C-106 High-Level Waste Solids:

PNWD-3013
BNFL-RPT-017 Rev. 0

Washing/Leaching and Solubility Versus

Temperature Studies

G. J. Lumetta
D. J. Bates
P. K. Berry

J. P. Bramson
L. P. Darnell

O. T. Farmer 111
L. R. Greenwood
F. V. Hoopes
R. C. Lettau

G. F. Piepel

C. Z. Soderquist
M. J. Steele

R. T. Steele
M.W. Utie

J. J. Wagner

January 2000

Prepared for BNFL, Inc. under
Project 29952/29953
Battelle, Richland, Washington, 99352



LEGAL NOTICE

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

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

Assumes any liabilities with respect to the use of, or for damages resulting
from the use of, any information, apparatus, process, or composition
disclosed in this report.

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



1.0 INErOAUCHON ..
2.0 PersONNEl ...
3.0 EXPerimental........coiiiiiiiiiiii s
4.0 RESULLS .o
4.1 Solubility Versus TeMPErature. ..o
4.2 Dilute Hydroxide Washing..........ccoccueviiiiiiiniiiiiiiiicccsceneseenns
4.3 Caustic Leaching ..o s
4.4 Comparison to Previous Work ...
5.0 Conclusions and Recommendations ...........ccccvieiiiiiiininiinniiicceneccnns
6.0 REfEIENCES ..o
Appendix A. Test Plan

Table of Contents

Appendix B. Raw Data
Appendix C. Calculations



1.0 Introduction

This report describes the results of a test conducted by Battelle to assess the effects of inhibited
water washing and caustic leaching on the composition of the Hanford tank C-106 high-level waste
(HLW) solids. The objective of this work was to determine the composition of the C-106 solids
remaining after washing with 0.01 M NaOH or leaching with 3 M NaOH. Another objective of this
test was to determine the solubility of various C-106 components as a function of temperature. The
work was conducted according to test plan BNFL-TP-29953-8, Rev. 0, Determination of the Solubility of
HILW Siudge Solids. The test went according to plan, with only minor deviations from the test plan.
The deviations from the test plan are discussed in the experimental section.

2.0 Personnel
The Battelle personnel and their responsibilities in performing this test are given below.

Staff Member Responsibilities

Cognizant scientist. Prepared test plan and designed
G.J. Lumetta experiment. Supervised performance of the test. Prepared
analytical service request. Interpreted data and reported results.

F.V. Hoopes Hot cell technician. Performed test.

R.C. Lettau Hot cell technician. Performed test.

D.J. Bates Statistical analysis of data.

G.F. Piepel Statistical analysis of data.

M.W. Urie Managed chemical and radiochemical analytical work.
B.M. Rapko Technical reviewer.

K.P. Brooks Task Leader.

3.0 Experimental

Sample Description. The sample used in this test was labeled as C-106-B. This material was a
portion of the homogenized C-106 initial composite material prepared from twenty grab samples
delivered to PNNL in June 1996. Upon storing in the High-Level Radiochemical Facility (HLRF)
for ~3 years, the material had dried and consisted of dried chunks. A spatula was used to break up
the larger chunks and mix the material. A 60-g sub-sample was placed into a jar labeled as C-106-B1,
and this sub-sample was transferred to the Shielded Analytical Laboratory (SAL) for testing.

Apparatus. The apparatus used consisted of an aluminum heating block placed on a hot
plate/stirrer. The hot plate/stitrer was modified so that separate power could be applied to the
heating and stirring functions. This allowed for continuous stirring, while the hot plate was powered
by a temperature controller. The temperature controller used was a J-KEM Model 270 (J-KEM
Electronics, Inc., St. Louis, MO). This temperature controller consists of two separate circuits. One



is the temperature control circuit, while the other serves as an over-temperature device, which shuts
down the system if a preset temperature is exceeded. The set point for the over-temperature circuit
was set at 100°C for this test. A dual K-type thermocouple (model number CASS-116G-12-DUAL,
Omega Engineering, Stamford, CT) was used to provide inputs to the temperature controller and
over-temperature circuits. Both the J-KEM Model 270 and the dual thermocouple were calibrated
before use. The aluminum heating block contained two wells. A vial containing water was placed in
one of the wells, with the thermocouple wedged between this vial and the aluminum block. The
vessel containing the sample was placed in the other well.

Procedure.® In writing the test plan, it was assumed the HLW sludge material would exist as a wet
solid. Thus, the test plan called for mixing the slurry to homogenize; 0.1 M NaOH was to be added
to assist in homogenization if necessary. However, because the C-106 solids had dried, reasonable
homogenization could be achieved by breaking up the chunky material and mixing with a spatula.
Weighed aliquots of the homogenized dry solids were then taken for the various tests: 1) solubility
versus temperature, 2) determination of aqueous-insoluble fraction, and 3) determination of caustic-
insoluble fraction.

Solubility Versus Temperature. A 10.1157-g aliquot was transferred from C-106-B1 to a 60-mL high
density polyethylene (HDPE) bottle (this bottle also contained a Teflon®-coated magnetic stir bar).
Aqueous 0.1 M NaOH (~50 mL, 49.43 g) was added and the bottle was capped. The sample was
then heated and stirred at 30 = 2°C for 19 h. During this time, stirring was inconsistent and at one
point had stopped. A larger stir bar was added which lead to more consistent stirring. The sample
stirred at 30 £ 2°C for another 3 h. Two aliquots (4-mL each) were taken for analysis. Each aliquot
was immediately filtered through a 0.45-um nylon syringe filter that had been preheated by
immersion in a boiling water bath. The filter was preheated to reduce the possibility of precipitation
during the filtration step. The temperature was increased to 40 & 2°C and the sample was stirred for
18.5 h. The mixture was sampled in the same manner as described above. The temperature was
increased to 50 + 2°C and the sample was stirred for 24 h. Again, the mixture was sampled in the
same manner as described above. The filtered samples were subjected to the following analytical
procedures: ion chromatography (IC) for anions, total organic carbon (TOC), total inorganic carbon
(TIC), acid digestion, inductively-coupled plasma atomic emission spectroscopy (ICP/AES),
inductively-coupled plasma mass spectrometry (ICP-MS) for *Tc, %S, total alpha, total uranium, and
gamma energy analysis (GEA).

Determination of Aqueons-Insoluble Fraction. A 23.4777-g aliquot was transferred from C-106-B1 to a
125-mL high density polyethylene (HDPE) bottle (this bottle also contained a Teflon®-coated
magnetic stir bar). The bottle was filled to capacity with aqueous 0.01 M NaOH (104.41 g added).
The bottle was equipped with a condenser tube, which allowed the system to vent during heating, but
minimized evaporation. The mixture was heated and stirred at 85 £ 2°C for 18 h. The test plan
indicated that the washing slurry should be cooled prior to filtration, but per instructions from
BNFL, the slurry was filtered while hot. The hot washing slurry was filtered through a pre-weighed
0.45-um nylon filtration unit. The weight of the filtrate was 102.76 g.

Several ~10-mL aliquots of 0.01 M NaOH were used to transfer the filtered solids back into the
HDPE bottle. The total slurry volume was made to ~100 mL with additional 0.01 M NaOH (total
slurry weight = 108.83 g). The mixture was heated and stirred at 85 = 2°C for 23 h. The washing
slurry was again filtered while hot, yielding 94.00 g of washing solution. This process was repeated a
third time. For the final washing step, the slurry was heated at 85 + 2°C for 27 h, and 125.92 g of

@ See Appendix A for a copy of the test plan and procedural notes.



washing liquid was collected. A composite sample of the three wash solutions was prepared for
analysis.

After the final washing step, the filtered solids were transferred to a pre-weighed glass jar using
demonized water. Excess water was evaporated at 80°C, then the solids were dried overnight at
105°C yielding 2.0286 g of dried washed solids. However, a significant fraction of the washed solids
could not be recovered in this manner because they were stuck to the magnetic stir bar (Figure 1).
These magnetic solids were treated differently. The stir bar with the solids was placed in a glass jar
and the gross weight was determined (99.8543 g). Concentrated (12 M, 10 mL) HCI was added and
the mixture was stirred. After ~3.5 h, there was still a small amount of solid remaining. Most of this
solid dissolved upon gently heating for ~1 h. However, dilution of this solution led to precipitation
of solids that would not re-dissolve, even in HCI/HNOs. After transferring to a beaker, excess acid
was boiled off and the resulting dried solids were submitted for analysis. The weight of the empty
glass jar+stir bar was determined to be 99.7529 g, so the weight of the magnetic solids was deduced
to be 0.1014 g.

Determination of Caustic-Insoluble Fraction. A 24.7022-g aliquot was transferred from C-106-B1 to a 125-
mL high density polyethylene (HDPE) bottle (this bottle also contained a Teflon®-coated magnetic
stir bar). Aqueous NaOH (3 M, 108.08 g) was added. The bottle was equipped with a condenser
tube, which allowed the system to vent during heating, but minimized evaporation. The mixture was
heated and stirred at 85 & 2°C for 20 h. As per instructions from BNFL, the leaching slurry was
filtered while hot. The hot slurry was filtered through a pre-weighed 0.45-pum nylon filtration unit.
The weight of the filtrate was 104.07 g. A sample of this leaching solution was taken for analysis.

L=

Figure 1. Magnetic Solids on Stir Bar from Dilute-Hydroxide Washing Test



Most of the filtered solids were transferred back into the HDPE bottle using a spatula. Several ~10-
mL aliquots of 0.01 M NaOH were used to transfer the remaining filtered solids back into the
HDPE bottle. The slurry volume was made to ~100 mL with additional 0.01 M NaOH (total slurry

weight = 114.88 g). The mixture was heated and stirred at 85 = 2°C for 23 h. The washing slurry
was again filtered while hot yielding 91.73 g of washing solution. The washing process was repeated.
For the final washing step, the slurry was heated at 85 & 2°C for 28 h, and 123.95 g of washing liquid
was collected. A composite sample of the two wash solutions was prepared for analysis.

After the final washing step, the filtered solids were transferred to a pre-weighed glass jar using
deionized water. Excess water was evaporated at 80°C, then the solids were dried overnight at 105°C
yielding 5.8149 g of dried leached solids. The appearance of these solids was unusual. A white solid
had collected around the walls of the jar, while a brown solid remained in the bottom of the jar.
Before analyzing, the white solid was scraped from the wall of the jar and mixed with the brown solid
using a spatula.

As with the washing test, a significant fraction of the leached solids could not be recovered by
filtration because they were stuck to the magnetic stir bar. These magnetic solids were dissolved in
HCI/HNO:3, then excess acid was boiled off and the resulting dried solids were submitted for
analysis. The weight of the magnetic solids was deduced to be 1.9464 g. Note that this latter value is
much greater than what was obtained for the magnetic washed solids. As the amount of magnetic
solids left after dilute hydroxide washing visually appeared to be similar to that left after leaching, the
value for the washed solids is suspect.

4.0 Results
4.1 Solubility Versus Temperature

Tables 1, 2, and 3 present the concentrations of various waste components at 30, 40, and
50°C, respectively. Two sets of values are presented in each table. The first set of values is the
analyte concentrations as determined directly on the aliquots analyzed. In the second set of values,
the concentrations have been adjusted for loss in the sample weight that occurred between the time
the aliquot was taken and the time the analyses were initiated. These adjustments were made
assuming the weight losses were due to evaporation.®

Tables 4 and 5 show the changes in the concentrations at 40 and 50°C relative to those at
30°C. Because aliquot C106-SOL-50-1 appeared to have leaked, only the concentration values
obtained for aliquot C106-SOL-50-2 were used to determine the adjusted concentration changes at
50°C relative to 30°C. Appendix D discusses a graphical analysis of the data, as well as linear
regression results of fitting component concentrations versus temperature. Based on this data set,
only limited conclusions can be drawn. The following discussion will be limited to those analytes for
which meaningful conclusions can be drawn. The discussion is organized according to the following
types of components: 1) radionuclides, 2) bulk metals and carbon, and 3) anions.

@ In the case of aliquot C106-SOL-50-1, there was solid encrusted on the outside of
the vial suggesting that material actually leaked from the sample vial, which probably
contributed more to the weight loss than did evaporation.



Radionuclides. The data indicate that the 137Cs concentration increased with temperature. Based on
the adjusted concentration values, the '3’Cs concentration increased 16% when the temperature was
increased from 30 to 40°C. A 30% increase in the '37Cs concentration occurred in going from 30 to
50°C. Linear regressions of the adjusted 137Cs concentrations versus temperature had a statistically
significant positive slope (see Appendix D). However comparison of the percent change in the
concentration to the standard deviation in the percent change suggests the increase is not statistically
significant at the 90% confidence level (Table 5). Results for the other radionuclides were not
statistically meaningful.

Bulk Metals and Carbon. Only linear regressions of the adjusted Cr, Cu, Ni, P, Si, and U
concentrations versus temperature had statistically significant positive slopes (see Appendix D). The
analysis presented in Table 5 indicates the increase in the U concentration is not statistically
significant at the 90% confidence level. The considerable variability observed for many of the other
components might have been due to precipitation of these components. Visual inspection of the
analytical samples immediately prior to processing indicated the presence of precipitates. Chromium,
Cu, and Ni all showed substantial increases, with concentrations more than doubling in going from
30 to 50°C. Phosphorus and Si displayed more modest concentration increases. The increases for Si
should be viewed as qualitative because the analytical process blank contained a relatively high Si
content.

Linear regressions of the total organic carbon (TOC) and total inorganic carbon (T1C)
concentrations versus temperature showed no statistically significant trends (Appendix D). Thus, no
conclusive trend was seen in these data.

Anions. In all cases, -, NOs-, SO4%, and PO43- were below the analytical detection limit. Linear
regressions of the adjusted Cl- and C,O4% concentrations versus temperature had statistically
significant positive slopes (see Appendix D). Based on the adjusted concentration values, the CI-
concentration increased 14% when the temperature was increased from 30 to 40°C and a 20%
increase in the Cl concentration occurred in going from 30 to 50°C. Similarly, the CoO42-
concentration increased 16% when the temperature was increased from 30 to 40°C, and 27% in
going from 30 to 50°C.

4.2 Dilute Hydroxide Washing

Table 6 presents the concentration of the analyzed C-106 components in a composite of the three
wash solutions. The composite wash sample was prepared by mixing measured quantities of each
wash solution; the relative weight of each wash solution used corresponded to the fraction of the
total wash solution represented by each. The composite wash solution was weighed immediately
before analytical work was begun. The total weight of the sample had decreased 6.3% since the time
the composite was first prepared. The concentrations determined were adjusted for this weight loss,
assuming the weight loss was due to evaporation. The adjusted concentrations were then multiplied
by the total combined weight of the three washing solutions (322.68 g) to yield the quantity of each
component present in the wash solutions.

Table 7 presents the results of the analysis of the non-magnetic fraction of the dilute hydroxide-
washed C-106 solids. The solids were solubilized for ICP/AES analysis by KOH and Na;O; fusion
methods. Duplicate fusions and ICP/AES analyses were done for each type of fusion. Mean values
from these determinations are presented in the table along with the standard deviation from the
mean and the relative error. The relative error was obtained by the following formula: %RSD =
100(Std.Dev./Mean). In most cases the relative etror is less than 20% for the elements determined
by ICP/AES, indicating good agreement between the duplicate measurements. For those ICP /AES
analytes where the relative error was significantly greater than 20%, the concentrations of these



analytes were typically low or near the detection limit. Closer inspection of the P data indicates
differences between the KOH and NaxO» fusion methods. Analysis of the solutions obtained by the
KOH fusion indicated higher P concentrations than obtained by the Na>O» fusion. This suggests the
Na»O; fusion failed to completely dissolve the P contained in the non-magnetic washed solids.
Indeed, for most analytes examined, the Na,O: fusion method resulted in concentration values less
than those obtained by the KOH method. For this reason, only the values obtained from the KOH
fusion were used to determine the quantity of each component in the washed solids. The exceptions
to this were K and Ni, which were only available from the Na,O, fusion.

The Hg concentration was determined on the non-magnetic washed solids by cold vapor atomic
absorption spectrophotometry following an oxidative acidic leaching of the solids. The mean Hg
concentration was 351 ug/g and good agreement was achieved between duplicates.

TIC/TOC determination on the non-magnetic washed solids was performed using the hot persulfate
method. This analysis was performed directly on the washed solids (not on fused material). Very
good reproducibility was achieved between duplicate TIC/TOC analyses. To date, no reliable
method has been developed to quantify the anions present in Hanford tank solids. Anion (Cl, I,
NOs, SO4%, PO, and C204%) analysis was done by IC on a solution obtained by leaching the
washed solids with deionized water. This in essence yielded the water-soluble anions not completely
removed by the washing test. The results indicate significant additional soluble Cl-, NO3-, and C2O4*
remained in the washed solids (or was present in interstitial liquid prior to drying), although
reproducibility between duplicate measurements was poor. The IC results for “C106-AQ-8DUP”
were approximately a factor of two lower than those for “C106-AQ-8.” Review of the sample
preparation bench sheets revealed no obvious cause for this discrepancy. The C2O4% concentration
of 20,300 ug/g (the value obtained for C106-AQ-8) corresponds to 5,540 pg/g organic carbon. Thus,
~19% of the TOC in the non-magnetic fraction of the washed solids is attributable to oxalate. The
low PO43 concentration revealed by 1C suggests that P found by ICP is indeed due to some water-
insoluble P-containing phase(s).

Cyanide analysis on the non-magnetic fraction of the washed solids revealed very little CN- to be
present. Reproducibility between duplicate CN- analyses was poor. This might have been due to
sample inhomogeneity. Ammonia was determined by ion-selective electrode using water-slurries of
the solids. Very little (~4 pg/g) NH; was indicated; however the value should be treated with caution
since the solids were dried at 105°C prior to analysis, which would likely have volatilized any NH;
present.

Radiochemical analyses were performed on the solutions prepared by KOH fusion. Cesium-137,

241 Am, '5*Bu, and 15Eu were determined by gamma spectroscopy. Americium-241 was also
determined by alpha spectroscopy following Pu separation , as were 238Pu, 239+240Pu, 242Cm, and
243+244Cm. The total alpha values reported were obtained by summing the alpha activity indicated by
the activities of the various alpha-emitters indicated in the alpha spectrum. Direct-mount
determination of the total alpha activity was not reliable due to self-attenuation. Technetium-99, 121,
2351, 238U, 237"Np, 239Pu, and 24'Pu were determined by ICP-MS. Strontium-90 was determined by
proportional beta-counting following separation of this isotope.

With the exception of 242Cm, agreement between duplicate measurements was good. The values
obtained for 24! Am by gamma and alpha spectroscopies agreed within 20%. On the other hand,
there were inconsistencies between the ICP-MS results and the alpha spectroscopic results. The
combined activities for 239Pu and 24Pu as determined by ICP-MS were 3.81 uCi/g, yet the 239+240Pu
value obtained by alpha spectroscopy was 27% lower (2.78 uCi/g). To be consetvative, the higher
value should probably be used. There was also inconsistency regarding the U analysis. The ICP-MS



analysis revealed ~275 pg/g (235U + 238U), but only 176 pg total U was indicated by laser fluorimetry
analysis.

Table 8 presents the results of the analysis of the magnetic fraction of the dilute hydroxide-washed
C-106 solids. TIC/TOC, IC, CN-, and NH; analyses were not performed on this material as the acid
dissolution conducted upon the magnetic solids would have influenced the results of these analyses.
As expected, the magnetic solids were very rich in Fe (~50 wt%). The values for Ag, Ca, P, and Si
had relatively high relative errors (> 20%) between the KOH and NayO» fusions. The reason for the
relatively high error for Ag is most probably the use of HCl in the solubilization of the fusion fluxes.
The process blank had a high value for Ca, so the Ca value is suspect. Phosphorus was near the
analytical detection limit, so high uncertainties are expected for this element. The error in Si is
possibly due to incomplete dissolution of this element in the Na;O; fusion preparation. Similar to
the analysis of the nonmagnetic fraction, for most analytes examined, the Na,O, fusion method
resulted in concentration values less than those obtained by the KOH method. For this reason, only

the values obtained from the KOH fusion were used to determine the quantity of each component in
the washed solids.

Table 9 presents the composition of the dilute hydroxide-washed C-106 solids (magnetic plus non-
magnetic fractions) and the percent of each component removed by dilute hydroxide washing. In
addition, the composition of the “untreated” C-106 sample used in this test is presented. These
values were obtained by summing the amount of the given component found in the wash solutions
(Table 6), the non-magnetic washed solids (Table 7), and magnetic washed solids (Table 8), then
dividing this total by the weight of the C-106 sample used. The washed solids were dominated by Fe
(28.6 wt%), St (10.5 wt%), Al (6.2 wt%), Na (5.4 wt%) and Ca (1.5 wt%). The concentrations of the
major radionuclides contained in the washed solids were 5.7 uCi TRU/g (as indicated by the total
alpha concentration), 2.6 uCi 2Am/g, 3.0 pCi 2%Pu/g, 908 uCi *Sr/g, and 377 uCi 137Cs /g,
indicating the solids should be treated as HLW.

Upon standing for six days, a white precipitate formed in the first wash solution. This solid material
was collected by filtration so that it could be analyzed. The mass of this solid was 0.765 g after air-
drying at ambient temperature. The solid was readily soluble in water. ICP /AES analysis indicated
this material to be 22.3 wt% Na. No other metals were detected above trace levels. 1C analysis
indicated the solid was 49.5 wt% CxO42. Thus, it can be concluded that this material is

predominantly NaxC,O402H,O (Theoretical: 27.0 wt% Na, 51.8 wt% CyOy).
4.3 Caustic Leaching

Table 10 presents the concentration of the analyzed C-106 components in the caustic leach solution
and in a composite of the two wash solutions. The composite wash sample was prepared by mixing
measured quantities of each wash solution; the relative weight of each wash solution used
corresponded to the fraction of the total wash solution represented by each. The samples were
weighed immediately before analytical work was begun. The weight of the leach solution sample had
decreased 34.6% and that of the composite wash solution sample had decrease 6.3% since the time
the samples were first prepared. The concentrations determined were adjusted for this weight loss,
assuming the weight loss was due to evaporation. The adjusted concentrations were then multiplied
by the weight of the leach solution (104.07 g) or the combined weight of the two wash solutions
(215.68 g) to yield the quantity of each component present in the leach and the wash solutions,
respectively.

Table 11 presents the results of the analysis of the non-magnetic fraction of the caustic leached C-
106 solids. Analysis of these solids was conducted in the same way as for the dilute hydroxide-
washed solids. In most cases the relative error is less than 20% for the elements determined by



ICP/AES, indicating good agreement between duplicate measurements. In some cases (Cu and P
from the Na,O, fusions) where the relative error was significantly greater than 20%, the
concentrations were near the detection limit. However, this is not the case for some of the other
analytes with high relative errors. For example, Ag had a 55% relative error (Na2O; fusion). In this
case, the value of 1,460 ng/g obtained for one of the NayO, fusion duplicates seems
disproportionately high. (Again, this is likely due to use of HCl in the solubilization procedure.)
There are also significant differences in the duplicate Zr analyses. The reasons for these
discrepancies are not clear. The Si values are also inconsistent. In this case, the values obtained by
the KOH fusion method appear to be ~2 times higher than those obtained by the Na,O> fusion
method. Perhaps not all the Si was solubilized by the Na;O» fusion. As was done with the dilute
hydroxide washed solids, only the values from the KOH fusion were used to determine the amount
of each component in the leached solids.

The IC results indicate significant additional soluble C20O4?- remained in the washed solids (or
interstitial liquid prior to drying). This reflects dependence of sodium oxalate solubility on the Na
concentration. The C204% concentration of 394,500 ug/g corresponds to 148,000 pg/g organic
carbon. Thus, virtually all the TOC in the non-magnetic fraction of the leached solids is attributable
to oxalate.

Cyanide analysis on the non-magnetic fraction of the leached solids revealed very little CN- to be
present. Ammonia was determined by ion-selective electrode using water-slurries of the solids. Very
little (~10 pg/g) NH; was indicated; however the value should be treated with caution since the
solids were dried at 105°C prior to analysis.

The relative errors for many of the radionuclides (*>>Eu, 1#C, 121, Pu isotopes, and Cm isotopes) were
greater than 20%, indicating poor reproducibility between duplicates. The values obtained for 24! Am
by gamma and alpha spectroscopies agreed within 20%. Again, the combined activities for 23Pu and
240Pu as determined by ICP-MS were significantly higher than the 239+240Pu value obtained by alpha
spectroscopy. To be conservative, the higher value should probably be used. Also like the washed
solids, the U values obtained by ICP-MS [~285 pg/g (335U + 238U)], disagreed with the value of 176
ug total U indicated by laser fluorimetry analysis.

Table 12 presents the results of the analysis of the magnetic fraction of the caustic-leached C-106
solids. TIC/TOC, IC, CN-, and NH; analyses were not performed on this material as the acid
dissolution conducted upon the magnetic solids would have influenced the results of these analyses.
As expected, the magnetic solids were very rich in Fe (~44 wt%). There was more residual Na
present in these solids than in magnetic solids from the dilute hydroxide wash (compare Tables 8 and
12), which attributed to the slightly less Fe weight percent. However, the nature of the magnetic
solid obtained from the caustic leaching test is undoubtedly the same as that obtained from the dilute
hydroxide washing test (except that the Na salts were not washed out to the same extent).

Table 13 presents the composition of the caustic-leached C-106 solids (magnetic plus non-magnetic
fractions) and the percent of each component removed by caustic leaching. In addition, the
composition of the “untreated” C-106 sample used in this test is presented. These values were
obtained by summing the amount of the given component found in the wash solutions (Table 10),
the non-magnetic leached solids (Table 11), and magnetic leached solids (Table 12), then dividing this
total by the weight of the C-106 sample used. The leached solids were dominated by Fe (17.2 wt%),
St (7.8 wt%), Na (13.6 wt%), Al (2.6 wt%) and Ca (1.0 wt%). The higher relative Na content in the
leached solids (compared to the dilute hydroxide-washed solids) is largely attributable to the sodium
oxalate in the leached solids. The concentrations of the major radionuclides contained in the washed
solids were 1.7 uCi TRU/g (as indicated by the total alpha concentration), 0.8 uCi 24! Am/g, 1.0 uCi
29Pu/g, 260 uCi St/ g, and 90 uCi 137Cs /g, indicating the solids should be treated as HLW.



It should be noted that the composition for the original C-106 solid listed in Table 9 should agree
with that listed in Table 13. However, the compositions vary widely. This suggests sample
inhomogeneity. That is, the aliquot taken for dilute hydroxide washing was different from that taken
for caustic leaching.

4.4 Comparison to Previous Work

Table 14 presents a comparison of the current work to previous studies of C-106 sludge. To
facilitate comparisons between the various data sets, the concentrations have been normalized to the
Fe concentration. This treatment of the data assumes that no Fe is removed by washing or leaching;
this assumption is validated by the low Fe concentrations in the washing and leaching solutions.
Clearly, there are differences in the composition of the dilute hydroxide-washed solid determined in
1996 compared to the current work. This could be due to differences in the sample aliquots used or
the different conditions used in the earlier test. Alternatively, the difference might be due to some of
the Fe being “missed” in the eatlier test. In the test conducted in 1996, a magnetic stir bar was used
to agitate the washing slurries. Presumably, that sample aliquot contained magnetic Fe like the
sample used in the current work. As no attempt was made to recover the magnetic Fe in the
previous work, that fraction of the Fe would have been missed in the analysis of the solids. This
would lead to the concentrations relative to Fe that are higher than those found in the current work.
Indeed, the relative concentrations reported in 1996 are consistently higher than those found in the
current work. Furthermore, they are generally high by a factor of ~2. For example, the relative Al
concentration from 1996 (491,747 pg/g Fe) is about 2.3 times that found in this work (214,892 ng/g
Fe). Similatly, the Cr concentration (7,399 ng/g Fe) from 1996 is 1.9 times that found in this work
(3,894 ng/g). However, some of the other analytes (e.g., Ca and Si) differ by factors other than 2.

Similar trends are seen for the caustic-leached solids. That is, the concentrations relative to Fe tend
to be less in the current work compared to the work conducted by Lumetta et al. in 1996. However,
the concentrations trelative to Fe in the current work also tend to be less than those found in the
bench-scale caustic leaching test conducted by Brooks et al. (1997). In the latter test, no magnetic
stir bars were used. So, at least in this case, the differences must be due to differences in the
composition of the starting sample or to differences in the specific leaching conditions used in the
two tests.

5.0 Conclusions and Recommendations

The solubility versus temperature test indicated that the concentrations of 37Cs, Cr, Cu, Ni, P, Si, CI
and CyO4? increased with temperature. Data for many of the other analytes were scattered to the
point that statistically meaningful conclusions could not be drawn. The considerable variability
observed for many of the components might have been due to precipitation of these components.
Also, the apparent evaporation of the samples during storage might have also contributed to the
experimental uncertainty. It is recommended that the solubility versus temperature test plan be
revised for future tests. The revised test should allow for larger sample sizes, immediate acidification
of analytical samples (where appropriate), and should describe actions to be taken to minimize
sample evaporation during interim storage.

Dilute hydroxide washing largely removed the Na salts from the C-106 sludge. Only 14% of the Al,
8% of the Cr, and 36% of the P were removed by dilute hydroxide washing. Surprisingly, 86% of the
U was removed in the dilute hydroxide washing process. Cesium-137 (56%) and %Tc (76%) were
appreciably removed by dilute hydroxide washing, whereas the transuranic elements (as represented
by the total alpha data) showed little solubility in the washing solutions.



Caustic leaching resulted in only modest increases in Al (22%), Cr (27%), P (41%), and '37Cs (68%)
removal. The amount of Tc removed appeared to drop slightly, but the changes observed are
within the experimental uncertainty. The caustic-leached solids contained considerable sodium
oxalate. More extensive washing of the caustic-leached solids would be required to remove this. For
future tests, it is recommended that the caustic leaching test plan be revised to include more
extensive washing of the leached solids.

Considerable uncertainty was introduced in the washing and leaching tests by using a magnetic stir
bar. A large fraction of the solids was magnetic in nature and adhered to the stir bar. Itis
recommended that future tests with C-106 sludge avoid the use of magnetic stir bars. In addition,
future washing and leaching tests should allow for acidification of analytical samples (where
appropriate) to prevent precipitation, and should describe actions to be taken to minimize sample
evaporation during interim storage. Sampling of dry solids should not be done in the future because
this apparently can result in significant sample inhomogeneity. Rather, dry sludge samples should be
slurried in dilute hydroxide or water prior to pulling samples for testing.
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Statistical analyses were performed on the data included in this report. In general, simple summary
statistics were provided throughout that included estimates of averages (means), standard deviations
(std. dev.) and percent relative standard deviations (%oRSD = 100*std. dev./mean). More specific
statistical analyses included:

e Solubility versus Temperature Study Regression Analyses
e Solubility versus Temperature Study Tests for Changes due to Temperature

e  Washing and Leaching Studies Estimates of Uncertainty for analyte concentrations in the
washed and untreated solids and the percent removal

For all of the following analyses it should be kept in mind that all data in each study are taken from
one run of the experiment on a single sample. This means that they provide no sense of the
additional uncertainty that would result from running different samples or from repeating the
experiment on similar samples. The only sources of variability present in these studies are
subsampling variability and measurement variability. Consequently, the uncertainty statements
developed in this report are likely an underestimate of the variability that will be experienced in the
real world application of these conclusions.

Solubility Versus Temperature Study Regression Analyses

The regression analyses performed here are a quantitative assessment of the nature of the
relationship between analyte concentrations and temperature. Since there are only three temperature

points (30, 40, and 50°C), the maximum model that can be fit as a function of temperature is a
quadratic. The two concentration values per temperature provide for estimating subsampling and
measurement uncertainty and for testing the lack-of-fit of the linear regression. The general
approach taken was to first fit and test a linear regression; i.e., is a linear regression statistically better
than no model. This was followed by a test of the lack-of-fit of the linear regression model, or
equivalently in this case, whether adding the quadratic term would be useful in describing the
solubility-temperature relationship.

The following analyses were done using the evaporation-adjusted concentrations from Tables 1, 2
and 3 with the exception that the C106-SOL-50-1 data were not used because of suspected sample
leakage that would render its results unrepresentative. The data were taken from the original Excel®
spreadsheet and have additional digits compared to the formatted table values. These analyses were
done using the Statistical Analysis System (SAS Institute Inc. Cary, NC).

Table D.1 presents the results of the regression analyses. Included are the estimates of the intercept
and slope for the linear regression. Also included are the probabilities (p-values) for the test of the
linear regression and for the test of the lack-of-fit of the linear regression. A significance level of
0.10 was used. Those analytes that have a significant linear regression will have a simple linear
p-value < 0.10. Those analytes that have a significant lack-of-fit from the linear regression will have
a lack-of-fit/quadratic p-value < 0.10. Those analytes that did not have a significant linear regression
or had a significant lack-of-fit are grayed out in the table to indicate that their linear regression
estimates are not considered useable.



Table D.1. C-106 Solubility Versus Temperature

Data Regression Analysis

Estimated p-value
Estimated Increase per Simple | Lack-of-Fit
Analyte Intercept oC Linear /Quadratic
Cesium-137 2.14 0.0583] 0.055 0.888
Strontium-90 0.0277 0.00160] 0.390 0.363
Technetium-99 0.00149 -0.00000174] 0.925 0.976
Total Alpha -0.000810 0.0000750] 0.130 0.665
Ag -0.429 0.0554] 0.163 0.858
Al 376 -5.79] 0.465 0.711
Ba 0.131 0.00298] 0.117 0.284
Ca 1.99 0.0517] 0.239 0.175
Cr -2.75 0.138] 0.002 0.739
Cu -0.601 0.0419] 0.024 0.317
Fe 0.509 0.0158] 0.855 0.284
Mo 0.265 0.0121] 0.122 0.370
Na 7,090 235] 0.106 0.455
Ni -1.48 0.0815] 0.013 0.220
P 11.1 0.794] 0.052 0.274
Si 3.82 0.648] 0.052 0.188
Ti 0.0540 0.00219] 0.172 0.305
U 13.8 0.254] 0.082 0.672
TOC 5,018 26.3] 0.278 0.612
TIC 1,232 9.57] 0.316 0.815
Ccr 247 3.82] 0.047 0.560
C,0,” 10,913 258]  0.014 0.672

Radionuclides are in units of uCi/g; all other components are in units of ug/g.

The regression estimates are grayed-out (judged unusable) if: the estimated
increase is not significantly different from zero (linear p-value > 0.1) or the
lack-of-fit of the linear regression is significant (lack-of-fit p-value < 0.1).

Plots for all analytes in Table D.1 are included. The following plotting symbols are used for the data:

e filled diamond—data that was 310-times the detection limit
e empty diamond—data that was <10-times the detection limit
e descending triangle—detection limit

The plots also show the linear regression with a solid line, 90% confidence intervals on the mean
with dashed lines, and the quadratic regression with a dotted line. Occasionally a confidence interval
is so wide it goes off the plot.

The aliquot variability is surprising for some analytes and, along with small sample numbers, leads to
“non-significant” tests for some analytes that appear to show a relationship. Nine of the analytes
showed linear p-values <0.1 and quadratic p-values >0.1. Three of these had all of their data
reported as “()””, but none had DL data included.



Solubility Versus Temperature Study Tests for Changes Due to Temperature

Concentration changes in the Solubility versus Temperature study are expressed as the concentration

change at each temperature relative to the concentration at 30°C. This is calculated as
100*(C1-Cs0)/ Cso ot equivalently as 100*(Cr/Cs0)-100, where Cr is the average concentration at
temperature = T and Cso is the average concentration at 30°C. Table 4 shows these estimates of the
change in concentrations (solubility) for detected analytes for all the unadjusted data and Table 5
shows them for the adjusted data without C106-SOL-50-1 (for reasons given previously).

The following method was used to indicate whether the reported changes were significantly different
from 0 or could instead simply be an artifact of subsampling and measurement uncertainty, especially
with so few data points. There is insufficient data to estimate the variability at any one temperature
with any confidence, so a pooled estimate of uncertainty was obtained by pooling the %RSDs at the
three temperatures (or only two temperatures for the evaporation adjusted data with the one sample
removed). This assumes the RSDs are relatively constant at each temperature. This result in turn
was used as input to standard propagation-of-errors calculations for the variance of the estimation
formula 100*(Cr/Cs0)-100. This results in an estimate of the standard deviation of the % Change as
Cr/Cso*sqrt(2)*Pooled %RSD. The estimate of the percent change at each temperature was then
divided by the standard deviation estimate at that temperature. This ratio was compared to a
one-sided 90% t-statistic and any ratio that was larger than the appropriate t-statistic is considered
strong evidence of a positive change in solubility. These significant changes are bold-faced in Tables
4 and 5. For the unadjusted data there were 3 degrees of freedom in the estimate of variability and
the t-statistic value was 1.64. For the adjusted data there were only 2 degrees of freedom in the
estimate of variability and the t-statistic value was 1.89.

Washing and Ieaching Studies--Estimates of Uncertainty for Analyte Concentrations in the Washed

and Untreated Solids and the Percent Removed

The ability to derive estimates of uncertainty for the values reported in Tables 9 and 13 was even
more hampered than the percent change estimates discussed in the previous section. The calculation
of the concentrations in Washed Solids and Original Sample were made using a number of sample
weights and fraction constituent amounts. Only one of these inputs, namely the non-magnetic
fraction of the washed solids, had duplicate data that could be used to estimate subsampling and
measurement variability. The percent removed calculation in these two tables is even more
problematic because of the use of even more terms and because it is the ratio of two other estimates.

In an attempt to get at least some handle on the uncertainty of these estimates the following
approach was taken:

e Treat all weights used in the estimation formulas as constants (without error) under the
assumption that their uncertainties are much smaller than the uncertainties in the
concentration measurements and can be safely ignored.

® Present a “pseudo” 95% confidence interval for at least one value of a %RSD that is
assumed to be equal for all measurements that were used in any equation. A %RSD of 10
was chosen as the initial candidate as it appeared to be somewhat lower than the median of
%RSDs seen in this study and seems to represent a reasonable lower bound. This
reasonable lower bound on the uncertainty can be adjusted to determine the effects of other
%RSD values by multiplying the “pseudo” 95% confidence interval values by the ratio of
any other practicable %RSD divided by 10.



As input to the “pseudo” 95% confidence intervals it was necessary to again use propagation of
errors techniques to develop approximate standard deviations. These standard deviations were then
multiplied by 2 (close to 1.96 from a standard normal distribution) to give the confidence interval
half widths.

For concentrations in Washed Solids and Original Sample, the calculations are simple additions of
fraction amounts divided by the sum of the corresponding fraction weights. The following
propagation-of-error rules were used to develop propagation-of-errors formulas for their standard
deviations:

e Variance of a mean is the variance of the measurement/n (the number of values used in the
mean)

e The variance of a sum is the sum of the variances
e Constants (sample weights in this case) carry through.

This resulted in a general form for these two concentration estimates as:
Std.Dev. = sqrt (Ze(var(f)/ng))/weights,

where f= each fraction used in the calculation of the concentration. Each var(f) term in the
propagation-of-errors formula can be replaced, by definition, with (mean#%RSD)2. Also, since the
same %RSD is assumed for all measurements, %0RSD can be factored out, resulting in the following
general formula:

Std.Dev. = %RSD*sqrt (Ze(meang/ny))/weights

The actual version of this general formula used for each analyte for each concentration estimate
depends on the fractions that were used to calculate it and the number of subsamples available for
each fraction.

For % Removal, the calculations involve 100 times the ratio of two terms, each of which is the sum
of fraction amounts. The initial standard propagation-of-errors form of the std. dev. for this ratio of
two terms is:

std. dev. = 100*num/den*sqrt(var(num)/num? + var(den)/den?)

where num = the numerator term, den= the denominator term, and var() is the variance of each.
Both the numerator and denominator also need to have propagation-of-errors applied to them.
Again, each var() term in their propagation-of-errors formula can be replaced, by definition, with
(mean*%RSD)2. Also, since the same %RSD is assumed for all measurements, %RSD can again be
factored out, resulting in the following general formula:

Std.Dev. = 100¥Xmeans/Zgmeang*%RSD*
sqrt(Zemeand/ng) / (Zmmeang)? + Xq(meang?/ng)/ (Zameang)?)

where f = each fraction used in the numerator and d = each fraction used in the denominator.
As for the concentration estimates discussed above, the actual version of this general formula used

for each analyte depends on the fractions that were used to calculate the numerator and denominator
and the number of subsamples available for each fraction.
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Applicability

This test plan is to be used to determine 1) the aqueous-insoluble fraction of BNFL HLW sludge
samples, 2) the caustic-insoluble fraction of BNFL HLW sludge samples, and 3) the effect of
temperature on the solubility of solids in the BNFL HLW sludge samples. The work will be
conducted in the SAL hot cells. The work will be conducted by Radiochemical Processing Group
staff. This work is being done as part of the Technical Support to BNFL for Phase 1B project.

Test Objectives

Justification: This activity supports confirmation of the process sequence, equipment performance
and design basis for the HLW entrained solids removal process. BNFL must complete research
and testing activities conducted to confirm system design bases before 14 April 1999,

Objective: The purpose of this task is to obtain the information needed in the filtration and
washing of the Envelope D material. The specific objective of this test is to determine the relative
mass and composition of the water-insoluble solids and of the caustic-insoluble solids (at 85°C)
and to determine the components in the liquid portion of the HLW sample at 30, 40, and 50°C
and their concentrations. )

Definitions

BNFL British Nuclear Fuels Ltd.

HDPE High-density polyethylene

HLW High-level waste

RPL Radiochemical Processing Laboratory

Emergency Response

In the event of building audible alarms (e.g., fire or criticality) personnel should proceed in
accordance with the RPL Building Emergency Procedure. If time permits, ensure that test
materials are secured from spilling prior to exiting the area.

Quality Control

Quality assurance for work conducted under this Test Plan is governed by the Standards-Based
Management System (SBMS). The quality control for each analysis indicated in Table 1 will be
established per Quality Assurance Plan MCS-033. MCS-033 specifies the minimum calibration
and verification requirements for analytical systems, as well as batch processing quality control
samples to monitor preparations (i.e., blanks, duplicates, matrix spikes, and laboratory control
standards).

A work place copy of this document shall be present at the work location. Specific information
regarding each test (e.g., sample numbers) will be recorded on the work place copy and kept as
project records.

As discussed in the Prerequisites section, calibrated balances must be used in performing this test.
Likewise, a calibrated temperature controller is required. The calibration ID, date of calibration,
and calibration expiration date must be recorded on the work place copy for each balance used
and for the temperature controller.
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Measured weights will be recorded on the work place copy at the indicated spot in the work
instructions.

Hand written changes or corrections made to the work place copy will be made by means of a
single line-out. Such changes or corrections shall be initialed and dated by the staff member
making the change and by the cognizant scientist.

Equipment Description

A standard laboratory hot plate/magnetic stirrer will be used for this test. An aluminum heating
block will be placed on the hot plate/stirrer to heat the sample. The apparatus will be equipped
with two thermocouples. One of the thermocouples will be connected to a temperature controller,
while the other will be connected to an over-temperature shut-off device. The latter will be used
to ensure the sample is not over heated, which could result in lose of sample.

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

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

Wide-mouth HDPE bottle; size to be determined (2) o.1 ¢ nkoH Ugad = o.lo )y 4 0.000) ;_n
. 30-mL HDPE bottle Ruagers
. 20-mL HDPE vial (8) SR
¢« 30- o 40-mL glass vials (2) i
- Hot plate/stirrer wed ke SRS 0k
. Aluminum heating block sl ""OE Peagsres A ki
- Temperature controller with temperature read-out of dr 0 4 wWeOH saloH Ta @ L p
. Over-temperature shut-off device ' iy « e i %,L-T",:,‘: i
0.45-m nylon syringe filters (6) 4 Lkl Ouk ws o
5-mL syringes (6) anc it 'L“"Lwl,:‘ -
0.45-pm nylon disposable filter units (8) e . , -
Adjustable 5-mL pipette ‘ 2081 O M watH
Boiling water bath
Small plastic bag e

2L by RECS

The temperature controller shall be calibrated by maintenance services. Record the following
information regarding the temperature controller used.

-r[,....-—-auup (.:J
Calibration ID: 02093 s Zety O o
Calibration Date: _i/12/49 1757
Expiration Date: _ /7000 1/ 200\

A calibrated balance is required for this test. Record the following information regarding the
balance(s) used.

. ed-2 —
CalibrationID:  360-g4-0/-c/6 Calibration ID;
Calibration Date: 3/:/4?3 ox /99 Calibration Date:
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Expiration Date: &/64

Expiration Date:

Before beginning work, a routine pe

rformance check should be performed and documented in the
space below. N

W,y Feond

0 6.9995
= 44q G444

D 99, 3194

“
[y Geoaso)y 149 .a847 q“bolq
e
Work Instructions
Note

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

Fart 1. Solubility Versus Temperature

1.1. Prepare the sample vials according to the following table. All vials should be HDPE.
Sample ID® Tare sl «
C 106 -SOL-30-1 C.4eST
c106 -SOL-30-2 C Y955
ci1ot -SOL-40-1 E.yéeqs—
ci10é -SOL-40-2 €. %144
106 -SOL-50-1 6. 1t
C1o6 -SOL-50-2 A R i
(2) The prefix to the sample IDs should be
the tank number; e.g. "C106."
[7.] A\’- v-l/Hﬂ1
1.2, Label 2 3¢-mL HDPE bottle as “ C10L -SOL-TEST” ( = tank number) and
place a magnetic stir bar in this bottle. Wut ciob-col -TET — __L5 £57 3 5 -
~» G063\ Vaigh '373 of H dyy mmbo O
13, t €106~ Bl i~k CloG.solL-T E5T.
B f"'t:m{““ wh. 0job-SK- reif ;:"'7"7'-;:"
okl Clob Sompl e Comslph/ - _-__——_—-: J ,
€ dry clungs £ mferal, WA Sy s AR SURENTS (505 Y

BNFL-TP-29953-8 Tnma 4 ~£A1 R
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S
kKl
© E'}
§F3s
4 L) é
Y }d
Note “ ’_a_ g—j‘g
If the HLW sample does not contain a liquid fraction, then add ~5 g of sludge to 25 mL 3 &
of 0.1 M NaOH. T
wj2eld > Add o~ of O.] m NaOH

o fo Crob=SoLe TEST | e wishy.
e 9«[“\“ ,,7: q
/3-7\ \L'll L. ciof-S¢l —TEST = ._—ﬁl___j

1.5.  Place_Ciob -SOL-TEST into an aluminum heating block thermostatted at 30°C  “* ! # "’j: :
i 25714
. —z{, 7770
1.6. Stir the contents of C.106 -SOL-TEST o s

1.7. Once the temperature has equilibrated at 30°C, stir the sample for 1 h (stiv bar=1.930¢ g remuved )
Nort, W hed prallins wi7h e $K. few shoppim(piis beppend dvrin Pt nigieh.) (St bow = 918189 inghated)

Chamyimy o o lurit- sHv how et ht Startdateftlme ﬁ"ﬁ 1517/4-20-‘?5? (4.7_.!-?71/954) e ,
welp , ¥ sHeeimy Lid Shop 0w o&ni.m.stopdatejﬁme: G/7reh  @rzs- s s dee agldad.
q!"”ﬁ"f

1.8.  Preheat two syringe/filter assemblies by placing them in a plastic bag and submersing the
plastic bag with the syringe/filters into a boiling water bath Slorey € )bers)

—cqll.f -

51 wt, Clog-tn-30-1
= 05958

Yy
1.9.  Withdraw a 2-mL aliquot of the slurry and filter into vial <106 -SOL-30-1
W Semply 0. ST -6 1EFT 2 Y2 g
1.10. Withdraw a second ,g-rnL aliquot of the slurry and filter into vial C 106 -SQL-30-2
Whe Semplyz (0. NI =691 4. 2100

e— Wi, L0f-soL -2
1.11.  Adjust the temperature of aluminum heating block assembly to 40°C {

o, USS

1.12.  Once the temperature has equilibrated at 40°C, stir the sample for 1 h Senmpl ffvrved BE
el h-t, At .
Start date/time: __ 4/2( /49 131 25"
(2158 Stop date/time:  u/ 2z/ 41 § 05
%}

1.13.  Preheat two syringe/filter assemblies by placing them in a plastic bag and submersing the
plastic bag with the syringe/filters into a boiling water bath

: y —_— w2z |0, 7522
1.14.  Withdraw a Z-mL aliquot of the slurry and filter into vial CI106 -SOL-40-1

y A Bemaply = 0. PETL A (Mgt - o 2627 = IO
1.15.  Withdraw a second Z-mL aliquot of the slurry and filter into vial __Clot -SOL-40-2 ™ = 1©-677&
L. Sempl = (047757~ 6510142 Y g0

1.16.  Adjust the temperature of aluminum heating block assembly to 50°C
1.17. "~ Once the temperature has equilibrated at 50°C, stir the sample for 1 h

23/24 Start date/time: %/ *%/44 iy
b Stop date/time: Y/7Z/94 ey

1.13.  Preheat two syringe/filter assemblies by placing them in a plastic bag and submersing the

plastic bag with the syringe/filters into a boiling water bath g, w2t
M Y
1.19. Withdraw a Z-mL aliquot of the slurry and filter into vial _¢106 .SQL-50-1 - wt= l0. 04 ¢ 7
R Al Elled O ok Qs , et €l ploggad b wt  Seetple = ro.oﬂ:r"l
aloor el bt gliedd This nisbd s fun Lecans? %

ot $Dide wae pollad T brs /liguot
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1.20. Withdraw a second Z-mL aliquot of the slurry and filter into vial _C 106 -SQL-50-2 — < *

7
-0, L H I

whe Seanpl = [0 26N -~ 6. Y488 Y. 265k

1.2]1.  The samples collected during the test are to be submitted for the analyses listed in Table
1. The cognizant scientist will prepare the required ASR.

Wh- ClOb- SOLTEST = 47,5759 = W slodvy caminimg = :’; f;: pr— +—lv0 \
Part 2. Determination of Aqueous-Insoluble Fraction /E _: : :, :‘) : ::’ ;r . :.t.: B\M
2.1.  Homogenize the stock HLW sample by stirring 30173 g
2.2 Label a disppsable filter unit (0.45-pm nylon) as _C 166 -AQ-1
23 Weigh _Cie0d -AQ-1

Wt._C106 AQ-1= g (2.34)
Also weigh just the\bottom part of the filter unit; i.e., the receiving bottle and cap
Wt. receiving botﬂc&cap = g (2.3B)
2.4 Connect _C'°t -AQ-1Yo the vacuum line, but do not yet apply vacuum
25 Transfer enough of the horkogenized HLW sample to give ~25 g solids to the filter
funnel of _C1% -AQ-1
2.6 Apply vacuum to the filter unih, Disconnect from the vacuum once the liquid has filtered.
2.7 Place ';he cap on the tob of the filker unit and weigh C1ot -AQ-1
| Wi, _Cloe -AQ-1= g (2.7A)
Carefully remove the funnel part of thg apparatus from the receiving bottle, place the cap
on the receiving bottle and weigh.
Wt. receiying bottle&cap = g (2.7B)
2.8 Determine the total weight of the sample
Wt. Sample =9.7A-2.3A = g (2.8A)
Determine the weight of the filtered liquid
Wt. Liquid = 2.7B-}.3B = g  (2.8B)
Determine the weight of the filtered solids
Wt. Solids = 2.8A-2.8B g (2.8C)
2.9 Measure out the appropriate volume of 0.01 M NaOH as i

scientist into a plastic bottle Brcast Bt Co188 Sample i€ a8 doy

A i will Jost wesk ot o
“-‘P?rn?o-‘ab st (3. fean

BNFL'TP‘29953-8 e e £ LA
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w1 20 '\/yl":"ﬂ

oA, AN o
FOr—osea e =-77%) AT g

12¢-ml

* 2.10  Label an appropriately sized wide-mouthed HDPE bottle as  C 106 ~AQ-2
. Qi
e . 211 Weigh_Clop -AQ2

Wit._Clob -AQ-2= 3!-¢5oy o (2.11A)

O Oh o 23S

nrry-tne-fitered-selidsusine-a» o1 6-01+-M-NalBF O A :
- b this S]!!FF}WS SHob—AQ-2- Vs o spabule | Lrak 9p oy famgt chueks ia b Coi06-2) cemple,
c / —
a5
q]‘l&,

B oMx Bt dey seample wnll VS e spatule, Teems bt 205 of  Sampl L CLi0L.RIE 4 CIBG-AG-2 .

2.13 _Repﬂ*ﬁep%ﬁmﬁmmpﬂcmm&rﬁfwﬁsm—&ehﬁa—-

2.4 Weigh CI0%6 .AQ-2

2.04a  Fill cpb-AG ¢
bo capachy with 00lM Wt. €106 -AQ-2=_s¢- 128\ (2.144)
Nad k.
- c-AD-Z = x : il
w ;\;.}‘;H e ; etermine the weight of the shurry t’si N
-_ : o ,N777
U < _ Wt Sherry =2.14A-2.11A=_2*" " ""'s  (2.14B)
~N a <4 . e Flurvg = [55.523v-2[.e509 = (272, $ o
o377 215 Equp_ C1 -AQ-2witha condenser, then place in an aluminum heating block at 85°C
- 3 T
& ;:% ég 2.16  Stirthe samplein _C106 -AQ-2 at 85°C for a minimum of 8 hours N
11338 Start date/time: _S/3/4%___[¥:00 | @™
S 3,1 Stop date/time: 3/ /44 LA i ”
g g "-_i S‘E (q-\ P-qu :.-.;‘F‘uc""'m-‘ Y - Make JohnStn
o 1 1 ZF—Allowto-cooltoambicnttemperature A\ A /99 BOFL, shps 2017 and 218wt
& _:‘la 3 ’ alinsmfd g0 Hed H2 plohe
‘.’é’s%§ : : ndenseran igi AC coutd b Ll ol h3E
538 &g i
i
R
15513 (2.134)
3,13 3
§
S T ot =9 1QA 12 14AA — o £2 181
AR T "\ 17 s AL ETEITE 5 \ =Xy
* 219 Label a disposable filter unit (0.45-um nylon) as _C!ot -AQ-3
v 220 Weigh_Ciot  -AQ-3
Wt._Clop AQ3=_¢Y4-#¢ ¢ (2.204)

Also weigh just the bottom part of the filter unit; i.e., the receiving bottle and cap

Wt. receiving bottle&cap = 4!- 7799 (2.20B)

221 Connect _ 1ot -AQ-3 to the vacuum line
i ﬂ\‘L {/.,HH'I

- - -
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g3

(D) posier Tt clowtfsd solobon Lo-
predpiiai Lovmakion,

§/io/a 130 Sew colid Lt

prrupiintal i Cog-4Q-3

2.22
223

224

2.25

2.26

2.28

2.29

2.30

1 |

232

Place the cap on the top of the filter unit and weigh _c 10¢ -AQ-3 Tk P /\-"'4}'4'\
st
“)t' Cl DG'AQ"B =/ (2.24A)

4 >
Tt wal Sewt Clumnky soldds f\‘ﬂfffa-c_;‘.

AT prot 4o
not ﬂ:'“”“ aCle f wedh rhp. Also Pt “rr'-:’“" i
Fﬂter thCAWESh Sh.u'fy L Lu-s-lﬂ—-""'b Mﬁ,_,}-.‘.; re— o e "’M
. -t st Lﬂ»". J‘}SL L “7
Disconnect from the vacuum once the liquid has filtered " ot t”
2 -
o o=

Carefully remove the funnel part of the apparatus from the receiving bottle, place the cap
on the receiving bottle and weigh.

ivi = 144,527y
s 3120 Dle.cleme.  WH TECEIVINg bottle&cap g (2.24B)
S/ Alsie SR Clea .
76/64 rizo st clee i 1_,\*""::-&"\
Determine the total weight of the slurry o T eent T

Wt. Slurry = MA - g (2.25A)

Determine the weight of the filtered liquid
0. 2856

Wt. Liquid = 2.24B-2.20B = | g (2.25B)
Determine the weight of the filtered solids oot o 8

Wt. Solids =2.254-2.25B = g (2.25C)

Measure out the appropriate volume of 0.01 M NaOH as instructed by the cognizant
-scientist into a plastic bottle

Lokl
Vol. Used= 100 . (esH (2.26A)
ub,

Weigh _ci06 -AQ-2 ssed

Wt. cioe/mg/ " (2.284)

Shurry the filtered solids using a portion of 0.01 M NaOH (volume = 2.26A + 5); transfer

this slu to Cl0§ -AQ-2 il aliguets vied. Tres Cor 6F  g04F ums covewled
rry Q tial‘-cgu-\f \a{(.‘h!p( H.-q) we—tl ‘H"b str_'? u-)l-f-.-ﬂ*uﬁ-&-'ﬁ-

Repeat step 2.29 four times to ensure complete transfer of the solidsto <106 -AQ-2

Weigh _ 106 -AQ-2

Wt._Crob -AQ-2=_I42- 7y (231A)
€
Determine the weight of the slurry Lok G . 65°

Wt. Slurry = 2.31A-yﬁA = [0%.327G (2.31B)

Equip _ €'%b -AQ-2 with a condenser, then place in an aluminum heating block at 85°C

g4

Darna © LA

BNFL-TP-29953-8



233 Stirthesamplein _Cro4 -AQ-2 at 85°C for a minimum of 8 hours

Start date/time: _s74/49 §-20 23 h

Stop date/time: $/5/99 ¢:30

+ 236 Labela disposable filter unit (0.45-um nylon) as _ C106 -AQ-5
v 237 Weigh /o6 -AQ-5
Wt ciot AQ-5= ¢4 164 (237A)
Also weigh just the bottom part of the filter unit; i.e., the receiving bottle and cap
Wt. receiving bottle&cap = ! oy o (2.37B)

238 Connect _€t0¢ -AQ-5to the vacuum line ) .
i T L.‘: tlunks fed L'"t"“- \)r. M( wad d{‘?ﬂk(b -\‘5,_‘*,_

» Wt ,5'1\-“" He ba~ — lsokad tike 15 licgs,
2.39  Filter the wash slurry ,ja vt gl b YOS
240 Disconnect from the vacuum once the liquid has filtered ¥ gpab
ot ot % =
A A
241  Place the cap on the top of the filter unit and weigh Croe -AQ-5 G_,w*" £
Wt _Cio¢ AQ5=__ __— é (2.41A)
Carefully remove the funnel part of the apparatus from the receiving bottle, place the cap
on the receiving bottle and weigh.
Nok: momter ta CuwBad 1lguud o
R foumabin o6 solids Wt. receiving bottle&cap = 1357813 ¢ (241B) .
Teme solobiem o4, S/mpas 13 00 530 W/ S/ir4g $iul = Precp =t bt ool kit sf
242  Determine the total weight of the slurry Codd ot g P
Wt. Slurry = -237A = g (2.42A)
Determine the weight of the filtered liquid 5/
44. soof p‘\_d\.—' 5{
Wt. Liquid =2.41B-2.37B = _++=3*8,  (2.42B)
N\ v (44

BNFL-TP-29953-8 Tiaee A _fA



s . : &u--"' =
Determine the weight of the filtered solids Yo Could st b 4.’ Vitak

Al
Wt. Solids = 2.42A—2.42B = g (2.42C)

c[s1%h 243  Measure out the appropriate volume of 0.01 M NaOH as instructed by the cognizant
scientist into a plastic bottle

(,«:H bl

Vol. Used=__ j20 mL

(2.43A)

2.44

245 Weigh Ciob -AQ-2 : ot

: .,;4‘7
Wt. <106 -A/Qﬁz/ g M7 (2454)

2.46  Slurry the filtered solids using a portion of 0.01 M NaOH (volume = 2.43A + 5); transfer

e RN SO s i e gy
2.47 Repeat step 2.46 four times to ensure complete transfer of the solids to _£/06 -AQ-2 T:: 'f ““" ”f,':f’
248 Weigh ciof -AQ-2 | s
Wt.__cro6 -AQ-2=_144.0395, (2.484)
Determine the weight of the slurry Lt N "w\
Wt. Slurry = 2. 48A-2;r51~ 12,352 (248B)

249 Equip _Crob -AQ-2 with a condenser, then place in an aluminum heating block at 85°C
250  Stirthe samplein _¢/0& -AQ-2 at 85°C for a minimum of 8 hours

Start date/time: S/57/99 9:2¢ A1 W

Stop date/time: _ s/¢/ 75 13:00

* 253 Label adisposable filter unit (0.45-pm nylon) as _ €196 -AQ-7

« 254 Weigh_Ciot -AQ-7

Wt. _C106 ~AQ-7=_bH.73¢3 g (2.544) l,./’ﬁ
PN
_ [6{“
BNFL-TP-29953-8 ' R



Also weigh just the bottom part of the filter unit; i.e., the receiving bottle and cap

5/{,{1‘1
Wt. receiving bottle&cap=4!- st g (2.54B)
255 Connect _ Ct1ob -AQ-7 to the vacuum line ~
Y A 3094 N ladion ey vy Slewr) ‘
2.56 Filterthe,\:fﬁash slurry (Fl+ _ Ciopoaa 2 o it FlFe Ban,
¢ o PnA’l'h’: of .01 WY et u:}# 45 i $VAS L
2.57 Disconnect from the vacuum once the liquid has filtered
belomet -
2.58  Place the cap on the top of the filter unit and weigh _ C/ot -AQ-7 e g8
S e ML ST
Wit. =" g (2.584)
Carefully remove the funnel part of the apparatus from the receiving bottle, place the cap ;
on the receiving bottle and weigh. wok ! Mol 40 wu:t{' c;jx:r iﬂn—::;—c:;—«frw L
P 1_...-44'5)41!7 afhe Gy | 1 IH okt Cf’u"(ﬁ- (‘f_ . Cop h; !‘{-.D.’.:'J’

oHSoHom leded & Lit lugy Wt. receiving bottle&cap = 161. 473¢g (2.58B)
wt & Lo PV.ILI_;?"J{"-'E' PITY USo
s7/1v9a T1ras™ SLil 41, Saee.

259  Determine the total weight of the slurry

Wt. W g (2:59A)

Determine the weight of the filtered liquid

Sfrop5q 13100

Wt. Liquid = 2.58B-2.54B'=_[2s92295  (2.59B)

»

Determine the weighit of the filtered solidé

Comrt A ot pal. L Y YA
WSS ERAB . 5 (2580)
- ' s
* 260 Labelaglassijia‘las_ﬁ__f&;AQ-S Lebeled ashe joo a5 Clob-AQ-FR

(s will b yen s

ard ~%EB Liv Lo e
2.61 Dry_ Ciob -AQ-8at 105°C for a minimum of 1 b e PR s
-¥R

2.62 Cool _Cree -AQ-8 to ambient temperature in a desiccator
2.63 Weigh_ciog -AQ-8 A -F®

Wt _Crof -AQ-8=_[27.5i%Ug (2.63A)
. b ~AG_FR = A2.079]
2.64  Using several portions of deionized water, quantitatively transfer the washed solids from

the filter membraneto _ Ciog -AQ-8 PUb  chiobar o wegebC £l 0 5.

o Ll Do
2.65 Heat_ ¢'°t -AQ-8,at 80°C to evaporate excess water e o R

od B
2.66 Heat /%6 -AQ-8 at 105°C overnight

ol -8

2.67 Cool _c'0é -AQ-8,to ambient temperature in a desiccator

RANTET TD 2700&2 € - I



2.68 Weigh Ciot -AQ-8 4 -%8 .
Wt._cro, -AQ-8=_129.¢115g (2.684)
W C1ob- AR -FR =+ |pp, DY 3L
2.69  Determine the dry weight of the washed solids
Wt. Dry Solids = 2.68A-2.63A=_2.02%¢ p(2.69A)
U omas U 4 N = 7.47Y |
270  Determine the relative amounts of each wash solution needed to prepare the composite
liquid sample 2395 & _at"
A-".?_B- \bq'. D"L' \.'l’5
I¢ sotils heot Lot Total Wi, Liquids = 2,88+ 2.25B +2.42B +2.59B = 322413 g (2.704)
in o=y o He pelotio, . .
Comdue b G Luwstts . Wi Fraetion AQ-1 =2 8B/2 70A-=—— (2:76B)-
Wt Fraction AQ-3 =2.25B/2.70A= ¢ 2184 (2.70C)
- Wt Fraction AQ-5 = 2.42B/2.70A= - 112 (2.70D)
Wt Fraction AQ-7 =2.59B/2.70A=_©-3§22 (2.70E)

¥

{” ofﬂ

2.71
2.72

2.73

2.74

2.75

2.76

2.77

Label 2 20-mL HDPE sample vialas __ £ /106 -AQ-9 ~ > Wr=e.478z

Place _ <106 -AQ-9 on the balance and tare to 0.000g

Vit P74
Y-

ADVO .
£ 2N 4 Z 7

Place _<'°L -AQ-9 on the balance and tare to 0.000g

Add the following quantity of the solution in bottle _c/26 -AQ-3to Cio¢ -AQ-9

Quantity from _Cio¢ -AQ-3=10%270C=_J% 3184 ¢ wak (2.754)
' AT s mdwead by S hatiny
Record the weight of __Cio6 -AQ-9 o swipa— solids,
Wt._Cio¢ -AQ9=_3.1f42 ¢ (2.75B)

Place __ ¢to¢ -AQ-9 on the balance and tare to 0.000g
Add the following quantity of the solution in bottle _C/0f -AQ-5to_Cro¢ -AQ-9

Quantity from _Cro¢  -AQ-5=10%2.70D=_2-%!3 ¢ (2.774)

BNFIT.-TP-20953.8 SRS



Record the weight of ¢ 106 -AQ-9
Wt _Croc -AQ9=_2.97%% o (2.77B)
278  Place _ci0¢ -AQ-9 on the balance and tare to 0.000g
2.79  Add the following quantity of the solution in bottle _c/0¢ -AQ-7 to _Crot -AQ-9
Quantity from _Cio6* -AQ-7=10*2.70E=_3.90> ¢ (2.794)
Record the weight of __€/06 -AQ-9

Wt._ciob -AQ-9= 1%L o (2.79B)

TRl Wb se,( - . 01E9y 28298+ 3.4z jo. 0237 (ub ¢ wb il 2 o037 €925 40 5008 )

2.73  The washed solids and the composite wash solution are to be submitted for the analyses
*  listed in Table 1. The cognizant scientist will prepare the required ASR.

Part 3. Determination of Caustic-Insoluble Fraction

3.1 omogenize the stock HLW sample by stirring

3.2 Laby| a disposable filter unit (0.45-um nylon) as C/of -OH-1

33 | Weigh &

Wt._Cree -OH-1= g | (3.34)
Also weigh just the bdttom part of the filter unit; i.e., the receiving bottle and cap

W1. receiving bottle&cap = g (3.3B)
34 Connect _ &% -OH-1 to thé\yacuum line, but do not yet apply vacuum

3.5 Transfer enough of the homogenizéd HLW sample to give ~25 g solids to the filter

funnel of __Crol -OH-1
3.6 Apply vacuum to the filter unit. Disconnact from the vacuum once the liquid has filtered.

3.7 Place the cap on the top of the filter unit and\yeigh C/0¢ -OH-1

Carefully remove the funnel part of the apparatus frol the receiving bottle, place the cap
on the receiving bottle and weigh.

Wt. receiving bottle&cap

RNET _TD_200&2 ¢ =



3.8 Detgrmine the total weight of the sample -
Wt. Sample =3.7A-3.3A = g (3.84)
Determine the'weight of the filtered liquid
Wt. Liquid =3.7B-3.3B = g (3.8B)
Determine the weight of thefjltered solids
. Solids =3.8A-3.8B = g (3.8C)

% 39 Measure out the appropﬁatc volume of NaOH as instructed by the cognizant scientist
Ly into a plastic bottle : -"?n s e

ANt
';jj- ;'4 7_ Vol. Used = (3.9A)
3.10  Label an appropriately sized wide-mouthed HDPE bottle as _ €/ -OH-2
3.11 Weigh ¢ro4 -OH-2 |
Wt.__Cros -OH-2= 31.%21% o (3.11A)
3.12
3.13

3.14 Weigh ciot -OH-2

— .

I 50,2074 Wt. ¢iott -QH-2= S¢. sxivo (3.14A)
"”",,,w -“3“3)‘,\4’_;/'4“ —— — - TE
W Bl w34 M4 i

Wb, poekie afie v Determine the weight of the slusry sevrpy
i .2 = 1140
c‘-”'f t CIok-0H-2 = it M, I Sw\-nl’td

e e e R g Wt. Sherry =3.14A3.11A= 217 g (3.14B)
3.15  Equip_Cro¢ -OH-2 with a condenser, then place in an aluminum heating block at 85°C
3.16  Stirthe samplein _ €/06 -OH-2 at 85°C for a minimum of 8§ hours

Start date/time: 5 /re/99  [4: 22 bl

Stop date/time: $7¢' 454 q:3s”

BNFL-TP-29953-8 Drama 14 ~£A1



V}l\{qﬁ

pY ot
Wit 318 A3 A (5188 sl
3.19  Label a disposable filter unit (0.45-um nylon) as _cs0é -OH-3
320 Weigh c.06 -OH-3
Wt._Cre¢c -QH-3= (Y- 7449 o (3.204)
Also weigh just the bottom part of the filter unit; i.e., the receiving bottle and cap
Wt. receiving bottle&cap = 411§ o (3.20B)
321 Connect _c'26 -OH-3 to the vacuum line
4 we¥ . ’\.‘-L'
3.22  Filter the,Jeaching slurry™ ", ..
3.23  Disconnect from the vacuum once the liquid has filtered et
: bal—o
3.24  Place the cap on the top of the filter unit and weigh ¢/0¢ -0H-3 st ol D
Wt Crew -AQ-3= g (3.244)
Carefully remove the funnel part of the apparatus from the receiving bottle, place the cap
on the receiving bottle and weigh. o -
Mokt "Monitrr Hu clevi A splob'Be G 9.«1.?,;-'!-&.? y . = f
/44 BT Soleo Cliaw . " Wt. réceiving bottle&cap = _(45-97%5¢ o (324B) ,- ¥
}/-{ l\{(g';’ Lk Colin. e u:f,:\‘; 'C)J'
S/200%6  ared o\ clme )} ‘,,Jyw"#,.
3.25  Determine the total weight of the slurry r
Wt. Slurry =3.
Determine the weight of the filtered liquid
Wt. Liquid = 3.24B-3.20B=_104- °738;  (3.25B)
Determine the weight of the filtered solids
Wt. Soli : 25B= g (3.250)
3.25a Label a 20-mL HDPE sample vialas _Cr¢{ -OH-3A — «* = C.qu§2
3.25b Transfer ~15 mL of the filtered leachate solutionto __C/04 -OH-3A = “* = 23-44l¢
L3.9Y16-644F3 2 [6.%¥93 25 S n
3.26  Measure out the appropriate volume of 0.01 M NaOH as instructed by the cognizant

scientist into a plastic bottle

Vol. Used=_*1%°  mL (3.26A)

A "
FoTLY ;ruf

RNFT -TP.7Q082_% .



5/|I{‘i“

4
St

3.28

3.29

3.30

3.31

3.32

3.33

3.36

337

3.38
3.39

3.40

R
LT

; ' A
Weigh _ C/of -OH-2 - (o & FRES w#F
Wi iof -OH-2= g (3.28A)

Slurry the filtered solids using a portion of 0.01 M NaOH (volume = 3.26A + 5); transfer
this slurry to _ €16¢ -OH-2  Trmt Lot vmost of oo solids it & spetuda , Hiim rlovei<)
eyt L pol A agov.

Repeat step 3.29 four times to ensure complete transfer of the solidsto  </%6 -OH-2

Weigh Crog -OH-2

Wt _cioq -OH2=_INC.678Y o (3.314)
Determine the weight of the slurry e ”"’p
o
Wt. Slurry = 3.31A-3ﬂ/8A =_IY.fug (3.31B)

Equip _crot -OH-2 with a condenser, then place in an aluminum heating block at 85°C
Stir the samplein 06 -OH-2 at 85°C for a minimum of 8 hours

Start date/time: _ $//1/45 91720

17 L

Stop date/time: _ </12/94 F:0

YLl OFI.D = {2 A8 AN

\AAS 114 24 LTI =r2y

Label a disposable filter unit (0.45-um nylon) as ¢4 -OH-5
Weigh _ /0% -OH-5 s e Genme)
)
Wt._crof -OH-5=_s&.594¢c, - (3.37A)

Also weigh just the bottom part of the filter unit; i.e., the receiving bottle and cap

Wt. receiving bottle&cap = Y/ 451 (3.37B)
Connect _ Ci0f -OH-5 to the vacuum line
W A ageR
Filter the,wash slurry

Disconnect from the vacuum once the liquid has filtered

DATCT T ANALSS O



% 341 Place the cap on the top of the filter unit and weigh _¢/% -OH-5

sl

Wt._<ot -OH-5=_'6" 22¢3 (3.41A)
Carefully remove the funnel part of the apparatus from the receiving bottle, place the cap
on the receiving bottle and weigh. vok t SaloH - was oy qlovad (tamlon Hon o H-F)
NoH: Meniter £y Clavibied selobtn  fov precpiflt,
ST19/55 St hazy Wt. receiving bottle&cap = 133.17(q g (3.41B)

3.42  Determine the total weight of the slurry
Wt. Slurry =3.41A-3.37A = _10%. 32370 (3 424)
Determine the weight of the filtered liquid
Wt. Liquid =3.41B-3.37B=_4q7*¢ 5 (342B)

Determine the weight of the filtered solids

Wt. Solids =342A-3.42B=_10.5525 g (3.42C)
3.43  Measure out the appropriate volume of 0.01 M NaOH as instructed by the cognizant
scientist into a plastic bottle
Vol. Used=_~'v° mL (3.434)
1345 Weigh_<1°¢ .OH22 et S
Wt Cioc—<OF2 = T

3.46  Slumy the filtered solids using a portion of 0.01 M NaOH (volume = 3.43A + 5); transfer
thisslurryto __ €106 -OH-2  vsad & cpahele fo drevfor He bulk o6 s colids, e
Slovelol He vecl Wit 0,01 4 MsOH .
3.47  Repeat step 3.46 four times to ensure complete transfer of the solidsto c/o¢ ~QOH-2

348 Weigh Croe -OH-2

Wt C.fOé -0H.2= l'-l?.éfﬂaog (348A)
Determine the weight of the slurry it qﬂtun
b3 3

Wt Slurry =348A-345A= 1. £eM2g  (3.48B)
3.49  Equip _Cso06 -OH-2 with a condenser, then place in an aluminum heating block at 85°C
3.50  Stirthe samplein _ C/06 -OH-2 at 85°C for a minimum of 8 hours

Start date/time: _5/12/44 9:00 "
Stop date/time: S/i3f65 12355 2

RNFT -TP.70051.8 o e e



L + L1 A A =S
Wit ost=352A=3484 £ G-528)

/W 353 Label a disposable filter unit (0.45-um nylon) as  c.10¢ -OH-7

3.54 Weigh cio6 -OH-7
R cee)

@‘}Imhﬂ
Wi_Cioe -OH-7=£8.8763 5 (3.544)

Also weigh just the bottom part of the filter unit; i.e., the receiving bottle and cap
Wt. receiving bottle&cap = #/.4 737 (3.54B)

3.55 Connect ¢!/6t -OH-7 to the vacuum line
A5 T P 256, He BlhAT w Slod A e

. [ 4 }\'\J"

3.57 Disconnect from the vacuum once the liquid has filtered

| | _ , . Guadet #P
3.58  Place the cap on the top of the filter unit and weigh _¢/o¢ V £ Ll
- &
Wt_cof -OHF="___ g (3.584)
Carefully remove the funnel part of the apparatus from the receiving bottle, place the cap N
on the receiving bottle and weigh. W T Lo gy 2L 134D (a3 A-EHn .c::-
Nelts Aombw T o iB ol selohiem Gov I},.‘UP.'M Y0795 Caep
STING9  fadish SOUS  poeri—t Wt. receiving bottle&cap = /45~ 4375g (3.58B)
; ‘ M“_“n}
3.59  Determine the total weight of the slurry = Coded ~ t

/

Wt. Slurry = 3.58A-3,544= g (3.59A)

- Determine the weight of the filtered liquid

43,651
Wt. Liquid=3.58B3.54B=_1 236, 350p)

Determine the weight of the filtered solids

Wt. Solids = 3.59A-3:59B = — g (3.59C)

3.60 Labelaglassvialas _C/06 -OH-8 o owsthr 5 Clob-oH-%¥R

RNFT .TP.7Q082.8 ™ e~ ,an



e Ciob-OH-¥R

3.61 Dry_ <ot -OH-8,at 105°C for a minimum of 1 h %

et Cl0b- OH -2R
3.62 Cool _Cioé -OH-8.to ambient temperature in a desiccator

3.63 Weigh ¢t -QH-8 ¢+ Clob-oH-gR -

o Wt._c/06-OH-8=/327.3351¢ (3.63A)
it g X W cio6 -okEB = 4. /77 (
" : seV w.3.64  Using several portions of deionized water, quantitatively transfer the washed solids from
‘““’ 5;»*"_ e the filter membrane to _ /26 -OH-8 Po¥ shv b with magudbe golids o
WV w0 d cob-od KB Clot-ou¥013
4 o 3.65  Heat_crol -OH-8 at 80°C to evaporate excess water
w5t pd ClO6-of -¥ B e\ sl Y.L
3.66 Heat_C/°t -OH-8at105°C overnight . 98 # _
A Li06-on-¥1 satie s olatbe solid a—ousd 1
3.67 Cool _go¢ -OH-8,to ambient temperature in a desiccator walls of 106 OH- 2.
3.68 Weigh_cro¢ -OH-8 A ciob -oH-&B ‘
: 453
Wt._ero¢ .oH8= 23377 (3.68A)
L. Liob —OH-EB = 97, 4 500 T, S
3.69  Determine the dry weight of the washed solids EeS (IR Ligk, el
Wt. Dry Solids = 3.68A-3.63A=_¢€-5°66 g(3.69A)
3.70  Determine the relative amounts of each wash solution needed to prepare the composite
liquid sample acit :
i . “‘\l'ﬂ.f{ 30
36 em bt b S~ Total Wi, Liquids = 3.42B +3.59B =, 25677 5 (3.70A)
I A R et
ookt G- L wn B ction OH-5 = 3.42B/3.70A= O .453 (3.70B)
Wt Fraction OH-7 = 3.59B/3.70A= &Y 797 (3.70C)

3.71  Label a 20-mL HDPE sample vial as __Ciof -OH-9
372 Place __Cios - -35-9 on the balance and tare to 0.000g
3.73  Add the following quantity of the solution in bottle _Cso¢ -OH-5 to _Cio¢ -OH-9
Quantity from _¢rse -OH-5=10*3.70B=_“.253 , (3.73A)
Record the weight of _¢/0( -OH-9
Wt._Cioy -OH9= 4.2%%34 o (3.73B)
3.74 Place <o) . -EQHFQ on the balance and tare to 0.000g
3.75  Add the following quantity of the_solution inbottle _ ©/06 -OH-7to _ce¢ -OH-9

Quantity from _¢/% -OH-7=10*3.70C= S,747 (3.75A)

RNFT -TP-70033_% ' =R



Record the weight of _ 1oL -OH-9
™ {e ]

pAb Wt._Ci0¢ -0H-9= 5" 5149 ¢ (3.75B)

3.76  The washed solids, the leaching solution, and composite wash solution are to be

submitted for the analyses listed in Table 1. The cognizant scientist will prepare the
required ASR.

END of Work Instructions
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Protocol for Dissolving Sample C106-AQ-8B

Purpose

The purpose of this protocol is to dissolve the magnetic solids stuck to the stir bar from the C-106
washing test so that they can be analyzed.

Instructions
1!{‘1“ :
sl 1. Weigh C106-AQ-8B
Wt. C106-AQ-8B= 49.8543g  (la)

2. Add 10 mL of concentrated (12 M) HCI (Ultrex-grade) to C106-AQ-8B o
- - ‘-.

Al theriem

3. Place the cap loosely on C106-AQ-8B a.nd stir gently to dissolve the solids fc =~ < '; it
Gl . Lo
Nedued susly 1 b
4. Once all solids are dissolved, transfer the solution to a 25-mL volumetric flask. Mosh. @lids A esel =t
Bl oot B s - o £ 1 bt (b e tale_ -l
5. Rinse C106-AQ-8B with several small portions of deionized water, transferring the rinse wsi:-h-me-l

liquid to the volumetric flask. ¢oalids ford T w0l fsk as Lilobed wHG 4,0,
Mo LTiy ek
s /14

6. Fill the volumetric flask to the 25-mL mark with deionized water, then mix. A oosterrstt + = .
. S sl oLS 'b ""w . L---‘N &
7. Transfer the solution from-the-volumetrie-flask to a clean vial labeled as po=p- L sk
: C106-AQ-8B1. 0403 & o s eallecled -
8. Allow C106-AQ-8B to dry, then weigh
Wt. C106-AQ-8B=_99.7527 o (8a)
9. Determine the weight of the solids N ™

- L)
s 5 h‘ul [N 28

Wt. solids = la— 8a= ©-1o1 /g WA ‘(9a) w gt

—

10. C106-AQ-8B1 will be submitted for analysis as prescribed in an ASR prepared by the
cognizant scientist.

o i -LJ.

€Dy iAo Lisedlee - Lot KwO, = Jddd wf ‘-‘*—*rw[D"L"‘
' : (TP T SRSy . X
Tvisd 13 Sl ik (e il A ook sLisse 7 b4

qu.po»-I‘J qu'pf-s L\f L...‘f_'"s_‘_.




Protocol for Dissolving Sample C106-OH-8B

Purpose

The purpose of this protocol is to dissolve the magnetic solids stuck to the stir bar from the C-106
washing test so that they can be analyzed.

Instructions
1. Weigh C106-OH-8B

520/ Wt. C106-OH-8B = 47 Nsog o (1a)
2 Transfer stir bar with solids to a pyrex beaker

£ Add 10 mL of concentrated (16 M) HNO; (Ultrex-grade) to the beaker
Gy adk mok ol discios ardded anoogl toc. HE| "
4, Heat to near boiling to dissolve the SOlids 1, pmr #u shio bos ™ solids, Conblomed £ bt

- loors &lmath all colids bad Lissolorsd.
s L & Hrealad to Awive oF

5. Once all solids are dissolved, transfer the solution to a 25-mL volumetric flask. " e il 2
6. Rinse the beaker with several small portions of deionized water, transferring the rinse  (op'ad down
liquid to the volumetric flask. B pasty wes.
7. Fill the volumetric flask to the 25-mL mark with deionized water, then mix. Aoldot ~zs=t ©2f :’_ e
; g & Heatuut /:f—.’ﬂ““
8. - Transfer'the solution from the volumetric flask to a clean vial labeled as SQ\VJ g
g s < - oliels
C106-OH-8B1. Sppet solivs iko clop-onFEL. all g lank. in SHIOK,
N

9. Transfer the stir bar from the beaker back into C106-OH-8B and allow to dry £ umpordid o ey e

10.  Weigh C106-OH-8B Dotad in owtn ok 105%
Wt. C106-OH-8B=_95.5%44Y ¢ (10a)

11. Determine the weight of the solids

Wt. solids = la— 10a=_1.9N6% ¢ (11a)

12. C106-OH-8B1 will be submitted for analysis as prescribed in an ASR prepared by the
cognizant scientist.
] & s e ' A0 o
b/2H/ ¥4 Wi wad e wisht of He olyied cdlids o b fet st ek amlunies
-5 walgha!  Ha solds —= Vog242y
s Te fos ot el aad o asld e e
of  aliguohs ueeed b Cositon,

logyzt ©- 1079 + o017 =
v 4

A
L‘JL'\N

%



Protocol for Isolating Solid From C106-AQ-3

Purpose
The purpose of this protocol is to isolate the precipitated solids from solution C106-AQ-3 so that
they can be analyzed.
Instructions
1. Label a 0.45-um Nylon filter unit as C106-AQ-3* r o ¥ saltc s,
2. Swirl the solution in C106-AQ-3 to suspend the solids then filter in C106-AQ-3*
3. Disassemble the filter unit and put the cap on the reservoir with the clarified liquid.
4. Label a glass vial as C106-AQ-3Solid and weigh
Wt. C106-AQ-3Solid = _2(. 1177
5. Using a spatula, transfer the filtered solids to C106-AQ-3Solid.
6. Allow solids to air-dry, then weigh
Wt. C106-AQ-3Solid = _22.7132 o
Wt. Dry Solid= 0.7¢s”
7. C106-AQ-3 Solid will be submitted for analysis as prescribed in an ASR prepared by the

cognizant scientist.

NoH Y Tlet wet o {aw lids (eff i C10b-AQ@-3. DT eb~
WIEE  mellnS v cee € e %, Pl S fed  coeg sel Ll
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Analytical Chemistry Laboratory (ACL) Analytical Services Request (ASR)

(Cover Page ... information applicable to all samples in series)

Aoty 4. FnlZ S/ 21/55  _376-8911 p7-25
$ignature/Date Phane MSIN

Requested By:_Gregg J. Lumetta
Print Name

Requester - Please Complete A1l Fields In This Section, Unless Specified “Optional™ or ASR is a Revision

Request ID (optional):

PNL Project Number (if known): 1Ay 5

Work Order/Pkg.: WYEHEL

Cost Estimate (§):

Protocol Requirement: X None _ RCRA _ CERCLA, or

Other (specify):

Katrix: _XSamples vary (specify on Request Page). or
Liquid: _ Agueous _ Organic __ Multi-phasic
Solid: _ Seil __Sludge _ Sediment _ Glass
__Filter _ Smear _ Metal _ Organic __ Other Solids
Solid/Liquid Mixture: __ Gas:

Biological: _ Tissue __Urine __Feces

Hold Time Requirement: ANone _ RCRA _ CERCLA, or

Other (specify):

TPA Support: X No, or

Milestone No.:

QA Plan:

XMCS-033, or

Other ACL QA Plan (specify):

Additional QA Requirements: x No, or

Reference Doc.:

ACL COC Req’d (PNL-ALO-010): xNo _ Yes

Sample Storage Requirements: XNo _ Refrigerate, or

Other (specify):

Date Sampled (optional):

Time Sampled (optional):

__Sample Information Check List, or

ASR S275

Process Knowledge:

Reference Doc.:

PCBs Present: x No Yes

Euet witn O pweer T

k el sposal .

Untreated Sample(s): _ Return X Dispocse _ Store, or

Sample Disposition ...

Reference Doc.:

Prep‘d Sample(s): ><Dispose _ Return _ Store, or

Reference Doc.:

X Mo, or

Additional Instructions:

Reference Doc.:

7/4/99

Date Report Req'd:

Send Report to: G.J. Lumetta

MSIN: P7-25 Phone: 37b- b4

Fax (optional):

For ACL Use Only ... Do Hot Complete This Section

Aol le/] s/28f

Date Delivered:

Time Delivered (optional):

Deliv. By (if known):

&, /%0}&5

Received By:

Resp. ACL Mgr.:

/Ji.w\é/m,e

Signature/Date:

Job Group (optional):

Sample Group (optional):

PNL Impact Level: 1 2 3

DQ Review Req‘d: X_No __Yes ACL Waste:

ASR Number: 539 _7
ACL Numbers: @‘I—/Q?JJ F/qq : /??4)

No _ Yes

Revision: _ Yes
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Special Instructions

L.

2

Plastic sample vial should be used whenever practical.
All samples should be shaken to mix thoroughly before sub-sampling. (gspga A Soud s)
Visual checks for solids should be performed for the liquid samples.

Before transferring liquid samples to clean vials for removal from the SAL, gross weights
should be obtained on the original samples. This will allow us to assess whether evaporation
has occurred.

Dilutions should be based on volume. For dilutions made in the SAL, the weight of each
aliquot used will be recorded along with the volume used.

Solid samples should be dried at 105°C immediately prior to processing.

If limited sample quantities require elimination of analyses or a compromise on detection
limits, the following priorities are established for this sample set:

ICP/AES

Total Alpha
GEA

Sr-90

TOC/TIC

IC (anions)
ICP-MS (Tc-99)
ICP-MS (Full)
24]Am/ 243+24-4Cm
10. Zfpw PH¥py
11. Laser Fluorimetry (U)

0 0oind O Lh i WIS

12, CVAAHg
13. Total CN
14, Ammonia
15. C-14



ASR 5397: Additional Special Instructions

Recommended sample sizes and final volume & recommended distribution volumes

Siniple:Lab"N umberi
= f;Samp'léfsize SIZe
Solutlons 99-1881 thru 99 1886 Drled Solids: 99- 1887
Dilution 0.5mLto SmL  TOC/TIC 2mL Dilutions 0.5 g to 10 mL ICP 4 mL
IC 2mL IC 3mL
AcidDig.2mL to 20 mL  ICP 7 mL Dried Solids: 99-1889, 99-1893
ICP/MS (Tc-99) 7 mL KOH Fusion 0.2 g to 20 mL ICP 7 mL
Rad (Note A) SmL Scale Flux to ICP/MS (Note B) 8 mL
0.2 Sample Size Rad (Note D) SmL
Solutions: 99-1890, 99-1891, 99-1894
Acid Dig. 4 mLto20mL ICP 7mL Na202 Fusion 0.2 g to 20 mL ICP 7mL
ICP/MS (Note B) 8 mL Scale Flux to
Rad (Note C) SmL 0.2 Sample Size
Dried Solids: 99-1888**, 99-1892 **
KOH Fusion 0.15 g to 20 mL ICP 7 mL
Scale Flux to ICP/MS (Note B) 8 mL
0.15 Sample Size Rad (Note D) 5mL
Na202 Fusion 0.15gto 20 mL  ICP 7 mL
Scale Flux to
0.15 Sample Size
Water Leach 0.25 gto 10 mL IC 5mL
Ammonia SmL
Note A: Rad = GEA, Sr-90, Gross alpha, and U-laser
Note B: ICP/MS = Tc-99, I-129, Np-237, U-iso, Pu-iso Direct TOC/TIC 0.1g
Note C: Rad = GEA, Gross alpha, and U-laser Mercury 0lg
Note D: Rad = GEA, Sr-90, Gross alpha, U-laser, C-14 01g
Am/Cm, Pu-238, Pu- 239+240 Total CN 0.15g

** Perform all analysis in duplicate. More 99-1892 material

available, sample sizes may be increased per RT Steele

If prepared in the SAL: For TOC/TIC, C-14, Hg , and CN attempts should be made to pre-weigh samples in appropriate
"containers" prior to distribution (e.g., CN in distillation tubes, TOC/TIC in weigh bottles, etc)
Contact MJ Steele for TOC/TIC & C-14, JJ Wagner for Hg, and PK Berry for CN.

If dose levels prove to be too high for safe distribution of samples contact appropriate cognizant analyst for
additional dilution levels: JJW for ICP & Hg, OT Farmer for ICP/MS, MJ Steele for IC & TOC/TIC & C-14,
CZ Soderquist for Rad & Ammonia; PK Berry for CN

If insufficient quantities of sample are available for processing or distribution contanct MW Urie



Table 4.2 Analytical Requirements for Filtrate, Washed Solids, and Yash Solutions
Analyte WWashed Solids Filtrate, Wash Solutions
Minimum Reportable Quantity Minimum Reportable Quantity
(MROQ) uCr/gm (MRQ) uCvm!
¥ Cestum-137 6.0E-02 9.0E+00
% Strontium-90 7.01E+01 1.5E-01]
% Technetium-99 6E+00 pem/em 1.5E-03
Americium-241 1.2E-03 7.2E-04
Europium-154 6.0E-02 2.0E-03
Europium-155 6.0E-02 9.0E-02
> Total Alpha 1.0E-03 2.3E-01
ugm/gm pem/ml
Al 3.3E+02 7.5E+01
Ag 9.0E+02 1.75E+01
Ba 6.0E+02 7.8E+01
Ca 1.8E+02 1.5E+02
Cd 1.1E+0! 7.5E+00
Co 3.0E+00 3.0E+01
> Cr 1.2E+02 1.5E+01
Cu 1.8E+01 1.7E+01
> Fe 1.4E+02 1.5E+02
K 1.5E+03 7.5E+01
La 6.0E+01 3.5E+01
Mg 5.4E+02 1.5E+02
Mn 3.0E+02 1.5E+02
Mo 6.0E+00 9.0E+01
* Na 1.5E+02 7.5E+01
x Ni 1.6E+02 3.0E+01]
Pb 6.0E+02 3.0E+02
¥ Si 3.0E+03 1.7E+02
Ti 1.5E+02 1.7E+01
5% U 6.0E+02 6.0E+02
Zn 6.0E+00 1.65E+01
Zr 6.0E+02 N/A
> TOC 6.0E+01 1.5E+03
TIC 3.0E+01 1.5E+02
Cl 2.3E+02 3.0E+00
F 7.5E+03 1.5E+02
* NO3 4 5E+02 3.0E+03
AvS S04 1.2E+03 (as 8) 2.3E+03
F* P04 6.0E+02 (as P) 2.5E+03
wh o \a'? ot ~
" s [T 4 “
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Battelle Pacific Northwest National Laboratory

Radiochemical Process Group

Shielded Facility Operations Team

Shielded Analytical Laboratory

C-14

N/A

Tank C106 Core(s)
Project Id: 29953 WP Number: W48486
TI/ASR Number: ASR 5397
Sample Sample Sample Spike Spike Spike
Sample Tare Gross Net Tare Wt Gross Net Spike
Ident. Wt (g) Wt (g) Wt (g) (@) Wt (g) Wt (g) Ident.
99-1888
C106-AQ-8 §a.97214 -’;’9»9((3/ 0'09/7
99-1892 | _ '
C106-0H-8 42.6923 |42.9130|p. ] 207
-1892-DUP ; '
106-04-8  |46.06%4 44,197/ 0./ 287
99-1892-MS | | P
C106-00-8  |¢2.83/ 42455 |0, 1 245
qG-1g9z-Msz
Ciob-oH-§ |44 938 \un. 9425 \0. 1147
M&TE : (/u:m 2 (360-06-01-016) Other
Cell 5 (360-06-01-019)
Denver (360-06-01-040)
Mettler AT201 (510-06-01-014)
nna1%if;//,/;7 Date: Reviewer: Date:

7 / *




Pacific Northwest National Laboratory
Radiochemical Processing Laboratory
Shielded Facility Operations Team

Shielded Analytical Laboratory

Bench Sheet
GJ LUMETTA W48486

ASR 5397

Client: WP Number:

TI#/ASR: Procedure: BENCH INSTRUCTION

C106 Zr FUSION DILUTIONS
SAMPLE IDENTIFICATION

PIPET PERFORMANCE CHECK DATA

DILUENT PIPET

&
SAMPLE PIPET  pr4) @ 25 £

‘ 7%2341—-/ b-/Y-77

/%J L

A ?5’3’.5%; X = 4. 940> ?, K- Adé/gr X = ‘S—Tﬂ(’ff_?;a
4. 0Ghe 52 . 033 5200979 S- . D035
A ?54’7[3 50 = .4?2 S 40 ‘?fgr,ﬁ'&r L0007
4.9¢7 ;L%_ Wel> 4. 9557 . f«mff;?} Wl = 550190 mt,
4.9 76 TG, grater
d Jd
DILUENT | DILUENT |[DILUENT |SAMPLE | SAMPLE | SAMPLE
SAMPLE ID TARE GROSS | NET TARE GROSS NET - | .
99-1888-Zr-PB PROCESS BLANK |/2.9 432 | 13.°9792| 5. 0305-134.656 9 |39. 9457 |5.15°5%
99-1888-Zr C106-A0-8 23-‘?7?;3 29,0395 |5. 0 b6b (39.99 % 4 |44-H38Y|s /1540
99-1888-Zr-DUP C106-AQ-8 25.037§ |34. /07215, L 7Y |44 4301 |49 6122\5.1F 7¢
99-1889-7r C106-AQ-8B1 /9. 7/85 |2 4.12¢4|5.0 57 |3¢4.0467 |37 4524 |5. 2037
99-1892-Zr C106-0H-8 oo /269 |29, 2295 |570535137- 4195 |44 63757| 5. J7¢0
99-1892-7r-OUP C106-0H-8 |49 5599 |34, 2533|51 452 444384 |47-6433 |52 2037
99-1893-Zr  C106-0H-8B1  |/5i9/4 ¢ |30, 5082 |5: 05734 40620 |3/-3653|5. 36 42
SRM 2710-Zr  LCS/99-18B8/Zr |26.945820|24.01583 T5.65¢313/.362¢ |34 - 976 7|5 183/
M&TE: _ X Cell 2 (360-06-01-016) Mettler AE160 Balance Other
__ Cell 5 (360-06-01-019) Sartorius LP4200S Balance
_____Bench (510-06-01-014) Mettler AT201 Balance
_X_ Bench (360-06-01-040) Denver A160 Balance
| Analyst: Date: Date:




Pacific Northwest National Laboratory
Radiochemical Processing Laboratory
Shielded Facility Operations Team

Page 1 of _1

Shielded Analytical Laboratory
Bench Sheet

M&TE: Cell 2 (360-06-01-016)

Mettler AE160 Balance Other

Client: GJ LUMETTA WP Number: W48486
TI#/ASR: _ ASR 5397 " Procedure: BENCH INSTRUCTION
AQUEQUS SAMPLE DOSE RATES
SAMPLE IDENTIFICATION
{--ommmmm - CP Readings----===--=cc-ccoooocmia oo }
Sample Ident. | Open Closed Open Closed Open Closed
Window @ Window @ Window @ Window @ Window @ | Window @
Contact Contact 6" 6" jz2" 12"
C106-SOL-50-1 | 745 /17| 0§ H#S~ o . | £ /
C106-AQ-9 5D . 4,5 il / 4 i
C106‘OH-3A /7I g / Y 7 0?').--* /‘/ /‘ J/“
A Y M.c///p puwledrecred
APPROXIMATE SAMPLE YOLUMES IN mL: C106-SOL-50-1 S o ' ' '
C106-AQ-9 ——ﬁ Sd}i-‘_fg aas A?uh.
C106-0H-3A 5#5

Cell 5 (360-06-01-019) Sartorius LP4200S Balance

Bench (510-06-01-014) Mettler AT201 Balance

(360-06-01-040) Denver A160 Balance
Date:
L3377

Bench

~ Analyst: Reviewer;




Pacific Northwest National Laboratory Page _1 of _1
Radiochemical Processing Laboratory
Shielded Facility Operations Team

Shielded Analytical Laboratory
Bench Sheet

GJ LUMETTA WP Number: W48486

Client:
TI#/ASR: __ASR 5397 " Procedure: ___ BENCH INSTRUCTION
AQUEQUS SAMPLE PRE-PROCESSING WEIGHT DATA
SAMPLE IDENTIFICATION

Vial.Gross
ACL No. |Sample Identification Weight (g)
99-1881 | C106-SOL-30-1 Jp.5H 70 ‘
99-1882 | C106-SOL-30-2 9. 9233
99-1883 | C106-SOL-40-1 j6.314 6
99-1884 | C106-SOL-40-2 /0. /43 |
99-1885 | C106-SOL-50-1 G. 3734 A Looks like Sirre hos Jeard out
99-1886 | C106-SOL-50-2 0. /754
99-1887 | C106-AQ-3SOLID N2, )14
99-1890 | C106-AQ-9 /5 §L5E
99-1891 | C106-0H-3A /7.73 12~
99-1894 | C106-0H-9 23, HY6 7

M&TE : / Cell 2 (360-06-01-016) Mettler AE160 Balance Other

Cell 5 (360-06-01-019) Sartorius LP4200S Balance

Bench (510-06-01-014) Mettler AT201 Balance
Bench (360-06-01-040) Denver Al60 Balance

Analyst:

Date: Reviewer: Yx?éi;;? Date:
Q%béé_ﬁ— y- 77 f/‘/{,'\,’_ Sl leele /;//‘;/29
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Battelle Pacific Northwest National Laboratory :
Radiochemical Process Group Page _.1 of _1_
Shielded Facility Operations Team

Shielded Analytical Laboratory

WATER LEACH
Tank C106 Core(s) _-- N/A
Project Id: 29953 | WP Number: W48486
TI/ASR Number: ASR 5397
Sample Sample | Sample DIW | DIW DIW
Sample Tare Gross Net Tare Wt Gross Net Spike
Wt (g) Wt (g) Wt (g) (9) Wt (g) Wt (qg) Volume
99-1888-PB : : L )
PROCESS BLK V4.9/7¢  |#.577¢ 0 J4 5176 (2570317 g.2/4/
99-1888 gy Tobr N P -
C106-AQ-8  VS- Q838 /55407 |0.9549 554y |as. 3068 9. 7573
99-1888-DUP e . o .
C106-AQ-8 15,3427 1/5.503) |p.ag16 V55637 [35.3497|9, §407
99-1892 n I3 .. _ |
r106-0H-8  [/S.Q4b3 |/154]45 |p.3¢83 V54145 |2.3241 /0. 7174
-1892-DUP T _ '
) Cf06-OH-8 /5. QV?é /S GI06 034674 154/6T A5. 9234 /A_B/éé
Spike 1d: '
M&TE : 2{ Cell 2 (360-06-01-016) Other
Cell 5 (360-06-01-019)
Denver (360-06-01-040)
Mettler AT201 (510-06-01-014)
Analyst: Date: Reviewer: Date:

spce— bo1-77 ] ééﬁ'{%f
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Battelle Pacific Northwest National Laboratory

Radiochemical Process Group

Shielded Facility Operations Team

Shielded Analytical Laboratory

TIC/TOC
Tank C106 Core(s) N/A
Project Id: 29953 WP Number: W48486
TI/ASR Number: ASR 5397
Sample Sample Sample Spike Spike Spike
Sample Tare Gross Net Tare Wt Gross Net Spike
Ident. Wt (g) Wt (g) Wt (g) (9) Wt (g) Wt (g) Ident.
99-1888 :
C106-AQ-8  |3/7973 37.955%¢ | 0.0613
| 99-1888-DUP _ H
C106-AQ-8  |43-3542~ |43, 4436 |p, 0778
3 74
R s
99-1892 ,
C106-0H-8  |43. 6L~ |42.8740|.007 §
99-1892-DUP - S .
C106-0H-8 | 33.33°97 |33,.3545|.003%
99-1892-MS T i
C106-0H-8  |34-852F |34.9555 |, p0é O
MATE: _ X Cell 2 (360-06-01-016) Other
Cell 5 (360-06-01-019)
Denver (360-06-01-040)
Mettler AT201 (510-06-01-014)
Analyst: Date: Reviewer: Date:
wl  fe)P-Z5 ﬁ& &( i b ustrs




Battelle Pacific Northwest National Laboratory

Radiochemical Process Group

Shielded Facility Operations Team

Shielded Analytical Laboratory
Cyanide Analysis

Tank C106 Core(s) N/A
Project Id: 29953 WP Number: W48486
TI/ASR Number: ASR 5397
Sample Sample Sample Sample Sample Sample
Sample Tare Gross Net Sample Tare Gross Net
Ident. Wt (g) Wt (g) Wt (9) Ident. Wt (g) Wt- (g) Wt (g)
99-1888 _ : B J—99-1892-MSD .
C106-A0-8  |/7:5949 |14.7494|2./532" | cl06-04-8  |/6-058F |/4.2/ 750, 1570
99-1888-DUP B - |
C106-A0-8  |[/4:748Y |4 905110./5 67
-1892 I . ,
106-0H-8 |/ 7051 1150590 1, /529
99-1892-DUP ~ : '
C106-0H-8 |/5°7678 \15:9/74 |p. 14 7¢
99-1892-MS -~ : - —
C106-OH-8 Vo~ 7Y 605797 |p, 7475
M&TE : Zg Cell 2 (360-06-01-016) Other
Cell 5 (360-06-01-019)
Denver (360-06-01-040)
Mettler AT201 (510-06-01-014)
Reviewer: Date:

~alalyst:

Date:

pﬁ’?«%fa/ fig57.




Battelle Pacific Northwest National Laboratory
Radiochemical Process Group
Shielded Facility Operations Team

Shielded Analytical Laboratory
Mercury Digestion

Tank €106 Core(s) N/A
Project Id: 29953 WP Number: W48486
TI/ASR Number: ASR 5397
Sample Sample Sample Spike Spike Spike
Sample Tare Gross Net Tare Wt Gross Net Spike
Ident. Wt (g) Wt (g) Wt (g9) . (g9) Wt (g) Wt (g) Ident.
99-1888 )
Cl06-AQ-8  |272.4¢/3 |27.5¢4] |0, /1237
99-1888-DUP e .
c106-A0-8 73475 Dr4asy) |6.097¢
1-1892 . -
106-00-8  [2.8760 |27.4313 |p, 7353
99-1892-DUP . g . s R
Cl06-08-8  |R4-5€57|27.00/9 |p. 1454
99-1892-MS
C06-0h8  |AF3204 294683 |p, 095 2
M&TE: _ ¥ Cell 2 (360-06-01-016) Other
Cell 5 (360-06-01-019)
Denver (360-06-01-040)
Mettler AT201 (510-06-01-014)
gJalyst: Date: Reviewer: Date:
2@/@,&/ f-)2- 55 s W%&/ (L8198
7 7 v
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Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

Client : Lumetta

Cognizant Scientist:

Concur:

ALO ID
Client ID

99-1881
C106-SOL-30-1

99-1882
C106-SOL-30-2

99-1883
C106-SOL-40-1

99-1884
C106-SOL-40-2

99-1885
C106-SOL-50-1

99-1886
-C106-SOL-50-2

99-1890
C106-AQ-9

PB-1891
Process Blank

99-1891
C106-OH-3A

99-1891 DUP
C106-OH-3A

RPD

99-1891 Rep

99-1894
C106-OH-9

99-1894 REP
C106-0OH-9

RPD
Lab Blank

Matrix Spike

Reagent Spike

D WO

99-1881
8/11/1999

/(96
S3-(149

Date :
& ‘Sﬁjfk'ﬂ = Date :
Measured Activities (uCi/ml)

Alpha Co-60 Cs-137 Eu-154 Eu-155 Am-241
+1s +1s +1s +1s +1s +1s
2.25E-3 8.30E4 4.78E+D <4E-4 <6E-3 <6E-3
7% 10% 2%
1.50E-3 7.64E4 4.84E+0 <6E-4 <6E-3 <BE-3
8% 10% 2%
1.70E-3 1.08E-3 5.60E+0 <6E-4 <7E-3 <7E-3
7% 8% 2%
3.09E-3 1.23E-3 5.13E+0 <4E-4 <BE-3 <BE-3
6% 7% 2%
4 87E-3 1.20E-3 6.26E+0 <1E-3 <1E-2 <iE-2
6% 12% 2%
3.92E-3 1.22E-3 6.31E+0 <7E4 <7E-3 <7E-3
5% 8% 2%
1.03E-3 1.47E-3 3.58E+0 1.63E-3 <4E-3 <4E-3
7% 5% 2% 9%
<B8E-5 <5E-5 <5E-5 <2E-4 <2E-4 <2E-4
9.16E-3 9.54E4 2.04E+1 <8E-4 <9E-3 <QE-3
2% 10% 2% '
8.56E-3 1.04E-3 1.98E+1 <7E4 <9E-3 <9E-3
2% 8% 2%
7% 9% 3%

1.00E-3 2.02E+1 <7E-4 <9E-3 <9E-3

8% 2%
1.31E-3 6.00E4 1.90E+0 <2E4 <3E-3 <3E-3
6% 8% 2%
1.40E-3
6%
7%
<2E-6
88%
107%

Page 1 of 1



Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

Client : Lumetta

Cognizant Scientist: M

ALOID
_ Client ID

99-1881
C106-S0OL-30-1

99-1882
C106-SOL-30-2

99-1883
C106-SOL-40-1

99-1884
C106-S0OL-40-2

99-1885
C106-S0OL-50-1

99-1886
C1086-SOL-50-2

99-1890
C106-AQ-9

PB-1891
Process Blank

99-1891
C106-OH-3A

99-1891 DUP
C106-OH-3A

RPD
99-1891 Rep

99-1894
C106-OH-9

99-1894 REP
C106-OH-9

RPD
Lab Blank

Matrix Spike

99-1881
8/11/1899

sl /49

Date :
Concur : C ZWIDA'C{ = Date : SU(?’qq
Measured Activities (uCi/g)
Alpha Co-60 Cs-137 Eu-154 Eu-155 Am-241
+1s +1s t1s +1s t+1s +1s Vol, ml Wt, g
2.15E-3 7.94E-4 4.57E+0 <4E-4 <6E-3 <6E-3 2.00 2.0901
7% 10% 2%
1.43E-3 7.28E-4 4.62E+0 <G6E-4 <BE-3 <6E-3 2.00 2.0969
8% 21% 2%
1.61E-3 1.02E-3 531E+0 <6E-4 <7E-3 <7E-3 2.00 2.1084
7% 9% 2%
2.93E-3 1.16E-3 4.86E+0 <4E-4 <6E-3 <B6E-3 2.00 2.1124
6% 7% 2%
4.55E-3 1.12E-3 5.85E+0 <9E4 <9E-3 <9E-3 1.00 1.0697
6% 12% 2%
3.71E-3 1.15E-3 5.96E+0 <7E-4 <7E-3 <7E-3 2.00 2.1158
5% 8% 2%
9.81E-4 1.40E-3 341E+0 1.55E-3 <4E-3 <4E-3 4.00 4.1998
7% 5% 2% 9%
<7E-5 <4E-5 <4E-5 <2E-4 <2E4 <2E-4 4.00 4.5360
8.0BE-3 8.41E-4 1.80E+1 <7E-4 <8E-3 <8E-3 4.00 4.5360
2% 10% 2%
7.56E-3 9.19E4 1.75E+1 <6E-4 <8E-3 <8E-3 4.00 45275
2% 8% 2%
7% 9% 3%
8.85E4 1.79E+1 <6E-4 <8E-3 <BE-3 4.00 4.5208
8% 2%
1.25E-3 571E-4 1.81E+0 <2E-4 <3E-3 <3E-3 4.00 4.2058
6% 8% 2%
1.33E-3 4.00 4.2058
6%
7%
<2E-6
88%
107%

Reagent Spike

Page 1 of 1



Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

Client : Lumetta

Cognizant Scientist: ML—%W/ Date :

Concur: (— -Sm&é’qut—,. Date :
]"

99-1881
7/9/99

o

Page 1 of 1

2999
Measured Activities

Uranium Sr-90
ALO ID pa/mL uCi/mL
Client ID + 1s + 1s Vol, ml Wt, g
99-1881PB 3.89E-1 <2E-4 2.00 2.0901
Process Blank 2%
99-1881 2.45E+1 9.87E-2 2.00 2.0901
C106-S0OL-30-1 4% 3%
99-1882 = 2.83E+1 6.70E-2 2.00 2.0969
C106-S0L-30-2 4% 8%
99-1883 3.08E+1 1.05E-1 2.00 2.1084
C106-S0L-40-1 . 4% 3%
99-1884 2.72E+1 1.51E-1 2.00 2.1124
C106-SOL-40-2 4% 4%
99-1885 3.50E+1 2.26E-1 1.00 1.0697
C106-S0OL-50-1 4% 3%
99-1886 3.26E+1 1.15E-1 2.00 2.1159
C106-S0OL-50-2 4% 3%
99-1890 9.86E+0 4.00 4.1998
C106-AQ-9 4%
99-1891 4.03E+1 4.00 4. 5360
C106-0OH-3A 4%
99-1891 DUP 3.97E+1 4,00 4.5275
C106-0OH-3A 4%
99-1894 B.61E-1 4.00 4.2058
C106-0OH-9 2%
99-1894 REP : 4.00 4.2058
C106-OH-8
Lab Blank < 2.00E-5 < 3E-5
Matrix Spike 99%
Reagent Spike 95%



Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

Client : Lumetta

Cognizant Scientist:

%&M’:“/ _ Date :

Concur : 5 ov\zftf W Date :
Measured Activities

Uranium Sr-90

ALO ID ralg uCilg

Client ID + 1s + 1s

99-1881PB 3.72E-1 <2E-4

Process Blank 2%

99-1881 2.34E+1 9.44E-2

C106-S0OL-30-1 4% 3%

99-1882 2,70E+1 6.39E-2 )

C106-S0L-30-2 4% 8%

99-1883 2.93E+1 1.00E-1

C106-S0L-40-1 4% 3%

99-1884 2.58E+1 1.43E-1

C106-S0L-40-2 4% 4%

99-1885 3.27E+1 2.11E-1

C106-S0L-50-1 4% 3%

99-1886 3.08E+1 1.09E-1

C106-S0L-50-2 4% 3%

99-1880 9.39E+0

C108-AQ-9 4%

99-1891 3.65E+1

C106-0H-3A 4%

99-1891 DUP 3.51E+1

C106-0H-3A 4%

99-1894 5.34E-1

C106-0H-9 2%

99-1894 REP

C106-0H-9

Lab Blank < 2E-5 <1E-2

Matrix Spike 99%

Reagent Spike 95%

Page 1 of 1
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7/9/99
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Battelle Pacific Northwest Laboratory
" Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

oo ot

Client : Lumetta

Cognizant Scientist:

Concur:

ALOID
Client ID

99-1888PB
Process Blank

99-1888
C106-AQ-8

99-1888 DUP
C106-AQ-8

RPD

99-1889
C108-AQ-8B1

99-1892
C106-OH-8

99-1892 DUP
C106-OH-8

RPD

99-1893 =
C106-0OH-8B1

99-1893 REP
C106-OH-8B1

RPD

Matrix Spike
Blank Spike
Biank

99-1888
7/9/99

Date : 7/‘/?/€ 7

C . Sodergyuc> pate: 2129
> AR 3
Measured Activities (uCi/g)
Cm-243/ Pu-239/
Alpha* Am-241 Cm-244 Cm-242 Pu-240 Pu-238 Pu-236 Alpha*
Error % Error% Error% Emor% Error% Error%  Error % Sum
1.20E-2 7.20E-4 5.43E-4 <7.E-6 7.28E-4 B.72E-4 <2.E-5 2.86E-3
24% 8% 9% 8% T%
4 89E+0 242E+0 5.1BE-2 583E-3 284E+0 5.19E-1 <1.E-3 5.84E+40
2% 5% 10% 27% 4% 4%
4 67E+0 2.22E+0 6.15E-2 3.34E-3 2.72E+0 4.96E-1 <2.E-3 5.50E+0
2% 5% ~10% 36% 4% 4%
5% 9% 17% 54% 4% 5% 6%
1.26E+0 4.10E-1 3.16E-2 249E-3 7.43E-1 2.00E-1 <3.E4 1.39E+0
2% 5% 8% 23% 4% 5%
1.47E+0 8.34E-1 2.23E-2 163E-3 1.20E+0 1.69E-1 <4 E-4 2.23E+0
2% 5% 9% 30% 4% 5%
1.62E+0 8.34E-1 3.08E-2 1.096-3 B.33E-1 1.88E-1 <5.E4 1.89E+0
2% 5% 8% 38% 4% 5%
10% 0% 32% 40% 36% 11% 17%
4 91E-1 2.69E-1 5.31E-3 3.93E4 3.16E-1 5.54E-2 <2.E-4 6.46E-1
3% 5% 13% 45% 4% 5%
4 89E-1 2.6BE-1 5.59E-3 5.78E-4 2.90E-1 4.96E-2 <2 E4 6.14E-1
3% 5% 8% 22% 3% 4%
0% 0% 5% 38% 9% 1% 5%
75% 92% 95%
105% 91% 108%
<3.E-6 <3.E4 <2.E4 <7.E-5 <2.E-5 <2.E-5 <9.E-6

*Due to alpha self-absorption effects, the sum of the alpha emitters is a more reliable estimate of total alpha activity.
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Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

Client : Lumetta

Cognizant Scientist:

Concur:

ALOID
Client ID

99-1888PB
Process Blank

99-1888
C106-AQ-8

99-1888 Rep
C106-AQ-8

RPD

99-1888 DUP
C106-AQ-8

RPD

99-1889
C106-AQ-8B1

99-1892
C106-OH-8

99-1892 DUP
C106-OH-8

RPD

99-1893
C106-OH-8B1
Matrix Spike
Blank Spike
Blank

PRY e

Q. So&xt{ws

Measured Activities (uCi/g)

Uranium
ug/g Sr-90
Error +/- Error +/-
1.18E+1 1.25E-1
2% 4%
1.78E+2 9.13E+2
2% 3%
9.56E+2
3%
5%
1.73E+2 9.16E+2
2% 3%
3% 0%
2.21E42 1.23E+2
2% 3%
1.44E+2 2.66E+2
2% 3%
2.08E+2 3.20E+2
2% 3%
36% 18%
2.10E+2 1.32E+2
2% 3%
99%
95%
<1.E-2

99-1888
7/9/99

Date :

Date :

2/9/% 7
7- 199



Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building 99-1888
Radioanalytical Applications Team 8/12/98

Client : Lumetta

Cognizant Scientist: % Date :

Concur : ! Date :

Measured Activities (uCi/g)

ALOID C-14
Client ID Error + /-
99-1888 7.73E-3
C106-AQ-8 2%
99-1892 1.76E-3
C106-0H-8 4%
99-1892 DUP 5.95E-4
C106-0OH-8 8% E
RPD 99%
Matrix Spike 82%
Matrix Spike Dup 25%
Blank Spike 65%
Blank Spike Dup 41%

Note: Sample recoveries were very low and not reproducible. The duplicate of sample C106-OH-8
disagrees with a high RPD of 99%. The reason for these poor results are not understood.




Project Number
alle,

&% Battelle

o ) o
Pacific Northwest Laboratories e

: : 329 File
Date June 25, 1999 B LSO

To Mike Urie

From Tom Farmer

Subject ICPMS Analysis BNFL samples
(ALO# 99-1881 through 99-1894)

Pursuant to your request, the samples that you submitted for analysis were analyzed on
our radioactively-contained ICPMS for the selected analytes; semiquantitative analysis
was necessary on certain isotopes for which a standard was not available (see below).
The concentraticn results for the isotopes of interest are displayed on the attached
spreadsheets.

Dilutions of Isotope Products standards for 2%, 23U, 2’Np and **Pu, an Amersham *Tc
standard and an NIST isotopic uranium standard (4321B) were used to generate the
calibration curves. Independent standards, from the same vendors, of each analyte
were used as the continuing calibration verification (CCV) standards. A duplicate and a
spike sample were also analyzed. The 1% high-purity nitric acid solution used to dilute
the standards and samples was used as a reagent blank.

The **Tc values reported assume that the Ru present is exclusively fission-product Ru,
and therefore does not have an isotope at m/z 99; i.e., everything observed at m/z 99 is
due to **Tc. From the appearance of the Ru isotopic abundance, this appears to be a
reasonable assumption; the fingerprint exhibited is obviously not natural. Approximate
"“"Ru concentrations have been provided for your information.

Interference corrections were performed on the following isotopes: | (xenon
corrected), ?**Pu (Uranium hydride corrected). Printouts of the spreadsheet calculations
for these corrections have been provided in the data package.

The results are reported in pug analyte /g (ppm) of original sample material for the fusion
samples and ng analyte /g (ppb) of original sample material for the acid digestion
samples. The overall uncertainty of the values is conservatively estimated at +10%,
and is based on the precision between consecutive analytical runs as well as the
accuracy of the CCV standard results.

Values for the following isotopes were obtained using responses from related isotopes:
2% (obtained from #*U), and **Pu (obtained from 2**Pu). Because standards were not
used and the concentrations of the isotopes were determined indirectly, these results
should be considered semiquantitative. Printouts of the spreadsheet calculations are
provided in the data package.

If you have any questions regarding this analysis, please give me a call at 372-0700 or
James Bramson at 376-0624.
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Lumetta Tc-99 Analysis.
June 24, 1999 /(’W
é/z E/ﬁ?

Results are reported in ng/g (ppb) of o_riginal sample.
The uncertainty of the results is estimated at +10%.

Sample ICP/MS Tc-99 *Ru-101
Number Number ng/g ng/g
1%HNO3 9621at

1%HNO3 9621a6

1%HNO3 9621a26

Prep Blank 9621a8 1
BS - 1881 9621a20 2+0.58 .=

99-1881 cwb-ta-%-1  ggoqa9 2700
99-1881 (Dup.) 9621a18 2900
99-1882 cewte-2-r 9621310 2100
99-1883 cioesu-¥-'  ggD{511 2200
99-1884 cie-¥°"  gEo1a1D 2000
99-1885 tiskseL-s0-' 9621313 2800
99-1886 cot=2*°  gg21a14 45 2000
99-1886 (Spike) 9621a22 -

Spike Recovery

99-1890 cwe-48-9 9621315 95 400
99-1891 crot-21"36 9621223 N2 2100
Dupe - 1891 9621a24 e 2100
MS - 1891 9621a25 2100
99-1894 C10i-2%-4 9E21a1Q 3050 50
“ﬁ' |
10ppb Tc-99 9621a7 : §

10ppb Tc-99 9621a30

10ppb Co 9621a27

50ppb Co 9621a28

*Calculated using response of indium. For information only.

To (-mv"*"‘ Lon hj/) +0A«f-‘/j'-

ny . 0.0t of . u
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R\%Baﬂelle Project No. 29953

Putting Technology To Work

= Internal Distribution

Date July 9, 1999 i File/LB
To G. Lumetta
From M. Urie %f‘()%&/

Subject Carbon Analysis Results for C-106 SOL,
AQ, and OH Samples

The analysis of the C-106 liquid and solid samples submitted under ASR 5397 was performed by the
hot persulfate wet oxidation method, PNL-ALO-381, rev. 1. The hot persulfate method uses acid
decomposition for TIC and acidic potassium persulfate oxidation at 92-95 °C for TOC, all on the same
weighed sample, with TC being the sum of the TIC and TOC.

The samples were analyzed on June 28-30, and Table 1 below shows the results, rounded 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.

Most liquid sample were analyzed directly (i.e., no preparative or analytical.dilution), and are reported in
microgram of carbon per milliliter of original sample. Sample C-106-SOL-50-1 appeared to have a
high solids conterit and was diluted approximately 10 fold with DIW prior to carbon analysis. It should
be noted that all liquid samples contained visible quantities of solids. Although the liquid samples are
reported by volume, the liquid samples were also weighed and the results can be corrected to
micrograms of carbon per gram of sample, if required.

Per instructions, sample C-106-AQ-3Solids was dissolved in DIW prior to carbon analysis. The carbon
results on the resulting solution are adjusted for the dissolution and reported in micrograms of carbon
per gram of sample. All solids samples were analyzed directly and reported in micrograms of carbon
per gram of sample.

Inadvertently, carbon analysis of the water leaches of the solids C-106-AQ-8 and C-106-OH-8 was also
performed. Although carbon analysis of the water leaches was not requested, the results are reported,
as microgram of leached carbon per gram of sample, for information only. Since these carbon
analyses were not request, no project funds were use for the analysis.

QC Narrative

The TIC standard is calcium carbonate and TOC standard is a-Glucose (the certificates of purity are
attached). The standard materials were used in solid form for system calibration standards as well as
matrix spikes. TIC and TOC percent recovery are determined using the appropriate standard (i.e.,
calcium carbonate for TIC or glucose for TOC).

E54-1900-001 (4/96)



G. Lumetta
July 9, 1999
Page 2

The QC for the methods involves calibration blanks, system calibration standards, sample
duplicates, and one matrix spike per matrix type. The QC system calibration standards were all
within acceptance criteria, with the average recovery being 98.9% for TIC and 96.6% for TOC.
The calibration blanks were acceptable, averaging 15 pgC for TIC and 39 pgC for TOC.

The accuracy of the carbon measurements can be estimated by the recovery results from the
matrix spike. The matrix spike recoveries from liquid sample C-106-SOL-30-1 were 99% for
TIC and 80% for TOC, both within the acceptance criteria of 75% to 125%. The matrix spike
recoveries from solid sample C-106-OH-8 were 131% for TIC and 77% for TOC. Since
C-106-OH-8 has very little TIC, the TIC spike should demonstrate nearly 100% recovery. Both
the TIC and TOC spikes are added to the sample at the same time. The recovery of the “total
carbon” added to C-106-OH-8 was 112%, suggesting a significant matrix effect on the TOC
spike. The high variability of the TOC result for C-106-OH-8 also adversely affects the TOC
spike recovery. :

The precision (estimated by the Relative Percent Difference between duplicates where the
carbon concentration is greater than 5 times the method detection limit) was good, with RPDs
being well within the acceptance criteria of 20%, except for sample C-106-OH-8. The poor
precision on C-106-OH-8 was demonstrated in both the direct solids analysis and on the leach
solutions from the solids, suggesting significant sample heterogeneity.

Some results are reported as less than (“<”) values. These less than values represent the
sample MDL (method detection limit), which is the system MDL adjusted for the volume or mass
of sample used for the analysis. The system MDL is based on the attached pooled historical
blank data. .



G. Lumetta

July 9, 1999

Page 3

Table 1: TIC, TOC, and TC Results

Review/Approve: %ﬂ@ m; 7_, i 77

Archive Information:

Vol TIC TIC RPD TOC TOC RPD TC TC RPD

ALO Number |Sample ID {ml) Dilution | {ug C/ml) (%) {ug C/ml) (%) (ng C/ml) (%)
|los-1881 C106-SOL-30-1 0.10 1.00 1,810 6,740 8,550

99-1881 Rep C106-SOL-30-1 0.10 1.00 1,820 1 6,630 2 8,440 1
99-1881 MS C106-SOL-30-1 0.10 99% 80% 90%
99-1882 C106-SOL-30-2 0.10 1.00 1,900 6,880 8,780
99-1882 Rep C106-SOL-30-2 0.10 1.00 1,940 2 7,780 12 9,710 10
99-1883 C106-SOL-40-1 0.20 1.00 2,140 8,020 10,200
99-1883 Rep C106-SOL-40-1 0.20 1.00 2,020 6 7,560 6 9,580 6
99-1884 C106-SOL-40-2 0.20 1.00 1,760 7,120 8,890
99-1884 Rep C106-S0L-40-2 0.20 1.00 1,740 1 7,060 1 8,800 1
95-1885 C106-SOL-50-1 0.40 10.86 2,110 8,220 10,300
99-1885 Rep C106-SOL-50-1 0.38 10.86 2,240 6 8,260 1 10,500 2
99-1886 C106-SOL-50-2 0.20 1.00 2,150 7,560 9,710
99-1886 Rep C106-SOL-50-2 0.10 1.00 2,180 1 7,850 5 10,100 4

Vol Leach TIC TIC RPD L. pe * |TOCRPD TC TC RPD
ALO Number |[Sample ID (mil) Dilution | (ug C/g) (%) (ug C/g) (%) (ng Clg) (%)
99-1887 PB Prep Blank 2.00 2043 < 140 < 400 < 540
99-1887 C108-AQ-3Solid 0.20 20.43 2120 140,000 143,000
99-1887 Rep C106-AQ-3Solid 0.20 20.43 1,700 n/a 140,000 0 142,000 1
99-1888 C106-AQ-8 (Leached) 1.00 38.99 < 600 9,580 9,580
99-1888 Dup C106-AQ-8 (Leached) 1.00 38.70 < 600 n/a 6,790 n/a 6,790 n/a
95-1892 C106-0H-8 (Leached) 0.10 30.09 < 4500 96,700 96,700
99-1892 Dup C106-0OH-B (Leached) 0.10 29.54 <4500 nfa 122,000 25 122,000 25

wit TIC TIC RPD TOC |TOC RPD TC TC RPD
ALO Number  |Sample ID (@) wecl) | (%) | wocr) | %) | wecm) | (%
99-1888 C106-AQ-8 0.0613 6,410 31,300 37,700
99-1888 Dup C106-AQ-8 0.0788 6,470 1 28,300 10 34,700 8
99-1892 C106-OH-8 0.0078 1,400 150,000 151,000
99-1892 Dup C106-OH-8 0.0038 <1700 n/a 121,000 22 121,0GC 23
99-1892 Spike |C106-OH-8 0.0060 131% 77% 112%

«
Nt frndE /TR

| Files: ASR 5397 Lumetta.doc, ASR 5397 Lumetta.xls
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Putting Technology To Work : Project No. 29953

~ Internal Distribution

Date JU|\/ 19, 1999 )
To Gregg Lumetta

From Pam Berry 2y 34, 7/la/ss

subject  Cyanide Results for Samples C106-AQ-8
and C106-0OH-9

CN Results Spike
: Sample Duplicate | RPD | Recovery
ALO# ClientID (ug/g) (na/g) (%) (%)
99-1888 C106-AQ-8 10.4 18.5 56
99-1892 C106-0OH-8 5.0 4.0 23
99-1892 spike | C106-0OH-8 spike 12.0 99
99-1892 spike | C106-0OH-8 spike 10.5 - 83

The CN results for two C106 tank samples analyzed on July 2, 1999 per ASR 5397
are reported in the table above. The sample aliquots were weighed in the Shielded
Analytical Laboratory and delivered, ready for distillation, to Laboratory 400.in the"
Radiochemical Processing Laboratory. The samples were distilled with the addition of
sulfamic acid to ensure there would be no interference if nitrates were present in the
sample. The samples were analyzed using a Lachat QuickChem AE Autoanalyzer
(WC36517). The reporting limit is estimated to be 0.2 mg/kg.

An independent calibration check solution run at the beginning and end of each
analysis batch gave an average recovery of 109%. Both samples were prepared and
analyzed in duplicate. In addition, sample C106-OH-8 was prepared in duplicate for
matrix spikes. The spike recoveries were within the control limits (+15%). The solid
laboratory control standard (ERA-LSC) recovery was 116%, which is greater than the
control limit (85% to 115%). A rerun of that same control standard a week later
gave a 113% recovery. The distilled standard recoveries are slightly high, which may
indicate a slightly high bias in the reported results. The sample, duplicate, and matrix
spike results are reported in the table above.

The matrix spike recoveries, i.e., 99% and 93%, are well within the acceptance

criterial of 75% to 125%. The relative percent difference (RPD) between the samples
and duplicated exceed the acceptance criteria of 20% for both samples. Both

E54-1900-001 (4/96)



Gregg Lumetta
July 19, 1999
Page 2

samples, but particularly C106-AQ-8, appears to have significant sample
heterogeneity. The C106-AQ-8 duplicate was outside the original calibration curve so
it was diluted and rerun. The analysis of the d1|uted sample verified the initial
analytical result.

All sample preparation sheets, standard preparation information, and analytical data
are included with this report.

7%/()%/ 7/20 v

Concur Date

Memo File: CN ASR 5397 Lumetta.doc  Spreadsheet File: CN ASR 5397 Lumetta.xls




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

WO/Project: W48486/29953
Client: G. Lumetta

ACL Numbers: 99-1881 through 99-1888, 99-1892

Client ID: C106 SOL and AQ Series

ASR Number: 5397

Total Samples: 6 liquids, 3 solids

Procedure: PNL-ALO-212, "Determination of Inorganic Anions by Ion
Chromatography" (IC).

Analyst: M]J Steele
Analysis Date: June 16-22, 1999
See Chemical Measurement Center 98620: IC File for Calibration and Maintenance

Records.

M&TE Number: IC instrument -- WD25214
Mettler AT400 Balance — Cal. No. 360-06-01-031

Analysﬂ/@JM 7/ /
Approval: /W L{)%_J /&z/ G
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Battelle PNNL/RPG/Inorganic Analysis --- IC Report

Final Results:

Four liquid samples were analyzed by ion chromatography (IC) for inorganic anions as specified
in ASR 5397. The liquid samples were diluted at the IC workstation up to 1,000-fold to ensure
that all anions were within the calibration range. The solids samples were dissolved
(C106-AQ-3Solids) or leached (C106-AQ-8 and C106-OH-8) with DIW, and then diluted at the
IC workstation similar to the liquid samples. The anion results are presented in the table below.

LIQUIDS
F Cl NO, Br NO, PO, SO, C,0,
LABID SAMPLEID | ug/ml | ug/ml | ug/ml | ug/ml | ug/ml | ug/ml | ug/ml | ug/ml
99-1881 C106-SOL-30-1| <250 410 970 <250 <500 <500 <500 21,400
99-1882 C106-SOL-30-2| <250 440 980 <250 <500 <500 <500 22,700
99-1883 C106-SOL40-1 <250 470 <500 <250 <500 <500 <500 24,300
99-1884 C106-SOL40-2| <250 450 950 <250 <500 <500 <500 24,300
99-1885 C106-SOL-50-1| <250 470 1,000 <250 <500 <500 <500 25,900
99-1885 MS| ....50-1 MS 101% 105% 101% 105% 101% 102% 103% 107%
) 99-1886 C106-SOL-50-2| <250 510 1,100 <250 <500 <500 <500 28,000
SOLIDS _
F Cl | NO, Br NO, | PO, SO, C,0,
Prep Fctr|[LAB ID SAMPLE ID ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g
19.4  |99-1887 C106-AQ-3Solid | <5,000 | <5,000 | <10,000| <5,000 | <10,000 | <10,000| <10,000 | 495,000
343 99-1888 PB DIW Leach Blk <9 10 <17 <9 <17 <17 41 29
39.0 |99-1888 C106-AQ-8 300 12,000 <400 <200 3,000 < 400 < 400 20,300
38.7 99-1888 Dup | C106-AQ-8d 360 5,800 < 400 <200 1,300 <400 < 400 9,700
RPD| 18% 70% n/a n/a 79% n/a n/a 71%
30.1 99-1892 C106-OH-8 <8,000 { <8,000| <15,000| <8,000 | <15,000| <15,000| <15,000 355,000
29.5 99-1892 Dup C106-OH-8d <8,000 [ <8,000| <14,800| <8,000 | <15,000| <15,000| < 15,000 | 434,000
RPD| n/a n/a n/a n/a n/a n/a n/a 20%

RPD = Relative Percent Difference (between sample and duplicate); n/a = sample and/or duplicate less than MDL.

Q.C. Comments:

Following are results of quality control checks performed during IC analyses. In general, quality
control checks met the requirements of the governing QA Plan, MCS-033.

Matrix Spiked Sample: The matrix spike recovery for samples C106-SOL-50-1 ranged from
101% to 107%, well within the acceptance criteria of 75% to 125%.

Duplicate: No liquid sample duplicates were identified. Solid sample C106-AQ-8 and
C106-OH-8 were leached and analyzed in duplicate. Sample C106-OH-8 barely met the relative

ASR 5397 Lumetta.doc

Page 2 of 3




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

percent difference (RPD) acceptance criteria of 20%, and sample C106-AQ-8 demonstrated very
poor reproducibility. The duplicates of C106-AQ-8 appear to be different by a factor of two;
however, reanalysis of the leach solution verified the concentration of both the sample and the
duplicate. Basically, the leach reproducibility of the solids samples appears to be very poor; this
was also demonstrated in other analyses (e.g., ICP and TOC/TIC).

System Blank/Processing Blanks: Twenty system blanks were analyzed during the analysis of
all of the sample. Only bromide on two system blanks and nitrate on one system blank were
measured above the lowest calibration standard. However, no bromide was detected in any of
‘the samples, and the blank nitrate values was the initial system blank and does not effect the
sample reported values.

Quality Control Calibration Verification Check Standards: Twelve mid-range verification

standards were analyzed throughout the analysis run. For all reported results, except on chloride
result, the concentrations of all analytes of interest were recovered within the governing QA Plan
acceptance criteria of 90% to 110% for the verification standard. The single chloride failure
(80%) had no effect on the reported results; a immediate reanalysis of the chloride standard
demonstrated nearly 100% recovery.

Notes:
1) "Final Results" have been corrected for all laboratory dilution performed on the sample
during processing and analysis. E

2) The low calibration standards are defined as the estimated quantitation limit (EQL) for
the reported results and assume non-complex aqueous matrices. Actual detection limits
or quantitation limits for specific sample matrices may be determined, if requested.

3) . Routine précision and bias is typically + 15% or better for non-complex aqueous samples

that are free of interference and have similar concentrations as the measured anions.
Sample-specific precision and bias may be determined on each sample if required.

ASR 5397 Lumetta.doc Page 3 of 3
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QL 16

T -Mike-Urie qur_%%}_uw}‘f&,
From Chuck Soderquist < hvde Sbﬁ[% 7-2399

Subject Ammonia Analysis

We've completed the ammonia analysis of samples C106 AQ-8 and C106 OH-8. The results are
in the attached report.

Ammonia was measured by ion selective electrode in water solutions of the samples (slurries for
the solids). The high dissolved solids in these samples required that we measure ammonia by
standard addition. The samples were made strongly basic before ammonia measurement, so that
all ammonium ion was converted to ammonia and accurately measured. Certain organic amines
will interfere and show up as ammonia; if any such amines are present in these samples, then the
data is biased high. (Metals complexed by ammonia, such as zinc, cadmium, copper, and
mercury, do not interfere in this method.)

Theé ammonia probe gave a highly linear calibration over the range of 10 to 10* molar ammonia,
and the slope dropped only slightly down to 10 molar. The slope went to zero a little below 10°®
molar. The detection limits on the report are conservatively based on 10°® molar, although the
probe will measure down to about 5 x 10”7 molar with a smaller, non-linear slope.

The ammonia probe’s slope was measured before, after, and periodically throughout the analysis.
Between 10° molar and 10?2 molar, the slope was reproducible to + 5%, 1s. Deionized water
blanks were also taken periodically throughout the analysis to confirm that the probe was
uncontaminated with ammonia.

Uncertainty estimates were based on the uncertainty in the voltage change from the standard
addition and the uncertainty of the electrode slope. The other sources of uncertainty are from
volume and weight measurements, which are small compared to the uncertainty in the voltage
and slope measurements. 1s uncertainty was calculated by adding 0.2 mV to the voltage change
from standard addition and adding 5% to the slope.

The two samples have detectable ammonia, but the accompanying hot cell blank has about the
same amount. The two sample solutions, their duplicates, and the accompanying blank solution
had between 2.7 x 10° and 5.0 x 10°® molar ammonia, not much above the detection limit of 1 x
10® molar. The ammonia concentration for sample C106-AQ-8 is suspiciously close to the hot
cell blank ammonia concentration. Sample C106-OH-8 has about 5 times as much ammonia as
the hot cell blank.

E54-1800-001 (4/96)
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The duplicates of sample C106-AW-8 agree well, considering how close the results are to the
detection limit. The duplicates of sample C106-OH-8, however, are about 3s apart.

Whin!



Battelle, Pacific Northwest National Laboratory 99-1888 NH3
Richland, WA 5 7/22/99
Radiochemical Processing Group

Client: Lumetta
Cognizant Scientist:  C —Sb(iqub ~23Y

v
Concur: muwvmé 7239/

Lab NH; Concentration, Detection
Sample Number Hgpergtis Limit
Hot Cell Preparation Blank 99-1888 PB 2.2 +20% 0.4
C106-AQ-8 99-1888 36 +20% 0.6
99-1888 Dup 4.3 +20% 0.6
C106-0OH-8 99-1892 9.5 +7% 0.5
99-1892 Dup 13.2 +6% 0.5

The detection limit is 10° molar NH,, corrected for the particular sample's
dilution, converted to ug NH5 per gram sample.

Periodic checks of the electrode slope gave a stability of + 5% (1s)
over the time the samples were analyzed. Each sample was measured
by standard addition.

Page 1 of 1



Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...

ICPAES Data Report

Project: 29953
Client: - G. J. Lumetta

ACL Number(s): 99-1881 through 99-1894

Client ID: “C106-SOL-30-2" through “C106-OH-9”

ASR Number: 5397

Total Samples: 14 -

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

Analyst: DR Sanders
Analysis Date (Filename):  7-2-99 (A0532), 7-9-99 (A0534), 7-14-99 (A0535) -
See Chemical Measurement Center 98620: ICP-325-405-1 File for Calibration and

" Maintenance Records.

M&TE Number: ICPAES instrument -- WB73520
Mettler AT400 Balance -- Ser.No. 360-06-01-029

Q_AM (.‘_}dﬁu———/ 7 -30-97
/ .f Revibived by

“ﬁ//ﬁ%, £2-3-9%

Concur

7/30/99

Page 1



Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report-

Nine radioactive liquid samples, C106-SOL-30-1 through C106-SOL-50-2, C106-AQ-9, C106-
OH-3A and C106-OH-9 (ACL# 99-1881 through 99-1886, 99-1890, 99-1891, and 99-1894),
were analyzed by ICPAES after preparation by the Sample Receiving and Preparation Laboratory
(SRPL). Samples were prepared by SRPL using PNL-ALO-128 acid digestion procedure.
Approximately 2ml to 4ml of sample (weighed) was processed and diluted to a final volume of
20ml. Most of the liquid samples contained some visible solids before processing. Sample
C106-OH-3A (ACL# 99-1891) was completely clear (no visible solids) before processing. After
digestion all samples were clear and did not require filtering.

One radioactive solid sample, C106-AQ-3Solid (ACL# 99-1887), was analyzed by ICPAES after
preparation by SRPL. Approximately 0.5g of sample was dissolved in water using an ultra-sonic
water bath, filtered through 0.45pum membrane filter and diluted to a final volume of 10ml with
water. :

Four radioactive samples of dried solids: C106-AQ-8, C106-AQ-8B1, C106-OH-8 and C106-
OH-8B1 (ACL# 99-1888, 99-1889, 99-1892 and 99-1893), were analyzed by ICPAES after
preparation by the Sample Receiving and Preparation Laboratory (SRPL). Approximately 0.1g
aliquots were used to prepared samples using both fusion procedures PNL-ALO-114 Na,O,/Zr
and PNL-ALO-115 KOH/Ni. After samples were fused they were diluted to a final volume of 50
ml. Samples were diluted approximately 2-fold before moving to the analytical laboratory by
SAL because of ALARA radiation dose concerns. Additional dilution, up to 10 fold, was
performed during ICPAES analysis because of high aluminum, calcium, iron and sodium
concentration levels. Duplicate samples were also prepared of C106-AQ-8 and C106-OH-8
using both fusion procedures.

All measurement results reported have been corrected for preparation and analytical dilution.
Analytes of interest include Ag, Al, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, La, Mg, Mn, Mo, Na, Nj, P,
Pb, Si, Ti, U, Zn and Zr. All results reported are in pg/g including liquid samples as requested by
the client. Volumes and weights have been recorded on bench sheets (included with raw data,
etc.).

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

Five fold serial dilution:
(Solid samples) All results are within tolerance limit of < 10% after correcting for
dilution.

7/30/99
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report -

(Aqueous samples) All results were within tolerance limit of < 10% after correcting for
dilution except Al (approximately 11%) in sample C106-SOL-30-2
(ACL# 99-1886). Other analytes in the same dilution were off by
about the same percentage. The discrepancy is likely due to a pipetting
error. Seven other diluted samples prepared similarly were all within
the < 10% tolerance limit.

Duplicate RPD (Relative Percent Difference):

(Solid samples) All analytes of interest were recovered within tolerance limit of £ 20%
relative percent difference (RPD) except for Ag (41%), Ca (23%),
Mg (44%) in sample C106-AQ-8 (ACL# 99-1888 Na/Zr fusion) and
Si (29%) in the KOH/Ni fusion of the same sample.

Also Ag (78%) in sample C106-OH-8 (ACL# 99-1892 Na/Zr fusion)
and Ca (58%), Pb (37%), Si (27%) and Zr (93%) in the KOH/Ni fusion
of the same sample exceeded the tolerance limit of <20% RP.

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

Post-Spiked Samples (Group A):

(Solid samples) All analytes of interest were recovered within tolerance of 75% to
125%.

(Aqueous samples) All analytes of interest were recovered within tolerance of 75% to
125%.

Post-Spiked Samples (Group B):

(Solid samples) All analytes of interest were recovered within tolerance of 75% to
125%.

(Aqueous samples) All analytes of interest were recovered within tolerance of 75% to
125%.

Blank Spike:

(Solid samples) A blank spike is not require for fusion prepared samples.

7/30/99
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...

(Aqueous samples)

Matrix Spiked Sample:

(Solid samples)

(Aqueous samples)

ICPAES Data Report -

All analytes of interest in the blank spike were recovered within
tolerance limit of 80% to 120% except Ag (33%) in sample C106-

SOL-30-1 (ACL# 99-1881-BS). Chloride from the sample or from the
hydrochloric acid used to prepare the sample using PNL-ALO-128
digestion procedure may have precipitated the silver resulting in low
recovery.

A matrix spike is not require for fusion prepared samples.

All analytes of interest in the matrix spiked sample C106-SOL-30-1
(ACL# 99-1881-MS) were recovered within tolerance limit of 75% to
125% except Ag (63%). Chloride from the sample or from the
hydrochloric acid used to prepare the sample using PNL-ALO-128
digestion procedure may have precipitated the silver resulting in low
recovery.

Quality Control Check Standards:

Concentration of all analytes of interest within tolerance limit of +
10% accuracy in the standards: QC_MCVA, QC_MCVB, and -
QC_SSTMCYV. Calibration Blank (ICP98.0) concentration was less
than two times IDL. '

High Calibration Standard Check:

7/30/99

Verification of the high-end calibration concentration for all analytes
of interest was within tolerance of + 5% accuracy except for K.
Potassium was slightly high, between 6% and 7%, in the high-end
calibration check standard measurements of QC_SST. The slightly
high measurement results were likely due to sample carry-over from
analysis of KOH/Ni fusion reagents. Since potassium is not reported
for KOH/Ni fusion prepared samples, measurement results are not

.affected.
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...

Process Blank:
(Solid samples)

(Aqueous samples)

ICPAES Data Report-

All analytes of interest were within tolerance limit of < EQL or -< 5%
of sample concentration except Mn (<12% of sample concentration)
and Na (< 32% of sample concentration) in PNL-ALO-115 KOH/Ni

fusion prepared samples.

No significant blank contribution found for PNL-ALLO-114 Na/Zr
fusion prepared samples.

All analytes of interest were within tolerance limit of < EQL or < 5%
of sample concentration except Si (similar in concentration to the
samples) in PNL-ALO-128 acid digestion prepared samples.

Laboratory Control Standard (LCS):

(Solid samples)

(Aqueous samples)

All analytes of interest at a concentration equal to or greater than EQL,
except Ni, were recovered within tolerance limit of 75% to 125% in
both fusion prepared LCS standards. SRM-2710 Montana Soil was
used for the LCS in both PNL-ALLO-114 and PNL-ALO-115 fusion
preparations. Nickel recovery in the Na/Zr (PNL-ALO-114) fusion
prepared LCS was unusually high, about four times greater than the
process blank concentration. Previous LCS measurement results have
all been below EQL for nickel. Contamination during sample
preparation of the LCS is suspected since the concentration is so much
higher than normal.

No LCS was prepared for PNL-ALO-128 acid digested 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%.

7/30/99
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...

ICPAES Data Report -
Comments: i
1) "Final Results" have been corrected for all laboratory dilution performed on the sample during
processing and analysis unless specifically noted.
2) Detection limits (DL) shown are for acidified water. Detection limits for other matrices may be
determined if requested.
3) Routine precision and bias is typically + 15% or better for samples in dilute, acidified water (e.g.
2% v/v HNO; or less) at analyte concentrations greater than ten times detection limit up to the
upper calibration level. This also presumes that the total dissolved solids concentration in the
sample is less than 5000 pg/mL (0.5 per cent by weight).
4) Absolute precision, bias and detection limits may be determined on each sample if required by the
client.
5) The maximum number of significant figures for all ICP measurements is 2.
7/30/99
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report F29¢19'3

Multiplier= 1.0 | 9.6 19.1 19.0 18.9
ALO#= [99-1881-PB @ 1 99-1881 99-1882 @2 99-1883 @2 99-1884 @2
Client ID= |Preparation Blank C106-S0L-30-1 C106-SOL-30-2 * |c1os-soL-40-1 C106-S0L-40-2
~et. Limit Run Date= ‘7/2/9% 7/2/99 7/2/99 7/2/99 7/2/99
(ug/mL)  (Analyte) (ug/mL) ug/g ug/g ug/g ug/g
0.015 Ag - 1.81 [0.977 [1.6] [2.6]
0.060 Al [0.34] 286 147 -- 67.9 333
0.080 As - - - - -
0.050 B 2.08 25.6 25.7 27.3 27.3
0.010 Ba [0.028) [0.27] [0.27] [0.27] [0.26]
0.005 Be - - - - =
0.100 Bi - - - = -
0.250 Ca - [3.2] - = [5.2]
0.015 cd - - - = =
0.100 Ce - - - - -
0.025 Co - - - . - : -
0.020 Cr - [1.7] 1.7 [2.8] [3.4]
0.015 Cu - [0.92] [0.75] [1.0] [1.2]
0.050 Dy . - - — - -
0.100 Eu - - - s - -
0.025 Fe [0.066] [0.77] - [1.0] [3.6]
2.000 K - - - - _ -
0.025 La - - ~ - -
0.005 Li - - - : - -
0.100 Mg - - - ‘ - -
0.005 Mn - - - - -
0.030 Mo - [0.82] [0.73] [0.76) [0.81]
0.100 Na 2.70 17,800 16,700 18,200 17,100
0.100 Nd - - - - -
J.030 Ni — [1.3] [1.2] [1.6] [2.0]
0.100 P — e 43.9 422 44.7 45.7
0.060 Pb ' - - - -
0.300 Pd - - - - -
0.300 Rh - - - - -
0.075 Ru - [3.2) [3.3] [3.5] [3.1]
0.050 Sb - - - - -
0.050 Se - - - - -
0.100 Si 3.36 29.1 29.2 32.0 29.3
1.000 Sn - - - - -
0.005 sr - - = - -
0.500 Te - - - - -
0.800 Th - - - - -
0.005 Ti [0.021] [0.15] [0.15] [0.16] [0.13]
0.250 T - - - - -
2.000 u - [26] - - -
0.015 v - - - - -
0.500 w - - - - -
0.010 Y - - - - -
0.020 Zn - - - - -
0.025 Zr = - - - -

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

G.Lumetta Acid Dig. Data ASR539 from "A0532 G.Lumetta ALO-128+ BNFL C106-SOL-30-1... ASR5397 ICP38 low.xls 7/20/99 @ 2:50 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report Pase2cf3

Multiplier= 37.4 18.8 19.4 | 388 9.5
ALO#= 935-1885 €2 99-1886 @2 99-1887-PB (DRY SOLIDS) [99-1887 @2 99-1890 @2
Client ID= |C106-SOL-50-1 C106-SOL-50-2 Prep. Blank - C106-AQ-3 Solid C106-AQ-9
~et. Limit  Run Date= 7/2/98 7/2/99 7/2/99 7/2/98 712199
(ug/mL) (Analyte) ug/g ug/g ug/g ug/g ug/g
0.015 Ag [4.1) [2.7] " [4.4] [1.3]
0.060 Al 442 66.2 --- [16] 75.9
0.080 As - - - [10] -
0.050 B 74.0 40.6 - [9.2] 14.8
0.010 Ba [0.68] [0.35] - - [0.16]
0.005 Be - - - - -
0.100 Bi - -, - - -
0.250 Ca - [4.9] - [40] [5.0]
0.015 Cd - - - - -
0.100 Ce - - - [6.0] -
0.025 Co - - - - -
0.020 Cr [4.8] 5.02 - [1.5] [0.78]
0.015 Cu [2.1] [1.9] - [5.0] [1.2]
0.050 Dy - - - - -
0.100 Eu - b - - ol
0.025 Fe [1.2] - - - [1.2)
2.000 K - - - [170] -
0.025 La - - - [1.4] -
0.005 Li - - - [0.98] —
0.100 Mg - - - [9.9] [1.9]
0.005 Mn - - - [0.35] -
0.030 Mo - [1.1) - [1.5) -
0.100 Na 25,500 23,400 [2.0] 223,000 16,500
0.100 Nd - - - [5.7] -
0.030 Ni [2.6] [3.3] - [6.8) [2.3]
0.100 P 73.8 63.7 - 265 17.8
0.060 Pb - - - [5.3] -
0.300 Pd - - - [17] -
0.300 Rh - - - - -
0.075 Ru {4.4) [4.9] - [6.71 [0.99]
0.050 Sb - - - [3.7] -
0.050 Se - - - [5.0 -
0.100 Si 47.6 46.1 - - 25.6
1.000 Sn - = - - —
0.005 Sr - - - [0.42] -
0.500 Te - = = - -
0.800 Th - = - s i
0.005 Ti [0.39] [0.21] - [0.31] [0.084]
0.250 TI - - - - e
2.000 u - [44) - [140] -
0.015 A\ - - - [0.76] -
0.500 w - = = o= -
0.010 Y - - - [0.49] [0.14]
0.020 Zn - [0.42] - - -
0.025 Zr - - - [1.0] -

G.Lumetta Acid Dig. Data ASR539 from "A0532 G.Lumetta ALO-128+ BNFL C106-S0OL-30-1... ASR5397 ICP98 low.xls

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

7/20/99 @ 2:50 PM




Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report Page30f3

Multiplier= 8.8 I wr | 19.0
ALO#= |99-1891 @2 99-1891 DUP @4 99-1894 @4
Client ID= |C106-OH-3A C106-OH-3A C106-0H-9 i

wet. Limit Run Date= 7/2/99 7/2/99 7/2/99

(ug/mL) (Analyte) ug/g ug/g ug/g
0.015 Ag 2.41 [2.5] [0.53) - =
0.060 Al 765 791 66.6 *- - -
0.080 As [1.4] [1.7] - - —
0.050 B 12,9 12.6 12.0 - -
0.010 Ba [0.12] - - = =
0.005 Be - - - - =
0.100 Bi - - - = =
0.250 Ca [2.4] - - _ o 7 -
0.015 cd - - - - =
0.100 Ce - - - - -
0.025 Co - - - - =
0.020 Cr 10.8 11.2 [0.96] = =
0.015 Cu 2.51 [2.6] [0.90] - -
0.050 Dy - - = = =
0.100 Eu - - - - -
0.025 Fe 9.72 9.90 [1.7] - —
2.000 K 671 [65] - L — _ il
0.025 . La - - - = -
0.005 Li [0.13] [0.12] - - ) =
0.100 Mg - - - - _
0.005 Mn [0.085] [0.090] = = =
0.030 Mo [0.88) [0.85]) - - =
0.100 Na 66,400 58,400 15,900 - =
0.100 Nd - - - 7 & _ ”
0.030 Ni [0.38] | - - - =
0100 . P 7v.6 78.6 [14] = =
0.060 Pb 16.6 17.1 = = =
0.300 Pd - - - = —
0.300 Rh - - - - -
0.075 Ru {3.0] [3.2] - - .
0.050 Sb - - - - -
0.050 Se [0.74] - - - -
0.100 Si 346 353 49.9 - -
1.000 Sn - - - s =
0.005 Sr - . - - - -
0.500 Te - - - - -
0.800 Th - - - - -
0.005 Ti [0.13) [0.12) = = =
0.250 TI - - = = =
2.000 u [43) [44] - = =
0.015 v [0.76] [0.76] = = —
0.500 w [7.5] - - g - -
0.010 Y - - - - -
0.020 Zn 227 [2.4] = - -
0.025 Zr [0.55] [0.57] - ] il

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

G.Lumetta Acid Dig. Data ASR539 from "A0532 G.Lumetta ALO-128+ BNFL C106-SOL-30-1... ASR5397 ICP98 low.xls 7/20/99 @ 2:50 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report™ ' °'2

Multiplier= 1.0 | 1983.6 I 1887.3 | | 1923.4 | 2196.7 |
ALO#= 99-1888-DB-Zr 99-1888-PB-Zr @2 99-1888-Zr @2 99-1888-DUP-Zr @2 99-1889-Zr @2
Client ID= |Diluent Blank Process Blank C106-AQ-8 C106-AQ-8 C106-AQ-8B1
vet. Limit Run Date= 714799 7/14/99 7/14/99 7/14/99 714/99
{ug/mL) (Analyte) (ug/mL) _ug/g ug/g ug/g ug/g
0.015 Ag - - 591 391 338
0.060 Al - o 62,800 54,200 6,950
0.080 As - - - [160] -
0.050 B - - - - -
0.010 Ba - - 432 387 [100]
0.005 Be - - - - -
0.100 Bi - - - - -
0.250 Ca - [2,500] 16,400 12,900 6,950
0.015 cd - - [58] [40] -
0.100 Ce - - [300] [250] -
0.025 Co - - - - [65]
0.020 Cr - - 982 948 [370]
0.015 Cu - - 415 390 [200]
0.050 Dy - - - - -
0.100 Eu = - - - -
0.025 Fe - [190] 181,000 157,000 446,000
2.000 K - [4,100] [3,800] [5,300] -
0.025 La - - [120] [120] -
0.005 Li - [15] [22] [29] [27]
0.100 Mg - - 4,240 2,710 [1,900)
0.005 Mn - - 3,940 3,810 2,950
0.030 Mo = i = - -
0.100 Nd - - [290] [260] [230])
2.030 Ni - [220] 1,260 1,050 [620]
0.100 P - - [890] [1,400] [98Q]
0.060 Pb - - o 3,200 2,750 [1,200]
0.300 Pd - - - - L=
0.300 Rh - - - - -
0.075 Ru - - [300] [310] [660]
0.050 Sb - - - [100] -
0.050 Se - [150] [260] [250] [350]
0.100 Si - - 108,000 104,000 9,030
1.000 Sn = - [1,900] [2,000] [5,600]
0.005 Sr - [40] 204 168 [70]
0.500 Te = = - = -
0.800 Th - - - - -
0.005 Ti - [11] 2,670 2,500 1,300
0.250 T - - - - -
2.000 U - = = = -
0.015 \'4 - et [61] [56] [52]
0.500 w - s - em -
0.010 Y - - [47] [32] [27]
0.020 Zn - - [240] [250] [250) .

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

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

G.Lumetta Na-Zr Data ASR5397 from "A0535 G.Lumetta ALO-114 BNFL C106-AQ-8, -OH-8 ASR5397 ICP98 low.xis
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data ReportFase2of2

Multiplier= 1917.9 | 2030.3 | 1976.4 |
ALO#=  |99-1892-2Zr @2 99-1892-DUP-Zr @2 99-1893-Zr @2
Client ID= |C106-OH-8 C106-0H-8 C106-OH-88
vet. Limit Run Date= 7H4/99 7114799 714/99
{ug/mL) (Analyte) ug/g ug/g ug/g
0.015 Ag 639 1,460 [290] - -
0.060 Al 29,500 28,300 6,610 - -
0.080 As - - - - =
0.050 - B - - = - -
0.010 Ba 290 263 [150] - -
0.005 Be - - - - -
0.100 Bi - - - - -
0.250 Ca 11,700 10,400 5,160 - -
0.015 Cd [31] [37] - - -
0.100 Ce {200] - - - -
0.025 Co - - - - -
0.020 Cr [300] [340] [380] - -
0.015 Cu [140] [250] [170] - -
0.050 Dy - - - - -
0.100 "Eu - - - - -
0.025 Fe 87,300 99,100 402,000 — -
2.000 K - - - - -
0.025 La . [72] = = =
0.005 - Li [20] [20] [16] - -
0.100 Mg 2,630 [1,900] [840] = =
0.005 Mn 1,830 2,120 2,700 - -
0.030 Mo - - - - -
0.100 Nd - - - - -
n.030 Ni 841 951 719 - -
0.100 P [680] [970] [980] - -
0.060 Pb 1,550 1,800 1,420 . o= =
0.300 Pd - - - - -
0.300 Rh - - - - -
0.075 Ru [170] [190] [600] - -
0.050 Sb - - - - -
0.050 Se [150] [180] [230] - -
0.100 Si 68,800 59,400 33,100 - -
1.000 Sn - - [4,400] - -
0.005 Sr 176 122 72] = =
0.500 Te - - - - -
0.800 Th - - - - -
0.005 Ti 2,050 1,960 1,100 - -
0.250 Tl - - - - -
2.000 u - - - - -
0.015 v [31] - [31] - -
0.500 w - - - - -
0.010 Y [40] [43] - o -
0.020 Zn [120] [160] [350] = - —

Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.

2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) *--" indicate measurement is below detection. Sample detection limit may be found by
multiplying "det. limit" (far left column) by *multiplier* (top of each column).

G.Lumetta Na-Zr Data ASR5397 from “A0535 G.Lumetta ALO-114 BNFL C106-AQ-8, -OH-8 ASR5397 ICP98 low.xls
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report™as ' o2

Multiplier= 1.0 1819.8 | 1837.5 1759.5 I 1767.3
ALO#= |99-1888-DB 99-1888-PB @2 99-1838 @2 99-1888-DUP @2 99-1889 @2
Client ID= |Diluent Blank Process Blank |C106-A0-8 " |c106-A0-8 C106-AQ-881
Det. Limit Run Date= 7/9/99 7/9/99 7/9/98 7/9/99 7/9/99
(ug/mL)  (Analyte) (ug/mL) ug/g _uglg ug/g ug/g
0.015 Ag - — 289 285 496
0.060 Al - [200] 70,500 64,200 7,770
0.080 As - - [160] [170] =
0.050 B - - - [110] -
0.010 Ba - - 548 496 [110]
0.010 Be - - - - -
0.100 Bi - - - - -
0.100 Ca [0.23) [230] 13,900 15,800 4,640
0.015 cd - - [871 [88] [29]
0.100 Ce - - [440] [470] [190]
0.025 Co - - [68] [68] [80]
0.020 Cr - - 1,200 1,210 384
0.015 Cu - — 524 513 [190]
0.050 Dy - - - - -
0.100 Eu = — - - -
0.025 Fe - [300] 217,000 214,000 508,000
0.025 La - - [150] [160] [45]
0.005 Li - [16] [23] [25] [16]
0.100 Mg - - 2,840 3,180 [1,700]
0.005 Mn - 213 5,060 5,110 3,320
0.030 Mo - - - - [56]
0.100 Na - 2,510 57,400 52,100 7,880
0.100 Nd - - [450] [480] [280]
100 P - - 3,820 4,960 [1,600]
0.060 Pb - [120] - 3,270 3,260 [1,000] .
0.300 Pd - - = - ‘ -
0.300 Rh - - - - |
0.075 Ru - - [480) [520] [1,000]
0.050 Sb - - - [110] [89]
0.050 Se - [120] [200] [200] [200]
0.100 Si - [520] 126,000 93,700 12,800
1.000 Sn = - ' [2,700] [2,900] [6,300]
0.005 Sr - [10] 161 120 [30]
0.500 Te - - - - -
0.800 Th - - - - -
0005 T - [16] 2,740 2,760 1,430
0.250 Tl - - - - -
2,000 J = - - - -
0015 v - - [58] [65] [57]
0.500 w - - - - -
0.010 Y - - [771 [82] [28]
0.020 2n - - [280] [310] [240]
0.025 zr - - 3,420 3,320 [360]

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

G.Lumetta KOH-Ni Data ASR5397 from *A0534 G.Lumetta ALO-115 BNFL C106-AQ-8, -OH-8 ASR5397 ICP98 low.xls 7/19/99 @ 2:30 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data ReportF%2°f2

Multiplier= 1762.6 1964.5 [ 1844.3
ALO#= ~ |99-1892 @2 99-1892-DUP @2 99-1893 @2
Client ID= |C106-OH-8 C106-OH-8 | C106-OH-8B
Det. Limit  Run Date= 7/9/99 7/9/99 7/9/99
(ug/mL) (Analyte) uglg ug/g ugl/g

0.015 Ag 285 327 719 - -
0.060 Al 38,600 31,600 6,210 - -
0.080 As - - - - -
s = - = - = R S
0.010 Ba 384 324 [110] - -
0.010 Be -~ - - - -
0.100 Bi - - - - -
0.100 Ca 16,200 8,920 2,680 - -
0.015 cd [38] [37] [33) - -
0.100 Ce [190] [310] [210] - =
0.025 Co - - [90] - -
0.020 Cr [260] [280] 392 - -
0.015 Cu [130] [140] [200] - -
0.050 Dy - - - - -
0.100 Eu - - - - -
0.025 Fe 74,200 85,300 472,000 - -
0.025 La [74] [94] [54] - -
0.005 Li [14] [24] [23] - -
0.100 Mg 2,490 2,930 [700] - -
0.005 Mn 1,890 1,850 3,110 - - -
0.030 Mo - - - - -
0.100 Na 160,000 183,000 15,000 - =
0.100 Nd [200] [290] [210] - -

.100 P [1,300] [1,500] [1,200] - -
0.060 Pb 1,140 1,650 1,470 - -
0.300 Pd - - [710] - -
0.300 Rh - - - - -
0.075 Ru [200] [270] 1,590 - -
0.050 Sb - [130] [150] - -
0.050 Se [120] [180] [300] - -
0.100 Si 134,000 102,000 22,200 - -
1.000 Sn - - [8,000] - -
0.005 Sr 182 156 [38] - -
0.500 Te - - - - -
0.800 Th - - - - -
0.005 Ti 1,810 2,010 1,040 - -
0.250 Tl - - - - -
2.000 u - - - - -
0.015 v [40] [48] [59] - - .
0.500 w . - - - - -
0.010 Y [371 [44] [24] s =
0.020 Zn [110] [120] [340] - -
0.025 Zr 651 1,780 [110] - -

G.Lumetta KOH-Ni Data ASR5397 from "A0534 G.Lumetta ALO-115 BNFL C106-AQ-8, -OH-8 ASR5397 ICP98 low.xls

Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.

2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) *--" indicate measurement is below detection. Sample detection limit may be found by
multiplying “det. limit® (far left column) by "multiplier” (top of each columnn).

7/19/99 @ 2:30 PM
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WO/Project: W48486/29953
Client: G. Lumetta

ACL Numbers: 99-01888 and 99-01892
ASR Number 5397

Procedure: PNNL-ALO-131, "Mercury Digestion"
PNNL-ALO-201, “Mercury Analysis”

Analyst: J.J. Wagner
Digestion Date: October 21, 1999 Analysis Date: October 27, 1999

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.

Analyst: O/? g /£ -/ g9 —

——"

Approval: %/ f ‘%i\/ Date /. 74' 5 ”?9

Final Results:

The samples were analyzed by cold vapor atomic absorption spectrophotometry for inorganic
mercury as specified in ASR 5397. The solids samples were diluted an additional 250 to
500-fold following sample digestion per procedure A1.O-131. The mercury concentration results
are presented in the table below. '

ASR 5397 Log-402 Hg Analysis Lumetta.doc 11/03/99 @ 1:19 PM
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99-1883 PB Solids Process Blank 0.1153 216.8 ki <0.043
99-1888 C106-A08 0.1029 343.0 500 369
991888 Dup __ |C106-AQ-8 Dup 0.0876 7854 500 332
RPD(%) %
99-1892 C106.0H-8 01253 1995 250 153
99-1892 Dup __ |C106-OH-8 Dup 01454 1719 250 2
RPD (%) 2%

RPD = Relative Percent Difference (between sample and duplicate/replicate)
“Sample weight” used for the process blank is an average weight of the samples.

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

assumes non-complex aqueous matrices. Actual detection limits or quantitation limits for spemﬁc sample
matrices may be determined, if requested.

3) Routine precision and bias is typically * 15% or better for non-complex aqueous samples that are free of
interference.

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.

Working Blank Spike/Process Blank Spike: Process Blank Spike recovery is 112%, well within
the acceptance criteria of 80% to 120%.

Matrix Spiked Sample: A matrix spike was prepared for the samples submitted under this ASR.
However, the concentration of the matrix spike processed and analyzed with this batch of
sample was too low in concentration relative to the high concentration of mercury in the samples
measured. As a result, matrix spike recovery could not be assessed.

Duplicate: Except for one duplicate that demonstrated an RPD of 23%, RPDs were within the
acceptance criteria of 20%.

System Blank/Processing Blanks: A system blank was process during the analysis of the
sample. All reportable sample concentrations were many times greater than that measured in the
system blank or in the processing/dilution blank.

Quality Control Calibration Verification Check Standards: Over 4 mid-range verification
standards were analyzed throughout the analysis run. All were within the acceptance criteria of
80% to 120% recovery for the verification standard.

ASR 5397 Log-402 Hg Analysis Lumetta.doc 11/08/99 @ 12:09 PM
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Appendix D. Statistical Analysis of the Data



Statistical analyses were performed on the data included in this report. In general, simple summary
statistics were provided throughout that included estimates of averages (means), standard deviations
(std. dev.) and percent relative standard deviations (%RSD = 100*std. dev./mean). More specific
statistical analyses included:

* Solubility versus Temperature Study Regression Analyses
Solubility versus Temperature Study Tests for Changes due to Temperature

® Washing and Leaching Studies Estimates of Uncertainty for analyte concentrations in the
washed and untreated solids and the percent removal

For all of the following analyses it should be kept in mind that all data in each study are taken from
one run of the experiment on a single sample. This means that they provide no sense of the
additional uncertainty that would result from running different samples or from repeating the
experiment on similar samples. The only sources of variability present in these studies are
subsampling variability and measurement variability. Consequently, the uncertainty statements
developed in this report are likely an underestimate of the variability that will be experienced in the
real world application of these conclusions.

Solubility Versus Temperature Study Regression Analyses -

The regression analyses performed here are a quantitative assessment of the nature of the
relationship between analyte concentrations and temperature. Since there are only three temperature
points (30, 40, and 50°C), the maximum model that can be fit as a function of temperature is a
quadratic. The two concentration values per temperature provide for estimating subsampling and
measurement uncertainty and for testing the lack-of-fit of the linear regression. The general
approach taken was to first fit and test a linear regression; i.e., is a linear regression statistically better
than no model. This was followed by a test of the lack-of-fit of the linear regression model, or
equivalently in this case, whether adding the quadratic term would be useful in describing the
solubility-temperature relationship.

The following analyses were done using the evaporation-adjusted concentrations from Tables 1, 2
and 3 with the exception that the C106-SOL-50-1 data were not used because of suspected sample
leakage that would render its results unrepresentative. The data were taken from the original Excel®
spreadsheet and have additional digits compared to the formatted table values. These analyses were
done using the Statistical Analysis System (SAS Institute Inc. Cary, NC).

Table D.1 presents the results of the regression analyses. Included are the estimates of the intercept
and slope for the linear regression. Also included are the probabilities (p-values) for the test of the
linear regression and for the test of the lack-of-fit of the linear regression. A significance level of
0.10 was used. Those analytes that have a significant linear regression will have a simple linear
p-value < 0.10. Those analytes that have a significant lack-of-fit from the linear regression will have
- alack-offit/quadratic p-value < 0.10. Those analytes that did not have a significant linear regression
or had a significant lack-of-fit are grayed out in the table to indicate that their linear regression
estimates are not considered useable.



Table D.1. C-106 Solubility Versus Temperature
Data Regression Analysis

Estimated p-value
[ Estimated Increase per | Sunple | Lack-oi-Fit
Analyte Intercept °oC Linear /Quadratic

Cesium-137 2.13 0.0583] 0.033 0.388
; H  0.390 0.363
0.925 0.976

0.130 0.665

0.163 0.858

0.465 0.711

0.117 0.284

0.239 0.175

0.002 0.739

0.024 0.317

0.855 0.284

0.122 0.370

0.106 0.455

0.013 0.220

0.052 0.274

0.052 0.188

0.172 0.305

0.082 0.672

0.278 0.612

0.316 0.815

0.047 0.560

0.014 0.672

Radionuclides are in units of uCi/g; all other components are in units of pg/g.
The regression estimates are grayed-out (judged unusable) if: the estimated
increase is not significantly different from zero (linear p-value > 0.1) or the
lack-of-fit of the linear regression is significant (lack-of-fit p-value < 0.1).

Plots for all analytes in Table D.1 are included. The following plotting symbols are used for the data:

¢ filled diamond— data that was 310-times the detection limit
* empty diamond— data that was < 10-times the detection limit
* descending triangle— detection limit

The plots also show the linear regression with a solid line, 90% confidence intervals on the mean
with dashed lines, and the quadratic regression with a dotted line. Occasionally a confidence interval
is so wide it goes off the plot.

The aliquot variability is surprising for some analytes and, along with small sample numbers, leads to
“non-significant” tests for some analytes that appear to show a relationship. Nine of the analytes
showed linear p-values <0.1 and quadratic p-values >0.1. Three of these had all of their data
reported as “()”, but none had DL data included.



Solubility Versus Temperature Study Tests for Changes Due to Temperature

Concentration changes in the Solubility versus Temperature study are expressed as the concentration
change at each temperature relative to the concentration at 30°C. This is calculated as
100*(Cr-Cs0)/Cxo or equivalently as 100%(Cr/Cse)-100, where Cr is the average concentration at
temperature = T and Cio is the average concentration at 30°C. Table 4 shows these estimates of the
change in concentrations (solubility) for detected analytes for all the unadjusted data and Table 5
shows them for the adjusted data without C106-SOL-50-1 (for reasons given previously).

The following method was used to indicate whether the reported changes were significantly different
from 0 or could instead simply be an artifact of subsampling and measurement uncertainty, especially
with so few data points. There is insufficient data to estimate the variability at any one temperature
with any confidence, so a pooled estimate of uncertainty was obtained by pooling the %RSDs at the
three temperatures (or only two temperatures for the evaporation adjusted data with the one sample
removed). This assumes the RSDs are relatively constant at each temperature. This result in turn
was used as input to standard propagation-of-errors calculations for the variance of the estimation
formula 100*(Cr/Cs0)-100. This results in an estimate of the standard deviation of the % Change as
C1/Cso*sqri(2)*Pooled %RSD. The estimate of the percent change at each temperature was then
divided by the standard deviation estimate at that temperature. This ratio was compared to a
one-sided 90% t-statistic and any ratio that was larger than the appropriate t-statistic is considered
strong evidence of a positive change in solubility. These significant changes are bold-faced in Tables
4 and 5. For the unadjusted data there were 3 degrees of freedom in the estimate of variability and
the t-statistic value was 1.64. For the adjusted data there were only 2 degrees of freedom in the
estimate of variability and the t-statistic value was 1.89.

Washing and I eaching Studies—Estimates of Uncertainty for Analyte Concentrations in the Washed
and Untreated Solids and the Percent Removed

The ability to derive estimates of uncertainty for the values reported in Tables 9 and 13 was even
more hampered than the percent change estimates discussed in the previous section. The calculation
of the concentrations in Washed Solids and Original Sample were made using a number of sample
weights and fraction constituent amounts. Only one of these inputs, namely the non-magnetic
fraction of the washed solids, had duplicate data that could be used to estimate subsampling and
measurement variability. The percent removed calculation in these two tables is even more

problematic because of the use of even more terms and because it is the ratio of two other estimates.

In an attempt to get at least some handle on the uncertainty of these estimates the following
approach was taken:

e Treart all weights used in the estimation formulas as constants (without error) under the
assumption that their uncertainties are much smaller than the uncertainties in the
concentration measurements and can be safely ignored.

e Present a “pseudo” 95% confidence interval for at least one value of a %RSD that is
assumed to be equal for all measurements that were used in any equation. A %RSD of 10
was chosen as the initial candidate as it appeared to be somewhat lower than the median of
%RSDs seen 1n this study and seems to represent a reasonable lower bound. This
reasonable lower bound on the uncertainty can be adjusted to determine the effects of other
%RSD values by multiplying the “pseudo” 95% confidence interval values by the ratio of
any other practicable %RSD divided by 10.



As input to the “pseudo” 95% confidence intervals it was necessary to again use propagation of
errors techniques to develop approximate standard deviations. These standard deviations were then

multiplied by 2 (close to 1.96 from a standard normal distribution) to give the confidence interval
half widths.

For concentrations in Washed Solids and Original Sample, the calculations are simple additions of
fraction amounts divided by the sum of the corresponding fraction weights. The following

propagation-of-error rules were used to develop propagation-of-errors formulas for their standard
deviations:

e Variance of a mean is the variance of the measurement/n (the number of values used in the
mean)

e The variance of a sum is the sum of the variances
e Constants (sample weights in this case) carry through.

This resulted in a general form for these two concentration estimates as:
Std.Dev. = sqrt (Ze(var(f)/ns))/weights,

where f= each fraction used in the calculation of the concentration. Each var(f) term in the
propagation-of-errors formula can be replaced, by definition, with (mean#*%RSD)2. Also, since the
same %RSD is assumed for all measurements, %RSD can be factored out, resulting in the following
general formula:

Std.Dev. = %RSD*sqrt (Z(means/ny))/ weights

The actual version of this general formula used for each analyte for each concentration estimate
depends on the fractions that were used to calculate it and the number of subsamples available for
each fraction.

For % Remowal, the calculations involve 100 times the ratio of two terms, each of which is the sum
of fraction amounts. The initial standard propagation-of-errors form of the std. dev. for this ratio of
twWo terms is:

std. dev. = 100*num/den*sqrt(var(num)/num? + var(den)/den?)

where num = the numerator term, den= the denominator term, and var() is the variance of each.
Both the numerator and denominator also need to have propagation-of-errors applied to them.

Again, each var() term in their propagation-of-errors formula can be replaced, by definition, with
(mean*%RSD)2. Also, since the same %RSD is assumed for all measurements, %RSD can again be
factored out, resulting in the following general formula:

Std.Dev. = 100*Tmean;/Tqmeang*%RSD*
sqrt(Ze(means/ny)/ (Zmmeany)? + Z4(means?/ng)/(Zsmeany)?)

where f = each fraction used in the numerator and d = each fraction used in the denominator.
As for the concentration estimates discussed above, the actual version of this general formula used

for each analyte depends on the fractions that were used to calculate the numerator and denominator
and the number of subsamples available for each fraction.
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