Run Date.= I 4/20/00 I I 4ROIO0

E ‘“?BIE

(ug/mL)....................................................

....................................................

0.010 Ba

BE

134

0.010 Be.................................................... ......................... [29]

0.100 Bi

0.250 Ca 3,420

0.015 Cd.................................................... ........ ................
0.200 Ce [450]

0.050 co

0.020 Cr.................................................... 1,220. ...............”...””
0,025 Cu [180]

. 0.050 Dv.
0.100 Eu

BE

.................................................... . .......... .... ......
0.025 Fe 389 33,000

0.050 La..............................................".... ........ ................ [120]

0.030 Li 347

0.100 Mg [630]

0.050 Mn.................................................... [120] 7,500. ........... .... ......
0.050 Mo

~ : H........”..........”E......................................................................................................
: !!H“””E....................................................
0,500

:: H“-”-”””””-E

....................................................
1.500

0.015 Sr

E ‘E

[651 --

1.500 Te.................................................... ..... .. .... ...... ....
1.000 Th 44,100

0.025 Ti [160]

0.500 T1.................................................... .... ... . .... .......
2.000 u 36,000

0.050 v [52]

2.000 w.................................................... .................”......
0.050 Y

0.050 Zn [170]

0.050 Zr 40,000
Note: 1) Overallerrorgreater than 10-timei

IOCH36WWDUP 622 I

............”...... __lL
C-l&

Centrifuged
~Solids
Composite

4/20/00

Uglg-dry ...................

l%%-+ t-
_-+-J----]-

,. ..................4+ . .........

,......”.-..p.__..~+

_...........pj.._...._..[~

EE
1,240..... . ... .. ... . .....”.”......-

..... ......... .... .. .. . . ......

9,850.. ...... ...... ... ..——

,..._=l_l_..._.p_

........ . .. .. . l.-..~”---~
U@Ll

........ ... .... . ~-----~

1-

1 40,600 I I
‘etection limitis estimated to be w“thin+/- 159&

Page 1 of 1

.......................

.. ..................”.

. . . . . . . . . . . . . . . . ...”..

........... .... ..

.................... ..

...... ..... ....... .

.. ....................

....... ... ......... .

.......................

............ .... .. .

....... ........ ... .

2) Valuesin brackets\ are @@ 10-timesdetectionlimit wI”therrorslikely to exceed 15%.

3) ‘-8 -mdioatemeasurementis ~w detection.Sample detectionlimitmaybe foundby

multipljong‘det. limi~ (far left column)by ‘multiplie~(topof each column).
Data (1) from ‘A0597 M.Une ASR-5729 C-104, S.FiskumASR 5786 (1) CMC Waste iCP98 hi.XLS 6/12/00 @ 9:00 AM
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Battelle, Pacific Northwest National Laboratory filename 00-1360U
Richland, WA 7/1 1/2000

Radiochemical Processing Group Rev. 1

Client M. Uric Cognizant Scientist ML( 7-H-&#

Concu~ ~. ~. 4AA 7@m

Procedure PNL-ALO-4014
Equipment Chemcheck KPAI IR

Uranium Analysis by Kinetic Phosphorescence

Uranium Concentration

Sample *IG Units

Process Blank ‘ 00-1360PB c5.E-3 uglml

C-104Supematant Comp. 00-1360 2.86E+I k 3’3/0 uglml

‘C-104 Supematant Comp. 00-1360 Rep 2.85E+I k 39’0 uglml

C-104 Supematant Comp. 00-1360 Dup 3.00E+I * 3’?/0 uglml

RPD 5’XO

Process Blank 00-1361 PB 9. f3E-l A 2’3/0 Uglg

C-104 Centrifuged Solids Comp. 00-1361 3.35E+4 5 39!0 ug/g

C-104 Centrifuged Solids Comp. 00-1361 DUP 3.25E+4 * 3%0 Uglg

RPD - 3%

Liquids blank c5.E-3

Liquid matrix spike 101’%0

Solids blank <4.E.I

Solid matrix spike 99% - “ .

,1Before

Run

Standard Observed Expected Yield
R-330-f 1.03E-4 1.00E-4 1.030
R-330-e 1.04 E-3 1.00 E-3 1.040
R-330-d 9.97E-3 1.00E-2 0.997
R-330-c 9.89 E-2 I.00E-I 0.989
R-330-b . 9.61 E-1 ~ 1.00E+O 0.961

sAfter R-330-e 1.05 E-3 1.00E-3 1.050

Run R-330-c 1.02 E-I 1.00E-fi 1.020

Page 1 of 1



Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Chemical Measurements Center

Client: M. Uric

Cognizant Scientist:

Concur: VUnq -L

Measured Activities uCi/g with 1-s error

ALO ID Beta Sr-90 CO-60 Nb-94 Ru/Rh-106 Sb-125

00-1360
512412000
Rev. 2

Date: JZf/u&’

Date: S/a+l 00
.

Sn/Sb-126 CS-134 CS-137 Eu-154 Eu-155 Am.241
Client ID Error +1- Error +1- Error +1- Error +/- Error +1- Error +/- Error +1- Error +1- Error +/- Error +/- Error +/- Error +/.

00-1360PB● 1.42E-3 <2.E-3

Process Blank 9’%0

00-1360 ~ 3.00E+I 1.06E-I
C-104 Supernatant Comp. 4940 16%

00-1360 DUP* 3.08E+I 1.08E-I
C-104SupernatantComp, 4?-0 1670

RPD ayo 2%

00-1361 PB 7.II E-I <2,E-I
Process Blank 22%

00-1361 I,22E+3 5.03E+2
C-104 Centrifuged Solids Comp. 470 3%

00-1361 DUp I,15E+3 5.31E+2
C-104 Centrifuged Solids Comp. 4% 3%

RPD 6% 5%

Solids blank ‘ <2.E~l

Matrix spike 10070 gi’yo

98’%0 %’%.
6

Blank spike 99!40 92yo
100% 94%

<4,E-6

4.22 E-2
3?40

4.73E-2
3?40

11?40

~5.E-4

1.92E-I
3yo

1.90E-I
3%

19!0

/

<3.E-6

<2.E.3

<2.E-3

<5.E-4

K3.E-2

<3.E.2

<3.E-5

c9.E-2

<9.E-2

c5.E-3

<3.E-I

<3.E.I

<9,E-6

<6.E-2

<6.E.2

c2,E-3

<2.E.I

2.67E-I
20?40

<3,E.~

<2,E-2

<3,E-2

<7,E-4

<6.E-2

<6,E-2

<4.E43

<2.E-3

c2.E.3

<6.E-4

c2,E-2

<2.E-2

1.27E-4

5yo

3.66EI-I
2%.

4.05E+I
2%

10%

7.98 E-2
270

6.90E+I
270

6.94E+I
2%

1%

<9.L=-rj c2.E-5 <3.E-5

<3.E-3 <4.E-2 <4.E-2

<3.E-3 c4.E-2 <4.E.2

c2,E-3 c2.E.3 ~2.E-3

l.~;+O 9.00E-I 5,78E+0
5% 3%

1.57E+0 9.28E-I 5.76E+0
2%!0 570 3%

1% 3!I’o o%

Note: ‘ Data for sample 00-1360 are reported as uCi/ml

.
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Battelle Pacific Northwest Laboratory 00-1360
Radiochemical Processing Group-325 Building 6/1/2000
Chemical Measurements Center Rev. 1

Client: M. Uric

Cognizant Scientist:

Concur:

ALO ID
Client ID

00-1 360PB ●

Process Blank

00-1360 ~
C-104 Supernatant Comp.

00-1360 DUP*
C-104 Supernatant Comp,

RPD “ “

00-1361 PB
Process Blank

00-1361

Date: J/ho

d. k (4“ .; (?? . Date;
u

Measured Activities uCi/g with l-c error
/,

Pu-239+ Cm-243+ Sum
Alpha Pu-240 Pu-238 Pu-236 Pu-241 Am-241 Cm-244 Cm-242 Alpha

Error +/- “ Error ‘%. Error ?4. Error ‘%. Error V’. Error Y. Error 9’o Error Y. Error +/-

<1,E.4

4.O~E-3
6?40

4,58E-3
5’%0

13%

<2,E.2

9,80E+0
C-104 Centrifuged Solids Comp. 3%

00-1361 Dup I,03E+I
C-104 Centrifuged Solids Comp. 3%

<2,&fj

1.82E-3
4%

1.82E-3
4%

0?40

1.94E-4
34?40

5,02E+0
4%

4,89E+0
4%

<2,E.Ij

1.78E-4
7%

1.88E-4
8%

5%

2,26E-4
40%

5,77E-I
6%

5,81 E-1
5~o

RPD 5% ‘ 3~o 1’70
MD

Solids Blank <2.E-2 <7.E.5 <5,E.5
00

Liquids Blank <9.E-7 <2,E.6

Matrix Spike 92% 95%
7370 103%

Blank Spike 105% 103%
10970 101% 1

Note: ● Datafor sample 00-1360 are reported as uCi/ml

<7,E-7

<2.E.6

<1,E-5

<5,E-5

<3,E.3

<2,E.3

<4.E.5

<4.E-7

<l,E.4

5,07E-3
9%

5.11E-3
9?40

1?40

<9,E-3

1,39E+I
8%

1,74E+I
8%

22’?40
0,95

<9,E-3

6.55 E-5
33%

<4,&6

2.01 E-3
5%

2.02E-3
5%

0%

4.93E-4
27%

5.54E+0
5%

5,50E+0
5’%0

1%

1.46E-4
43%

c2,E-6

82?40
89%

89?4.
96%

<2.&(j

“4.23 E-5
15%

3.81 E-5
16%

10’?40

8.81 E-5
49?40

5,83 E-2
15?40

7,75 E-2
12%

28%

c6,E-5

<5,E.7

<5.E.7

5.73 E-6
4CFX0

1.02E-5
31~o

569’o

<4,E-5

1.51E-2
28%

9.37E-3
33~o

47%

c4.E-5

<5.E-7

4.06 E-3

4.08 E-3

o%

1.00E-3

I,12E+I

l, IIE+I

1‘Y.
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Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Chemical Measurements Center

00-1360 H3
6/6/2000

.Client: M. Uric

- iz!f25-::2?:Cognizant Scientist:

Concur:

Measured Activities with 1-G error

#

ALO ID Se-79

Client ID Error ~0

00-1360
C-1 04 Supematant Comp.

00-1360 rep
C-1 04 Supernatant Comp.

RPD

00-1361 PB

Process blank

00~1361
C-1 04 Centrifuged Solids Comp.

00-1361 dup
C-1 04 Centrifuged Solids Comp.

00-1361 dup rep
C-1 04 Centrifuged Solids Comp.

RSD

Liquids blank

Solids blank

6.41E-5
4%

6.50E-5
5%

19!0

:7- E-4

6.43E-3
6’%0

6.66 E-3

6’%0

9.94 E-3

6%

26%

-=2.E-6

<9-E-4

pCi/ml

pCi/ml

pcilg

pcilg

pcifg

pCilg

pCi/ml

pCi/g



Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Chemical Measurements Center

00-1360 H3
. 7/12/2000

Rev. 1

Client: M. Uric

Cognizant Scientist

Concur:

.
‘ate:~*

Measured Activities with l-a error

ALO ID
Client ID

Tritium*
Error YO

pCi/ml

pCdml

00-1360
C-104 Supernatant Comp.

4.53 E-3
4’%0

00-1360
C-104 Supernatant Comp.

4.81E-3
4?40

RPD 6%

00-1361
C-104 Centrifuged Solids Comp.

5.93E-2
5%

Jlcilg

pcilg00-1361 @

C-104 Centrifuged Solids Comp.
1.14E-2

5%

136%

1.28E-2

4%

RPD

00-1361 PB
Process Blank

pcilg

Solids Blank <4.E-4 pCilg

~Ci/mlLiquid Blank

Liquid blank spike 95%

10370Solids blank spike

‘For the solids, tritium is reported per gram of wet slurry.

..



Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Chemical Measurements Center

00-1360 H3
7/11/2000

Client: M. Uric

Cognizant Scientist W?, ~ !4 Date: /’7 /7/00

Concur: LL.& —
‘ate: *

Measured Activities with 1-a error

ALO ID I C-14*
Client ID . Error YO

00-1360 7.70 E-4
C-104 Supematant Comp. 5’%0

00-13.60 7.71 E-4
C-104 Supernatant Comp. 5%

RPD o%

00-1361 1.12E-3
C-104 Centrifuged Solids Comp. 7%

00-1361 DUP 1.28E-3
C-104 Centrifuged Solids Comp. 7%

RPD 13%

Blank (as liquid) - 4. E-7

Blank spike 96%

Liquid matrix spike 97’%0

Solids matrix spike 88940

yCi/ml

~Cilml

pcvg

pCi/g

pCi/ml

●For the solids, tritium is reported per gram of wet slur~.
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Project Number
Internal Distribution

Pacific Northwest Laboratories

Date 21 August 2000

To Mike Uric “
Sandra Fiskum

CJ!JJL9-fitil~~/~~OCFro,m Charles J. Barinaga 509-376-6095

Subject ICP/MS Analyis of CI04 Samples (ALO# 001360 and 001361

This report contains our responses to Sandra Fiskum’s questions concerning the data in
the previous report on this work submitted by Tom Farmer on 06 June 2000. It also
contains data for isotopes inadvetiently left out in the previous report and revises

.(indicated by asterisks) some data mis-reporting due to data handling errors that weren’t
caught in the report preparation and review.

The data left out of the previous report and included here are for U-236 and Np-237 for
the supernatant acid digest and forCs-135 and 137 for the supernatant, water dilution
and acid digest, and for the KOH fused solids. (Our term for the ‘supernatant water
dilution’ data set is “direct.”)

Aiso included, at Sandra’s request, are the MDL’s for the individual samples. (The $/24”
9

MDL’s are the dilution factor and density adjusted equivalent concentrations of 5 X SD & j~
for that elementkotope from three acquisitions.) The nominal values are reported 4

below. Please see the summary sheets for the actual MDL for each sample.

.
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The data revisions include:
Direct (water dilution):

. Small decrease in the ‘direct’ Pu-239 and 240 values due to correction
of dilution factors.

. Transcription errors in the NP-237 and Pr blank values, see below.
Acid Digest:

. 1-129 matrix spike – transcription error.

. Under-estimate of Pu-240 due to offset in 239 calibration. Corrected
by using the lowest 239 standard to estimate 240.

KOH Fusion:
. Radionuclides for SRM 2710 originally reported as ug/g, now corrected

to uCi/g.
. Ta process blank - a transcription error originally repotted as 0.4 ug/g,

the correct value is <0.14 ug/g (the reporting limit).

Responses to questions from Sandra:
‘Direct’ (supernatant water dilution)

. Np-237 value for the diluent blank was listed as 2.8 E-4 uCi/mL. It
should have been 2.8 E-7 uCi/mL. (a ppm vs ppb units error in data
entry)

. Pr for the diluent (’direct’) blank (0.14 ug/mL) is higher than for the
samples. There was a transcription error from the calculation sheet to
the summary page. The actual Pr blank value should be 0.03 ug/mL.

Ni/KOH fusion (solids KOH fusion)
Rb for the process blank is nearly as high as that in the samples. That Rb
is high due to the process is also reflected in the value for SRM 2710, 447
ug/g, which is higher than the “suggested” (not certified) value of 120 ug/g.
A significant level of Rb in the process blank was also noted in the
screening lCP/MS acquisition.

High RSD’S for ‘acid digest’ Ta and Pu-240 and for ‘direct’ Pu-239 and 240.
Although the reported values are above the reporting limits, these were
low count responses and had more noise during the acquisition.

High RPD’s – especially for several ‘direct’ elementsfisotopes
The analyst, James Bramson, noted these differences and re-
prepped/reran the samples with the same result. Unfortunately in our
current data acquisition scheme, these efforts and data are not captured.
We have no explanation except to note that the more soluble elements,
e.g. Rb, Tc, 1,Cs, do not show this difference.

Pu 240/239 ratio differences within and between acid digest, direct, and fusion.
Since we do not have a 240 standard, Pu-240 was determined by
reference to the 239 calibration. An offset in the 239 calibration curve at
low concentrations for the ‘acid digest’ under-estimates the 240
concentration (reported values 361 and 475 uCi/mL). When determined



3
from a 239 calibration limited to the low concentration standard, the 240
values are 645 and 655 uCi/mL.

Sum Pu 239+240 vs rad counting
The 239-240 rad counting vs. the sum (239, 240) lCP/MS values for the
KOH Fusion agree well, however those for the Acid Digest do not. We
have no explanation for this. Also there is a difference between the Acid
Digest and the Water Dilution sum values. Again we have no explanation
except to note that there are inconsistencies with Water Dilution values,
this may be due to volubility problems.

Sum U isotopes between ‘direct’ sample and duplicate
Again this is related to the general inconsistency between the ‘sample’
and the ‘duplicate’ solutions for the Water Dilution batch.

1believe this fills out the-data and covers your questions. The reviewed sheets and “
data package will follow later today. Please call if there are additional questions.
-----
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Cl 04 Acid Digestion

June 9, 2000 (MDL’s added 8/17/00, “revised 8/1 7/00)

Results are reported In pg analyte/ ml of original solution, or ~Ci analyte/ml of original solution,

Sample Client MDL 1-129 Ce
ID

: MDL Pr
ID pCi/ml ~Cilml pglml *lSD j P9Iml uglml klSD

I%HN03 <2. OE-08 <0,0002 <0,0001
I%HN03 <2. OE-08 <0.0003 <0,0001.
1%HN03 <8.1 E-07 <0.0005 <0.0001

00-01360-PB PROCESSBIANK 8. IE-07 <8.1 E-07 0.016 -t 0.001 <0,001
00-01360-BS BtANK SPIKE 8. IE-07 <8. IE-07 0.013 * 0.008 <0,001

00-01360 C-104 Supernatant Composite 9. OE-07 1.8E-04 k 2.8E-05 0.930 * 0.030
00-01360-DUP

0.0251 + 0.0002
C-104 Supernatant Composite 1.4E-06 2.17E-04 * 1.62E-05 1.05 * 0,03

00-01360+ spike
0.029 * 0.005

C-104 Supernatant CQmposite 4. IE-06 3.6E-04 * 4. OE-05 1.15* 0.05 0.0583 * 0.0029
Spike Recovery 105% 113% 85%

00-01360-MS C-104 Supernatant Composite 1.2E-06 ●2.6E-04 * 2.2E-05 1.06 * 0.03 0.0260 * 0,001

Check standard results are reported In @ml (ppm)
.,

0.005ppm Multi
,,

‘#
0.00516 * 0.00016 ;

0.005ppm Multi ‘f: 0.00492 * 0.00031 :
f

0,0004ppm Multi
,“/“

0.000402 k 0.00000(
0.0004ppm Multi :.

:

r

0.000409 * 0.000004
~, $

0.0001 ppm 1-127
f,;

0.005ppm 1-127 i:

0.0001 ppm 1-129
;

0.000103 * 0.000019 ‘;
0.01 Oppm 1-129 0.0102 * 0,0003. j

\

r
0,050ppm U

/
ii

0.050ppm U
j

<,
:,

0.0006ppm Pu
.,
!r

0.0006rmm PII ,? <

.
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i Cl 04 Acid Digestion

June 9, 2000 (MDL’s added 8/17/00, ●revised 7/20/00)

Results are reported in pg analyte/ ml of original solution, or pCi analyte/ml of original solution.

Sample Cllent
ID ID

I%HN03
1%HN03
1%HN03

00-01360-PB PROCESSBIANK
00-01360-BS BiANK SPIKE

00-01360 C-104 Supernatant Composite
00-01360-DUP C-104 Supernatant Composite
00-01360+ spike C-104 Supernatant Cpmposite
Spike Recovery

00-01360-MS C-104 Supernatant Composite

Check standard resuite are reported In udml hmm)
0.005ppm Muiti

. . .. . ,

0,005ppm Muiti

0.0004ppm Muiti
0.0004ppm Multi

0.0001ppm i-127
0.005ppm 1-127

0.0001ppm i-129
0.01 Oppm 1-129

Oo050ppm U
0.050ppm U

0.0006ppm Pu

MDL Total Uranium

<0.0001 <3.6E-07

H
—.-—-.

<0.0005 <6. OE-09 c3.6E-07
<0.0006 c6.OE-09 <3.6E-07

?.OE-03 0.013 *

I’1

0.014 ‘I 2.4E-06 <2,4E-06

II

‘,’2.8E-05 <2.8E-05
LOE-03 0.80 * 0.050 ~ 2.4E-06 c2.4E-06 i 1.8E-05 <1.8E-05

[i

i .OE-02 31.6 k 1.0: 2.4E-06 3.01 E-05 t 7.05E-08 2.36E-03 t 1.44E-05
i .OE-02 35.8 * 2.2: 2.4E-06 3.09E-05 * 1,90E-06 2.37E-03 * 2.16E-05
i .OE-02 43,3 * 0,3: 2,4E-06 5.42E-05 & 2.68E-06 4.03E-03 k

120%
7.92E-05

2 87% . 110%
~

1.OE-02 36,3 + 0.9[~2.4E-06 3.45E-05 + 9.87E-07 ,; 2,2E-05 2.36E-03 * 4,32E-05

II

.
;

!

‘
.<
, ,,4
<, i;

0.0477 * 0,0013
0.0479 * 0.0010

0.000398 *
0.000426 +

/ 0.000595 * 0.000020;; ,;,
0.000594 * 0,000011



Cl 04 Acid Digestion

June 9, 2000 (MDL’s added 8/17/00, ‘revised 8/17/00)

Results are reported in ~g analyte/ ml of original solution, or pCi analyte/ml of original solution,

Sample Client
ID ID

I%HN03 <1 .3E-05
I%HN03 <1 ,3E-05
1%HN03 <1 ,3E-05

00-01360-PB PROCESSBLANK
00-01360-BS BLANKSPIKE

II
: 2.6E-05 <2.6E-05

00-01360 C-104 Supernatant Composite

I

$ 3.6E-05 6.45E-04 t 1.70E-05
00-01360-DUP C-1 04 Supernatant Composite ~ 2.9E-05 6.55E-04 * 1,00E-04
00-01 360+ spike C-104 Supernatant CQmposite >
Spike Recovery

~
%

00-01360-MS C-104 Supernatant Composite ,: 2.7E-05 6.75E-04 A 5.80E-06

Check standard results sre reported In pgdml(ppm)

1

)

0.005ppm Multi
~

0,005ppm Multi
i

0.0004ppm Multi

1

Y
0.0004ppm Multi f

0,0001ppm 1-127

II

F
2

0,005ppm I-127 %
y

0.0001 ppm 1-129

“H

“.7
.,;

O,OIOppm 1-129 ;!
,,,.

0.050ppm U

!1

g
0.050ppm U )

$
.

0,0006ppm Pu k!

.
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Cl 04 Direct

June 9, 2000 (MDL’s added 8/17/00)

Results are reported In ~g analyte/ml (ppm) of original
solution or pCi analyte/ml of original solution,

Sample Cliant MDL U-235
ID ID pCi/ml pCi/ml k lSD

I%HN03
1yotiN03

i yotiN03

00-01360-DB DILUENT BLANK 2.2E-08 <2.2E-08

00-01360 C-1 04 Supernatant Composite 2,2E:08 4.80E-07 * 4.32E-0$
00-01360-DUP C-1 04 Supernatant Composite 4.7E-08 3.65E-07 k 4.32E-OC
00-01360+ spike C-1 04 Supernatant Composite
Spike Recovery

00-01360-MS C-1 04 Supernatant C~mposite 1.8E-08 3.11 E-07 * 2.16E-0$

Check Standard Results are reported in @ml (ppm)
0.005ppm Multi
0.005ppm Multi

0.002ppm Tc-99
0,002ppm Tc-99

0,0004ppm 1-127
0.0005ppm 1-127

0.0001 ppm I-129
0.0005ppm 1-129

0.050ppm U
0,050ppm U

0.0005ppm Ta,Np
0.0005ppm Ta,Np

0.0012ppm Pu

MDL U-236
~Ci/ml pCi/ml k lSD

1.OE-07 <4. OE-07

1.OE-07 6. IE-07 t 4.5E-09
1.OE-07 4.3E-07 * 4.5E-09

I,oE-07 4.2E-07 & 1.3E-09

MDL U-238
pCi/ml ~Ci/ml * lSD

I,4E-08 <3.4E-08

‘.8E-08 1.06E-05 f 6.72E-OE
).OE-08 7.87E-06 * 6.72E-OE

i.3E-08 7.66E-06 * 3.36E-OE

.
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C104 Direct

June 9, 2000 (MDL’s added 8/17/00, ●revised 8/17/00)

Results are reported in Kg analyte/ml (ppm) of original
solution or uCI analyte/ml of original solution.

Sample Client MDL *Pu-240
ID ID pCi/ml yCi/mi k ISD

1%HN03 <l, IE-05
1%HN03 <1. IE-05
1%HN03 <1. IE-05

00-01360-DB DILUENT BLANK 1.OE-03 <1 .OE-03

00-01360 C-104 Supernatant Composite 1,2E-03 2.7E-03 h 6,8E-04
00-01360-DUP C-104 Supernatant Composite 1.OE-03 1.3E-03 k 3,6E-04
00-01360+ spike C-104 Supernatant Composite
Spike Recovery

00-01360-MS C-104 Supernatant Cimposite 1.3E-03 <1.3E-03

Check Standard Results are reported in Mfdml(pPm). .. . .
0,005ppm Muiti
0.005ppm Muiti

0.002ppm Tc-99
0.002ppm Tc-99

0,0004ppm 1-127
0.0005ppm 1-127

0,0001ppm “i-129.
0.0005ppm i-129

0,050ppm U
0.050ppm U

0.0005ppm Ta,Np
0.0005ppm Ta,Np

t%b-’-?’/$/ (70ZI

0.0012ppm Pu

.
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Cl 04 Ni/KOH Fusion

June 9, 2000 (MDL’S added 8/17/00, ●revised 8/17/00)

Results are reported In ~g analyte/g (ppm) of wet
centrifuged solids, or uCi analyte/g of wet centrifuged solids,

Sample Client MDL U-235
ID IIIlg

MDL U-236
ID ~vg

MDL U-238
llcl/g llcilg *lSD Cil llcilg klSD Cil Vcilg klSD

1%HN03

1“

\
IYOHN03
1%HN03

00-01361-PB PROCESSBLANK 1.6E-05 <1 .6E-05
!

4.6E-05 <4,6E-05 2.7E-05 <2,7E-05

00-01361 C-104 Centrifuged Soiids Composite 1.6E-05

1

3.35E-04 k 1.92E-05 4,6E-05

I

3.86E-04 k 2.30E-05 7.9E-05 7.13E-03 h 4.17E-0~
00-01361 C-104 Centrifuged Soiids Composite 1.6E-05 3.14E-04 ~ I,28E-06 6,1 E-05 4.40E-04 h 3.83E-06 5.6E-05
00-01361 + spike

7.03E-03 ~ 1.99E-Of
C-104 Centrifuged Soiids Composite

Spike Recovery
[

<

SRM 2710 LCS/00-01361/Nl I 1.7E-05 ●<1 .7E-05 ! 7.8E-05 ●<7.8E-05 [<3.5E 07 ●9. OIE-06 * 5.04E-07

Check Standarde results are reported In fig/ml (ppm)
O.Olppm Muiti
O,Olppm Muiti

0.002ppm Tc-99
0.002ppm Tc-99

0.0004ppm 1-127
0.0005ppm 1-127

0.0001ppm f-129
0.0005ppm i-129

0.020ppm U
0.200ppm U

0.002ppm Ta

0.002ppm Ta, Np

O.OIOppm NP-237

0,001ppm Pu
0.001ppm Pu

.
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C104 Ni/KOH Fusion

June 9, 2000 (MDL’S added 8/17/00, “revised 8/”

Results are reported in pg analyte/g (ppm) of wet
centrifuged solids, or MCI analyte/g of wet centrifuge

Sample Cflant

7/00)

I solids.

MDL Pu-240
ID ID flcllg flcilg *lSD
1%HN03 <0,0001
1%HN03 <0,0001
1%HN03 <0,0001

00-01361-PB PROCESSBfANK 2.7E-02 <2,7E-02

00-01361 C-104 Centrifuged Solids Composite 2.7E-02 6.77E-01 ~ 2,90E-02
00-01361 C-104 Centrifuged Solids Composite 2.7E-02 6.53E-01 * 1.47E-02
00-01361 + spike C-104 Centrifuged Solids Composite
Spike Recovery

SRM 2710 LCS/00-01361/Ni ‘ 3.8E-02 ●<3.8E-02
Check Standards results are reported In yg/ml (ppm)
O.Olppm Multi
O.Olppm Multi

0,002ppm Tc-99
0.002ppm Tc-99

0.0004ppm I-127
0,0005ppm 1-127

0.0001 ppm 1-129
0.0005ppm 1-129

0,020ppm U
0,200ppm U

0,002ppm Ta

0.002ppm Ta, Np

0.01 Oppm NP-237

O.ooil)tlm PU

.

I&-’--
9

$?V’N



Cl 04 Platinum
June 9, 2000 (MDL’s added 8/17/00)

Results are reported in pg analyte/g (ppm) wet centrifuged solids

! f’dL-’--
K/2/m

Samp!e Client MDL Pt
ID ID ~gig pglg

1YOHN03 <0.007
1%HN03 <0.007
IYOHN03 <0.009

00-01361 -PB-Zr” PRCCESSBIANK 0.05 0.080 A 0.001
00-01361-Zr C-1 04 Centrifuged Solids Composite 0.05 0.209 + 0.003
00-01361 -DUP-Zr C-104 CentrifugedSolids Composite 0.05 0.314 + 0.001
00-01361 -Zr + spike C-104 CentrifugedSolids Composite 0.05 0.528 k 0.012
Spike Recovery 1 02%

SRM 271O-Zr LCS/00-01361/Zr 0.07 0.181 + 0.011

.0.1 ppb Pt CCV 0.0934 + 0.0050
0.5ppb Pt CCV .0.445 * 0.003



Cl 04 Cesium Isotopic Analysis
June 5, 2000

Sample

ID

Barium Standard

True Value

Reagent Blank

ACID DIGESTION
00-01 360-PB
00-01360-6S
00-01360
00-01360-DUP
00-01360-MS

Ni/KOH FUSION
PROCESSBLANK
SRM 2710
00-01361
00-01361-DUP

v -/ /--

Client 135/137 Standard 135 137 138

iD Ratio Deviation 9&isD abundance abundance abundance

Not detectable 0,0732 0.1255 0.8013
0.0736 0.1264 0.8000

Not detectable

1.3
1.7
1.1

PROCESSBLANK Not detectable
BLANKSPIKE Not detectable
C-104 Supernatant Composite 0.789 0.01
C-104 Supernatant Composite 0.781 0.01
C-104 Supernatant Composite 0.793 0.O1

Not detectable
LCS/00-01361/Ni Not detectable
C-104 Centrifuged Solids Composite 0.762 0.04 5.1
C-104 Centrifuged Solids Composite 0.744 0.04 4.9

Sampie Client
ID ID

Barium Standard

True Value

Reagent Blank

DIRECT
00-01360-DB DILUENT BLANK

00-01360 C-104 Supernatant
00-01360-DUP C-1 04 Supernatant
00-01360-MS C-1 04 Supernatant

Ratio Deviation %RSD abundance abundance abundance

Not detectable 0.0714 0,1292 0.7994
0.0736 0,1264 0.8000

Not detectable

Not detectable
Composite 0.790 0.05
Composite 0.775 0.02
Composite 0.782 0,04

5.7
2.2
5.4

.



Battelle PNNL.lRPG.llnorganic Analysis --- TOC/TIC Report

Clienti BNFL Task 5 Charge Code/Project: W45439 / 29274 “
ACL Numbers: 00-1360 and 00-1361 ASR Number: 5729
Analyst: MJ Steele Analysis Date: June 28,2000

.

Procedure: PNL-fiO-381, “Direct Determination of TC, TOC, and TIC in Radioactive Sludges
and Liquids by Hot Persulfate Method”

PNL-ALO-380, “Determination of Carbon in Solids Using the Coulometric Carbon
Dioxide Coulometer”

M&TE: Carbon Analysis System (WA92040); Balance (360-06-01-023).

Final Results:

r

RPL Number Sample ID
-m

00-01361 C-104 Centrifuged Sofids 4,200 10,300 14,500

- ~R -

24,800

00-01361Dup C-104 Centrifuged Solids Dup 3,800 10% 7,700 29% 11,500 23% 22,100 12%

SolidsMDL 120 350 500

00-01361MS C-104 CentrifugedSolidsMS 87% 79% 82% lo5%

00-01360 C-104 Supematant 8,330 6,500 14,800

- B

14,900

00-01360Dup C-104 Supematant Dup 8,270 170 6,720 3% 15,000 1% 14,100 6%

SupematantMDL 70 200 180

00-01360MS C-104 SupematantMS 967. 102% 99% 105%

RPD = Relative PercentDifference

The analysis of the solids and supernatant samples sub@ted under ASR 5729 was petiorrned by
the hot persulfate wet oxidation method and by the furnace oxidation method. Ti& hot perstdfate

method uses acid decomposition for TIC and acidic potassium persulfate oxidation at 92-95°C for
TOC, all on the same sample, with TC being the sum of he TIC and TOC. The @mace oxidation
method determines TC by oxidizing all forms of carbon (i.e., inorganic and organic) in oxygen at
1000 ‘C. Under normal conditions, the fimace method and hot persulfate method should provide
equivalent TC results. The supematant results demonstrated good agreement between the fknace
and hot persulfate methods, with the average hot persulfate TC being 14,900 pg/ml and the furnace
TC being 14,300 }tg/ml. However, the agreement between the fhrnace and hot persulfate TC for
the centrifuged solids strongly suggest that carbon compounds (most likely organic carbon
compounds) exist that are not weIl decomposed by the hot persulfate method. That is, the TC for
from the fiumace methods is nearly twice the level measured in from the hot persulfate method; i.e.,
approximately 23,000 versus 13,000 ~g/g, respectively.

The table above shows the results, rounded to two to ,three significant figures. The raw data bench
sheets and calculation work sheets showing all calculations are attached. All sample results are
corrected for average percent recovery of system calibration standards and are also corrected for
contribution from the blank.



Batielle

Q.C. Comments: “

PNNlfRPGllnorganic Analysis -- TOC/TIC Report

The TIC standard is calcium carbonate and TOC/TC standard is &-Glucose (the certificates of

purity are attached). The standard materials were used in solid form for system calibration check
standards as well as matrix spikes. The QC for the methods involves calibration blanks, system
calibration standards, sample duplicates, and one matrix spike per matrix type.

Calibration Standards: The QC system calibration check standards were all within acceptance
criteria of 90°/0 to 110°/0, except for the hot persulfate TOC which demonstrated an average recovery

of 88°/0. Although this recovery is slightly lower than the acceptance criteria, the recovery results
were consistent. Since the final results are corrected for the average organic carbon recovery, the

slightly low recovery is not expected to significantly effect the results.

Calibration Blanks: The calibration blanks run at the beginning, middle, and end of the analysis -
runs were acceptable and the standard deviations for the TIC and TOC blanks at or below the
historical pooled standard deviation used to establish the method detection limits.

Duplicates: The relative percent difference (RPD) between duplicates was less the acceptance
criteria of 200/0 for TIC, TOC, and TC, except for the TOC and TC from the hot persulfate method.
This is another indication that organic compounds maybe present that do not decompose readily in
the acidic persulfate environment.

Matrix Spike: The accuracy of the carbon measurements can be estimated by the recovery results
from the matrix spike. All spike recoveries were witlin the acceptance criteria of 75% to 125%.
However, the matrix spike for the hot persulfate method demonstrated somewhat low recoveries
from 79% to 87’% for TIC, TOC, and TC for the solids matrix. Although these recoveries are
within the acceptance criteria, the low recoveries again indicate some difficulties either in
subsamplk’g the solids sample or in ability of the hot persulfate method to produce consistent
results from the specific sample matrix.

Laboratom Control Sample: No LCS is included in the carbon analysis procedu;e.

General Comments:

8 The reported “Final Results” have been corrected for all dilution performed on the sample during processing or analysis.

w Routine precision and bias are typically +1 .5~o or better for non-complex sampIes that are free of interferences.

9 The estimated quantitation limit (EQL) is defined as 5 times the MDL. ResuIts Iess than 5 times the MDL have higher
uncertainties, and RPDs are not calculated for any results less than 5 times the MDL.

● Some results may be reported as less than ~c”) values. These less than values represent the sample MDL (method detection
limit), which is the system MDL adjusted for the volume of sample used for the analysis. The system MDL is based on the
attached pooled historical blank data. The evaluation and calculation of the system MDL is included in the data package:

Report Prepared by: ~ti && Date 7-(3”m

Review/Approval by: Date ~-l~flc
Archive Information:

I Files: ASR 5729 Uric.doc ASR 5729 Uric Persulfate.xls ASR 5729 Uric Furnace.xls

I

ASR 5729 Uric.doc Page 2 of2



Battelle PMWRPGhorganic Analysis --= IC Report

Zq.214
Client: BNFL/Task 5 Charge Code/Projecti ?W49438129953W$ o“
RPL Numbers: 00-1360, 1361 ASR Number: 5729

Analyst: MJ Steele Analysis Date: April 23-24,2000

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

Final Results:

00-1361 PB IC-104 Solids Prep Blank I <25 I 26 I <50 I c 25

00-1361 C-104 Cent.Solids 49,200 260 11,200 1,090-

“ 00-1361Dup C-104 Cent. Solids Dup 50,100 230 10,900 1,060

RPD 2% 12’%0 3% 3~o

00-1361 MS C-104 Cent. Solids MS YoRec OvrRng 108V0 100% 105VO

“1 Wet Weight Basis (adjusted to Initial Wt V. Soli

00-1361PB IC-104 Solids Prep Blank c 24.o I 26.1 <48.1 I c 24.o

IC-104 Cent. Solids I 46,200 I 250 I 10.500 I 1.020
I I I I I

00-1361Du0 IC-104 Cent. Solids DUD [ 48.300 ! 220 I 10.500 I 1.020. I . 1 I I I ,.–

IRPD 4% 13% 0% 0%

<50 I <5(J

3=5>990 10,300
5,790 2;700
3% 117~o

108% ] 104~o

s)

a=<48.1 <48.1

5,630 9,650

5,590 2,600

<50 <50 96.17

1,520 8,180 97.15

1.460 7.710 95.20

4%16%1

107% I 102’70 I

IAdj. Factor I
1

<48.1 [ <48.1 0.95 I

1%13%1

Dry Weight Basis Wt”h solids

00-1361 PB C-104 SolidsPrep Blank . <40 42 <80 <40 <80 <80 < 8(I < 8(J 59.10

00-1361 C-104 Cent Solids 78,700 420 17,900 1,740 9,570 16,400 2,430 13,100 58.76

00-1361Dup C-104 Cent. Solids Dup 81,300 370 17,600 1,720 9,410 4,400 2,380 12,500 59.43

RPD 3% 13% 2% 1% 2% 115~o 2% 5’%

RPD = Relative Percent Difference
MS YoRec= Matrix Spike Standard Y. Recoveiy
(*) Use fluoride results with reservatio~ IC system can not resolve fluorid~ acetate, and formate

The C-104 composite samples (00-1360 supematant and 00-1361 centrifuged solids) were
analyzed in duplicate by ion chromatography (IC) for inorganic anions as specified in Test Plan
BNFL-29953-030. The final results are presented in the table above. All analytical samples

ASR 5729 Uiie.doc Page 1 of3



Baitelie PNNL/RPGhorganic Analysis --- IC Report

were diluted 10 to 2000 fold at the IC workstation to ensure that “allanions reported were

measured within the calibration range.

The wet centrifuged solids were originally sub-sampled at the same time as all other analytical
sub-samples to ensure that all analyses would use the same weight percent solids (of the
centrifuged solids) when reporting concentrations on a dry weight basis. Unfortunately the IC
sub-samples has to be re-sarnpled due to a problem encountered during the leaching operation.
At the time of the re-sampling, a weight percent solids was performed. This weight percent
solids showed a slight loss in water due to some drying of the wet centrifuged solids. A ratio of
the original weight percent solids to the resample weight percent solids has been used to adjust
the measured IC results to the original sub-sample concentration. This allows direct ccmnpariscm

of the IC results with other analytical results on the wet centrifuged solids. Once adjusted, the
IC results have been reported on a dry weight basis using the original weight percent solids
results. “

For IC column and parameters used, the IC system can not separate fluoride, acetate, and “
formate; the IC system quantifies and reports all as fluoride. It is unlikely that the levels of
fluoride quantified are present in the tank waste, and since both acetate and formate could be

present in the C-104 sample, the fluoride results should be used with reservation.

Q.C. Comments:

Dudicates: Duplicate water leaches of wet centrifuged solids sample 00-1361 were performed in
the SAL, along with a water leach processing blank. Duplicates for the stipematant sample
00-1360 were prepared at the IC workstation. All IWDS are within the acceptance criteria of
20Y0, except for phosphate on the water leach of the wet centrifuged solids. The effectiveness of
the water leach to maintain phosphate in solution is considered the primary cause of the large
discrepancy in the phosphate results.

Matrix Spike: Matrix spikes was prepared for both the leached solids and supernatant samples

and all anion recoveries were within the 75°/0 to 125°/0 recovery acceptance criteria. However,
the fluoride matrix spike for the leached solids was over-range and could not be quantified; the
spike concentration was about one-tenth the sample concentration making the fluoride MS
meaningless.

ASIl 5729Uric.doc Page 2 of3

Blank S~ike: The working spike (i.e., the spike solution used to prepare the matrix spike
samples) was diluted and measured at the same time as the Matrix Spike samples and
demonstrated recoveries within the 90% to 110% acceptance criteri~ except for nitrate. Other
standards analyses during the analytical run demonstrated good nitrate recovery and the poor
nitrate recovery from the blank spike is not considered to affect the reported results.



Battelle PNNURPG/inorganic Analysis --- IC Report

.,

System Blank/Processin~ Blanks: Five system blanks were processed during the analysis of the
liquid sample. No anions were detected in the system blanks above the estimate quantitation

level.

oualitv Control Calibration Verification Check Standards: Four mid-range verification
standards were analyzed throughout the analysis runs. For most of the anions recoveries were
within the acceptance criteria born 90°/0 to 110°/0for the verification standard. However, due to
column degradation caused by a sample from another AS% one verification standard produced
low recoveries (i..e., 80% to 90%). Column performance was recovered following continued
use (i.e., flushing by the eluent), and the reported results are considered valid.

General Comments:

● The reported “Final Results” have been corrected for all dilution performed on the sample

dining processing or analysis.

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

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

.

Analysti

8 &

Date <= ~

Approval: Date $ fl~

Archive Information:
I Files: ASR 5729 Uric.doc ASR 5729 5784-865778.xIs



13attelle PNNL/RPG/Inorganic Analysis ---Hg Report page 1 of 3

WO/Projecti “ W49436J29274
Client: M. Uric

RPL Numbers: 00-01360& 00-01361
ASR Number 5729

Procedure: PNNLALO-131, “MercuryDigestion”
PNNL-ALO-201, “MercuryAnalysis”

Analyst: J. J. Wagner

Digestion Date: May 10,2000 Analysis Date: May 11,2000

M&TE: Hg system (WD14126); Mettler AT400 Balance (360-06-01-029).
See Chemical Measurement Center 98620 RIDS for Hg File for Calibration, Standards
Preparations, and Maintenance Records.

~-- /7 -00

Approval: Date <-j Y“a

Final Results:

The samples were analyzed by cold vapor atomic absorption spectrophotometry for inorganic
mercury as specified in ASR 5729.- Approximately O.10g weight of centiged solids and
approximately 0.5rnl (0.57g weight) of supematant liquid samples were transfened to glass
digestion vessels by SAL. Samples were processed and diluted to a final volume of 25.5ml to
27ml per procedureALO-131. Supematant samples were processed with 0.5g additional
potassium perrnanganate. Centrifuged solids were processed with lg additional potassium
permanganate. The increased amount of potassium permanganate was used to ensure complete
oxidation of potential organic material in the samples. Processed blanks, blank-spike and matrix-
spiked samples were all treated sini.ilarly. Analytical dilution of 2 to 51-foId was necessary for
some samples. The mercury concentration results are presented in the table below.

ASR-5729M.UricLog404 Hg AnalysisBNFL C-104.doc
05/17/00



Battelle PNNL/RPG/Inorganic Analysis ---Hg Report page 2 of 3

N/A = RPD is not calculated when results are less than 5 x IDL
“*” Field duplicate samples
“#” Volume or weight and %solids for the process blank are averages of sample volumes or weights and %solids.

Notes:
1)
2)

3)

“Final Results” have been corrected for all dilution performed on the sample during processing or analysis.
The low calibration standard is defined as the estimated detection limit (IDL) for the reported results and
assumes non-complex aqueous matrices. Actual detection limits or quantitation limits for specific sample
matrices may be determined, if requested.
Routine precision and bias is typically k 15% or better for non-complex aqueous samples that are free of
interference.

Q.C. Comments:

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

Process Blank Srike (Iiauids & solids): Process Blank Spike recovery (104% and 108%
respectively) is within the acceptance criteria of 80% to 120%.

Matrix Spiked Samde (Iiauids): A matrix spike was prepared for the supernatant samples
submitted under ASR-5729. Recovery of the matrix spike (96%) is within acceptance criteria of
75% to 125%.

Matrix S~iked Sanmle {solids): A matrix spike was also prepared for the solids samples
submitted under ASR-5729. Recovery of the matrix spike could not be determined because high
concentration in the solids sample was approximately 160 times greater than the spike
concentration.

ASR-5729 M.Uric Log-404 Hg Analysis BNFL C-104.doc
05/17/00



Battelle PNNL/RPG/Inorganic Analysis ---Hg Report page3 of 3

Duplicate Relative Percent Difference Okmids): RPD for duplicate supematant samples is just
within acceptance criteria of S 20%RPD for RPL# 00-01360, 00-01360D (20% RPD).

Duplicate Relative Percent Difference (solids): RPD for duplicate solid samples is well within
acceptance criteria of S 20%RPD for RPL# 00-01361, 00-01361D (2% RPD).

Laboratov Control Samule (solids): Sample recovery of mercury in SRM-2709 San Joaquin
Valley Soil certified by NIST to contain 1.40*0.08 yg/g was recovered within acceptance
criteria of 75% to 125%. LCSS recovery is 107% and 113% for the two aliquots.

Laboratory Control Sample (lkmids): Sample recovery of mercury in SRM-1641d “Mercury in
H20” certified by MST to contain 1.60 pghd was recovered (100% and 102%), well within
acceptance criteria of 75% to 125%.

Process Blanks: The separately prepared process blank concentrations for the solid and liquid
prepared samples were both less than two times detection limit. The concentration in the process
blanks was less than about 50-times that measured in either the liquid or solid samples.

0.mlitv Control Calibration Verification Check Staudards: Three mid-range verification
standards were analyzed throughout the analysis run. AU were within the-acceptance criteria of
80% to 120% recovery for the verification standard. The measured concentrations varied from a
minimum of 96% recovery to a maximum of 105% recove~.

r

ASR-5729M.UricLog-404 Hg AnalysisBNFLC-104.doc
05/17/00 ‘



~)Battelle
PuttingTechnologyToWork Project No. 29274

Internal Distribution

Date June 21,2000

To BNFL

Subject Cyanide Results for C-104

Table 1: Total CN Results
C-104Superrtatant C-104 Wet CentrifugedSolids

SampleID RPL Number CN (ug/mL) RPL Number CN(ug/g)
CellBlank 00-1260cellblk <0.01 00-1361 cellblk <0.04
C-104Sample 00-1360 7.4 00-1361 11.4
C-104 Duplicate 00-1360d 8.5 -00-1361d 13.8

RPD (’%0) 14 19
MS Recovery (’%0) 94 111

The CN analyses for C-104 supematants and wet centriiiged solids were performed on May 11,2000 and
June 12,2000, respectively. The results are presented in Table 1. Due to dose, the samples were weighed
into the distillation tubes in the Shielded Analytical Laboratory and then transferred to the CN Workstation
for distillation and analysis. The samples were distilled with the addition of sulfamic acid to ensure there
would be no interference from high nitrates present in the sample. The samples were analyzed using a Lachat
QuickChem AE Autoanalyzer (WC36517). Based on the average sample sizes taken for analysis and the
analytical dilutions applied, the method detection limits (MDL) are estimated at 0.250 ~g/ml for the
supematant samples and 0.2 pg/g for the solids samples.

All sample preparation sheets, standard preparation information, and analytical data aretincluded with this
report

QC Evaluation:

No quality control or other measurement problems were encountered during either analysis run. However, the
results reported represent results obtained from reruns of the C-104 supematant and solid, since an initial
analysis produced very inconsistent results and multiple QC failures.

The independent mid-range calibration check solution run at the beginning, middle, and end of the analysis
batch on each day gave recoveries ranging from 97% to 101~o;each recovery was within the 85% to 115%
acceptance criteria of the governing QA plan.

The C-104 supernatant and solids were each analyzed in duplicate. The Relative Percent Difference (RPD)
between the sample and duplicate was 14V0 for the supernatant and 19% for the wet centrifuged solids.
Although the RPDs are within the acceptance criteria of20%, they are higher than normal. The relatively



BNFL
June 21, 2000
Page 2

small sample sizes used to minimize personnel exposure are most likely a major contributor to the poor
precision.

For the C-104 supernatants, a distilled Blank Spike sample was used as the Laboratory Control Sample
(LCS). The Blank Spike recovery was 101%, well within the acceptance criteria of 80% to 120%. For the
C-104 solids, a solid LCS (EIL4 PriorityPollutntm) was analyzed. The solid LCS was analyzed at 165 pg/g
and 173 j.@g, well within the certified advisory range of 77 j@g to 301 pg/g.

The spike recovery for the C-1 04 supernatant spike was 94% and for the wet centrifuged solids was 11lVO,
well within the acceptance criteria of 750/. to 1257.,.The small sample sizes used for the analyses and the
apparent sample heterogeneity (i.e., high RPDs) significantly impact the recovery calculation. Therefore, for
both the supernatants and the solids the average cyanide concentration (i.e., average of sample and duplicate)
has been used to calculate spike recoveries.

Memo File: CN ASR 5729 Uric.doc Spreadsheet File: ASR 5729 Solids 5847 Glasses.xls
and ASR 5729 Liquids 5788 Kurath. XIS



Battelle Pacific Notthwest Laboratory
Radiochemical Processing Group-325 Building
Chemical Measurements Center

Client: M. Uric

Cognizant Scientist

Concur:

ALO ID

Client ID

00-1360
C-104 Supernatant Comp.

00-1360 Dup

C-104 Supernatant Comp.

RPD

00-1360 NH3
8/10/00

00-1361

C-1 04 Centrifuged Solids Comp.

00-1361 Dup .

C-104 Centrifuged Solids Comp.

RPD

Measured Concentration with 1-a error

NH~

Error ‘%0

00-1361Process Blank

1.74E+I
8%

1.92E+I
8%

10%

3.38E+0
7’?40

3.09E+0
7%

9%

1.05E+0
11%

pglml

pglml

pglg

pglg

Note: Concentrations are reported per gram of wet solids for the centrifuged solids.



BattcllcPiiciiicNorthwestLaboratory
RadiochemicalProcessingGroup-325Building
ChemicalMeasurementsCenter.

ASR # ~~ Pile: L:hildchcn~\hydroxidc\asr# 5729
AnalysisDate:l;~.?~?~”- ‘” “rY.~~.f’Y5/9/2000?.!:’ ‘ :.q.#:*.”” ..*,;,,*...,.1.?..,,hL!...i;:..=

WP# [W49436 ,’ ‘“i Print Date: 6/9/00
I 1

Hydroxideand Alkalinity Determination--also includingpH determination
Governing Proccdurcs: PNL-ALO-228: Determination of Hydroxy] (OH-), pH and

Alkalinity of Aqueous Solutions, Lcaclmtcs and Supernatcs Analyst:
and Operation of Brinkmtm 636 Auto-Titrator

Equip # .WB76843
Lib LOC. 525

RPG # Ciicnt ID

,
00-01360 Cl,04-composite.

00-01360 C104-composite. Rcp

RPD

Rcag. Blk.

Standard 1

Standard2

00-01360MS Matrix spike

Concentration, mol&/liter

First Point Sccon(lPoint Third Point

0.81 0.77

0.82 0.79

0% 3?40

/
o

Iooy ,

101%

98yo

Note: Results arc presented for the first, second, and third inflection points on the titration curves, as

applicable. The first inflection point k generally associated with the hydroxide concentration. The second

and third points gcncrat Iy represent the cnrbonatc and bicarbonate concentrations.

1 I

ASR5729RCV.XIS Page 1 of 1 6/9/2000

.



0.~5ML/DIv V(STFIRT)AIL- 0.000 PH

2 5 4 5 6 7 s ~ 10 1}
1111111 1111111 1111

—

k’QL# ‘Z)()- )3&0

RCIUTINE # 101
* 4 PHI IN IT) 11.94.5 V[TE)d’lL
1 <]/ML 0. 7?8 PHI III 7.636
~ ,+,/ ~ L l-s~l PH[rl) 4.756

5.090

,



I
. .u,,,,LLLL I ,,UII 1~ ItUII I tll lta 1 L/\ UUll/l t UIII!5 .

AnalyticalChemistryMorimry

Shieldedfinalylicaliaborafory.----- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----_ ------ ------ _---_&
Page1of1

ptl Analysis“.

I ‘ (Sample Receivhg and Prep Laboratory)
#

IClicrrh
.

ANVARFII.O.IITJ: W-57A? “ “

WorkPackrqo: c~c- . OA Plan: Impact I.cvcl: ,.
I

ACI. # Client lstpH ~ 2nd pH pH
h: . Irkmtification Reading “

L@ “ &Jd c/4)q”@ ~
Rmding Average

./J. /3” /2/3 la)+b q.w/

—



Distribution

No. of
Copies

OFFSITE

2 DOEIOffice of Scientific and Technical
Information

1 Harold Sturm
Savannah River Technology Center
PO Box 616, Road 1
Building 773-A, Room A-233
Aiken, SC 29808

1 Paul Townson
BNFL, klC

3000 GeorgeWashingtonWay
Richkmd,WA 99352

1 EdHigginbotham
BNFL,)ilC
3000 GeorgeWashingtonWay
Richland,WA 99352

No. of
Copies

ONSITE

4 CH2MHill HanfordGroup
M. E. Johns’on (4) H4-10
A. N. Thompson H4-02

24 Pacific Northwest National Laboratov
C. J. Barinaga P7-07
J. P. Bramson P8-08
K. J. Carson P7-25
J. R DesChane P7-25
O. T. Farmer P8-08
S. K. Fiskum P7-22
L. R. Greenwood P7-22
F. V. Hoopes P7-22
R T. Ratner P7-22
D. R. Sanders P7-22
M. J. Steele P7-22
R. T. Steele P7-22
C. Z. Soderquist P7-22
R. G. Swoboda P7-22
K. K. Thomas P7-22
T. L. Trang-Le P7-22
M. W. Uric P7-22
J. J. Wagner P7-22
Project File P7-28
Technical Report Files (5) K1-06


