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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. Arnother 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
HLW Sludge Solids. The test went accordingto 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 anc_i 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 compos1te 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/stirrer 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 HL'W 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—msoluble fraction, and 3) determination of caustic-
insoluble fraction.

Solubility Versus Temperature. A 10.1157-g aliquot was transferred from C-106-B1 t0 2 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 T, %Sr, total alpha, total uranium, and
gamma energy analysis (GEA).

Determination of Aqueous-Insoluble Fraction. A 23.4777-g aliquot was transferred from C-106-B1toa
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 eqmpped 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-pm 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) HCl was added and
the mixture was stirred. After ~3.5 h, there was still 2 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/HNO;. After transferting to a beaker, excess acid
was boiled off and the resulting dried solids wete 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 Canstic-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 duting heating, but minimized evaporation. The mixture was
heated and stitred at 85 £ 2°C for 20 h. As per instructions from BNFL, the leaching slurry was
filtered while hot. The hot shutry was filtered through 2 pre-weighed 0.45-pm nylon filtration unit.
The weight of the fltrate was 104.07 g. A sample of this leaching solution was taken for analysis.
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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:;, 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, respecuvely 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 3¥7Cs concentration increased with temperature. Based on
the adjusted concentration values, the ¥Cs concentration increased 16% when the temperature was
increased from 30to 40°C. A 30% increase in the 7Cs concentration occurred in going from 30to
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
30to 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 (TIC)
concentrations versus temperature showed no statistically significant trends (Appendix D). Thus, no
conclusive trend was seen in these data.

Anions. In all cases, F-, NOjy, SO4%, and PO,> 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 Cl
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 C;O4
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 error 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 Na;O; 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
N2,0:; 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 valuesless -
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 pg/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-, F,,
NOy, SO, PO;3, and C;042) 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, NOs, and C;O4
remained in the washed solids (or was present in interstitial liquid prior to drymg) 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 C;O#* concentration
of 20,300 pg/g (the value obtained for C106-AQ -8) corresponds to 5,540 ug/g organic carbon. Thus,

~19% of the TOC in the non-magnetic fraction of the washed solids is attributable to oxalate. The
low PO4* concentration revealed by IC suggests that Pfound 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 ug/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 NHj
present.

Radiochemical analyses were performed on the solutions prepared by KOH fusion. Cesium-137,
21Am, 154Eu, and 155Eu were determined by gamma spectroscopy. Americium-241 was also
determined by alpha spectroscopy following Pu separation , as were 28Pu, 239+240Py, 22Cm, and
263+24Cm. 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, 27,
25, 238U, 27Np, 29Pu, and 24Pu were determined by ICP-MS. Strontium-90 was determined by
propomonal beta-counting following separation of this isotope.

With the exception of 22Cm, agreement between duplicate measurements was good. The values
obtained for !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 29Pu and 20Pu as determined by ICP-MS were 3.81 pCi/g, yet the 2+2¢Pu
value obtained by alpha spectroscopy was 27% lower (2 78 uCi/g). To be conservative, the higher
value should probably be used. There was also inconsistency regarding the U analysis. The ICP-MS




analysis revealed “275 pg/g (25U + 28U), but only 176 ug 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 NHj 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 Na;O; 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. Similarto
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%), Si (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 nCi TRU/g (as indicated by the total
alpha concentration), 2.6 uCi 2#t1Am/g, 3.0 uCi 2%Pu/g, 908 uCi %Sr/g, and 377 pCi 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: IC analysis
indicated the solid was 49.5 wt% CzO4?. Thus, it can be concluded that this material is
predominantly Na;C>O42H,O (Theoretical: 27.0 wt% Na, 51.8 wt% C;O4).

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 (Cuand 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 a2 55% relative error (Na;O: fusion). In this
case, the value of 1,460 pg/g obtained for one of the Na,O, fusion duplicates seems
disproportionately h.tgh (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 Sivalues 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,O5 fusion. As was done with the dilute
hydroxide washed solids, only the values from the KOH fusmn were used to determine the amount
of each component in the leached solids.

The IC results indicate significant additional soluble C;O4? remained in the washed solids (or
interstitial liquid prior to drying). This reflects dependence of sodium oxalate solubility on the Na
concentration. The C;O4* concentration of 394,500 pg/g corresponds to 148,000 ug/g organic
carbon. Thus, virtually all the TOC in the non-magneuc 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 (155Ei, #C, 1291, Pu isotopes, and Cm isotopes) were
greater than 20%, indicating poor reproducibility between duplicates. The values obtained for 241Am
by gamma and alpha spectroscopies agreed within 20%. Again, the combined activities for 29Pu and
240Py as determined by ICP-MS were significantly higher than the 9+290Pu 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 ug/g (25U + 28U)], disagreed with the value of 176
pg 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%),
Si (7.8 wt%), Na (13.6 wt%), Al (2.6 wt%) and Ca (1.0 wt%). The higher relative Na contentin 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 indicatéd by the total alpha concentration), 0.8 pCi2#Am/g, 1.0 pCi
9Pu/g, 260 uCi %Sr/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. Thatis, the aliquot taken for dxlute 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 dueto some of:

the Fe being “missed” in the earlier test. In the test conducted in 1996, 2 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. Asno 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 ug/g Fe) is about 2.3 times that found in this work (214,892 ug/g
Fe). Similarly, the Cr concentration (7,399 pug/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 relative to Fe in the current work also tend to be less than those found in the
bench-scale causticleaching 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 concentrauons of ¥7Cs, Cr, Cu, N1, P, S1, Cl
and C,O42 increased with temperature. Data for many of the other analytes were scattered to the
point that statistically meaningful conclusions could notbe 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 137Cs (68%)
removal. The amount of 9Tc 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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Table 1. C-106 Component Concentrations in Solution at 30°C.®

Concentration at 30°C, Unadjusted Concentration at 30°C, Adjusted®

Anslyte C106-SOL~30-1 Cl106-SOL-30-2 ~Mean  Std. Dev. _%RSD C106-SOL-30-1 C106-SOL-30-2 Mean Std. Dev. % RSD
Cesium-137 4.57 4.62 4.60 0.04 0.8 416 3.59 3.87 0.40 104
Strontium-90 0.0944 0.0639 0.0792 0.0216 222 0.086 0.050 0.068 0.026 378
Technetium-99 1.96E-03 1.40B-03 1.68E-03 3.92E-04 234 1.78B-03 1.09E-03 1.43E-03 4.88E-04 341
Americium-241 <6B-03 <6E-03 <6E-03 - - <5B-03 <5E-03 <5B-03 - -
Buropium-154 <4B-04 <6B-04 <6E-04 - - <4E-04 <5E-04 <SE-04 - -
Europium-155 <6B-03 <6B-03 <6E-03 - - <5E-03 <5E-03 <5B-03 - -
Total Alpha 2.15B-03 1.43B-03 1.798-03  5.09E-04 284 1.95E-03 1.11E-03 1.53E-03 5.97E-04 390
Ag 1.81 (0.97) (1.39) 0.59 427 1.65 (0.75) (1.20) 0.63 526
Al 286 147 217 98 454 260 114 187 103 552
Ba (0.27) (0.27) (0.27) 0.00 0.0 (0.25) (0.21) (0.23) 0.03 11.2
Ca 3.2) <48 <50 ' - - (2.9) <37 33) 0.6 -
cd <0.15 <03 <03 - - <0.14 <0.2 <02 - -
Co <03 <0.5 <0.5 - - <03 <04 <04 - -
Cr 1.7 1.7) 1.7 0.0 0.0 (1.5) (1.3) (1.4) 0.2 11.2
Cu (0.92) (0.75) (0.84) 0.12 144 (0.84) (0.58) (0.71) 0.18 254
Fe (0.8) <0.5 <0.9 - - 0.7) <04 <08 - -
K <20 <39 <39 - - <18 <30 <30 - -
La <03 <0.5 <0.5 - - <02 <04 <04 - -
Mg <1 <2 <2 - - <1 <2 <2 - -
Mn <0.1 <0.1 <01 - - <01 <0.1 <0.1 - -
Mo (0.82) (0.73) (0.78) 0.06 8.2 (0.75) (0.57) (0.66) 0.13 19.3
Na 17800 16700 17250 178 4.5 16186 12964 14575 2278 15.6
Ni (1.3) (1.2) (1.3) 0.1 5.7 (1.2) (0.9) (1.1) 0.2 168
P 439 422 43.05 1 2.8 399 328 363 51 139
Pb <06 <12 <12 - - <0.5 <09 <09 - -
si® 29.1 29.2 292 0 0.2 265 227 246 2.7 109
Ti (0.15) (0.15) (0.2) (0.0) 0.0 (0.14) (0.12) (0.1) 0.0) 11.2
U 234 21.0 25.2 2.5 10.1 213 21.0 211 0.2 1.1
Zn <02 <04 <04 - - <02 <03 <03 - -
Zt <03 <0.5 <0.5 - - <03 <04 <04 - -
TOC 6628 7041 6835 292 43 6027 5466 5746 397 6.9
TIC 1795 , 1841 1818 33 1.8 1632 1429 1530 143 9.4
cr 410 440 425 21 5.0 373 342 357 22 6.2
F <250 <250 <250 - - <227 <194 <227 - -
NOy <500 <500 <500 - - <455 <388 <455 - -
so <500 <500 <500 - - <455 <388 <455 - -
PO <500 <500 <500 - - <455 <388 <455 - -
c02 21400 22700 22050 919 4.2 19459 17622 18540 1299 7.0

(a) Concentrations for radionuclides are in units of uCi/g; &l other components are in units of pg/g. Values in parentheses are within 10 timos the analytical detection limit and
have relative uncertainties > 15%. !
(b) Value adjusted for loss in sample weight that occurred beforo analysis; this weight loss was assumed to be due to evaporation.
(c) The process blank had a relatively high Si content.
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Table 2. C-106 Component Concentrations in Solution at 40°c.®

Concentration at 40°C, Unadjusted Concentration at 40°C, Adjusted® ‘

Analyte Cl06-SOL40-1 Cl06-SOL-40-2 _ Mean _ Std.Dev. % RSD | [C106-SOL-40-1 C106-SOL-40-2 Mean Std. Dev. % RSD
Cesium-137 531 486 5.09 032 63 477 424 4.50 0.37 83
Strontium-90 0.1 0143 0122 0.030 25,0 0.09 - 0125 0107 0.025 2.1
Technotium-99 1.658-03 1.568-03 1.61B-03 6.37E-05 40 1.48B-03 1.36B-03 1.42B-03  8.52B-05 6.0
Americium-241 <7B-03 <6B-03°  <7B-.03 - - <68-03 <5B-03 <6E-03 - -
Buropium-154 <6B-04 <4E-04 <6B-04 - - <5E-04 <3E-04 <5E-04 - -
EBuropium-155 <7B-03 <6B-03 <7E-03 - - <6B-03 <5E-03 <6E-03 - -
Total Alpha 1.61E-03 293B-03  227B-03 933B-04 411 1.458-03 2.56B-03 2,00B-03  7.858-04 393
Ag 1.6) (2.6) @ 0.7 337 1.4) (23) 1.9 0.6) 318
Al 619 333 200 187 935 61 291 176 162 92.4
Ba 0.27) 0.26) 0.27) 0.01 27 (0.24) 0.23) 0.23) 0.01 47
Ca <5 (5.2) <6 - - <4 (4.5) <5 - -
Ccd <03 <03 <03 - - <03 <03 <03 - -
Co <05 <05 <0.5 - - <0.4 <04 <04 - -

28) (3.4) 3.y 0.4 132 (2.5) (3.0) @n 03 1.7
Cu 1.0) (1.2) Q.1 0.1) 129 0.9) (1.0) (1.0) ©.1) 109
Fo 1.0 3.6) (2.3) .8) 799 0.9) 3.1) (2.0) 1.6 78,5
K <38 <38 <38 - - <34 <33 <34 - -
La <0.5 <05 <05 - - <04 <04 <04 - -
Mg <2 <2 <2 - - <2 <2 <2 - -
Mn <0.1 <01 <01 - - <0.1 <01 <0.1 - -
Mo 0.76) ©.81) 0.79) 0.04 45 (0.68) ©0.71) (0.69) 0.02 25
Na 18200 17100 17650 778 44 16338 14918 15628 1004 6.4
Ni 1.6) (2.0) 1.8) 03 157 (1.4) an (1.6) 0.2 137
P 447 451 45,2 1 16 40.1 399 40,0 0 0.5
Pb <12 <12 <12 - - <1l <1.0 <11 - -
si® 320 293 30.7 2 62 287 25.6 211 2 8.2
Ti 0.16) (013) ©.1) (0.0) 146 0.14) 0.11) ©.1) (0.0) 166
U 29.3 258 21.6 2.5 9.0 263 225 24.4 2.7 11.0
Zn <04 <0.4 <04 - - <04 <03 <04 - -
Zr <05 <0.5 <05 - - <04 <04 <04 - -
TOC n72 6808 6990 258 37 6438 5939 6188 353 5.7
TIC 1912 1682 1797 163 9.1 1716 1467 1592 176 111
cr 470 450 460 14 3l 422 393 407 21 5.1
F <250 <250 <250 - - <224 <218 <224 - -
NOy' <500 <500 <500 - - <449 <436 <449 - -
S0 <500 <500 <500 - - <449 <436 <449 - -
PO <500 <500 <500 - - <449 <436 <449 - -
c0r 24300 24300 24300 0 0,0 21814 21199 21506 435 2.0

(8) Concentrations for radionuclides are in units of pCifg; all other components are in units of pg/g. Values in parentheses aro within 10 times the analytical detection limit and
have relative uncertainties > 15%.
(b) Veluo adjusted for loss in sample weight that occurred before anslysis; this woight loss was assumed to be dus to evaporation,

(o) Tho process blank had a relatively high Si content.
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Table 3, C-106 Component Concentrations in Solution at so°c.®

C tration at 50°C, Unadjusted . Concentration at 50°C, Adjusted®
Analyte C106-SOL-50-1 C106-SOL-50-2 Mean Std. Dev. % RSD C106-SOL-50-1 C106-SOL-S0-2 Mean Std. Dev. % RSD
Cesium-137 5.85 5.96 591 0.08 13 3.09 5.02 406 136 336
Strontium-90 o211 0.109 0160 0072 451 0111 0,092 0.102 0.014 137
Technetium-99 1.998-03 1.66B03  1.82B-03 236804 129 1.058-03 1.398-03 122803  243B-04 199
Americium-241 <9B-03 <7B-03 <9E-03 - - <5B-03 <6B-03 <SB-03 - -
Europium-154 <9R-04 <7B-04 <9R-03 - - <5B-04 <6B-04 <SB-04 - -
Europium-155 <9B-03 <7803 <9B-03 - - <5B.03 <6B-03 <5B-03 - -
Total Alpha 4.558-03 371B-03  413B-03 594B-04 144 2.40B-03 3.12B-03 276B-03  500B-04 184
Ag @1 @ (3.4) (1.0) 29.1 @2 @23) 22) ©.1) 3.4
Al 442 662 254 266 104.6 234 558 145 126 869
Ba (0.68) (0.35) 0.52) 023 453 (0.36) (0.29) (0.33) 0.05 14.0
Ca <10 (4.9) <10 - - <5 @n <5 - -
cd <06 <03 <06 - - <03 <03 <03 - -
Co <10 <05 <1.0 - - <05 <0.4 <0.5 - -
Cr (4.8) (5.0) (4.9) 0.2 32 @5) @2) 3.4) 1.2 354
Cu @) (1.9) (2.0) ©.1) 2 1) 1.6 Q4 0.3) 25.6
Fe 1.2) <05 <20 - - (0.6) <0.4 <05 - -
K <175 <38 <75 - - <40 <32 <40 - -
La <1.0 <05 <1.0 - - <05 <0.4 <0.5 - -
Mg <4 <2 <4 - - <2 <2 <2 - -
Mn <02 <01 <02 - - <01 <01 <0.1 - -
Mo <1.2 1) <12 - - <06 0.9 <1 - -
Na 25500 23400 24450 1485 6.1 13475 19709 16592 4408 2.6
Ni 2.6) (33) 3.0) 0.5 163 Q.4) 28) @ 1.0 41.9
P 738 637 -68.8 7 10.4 39.0 53.7 463 10 224
Pb <23 <12 <23 - - <12 . <10 <12 - -
si® 41.6 461 469 1 23 252 388 320 10 302
Ti (0.39) (0:21) 0.3) ©.1) 424 ©21) 0.18) 02) 0.0) 108
U 327 308 3.8 13 42 123 259 216 6.1 283
n <038 (0.42) <038 - - <04 (0.35) <04 - -
Zr <1.0 <05 <1.0 - - <05 <04 <05 - -
TOC 8231 7376 7803 605 27 4349 6212 5281 1317 249
TIC 2174 2058 2116 82 3.9 1149 1733 1441 414 287
cr 410 510 490 28 58 248 430 339 128 378
F <250 <250 <250 - - <132 <211 <211 - -
.Noy <500 <500 <500 - - <264 <42 <421 - -
S0 <500 <500 <500 - - <264 <421 <421 - -
PO <500. " <500 <500 - - <264 <421 <421 - -
c,0r 25900 28000 26950 1485 5.5 13686 23583 18634 6998 316

(a) Concentrations for radionuclides aro in units of pCi/g; all other components are in units of pg/g. Values in parentheses are within 10 times the analytical detection limit and

have relative uncertainties > 15%,
(b) Value adjusted for loss in sample weight that occurred beforo analysis; this weight loss was essumed to be duo to evaporation.

(o) The process blank had a relatively high Si content.




Table 4. Concentration Changes Relative to 30°C Using the Unadjusted Values®

Change, % Pooled SD of % Change© %Change / SD of % Change®

Analyte 40°C 50°C  %RSD®  40°C 50°C 40°C 50°C
Cesium-137 1 29 3. 58 6.8 1.83 422
Strontium-90 54 102 337 73.1 963 0.73 1.06
Technetium-99 41 26 156 211 239 019 - 036
Americium-241 @ @ - - - - -
Europium-154 @ @ - - - - -
Europium-155 @ @ - - - - -
Total Alpha 27 131 30.0 539 93.0 0.50 133
Ag 1) (145 35.6 76.1 1232 0.67 117
al 7.4 17 85.1 1115 1413 -0.07 0.12
Ba @ oD 262 36.4 70.7 -0.05 1.28
Cs @ @ - - - - -
cd @ @ - - - - -
Co @ @ - - - - -
Cr )  (1%9) 8.1 209 33.1 3.94 57
Cu (32)  (140) 1L.9 21 402 1.44 3.47
Fe @ @ - - - - -
© @ - - - - -

L @ © - - - - -
Mg @ @ - - - - -
Mn, @ @ - - - - -
Mo @ @ - - - - -
Na 23 42 5.1 73 10.1 032 412
Ni 449  (136) 13.7 278 456 1.58 2.98
P 5.0 60 63 93 142 0.54 421
Pb @ @ - - -~ - -
si® 5.1 61 3.8 57 87 0.90 1.0
Ti -3 (00 25.9 35.4 733 -0.09 136
U 93 26 82 12.6 14.6 0.74 178
Zn @ © - - - - -
Zr @ @ - - - - -
TOC 23 14 55 8.0 29 0.28 1.59
TIC L1 16 58 81 9.5 014 172
cr 32 15 47 73 17 113 1.97
F @ @ - - - - -
NOs ©@ © - - - - -
50> @ © - - - - -
PO, @ @ - - - Co- -
0% .10 22 40 62 69 1.64 322

(a) Values in parenthescs are for analytes that were within 10 times the analytical detection limit.

(b) The percent change is given by: %Change = 100%(Cy - Cs0)/Cso, Where Cy is the average concentration at
temperature T (40 oor 50°C) and C;, is the average concentration at 30°C.

(c) Pooled %RSD is the pooled percent relative standard deviation, obtained as the root mean square of the %RSD
values at 30°C, 40°C, and 50°C. SD of % Change is the standard deviation of the % Change values at 40°C and
50°C, both relative to 30°C. Using propagation of error techniques it is computed as Cr/Cz¢*Sqrt(2)*Pooled
%RSD. % Change/SD of % Change is the number of standard devistions the % Change value is from zero.
Assuming a statistical t-distribution with 3 degrees of freedom, % Change/SD of % Change values must be larger
than 1.64 to be significant at the 90% (onc-sided) confidence level. Such values, and their corresponding 9% Change
values, are shown in boldface.

(d) Analyte not detected. .

(¢) The values for Si should be veiwed with caution because of the high process blank.




Table 5. Concentration Changes Relative to 30°C Using the Adjusted Values®

Change, % Pooled SD of % Change © 9%Change / SD of % Change®
Analyte 40°C 50°C  %RSD®  40°C s0°C 40°C 50°C
Cesium-137 16 30 9.4 155 172 1.06 172
Strontium-90 58 36 313 702 60.1 0.83 0.59
Technetium-99 0.6 26 245 344 337 -0.02 -0.08
Americium-241 @ @ - - - - -
Europium-154 @ @ - - - - -
Europium-155 @ ()] - - - - -
Total Alpha 31 104 39.1 722 112.8 0.42 0.92
Ag 54) (90) 435 949 116.6 0.57 0.77
Al 6.1 70 76.1 101.1 321 -0.06 219
Ba @ 30) 8.6 12.5 157 0.25 1.88

@ @ - - - - -
cd @ @ - - - - -
Co @ @ - - - - -
Cr ©1)  19%) 114 309 4717 2.95 4.09
Cu G (126 19.5 37.8 622 . 0.98 2.02
Fe @ @ - - - - -
K @ @ - - - - -
La @ @ - - - - -
Mg @ @ - - - - -
Ma @ @ - - - - -
Mo D @ - - - - -
Na 7.2 35 1.9 18.1 29 0.40 154
Ni 1)  (163) 153 326 57.0 1.55 2.86
P 10.1 48 9.9 153 20.6 0.66 232
Fb @ @ - - - - -
si® 10.5 s8 9.7 151 21.6 0.69 2.68
Ti @ (40) 142 20.4 28.0 0.08 142
U 156 23 13 12.8 13.6 122 1.68
Zn @ @ - - - - -
Zc @ @ - - - - -
TOC 71 3 63 9.6 9.7 0.80 0.34
TIC 40 13 102 151 164 0.27 0.81
cr 14 20 57 9.1 9.6 1.53 2.10
F @ @ - - - - -
NO; @ @ - - - - -
50.* @ O - - - - -
PO, I I - - - -~ -
C0F 16 27 52 8.5 93 1.89 2.93

(8) Valucs in parentheses arc for analytes that were within 10 times the analytical detection limit.

(b) The percent change is given by: %Change = 100¥(Cy - C30)/Cs0, where Cr is the average concentration at 40°C or
the single measure at 50°C) and Cs,, is the average concentration at 30°C.

(c) Pooled %RSD is the pooled percent relative standard deviation, obtained as the root mean square of the %RSD
values at 30°C and 40°C. SD of % Change is the standard deviation of the % Change values at 40°C and 50°C, both
relative to 30°C. Using propagation of crror techniques it is computed as C/C30*Sqrt(2)*Pooled %RSD. %
Change/SD of % Change is the number of standard deviations the % Change value is from zero. Assuminga
statistical t-distribution with 2 degrees of freedom, % Change/SD of % Change values must be larger than 1.89 to be
significant at the 90% (one-sided) confidence level. Such values, and their corresponding % Change values, are
shown in boldface.

(d) Analyte not detected.

(¢) The values for Si should be veiwed with-caution because of the high process blank.
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Table 6. Diluté Hydroxide Washing of C-106 Sludge:
Analysis of the Composite Wash Solution®

. . Amount (uCi or pg)
Analyte Direct Adjusted® - in Wash Solutions
Ag 1.3) 1.2 393
Al 759 71.1 22937
Ba (0.16) (0.15) 48
Ca (5.0) @7 1511
cd <02 <0.2 60
Co o <03 <03 91
Cr (0.78) 0.73) 236
Cu (12) 1.D 363
Fe - (1.2) a.n 363
Hg Not Measured - -
X <20 <19 6044
la <0.3 <03 91
Mg 1.9) (1.8) 574
Mn <0.1 <0.1 30
Mo <03 <03 91
Na 16500 15453 4986241
Ni 23) (2.2) 695
P 17.8 16.7 ' 5379
Pb <0.6 <0.6 181
Si®® 25.6 24.0 7736
Ti ©.1) ©.1) 25
U 9.39 ' 8.8 ' 2838
Zn <0.2 <02 60
Zr <0.3 <03 91
TOC Not Measured - -
TIC Not Measured - -
Cr Not Measured - -
F Not Measured - -
NOs Not Measured - -
So2 Not Measured - -
PO Not Measured - -
C,0.7% Not Measured - _ -
CN Not Measured —~ ' -

NH; Not Measured - -




Table 6. Contd.

Amount (uCi or pg)
Analyte Direct Adjusted® in Wash Solutions
Bics 3.41 3.19E+00 1.03E+03
St Not Measured - -
#Tc 4.40E-04 4.12E-04 1.33E-01
! Am(y) <4E-03 <4E-03 < 1E+00
1 Am(c)) Not Measured - -
By 1.55E-03 1.45E-03 4.68E-01
1558y <4E-03 <4E-03 < 1E+00
Hc® Not Measured - ) -
12 Not Measured - -
2y Not Measured - -
B8y Not Measured - -
2Np Not Measured - -
Bepy Not Measured - -
Z9py Not Measured - -
#0py Not Measured - -
B5+240py Not Measured - -
URAMom Not Measured - -
*2Cm Not Measured - -
Total Alpha 9.81E-04 9.19E-04 2.96E-01

(a) Concentrations for radionuclides are in units of pCi/g; all other
components are in units of pg/g. Values in parentheses are within 10 times
the analytical detection limit, and thus have a potential measurement
uncertainty >15%.
(b) Value adjusted for the 6.3% loss in sample weight that occurred before
analysis; this weight loss was assumed to be due to evaporation.

(c) The process blank had a Si content of 32 ug/g, so the Si data for the
sample is not reliable.
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Table 7. Dilute Hydroxide Washing of C-106 Sludge: Analysis of the Non-Magnetic Fraction of the Washed Solids®’

KOH Fusion Na,0, Fusion Amount (1Ci or pg)
Analyte C106-AQ-8  ClI06-AQ-8DUP  Mean StdDev.  %RSD | [C106-AQ-8 C106-AQ-SDUP  Mean StdDev.  %RSD in C106-AQ-8®
Ag 289 285 287 3 1 591 391 491 141 29 582
Al 70500 64200 67350 4455 7 62800 54200 58500 6081 10 136626
Ba 548 496 522 37 7 432 387 410 32 8 1059
ca® 13900 15800 14850 1344 9 16400 12900 14650 2475 17 30125
cd () (88) (88) 1 1 (58) (40) (49) 13 26 178)
Co (68) (68) 68) 0 0 <50 <50 <50 - - (138)
Cr 1200 1210 1205 7 1 982 948 965 24 2 2444
Cu 524 513 519 8 2 415 390 403 18 4 1052
Fe 217000 214000 215500 2121 1 181000 157000 169000 16971 10 437163
Hg 369 332 351 26 7 - - - - - m
K@ - - - - - (3800) (5300) (4550) 1061 23 9230)
La (150) (160) (155) 7 5 (120) (120) (120) 0 0 (314)
Mg 2840 3180 3010 240 8 4240 2710 3475 1082 31 6106
Mn 5060 5110 5085 35 1 3940 3810 . 3875 92 2 10315
Mo <60 <60 <60 - - <60 <60 <60 - - <122
Na® 57400 52100 54750 3748 7 - - - - - 111066
Ni - - - - - 1260 1050 1155 148 13 2343
P 3820 4960 4390 806 18 (890) (1400) 1145 361 31 8906
Pb 3270 3260 3265 7 0 3200 2750 2975 318 11 6623
st " 126000 93700 109850 22840 21 108000 104000 106000 2828 3 222842
Ti 2740 2760 2750 14 1 2670 2500 2585 120 5 5579
U 178 173 176 4 2 - - - - - 356
Zn (280) 310) (295) 21 7 (240) (250) 245 7 3 (598)
Zr 3420 3320 3370 m 2 - - - - - 6836
TOC 31300 28300 29800 2121 7 - - - - - 60452
TIC 6410 6470 6440 42 1 - - - - - 13064
cr 12000 5800 8900 4384 49 - - - - - 18055
F 300 360 330 42 13 - - - - - 669
NOy 3000 1300 2150 1202 s6 - - - - - 4361
50 <400 <400 <400 - - - - - - - 811
po <400 <400 <400 - - - - - - - 811
08 20300 9700 15000 7495 50 - - - - - 30429
CcN 10.4 185 14,5 57 40 - - - - - 29
NH, 3.6 43 4.0 0.5 13 - - - - - 8




Table 7. Contd.

KOH Fusion Na,0, Fusion Amount (1Ci or pg)
Analyte C106-AQ-8  C106-AQ-8SDUP  Mean StdDev. %RSD | [C106-AQ-8 C106-AQ-8DUP  Mean StdDev. % RSD in C106-AQ-8
¥1cs 401 3.54E+02 3.78E+02 3.32E+01 9 - - - - - 766
) 935 9.16E+02 9.25E+02 1.31E+01 1 - - - - - 1877
*Te 1.70E-02 2.04E-02 1.87E-02  2.40E-03 13 - - - - - 3.79E-02
Ham(y) 2.74 2.60E+00 2.67E+00  9.90E-02 4 - - - - - 542
HAm(e) 242 222E+00 232E+00  1.41E-01 6 - - - - - 47
1¥Ey 3.67 3.39E+00 3.53E+00  1.98E-01 6 - - - - - 7.16
155gy 241 233E+00 237E+00  S5.66E-02 2 - - - - - 4381
“ch 7.73E-03 - 173E-03 - - - - - - - 1.57E-02
13 4.43E-03 335E-03 3.89E-03 7.64E-04 20 - - - - - 7.89E-03
By 4.18E-06 528E-06 4.73E-06  7.78E-07 16 - - - - - 9.60E-06
2y 9.72E-05 8.77E-05  9.25E-05 6.72E-06 7 - - - - - 1.88E-04
B™Np 1.70E-03 1.81E-03  1.76E-03  7.78E-05 4 - - - - - 3.56E-03
Bpy 5.19E-01 496E-01  S5.08E-01  1.63E-02 3 - - - - - 1.03E+00
Bpy 3.11E+00 2.87E+00 299E+00  1.70E-01 6 - - - - - 6.07E+00
“py 7.59E-01 8.74E-01  8.17E-01  8.13E-02 10 - - - - - 1.66E+00
BH2UPy 2.84E+00 2.72E+00 2.78E+00  8.49E-02 3 - - - - - 5.64E+00
UHMom 5.18E-02 6.15E-02  S.67E-02  6.86E-03 12 - - - - - 1.15E-01
*2Cm 5.83E-03 3.34E-03 4.59E-03  1.76E-03 38 - - - e - 9.30E-03
Total Alpha 5.84 5.50E+00  5.67E+00  2.40E-01 4 - - - — - 11.50

(a) Concentrations for radionuclides are in units of pCi/g dry solids; all other components are in units of pg/g dry solids. Values in parentheses are within 10 times the analytical detection limit, and
thus have a potential measurement uncertainty >15%, TIC/TOC and cyanide analyses was performed dircctly on the washed solids, Anion (IC) analysis was done on a water leachate of the washed
solids, so this does not accurately represent the anions present in the solids,
(b) Because the values obtained from the Na,O, fusion method are generally lower than those obtained by the KOH fusion method, the mean values from the KOH fusions were used to determine the
amount of each component in the washed solids (see discussion in the text). Nickel and K are excepfions, because these were only available from the Na,O, fusion.
(c) The process blank for the Na,0, fusion had a Ca content of ~2,500 pg/g.
(d) The process blank for the Na,0, fusion had a K content of ~4,100 pg/g, so the reported K concentration values in the sample can be largely attributed to the sample preparation.
(e) The process blank for the KOH fusion had a Na content of ~2,500 ne/e.
(f) Sample recoveries for the *C analysis were low and not reproducible; thus, **C data are suspect.
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Table 8. Dilute Hydroxide Washing of C-106 Sludge: Analysis

of the Magnetic Fraction of the Washed Solids®

)
!
H
'

C106-AQ-8B1 Amount (uCi or pg)

Analyte KOH Fusion Na,0,Fusion  Mean StdDev.  %RSD in C106-AQ-8B1®

Ag 496 338 417 112 27 229
Al 7770 6950 7360 580 8 3580
Ba (110) (100) (105) 0} 7 43}
ca® 4640 6950 5795 1633 28 2138
cd (29) <35 <32 - - a3)
Co. (80) (65) (73) an 15 @7
Cr 384 (370) 6717 (10) 3 177
Cu (190) (200) (195) m 4 (88)
Fe 508000 446000 477000 43841 9 234086
Hg Not Mcasured - - - - -
K - <4400 <4400 - - <2028
La (45) <55 <50 <7 14 - (21)
Mg (1700) (1900) (1800) 141) 8 (783)
Mn 3320 2950 3135 262 1530
Mo (56) <70 <63 - - (26)
Na? 7880 - 7880 - - 3631
Ni - (620) (620) - - 286
P (1600) (980) (1290) (438) 34 (737)
Pb (1000) (1200) (1100) (141) 13 461)
Si 12800 9030 10915 2666 24 5898
Ti 1430 1300 1365 92 7 659
U 221 - 221 - - 102
Zn (240) (250) (245) 0] 3 (111)
zr (360) - (360) - - (166)
TOC Not Measured - - - - -
TIC Not Mcasured - - - - -
(o} Not Measured - - - - -
F Not Measured - - - - -
NOy Not Measured - - - - -
50> Not Measured - - - - -
PO Not Measuced - - - - -
X o¥d Not Measured - - - - -
CN Not Measured - - - - -
NH, Not Measured - - - - -
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Table 8. Contd.

C106-AQ-8B1 Amount (uCi or pg)
Analyte KOH Fusion Na,0, Fusion ~ Mean StdDev.  Rel% Error in C106-AQ-8B1
Bles 8.08E+01 —~  8.08E+01 - - 3.72E+01
st 1.23E+02 - 1.23E+02 - - 5.67E+01
*Te <9E-03 - <9E-03 - - <4E-03
* Am(y) 4.35B-01 ~  435E-01 - - 2.00E-01
M Am(e) 4.10E-01 ~  410E-01
gy 5.80E-01 —~  5.80E-01 - - 2.67E-01
155gy 5.40B-01 - 5.40B-01 - - 2.49E-01
4o Not Measured - - - - -
o 7.74E-04 <2B-04  7.74B-04 3.82B-04 49 3.57E-04
By 2.64E-05 3.06B-05 285805 2.97B-06 10 1.31E-05
B8y 1.28E-04 1.37B-04  1.33B-04  6.36E-06 5 6.11E-05
“'Np <7B-04 <7B-04 <7B-04  <OB+00 0 <3E-04
BEpy 2.00E-01 - 2.00B-01 - - 9.22E-02
Bpy 8.80E-01 8.12E-01  8.46E-01  4.81E-02 6 3.90E-01
H0py 3.68E-01 345B-01  3.57E-01  1.63E-02 5 1.64E-01
B920py 7.43E-01 - 743BE-01 - - 3.42E-01
#4%Cm 3.16B-02 - 3.16E-02 - - 1.46E-02
cm 2.49E-03 —~  249E-03 - - 1.158-03
Total Alpha 1.39E+00 - 1.39E+00 - - 0.64

(a) Concentrations for radionuclides are in units of pCi/g dry solids; all other components are in units of pg/g dry solids.
Values in parentheses are within 10 times the analytical detection limit, and thus have a potential measurement
uncertainty >15%. Anion (IC) analysis was done performed on this sample.
(b) Because the values obtained from the Na,O, fusion method are generally lower than those obtained by the KOH
fusion method, the mean values from the KOH fusions were used to determine the amount of each component in the
washed solids (see discussion in the text). Nickel and K are exceptions, because these were only available from the

Nazoz fusion.

(c) The process blank for the Na,O, fusion had a Ca content of ~2,500 pg/g.
(d) The process blank for the KOH fusion had a Na content of ~2,500 pg/g.

(e) Sample recoveries for the YC analysis were low and not reproducible; thus, YC data are suspect.
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Table 9. Concentrations in The Washed and Untreated Solids and the
Relative Amount of Each Component Removed by Dilute Hydroxide Washing

up/g dry solids or uCi/g dry solids

Pseudo 95% C.L Gif Pseudo 95% C.L Gf Pseudo 95% C.L Gf
Analyte Washed Solids® %RSDs=10)® Original Sanplc(" 9%RSDs=10)® Removed, %9 %RSDs=10)®
Ag 381 44r 51 52 33 73r
Al 65825 9078¢ 6949 846r 14 33r
Ba 521 70r 49 64t 4 1.0r
Ca 15147 2010t 1439 183r 4 Ll
cd ) 12 11 1.2r 24 5.5
Co 82 10r 11 1.2 34 17
Cr 1231 163¢ 122 15r 3 1.9
Cu 535 70 64 7.0r 24 5.5
Fe 315141 36409r 28606 3303r 0 0.0r
Hg® 334 a7 30 4 - -
K 5285 642c 737 78r 35 7.9r
La 157 21r 18 21 21 49
Mg 3234 412 318 38r 8 1.8
Ma 5561 700r 506 63r 0.1r
Mo 69 8r 10 1Ir 38 8.6r
Na® 53848 7382r 217267 42482r o8 27
Ni 1234 158¢ 142 150 21 48r
P 4527 595¢ 640 7Ir 36 8.2r
Pb 3326 442 309 40r 2 0.6r
si 107390 14806¢ 10072 13451 3 0.8r
Ti 2928 376r 267 34r (i} 0.Ir
U 215 25¢ 140 24r 86 23r
Zn 333 4l 33 3.8 8 1.8¢
Zr 3287 454r 302 41 1 03r
TOC? 28381 4014r 2575 364r - -
TIC® 6133 867r 556 79r - -
a 8476 1199r 769 109r - -
FO 314 44r 29 401 - -
No, 2048 290r 186 26r - -
e¥all 381 54r 35 49 - -
po 381 S4r 35 a9r - -
c,0 0 14286 2020r 1296 183r - -
CN® 14 2 12 0.2 - -
NH,® 4 Ir 03 0.05r - -




Table 9. Contd.

jg/g dry solids or pCi/g dry solids

Pseudo 95% C.I. Pseudo 95% C.I. (if Pseudo 95% C.I. (if

Analyte Washed Solids® (if %RSDs=10) Original Samplc® %RSDs=10)® Removed, % %RSDs=10)®
,‘ Bics 3.77E+02 5.10E+01r 7.81E+01 9.92E+00r 56 13r
*8® 9.08E+02 1.25E+02r 8.24E+01 1.13E+01r - -
®Te 1.96E-02 2.55E-03r 7.45E-03 1.16E-03r 76 19r
4 AAm(y) 2.64E+00 3.60E-01r 2.88E-01 3.41E-02r 17 4.0r
M Am(o)® 2.21E+00 3.12E-01r 2.00E-01 2.83E-02r - -
v}; gy 3.49E+00 4.76E-01¢ 3.36E-01 434E-02r 6 1.4r
4 5By 2.37E+00 3.20E-0ir ' 2.67E-01 3.08E-02r 19 4.5r
3 O 7.36E-03 1.47E-03r 6.68E-04 1.34E-04r - -
5 129e) " 3.87E-03 5.25E-04r 3.51E-04 4.76E-05r - -
? B3 1.07E-05 1.39E-06r 9.68E-07 1.26E-07r - -
Bye 1.17E-04 1.37E-05¢ 1.06E-05 1.24E-06r - -
BINp® 1.83E-03 2.38E-04r 1.66E-04 2.16E-05r - -
d 28p ) 5.27E-01 6.89E-02r 4.78E-02 6.25E-03r - -
: Bpy® ' 3.03E+00 4,04E-01r 2.75E-01 3.67E-02r - -
Hop® 8.55E-01 1.11E-01r 7.15E-02 1.01E-02r - -
Bo1240p, &) 2.81E+00 376E-0lr  2.55E-01 341E-02r - -
UM 6) 6.08E-02 7.75E-03¢ 5.52E-03 7.03E-04r - -
. Wem® 4.91E-03 6.27E-04r 4.45E-04 5.69E-05r - -
Total Alpha 5.70E+00 7.66E-01r 5.30E-01 6.95E-02r .2 0.6

; (8) The concentration in the washed solids was determined by summing the quantity found in the non-magnetic and the magnetic fractions and dividing
s by the total weight (2.13 g) of the washed solids.

i (b) Pscudo 95% Confidence Intervals (C.1.) were approximated using propagation of error techniques for the case where the %RSD of all analytical
measures used is 10% and all measures are independent The'reader can review other potential %RSD values by multiplying the cefl value by r, where r
is %RSD/10,

(c) The concentration in the untreated solids was determined by summing the quantity found in the wash solution, the non-magnetic and the maguetic
solid fractions and dividing by the total weight (23.4777 g) of sample used. ’

(d) The percent removed was determined by the following formula: %Removed= 100*F,/(F,+Fy;+Fy,); where Fy, is the fraction in the wash solution,
F, is the fraction in the non-magnetic solids, and Fy, is the fraction in the magnetic solids.

(¢) The values for Na are not corrected for Na added as NaOH during the washing process,

(£) Only the material in the non-magnetic solids are accounted for in these values,

(g) In calculating the concentration in the untreated solids, only the material in the washed solids are accounted for in thes values.




i
3

i

Table 10. Caustic Leaching of C-106 Sludge: Analysis of the Leaching Solution and the Composite Wash Solution®

Composite Wash Solution C106-OH-9

T e !

Leach Solution C106-OH-3

Analyte Direct Adjusted® Amount (uCi or pg) Direct Adjusted® Amount (1Ci or pig)

Ag @5) (1.6) 167 (0.53) (0.50) 107
Al 778 509 52936 66.6 624 13464
Ba ©.1) ©.1) ®) <0.2 <02 <40
Ca 2.4 .6) (163) <5 <s <1011
cd <02 <01 <13.6 <03 <03 <61
Co <03 <02 <204 <0.5 <0.5 <101
Cr 11.0 12 748 (0.96) (0.90) (194)
Cu 2.6) an 174) (0.90) (0.84) (182)
Fo 9.81 6 667 wn (1.6) (344)
Hg Not Measured - - Not Measured - -
K (66) @3) (4491) <40 <37 <8086
La <03 <02 <204 <0.5 <0.5 <101
Mg <1 <1 <68 <2 <2 <404
Mn (0.09) (0.06) © <0.1 <0.1 <20
Mo 0.87) (0.57) (59) <0.6 <0.6 <121
Na 62400 40796 4245746 15900 14904 3214381
Ni (0.38) (0.25) (26) <0.6 <0.6 <121
| J 78.1 51 - 5314 14) (13) (2830)
Pb 16.9 11.0 1146 <2 <2 <404
si 350 228 23780 49.9 46.8 10088
Ti - (0.13) (0.08) ©) <0.1 <0.1 <20
U- 353 23.1 2402 0.534 0.501 108
Zn @3) (1.5 (159) <04 <0.4 <81
Zr (0.6) 0.4) 38) <0.5 <0.5 <101
TOC: Not Mcasured - - Not Measured - -
TIC Not Measured - - Not Measured - -
cr Not Measured - - Not Measured - -
F Not Mcasured - - Not Mcasured - -
NOy Not Measured - - Not Measured - -
so” Not Measured - - Not Measured - -
FO> Not Measured - - Not Measured - -
0" Not Measured - - Not Measured - -
CN Not Measured - - Not Measured - -
NH, Not Measured - - Not Measured - -
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Table 10. Contd.

Leach Solution C106-OH-3

Composite Wash Solution C106-OH-9

Analyte Direct Adjusted® Amount (uCi or pg) Direct Adjusted® Amount (uCi or ug)
B¥ics 1.78E+01 1.16E+01 1.21E+03 1.81E+00 1.70E+00 3.66E+02
2Sr Not Measured - - Not Measured - -
o\ 1.84E-03 1.20E-03 1.25E-01 9.01E-05 8.45E-05 1.82E-02
2 Am(y) < 8E-03 <5E-03 < 5E-01 <3E-03 <3E-03 < 6E-01
2‘"Am(ct) Not Measured - - Not Measured - -
i o 7.00E-04 4.58E-04 4.76E-02 2.00E-04 1.87E-04 4,04E-02
i 8.00E-03 5.23E-03 5.44E-01 3.00E-03 2.81E-03 6.06E-01
4c® Not Measured - - Not Measured - -
1291 Not Measured -~ -- Not Measured -- -
By Not Measured - - Not Measured - --
By Not Measured - .- Not Measured - -
2:‘”Np Not Measured - - Not Measured -- -
B¥py Not Measured - - Not Measured - --
9py Not Measured - - Not Measured - -
240py Not Measured - - Not Measured - -
239+240py Not Measured - - Not Measured - --
#WH2M0om Not Measured - . Not Measured - -
20m Not Measured - - Not Measured - -n
Total Alpha 7.82E-03 5.11E-03 5.32E-01 1.29E-03 1.21E-03 2.61E-01

(a) Concentrations for radionuclides are in units of pCi/g; all other components are in units of ug/g. Values in parentheses are within 10
times the analytical detection limit, and thus have a potential measurement uncertainty >15%.
(b) Value adjusted for the 34.6% loss in sample weight that occurred before analysis; this weight loss was assumed to be due to evaporation. '
(c) Value adjusted for the 6.3% loss in sample weight that occurred before analysis; this weight loss was assumed to be due to evaporation,

(d) The process blank had a Si content of ~60 pg/g.



Table 11, Caustic Leaching of C-106 Sludge: Analysis of the Non-Magnetic Fraction of the Leached Solids®

KOH Fusion . Na,0, Fusion Amount (1Ci or pg)
Analyte C106-OH-8  C106-OH-8DUP  Mean StdDev.  %RSD | 1C106-OH-8 C106-OH-8DUP  Mean StdDev.  %RSD in C106-OH-8®
Ag 285 327 306 30 10 639 1460 1050 581 1] 1991
Al 38600 31600 35100 4950 14 29500 28300 28900 849 3 228382
Ba 384 324 354 42 12 290 263 277 19 7 2303
ca® 16200 8920 12560 5148 4 11700 10400 11050 919 8 31723
cd 38) €) (38) 1 2 @1 €Y) 34 4 12 (244)
Co - <45 <50 <48 - - <50 <51 <51 - - <309
Cr (260) (280) (270) 14 5 (300) (340) (320) 28 9 1757)
Cu (130) (140) 135) 7 5 (140) (250) (195) 78 40 (878)
Fe 74200 85300 79750 7849 10 87300 99100 93200 8344 9 518901
Hg 153 121 137 23 17 - - - - - 391
K@ - - - - - <3850 <4065 <4065 - - <26449
La (74) 94) (84) 14 17 an 72) 72) 1 1 (547)
Mg 2490 2930 2710 311 1 2630 (1900) (2265) 516 23 17633
Mn 1890 1850 1870 28 2 1830 2120 1975 205 10 12167
Mo <55 <60 <58 - - <60 <61 <6l - - <374
Na® 160000 183000 171500 16263 9 - - - - - 1115882
Ni - - - - - 841 951 896 78 9 5830
P (1300) (1500) (1400) 141 10 (680) 970) (825) 205 25 9109)
Pb 1140 1650 1395 361 26 1550 1800 1675 177 11 9077
si 134000 102000 118000 22627 19 68800 59400 64100 6647 10 761779
Ti 1810 2010 1910 141 7 2050 1960 2005 64 3 12428
1] 144 208 176 45 26 - - - - - 1145
Zn (110) (120) (115) 7 6 (120) (160) (140) 28 20 (748)
Zc 651 1780 1216 798 66 - - - - - 7909
TOC 150000 121000 135500 20506 15 - - - - - 881644
TIC 1400 <1700 <1700 - - - - - - - <11061
cr <8000 <8000 <8000 - - - - - - - < 52053
F <8000 <8000 <8000 - - - - - - - < 52053
Noy < 15000 <15000  <15000 - - - - - - - <97599
so. < 15000 <15000  <15000 - - - - - - - <97599
PO < 15000 <15000  <15000 - - - - - - - <97599
c,0.! 355000 434000 394500 55861 14 - - - - - 2566854
CN 5 4 45 0.7 16 - - - - - 29
NH, 9.5 13.2 114 2.6 23 - - - - - 74




Table 11. Contd.

KOH Fusion Ne,0, Fusion Amount (uCi or pg)
Analyte Cl06-0H-8 C106-OH-8DUP  Mean StdDev. %RSD | [C106-OH-8 C106-OH-8DUP  Mean StdDev.  Rel% Error in C106-OH-8
¥ics 9.90E+01 1.12E+02  1.06E+02 9 9 - - - - - 686
%Sr 2.66E+02 - 3.20E+02 2.93E+02 38 13 - - - - - 1906
#Te <OE-03 <9E-03 - - - - - - - - <6E-02
M Am(y) 9.76E-01 1.04E+00  1.01E+00 0.05 4 - - - - - 6.56
MAm(e) 8.34E-01 8.34E-01  8.34E-0l 0.00 0 - - - - - 543
g 1.09E+00 1.38E+00  1.24E+00 0.21 17 - - - - - 8.04
150 6.48E-01 9.08E-01  7.78E-01 0.18 24 - - - - - 5.06
Uc© 1.76E-03 595E-04  1.18E-03 - - - - - - - 7.66E-03
| 1.01E-03 1.44E-03 1.23E-03  3.04E-04 25 - - - - - 7.97E-03
»5y 5.08E-06 594E-06 5.51E-06 6.08E-07 11 - - - - - 3.59E-05
By 8.50E-05 1.09E-04 9.70E-05 1.70E-05 17 - - - - - 6.31E-04
®Np <7E-04 <2E-03 - - - - - - - - <1E-02
Bipy 1.69E-01 1.88E-01 1.79E-01  1.34E-02 8 - - - - - 1.16E+00
Bpy 1.54E+00 8.74E-01 1.21E+00 4.71E-01 39 - - - - - 7.85E+00
Hopy 4,83E-01 2.07E-01 345E-01 1.95E-01 57 - - - - - 2.24E+00
BHUop, 1.50E+00 833E-01 1.17E+00  4.72E-01 40 - - - - - 7.59E+00
UHMeom 2.23E-02 3.08E-02 2.66E-02 6.01E-03 23 - - - - - 1.73E-01
#20m 1.63E-03 1.09E-03 136E-03 3.82E-04 28 - - - - - 8.85E-03
Total Alpha 2.23E+00° 1.89E+00  2.06E+00 0.240 12 - - - - - 134

(n) Concentrations for radionuclides are in units of gCi/g dry solids; all other components are in units of pg/g dry solids. Values in parentheses are within 10 times the analytical detection limit, and
thus have a potential measurement uncertainty >15%, TIC/TOC and cyanide analyses was performed directly on the washed solids. Anion (IC) analysis was done on a water leachate of the leached
solids, so this does not accurately represent the anions present in the solids.
(b) Because the values obtained from the Na,0, fiision method are generally lower than those obtained by the KOH fusion method, the mean values from the KOH fusions were used to determine
the amount of each component in the washed solids (seo discussion in the text). Nickel and K are exccptxons, because these were only available from the Na,O, fusion.
(c) The process blank for the Na,0, fusion had a Ca content of~2,500 pg/g.
(d) The process blank for the Na,0, fusion had a K content of ~4,100 g/g, so the reported K concentration values in the sample can be largely attributed to the sample preparation.
(¢) The process blank for the KOH fusion had a Na content of ~2,500 pg/g.
() Sample recoveries for the *C analysis were low and not reproducible; thus, “C data are suspect,




Table 12. Caustic Leaching of C-106 Sludge: Analysis
of the Magnetic Fraction of the Leached Solids®

C106-OH-8B1 Amount (Ci o pig)

Analyte KOH Fusion Na,0, Fusion  Mean StdDev.  %RSD in C106-OH-8B1"

Ag 719 @290) (505) 303 60 1462
Al 6210 6810 - 6510 424 7 12630
Ba 110) (150) (130) (28) 2 (224)
ca® 2680 5160 3920 1754 45 5451
cd (33) <30 33) - - ()
Co (90) <50 <100 - - (183)
Cr 392 (380) (386) (8) 2 797
Cu (200) 170) (185) @ 1 (407)
Fe 472000 402000 437000 49497 11 959954
Hg Not Measured - - - - -
K - <4000 <4000 - - <8135
La (59) <50 <60 - - (110)
Mg (700) (840) (770) 99) 13 (1424)
Mn 3110 2700 2905 290 10 6325
Mo <60 <60 <60 - - <122
Na® 15000 - 15000 - - 30507
Ni - 719 719 - . 1462
P (1200) (980) (1090) (156) 14 (2441)
Pb (1470) 1420 (1445) 3%5) 2 (2990)
St 22200 33100 27650 7707 28 45150
Ti 1040 1100 1070 42 4 2115
u 210 - 210 - - 427
Zn (340) (350) (345) ) 2 (691)
Zr (110) - (110) - - (224)
TOC Not Measured - - - - -
TIC Not Measured - - - - -
cr Not Mcasured - - - - -
¥ Not Measured - - - - -
NOy Not Measured - - - - -
so.* Not Measured - - - - -
PO Not Measured - - - - -
(oXo kg Not Measured - B - - - -
CN’ Not Mcasured - - - - -
NH, Not Measured - - - - -
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Table 13. Contd.

g/g dry solids or pCi/g dry solids

Pseudo 95% C.I. Pseudo 95% C.IL (if Pseudo 95% C.I. (if
Analyte Leached Solids® (if %RSDs=10)® Original Sample® %RSDs=10)® . Removed, % %RSDs=10)®
¥igs 8.90E+01 1.16E+01r 9,42E+01 1.10E+01r 68 13r
g ® 2.5TE+02 3.25E+01r 8.80E+01 L11E+01r - -
#Te 8.59E-03 1.01E-03r 8.73E-03 1.08E-03r 66 : 14r
HaAm(y) 8.59E-01 1L.11E-01r 3.39E-01 3.85E-02r 13 2.4r
A Am(e)® 7.07E-01 9.17E-02r 2.42E-01 3.14E-02r - -
By : 1.02E+00 1.35E-01r 3.53E-01 4.63E-02r 1 0.2r
155y 6.47E-01 8.52E-02¢ 2.68E-01 2.99E-02r 17 3.1Ir
¥c® 9.06E-04 1.28E-04r 3.10E-04 6.20E-05¢ - -
12/®) 1.00E-03 1.34E-04r 3.43E-04 4,58E-05¢ - -
B 6.09E-06 7.05E-07r 2.09E-06 2.41E-07r - -
Bey®) 1.06E-04 1.23E-05r 3.63E-05 4.20E-06r - -
BINp® 1.48E-03 1.88E-04r 5.06E-04 6.44E-05¢ - -
Bopy(® 1.50E-01 1.96E-02r 5.13E-02- 6.71E-03r - -
B3py® 1.02E+00 1.33E-01r 3.49E-01 4,54E-02¢ - -
Uopy® 3.04E-01 3.83E-02r " 1L04E-01 1.31E-02¢ - -
1 2U0p, @) " 9.71E-01 1.28E-01r 3.32E-01 437E-02r - -
UNMO ®) 2.17E-02 2.90E-03¢ " 7.44E-03 9,93E-04r - -
#om® 1.16E-03 1.50E-04r 3.98E-04 5.13E-05r - -
Total Alpha 1.74E+00 . 2.26E-01r 6.27E-01 7.76E-02¢ ' 5 1.0r

(a) The concentration in the leached solids was determined by summing the quantity found in the non-magnetic and the magnetic fractions and dividing
by the total weight (8.453 g) of the leached solids. ’

(b) Pseudo 95% Confidence Intervals (C.1) were approximated using propagation of error techniques for the case where the %RSD of all analytical
measures used is 10% and all measures are independent The reader can review other potential %RSD values by multiplying the cell value by r, where r
is %RSD/10.

(¢) The concentration in the untreated solids was determined by summing the quantity found in the leach and wash solutions, the non-magnetic and the
magnetic solid fractions and dividing by the total weight (24.7022 g) of sample used.

(d) The percent removed was determined by the following formula: %Removed= 100*(Fy+E )(Fy+FytFonctFpn); where Fi is the fraction in the leach
solution, F,, is the fraction in the wash solution, Fyy is the fraction in the non-magnetic solids, and Fy, is the fraction in the magnetic solids.

(¢) The values for Na are not corrected for Na added as NeOH during the leaching process.

(f) Only the material in the non-magnetic solids are accounted for in these values. .

(e) In calculating the concentration in the untreated solids, only the material in the washed solids are accounted for in these values.
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Table 14. C-106 Washing/Leaching: Comparison to Previous Studies

"Water-Washed" Caustic-Leached Solids
jg/g dry solids pg/g Fe - pg/g dry solids pg/g Fe

Analyte Lumetta 1996  Lumetta 1999 Lumetta 1996  Lumetta 1999 Lumetta 1996  Brooks 1997 Lumetta 1999  Lumetta 1996  Brooks 1997 Lumetta 1999

Ag 1260 381 717 1208 630 3020 409 3369 22206 2335
Al 86400 65825 491747 208874 69100 49100 28512 - 369519 361029 162972
Ba 580 521 3301 1653 630 398 299 3369 2926 1709
Ca 3900 15147 22197 48064 6505 5480 10313 34786 40294 58947
Ccd 110 <90 626 284 125 78 37 668 574 210
Co Not Reported 82 Not Reported 260 Not Reported Not Reported <58 Not Reported ~ Not Reported 333
Cr 1300 1231 7399 3905 1046 711 302 5594 5228 1727
Cu Not Reported 535 Not Reported 1697 Not Reported 58 152 Not Reported 426 869
Fe 175700 315141 - - 187000 136000 174950 - - -
K <4685 <5285 26665 16771 6710 Not Reported <4009 35882  Not Reported 22913
La <150 157 854 499 229 Not Reported <78 1225 Not Reported 444
Mg 858 3234 4883 10264 1060 1320 2254 5668 9706 12886
Mn 4215 5561 23990 17647 4235 2850 2188 22647 20956 12505
Mo Not Reported <69 Not Reported 220 Not Reported Not Reported <59 Not Reported Not Reported 336
Na 101700 53848 578828 170871 89700 113000 135619 479679 830882 775187
Ni 2140 1234 12180 3916 2020 1090 863 10802 8015 4931
P 1460 4527 8310 14365 2553 3480 1366 13652 25588 .7810
Pb 4020 3326 22880 10554 5107 3310 1427 27310 24338 " 8159
Si- 86500 107390 492316 340767 87400 66600 96170 467380 489706 549702
Ti 640 2928 3643 9293 787 995 1720 4209 7316 9834
U 191 215 1087 682 613 Not Reported 186 3278  Not Reported 1063
Zn 315 333 1793 1056 155 Not Reported 170 829  Not Reported 974
Zr 3860 3287 21969 10432 6210 1050 962 33209 7721 5499

(a) Lumetta 1996 = PNNL-11381; Brooks 1997 = PNNL-11432; Lumetta 1999 = current work,
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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 Obj ectivés

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 HL'W sample at 30, 40, and 50°C
and their concentrations.

Definitions

BNFL British Nuclear Fuels Ltd.

HDPE High-density polyethylene

HLwW 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 prepazatlons (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 bé 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.

BNFL-TP-29953-8 Page2 0f21 |
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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 Iaboratory 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 begiminé work.

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

Wide-mouth HDPE bottle; size to be determined (2) - - 0.1 1 rkoH Used = ooy o.Lomz é."
+ 30-mlL HDPE bottle Beae Y e,
+ 20-mL HDPE vial (8) ‘ Swe R
v 30-to 40-mL glass vials (2) ) Cloen
+ Hot plate/stirrer ) "
. Aluminun heating block o-ot 8 ok propesed by mavey B

. . e alo vt

» - Temperature controller with temperature read-out €t oo 4 w0 ""’h:v__‘ (:”:, »
. Over-temperature shut-off device ~ . ) Llnsf .| tis s ::1 A
- 0.45-pum nylon syringe filters (6) . & ool ‘C"fk ) s

5-mL syringes (6) ‘ werk ot fe—-«%u’ wy2syes

0.45-pm nylon disposable filter units (8) + A _

Adjustable 5-mL pipette ' 205t O M ol

Boiling water bath .

. Mee
Small plastic bag e b

2L By &GS

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

ocaup (oS
CalibrationID: 02093 . 62895 /0N
Calibration Date: _i/i1z/43 157
Expiration Date: _ /2000 1/200\

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

bel-2 I
Calibration ID: 3b0-94-61-01b Calibration ID:
Calibration Date: 3/2/9? ox 9/99 Calibration Date:

BNFL-TP-29953-8 Page 3 of 21
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Expiration Date: &/44 Expiration Date:

Before beginning work, a routine performance check should be perj%}z}zed and documented in the

space below. :
10+, j Fodv\&
( 6.8995
1O "\' qﬂ q7
s 4q 444d¢”
100 q9. 91 Y4
. A
fgo Qeoaso) 144 .a%47 ) \u?’o[“ '
axv
‘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.

Part 1. Solubility Versus Temperature

“ l,,,o{‘%‘\ 1.1.  Prepare the sample vials according to the following table. All vials should be HDPE.

Sample ID® Tore_ufs .
C 106 -SOL~30-1 6. HEST
ct1o6 -SOL-30-2 ¢ Y795~
c1o6 -SOL-40-1 6. ueqs”
ci0é -SOL-40-2 . 1%44
106 -SOL-50-1 6. HI8¢
o6 -SOL-50-2 6. 4T85
(2) The prefix to the sample IDs should be
the tank number; e.g. "C106."

0 A\h. YAl . '
1.2, Label 2 36-mL HDPE bottle as “ C106 -SOL-TEST” ( = tank number) and
place a magnetic stir bar in this bottle. wuh crwb-oL 7eT — L5 L5723 5

Nl 7
P G10L-g\ Uhi’L 12?5 of e vy Py "
1.3.  Mixthestock HEEW-sampletogivea-homogeneous-slurry- €106~ Bl i~¥d  Clol.sol-T EST.
A- .
Ok f\t\‘ A £-SeL- TEST it Somnnple
“‘\«l“ wh. Qb " e 730
Mokt e CLOL Sanvrplt pae Conslsfe/ 1503 .
: W Seanple 2 ZETIIO S [SLESY S (0,157 g
£ Ay clunygs £ —frial, .

BNFL-TP-29953-8
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3
S
3
a s '2
= ad
§73%
RER
Note - E &3 g
If the HLW sample does not contain a liquid fraction, then add ~5 g of sludge to 25 mL s @
of 0.1 M NaOH. : T .
“lzom Add so~L of O.] W nladH
4 Jo Cipé-Sole TEST , b wisb
. W ciofo S0 ~7EST = T21399 g
15, Place_Cich -SOL-TEST into an aluminum heating block thermostatted at 30°C  ** *! # ¥
. . ?25%)
1 —27, 730
1.6.  Stirthe contents of _C106 -SOL-TEST P
1.7.  Once the temperature has equilibrated at 30°C, stir the samplefor Lh (stirba=1.4364 4 remeved )
Mown, Wt kit pralleas ot e sHL Lo shoppisg (s beppad Arrieg 41t pdgut.) 3

. T e (Shivber =B18184  inshilled
Chamgirg o & o o} b gepumed ki“ Start date/time: <=7F 1517/4'20-9‘7 (4—2[-??//034)6———\_” l )
palp , bov sHrriny WL okop ov NN gy Gote/time:

/2 eh (3125~ g shie Lo adhd
\44 - . . . . . .
Wl 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 €ilbens)
Yy PN PR
19.  Withdraw a 2*mL aliquot of the slurry and filter into vial _ ©106 -SOL-30-1 < 1. cio-sor-30-1
: W Seeaple z 10,4526, 1658 2 YRS S = .95
1.10. Withdraw a second Z-mL aliquot of the slurry and filter into vial C 106 -SOL-30-2
[N smrt,-,lo.’),rs’-(.-‘iff.\’s Y. 2iL0 — {w&. ca0b-SoL -2 -2
1.11.  Adjust the temperature of aluminum heating block assembly to 40°C - B, USS
112. Oncethe temperature has equilibrated at 40°C, stir the sample for b~ Sawmpts ,tf.'w:; ok
all w:ﬁ .
Start date/time: __ 4/2(/a9 13135
(215 Stop date/time: __u/2z/91  §:08
| :
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
) l{ /—ﬁw“= 10.7J_zl
1.14.  Withdraw a Z-mL aliquot of the slurry and filter into vial C.106 .SOL-40-1
y Oh. Sempl 2 10,762 ~LlEgc 5 2827
1.15. Withdraw a second 2-mL aliquot

of the slurry and filter into vial C1oL -SOL-40-2" wi, = 10,{727Y%
Whe Sommple = 10.877¥~ 6.N7R4% = Y 1gag
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
13/24 Start date/time: ¥/ 2%/4% AL
A Stop date/time: _4/72/9% i gp
1.18.  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 PRV ol
4 y
1.19. Withdraw a Z-mL aliquot of the slurry and filter into vial 106 -SOL-50-1 > wt= 10. 04 (7
Mokt Aoyl ik Llled Qe ob B8 )t Gl plogged afbo ot seaples ‘2-:;‘?‘;’
alor el bd @it Tis ntd s Lo Lecans? -12—;—;;‘
wOve ga\,'d; RT3 -P\;nﬁtj T ‘?l“:s 4”{‘",}“ 4
BNFL-TP-29953-8 Page 5 of 21
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1.20. Withdraw a second Z-mL aliquot of the slurry and ﬁlter intovial _C106 -SQOL-50-2 > @

whe Somnpl o 0. XLV ~ 6. y4g8 = Y. 254
1.21.  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.
Whe CIOh- SOL-TEST = q7.5759 =2 Wh slofvy cowining =

Part 2. Determination of Aqueous-Insoluble Fraction /‘;

15652

3.1 818

P+ YT.5759 —

3
I vscé) Cortyinal eH-

(‘”’9 ,..l -"hft)

(rwr 0 VoD

Ay s TELT
2.1.  Homogenize the stock HLW sample by stirring 30.1734 g

22  Label a dispgsable filter unit (0.45-pum nylon) as_C 166 -AQ-1
23 Weigh _C104 -AQ-1

Wi _C10b AQ-1= g

(2:3A)

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

‘Wt. receiving bottle&cap = g

24 Connect _C 196 .AQ-1\o the vacuum line, but do not yet apply vacuum

(2.3B)

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

funnel of _Ci%6 -AQ-1

2.6 Apply vacuum to the filter unid, Disconnect from the vacuum once the liquid has filtered.

2.7 Place the cap onthe top of the fil er unit and weigh _C106 -AQ-1

Wi\_CIok -AQ-1= g

(277A)

Carefully remove the funnel part of th apparatus from the rece1vmg 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 =2.7A-2.3A = g (2.84)
Determine the weight of the filtered liquid
Wi Liquid=27B%3B=_ - g (2.3B)
Determine the weight of the filtered solids
Wt Sohdé 2.83A-2.8B g (2.8C)
2.9  Measure out the appropriate volume of 0.01 M NaOH as instiucted by the cognizant

scientist into a plastic bottle

Voo

= 10.%6 Y1

D

f“u..dt $wr C- -10f Swyb ¢ a o'/’

So\id we w- T Just wesh out am
saka  edunk (1“5\ A
Page 6 0f 21
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- A
o, 4 (3-OAN ’V/ﬂlv‘,"”ﬁ
(4.7“}

3= \ f“\. 9

Xal Xland —
YUITOSUT

ize-ml

+ 210  Label an appropriately sized wide-mouthed HDPE bottle as__C1ob -AQ-2

341 .
sl . 211 Weigh_Clop -AQ2
Wt._Clob -AQ-2=_3l-¢50Y o (2.114)
2.12 ne-a-portion-o£0-0 INEOT orme—=20A —frans
s b i Usisy & Spatuks | braab Op bws lamge Chunks fm i Cordb-21 sowple,
° N l’.}ﬁ“ Bon onix Bt By Semply will OSing bie spatule, Teamsbtm 265 of  Sampl fom Co1d6.RI hu CIOGAQ-2.
N
2,13 [Rerneat-sten O . 810 S ». »; LTans O 0 OIS 10 -~ :

2.14 Weigh_C106 .AQ-2

2.04a Fl o clot-AQa,

yo capuihy with 0018 Wt C1o6 -AQ2=_sS-128\ 4 (2.144)
Madl, .
~ 06-AB-Z = : . > ol
) :\l; :(; o Determine the weight of the slarry ot
—) . Sewmple g, 4727 . ]
. =1 & ‘ _ Wt. Slarsy =2.14A-2.11A=_=*" g (2.14B)
d 8 '::3 - Ciog “‘”’ g = [ST-523Y- 31650 = (22, RO . .
Foz=® 2.15  Equip -AQ-2 with a condenser, then place in an aluminum heating block at 85°C -
“ 5 ¢
K §_;§:§'§2.16 Stir the samplein_ C10L -AQ-2 at 85°C for 2 minimum of 8 hours N
} O‘J_ ( R \3‘{"'
i1 ' Start date/time: _S/3/29 _ 1¥:0d e
S I Stop date/time: _S/%/44 s : e o, 5
§ 83 § () Puv inctonchions o MK shnsn
N 4 3 1 ZF—Allowto-cool-toambienttemperature- Al s 371979 BWEL | skeps 2017 ot 218 wint
& 3‘ 3 ) . aliwdmafd so ot 5"“*“"‘
Q.' gi §§ 0 _>.A"-"ii'i“ SRSG-reptaoe ';-".:... "r-an . A couldd Ll '@I‘lw ‘)b(.g hot,
o 4 B *
8‘ ‘g u I :g_
§ g : ? 3 (2.184)
.13 § I
§

* 219 Label a disposable filter unit (0.45-pm nylon) as_Ctet .AQ-3

» 220 Weigh_cCiob  -AQ-3

Wt._Clop, AQ-3=_64. ¢ o (2.204)
Also weigh just the bottom part of the filter unit; i.e., the receiving bottle and cap
Wi. receiving bottle&cap = 4!-7791 ¢ (2.20B)

221  Connect 1oL -AQ-3 to the vacuum line
e <
BNFL-TP-29953-8 Page 7 0f21

pOE O A, AN T T




g

(D Moster Pt clartfsd solbHon Lov
?udP‘.hk Lovwahion,

s/iofar 00 g, , colidS kel

precpiinbd jl Co6-4Q-3

222
2.23
2.24

2.25

2.26

2.28

2.29

2.30

2.31

2.32

BNFL-TP-25953-8

[fds
ol Tl wal Sewt chumnky 5o
Kff,t.‘rv'{ -fD

M* r ':-’ l;‘q“ ;C-{-‘, e u)t.-d?\ rw. A‘k‘-’ fi—&v{ P s
Filter the,wash slurry e contdabl st ™ aferwl SHEE >
- et s Lo~. ) J,JSL M,,.‘b .
Disconnect from the vacuum once the liquid has filtered 2 "’:).t‘ e
. o

; oy .
Place the cap on the top of the filter unit and weigh _c 106 -AQ-3 ¥ ot & /"k'&l.*“
] ~ A
Wt._cie6-AQ3 = (2.244)

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

L7954 Q120 Dluitltar. Wt' receiving'botﬂe&cap = _l‘l—‘-l,_S'L—7’-{g (2'24B)

S/ ~dsico SHEIL claas

. 76744 a—:sd.ﬁ-ll‘cuw - Mv;l";\
Determine the total weight of the slurry e et

Wt. Sluny=224{2_0A= g (2.25A)

Determine the weight of the filtered liquid

Wt. Liquid =2.24B-2.20B=_[0%- 7€, (3 25B)
Determine the weight of the filtered solids oot ot deke =

Wt. Solids = 2.25A=3.25B = g (2.250)

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

L ted)
Vol Used=_ 160 gy, (estim¥s (2.26A)

. . C Lk
Weigh <ot -AQ-2 pzssed o

Wt M/ g (2.284)

Slurry the filtered solids using a portion of 0.01 M NaOH (volume =2.26A + 5); u'ansfgr

thisslurryto Ciof -AQ-2  A0-t aliguots uvsed. TrmiCr of sAMS ums Lo
rry Q d&‘-p@:w(*‘ Lecamse "\—u) witl e, s;—:gky ML&-‘V'Lwdo

Repeat step 2.29 four times to ensure complete transfer of the solids to _ <106 -AQ-2
Weigh _ ¢106 -AQ-2

Wt. _Clot -AQ2= Ha.hq'nq (2.314)

. “ ;3
Determine the weight of the slurry L e 657

Wt. 51uny=2.31'A-y2§A‘= 10%-827G (2.31B)

Equip _ €'°b -AQ-2 with a condenser, then place in an aluminum heating block at 85°C
. : ! .4’.
o
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233 Stirthe samplein _Cro4 -AQ-2 at 85°C for a minimum of 8 hours

Start date/time: __s7/4/99 G20 22h
Stop date/time: _$/5/99 _ €:30

¢+ 236 Labela disposable filter unit (0.45-um nylon) as _Croé -AQ-5
« 237 Weigh _cio6  -AQ-5 -
Wt._clo6 AQ5=_¢d- 16 (2.37A)
Also weigh just the bottom part of the filter unit; i.e., ﬂié ieceiving bottle and cap
g oy

Wt. receiving bottle&cap = g (2.37B)

238 Connect _!2¢ -AQ-5to the'vacuum line . -
. The bis chunks Led Leoken vp. There as dzé:..d«, w\os,,p{-g

. 3. '.)\'“‘~ - ] — i»s H Z N
2.39 Fﬂtertheh\‘?vashslur-ry 2ol webotal Shei fo Vet SHe bav — Deked UK S Gligs,
240  Disconnect from the vacuum once the liquid has filtered , w?;_‘)’rv- s
\;‘*\‘”’u /y\"'.

o

241  Place the cap on the top of the filter unit and weigh _Ci166_-AQ-5 o*

Wt._Cro6 AQS5=___— ; (2.414)

Carefully remove the funnel part of the apparatus from the receiving bottle, place the cap
on the receiving bottle and weigh.
Nok: monisr Pa CanBad Myuid Lo
P fovrabim of  solids, Wt. receiving bottle&cap = _[35:7813 ¢ (2.41B)

g
Tent SO clue,  sfmps 13100 53 Uw/ S/nsig Benl = Pvediplit Grmds . P !
2.42  Determine the total weight of the slurry oAl ot o
| Wt Shurry =24152.37A = g (2424)
Determine the weight of the filtered liquid 154
) 4. 000q p-\‘”. 5’[5/
Wt. Liquid=2.41B-2.37B=_ +3=+*25  (2.42B)
Ay <l¥! “®

BNFL-TP-29953-8 . Page 9 of 21



: : "
. Determine the weight of the filtered solids Co Could »ot ""‘;l: o ssht
. M

Wt. Solids =242A-242B= g (2420

g[slnn 243  Measure out the appropriate volume of 0.01 M NaOH as instructed by the cognizant
scientist into a plastic bottle

(,u'*'; o

Vol. Used=__j00 mL (2.43A)

244

245 Weigh_clos -AQ-2 . W Wt

- ,;»\\v o o ’
Wt._ci06 M g (2.454)

2.46  Slurry the filtered solids using a p;)f‘ﬁon of 0.01 k_‘M"I;IaOH (valume =243A + 51); mf}ffe,ﬁq e,
i - - « & Frtns sk 04 e Soliu, -2,
thls Sluny to _Ci‘i_ AQ 2 ;)w SCM:I?P;{::-"N of oIy weoH o Mr@- ':-4 V%;M

2.47  Repeat step 2.46 four times to ensure complete transfer of the solids to _Cloe -AQ-2 -»4 2 i ~£o;,
248 Weigh_ciof -AQ-2 | e
Wt _cro6 -AQ-2=_1H4. 0395, (2.434)
. Determine the weight of the slurry o o "MT
| Wi Slurry =2.48A248A=_11t3%25 * 4g)

2.49 Fquip crob -AQ-2 witha condenser, then place in an aluminum heating block at 85°C
2.50  Stirthe samplein _¢106 -AQ-2 at 85°C for a minimum of 8 hoﬁrs

Start date/time:  S/5799  3:z2e 227\
Stop date/time: _ s/¢/ 75 13:00

%_Lest—-')f’),‘ D ARA — o fia I <a3»))
. P aarne oy 5 LC-T=F 2 =y ant

* 253  Labeladisposable filter unit (0.45-um nylon) as €06 -AQ-7
. + 254 ‘Weigh_Cios -AQ-7

Wit. _C106 ~AQ-7T=_64.¢343¢ (2.544) o
,q.\.

sle [ﬂa
BNFL-TP-29953-8 ' : Page 10 of 21




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

s /(,[%‘1
Wt. receiving bottle&eap = Yi. 1Y ¢ (2.54B)
255  Connect __C106 -AQ-7 to the vacuum line
+ A 31048 AT Eoddy slow)
2.56 Filterthe;t\\?vash gluny (Filde = Crogan -2 o e FlE= Gy
c al FO‘A_“M of COIM MDY wewt \,‘,4:1 D rlngr SANULS L ClO6- . ‘
2.57 Disconnect from the-vacuum once the liquid has filtered
r.’ -
2.58  Place the cap on the top of the filter unit and weigh _Ciot -AQ-7 - Gecoedls &P o€t W
—_— o MAb <T6r2a
Wi. M g (2.584)
Carefully remove the funnel part of the apparatus from the receiving bottle, place the cap \
on the receiving bottle and weigh. ookt Ptelol do. wtisl Cap o dett ‘:’::f’
M Ldiakly afhe Gllets | pr ol Fn bokd Clud,, 't Ea%cu:{?m = :I.ng.,a“r
spon Di00  SEESHoHus 1ede o Lit gy, Wi receiving bottle&cap = _161. 47435 (2.58B)

IS VSN T Py.u_}p-"}-"b TR IR iy
S/1v794 T1257 Sl $1. Sanme.

2.59  Determine the total weight of the slurry i s/tr

Wt. W g (2:594)

Determine the weight of the filtered liquid

Wt. Liquid = 2.58B-2.54B=_[25~922%5  (2.59B)

.

Determine the weighit of the filtered solids ot bt palde Ty

Wt. Solids = 2-56A-2.50B = g (2.59C)

N . -Aa-
* 260 Labelaglassyiatas_Cot -AQ-8 Labeled aste jo- as (Q:f ﬁ.ﬁ:i_‘w,

oA ~EB Ev Lo e
2.61 Dry_ Ciop -AQ-8 at 105°C for a minimum of 1 h o Rl +<,Z)
-¥B '

2.62  Cool _“-’—"G‘AQ-S}O ambient temperature in a desiccator
2,63 Weigh_cio6 -AQ-8 oA -F®

Wt._Ciop -AQ-8=_I22. 5% ¢ (2.63A)
o0 cAG_ER = 92.079]
2.64  Using several portions of deionized water, quantitatively transfer the washed solids from
the filter membrane to _ 1o ~-AQ-8
A -8B
2.65 Heat_C'°t -AQ-8,at 80°C to evaporate excess water
-FR
2.66  Heat _C'° ~AQ-8 at 105°C overnight
1-%8
2.67  Cool _clo6 ~AQ-8 to ambient temperature in a desiccator

v, s -¥B.
Pt shebe e Laid ] golds v

&5 Toole wided Femegr of T
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2.68 Weigh_Ci06 -AQ-8 oA -£8 -
Wt._crop -AQ-8=_129.6115g (2.684)
LW Cro6.- A0 27 = 100, D3 L
2.69  Determine the dry weight of the washed solids
Wi, Dry Solids = 2.68A-2.63A=_2028¢  g(2.69A)
U omag VS L N = 2.47Y |
2.70  Determine the relative amounts of each wash solution needed to prepare the composite
liquid sample 23%S & o
Mok & o> @ '
I wotids ket Gormd  Total Wi Liquids —,Z,SB/+2 25B+242B+2.59B = 3224103 o (2.70A)
in oy of e satotios,
Comdack G+ Luomshte . Wt-Ffeetton-AQ—l-—-z,T&BQ-.-?ek-—-— (2:70B)~
Wt Fraction AQ-3 =2.25B/2.70A = ©.21&Y (2.70C)
- Wt Fraction AQ-5=242B/2.70A= ©.¥/? (2.70D)
Wt Fraction AQ-7=2.59B/2.70A= ©.3§02 (2.70E)

gl

(o]4t

¢ 271
2.72

2.73

2.74

2.75

2.76

2.77

Label a 20-mL HDPE sample vialas _ €106 -AQ-9 -~ >Wr=(.4787

Place <196 -AQ-9 on the balance and tare to 0.000g .

Place _<'°t -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 _Crop -AQ-3=10%¥2.70C=_2& 3154 g .ns (2.754)

AT s wdpead ‘~, .SL‘-“’}
Record the weight of __Cr06 -AQ-9 fo  suspt solids,

Wt._Cro¢ -AQ-9= _3.1fY2 o (2.75B)
Place %6 -AQ-9 on the balance and tare to 0.000g
Add the following quantity of the solution in bottle Crog, -AQ-5to_Crot -AQ-9

Quantity from _ Ci0¢  -AQ-5=10%2.70D=_2-413 g (2.774)

Py b

o/

BNFL-TP-29953-8 Page 12 of 21




Record the weight of _ ¢ 104 -AQ-9 -
Wt._Cioc .-AQ9=_=.4 2us g (2.77B)
2.78  Place _ci04 -AQ-9 on the balance and tareto 0.000g
2.79  Add the following quantity of the solution in bottle &6 -AQ-Tto _Crot -AQ-9
Quantity from _Cr06° -AQ-7=10%2.70E= 3.40% ‘\g' ' (2.794)

Record the weight of __C106 -AQ-9

Wt._ciot -AQ9= 2410 (2.79B)

Tl Wk sl = 015924 29264 34190z 10. 0237 (ot + b ool 2 301372 GY2%2 16,8015 ")

273  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
32  Lab¥] a disposable filter unit (0.45-ymnylon) as_Cso0f -OH-1
33  Weigh < 1

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

Wt. receiving bottle&cap = g (3.3B)

34 Connect _ ©/°, -OH-1 to thé\yacuum Iine, but do not yet apply vacuum

35 Transfer enough of the homogenizdd HLW sample to give ~25 g solids to the filter
funnel of C(ol -OH-1

3.6 Apply vacuum to the filter unit. Disconndct from the vacuum Snce the liquid has filtered.

3.7  Place the cap on the top of the filter unit and\weigh  Cr06 .OH-1

——

= g (3.74)

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

Wt. receiving bottle&cap * (3.7B)

= o
9("9\’ p-\' 5\‘0\“
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3.8 Detgrmine the total weight of the sample -
Wt. Sample:_ =3.7A-33A= g (3.84A)
Determine the'weight of the filtered liquid --
Wt. Liquid = 3.7B-3.3B = g (3.8B)
Determine the weight of thefiltered solids
. Solids =3.8A-3.8B= , g (3.8C)

3.9 Measure out the appropriate volume of NaOH as instructed by the cognizant scientist

’)/""2:: into a plastic bottle S #4145
' gy @ Vol. Used = >k (3.94)
3.10 Labelan a;ppropﬁately sized wide-mouthed HDPE bottle as __ /96 -OH-2
3.11 Weigh__ c106 -OH-2 .
' Wt._cios -OH2= 21.321% 4 (3.11A) -

3.13

3.14 Weigh__ciof *-0H-2
- 150, 202 , . Wt _Cio¢  -OH2=_5¢. s2log (3.144)
W Bl ».‘-\-kf;,:ﬂab” 2Rl O3 pqb- s 1o
wt. gt ot waott  Determine the weight Ofthesl.&mr Semmply

i Clob-0H-2 = it UZ,1]4D Sowmp o
e w1080 % & Wt. Slorry =3.14A3.11A= 2% 7% o 3 4p)

3.15 Equip_¢r06 -OH-2 with a condenser, then place in an aluminum heating block at 85°C
3.16  Stirthe samplein _ C/06 -OH-2 at 85°C for a minimum of 8 hours

Start date/time: S/re/59  14: 20 200

Stop dateftime: S701 54 9735

BNFL-TP-29953-8 Page 14 of 21
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r}\llq"

Mokt “moniire Hn  clovi Had sploba G predppl L . x /
. 712099 8115 Soluo Cloaw . " 'Wt. réceiving bottle&cap = _(45-97%5¢ o (B24B) O
LIefas 8399 Lo, e U:',. /'\,v‘ ’:,""
S/0f38 a0 (5. e ¥ wob’w&""
3.25  Determine the total weight of the slurry >
Wt. Slurry =3.24A3.20A = g (3.254)
Determine the weight of the filtered liquid
Wt. Liquid =3.24B-3.20B=_[04- °728;  (325B)
Determine the weight of the filtered solids
Wt. Soli : 25B= : g (3250
3.25a Label a 20-mL HDPE sample vialas _ Ct6{ -OH-3A —» % = €4y §3
3.25b Transfer ~15 mL of the filtered leachate solutionto _ Crog -OH-3A = “* = 23. 44/4
. L9MI6-Cane3: 16.¥T339 So—pC
3.26  Measure out the appropriate volume of 0.01 M NaOH as instructed by the cognizant

3.19

3.20

3.21
3.22
3.23

3.24

;

Label a disposable filter unit (0.45-pm nylon) as _cioé -0H-3
Weigh__ci06 -OH-3

Wi._Croc -OH3= (4 2444 5 (3.204)
Also weigh just the bottom part of the filter unit; i.e., the receiving bottle and cap -

Wt. receiving bottle&cap = 4 !-9°1& g (3.20B)
Connect _ 196 -OH-3 to the vacuum line .

. ¥ . . ’\.\-A"
Filter the Jeaching slurry™”; o

Disconnect from the vacuum once the liquid has filtered uf“:.}.,'
. ; Lebmo
Place the cap on the top of the filter unit and weigh </o¢ -OH-3 et gt v
Wt cres-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. -~ .

scientist into a plastic bottle
Vol. Used=_~19°  mI, (3.26A)

BNFL-TP-29953-8 Page 15 0f 21



el Ry
gui 328 Weigh Crol -OH-2 - (o & g
' , Wi_€i5f -OH2 = g (3.284)

3.29  Slurry the filtered solids using a portion of 0.01 M NaOH (volume = 3.26A + 5); transfer - _
this slurryto crol -QH-2 Tz Levysdd  post of $re solids oot 4 sfx)—\-‘a , T o<
He vt L b0l A gov.

3.30  Repeat step 3.29 four times to ensure complete transfer of the solidsto <426 -OH-2

331 Weigh Crog -OH-2

Wt. ¢z -QH2 = IN¢, 6T&y g (3.31A)
Determine the weight of the slurry N ,u:’m
>
Wt. Slurry = 3.31A-3/{8A =_N4.fueg (3.31B)

332 Equip_crot -OH-2 witha condensér, then place in an aluminum heating block at 85°C
3.33  Stirthe samplein €06 -OH-2 at 85°C for a minimum of 8 hours

Start dateftime: _ $/ny46  9:20

zz L

Stop date/time: __ s/12/94 ¥ 20

1ol ;;q
o
W——OH-2 o (3:354)
Determine-massloss-due-to-evaporation
WiLost=2.35A-3.31A = s (335B)
gt 336  Label a disposable filter unit (0.45-um nylon) as _Cwst -OH-5
337 Weigh Cio4 -OH-S | g o ot

. o

: o
Wt._cwof -OHS5=_s€.50464 © (3.374)
Also weigh just the bottom part of the filter unit; i.e., the receiving bottle and cap
Wt. receiving bottle&cap = Y/ M¥¥!t o (3.37B)

338 Connect Civ{ -QH-5 to the vacuum line
Wt A 3hEs
3.39  Filter the,wash slurry

3.40  Disconnect from the vacuum once the liquid has filtered

b

zI?
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A 341 Placethe cap on the top of the filter unit and weigh /o4 -dH-S

s|

Wt._c/of -OH-5=_'6™ £ 2¢3 (3.414)
Carefully remove the funnel part of the appariitus from the receiving bottle, place the cap
on the receiving bottle and weigh. woltt Solrbim v iy colovad Cotamlinr Hio o H-3)
Mokt Manitor it clavibicd solobitn  fov prechpitntr,
ST19/%  Slotien hazy Wt. receiving bottle&cap = _133.17¢4 g . (3.41B)

342  Determine the total weight of the slurry
Wt. Slurry =3.41A-3.37A = _tox. 32374 (3.424)
Determine the weight of the filtered liquid
Wt Liquid =3.41B3.37B=_4+7>% 5 (342B)

Determine the weight of the filtered solids

Wt. Solids=3.42A-342B=_jo.5926 g (3.42C)
3.43  Measure out the appropriate volume of 0.01 MNaOH as instructed by the cognizant
scientist into a plastic bottle : .
Vol. Used= ~10° ~  n, (3.434)
' 3.45 Weigh _cret o2 | REN L e
Wt. _ciec—<0OH-2= g E3.45A)

3.46  Slurry the filtered solids using a portion of 0.01 M NaOH (volume = 3.43A + 5); transfer .
thisslurry to _ cr06 -OH-2  vsed « spakule Lo fremrfor He bulk o€ e olids, Pl
Slovelol #e vegb with 0,01 4 Ma0H. -
3.47  Repeat step 3.46 four times to ensure complete transfer of the; solidsto _cro¢ -OH-2

348 ‘Weigh_cro6 -OH-2

Wt. c106 -OH2= lqg.égbog (3.48A)
Determine the weight of the slurry » qi: qu

Wt Slury =3.48A-345A = 111. £642g  (3.43B)

349 Equip_ Ciot -OH-2 witha condensef, then place in an aluminum heating block at 85°C
3.50 Stirthe samplein _C/96 -OH-2 at 85°C for a minimum of 8 hours

Start date/time: _ /12723 q:00 -
Stop date/time: _syinsq  jzts3 2

BNFL-TP-29953-8 ' Page 17 of 21



{259
A\CEEL 2

5) )i 3.53  Label a disposable filter unit (0.45-um nylon) as 104 -OH-7

3.54 Weigh_ci06 -0H-7
Q); )IYO"’R ce p)
Wt._Cro6 -OH-7=353. 8243 ¢ (3.544)

Also weigh just the bottom part of the filter unit; i.e., the receiving bottle and cap
Wi. receiving bottle&eap = 4/, 4.739g (3.54B)

3.55  Connect __&!5t -OH-7 to the vacuum line :
' as 1 3P 256, He BlIeF wis slod aA e

. WX v
3.56  Filter the wash slurry ‘2;\,,,:;\ Cildots oppe—sd closds,
3.57 Disconnect from the vacuum once the liquid has filtered

. o , . " peaded T
3.58  Place the cap on the top of the filter unit and ngh/ o¢ -OH-7 e L e
Wt. __crof -OH-7= g (3.584)

Carefully remove the funnel part of the apparatus from the receiving bottle, place the cap

on the receiving bottle and weigh. T T o oy 30 (3460 (a3 L€l «b_::-')
Wt Mottt ClariBal solobe o oot ¢ 110795 (ep>”
ST Qedssh sNLSE  poesesf Wt. receiving bottle&cap = __iss=4%5g (3.58B)
w"{' MM”

3.59  Determine the total weight of the slurry : Codd
Wt. s1uny=3.53A-3/.5AA/ g (3.59A)

- Determine the weight of the filtered liquid

Gs
Wt. Liquid=3.58B3.54B=_123%"6, 3 5omy

Determine the weight of the filtered solids

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

3.60 Labelaglassvialas_C/06 -OH-§ ot owsthr as  Clob-oH-¥B

a5 a
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e Cob-OH-&R

3.61 Dry_ <ot -OH-8at105°C foraminimumof1h -

ot Clob- OH _gR
3.62  Cool _Cioé -OH-8,to ambient temperature in a desiccator

3.63 Weigh % -QH-8 c4 Clob-oH-3B .

I, Wt._cr06-0H-8=/37.3357¢ (3.634)
g5 T Wi coe -oUEB = g4 197 ( .

s+ %% . 3.64  Using several portions of deionized water, quantitatively transfer the washed solids from
"‘f’ ﬂ»‘\“. x4 the filter membrane to _ ¢/96 -OH-8 Po¥ shv bep with negudbne solids i,

wi RE AN R ok cOb-oH KB Clos-oh-¥R
(M ¥ 365 Heat_Crof -OH-8  at 80°C to evaporate excess water :
v4 : cob-olt ~¥ B . S\ st 20R%
3.66 Heat_C/% -OH-8,at105°C overnight PO
Clo6-o% -¥13 pater Wiote solid  awoumsd 1
3.67  Cool _go¢ -OH-§,to ambient temperature in a desiccator wrlls 26 (106, OH- 2,

-~

3.68 Weigh ¢/t .OH8 ..Ad cio -oH-§B _
U653

Wt._erot 0H-3= 333777 (3.684)
LW o ~OWF-EB = 97, 4 500 ARk
3.69  Determine the dry weight of the washed solids S (R ek, ol

Wt. Dry Solids =3.68A-3.63A=_6-5966 5(3.69A)
3.70  Determine the relative amounts of each wash solution needed to prepare the composite

liquid sample it
ffgL‘ . "‘\.']'Lfg, \713,‘) A .
26 pmy ol S fomd Total Wt Liquids = 3.42B + 3.59B =, 25+ 677 (3.704)
T P slabios, -
wabet Gl Loty B tion OH-5 =3.42B/3.70A= O .Nt53 (3.70B)
Wt Fraction OH-7 = 3.59B/3.70A=_2.¥ 797 (3.70C)

3.71  Label a 20-mL HDPE sample vial as __C/of -OH-9
3.72 Place _ cios - -2:5-9 on the balance and tare to 0.000g
3.73  Add the following quantity of the solution in bottle _Croz _-OH-5to _Co¢ -OH-9
Quantity from _croe -OH-5=10%3.70B=_"1-253 4 (3.73A)
Record the weight of __¢s0L -OH-9
Wt._Ctof -OH-9= 4.2%3¢ 5 . (313B)
3.74 Place _<'0f . -XQH‘-Q on the balance and tare to 0.000g
3.75  Add the following quantity of the solution in bottle _ 104 -OH-7 10 _cre¢ -0H-9

Quantity from _ &/% -OH-7=10%*3.70C=_S:717 o (3.75A)
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Record the weight of _ C104 -OFH-9 _
“ {59 )
s’ln ‘M. Wi _C10L =0H9= 5~ $149 (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

5727/97 \
Cleckt o SoliMds d‘@éw»—

’ ! YA 4
CLOB- AR-S —=> [kt [ofs of Lo Sel.
Ao~ — cot o L"?7) LA > Lollk sol.'Js

oH-3 —= golvb Clae
Ol .¢= == Cpwre ch},mf»«i?' P,::.o}.

ot -7 —>  Sa\lds Pﬂ;&«t

»

6J2/44 B&‘.Mu we J_".(.’.} M o a “dree e o v.u.“ 1ok - e -§ X w" ;_a..lJ ;‘-
Sabomim 1E vt et Ly loss 12 avapetiem bLefore ol Ful wor
Foo s vesam L ot ot Lok amd otk LS vada

was - Legin. e B th ot Sats oS
(Wt T solohan hoed contdumll sofias :

5 ored-.
Af ‘HN;’-‘?I LA Lo fmc Gove Fo ’.(“‘S v-‘;l.)
ol ww s

lL—( I\‘ QC:- CI06- Ok~ =9 M”"-v 6‘ — rd 2k 5\!‘0}5
s & th-‘“'} 22, ;
u’* . 1. 5373' é. ¢ ¢
e .

s, 2264 .
G 3

T o wm nud e wl
qoethy sud for aid
o(-s'vaesfﬂ‘o-\,

5. 264
.28 .
L > u.)u‘,ld ot

0"'“):'%[ wf. )
@ Flvm of lejs,‘;

4.24%y (2738)
¢ 5. HIG (28R)
LI

jo. 05332‘
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TABLE 1. Sample Matrix

. Laser

Acd  KOH Nw0, Ic ICP-MS  ICP-MS Total Fluorimetry  Am/ . cvAA
Sample]D _Digestion _Fusion Fusion ICP/AES (anions) TOC TIC (*Tc)  (Ful)® GEA Sr Alpha ) 4om_ Mc Tritium _ Hg  Total CN_ Ammonia
SOL-30-1 X X X X X X X X X X :
SOL-30-2 X X X X X X X X X X
SOL-40-1 X X X X X X X X X X
SOL~40-2 X X X X X X X X X X
SOL~50-1 X X X X X X X X . X. X
SOL-50-2 X X X X X X XX X X
AQS X X X X X X X X X X X P X X X, X, X
AQ9 X X X X X X X 'X X X X X X x ' 0x X
OH-3A . X X X X X X X X X X X X X X X X
OH-8 X X X X X X X X X X X X X X X X . X
OH-9 X . X X X X X X X X X X X X X X X

(a) Includes Tc-99, 1-129, Np-237, U-isotopic, Pu-isotopic
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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.  Weigh C106-AQ-8B
Wt. C106-AQ-8B=_44.§593 ¢ (la)

2. Add 10 mL of concentrated (12 M) HCI (Ultrex-grade) to C106-AQ-8B
Abk thoris, far ~3.86,

3. Place the cap loosely on C106-AQ-8B and stir gently to dissolve the solids fre-e was sk & Sl

Gt o 142,
Hendect ::,.u, 21 b
4, Once all solids are dissolved, transfer the solution to 2 25-mL volumetric flask. Most. soligs Liesetot

YD AT -t £ e (b bare bl sl
5. Rinse C106-AQ-8B with several small poruons of deionized water, transferring the rinse “JTL@

liquid to the volumetric flask. Calids fovmd T #ole Lick as Liloted wHe 4,0,
Lo Ty oK

148
6. Fill the volumetric flask to the 25-mL mark with delomzed water, then mix. y Apomslerr ©
salids baabtr = m &0
7 Transfer the solution from-the-volumetrieflasktoa clean vial labeled as e Y ik
C106-AQ-8B1. 0603 5 & ds  callecled. -
8. Allow C106-AQ-8B to dry, then weigh
Wit. C106-AQ-8B=_1%-7529 ¢ (8a)
9, Determine the weight of the solids - oot = T
R s B AT et B
Wit.solids = la—8a=_ 01013 7~ g 1l Y(gyy s

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

R o psselx
€O Tilud o Qisedloe io kot #00 s Jdd ot p L2l Shiss
. cesalr  Lon Gy,
Tuied  tef Wty Jutel — sit1l JLid Wb Lisse ' b

fuw o ths

L’y L\a..‘{‘l'fj_ .




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 C106-0OH-8B
512005 Wt. C106-OH-8B=_417 His0g o (12)
2. Transfer stir bar with solids to a pyrex beaker
3. Add 10 mL of concentrated (16 M) HNO; (Ultrex-grade) to the beaker
: BNls axd ok all ddseaon- Added enosl o B e
4. Heat to near boiling to dissolve the solids 4, (pwer Ha shir Loms s Solids, Conblamid 5 bunt.
. & Couple o€ Kovrs & lwask oll colids l“:ﬂ(’“‘."x":‘;{ oL
5. Once all solids are dissolved, transfer the solution to a 25-mL volumetric flask. H: = iy '
C25F a4 -‘2
6. Rinse the beaker with several small portions of deionized watér, transferring the rinse  Coplad down
liquid to the volumetric flask. o gasky wess.
7. Fill the volumetric flask to the 25-mL mark with deionized water, then mix, ~ Aeldled ~25™t @12 tict.
.. . N e tud / (Y le'd
8. - Transfer'the solution from the volumetric flask to a clean vial labeled as ¢ (N il ot
C].OS'OH‘SB].. S{"""F"/( Soliws b0 clog-o#-FE L. - ail aa:ojloazh tn S2lOh%,
9. ‘Transfer the stir bar from the beaker back into C106-OH-8B and allow to dry e Ma}’i/m b Loy ees
10.  Weigh C106-OH-8B : Dtad in e ok 1a
Wt. C106-OH-8B=_95.504Y ¢ (102)
11. Determine the weight of the solids
Wt. solids=1a—10a=_1.aY4 o (11a)
12. C106-OH-8B1 will be submitted for analysis as prescribed in an ASR prepared by the
cognizant scientist.
' N e [ * 50 o
‘/ZL'/?G We weed fo wtisht of He oiod colis obft st “ e eatiila

> walud Y. solls —> V. g242,;
\-B Te h1ls wt Wl wisd o asled T
of o‘f&ddf‘-‘ e b Cusdtom .

Lgawzt 0-1079 + ouloi? =
v o

o
& Lot

% o




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.
Instru.ctions
1. Label a 0.45-pm Nylon filter unit as C106-AQ-3* P ¥ solids.
2. Swirl the solution in C106-AQ-3 to suspend the. solicis 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
Wit. C106-AQ-3Solid=_2{. 477
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. 7130 o
Wt. Dry Solid= 0.2¢38"
7. C106-AQ-3Solid will be submitted for analysis as prescribed in an ASR prepared by the

cognizant scientist.

NoHY Tlet wet o feww SOlds (eff T C106-AR-3. D& Lueb~
wes adl/ P ceo € ¢ WL te so bl eoms sollC
—D T4 SRS




Appendix B. Raw Data




Py

,3\'”9

MOS Jsw, OT F

7

Requested By:_Gregg J. Lumetta

Analytical Chemistry Laboratory (ACL) Ana]yt'ical Services Request (ASR)

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

A

S/ 2 8/55 376-6911 p7-25

Print Name

$ignature/Date Phone MSIN

Requester - Please Complete Al1 Fields In This Section, Unless Specified “Optional™ or ASR is a Revision

Request ID (optional):

1945 3
wysygh

PNL Project Number (if known):

Work Order/Pkg.:

Cost Estimate ($):

e

__CERCLA, or

Protocol Requirement: X None __RCRA

Other (specify):

s

Hold Time Requirement: _XNone

_RCRA __CERCLA, or

Other (specify):

PP R PR PR W

XHo, or

TPA Support:

Milestone No.:

QA Plan:

XMCs-033, or

Other ACL QA Plan (specify):

Additional QA Requirements: xNo, or

Reference Doc.:

Matrix: _XSamples vary (specify on Request Page), or

Liquid: __Aqueous —0Organic __Multi-phasic

Solid: __Soil _ Sludge __Sediment _ Glass

_F‘i'lter _Smear _ Metal _ Organic __Other Solids

Solid/Liquid Mixture: __ Gas: __

Biological: __Tissue __Urine _ Feces

Process Knowledge:

__Sample Information Check List, or

Reference Doc.: _ ASR S27s”

PCBs Present:

Clek w,'fx\ [2X 18 P

Samp'let Disposition ... d.ls?b“'-

Untreated Sample(s): _ Return X Dispose _ Store, or
Reference Doc.:
Prep‘d Sample(s):  »<Dispose _ Return __ Store, or

Reference Doc.:

Additional Instructions:

X No, or

Reference Doc.:

Sample Storage Requirements: LNO _ Refrigerate, or Date Report Req”d: ’1/4 /Q‘l
Other (specify): Send Report to: G.J. Lumetta
Date Sampled (optional): MSIN:_P7-25 Phone:__376-641!
Time Sampled (optional): Fax {optional):
For ACL Use Only ... Do Hot Complete This Section
Date Delivered: ﬁé%&// 5/)_fﬁ? Job Group (optional):
Time Delivered (optional): Sample Group (optional):
Deliv. By (if known): PNL Impact Level: 1 _2 _3

Received By: y . /ééo%s
/R Unpe

Resp. ACL Mgr.:

Signature/Date:

DQ Review Reg’d: Y No _ Yes
ASR Number: 53 ? 7 Revision: _ Yes
ACL Numbers: (ﬁ‘l /QS’I "/4‘? /?74\

ACL waste:)f_No __Yes




TABLE 1. Sample Matrix (Revised 6/3/99)
Laser

Acid KOH Na0, Ic ICP-MS  ICP-MS Total TFuoimetry  Am/ Ppu/
Sample ID Digestion  Fusion  Fusion ICP/AES (anions) TOC TIC (¥T¢) @ul)® GEA ™Sr Alpha ) UIMMoy,  B9Upy Y0 Thtum CVAAHg Total CN  Ammonia
41-1881 C106-SOL-30-1 X X X X X X X X X X
1882 C106-S0L-30-2 X X X X X X X X X X
183 C106-S0L-40-1 X X X X x X X X X X
l‘@g}cws-sowo—z X X X X X X X X X X
| $%5 C106-50L-50-1 X X X X X X X X X X
1463k c106-50L-502 X X X X X X X X X X
193" C106-AQ-350tia® X X
1482 C106-4Q-8 X X p'e X X X X X X X X p's X X () X . X X
1§91 c106-4Q8B1 X X X X X X X X X X
{448 C106-AQ-9 X X X X b
1 83t c1o6-0H-3A X X X X X
{ @leos-or{-s“’ X X X b X X X X X X X X X X @ X X X
143 C106-0H-8B1 X X X X X X X X X X
- § §49 C106-OH-9 X X X X X

(a) Includes Te¢-99, 1-129, Np-237, U-isotopic, Pu-isotopic

(b) This material is water-soluble, Weighed amounts can be dissolved in water for analyses, as appropriate.

(c) Analyses should be performed in duplicate. )

(d) Although originally specificd in the test specification, tritium analyses will not be performed becauso any tritium originally present would have been removed during previous drying cycles.



Special Instructions

1.  Plastic sample vial should be used whenever practical.

2. All samples should be shaken to mix thoroughly before sub-sampling. ( EHPECIAULY SOUD S)
3. Visual checks for solids should be performed for the liquid samples.

4.  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.

5. 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.

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

7. Iflimited 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)
241 Am/ 243+244Cm
B8, B94240p,
Laser Fluorimetry (U)
CVAAHg

Total CN
Ammonia

C-14

VORI~

[ S W g G U
“KhWNDE—O




ASR 5397: Additional Special Instructions

Recommended sample sizes and final volume & recommended distribution volumes

Solutione: 091881 o 39-1536

Dned Sohds 99- 1887

Dilution 0.5 mL to 5 mL TOC/TIC 2mL
IC 2mL
Acid Dig.2mL t0o20mL  ICP 7mL
ICP/MS (Tc-99) 7mL
Rad (Note A) SmL
Solutions: 99-1890, 99-1891, 99-1894
Acid Dig. 4mLto20mL ICP ‘7mL
ICP/MS (Note B) 8 mL
Rad (Note C) SmL

Note A: Rad= CEA, Sr-90, Gross alpha, and U-laser

Note B:

ICP/MS = Tc-99, I-129, Np-237, U-iso, Pu-iso
Note C: Rad = GEA, Gross alpha, and U-laser

Note D: Rad = GEA,Sr-90, Gross alpha, U-laser,
Am/Cm, Pu-238, Pu- 239+240

Dilutions 0.5 gto 10 mL ICP 4mL
Ic 3mL
Dried Solids: 99-1889, 99-1893

KOH Fusion 0.2 gto 20 mL ICp 7mL
Scale Flux to ICP/MS (Note B) 8mL
0.2 Sample Size Rad (Note D) SmL

Na202 Fusion0.2gto20mL  ICP 7 mL
Scale Flux to
0.2 Sample Size

Dried Solids:.99-1888**, 99-1892 **

KOH Fusion 0.15 g to 20 mL ICP 7mL
Scale Flux to ~ ICP/MS (Note B) 8mL
0.15 Sample Size Rad (Note D) SmL

Na202 Fusion 0.15gt0 20 mL  ICP 7mL
Scale Flux to
0.15 Sample Size

Water Leach 0.25 gto 10 mL IC SmL

) Ammonia S5mL

Direct TOC/TIC 0l1g

Mercury Olg
C-14 0lg
Total CN 0.15¢g

** 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, M Steele for IC & TOC/TIC & C-14,

CZ Soderquist for Rad & Ammonia; PK Berry for CN

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




Table 4.2 Analytical Requirements for Filtrate, Washed Solids, and Wash Solutions
Analyte Washed Solids Filirate, Wash Solutions
Minimum Reportable Quantity Minimum Reportable Quantity
(MRQ) uCi/gm (MRQ) uCi/mt
¥% Cesium-137 6.0E-02 9.0E+00
3% Strontium-90 7.01E+01 1.5E-01
% Technetium-99 6E-+00 ngm/om 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 ngm/ml
V4 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+01 7.5E+00
Co 3.0E+00 3.0E+01
Cr . 1.2E+02 » 1.5E+01
Cu 1.8E+01 S 1.7E+01
Fe 14E+02 1.5E+02
K 1.5E+03 7.5E+01
La 6.0E+01 3.5E+01
Mg ’ 54E+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
% 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
> 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
% SO4 1.2E+03 (as S) 2.3E+03
¥ PO4 6.0E+02 (as P) 2.5E+03
uh A \M) 74 o7 o
' ‘ 3"
] N A
" \u\k T Vi . o f o k
0 " > i WA
L et ” p* - o \i s
%n) e <o’ U A
NS - VAo Y
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Battelle Pacific Northwest National Laboratory . )
Radiochemical Process Group Page _1 of _1
Shielded Facility Operations Team -

Shielded Analytical Laboratory

C14
Tank __Ci106 Core(s) N/A
Project Id: __ 29953 WP Number: ___WA48486
TI/ASR Number: ASR 5397
Sample Sample Sample 1 Spike = | Spike Spike

Sample Tare Gross Net Tare Wt Gross Net Spike
Ident. Wt -(g) Wt (g) Wt (g) (@ . |Wt (9 Wt (9) Ident.
99-1888 :

C106-AQ-8 ya.5714 |92.9¢3110.09/7

99-1892 ' _ ‘

C106-0H-8 42.6923 |42.9130|p. ] 207

)-1892-DUP - o

~106-0H-8  |44:0654 |y4.197] (0.7 287

99-1892-M51 ' =

C106-0H-8 - |42.53! |H42.455L |6, 1 245

9G-195z2-Ms2

Ciob-oM-§ |44 528 \uu 74280 . /147

M&TE : u/*/g;11 2 (360-06-01-016) Other
Cell 5 (360-06-01-019)
Denver (360-06-01-040)

. Mettler AT201 (510-06-01-014)

nnabV Date: -

JRORA— v e — . S

Reviewer:




Pacific Northwest National Laboratory

Page _1_ of _1
Radiochemical Processing Laboratory _
Shielded Facility Operations Team -
Shielded Analytical Laboratory
~ Bench Sheet
Client: GJ LUMETTA WP Number: W48486
TI#/ASR: ] P'r"ocedure:_l ~_BENCH INSTRUCTION

ASR 5397

€106 7Zr FUSTON DILUTIONS
SAMPLE IDENTIFICATION

PIPET PERFORMANCE CHECK DATA

SAMPLE PIPET  p/4) @ 25 C DILUENT PIPET

A 723’.5'8? X = A G413D - q/ ey ﬁdé/g X= 5/0047,
4-707g 52 L 0I3] 52003979 5o . DO35T
4 9507, fs0= .4 % $7009F, grp> 0007
4.%7;&%__/,04% Y. 9557 pe. s d4 5 ;q /_,Qz/- 530197 me,
4778 5”?, i ”/"’,,L
DILUENT | DILUENT | DILUENT SAMPLE " | SAMPLE SAMPLE
SAMPLE ID TARE GROSS . | NET TARE GROSS NET - | .
99-1888-Zr-PB PROCESS BLANK |7, 9 432 |23.9792| 5 03¢5-134.630.9 |39 9457 |5.15°9%
99-1888-7r .6106-AQ-8 ;)3.'777;:2 29, 8398\ 5. p b86 |39.99 4 4 §e . H38Y\85 /540
99-1888-Zr-DUP C106-AQ-8 _ R5.037% |34./672\5, 6 b7 \w4- 4301 |49 b12215./7 7¢
99-1889-Zr  C106-AQ-881  |/9. /85 |24./2¢4\5. 0 574 |34.996 7 |39- 452 | 5. 2637
99-1892-Zr  (106-0H-8 0. /264 |39, 2295 |5505357135. 4995 |44 63757] 5, 1940
99-1892-7r-DUP C106-0H-8  |49. 0599 |34, 25235 p5724 |44.4384 |47+ 5493 |52 203
99-1893-Zr  C106-0H-8B)  |/)5.7/4 ¢ |30, 5482\ 5: 05734 L4-0630 |31-36535. 346 63
SRM 2710-Zr  LCS/99-1888/Zr |26.9482)24.6185 T 05¢ 3 13/.3634 |34 976715 193/
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: Reviewer: Date:
@%%/ b-t-22 %V/Aﬁi/ 447/7[1@




Pacific Northwest National Laboratory Page _1_ of _1
Radiochemical Processing Laboratory : -
Shielded Facility Operations Team

Shielded Anélytical Laboratbry
Bench Sheet

Client: __GJ LUMETTA WP Number: ___ 148486

TIg#/ASR: __ASR 5397 . . Procedure: BENCH_INSTRUCTION

~

AQUEOUS SAMPLE DOSE RATES
SAMPLE IDENTIFICATION

{oommmmm - smm—oe- CP Readings----------vwcmceuouomm - }
Sample Ident. | Open Closed Open Closed Open Closed

Window @ Window @ Window @ Window @ Window @ | Window @

Contact Contact 6" 16" 12" |12
C106-S0L-50-1 | Z4p /4| 2§ B 25 i /
C106-AQ-9 50 4 4 / " s WA

| €106-0H-3A 49 | /Y 7 2.5~ Hq o | ls5
A VI Melde ywedreered :

APPROXIMATE SAMPLE YOLUMES IN mL: - - C106-S0L-50-1 g3 i E
C106-A0-9 S sdpds ow binin

C106-0H-3A 4%

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 A160 Balance

Date: |

lAna1 yst: Reviewer;

e e e gr———— e g —— o - . o




Pacific Northwest National Laboratory _ Page _1 of 1
Radiochemical Processing Laboratory . . —
Shielded Facility Operations Team

Shielded Analytical Laboratory

' Bench Sheet

Client: GJ LUMETTA WP Number: W48486
TI#/ASR: __ASR 5397 " Procedure: __ BENCH INSTRUCTION

AQUEQUS SAMPLE PRE-PROCESSING WEIGHT DATA
SAMPLE IDENTIFICATION
- 'Vié1.Gross

ACL No. |Sample Identification Weight (g)

99-1881 | C106-SOL-30-1 /0.5 4 70 )
99-1882 | C106-SOL-30-2 9. 9723

99-1883 | C106-SOL-40-1 j6.3140

99-1884 | C106-SOL-40-2 /0. /434 _

99-1885 | C106-SOL-50-1 §. 373y F Looks like Sirie sz_/&?/("! 258
99-1886 | C106-SOL-50-2 | 0, )75

99-1887 | C106-AQ-3SOLID 52.4 )14

99-1890 | C106-AQ-9 . /5 §L5¢

99-1891 | C106-0H-3A /7.3 ] I~

99-1894 | C106-0H-9 2%, HY67

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

Cell 5 (360-06-01-019) Sartorius LP42005‘Ba1ance

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

Bench (360-06-01-040) Denver A160 Balance

Analyst:

M&wﬁ/— 22

Date: Reviewer:




PASRASE

Battelle Pacific Northwest Laboratories
Analytical Chemistry Laboratory
Shielded Analytical Laboratory

PAGE 1 of 1

PNL-ALO 114

'Work Auith: ‘D
. TanleoreIPro;ecr TANK ‘€106, .

-Client names, GJ LUME'ITA ¥,

Solubilization of Metals from Solids Using a Na202-NaOH Fusion

ACL order number or

Crucible

Crucible

Final solution

. Crucible + sample Sample Spike added Process

ACL Sample ID Client sample ID dentifier welght (g) welight (g) welght (g) Weight. (g) Volumeé (ml) Factor (1)
1 |99-1888-Zr-PB PROCESS BLANK I g,
2 |99-1888-Zr C106-AQ-8 / 39,30/ | 34. 40651 |p. Jobs— ) 2.9 ¢S
3 |09-1888-zr-DUP  |c106-AQ-8 2 3525231353967 - |5, ) pysT 479,47
4 |95-1889-Zr C106-AQ-8B1 -3 34,8550 1399766 o095 T $YL uE
5 |99-1892-2r C106-OH-8 U 34500 |34.4053. |p Jo 4T H77,76
6 [09-1802-Z-DUP  |C106-OH-8 5 |3L.5%64 | 3/.4$5Y 6. 0990 50505
7 |99-1893-Zr C106-OH-8B1 l 353140/ 35, 24(% 0. /1877 “4a(.64
8 |SRM 2710-Zr LCS/99-1888/2Zr 7 34.5935134.46330 " |Npg95 i 56%. 00
9
10 ,
11
12
13
14

Analyst's sample preparation comments: - DOSE RATE: Spike source:

1

Process factor

Other sample preparation worksheels may be substiluled at the discrelion of the.Cognizant Scientist. Use one worksheet per client,

= Final volume (ml) / [ Crucible & sample weight (g) - - Crucible weight (g) ]

_ PNL spike ID number:

Anal, balance M&TE: g/ é{.d/..d/é

HCI volume added

Solution ht;ated (yesino): 72
Sample filtered (yes/no): 24 - ‘

(ml):_/

NV L0070 J.l,“.'J

AnalystlDe/ftw“?Z 2‘2/%,)/ /Y- fﬁ Reviewer/Date: é;_gz ]Z 22224 ; é: f g{



PGS,

Pacific Nor. National Laboratory
Radiochemical rrocessing Laboratory
Shielded Facility Operation Team

SAMPLE PREP SHEET
(325 SHIELDED ANALYTICAL LABORATORY)

TI/ARF NO.: _ASR 5397 PROJECT NO.: _29953 WBS NO.: SAMPLE TYPE: SOLIDS
ISSUED BY: _RT STEELE, DATE: __6/7/99 PREP TYPE: _Ni/KOH FUSION (ALO-115)
. 4 . F]
ANALYST _ DATE: £-299 CHAIN OF CUSTODY RQD: __NO
REVIEW: /T3 DATE: é/ﬁOY /59 QA PLAN: MCS-033 __ IMPACT LEVEL:
CLIENT: _GJ LUMETTA CORE ID:: N/A * TANK ID: ___C-106
WORK ALO SAMPLE ANALYTE | SAMPLE | $p.G.! | WATER | TOTAL | SPKE | SPIKE | DILUTION | DILUTION | PIPET MISC
PACKAGE | NUMBER IDENTIFICATION OR WT WT(g) | voL ID VoL FACTOR | MATRIX | cAuB
NUMBER . ANALYSIS (g/mL) | (mL) | (mu . (mL)
W48486 99-1888-PB PROCESS BLANK || SEE ' \ :
BELOW . 50
99-1888 C106-AQ-8 0. 1083
99-1888-DUP C106-AQ-8 0./ 3( ;
99-1889 C106-AQ-851 . 1) AL
99-1892 C106-OH-8 nryam
99-1892-DUP || C106-OH-8 0./0/3 ’
99-1893 C106-OH-881 0./079 )
GEA
Sr-90
GROSS
ALPHA
U LASER
Am, Cm
PUIAEA

(1) Specific Gravity of ORIGINAL material. SEE ASR 5397 TABLE 4.2 FOR MRQé

PAGE _ 1

OF




2]

Pacific Norusn . National Laboratory
Radiochemical Processing Laboratory
Shielded Facility Operation Team

SAMPLE PREP SHEET
(325 SHIELDED ANALYTICAL LABORATORY)

TI/ARF NO.: _ASR 5397 PROJECT NO.: _29953  WBS NO.: | g SAMPLE TYPE: SOLIDS

ISSUED BY: _RT STEELE . - DATE: ___6/7/99 PREP TYPE: _Zr/Na202 FUSION (ALO-114)

ANALY ST iy g o DATE: o=l =77 CHAIN OF CUSTODY RQD: __NO
REVIEW: flal. DATE: b/ [ (%4 QA PLAN: MCS-033 IMPACT LEVEL:
CLIENT: _GJ LUMETTA CORE ID; NIA - 'TANK 1D: C-106
WORK ALO . SAMPLE ANALYTE SAMPLE | '8p.G.\ | WATER | TOTAL 'SPIKE | SPIKE DILUTION | DILUTION { PIPET MISC
PACKAGE | NUMBER IDENTIFICATION OR WT WT(g) | voL 1D VOL ‘| FACTOR | MATRIX | CALB
NUMBER . ANALYSIS |- (g/mL) | mb) (mL) R )

W48486 99-1888-z-PB || PROCESS BLANK || 1cP i e _ A2 |8
' L 50 A0/ XN = || o 9539

99-1888-Zr C106-AQ-8 - 0, /o€ s \ \ _ 0197
99-1888-2r- C106-AQ-8 ‘ C ' e
DUP ' A /e .
99-1889-Zr C106-AQ-8B1. £.09/570 : / ' i
99-1892-Zr C106-OH-8 /848 , : [ ‘
99-1892-2r- C106-OH-8 [
pup : ). 0970
99-1893-Zr C106-OH-8B1 s, 1017 /
SRM 2710-2Zr LCS/99-1888/Zr b .45957 \L : ,

99-1888-DB-Zr DILUENT BLANK

WY N 495512 -2 870192 = 2. O/ %

A 5977

(1) Specific Gravity of ORIGINAL material. SEE ASR 5397 TAB.LE 4.2 FOR MRQs - PAGE _1_ OF

A

-—




Battelle Pacific Northwest National Laboratory

Radiochemical Process Group

Shielded Facility Operations Team

Page _1_ of _1_

Shielded Analytical Laboratory

WATER LEACH
Tank C106 Core(s) _-- N/A
Project Id: __ 29953 WP -Number: __ WA8486
TI/ASR Nuriber: ASR 5397
Sample Samp]é : Sample DIW DIW DIW
Sample Tare Gross Net Tare Wt Gross Net Spike
Ident. Wt (g) Wt (g) Wt (g) (g) Wt (g) Wt (g) Volume
99-1888-PB - = e
PROCESS BLK V4.9/7¢  |/.5/7¢ O  4:$517¢ |25:0347| g.0/4/
99-1888 | ) ' _
C106-AQ-8 52838 15,5407 |0.9549 |15:54c7 |a57 3088 | 9, 75773
99-1888-DUP . . - .
C106-AQ-8  |/5:3427- |V5.5837 |p. 24706 V355637 35344979, §407
99-1892 —
Cl06-0H-8  |/5:2463 |15°4/45 lp.-3¢83 Y5145~ |2%-3241 /2 7114
_9-1892-DUP |- o — 4/
06008 YsodTh 5706 sk Ysis/oe (257230 /0. 3134
Spike Id: ’
MBTE: _ Y 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:

ép»(./ é—-/‘/*ﬁ?.

Reviewer:

AR e aacare at

2 Ty




Pacific Not.... National Laboratory
Radiochemical Processing Laboratory
Shielded Facility Operation Team

TIARF NO.: _ASR 5397
ISSUED BY: __RT STEELE

PROJECT NO.: _29953

SAMPLE PREP SHEET

DATE:

WBS NO.:

6/7/99

V4. :/% /7/;/, .

DATE: g - /3 -22

(325 SHIELDED ANALYTICAL LABORATORY)

SAMPLE TYPE:

SOLIDS

PREP TYPE: _Water Leach (ALO-103)

' CHAIN OF CUSTODY RQD:

NO -

IMPACT LEVEL:

——

—

REVIEW: _7 DATE: é///.s;/ 99 QA PLAN: ____MCS-033
/ CLIENT: _GJ LUMETTA CORE'ID: N/A . TANK ID: __C-106
WORK ALO SAMPLE ANALYTE | SAMPLE | $p.G.' | WATER | TOTAL | sPIKE | SPIKE | DILUTION | DILUTION | PIPET MISC
PACKAGE | NUMBER IDENTIFICATION OR WT WT(g) - | VoL D VoL FACTOR | MATRIX CALIB
NUMBER ANALYSIS (g/mL) (mL) (mL) : . (mL)
w4486 = || 99-1888-PB PROCESS BLANK Ic - a3l
99-1888 C106-AQ-8 LY 9, 2593
99-1888-DUP C106-AQ-8 9. b/ O 9, 9407
99-1892 C106-OH-8 6, LG V0, 7714 ' ‘
99-1892-DUP C106-OH-8 0, 36/ 4 V2.3124
(1) Specific Gravity of ORIGINAL material. SEE ASR 5397 TABLE 4.2 FOR MRQs PAGE .1 OF 1




Pacific Noru.v National Laboratory P
Radiochemical Processing Laboratory -
Shielded Facility Operation Team

SAMPLE PREP SHEET
(325 SHIELDED ANALYTICAL LABORATORY)

TI/ARF NO.: _ASR 5397 PROJECT NO.: 29953 WBS NO.: SAMPLE TYPE: SOLIDS
ISSUED BY: __RT STEELE , DATE: ___6/7/99 PREP TYPE: _Water Leach (ALO-103)
ANALYST DATE: £ .-/°- 72 : CHAIN OF CUSTdDY RQD: __NO
REVIEW: DATE: é{//‘ i/ 7?‘ . ' QA PLAN: MCS-033 IMPACT LEVEL:
CLIENT: __GJ LUMETTA CORE ID: N/A TANK'ID: __C-106
WORK ALO SAMPLE ©| ANALYTE | SAMPLE.| $p.G! | WATER | TOTAL | SPIKE | SPIKE DILUTION | DILUTION | PIPET MISC
PACKAGE | NUMBER IDENTIFICATION - | OR wT WT (g) | VoL ID VoL FACTOR | MATRIX CALIB
NUMBER ANALYSIS (gimL) | .. (mL) (mL) i (mL)

Wa48486 || 99-1888-PB PROCESS BLANK || NH3-ISE 5. 3147
99-1888 C106-AQ-8 256 Y. ‘ 9.2593
99-1888-DUP C106-AQ-8 2470 8.4 627 15 .c
99-1892 C106-OH-8 26521 V0,7 116 il o
99-1892-DUP || C106-OH-8 f 36/4 8, 3194

(1) Specific Gravity of ORIGINAL material. ' ) PAGE _1_OF _1




Battelle Pacific Northwest National Laboratory
Radjochemical Process Group _ Page _1 of _1
Shielded Facility Operations Team

Shielded Ana'lytical Laboratory

TIC/TOC
Tank C106 Core(s) N/A
Project Id: 29953 WP Number: W48486
TI/ASR Number: ASR 5397 '
Sample Sample Sampie Sﬁike - | Spike Spike

Sample Tare Gross Net .. Tare Wt Gross Net Spike

Ident. - |Wt (@) Wt (g) Wt (@) . | (@ WE (@) | Wt (@) | Ident.

99-1888 , ' : _ ‘

C106-AQ-8 - [317973 31.955¢ | p.0613
'] 99-1888-DUP B

C106-AQ-8  |43-35 942~ 43,4436 |p, 0778

sy ¢ /)3

99-1892 |

C106-0H-8  |43. 5463~ \42.9740|.0607 &

99-1892-DUP . .

Cl06-0H-8  |33.35°97 |33.3545|..003%

99-1892-MS o _

Cl06-0H-8  |34-35°2¢ |34.95%Y |. 006 O

MRTE: _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: Date:

(%Z@z_ﬁ_ £oy2-35.

Reviewer:




Battelle Pacific Northwest National Laboratory

Radiochemical Process Group
Shielded Facility Operations Team

Page _1_of _1

Shielded Analytical Laboratory

Cyanide Analysis
Tank __C106 Core(s) N/A .
Project Id: __ 29953 WP Number: __ WA8486
TI/ASR Number: ASR 5397
Sample Sample Sample . 3amp1e Sample Sample
Sample Tare Gross Net Sample Tare | Gross Net
Ident. Wt (g) Wt (g) Wt (9) Ident. Wt (9) Wt- (@) _| Wt (g)
99-1888 _ . .+99-1892-MSD ‘ s
C106-A0-8  |/7:5947 |14.7494 |2 /535 | cio6-04-8 |/4:05%F |/4.2/250. 1590
99-1888-DUP | R ' '
C106-A0-8  |[/4:7484 |/4.905110./5 ¢7
. <1892 - _ .
2106-04-8  |/4 7051 |15.0550 16, /529
99-1892-DUP | - o
C106-0H-8  |/5 7678 \15:9/79 |p. /4 7¢
99-1892-MS -

C106-04-8 Vo~ 979 |ie.059T |p, 7475

M&TE: _ 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)

Date: Reviewer:

~walyst: :
9%74}/«%/7?@_/ £47-99.

g




Battelle Pacific Northwest National Laboratory
Radiochemical Process Group ' Page _1 "of _1
Shielded Facility Operations Team

Shielded Analytical Laboratory |
Mercury Digestion

Tank _C106 " - Core(s) _ N/A

Project Id: __ 29953 ' i WP Number: __ W48486
TI/ASR Number : ASR 5397 | |
_ Sample Sample Sample Spike | Spike Spike
Sample Tare Gross Net Tare Wt Gross Net Spike

Ident. WE (g) Wt (@ - |WE(® . | (@ Wt (g) Wt (g). | Ident. _

99-1888

C106-AQ-8  |27. 4472 (37.5¢4] |0, 1027

8?0%828?[) 27,3695~ 37,4577 |6.097¢
dotons  [7.2960 |27.4313 |5, 7253
BASEOP | sta27,0009 |p, 51
oo 253206 |29.468% |y, 095 5

MRTE: _ ¥ Cell 2 (360-06-01-016) Other
Cell 5 (360-06-01-019)
Denver (360-06-01-040)

_ Mettler AT201 (510-06-01-014)
Date:

Jalyst: Date: Reviewer:
ﬁ%ﬂ 4-12-7F //ﬁ%zv/ )4/«%,&/ /1877




Baltelle Pacific Northwest Laboratorics

Analytical Chemistry Laboratory ) E;ifé?lrgr{
PNL ALO 1 28 Nitric and Hydrochlorlc Acld Extraction of Liquids Using a Dry-Block Heater
*ebofdof—numbu-er- Vis! Samplo ¢ Final solutio Procosna '
ACL Samplo ID “&hﬁhﬁmﬁvﬁﬁ‘a-‘;ﬁ?‘} ldonlifior Volum:(ml) ' Volurﬁ(ml) Wol(;élnp Volume (ml;] Factor (1) )
NG9 199/ lassru/ 226470 [ Zx | wmd, | 2.090/a] __Zpa.f
2 /882 25,3259 | 27,4728 2. ' | 2. 0%94
a /883 otf.ygao// 225604 3 ' 2,408 o o
f 4 /6’6’7 25, 4360 | &7. 6004 4 > L2 11074/3.
! 5 155 |5 RIs | assp. & L. /. 0677¢.
: (86 |g5.99%3 |azeiiz| ¢ AX |and, \ 2, /759 4.
7 (890 | 25351 ms95| 4 X )l i //,/Wfd
J /89 |asizo] [ 2964 't | 4 534" 2
0 Duee-/F7/  |aszzi ) HYce| 9 a4 52758,
10 |95~ /59/ 25:3877/ A.p85| D -t ml. st | Y. 5208 3.
1|99 6% |wsogrrfoasd N - | U 1 4,205,
12 |[PS-188]  |sss30 L2 Lasl o 72,0 0'5'31' '52” ! Ak
13 ?mmzo?bﬁla"o’?, i o) il ol T20 — N
. |
| A
| An lyst's samplo preparation comments: __ % QM Sawpls wore aliucted ghire o Lol ol Splko sourco: SZarula.nlo SZui
| % W 112499 & 22°% ) A olimpds Y Jado Y A PNL splko ID numbor: _
ii g 994 Q,Q?/Y)W#ﬂ 3;34;.’5@ s ' Anal. balance M&TE; 329-94-o/-0.2¢
i _ﬁ_L %M )SOAWMZL B4
0. 994/ Lol o el L ’ bt Gtimplo flliorod (yod/ng)?)
0. 294/ - v o1 Nomds. D8l o1 U cone. Hwo 4Hcc. toeac
(1) Procos** lactor = Flnal volumo (ml) /Samplo volume (ml) ALl darppledl) iners lead of co,.:zq,&zﬁ,,\,, coneddd.
Olhor samplo propara!lon workshoals may ba subsliluled at the discrotion of tho Cognizant Sciontist, Use one Workshoot por cliont.
W i ie: A ez (Y59 : .
Analyst/Dach ]ﬂ Reviewer/Dale: ,/'7?/ J’L\_.. s / -9 Ren20 72695 I8




' Ewé‘gl
97~ (§5¥

Radiochemistry Bench Sheet

Client 4‘—6’9 M

Work Order #
A;Ir{ - AL ‘;/ﬂ(’?é Balance jéa’%’ﬁ/ "ld.?7

3397
rotrs_Svedh Tl ﬂp/M 97‘“/ ]47 TIPS

Pipct ID Numbers
Sample ID Dilutions and Aliquot Sizes Pipet Checks
99~ /55 7 anto HT5%  7.84/7
/882 - (ad 7wl 7 [200
/583 LY. 7 12T
/297 . 78442
1585 20760
1596 .
1890
[5%/

Y e —a

> |

Spike, Tracer ID
Isotope
Concentration
Ref Date

Analyst/Date Xifw / W Reviewer/Date W&@wrffr// AN —7‘7




Radiochemistry Bench Sheet

Client
Work Order # .
ASR 5327 Balance J4206 0/~ 02.¢o
Procedure /&/t/z - /4' 40— /03
Pipet ID Numbers
Sample ID Dilutions and Aliquot Sizes Pipet Checks
99-(357 &2 .5/Y7 gawos ——=7 1O mpA Lps5722.  10.045Y
Dneg- — . @ LDl 10,0230
i - 22%. /&‘0332_
, ] _ 10.0676
TAe wotbal wiao bticeabed Py g gl 70.08)9
LSC V botZl (D mitn o BT,
2" 2, l/{M/I)LMW% Zo o Urey)’
Spike, Tracer ID
Isotope
Concentration

Ref Date

Analyst/Date yﬁc W é" 7’7? Reviewer/Date WW =T /5‘ 6]"? (/




Radiochemistry Bench Sheet

Client /@‘7,17;, M //.. M

Work Order #

ASR - Balance Il -Db/~0.24
Procedure p/UL... /4'&0__ L/()/Q[
Pipet ID Numbers
Sample ID Dilutions and Aliquot Sizes Pipet Checks
79558125 O ol 2 ot 47796 . 0997
[ /855 l o/l 2375 L= 0.0k o2f (-
1558~ % | (DB%. - .0992 :O-O‘l%n\Q
/837 [ 2994
1992 0773
A — / T, Lo, |
/[ . : 2 #2197 K= 10 b6s = O3,
—r— A . PN 00955 = ('O-B.f:}? P\
toteell Kot N0, 205D,
fusion Semple -~ 10-1699
praberis|

Spike, Tracer ID -
[sotope

Concentration
Ref Date ’

Analyst/Date nzf,u: K W (ﬁ ’Z) -’% Rev‘iewer/Dale C \Sr—A‘&@I//v(Ar— (2 g ZZ—C;‘ R |




Radiochemistry Bench Sheet

Clen Loomille, GE

Work Order # L 49950

ASR 3327 Balance j/ﬂfdé"d/ %37
Procedure ,ﬁﬂl -—-/% ld - 9/62
' Pipet ID Numbers
Sample ID Dilutions and Aliquot Sizes Pipet Checks
77155~ /0 anto . 757  w.0377
/88§ , (D Ll (0. /240
/9 Weep - ' 257 . [235
/959 L D, 12/2
/894 /D W97
1992 B0
(893 ° %

Spike, Tracer ID
Isotope
Concentration
Ref Date

Analyst/Date OZ?’M W @wll/ é"’/ K’ /%) Reviewer/Date %’Wﬂf/ 6/-77




A S S !

Radiochemistry Bench Sheet

Client
Work Order # ) %@ . é gﬁ/
ASR 5. 3? Z Balance FoDD6-Y~ D37
Procedure / /U (A /?' w’ ?/52
] Pipet ID Numbers
Sample ID Dilutions and Aliquot Sizes Pipet Checks
- 1557 L oilr FUZHT5F 22070
/55 (& 24l 2. 023
/223 24°¢. od 232
/889 2. 53
(385" A.0
1556
187
189/ |
Quge- /59/
M5 -/8%/
99 - 1794 7
NV
1
257
Spike, Tracer ID
Isotope
Concentration
Ref Date '
%’V‘-’ ﬂ W é"?’iﬁ Reviewer/Date ,WWW&/ b—~/s=-99

Analyst/Date




Radiochemistry Bench Sheet

Client gZ :ém 4& ) /C‘}ZLM Qé’/&”‘/

Work Order # 4) Y886

ASR 5397 Balance ;j/ ’/é’// ’/ 5 7
Procedure ﬁ/]A,#{_&- ¢07 0
Pipet ID Numbers

Sample ID Dilutions and Aliquot Sizes Pipet Checks .

Y9 -/558-FhH 3 onl — Zdo — Tl —% Tl — Dl gl " H30754 o2, 9904/ 5.95/7
/958 | Aryness | ] () 3+l R, 9777 9.0/39
/%’8 Bt | [ | o252 20087 7.0058

| I / 3.0/93 87752
/ﬁl [ | 3.0305 93,0237
/59200 / [ Z 285017 0,979
1993 ] &) Lol L]
/993-Rep . ., / I 257 2. L3
n5-187% ° Y N v N4 \ J:. 9972
A3 - 19 Ot od _fu 237 LS
AL-[F58 D (¥ L BHI03 F[207F7 PP75

2.7
C ROl D DPTS
5% 2. 097
D DF7S
0975

Spike, Tracer ID w -215 -5 ’7
Isotope P T SEPN,
Concentration =00, o~ Tddpm/m] & | mo
Ref Date 5-19 -4 — —J

Analyst/Date ()% @%M é ~/ 5"59 Reviewer/Date WA@W@/ 6 -~ 4 ”.é/ 7




Clicnt

%4/13 ! wﬁé@’z

Radiochemistry Bench Sheet

s Ulgha

Work Order #
ASR 53 ?/0,9/ 5_397 Balance 340"06'0( ) 37
Procedure P U L A‘LD - 420
Pipet ID Numbers
Sample ID Dilutions and Aliquot Sizes Pipet Checks
D% - 1977 | Bomdo —> Saake — [md ~ Gl — o =L Weosd 34052 F.047
d(uncss @34%ls  B.HIG2 71947
?9 it 74 QY% 30032 2. 4/386
1882 2.9967 2 1/50
/?g"r CQ- 6730 9‘ /é//
1384 126737 0 670
1985 @O Il 0.0%2
/3%0 29%. L. /20 2
1890 2.077/
139/ 0. 0770
‘Bm 189 238618 [ 0027
1994 / . l (a) /ol /00y
be - ml N/ / \ N v Q4% £-00/7
%Sa_’_%ﬁl:M Pu239 0.993/
> - R9Y 3M10-+3MJ>)—~1M~+—>F~OIM
mS -394 ), Srimes |, )
St Ses Aokl M%éi W a‘n taloe il
Spike, Tracer ID (A) ) 5_—- f7
Isotopc P 239 o O, ]l
Concentration S5D0. [, .Y me / ,w( S Ueed/
Ref Date £219-97 I 4

()?ﬁ’t& }'p W b/ "?} Reviewer/Date %M/y;/ e 9¢

Analyst/Date




N
A

Radiochemistry Bench Sheet

Client é‘/ﬂ/")& @/Q@%
Work Order # %4/13 ! w“ﬁ Z v
ASR S3 5/09/ 529 7 =0 “ ongwere US@{ Balance 360’0@'0/ "037
Procedure P/UL AD U420 %*’_ U(‘?\\wm ‘(%4‘35/5 o % oo&)’iQO 3, Is
_ ; Pipet ID Numbersy =2 9O
Sample ID Dilutions and Aliquot Sizes C SU’(“‘W’“\ @M—;{‘?\ Pipet Checks ( %
B - 1927 |_Bomlo —> Bals — [ml > Goul — D. [l 3075t 3.0052-__F.097
dryness @3%lsp 20162 ?, 1947 %=1 ‘2‘7
X9- 188/ QYoa_ 30037 2,1386 2050
1882 2.9967 9 1/5D o
/283 2.9930_9./6// >
1384 126737 Q 770
1985 (a) O, Il O 0?797
13%6 24%. 0. 120 2
1890 2.097/
139/ 0+ 0770
Dups -1%9] 728861% /.0027
1894 / , (a) [yl ]800 | %= 1.0008g
Pb - 31 N Y N ] R ‘24°C. /-:00[7 to,z"/ L
— 159 | 8.1l 2B 050 5.5975 | = 1002
- %9, Ol Pu239 ] 0.9%9/ )
-  Baudo —Y Sads — ol > Qpell -~ 0.1l
-‘n's"?’-l \l d“‘ms \l/ J/ \ \\/
Spike, Tracer D W - 2155 )
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Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

Client: Lumetta

Cognizant Scientist:

ALOID
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

99-1880
C106-AQ-9

PB-1891
Process Blank

99-1891
C106-OH-3A

99-1891 DUP
C106-OH-3A

RPD
99-1891 Rep

99-1894
C106-0OH-9

98-1894 REP
C106-OH-9

RPD
Lab Blank

Matrix Spike

99-1881
8/11/1999

£/ (75
5-1159

. Date:
Concur: C ‘S 040”4 W Date:

l/ Measured Activities (uCi/mi)
Alpha Co-60 Cs-137 Eu-154 Eu-155 Am-241
+1s t1s +1s +1s t1s +1s
2.25E-3 8.30E4 4.78E+0 <4E4 <6E-3 <6E-3
7% 10% 2% .
1.50E-3 764E-4 4.84E+0 <6E4 <6E-3 <6E-3
8% 10% 2%
1.70E-3 1.08E-3 560E+0 <B6E4 ~ <7E-3 <7E-3
7% 8% 2%
3.08E-3 1.23E-3 5.13E+0 <4E4 <6E-3 .<GE-3
6% 7% 2%
4.87E-3 1.20E-3 6.26E+0 <1E-3 <1E-2 <1E-2
6% 12% 2%
3.92E-3 1.22E-3 6.31E+0 <7E4 <7E-3  <TJE-3
5% 8% 2%
1.03E-3 1.47E-3 3.858E+0 1.63E-3 <4E-3 <4E-3
7% 5% 2% 9%
<8E-5 <5E-5 <5E-5 <2E4 <2E4 <2E4
9.16E-3 9.54E4 2.04E+1 <BEH4 <9E-3 <9E-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 <2E-4 <3E-3 <3E-3
6% 8% 2%
1.40E-3
6%
7%
<2E-6
88%
107%

Reagent Spike

Page 1 of 1




99-1881

Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building 8/11/1999
Radioanalytical Applications Team
Client: Lumetta _
Cognizant Scientist: W B Date: g /// / 7 9
concur: 2 'Wiibf‘q [ ‘pate:  $~1-99
V Measured Activities (uCi/g)
ALOID Alpha Co-60 Cs-137 Eu-154 Eu-155 Am-241
. ClientID +1s +1s +1s +1s +1s +1s Vol, ml Wt, g
99-1881 2.15E-3 7.94E4 457E+0 <4E4 <BE-3 <6E-3 2.00 20901
C106-SOL-30-1 7% 10% 2% - .
99-1882 1.43E-3 7.28E-4 4.62E+0 <6E4 <6E-3 <6E-3 2.00 2.0969
C106-SOL-30-2 8% 21% 2%
99-1883 . 1.61E-3 1.02E-3 5.31E+0 <6E4 <7E-3 <7E-3 2.00 2.1084
C106-SOL-40-1 7% 9% 2%
99-1884 2.93E-3 1.16E-3 4.86E+0 <4E4 <BE-3 <6E-3 2.00 21124
C106-SOL-40-2 6% 7% 2%
99-1885 4.55E-3 1.12E-3 5.85E+0 <SE4 <BE-3 <QE-3 1.00 1.0697
C106-SOL-50-1 6% 12% 2%
99-1886 3.71E-3 1.15E-3 5.96E+0 <7E4 <7E-3 <7E-3 2.00 2.1159
C1086-SOL-50-2 5% 8% 2% . )
99-1890 9.81E4 1.40E-3 3.41E+0 1.55E-3 <4E-3 <4E-3 4.00 4.1998
C106-AQ-9 7% 5% 2% 9%
PB-1891 <7E-5 <4E-5 <4E-5 <2E-4 <2E4 <2E-4 4.00 4.5360
Process Blank
89-1891 8.08E-3 8.41E-4 1.80E+1 <7E-4 <BE-3 <8E-3 4.00 45360
C106-OH-3A 2% 10% 2% ’
99-1891 DUP 7.56E-3 & 9.19E4 1.75E+1 <6E4 <B8E-3 <8E-3 4.06 4.5275
C106-OH-3A 2% 8% 2%
RPD 7% 9% 3%
99-1891 Rep 8.85E-4 1.79E+1 <6E-4 <8E-3 <BE-3 4.00 4.5208
8% 2% '
99-1894 1.25E-3 5714 1.81E+0 <2E4 = <3E-3 <3E-3 4.00 4.2058
C106-OH-9 6% 8% 2%
99-1894 REP 1.33E-3 4.00 4.2058
C106-OH-9 6%
RPD 7%
Lab Blank <2E-6
Matrix Spike 88%
Reagent Spike 107%
Page 1 of 1
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Battelle Pacific Northwest Laboratory 89-1881
Radiochemical Processing Group-325 Building 7/9/99
Radioanalytical Applications Team

Client : Lumetta

Cognizant Scientist: W ) Date : ()'7 ’77

Concur : (— —Sa).eri [T, Date: =799

Measured Activities

Uranium Sr-90

ALO ID pglmb 4Ci/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-SOL-30-2 4% 8%

99-1883 . 3.09E+1  1.05E-1 - 2.00 2.1084
C106-SOL-40-1 . 4% 3%

99-1884 - 2.72E+1 1.51E-1 2.00 .2.1 124
C106-S0OL-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-SOL-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 5.61E-1 4.00 4.2058
C106-OH-9 2%

99-1894 REP ’ 4.00 4.2058
C106-0OH-9

Lab Blank <2.00E-5 <3E-5

Matrix Spike 99%

Reagent Spike 95%

Page 1 of 1
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Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

Client : Lumetta

Cognizant Scientist:

28 :

Concur : C ) 00\2,(7/:,00

ALO ID
Client |ID

99-1881PB
Process Blank

99-1881
C106-SOL-30-1

99-1882
C106-S0L-30-2

99-1883

"C106-S0OL-40-1 -~

99-1884
C106-S0L-40-2

99-1885
C106-SOL-50-1

99-1886
C106-S0OL-50-2

99-1890
C106-AQ-9

99-1891
C106-OH-3A

99-1891 DUP
C106-OH-3A

99-1894
C106-OH-9

99-1894 REP
C106-OH-9

Lab Blank

Matrix Spike

Reagent Spike

Measured Activities

Uranium Sr-80
valg pCilg
+ 1s + 1s

3.72E-1 <2E-4
2%

2.34E+1 9.44E-2
4% 3%

2.70E+1 6.39E-2
t}% 8%

2.93E+1 1.00E-1
4% 3%
2.58E+1 1.43E-1
4% 4%
3.27E+1 2.11E-1
4% 3%
3.08E+1 1.09E-1
4% 3%
9.39E+0
4%

3.55E+1
4%

3.51E+1
4%

5.34E-1
2%
< 2E-6 <1E-2

99%
95%

Page ‘1 of 1

Date :

Date :

99-1881
7/9/99
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Battelle Pacific Northwest Laboratory
" Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

Moo .ol

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
C106-AQ-8B1

99-1892
C106-OH-8

99-1892 DUP
C106-OH-8

RPD

99-1893
C106-OH-8B1

99-1893 REP
C106-OH-8B1

RPD

Matrix Spike
Blank Spike
Blank

99-1888
7/8/99

Date: | 7/7/77

& ,Soaizrcmp - Date: (=12 ‘Cfﬂ
14 . —_—
Measured Activities (uCi/g)
Cm-243/ Pu-239/ _
Alpha* Am-241 Cm-244 Cm-242 Pu-240 Pu-238 Pu-236 Alpha*
Error % Error% Ermror% Error% Emmor% Emor%  Error % Sum
1.20E-2 7.20E4 543E4 <7.E6 728E-4 B8T72E-4 .<2E-5 2.86E-3
24% 8% 9% 8% 7%
489E+0 242E+0 5.18E-2 5.83E-3 2.84E+0 5.19E-1 <1.E-3 5.84E+0
2% 5% - 10% 27% 4% 4%
467E+0 222E+0 6.15E-2 3.34E-3 2.72E+0 4.96E-1 <2E-3 5.50E+0
2% 5% ~10% 36% 4% 4%
5% 9% 17% 54% 4% 5% 6%
1.26E+0 4.10E-1 31 6E-2 249E-3 7.43E-1 2.00E-1 <3.E4 1.3%E+0
2% 5% 8% 23% 4% 5%
1.47E+0 8.34E-1 223E-2 163E-3 1.20E+0 1.69E-1 <4E-4 223E+0
2% 5% 9% 30% 4% 5%
1.62E+0 8.34E-1 3.08E-2 1.09E-3 8.33E-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 <2E-4 6.46E-1
3% 5% 13% 45% 4% 5%
4.89E-1 2.68E-1 559E-3 578E4 290E-1 4.96E-2 <2E4 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.

~pry———



Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building . : 99-1888
Radioanalytical Applications Team 6/22/99

Client : Lumetta

Cognizant Scientist: M‘—UWW%/ : Date : 45/2 L/ 7 7
e utl

ORGP R L P

Concur » | lpaowg - Lo Date : él A5 lq q
\)
Measured Activities (uCilg)
“j ALOID Alpha Co-60 Sh-125 Cs-134 Cs-137 Eu-154 Eu-155 Am-241 Ru/Rh-106 Ce/Pr-144
) Client ID Error % Error% Error% Error% Error% Error% Error%  Error % Error % Error %
99-1888PB 1.20E-2 <5,E-4 <2,E-3 4.67E-3 1.04E-1 <2.E-3 <2.E-3 <2.E-3 <5.E-3 <4.E-3
Process Blank 24% 4% 2%
99-1888 4,89E+0 295E-1 3.70E-1 2.82E-2 4.01E+2 3.67E+0 241E+0 2.74E+0 <7.E-1 <5.E-1
C106-AQ-8 2% 3% 23% 32% 2% 1% 4% 5%
99-1888 DUP 467E+0  2.94E-1 4.50E-1 252E-2 3.54E+2 3.39E+0 2.33E+0 2.60E+0  <6.E-1 <5.E-1
) C106-AQ-8 2% 3% 17% 39% 2% 1% 4% 5%
] RPD 5% 0% 20% 1% 12% 8% 3% 5%
; . 99-1889 1.26E+0 7.28E-1 <2.E-1 9.03E-2 B8.08E+1 5.80E-1 5.40E-1 4.35E-1 3.89E-1 4,90E-1
) C106-AQ-8B1 2% 2% 7% 2% 2% . .6% . - ,10% 15% ) 16%
f§ 99-1892 1.47E+0 1.20E-1 1.13E-1 1.58E-2 9.90E+1 1.09E+0 6.48E-1 9.76E-1 <4.E-1 <3.E-1
C106-OH-8 2% . 3% °  38% 30% 2% 2% 6% 6%
g 99-1892 DUP 1.62E+0  1.42E-1 1.61E-1 3.71E-2 1.12E+2 "1.38E+D 9.08E-1 1.04E+0  <4,E-1 <3.E-1
‘ C106-OH-8 2% 3% 30% 16% 2% 2% 5% 7%
"RPD 0% 17%  35%  81% 2%  23%  33% 6%
,’»1 .
99-1893 4.91E-1 4.55E-2 <1.E-1 <8.E-3 3.25E+1 2.89E-1 2.00E-1 3.47E-1 <2.E-1 <2.E-1
C106-0OH-8B1 _ 3% 5% 2% 3% 10% 10%
99-1893 REP 4,89E-1 '
' C106-OH-8B1 3%
RPD 0%
Matrix Spike 75%
Blank Spike 105%

Blank <3.E-6



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

Client : Lumetta

Cognizant Scientist: %@M/’/

Concur ; C So &Or':{ > -
14
Measured Activities (uCi/g)
Uranium
ALOID ug/g Sr-80
Client ID Error +/-  Error +/-
99-1888PB 1.18E+1 1.25E-1
Process Blank 2% 4%

- 99-1888 . 1.78E+2  9.13E+2
C106-AQ-8 2% 3%
99-1888 Rep 9.56E+2
C106-AQ-8 3%
RPD 5%
99-1888 DUP 1.73E+2  9.16E+2
C106-AQ-8 2% 3%
RPD 3% 0%
99-1889 221E+2  1.23E+2
C106-AQ-8B1 2% 3%
99-1892 1.44E+2  266E+2
C106-OH-8 2% 3%
99-1892 DUP 2.08E+2 3.20E+2
C106-OH-8 2% 3%
RPD 36% 18%
99-1893 ' 2.10E+2 1.32E+2
C106-OH-8B1 2% 3%
Matrix Spike 99%
Blank Spike 95%

Blank <1.E-2

99-1888
7/9/99

Date : 7/7/‘] 9
Date: /° ]l~76’

I S



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

Client : Lumetta

Cognizant Scientist: 2 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-OH-8 4%
93-1892 DUP 5.95E-4
C106-0OH-8 ' 8% ~
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.
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Project Number

Pacific Northwest Laboratories Intemal Distribution

- : 329 File
Date  June 25, 1999 3 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°l, 22U, 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: I (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 pg 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:
235 .(obtained from 2U), and 2*°Pu (obtained from #°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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Results are reported in pg/g (ppm) of original sample.
The uncertainty of the results Is estimated at £10%.

June 24, 1999

Lumetta Analysis

6/28/77

Sample ICP/IMS Client *Tc-99 <Ru-101 1-129 U-233 U-234 U-235 1U-236 U-238 Np-237 Pu-239 Pu-240
Number Number Number uglg 1glg uglg ug/g uglg _uglg ug/g uglg ugl/g uglg ug/g
1%HNO3 9623a1 <0.5 <1.4 <1 <0.5 <0.5 <0.5 <0.5 <1 <0.5 <0.5
1%HNO3 9623a10 <0.5 <1.4 <1 <0.5 <0.5 <0.5 <0.5 <1 <0.5 <0.5
1%HNO3 9623a23 <0.5 <1.4 <1 <0.5 <0.5 <0.5 <0.5 <1 <0.5 ° <0.5
99-1888-PB 9628a11 Process Blank <0.5 0.1 4.8 <1 <0.5 <0.5 <0.5 2.21 <1 <0.5 <0.5
99-1888 9623a15 C106-AQ-8 1.0+0.2 33 24, <1 <0.5 1.940.8 <0.5 286. 2.440.7 50.1 3.3+0.5
99-1888-DUP 9623a16 C106-AQ-8 1.2+0.2 30 18.6 <1 <0.5 2.4+0.8 <0.5 258 2.55 46.3 3.8+0.4
99-1889 9623a17 C106-AQ-8B1 <0.5 1 4.8 <1 <0.5 1242 <0.5 375 <1 14.2 1.6%0.5
99-1889 (Dup.) 9623a21 C106-AQ-8B1 <0.5 1 <1.8 <1 <0.5 13.9 <0.5 403 <1 13.1 1.5+0.3
99-1892 9623a12 C106-OH-8 <0.5 13 5.6 <1 <0.5 2.31 <0.5 250 <1 24.9 2.140.6
99-1892-DUP 9628a13 C106-OH-8 <0.5 15 8.0 <1 <0.5 2.7+0.5 <0.5 320 2.4+0.5 14.1 0.9+40.1
99-1893 9623a19 C106-OH-8B1 <0.5 3 <1.4 <1 <0.5 3.841.7 <0.5 382 <i 6.08 0.710.2
99-1893 (Spike) 9623a22 C106-OH-8B1 25.1 11.4 9.4%1.2 522 6.96 35.2
Spike Recovery ’ 108% 108% 101% 110% 101% . 79%
SRM 2710 9623a20 LCS/99-1888 <0.5 <1.4 <1 <0.5 0.5+0.5 <0.5 49.1 <1 0.5+0.4 <0.5
2ppb Tc-99 9622a9 1.92
2ppb Tc-99 9622a23 2.04 ¢
10ppb Co 9622a24 <0.5
1-129 2ppb 9623a8 2,20
-129 2ppb 9623a24 2.03
20ppb U 962348 20.0
20ppb U 9623a24 19.4
Multi CCV 9623a9 0:9910.13 0.735 5.26
Multi CCV 9623a26 0.9810.12 0.789 5.07
True Value 1.00° 0.740 5.00
*Results are from procedure 9622a.
*Calculated using response of indium. For Information only.
1 No standard avallable, results calculated from response of different isotope. i

" DATAREVIEW

Reviewed by: (2 TW
Date:2&lundq Pages: /eZ /[




Lumetta Tc-99 Analysis-
June 24, 1999 /I’W
é/z 5 /ﬁ?

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

Sample ICP/MS *Ru-101

Number Number ngl/g

1%HNO3 9621a1 ‘

1%HNO3 9621a6

1%HNO3 - ' 9621a26

Prep Blank - 9621a8 1

BS - 1881 9621a20

99-1881 cwbé-sx-%-1 952179 2700

99-1881 (Dup.) 9621a18 2900

99-1882 ciossa-2-t 9621210 2100

99-1883 ws-ﬁm-ﬂ""l 9621at1 2200

99-1884 cwe-"°""  9g21312 2000

99-1885 uet-seL-so-' 9621313 2800

99-1886 cwobsot 5t ggo1a14 2000

99-1886 (Spike) 9621a22 :

Spike Recovery

99-1890 c1v6-48-9  g621ail5 400 )

99-1891 ci10¢-dH"3~» 9621323 2100 -

Dupe - 1891 9621a24 2100

MS - 1891 9621a25 2100

99-1894 Cw0i-2w-2 9621319 50
> I

10ppb Tc-99 9621a7

10ppb Tc-99 9621a30

10ppb Co 9621a27

50ppb Co 9621a28 S08¢

b _____________________________________________ i
*Calculated using response of indium. For information only.

To E—-o-\v‘*’"“ e “5/) -}oa(«‘/j'-
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% Baffelle

Putting Technology To Work Project No. 29953

- Internal Distribution

Date July 9, 1999 - File/LB

To G. Lumetta

From M. Urie %M%(_/

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 content and was diluted approximately 10 fold with DIW prior to carbon analysis. |t 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).

E54-1800-001 (4/96)
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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-106-0OH-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. .
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Table 1: TIC, TOC, and TC Results

Review/Approve: %ﬂ@vm 7-—' 7 — 77

Archive Information:

« . - Vol - -] mc.__|TicrRPD|: TOC "|TOCRPD| .TC [ TCRPD
ALO Number |Sample ID (ml) | Dilution | (egCml) | -(%) 2| (ugClml) |- -(%) | (ug Cml) |. ~(%)
"|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
" lles-1881 s [c106-SOL-30-1 0.10 99% 80% 90%
99-1882 C106-S0L-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 3 7,560 6 9,580 6
|l9s-1884 C106-SOL-40-2 0.20 1.00 1,760 7,120 8,890
l99-1884 Rep  |C106-SOL-40-2 0.20 1.00 1,740 1 7,060 1 8,800 1
lios-1885 C106-SOL-50-1 0.40 108 | 2110 8,220 10,300
|l9s-1885 Rep  {C106-SOL-50-1 0.38 10.86° | 2,240 6 8,260 1 10,500 2
[l9s-1886 C106-SOL-60-2 0.20 1.00 2,150 7,560 9,710
99-1886 Rep  |C106-SOL-50-2 0.10 1.00 2,180 1- 7,950 5 10,100 4
' Vol = | Leach .| TICT::[TICRPD|_ Ti&"* |TOCRPD|--TC - | TCRPD
ALO Number ~_|Sample ID (mi) Dilution | (ugCla) | . (%) |_-(ugClg) | : (%) - |-(rgClg) -} - (%) .
99-1887 PB  |Prep Blank 2.00 2043 | <140 <400 <540 |-
99-1887 C106-AQ-3Solid 0.20 2043 | 2,120 140,000 143,000
99-1887 Rep  |C106-AQ-3Solid 0.20 2043 | 1,700 nfa | 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 3870 | <600 n/a 6,790 n/a 6,790 n/a
99-1892 C106-OH-8 (Leached) |  0.10 3009 | <4500 96,700 96,700
991892 Dup  [C106-OH-8 (Leached) |  0.10 2954 | <4500 nfa | 122,000 25 | 122,000 | © 25
o Wt _TIC - -|TICRPD| . _TOC ™ {TOCRPD| -TC -.| TCRPD
ALO Number -|Sample ID _ (9) wg Cla) | (8 | GigCra)i| - (%) - | (wa )| )
99-1888 C106-AQ-8 0.0613 6,410 31,300 37,700
99-1888 Dup  [C106-AQ-8 0.0788 6470 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 nfa | 121,000 22 | 121000 | 23
[[99-1892 Spike |C106-OH-8 0.0060 131% 77% 112%
«
Nl fonmtE /Y4
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TIC TIC RP HE [TOCRP TC TC RPD,
ALO Number |Sample ID wt(g) |Dilution]| (ugCl/g) (%) (ugClg) (%) {ugClg) | (%)
99-1881 C106-SOL-30-1 | 0.1042 1.00 1,732 6,471 8,203
99-1881 Rep  |C106-SOL-30-1 | 0.0977 1.00 1,857 7 6,785 5 - 8,642 5
99-1881 MS C106-SOL-30-1 ] 0.1063 99% 79% 90%
99-1882 C106-SOL-30-2 | 0.1047 1.00 1,811 6,568 8,379
99-1882 Rep  |C106-SOL-30-2 | 0.1035 1.00 1,871 3 7,514 13 9,385 11
99-1883 C106-SOL-40-1] 0.2276 1.00 1,881 7,051 8,932
99-1883 Rep  |C106-SOL-40-1| 0.2074 1.00 1,943 3 7,293 3 9,236 3
99-1884 C106-SOL-40-2 | 0.2123 1.00 1,660 6,711 8,370
99-1884 Rep C106-S0OL-40-2 | 0.2044 1.00 1,704 3 6,904 3 8,608 3
99-1885 C106-SOL-50-1 | 0.4014 10.86 2,106 8,188 10,294
99-1885 Rep C106-SOL-50-1 | 0.3796 10.86 2,241 6 8,273 1 10,515 2
99-1886 C106-SOL-50-2 | 0.2114 1.00 2,035 7,155 9,190
99-1886 Rep C106-SOL-50-2 | 0.1047 1.00 2,081 2 7,596 6 9,677 5

Tab: Liquid - ug perg

Archive File: ASR 5397 Lumetta.xls
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HOT PERSUL:. .E WORKSHEET

5

cliont.dl, Foomitlor. ASR 539 77 Analyst Myngfoate b/as Vo2 (6

Procedure: PNL-ALO-381 Analyzer M&TE: WA92040--701 Balance M&TE: 360-06-01-023

TIC STD: Calcium Carbonate CMS-132985’ TOC STD: Glucose CSM-5321 9

i

injection # LabID Client1D volume | sample wt(g) | TIC (ug) | TOC (ug) comments
1 B __C(/VL/QL / 3’/Qf6_ ﬁlgj
2 arte_ — 15.9%140:39
3 4 ' 50\A—500_ed /352|040
4 1 andln 0101005503 | /234 | LSO
5 |GG- e/ | job-ol30-l[oowd | 1043 | [F3 | 690
6 -~ lorog12 1174 67?
7 199-15%2 |¢ jobsol30-2, o Jo4] | 202 | 703
8 \l/ . O o35 20 7?3
9 |97 /853 |C)ob-S0|~yo-| Qoo | 0:22736 | 43T | 58T | - - , ,
10 \~ Je . O3 12 | H42 | BR haseline lhichh — SO{%\f':'ow(’/{mnggc!
1| Lndlos OV 55513 |]525 | 53O J -
12 | A4, - 4781413 ]
18 | S hniad 0.0 5T 1/957 | 40
1 | Blmd 15,05[30003
15| 99~ /583 Civeenlio-|Q00uf | 02004 | H /31 00
16 199-/8%Y [Ciobso--3 0a3a3 | F63 1415
17 N -\ dRofy | 359 | 1902
18| 99 $5S(on)cip-see-| Hooul |0 1401 Y |G/ 5 1 B3]
19 |\ L 43@d 03796 192413/
20 |95 5 3L\ich-sol-0-q_200u|0 QU1Y | 440|500
21 | - | b loouf |0,]047 [ 230| 507
22 199-]%8% 7 |cioi—A0-35ll 200:010.0410 |35 11367
Vi 23 V \J/ \J/ O' 9‘070 2) l , 3)(0 , Carhon Bench sheet xis
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HOT PERSUL:. ..E WORKSHEET
Injection # Lale'l volume | sample wt(g) | TIC (ug) | TOC (ug) comments
24 _(7“__ » 00188 5552|1930 1124 Y
25 Mam e — [2.104129.49
26 X 00257643 | 2554|1125
27 _cuvd?/v A v — R8I35l
28 |99 ]$gIMS O 1663 11372 [1529
29 | 99-(%$81PB X jood 2,00 | [599149, /¢
30 | 99- /88 CU0b-Aeg | — | 00631403550 | Solid L,Uem\m( ha HotCel/ |
31 QCHS‘KK}&@ , — 10:078% 519 2170 | pee cleaved Yrlask s
32 |99~1892_|Clob-oH-~¢| " 10,00F% 125632] |/
33 |99~ 1@99& I — |0:003% |9435| 4§/ /
34 C% 02751100060 12005 |1538] N
35 — —1 2.3%35.05
36 ez o [940(120% |
37 _[99-|%8% jood | LJooa | 182 | 47| Hot cell leach
38 C?f? /%‘81?,» oJoaa_| 2.9 1604 F _'
239 197-g5% | locoul | [LO0O %D | 451l |2 76
140 1991858 Iue 7013|253 206
41 .199-1892, . joowf o, [00 0 | 26:69| 349
42 |9g - 18920 V., 0jodlo |51/ | 437 \
43 )%?:V_kj / "mp:noll —— | /5]l | 5SSO
4 ) N\MJ)@_ [41q] 4029
46
47
48
49
50
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Putting Technology To Work . ' Project No. _29953

- Internal Distribution

Date July 19, 1999 - -
To Gregg Lumetta

From Pam Berry 4. w hocts4

subject Cvanide Results for Samples C106-A0-8
and C106-0OH-9 :

~ z. i ol e Z-CON Results Fi- =) L Spike:
. : =% . -7 | ~sample :|-Duplicate-|.RPD.| Recovery
ALO# {-ClientID == -~ |- (uglg) "= = (pglg) = (9%6) 5| = (%)
99-1888 C106-AQ-8 10.4 18.5 56
99-1892 C106-OH-8 5.0 4.0 23
99-1892 spike | C106-OH-8 spike 12.0 99
99-1892 spike | C106-OH-8 spike 10.5 93

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}
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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 diluted sample verified the initial
analytical result. ’ - '

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

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: MTJ 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

Analysﬂw //Z%/ 7/ /
Approval: /W ld %A) 7/27/?
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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
1 - ] F G |.NO, ].Bf:|NO, | PO, |-SO; | CO,-

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-30-21 <250 440 980 <250 <500 <500 <500 22,700

99-1883 C106-SOL-40-14 <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 | .
T . ] F |G| NOZ| B [-No, |=07|-.
Prep Fetr|LABID-. -| SAMPLEID 3| -ug/g:| ug/g-|--uyg | . ugl/e gl c |E ~
19.4 |99-1887 C106-AQ-3S_oﬁd <5,000 | <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 99-1892Dup | 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
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Battel[e 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:

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

2) The low calibration standards are defined as the estimated quantitat'ion 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 pfecision 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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T -Mike-Urie< Y‘L%%ZJJYY\JLM
From Chuck Soderquist chvdk Sularjm 7’7’3"77

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.)

Thé ammonia probe gave a h:ghly linear calibration over the range of 102 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 107 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 102 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.

ES54-1900-001 (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 C106-0OH-8, however, are about 3s apart.

e




Battelle, Pacific Northwest National Laboratory

Richland, WA

Radiochemical Processing Group

Client: Lumetta

Cognizant Scientist: _ C So(juuﬂ,ub - 23"’!‘{

Concur: W 723497

Lab NH; Concentration,
Sample Number Hgpergx1s
Hot Cell Preparation Blank 99-1888 PB 22 +20%
C106-AQ-8 99-1888 3.6 +20%
99-1888 Dup 4.3 +20%
C106-0OH-8 99-1892 9.5 *7%
99-1892 Dup 132 . 6%

.

) The detection limitis 10° molar NH,, corrected for the particular sample s
dllutlon converted to pg NH3 per gram sample.

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

Page 1 of 1
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Battelle PNNU325 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.

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

O;M L}au(h-—/ 7 ~30-97

Rev1&ved by

W/W/L r3

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—18-87), was émalyzed by ICPAES after
preparation by SRPL. Approximately 0.5g of sample was dissolved in water using an ultra-sonic
water bath, filtered through 0.451um 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. Aftersamples 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 BIdg/RPG/lnorganlc Analys:s

(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-ATL.O-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.

Page 4
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Battelle PNNL/325 BIdg/RPG/Inorganlc Analysis ...
ICPAES Data Report-

Process Blank: i z ) )

(Solid samples) 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-ATLO-115 KOH/Ni
fusion prepared samples.

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

(Aqueous 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) 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-ALO-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.

(Aqueous safnples) 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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Comments:

1)

2)

3)

4)

5)

7/30/99

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

"Final Results" have been corrected for all laboratory dilution performed on the sample during
processing and analysis unless specifically noted.

Detection limits (DL) shown are for acidified water. Detection limits for other matrices may be
determined if requested.

Routine precision and bias.is typically = 15% or better for samples in dilute, acidified water (e.g.
2% v/v HNO; or less) at analyte concentrations greater than ten times detection limit up to the
upper calibration level. This also presumes that the total dissolved solids concentration in the
sample is less than 5000 pg/mL (0.5 per cent by weight).

Absolute precision, bias and detection limits may be determined on each sample if required by the
client.

-~

The maximum number of significant figures for all ICP measurements is 2.

Page 6




Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Repbrt Page1of3

Multiplier= 1.0 I 9.6 19.1 19.0 189"
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 C106-SOL-40-1 C106-SOL-40-2
~cl. Limit RunDate= | 7/2/99 7/2/99 7/2/99 712/99 712199
(ug/mL) _ (Analyte) {ug/mlL) ug/g ug/g ug/g ug/g
0.015 Ag - 1.81 [0.877 [1.6] [2.6]
0.060 Al [0.341 286 147 -- 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] 10.27] [0.26)
0.005 Be - - - - -
0.100 Bi - - - - —
0.250 Ca - 13.2] - - 5.2
0.015 cd - - - - -
0.100 Ce - - - - -
0.025 Co - - - - -
0.020 Cr - 11.7] 1.7 [2.8] [3.4]
0.015 Cu — 10.92] [0.75] [1.0] [1.2)
0.050 Dy - - - - -
0.100 Eu - - - - -
0.025 Fe [0.066] 10.773 — [1.0} 13.6]
2.000 K - - - - -
0.025 La - - - - -
0.005 Li - - - - -
0.100 Mg - - - - -
0.005 Mn - - - - -
0.030 Mo - [0.82] 10.73] 10.76) [0.81]
0.100 Na 2.70 17,800 16,700 " 18,200 17,100
0.100 Nd - - - - -
2.030 Ni — 11.3] [1.2] [1.6] [2.0]
0.100 P — 43.9 422 447 457
0.050 Pb - ) — - - -
0.300 Pd - - - - -
0.300 Rh — - - - -
0.075 Ru - 3.2] [3.3] [3.5] [3.14]
0.050 Sb — - - - -
0.050 Se - - - - -
0.100 si 3.36 29.1 29.2 32.0 293
1.000 Sn — - - - -
0.005 Sr - - = - -
0.500 Te - - - - -
0.800 Th - - - - -
0.005 Ti [0.021] 10.15] 10.15] [0.16] [0.13]
0.250 T - - - - -
2,000 u - 126] - - -
0.015 \ - - - - -
0.500 w - - - ~ -
0.010 Y - - - - -
0.020 Zn - - - - -
0.025 Zr - - - - -

G.Lumetta Acid Dig. Data ASR539 from "A0532 G.Lumetta ALO-128+ BNFL C106-SOL-30-1... ASR5397 ICP@8 low.xls

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

7/20/99 @ 2:50 PM
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report Page20f3

Multiplier= 37.4 188 |* 194 | 389 95
ALO#= |99-1885 @2 93-1886 @2 99-1887-PB (DRY SOLIDS) |93-1887 @2 99-1890 @2
- Client ID= |C106-SOL-50-1 C106-SOL-50-2 Prep. Blank - C106-AQ-3 Solid C106-A0-9
et Limit  Run Date= 712199 712199 712199 712199 712189
.. (ug/mL) (Analyte) ug/g ug/g ug/g ug/g ug/g
0.015 Ag [4.1] [2.7] . = 1441 [1.3]
0.060 Al 442 66.2 —-- [16] 75.9
0.080 As - - - 110 -
0.050 B 740 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) - h 140] [5.01
0.015 cd - - - - -
0.100 Ce - - - 16.0) -
0.025 Co - - - . - -
0.020 Cr [4.8] 5.02 - [1.5] 10.78]
0.015 Cu [2.1] [1.9] - [5.0] 11.2]
0.050 Dy - - - : - -
0.100 Eu - - - - -
0.025 Fe [1.2] - - - [1.2]
2.000 K - - - o [170] -
0.025 La - - - [1.4) -
0.005 Li - - - [0.98] -
0.100 Mg - , - - . 19.9] [1.9]
0.005 Mn - - - {0.35] —
0.030 Mo — 11.4] - [1.5) -
0.100 Na _ | 25500 | 23,500 [2.0] 223,000 16,500
0.100 Nd - . - - 5.7] -
2.030 Ni [2.6] [3.3] ‘ — 16.8] [2.3]
0.100 P 73.8 63.7 - 265 17.8
'0.060 Pb - . - - : [5.3] -
0.300 Pd - - - - 117 -
0.300 Rh - ) - - = - ) -
0.075 Ru 14.4) {4.9] - 16.7] [0.99]
0.050 sb - - - 13.71 —
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 - - - - -
0.005 Ti [0.39] [0.213 - 10.31] [0.084]
0.250 Tl - - - - -
2.000 u - [44] - [140] -
0.015 \ - - - [0.76] -
0.500 w - . - - - -
0.010 Y - - - 10.49] [0.14]
0.020 Zn - [0.42] - - -
0.025 Zr - - - ) [1.0] -

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. limit” (far left column) by “multiplier” (top of each colun}n).

G.Lumetta Acid Dig. Data ASR533 from "A0532 G.Lumetta ALO-128+ BNFL C106-SOL-30-1... ASR5397 ICP98 !ow.xls

7/20/99 @ 2:50 PM
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Repori Fa3e3°3

Multiplier= 8.8 17.7 I 19.0
ALO#= |99-1891 @2 99-1891 DUP @4 99-1894 @4
Client ID= |C105-OH-3A C106-0H-3A C105-0H-9 -

wet. Limit  Run Date= 7/2/99 ’ " 72099 7/2/99

(ug/ml)  (Analyte) | uglg ug/g ug/g

0.015 Ag 2.41 2.5] [0.53] o - -
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] - 1. - - . ‘ —
0.005 Be - - - - —
0.100 Bi - - , - - —
0.250 - Ca 2.4 - - JEEEE -
0.015 cd - ' - - - : ~
0.100 Ce - - - - —
0.025 Co - - - - —
0.020 Cr 10.8 11.2 . [0.95} - -
0.015 Cu . 2.51 [2.6] [0.90] - -
0.050 Dy - — - - -
0.100 Eu - - - - . —
0025  Fe 9.72 9.90 - 11.71 - : -
2.000 K 1671 [65] ) - o - -
0.025, La - - - — T -
0.005 Li 10.13] 10.12] - - —
0.100 Mg - - ) - T~ ’ -
0.005 Mn [0.085) {0.690] - - —
0.030 Mo [0.88] {0.85] - ] - . -
0100 .  Na _ .| 66400 ) 58,400 - 15,900 - -
0.100 Nd - - ) - _ o -
0.030 Ni o038 | . . - ' - . B - ’ - .
0160 . P 7.6 78.6 [14] - R N
0.060 Pb 16.6 171 - - -
0.300 Pd - - - — -
0.300 Rh - - . - - -
0.075 Ru {3.0] " 3.2 - - -
0.050 . Sb - ) - - - ) -
0.050 Se 10.74] - - - —~
0.100 si 346 353 49.9 - -
1.000 Sn - - - . — —
0.005 Sr - - - - -
0.500 Te - ) - - . - -
0.800 Th - - - - -
0.005 Ti {0.13] 10.12] - - -
0.250 Tl - - - - -
2.000 u [43) [44] - o -
0.015 \ 10.76] 10.76] . - - -
0.500 w 7.5 - : - - -
0.010 Y - ’ - - - -
0.020 Zn 2.27 [2.4] - - -
0.025 Zr 10.55] [0.57] - - -

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 “muitiplier” (top of each column).

G.Lumetta Acid Dig. Data ASRS39 from "A0532 G.Lumetta ALO-128+ BNFL C106-SOL-30-1... ASRS5397 ICPI8 low.xls 7/20/39 @ 2:50 PM
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Repbrt Page 1of2

Multiplier= 1.0 | [ 10836 | 1887.3 | 1923.4 | I 21967 I
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-8B
Det. Limit RunDate= | 7/14/99 7/14/99 7/14/99 7114199 7H4199
_{ug/mL) (Analyte) (ug/mL) ug/g uglg ug/g ug/g
0.015 Ag - - 591 391 338
0.060 Al - - 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 - - - - 165]
0.020 Cr - - 982 948 [370]
0.015 Cu - - 415 390 [200]
0.050 Dy - - - - -
0.100 Eu - - - - - )
0.025 Fe - 1190] 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 11,900)
0.005 Mn - - 3,940 3,810 2,950
0.030 Mo - - - - -

. 0.100 Nd - - [290] [260] 1290]
.030 Ni - [220] 1,260 1,050 [620]
0.100 P - - [890] [1,400] - 1980]
0.060 Pb - - - 3,200 2,750 11,200]
0.300 Pd - - - - © -
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 - 140 204 168 70
0.500 Te - - - - -
0.800 Th - - - - -
0.005 Ti - [} 2,670 2,500 1,300
0.250 Tl - - - - -
2.000 u - - - - -
0.015 \ - - [61] [56] [52]
0.500 w - - - - -
0.010 Y - - {47 1321 271
0.020 Zn - - [240] [250] (250 | _ o

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 ICP38 low.xls

7/19/99 @ 4:24 PM
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Repori©2¢2°t2

Muttiptier= | 1917.9 | 2030.3 I 1976.4 |
ALO#=  |93-1892-Zr @2 99-1892-DUP-Zr @2 99-1893-Zr @2
ClientID= |C106-OH-8 C106-OH-8 C106-0H-88
vet. Limit  Run Date= 7114199 7/14/98 : 7/114/99

{ug/mL) (Analyte) ug/g ug/g uglg

0.015 Ag 639 1,460 [290] - -
0.060 Al 29,500 28,300 6,810 - -
0.080 As - - - - -
0.050 - B - - - - -
0.010 Ba 250 263 : [150] - -
0,005 Be - - - - -
0.100 Bi - - - - -
0.250 Ca 11,700 10,400 5,160 - -
0.015 Cd 31) 1371 - - -
0.100 Ce [200) - - - -
0.025 Co - .- - - -
0.020 Cr {300} 1340} 380} - -
0.015 Cu [140] [250] 1170} - -
0.050 Dy - - - - -
0.100 “Eu - - - - -
0.025 - Fe *87,300 99,100 402,000 - -
2.000 K - - - - -
0.025 .La . 711 72 - - -
0.005 - Li 120} 120] [16] i - -
0.100 Mg 2,630 ) [1,900] [840] ) - -
0.005 Mn 1,830 2,120 2,700 - -
0.030 Mo - - - - -
0.100 Nd - ] - - - -
1,030 Ni 841 951 719 - -
0.100 P [680] 1970} | [oso] . - -
0.060 Pb 1,550 1,800 1,420 » - - :
0.300 Pd - - - - -
0.300 Rh - - ) - - -
0.075 Ru {170] {190] [600] - -
0.050 Sb - - - - -
0.050 Se [150] {180] 1230} - -
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 T - - - - -
2.000 u - - - - -
0.015 v 31} - [31] - -
0.500 w - - . - - -
0.010 Y [40] [43] - , - -
0.020 Zn [120] [160] [350] - - L

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

7/19/99 @ 4:24 PM
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report Page 1 of 2

Multiplier= 1.0 1819.8 I 1837.5 1759.5 I 1767.3
ALO#= 93-1888-DB 99-1888-PB @2 99-1888 @2 99-1888-DUP @2 99-1889 @2
Client ID= |Diluent Blank Process Blank - {C106-AQ-8 C106-AQ-8 C106-AQ-88
Det. Limit Run Date= 7/9/99 7/9/99 7/9/99 7/9/99 7/9/99
(ug/mL) (Analyte) (ug/mlL) ug/g ug/g 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 1110}
0.010 Be - - - - - -
0.100 Bi - - - - -
0.100 Ca [0.23] [230] 13,900 15,800 4,640
0.015 Cd - - [87] [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 - —_ {1507 [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] T480] [280]
100 P - - 3,820 4,960 [1,600] .
0.060 Pb - [120] 3,270 3,260 {1,000]
0.300 Pd - i - - -
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 ol - - - -
0.005 Ti - [16} 2,740 2,760 1,430
0.250 Ti - - - - -
2.000 U - - - - -
0.015 Vv - = [58] [65] I57]
0.500 w = - - - -
0.010 Y ~ - il v a4 [82] [28]
0.020 Zn - - [280] [310] [240]
0.025 Zr - - 3,420 3,320 [360]

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 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).
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data ReportFase2ot2

Multiplier= 1762.6 1964.5 | 1844.3
ALO#= - |99-1892 @2 99-1892-DUP @2 99-1893 @2 .
ClientID= |C106-OH-8 C106-0H-8 |C106-0H-8B:

Det. Limit  Run Date= 7/9/99 710199 7/9/99

(ug/mL)  (Analyte) uglg ug/g uglg
0.015 Ag 285 327 719 - -
0.060 Al 38,600 31,600 6,210 - -
0.080 As - - - - -
0.050 B - - - - -
0.010 Ba 384 324 [110] - -
0.010 Be - - - - -
0.100 Bi - - - - -
0.100 Ca 16,200 8,920 2,680 ) - -
0.015 Cd 138] [371 [33] - -
0.100 Ce 1190} (310] [210] - -
0.025 Co - - {so] - -
0.020 Cr [260] [280] 392 - -
0.015 Cu 1130] ’ [140] [200] - -
0.050 Dy - . - - - -
0.100 Eu - - - - -
0.025 Fe 74,200 85,300 472,000 - -
0.025 La 741 {941 1541 - -
0.005 Li [14] . [241 [23] - -
0.100 Mg 2,490 -1 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] {2101 - -
.100 p 11,300] 11,500] [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 Ti - - - - -
2.000 u - -~ - - -
0.015 \ [40] [48] [59] - -
0.500 w . - - - ' - -
0.010 Y {37 [44] [24] o - -
0.020 Zn [110] [120] [340] - -
0.025 Zr 651 1,780 [110] - -

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).
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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: Op W//Lj gy —

e

Approval: %/ 74 .%//b://\/ Date / 7“ 5/’ 7(;

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 ALO-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

S LTI Ty T Y PLAL doie 7~ ot~ s Sl g AP X s 7 S R Y W R I L g T ——— Ialaigrarasy




Battelle PNNL/RPG/Inorganic Analysis ---Hg Report pago 20t 2

Lab D" =" |Solid Satmple D 27 1 Gran % /g
99-1888 PB Solids Process Blank 0.1153 216.8 1 <0.043
?9-1888 C106-AQ-8 0.1029 243.0 500 369
99-1888 Dup C106-AQ-8 Dup 0.0876 2854 500 332
RPD(%) 11%
99-1892 C106-OH-8 0.1253 199.5 250 153
99-1892Dup  |C106-OH-8 Dup 0.1454 1719 250 121
RPD(%) 23%

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 ali 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 agueous matrices. Actual detection limits or quantitation limits for speciﬁc sample
matrices may be determined, if requested.

3) Routine precision and bias is typically + 15% or better for non-complex aqueous samples that are free of
interference.
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 C. Calculations
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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 berween 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-of-fit/quadratic p-value < 0.10. Those analytes that did not have asignificant 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.
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Table D.1. C-106 Solubility Versus Temperature

Data Regression Analysis .
Estimated p-value
Estimated | Increase per | Simple [ Lack-oi-kit
Analyte] . Intercept °oC Linear ] /Quadratic

Cesium-137 ’ 2.14 0.0563 0.055 0.5838
’ : 5 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 pCi/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:

o filled diamond— data that was 310-times the detection limit

¢ empty diamond— data that was < 10-times the detection limit
o 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. :
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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)/ Cso or equivalently as 100%(Cr/ Cso) 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%*(Ct/Csg)-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 to0 2
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
4and 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 Uncertaintv. 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 2 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 calctilation 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.

e DPresent a “pseudo” 95% confidence interval for at least oné 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
%RSD:s 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 dxstnbuuon) 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 generd form for these two concentration estimates as:
Std.Dev. = sqrt (Se(var(f)/n))/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 (meanf*%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 (Zf(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 % 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)/nifm? + 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 agam be
factored out, resulting in the following general formula

Std.Dev. = 100*Zmmeans/ Zgmeang*%RSD*
sqrt(Zi(mean?/ng)/ (Zgmeang)? + Z4(meand?/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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