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DISCLAIMER

This report was prepared as an account of work sponsored

by an agency of the United States Government. Neither

the United States Government nor any agency thereof, nor

any of their employees, make any warranty, express or

implied, or assumes any legal liability or responsibility for

the accuracy, completeness, or usefulness of any

information, apparatus, product, or process disclosed, or

represents that its use would not infringe privately owned

rights. Reference herein to any specific commercial

product, process, or service by trade name, trademark,

manufacturer, or otherwise does not necessarily constitute

or imply its endorsement, recommendation, or favoring by

the United States Government or any agency thereof. The

views and opinions of authors expressed herein do not
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Government or any agency thereof.
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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 C-104 HLW
solids. The objective of this work was to determine the composition of the C-104 solids
remaining after washing with 0.01 ~ NaOH or leaching with 3 ~ NaOH. Another objective
of this test was to determine the volubility of the C-104 solids as a function of temperature.
The work was conducted according to test plan BNFL-TP-29953-8, Rev. O,Detemzinationcf
theSokbilipofHLW SludgeSoMs.
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below.

2.0 Personnel
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3.0 Experimental “

%nmle Descri~tion. The sample used in this test was labeled as C104-GL. The C-104
HLW sample was composite as described in test plan BNFL-29953-031, C-104 San@e
Co@osititzg.Figure 3.1 summarizes the compositing and sub-sampling scheme. The C-104
sample was received from Hanford’s 222-S Laboratory on March 3, 1999. This material was
received in 14 glass jars. Figure 3.1 lists the sample numbers along with the mass of material
recovered from each jar. The material in the jars was transferred to a winless steel mixing
vessel equipped with a motorized iinpeller. Before being used, all components of the mixing
vessel were rinsed with methanol and then dried at 102°C for 12 h. Materials in the vessel
were mixed for 1 h and 20 min before collecting sub-samples. The materialswere actively
mixed while sub-samples were collected through a 1.9-cm (.75-in.) ball valve located on the
bottom of the vessel. The hot-cell temperature during the mixing process was 34”C.

The first three sub-samples (C-104 COMP & B, and GL) were collected and allowed
to setde. After approximately 10 days, the volume of settled solids in these three samples
was measured to determine the effectiveness of the sub-sampling technique at collecting
samples with representative solids/liquid ratios. The three sub-samples contained 88.9, 89.2,
and 89.9 volO/osettled solids indicating that the sampling technique provided representative
sub-samples.

C-104“AsR~ived” samples
Sample # Weight g Sample# Weight g

16273 150.046 16280 141.802
16274 157.636 16281 142.608
16275 176.435 16282 160.345
16276 157.212 16283 159.172
16277 162.65 16284 160251
16278 164.872 16285 147.301
16279 149.645 18286 151.652

Total = 2181.629 a

5.7% loss
124.129 Q

w

c-‘Aa Reoeivad”
Analvticd Samdes

G104(%mp A 168.9g
C-104 Comp B 170.3 g
C-104 Corn E 125.2

c-lcomposi:s’mogen
WIi Solublitv vs. Temperature and

ElCUF Ultrafiltration Testing c
C-104 Comp C 605.7 g
C-104 Comp D 608.5 g
C-lM RIN 172.4 g
C-lfM RIN2 40.9 g

Total 1427.5

Figure 3.1. Compositing and Sub-Sampling Scheme For the Tank C-104 Sample
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Atmaratus. The apparatus used consisted of an aluminum heating block placed on a
hot plate/stier, which 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 aJ-KEM Model 270 (J-
KEM Electronics, Inc., St Louis, MO). This temperature controller consists of two separate
circuits. One is the temperature control circuiq 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 mo 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.(’) Because the stock C-104 HLW sample was very thick and not very
fluid, 20 mL of 0.1 &f NaOH was added to assist in homogenization. The sample was then
placed on a shaker to homogenize immediately before use.

Sohbihj Veins Temperate.A 31.0459-g aliquot was transferred from Cl 04 GL to a
60-mL high density polyethylene (HDPE) bottle (this bottle also contained a Teflon@-
coated magnetic stir bar). Correcting for the 0.1 ~ NaOH added to fluidize the sample, this
corresponded to 27.4 g of the as-received C-104 HLW sample. The sample bottle was sealed,

then was heated and stirred at 30 ~ 2 ‘C for 18 h. Two aliquots (4-mL each) were taken for
analysis. Each aliquot was immediately filtered through a 0.45-p.t-nnylon 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 sample was very difficult to
filteq less than 1 mL of clarified liquid was obmi.ned from each a.liquot.The temperature was

increased to 40*2 ‘C and the sample was stirred for 24 h. The mixture was sampled in the
same manner as described above, except that only 2-mL a.liquotswere used (this actually
yielded more liquid sample than when 4-mL &quota were use~ probably because there were

less solids present to plug the filter). The temperature was increased to 50 * 2 ‘C and the
sample was stirred for 21 h. Again, the mixture was sample in the same manner as described
above (2-mL a.liquots).Because of the smallvolumes of each of the liquid samples take, only
inductively-coupled plasma atomic emission spectroscopy (ICP/AES) analysiswas
performed (following acid digestion).

DetemzinationqfAqueozts-InsolzzbhFraction.A 50.8765-g aliquot (44.8 g of as-received C-
104 sample) was filtered through a 0.45-prn nylon filter membrane. As was observed in the
volubility versus temperature tes~ the filtration process was relatively slow. The filtered
solids were transferred to a 125-rnL high density polyethylene (HDPE) bottle (this bottle
also contained a Teflon@-coated magnetic stirbar) using a spatula.b)The residual solids were
transferred from the filter to the HDPE bottle using numerous portions of aqueous 0.01 M
NaOH. The bottle was filled to capaci~ with

(a) See Appendix A for a copy of the test plan and procedural notes.
b) The wet solids were very sticky.

3.2
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0.01 ~ NaOH. The bottle was equipped with a condenser tube, which aIlowed the system to

vent during heating, but minimized evaporation. The mixture was heated and stirred at 85 ~
2 “C for 16.5 h. The test plan indicated that the washing slurry should be cooled prior to
fihation, but as per instructions from BNFL, the slurry was filtered while hot The hot
washing slurrywas filtered through a pre-weighed 0.45-pm nylon filtration unit The weight
of the filtrate was 100.13 g while the weight of the filtered solids was 41.64 g.

The filtered solids were transferred back into the HDPE bottle using a spatula.
Again, the residual solids were transferred born the titer to the HDPE bottle using
numerous portions of aqueous 0.01 &l NaOH, then the bottle was filled to capacity with

0.01 ~ NaOH yielding -123 g of slurry. The mixture was heated and stirred at 85 * 2 “C for
22.5 h. The washing slurrywas again filtered while hot yielding 82.79 g of washing solution
and 40.49 g of wet solids. This process was repeated a third time. For the final washing step,

the slurry was heated at85~2“Cfor24~93.11 g of washing liquid was collected and the
weight of the wet solids was 48.55 g. A composite sample of the three wash solutions was
prepared for analysis.

After the final washing step, the filtered solids were mmsferred 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 14.3589 g of dried washed solids.

Determination~Cazm$?-ImokbleFraction.A 45.8422-g aliquot (40.4 g of as-received C-
104 sample) was filtered through a 0.45-pm nylon filter membrane. The filtered solids were
transferred to a 125-rnL high density polyethylene (H.DPE) bottle (this bottle also contained
a Teflon@-coated magnetic stir bar) using a spatula. The residual solids were transferred
from the filter to the HDPE bottle using numerous portions of aqueous 3 ~ NaOH. The
bottle was filled to capacity with 3 ~ NaOH yielding -140 g of slurry.The bo@e was
equipped with a condenser tube, which allowed the system to vent duting heating, but

minimized evaporation. The mixture was heated and stirred at 85 + 2 “C for 21.5 h. As per
instructions from BNFL, the leaching slurry was filtered while hot. The hot slurry was
filtered through a pre-weighed 0.45-prn nylon filtration unit. The weight of the filtrate was
98.84 g and the wet solids weighed 41.47 g. A sample of the leaching solution was taken for
analysis.

Most of the filtered solids were transferred back into the HDPE bottle using a
spatula. Several -1 O-mL aliquots of 0.01 ~ 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 ~ NaOH (total slurry weight -123 @. The mixture was heated and stirred at

85* 2 “C for 21 h. The washing slurry was again filtered while hot yielding 92.45 g of
washing solution and 33.35 g of wet solids. The washing process was repeated. For the final

washing step, the slurrywas heated at 85 ~ 2 “C for 22.5 h, 88.31 g of washing liquid was
collected, and the weight of the wet solid was 33.92 g. 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 7.6051 g of dried leached solids.

3.3
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4.0 Results

4.1 Volubility Versus Temperature

Tables 1,2, and 3 present the concentrations of various C-104 waste components at
30,40, and 50°C, respectively. Two sets of values are presented in each table. The first set of
values is the analyte concentrations as determined directly on the aliquots analyzed. In the
second set of values, the concentrations have been adjusted for loss in the sample weight
that occurred between the time the a.liquotwas 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. Appendix D discusses a graphical analysis of the data, as well as regression
results of fitting the component concentrations versus temperature. Based on this data seq
only limited conclusions can be drawn. The following discussion will be limited to those
analytes for which meaningful conclusions can be drawn.

The regression analysis of the adjusted data indicated statisticallysignificant
concentration changes only for Ag, Cd, Cr, Fe, and P (Appendix D). The Ag concentration
was below detection limit at 30”C, but appeared to increase when the temperature was raised
to 40 and 50°C. Similarly, the Cr concentration increased steadilywith increasing
temperature up to 50°C. Interestingly, the Cd, Fe, and P concentrations decreased with
increasing temperature. The reason for this trend is not clear.

4.2 Dilute Hydroxide Washing

Table 6 presents the concentration of the C-104 components in a composite of the
three wash solutions. The composite wash sample was prepared by mixing measured
quantities of each wash solutiow the relative weight of each wash solution corresponded to
the fraction of the total wash solution represented by each. The composite wash solution
was weighed immediately before analyticalwork was begun. The total weight of the sample
had decreased 0.2% 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 wash solutions (293.515 g) to yield the quantity of each component present in
the wash solutions.

Table 7 presents the results of the analysis of the dilute hydroxide-washed C-104
solids. The solids were solubilized for ICP/AES analysis by KOH and N~Oz fbsion
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 ?40RSD= 100(Std.Dev./Mean). For all the elements determined by ICP/AES the

relative error was #1 OO/o,indicating good agreement between the duplicate measurements.
Except where noted in the table, the mean va.lpes fkom all four measurements were used to
determine the quantity of each component in the washed solids.

4.1
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The Hg concentration was determined on the washed solids by cold vapor atomic
absorption spectrophotometry following an oxidative acidic leaching of the solids. The mean
Hg concentration was 96 pg/g and good agreement was achieved between duplicates.

TIC/TOC determination was performed using the hot persulfate method. This
analysis was performed directly on the washed solids (not on fused material). Good
reproducibility (5°/0)was achieved between duplicate TIC/TOC analyses. To date, no
reliable method has been developed to quanti~ the anions present in Hanford tank solids.
Anion (Cl-, F, NO~-, SO~-, POq>, and CzO~) analysiswas done by IC on a solution obmined
by leaching the washed solids with deionized water. This in essence yielded the water-soluble
anions not completely removed by the washing test. Only small amounts of soluble NO~-
and perhaps POq3-were found in the washed sludge. The low POqs concentration revealed
by IC suggests that P found by ICP is indeed due to some water-insoluble P-cormining
phase(s). The chromatograrns suggested interference in the F peak by organic anions.
Hence, the fluoride values are viewed as unreliable.

Cyanide analysis on the washed solids revealed 13 w CN-/g. Reproducibility
beix.veenduplicate CN- analyses was good. Ammonia was determined by ion-selective
electrode using water-slurries of the solids. Ammonia was not detected (< 9 pg/g) in the
dried washed solids; however the value should be treated with caution since the solids were
dried at 105”C prior to analysis.

Radiochemical analyses were performed on the solutions prepmed by KOH fusion.
Cesiurn-137, “Am, ‘WE% and ‘55Euwere determined by gamma spectroscopy.
Americium-241 was also determined by alpha spectroscopy following Pu separation, as were
‘8PU, 239+x0pu,Z4ZC%~d WS+244Cm. Technetium-99, 12~,‘3U, ‘8U, ‘7Np, ‘~u, and ‘~u
were determined by ICP-MS. Strontium-90 was determined by propornonal beta-countig
following separation of this isotope.

Agreement between duplicate measurements was good. The values obtained for
24’Am by gamma and alpha spectroscopes agreed within 10Yo.Agreement betsveen the
ICP-MS results and the alpha spectroscopic results was also good. The combined activities
for ‘“PU and 2“OPUas determined by ICP-MS were 7.01 pCi/g and the “+2~u value
obtained by alpha spectroscopy was 7.07 pCi/g. There was some inconsistency regarding the
U analysis. The ICP-MS analysis revealed 54,800 pg/g (a5U + ‘*U), but only 25,550 pg total
U was indicated by laser fluorirnetry analysis.To be conservative, the higher U value should
probably be used. This use of the higher value is supported by the ICP-AES data, which
indicated 44500 pg U/g.

Table 8 presents the composition of the dilute hydroxide-washed C-104 solids and
the percent of each component removed by dilute hydroxide washing. In addition, the
composition of the “untreated” C-104 sample used in this testis presented. These values
were obtied bys umrning the amount of the given component found in the wash solutions
(Table 6) and the washed solids (Table 7), then dividing this toml by the weight of the C-104
sample used. The washed solids were dominated by Al (15.2 wt?!o), Zr (5.1 wt?!o),
Fe (4.6 wt?!o), Na (1.8 @/o), Si (1.3 wt?!o), and Mn (1.1 wt%o).The concentrations of the
major radionuciides contained in the washed solids were 17 pCi TR.U/g (as indicated by the
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total alpha concentration), 7 pCi 241&n/g, 5 pCi ‘?Pu/g, 784 pCi %r/g, and 44 pCi ‘37Cs/g,
indicating the solids should be treated as HLW.

The wash solutions were stable over a period of -5.5 months. No precipitates were
observed in the solutions after this period of time.

4.3 Caustic Leaching

Table 9 presents the concentration of the C-104 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 corresponded to the fraction of the total wash solution represented by each.
The samples were weighed immediately before analyticalwork was begun. The weight of the
leach solution sample had decreased 0.06V0 and that of the composite wash solution sample
had decreased 0.230/o 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 (98.8366 ~ or the combined weight of the two wash solutions (180.7635 g) to yield
the quantity of each component present in the leach and the wash solutions, respectively.

Table 10 presents the results of the analysisof the caustic leached C-104 solids.
Analysis of these solids was conducted in the same way as for the dilute hydroxide-washed
solids. Generally, excellent agreement between duplicate measurements was obtained for the
analytesdetermined by ICP/AES. The single exception being Mg. Again, the mean values
flom all four measurements were used to determine the amount of each component in the
leached solids, except where noted in the table.

As with the dilute hydroxide-washed solids, the IC results indicated only small
amounts of soluble N03- and perhaps P04> were in the leached sludge. The low PO~S
concentration revealed by IC suggests that P found by ICP is indeed due to some water-
insoluble P-containing phase(s). The chromatogmns suggested interference in the F peak by
organic anions. Hence, the fluoride values are viewed as unreliable. TIC/TOC analyses of
the leached solids yielded very good reproducibility between duplicates.

Cyanide analysis on the leached solids revealed 23 pg CN-/g, with good
reproducibility between duplicates. Ammonia was determined by ion-selective electrode
using water-slurries of the solids. Ammonia was not detected (< 9 pg/g) in the dried leached
solids; however the value should be treated with caution since the solids were dried at 105°C
prior to analysis.

4.3
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The relative uncertainties for the radionuclides, except for 242Cmand 243-2wCm,were
less than 10VOindicating good reproducibility bemeen duplicates. The values obtained for
241&nby gamma and alpha spectroscopes agreed within 2’?40indicating good agreement
between the two methods. However, the ICP-MS and the alpha spectroscopic results were
inconsistent, The combined activities for ‘?Pu and *@u as determined by ICP-MS were 13.0
pCi/g and the ‘9+2~u value obtained by alpha spectroscopy was 26.1 pCi/g. To be
conservative, the higher value should probably be used. In contiasq the U value obtained by
ICP-MS [96,560 W/g (Z5U + ‘gU)] agreed well with the value of 100,100 ~ total U
indicated by laser fluorimetry analysisand 90,600 pg U/g determined by ICP-AES (N~Oz
fusion prep).

Table 11 presents the composition of the caustic-leached C-104 solids and the
percent of each component removed by caustic leaching. In additio~ the composition of the
“untreated” C-104 sample used in this testis presented. These values were obtained by
summing the amount of the given component found in the leaching and washing solutions
(Table 9) and the leached solids (Table 10), then dividing this toud by the weight of the
C-104 sample used. The leached solids were dominated by Th(11.6 vn%o), Zr (10.2 wt?!o),
U (10.0 WI%), Fe (8.1 wt?!o), Na (3.5 wt%o),Al (3.4 wt%o),Si (2.2 wt?40)and Mn (1.9 wt?/0).
The concentrations of the major radionuclides contained in the washed solids were 58 pCi
TRU/g (as indicated by the total alpha concentration), 26 pCi 24*kdg, 26 pCi ‘9’2hWg,
2820 pCi ‘Sr/g, and 136 pCI. 137Cs/g,indicating the solids should be treated as HLW.

It should be noted that the composition for the original C-104 solid listed in Table 8
should agree with that listed in Table 11. The composition generally agrees, however the Al
value obtained from the washing test is much less than that obtained in the leaching test.
This was perhaps due to sample inhomogeneity, but a more likely reason is incomplete Al
dissolution in the fision preparations for the washed solids. Significant solids remained
when the fused material from the washed solids was taken up in solution for analysis. These
solids were suspended by stirringand an aliquot of the resukn.g suspension was diluted with
2% HC1, yielding a clear solution. However, it is possible that the solids were not suspended
in a homogeneous manner. Thorium and U are other key components that do not agree very
well.

The caustic leach solution was not smble. Although the solution remained clear after
one day, a gel-like material had formed on the bottom of the container afier -20 days.
Considerable solids were present after 5.5 months. The wash solutions were stable for -1.5
months, but white solids had formed in the second wash solution after 5.5 months.
Interestingly, the first wash solution was clear after 5.5 months. It is not clear why solids
formed in the second wash solution, but not the first. It could be due to the lower hydroxide
concentration in the second wash solution.
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Table 1. C-104 Component Concentrations in Solution at 30°C(a)

Analyte

Ag

AI

Ba

Ca

Cd

co

Cr

Cu

Fe

K

La

Mg

Mn

Mo

Na

Ni

P

Pb

Si

Ti

u

Zn

Zr

Concentration at 30”C. Unadjusted
:104-SOL-30-

1 C104-SOL-3O-2 Mean(c) Std. Dev. % RSD

<1

(14)

5.02

(12)

6.36

(2.0)

63,4

6,89

(4,2)

(560)

<1

<4

<0.2

(7.8)

72900

126

1400

<2

405

<0,2

<83

12.1

<0,3

17.9

(1.1)

74.4

5.01

(1.6)

50,0

5.72

(3.1)

452

<0.5

29,2

<0,1

6.63

59700

99.6

1120

<1

663

(0,22)

<40

8,0

<1

(16)

(3.1)

(43)

5.69

(1.8)

56,7

6.31

(3.7)

(506)

<1

29,2

<0,2

(7,2)

66300

113

1260

<2

534

(0,22)

<61

10,1

--

(3)

(2.8)

(44)

0.95

(0.3)

9.5

0,83

(0.8)

(76)

.-

.-

--

0.8

9334

19

198

-.

182

--

--

2,9

.-

.-

17

91

102

17

16

17

13

21

15

--

--

--

11

14

17

16

--

34

--

--

29

.- —

Concentration at 30”C, Adjusted(b)
C104-SOL-30-

:104-SOL-3O-1 2 Mean Std. Dev. % RSE

< 0!3

(6.3)

2.27

(5)

2.88

(0!90)

28,7

3.12

(1.9)

(253)

<0.5

<2

<0.1

(3,5)

32967

57.0

633

<1

183

<0.1

<37

5.5

<0,2

9.1

(0.6)

38.0

2,56

(0,82)

25.6

2.92

(1.6)

231

<0.3

14.9

<0,1

3.39

30514

50.9

572

<1

339

(O.ll)

<20

4.1

<0.3

(8)

1.42

21.7

2.72

(0,86)

27,1

3.02

(1.7)

242

< 0!5

14,9

<0.1

(3,5)

31741

53,9

603

<1

261

(0,11)

<37

4,8

--

2

1.21

23.1

0.22

0.06

2.2

0.14

0,2

16

--

--

--

0.1

1734

4.3

43

--

110

--

--

1,0

.-

--

26

85

106

8

7

8

4

13

6
--

--

--

3

5

‘8

7

--

42

--

--

20

--<1,0 <0.5 <1 <0.5 <0.3 <1

(a) Due to lack of sample, only ICP-AES analyses were performed on these samples. Values in parentheses are within 10 times the analytical
detection limit, and thus have uncertainties > 15%.

(b) Values corrected for mass loss (evaporation) that occurred during interim storage of the samples.
(c) For analytes that were only detected in one duplicate sample, the detected value is given as the mean.
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Table 2. C-104 Component Concentrations in Solution at 40°C@

A!@!E-
Ag

Al

13a

Ca

Cd

co

Cr

Cu

Fe

K

La

Mg

Mn

Mo

Na

Ni

P

Pb

Si

Ti

u

Zn

Zr

Concentration at 40”C, Unadjusted

S104-SOL-40-
1 C104-SOL-4O-2 Mean(c) Std. Dev. % RSI

(0.69)

(3.4)

(0.34)

43.5

3.16

(1.3)

51.4

4.57

(2.5)

382

<0.4

16.4

<0,1

5.40

55500

79,3

851

<1

507

<0.1

<29

3.45

(0.59)

(4.4)

<0,1

50.6

3.09

(1.3)

48,9

4.46

(1.9)

362

<0,2

19.6

(0.06)

5,26

54000

75,4

829

<1

562

<0.05

< 19

3,31

(0.64)

(3.9)

<0.4

47,1

3!13

(1.3)

50.2

4.52

(2,2)

372

<0.4

18,0

<0.1

5.33

54750

77.4

840

<1

535

<0.1

<29

3,38

0.07

0.7

--

5,0

0,05

0.0

1.8

0.08

0.4

14
--

2.3
--

0.10

1061

2.8

16
--

39

-.

--

0.10

--

11

18

--

11

2

0

4

2

19

4

--

13

--

2

2

4

2

.-

7

--

-.

3

--
—

Concentration at 40°C, Adjusted(b)

C104-SOL-40-
:104-SOL-40-1 2 Mean Std. Dev. % RSI

(0,46)

(2.3)

(0.23)

29.0

2.10

(0.9)

34,2

3,04

(1.7)

254

<0.2

I0,9

<0.05

3,60

36959

52.8

567

<1

338

<0.05

<19

2.30

(0,40)

(3.0)

<0,1

34.1

2,08

(0.9)

33,0

3.01

(1,3)

244

<0.2

13,2

(0,04)

3,55

36401

50.8

559

<0.4

379

<0,03

<13

2,23

(0.43)

(2.6)

<0.4

31.5

2.09

(0.9)

33.6

3,02

(1.5)

249

<0.2

12,1

<0.05

3,57

36680

51.8

563

<1

358

<0.05

< 19

2.26

<0,2

0,04

0.5

--

3.6

0.02

0.0

0.9

0.03

0.3

7
--

1,6
--

0.04

394

1.4

6
--

29

--

--

0.05

--

10
19

-.

12

1

1

3

1

18

3

--

13

--

1

1

3

1

--

8

--

--

2

--<0.4 <0.2 <0,4 <0,2 <0.2

(a) Due to lack of sample, only ICP-AES analyses were performed on these sam~lcs. Values in r)arentheses are within 10 times the analytical
detection limit, anti thus have uncertainties > 15%. -

(b) Values corrected for mass loss (evaporation) that occurred during interim storage of the samples.
(c) For analytcs [hat were only detected in one duplicate sample, the de[ccted value is given as the mean. Barium is an exception, where the

detected value in one aliquot was greater than the detection limit for the other analyte, ForBa, a conservativevalueof <0.4 was used,
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Table 3. C-104 Component Concentrations in Solution at 50”C(’)

Analyte

Ag

Al

Ba

Ca

Cd

co

Cr

Cu

Fe

K

La

Mg

Mn

Mo

Na

Ni

P

Pb

Si

Ti

u

Zn
Zr

Concentration at 50”C, Unadjusted
:104-SOL-50-

1 C 104-SOL-50-2 Mean Std. Dev, % R!X

(1.2) (1.1)

11.1 (4.6)

(0,34) <0.2

45.8 71.4

2.70 2.20

(1.3) (1.1)

63,1 49,9

4,41 3.48

(1.7) (1.9)

371 300

<0,4 <0.4

21,9 28,6

(o. 10) <0,1

5.22 (4.1)

52100 44900

75.3 59.6

784 624

<1 <1

506 678

(0,26) (0.25)

<32 <14

6,77 (2,2)
<0.4 <0.4

(1.2)

(7.9)

<0,4

58,6

2.45

(1.2)

56.5

3,95

(1.8)

336

<0,4

25.3

<0.15

(4.7)

48500

67.5

704

<1

592

(0.26)

<32

(4.5)
<0.4

0.1
4.6

--

18.1

0.35

0.1

9.3

0.66

0.1

50

--

4.7

--

0.8

5091

11,1

113

-.

122

0,01

--

3.2
--

6

59
--

31

14

12

17

17

8

15
--

19

--

17

10

16

16

--

21

--

.-

72
--

(a) Due to lack of sample, only ICP-AES analyses were performed on these samples. Values in parentheses are within 10 times the
analytical detection limit, and thus have uncertainties > 15%.

~) Values corrected for mass loss (evaporation) that occurred during interim storage of the samples.
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Concentration at 50°C, Adjusted(b)
C104-SOL-50-

;104-SOL-5O- 1 2 Mean Std. Dev. % RSD

(0.8) (0.8) (0,8) 0.0 2

7.4 (3!4) (5.4) 2,8 52

(0.23) <0.1 <0.3 -- .-

30.7 53.4 55,0 16.1 29

1.81 1.64 1,73 0.12 7

(0.9) (0.8) (0.8) 0.0 4

42.2 37.3 39.8 3.5 9

2.95 2,60 2,78 0.25 9

(1,1) (1.4) (1.3) 0.2 16

248 224 236 17 7

<0.3 <0.3 <0,3 -- --

14,7 21.4 18.0 4.8 26

(0.07) <0.1 <0.10 -- --

3.49 (3.1) (3.3) 0.3 9

34874 33564 34219 926 3

50,4 44.6 47,5 4.1 9

525 466 496 41 8

<1 <1 <1 -- --

339 507 423 119 28

(0,17) (0,19) (O.18) 0,01 --

<22 <11 <16 -- --

4.53 (1.6) (3.1) 2,0 66
<0.3 <0.3 <0,3 -- --



Table4. Unadjusted Concentration Changes Relative to30°C

Amdyte

Ag

Al

Ba

Ca

Cd

co

Cr

Cu

Fe

K

La

Mg

Mn

Mo

Na

N1

P

Pb

Si

Ti

u

Zlt

Zr

(a)

(b)

(0

(d)

(e)

—

Pooled

70RSD(’)

(e)

37

.-

62

13

11

14

12

17

12

(e)

--

(e)

12

10

14

13

(e)

23

(e)

(e)

45

(e)

40”C
~ch~ge(b) Std. Dev!c) 90% C.I.(d;

(e) -- --

-76 13 *30

(e) -- --

9 95 h 224

-45 10 *23

-23 12 *27

-12 17 240

-28 12 ? 29

-40 15 *35

-26 13 * 30

(e) -- --

-38 -- --

(e) -- --

-26 12 ~ 29

-17 12 &28

-31 13 *31

-33 12 &29

(e) -- --

0 33 ~ 78

(e) -- --

(e) -- --

-66 21 *50

(e) -- --
—

50”C

%Change(b) Std. Dev$) 90%c.I.(d)

(e) -- --

-51 26 &60

(e) -- --

36 119 + 279

-57 8 * 18

-33 11 *25
o 19 *45

-37 11 A26

-51 12 *2I3

-34 12 *28

(e) -- --

-14 -- .-

(e) -- --

-35 11 *26
-27 11 *2S
-40 12 &27

-44 10 *24
(d) -- --

11 37 * 86

(e) -- --

(e) -- --

-55 28 k 67

(e) -- --

Pooled YoRSDis the pooled percent relative standard deviation, obtained as the root mean
square of the %RSD ;alues at 30°C, 40”C, and 50”C.
The percent change is given by: ‘%Change= 100*(CT- Cn)/C3& where CTis the average
concentration at temperature T (40 or 50°C) and Cm is the average concentration at 30”C.
Std.Dev. of % Change is the standard deviation of the % Change values at 40°C and 50”C, both
relative 1030”C. It is COrnpUtedasC#C~*Sqrt(2)*%RSD.
90% two-sidedconfidenceintervalswereconstructedassuminga statisticalt-distributionwith3
degreesof freedom.YoChangevalueslargerthantheir90% C.I. areconsideredsignificant
evidenceof a changedueto temperature.Suchvaluesareshowninboldface.
Analytenotdetectedin solutionfor atleastonetemperature.
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Table 5. Adjusted Concentration Changes Relative to 30°C

Analyte

Ag

Al

Ba

Ca

Cd

co

Cr

Cu

Fe

K

La

Mg

Mn

Mo

Na

Ni

P

Pb
Si
TI
u
Zn
Zr —

Pooled

‘%RSD(a)

(e)

35

--

64

6

5

7

6

16

6

(e)

.-

(e)

6

4

7

6

(e)
30
(e)
(e)
40
(e)

40”C

b ch~ge(b) Std.Dev$) 90% C.I}@

(e) --

-66 17
(e) --

45 131

-23 7

1.1 7

24 12

0.2 8

-15 19

2.9 9

(e) --

-19 --

(e) --

3.3 8

16 6

-3.9 9

-6.6 8

(e) --
37 58
(e) --
(e) --
-53 27
(e) --

So”c

%change(b) Std.Dev.(c) 90%C.I.(d]

(e)

-30

(e)

153

-37

-1.7

47

-8.0

-27

-2.4

(e)

21

(e)

-5.2

7.8

-12

-18

(e)
62
(e)
(e)
-35
(e)

--

35

--

229

5

7

15

8

16

8

--

--

--

8

5

9

7

-.

68
--
--

36
--

(a) 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.

(b) The percent change is given by: %Change = 1OO*(C,- C30)/C,0,where C. is tie average
concentration at temperature T (40 or 50”C) and C30is the average concen~ation at 30°C.

(c) Std.Dev. of % Change is the standard deviation of the % Change values at 40°C and 50”C,
boti relative to 30”C. It is computed as C~/Cw*Sqrt(2)*%RSD.

(d) 90% two-sided confidence intervals were constructed assuming a statistical t-distribution with
3 degrees of freedom. % Change values larger than their 90% C.I. are considered si=gjificant
evidence of a change due to temperature. Such values are shown in boldface.

(e) Am@& not detected in solution for at least one temperature.
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Table 6. Dilute Hydxoxide Washing of C-104 Sludge: Analysis of the Composite Wash Solution(’)

Analyte Direct

Ag

Al

Ba

Ca

Cd

co

Cr

Cu

Fe

Hg

K

La

Mg

Mn

Mo

Na

Ni

P

Pb

Si

Th

Ti

u

Zn

Zr

TOC

TIc
cl-
~ (c)

NO;

so42-
Po’$3-

CN

0.654

126

(0.053)

11.7

(0.52)

(0.19)

12.5

0.638

(0.33)

Not Measured

(51)

<0.1

4.6

<0.02

(0.72)

10800

9.79

107

<0.2

112

<3

(0.035)

14.7

(0.56)

<0.1

775

680

150

5000

1450

400

<250

Not Measured

Not Measured

Adjustedo)

0.653

126

(0.053)

11.7

(0.52)

(0.19)

12.5

0.637

(0.33)

.-

(51)

<0.1

4.5
<0.02

(0.72)
10776
9.77
107

<0.2
112
<3

(0.035)
14.7

(0.56)
<0.1

773
678
150

4989
1447
399

<249
--

--

-Amount(pCi or pg)

in Wash Solutions

192

36901

(16)

3426

(152)

(56)

3661

187

(97)

--

(14936)

<26

1335

<5

(21 1)

3162901

2867

31336

<62

32800

<879

(lo)

4305

(164)

<26

226967

199146

43929

1464306

424649

117144

<73215

--

--

4.10
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Table 6. Dilute Hydroxide Washing of C-104 Sludge: Analysis of the Composite
Wash Solution (con’t)

Analyte

‘37CS

‘Sr

*Tc

“’’Am(()

“Am(”)

‘WEU

155Eu
14 (e)c
“?
235u
238u

DMect ~d.w.-#)

3.84E+O0 3.83E+O0

2.91E-03 2.90E-03

1.39E-03 1.38E-03

< 5E-03 < 5E-03 “

Not Measured --

< 3E-04 < 3E-04

< 5E-03 < 5E-03

Not Measured --

Not Measured --

Not Measured --

Not Measured --

Amount (pCi or pg)

in Wash Solutions

1.12E+03

8.52E-01

4.06E-01

< IE+OO

--

< 9E-02

< lE+OO

--

--

--

--

237NP Not Measured -- _-

‘*PU Not Measured -- --

“?% Not Measured -- --

-u Not Measured -- --

239+24apu Nit Measured -- --

~wWCm Not Measured -- --

‘2Cm Not Measured -- --

Total Alpha 1.16E-04 1.16E-04 3.40E-02

(a)

(b)

(c)

Concentrations for radionuclides are in units of pCi/g; all
other components are in units of I@g. Values in p~entheses
are Witiln 10 times the analytical detection lirniL and thus
have uncertainties >15%.
Value adjusted for the 0.2% loss in sample weight that
occurred before analysis; this weight loss was assumed to be
due to evaporation.
Quantified by IC system as fluoride, but slight retention
time peak shift and peak shape suggest si=~ificant organic
anion interference. It is highly probable that there is little or
no fluoride actually present in the sample.



Table 7. Analvsis of the C-104 Washed Solids(a)

Analytc
Ag(b)

AI

Ba
Ca(c)

Cd

co

Cr
Cu(d)

Fe

Hg

K
La(b)

Mg(@

Mn

Mo
Na(c)

Ni
p(O

Pb

Si
Th(b)

Ti(b)

u

Zn
Zr

TOC

TIC
cl-
F’(11)

NOj”

so42”
Po43”
CN”

NHI

KOHFusion

:104-AQ-8 Cl04-AQ-8DUP Mean Std Dev. % RSD

990
145000

198

4740

922

<126

1550

<807

47900

95.4
-.

(130)

<3529

11100

<81

7964
..

2230

1840

2900

34600
2740

26100
(240)

51300

9900
2560

I20
2900
1500
570
640
I3.4

<8.4

984
147000

192
4790
872

<125
1500

<801
46700

96.8
-.

(130)
<3505
10800
<80

17484
..

2570
I730

I3200
41100
2760

25000
(2Io)

50500

10600
2380

<130
2600
1300

<250
620
12.I

<9,0

987
146000

195
4765
897

<130
1525

<810
47300

96.1
-.

(130)
<3530
10950
<81

17724
..

2400
1785

13050
37850
2750

25550
(225)

50900

10250
2470
120

2750
1400

<600
630
12.8

<9.0

4
1414

4
35
35
--

35
-.

849
1
..
0
--

212
-.

339
.-

240
78

212
4596

14
778
21

566

495
127

..

212
141

..
--

1

..

Na202 Fusion Amount (pCi or pg)

:104-AQ-8 C104-AQ-8DUP Mean Std Dev. % RSD in C104-AQ-8

c
1

2
1
4

2

2
1

c

2

2

10
4
2

12
1
3
9
1

5
5

8
10

7

4.12

(630)
163000

183
4830
898

<48
1460
(230)

44900
-.

<1935
<73

(960)
10500
<48

.-

2900
4740
1730

12000
9750
(160)

-.

(240)
..

..

..

..

..
--
..
..
..

..

(720)
152000

184
4931
885

<52
1470
(200)

45700
-.

<2068
(80)

(970)
10500
<52

-.

2910
4990
I770

12000
18700
(180)

..

(230)
..

-.
..
..
..
--
.-
..
-.

..

(675)
I57500

184
4881
892

<52
1465
(215)

45300
--

<2070
<85

(965)
10500
<52

..

2905
4865
I750

12000
14225
(170)

.-

(235)
..

..

..

..

..
--
..
-.
..
..
..

(64)
7778

I
71
9
--

7
(21)
566

--
..
..

(7)
0

..

7
177
28
0

6329
(14)

--

(7)
-.

.-

--

--

..

9
5
c
1
1

0
10
1

1
0

c
4
2
c

44
8

3

--

14172
2178963

2717
69249
12840

<1810 ‘
21467
(3087)

664817
1380

<29694
(1867)

(13856)
153999
<1158
254497
41713
69856
25379

179845
543484
39487

366870
3303

730868

147179
35466
1723

39487
20102

<8615
9046
183

<129



Table7. Analysis of the C-104 Washed Solids (con’t)

Analyte

‘37CS

‘Sr

99Tc

241AnI(()

241Am(”)

1S4EU
155EU

“C
129I
235u
238u
237Np
238PU

239PU

240Pu

23g+u0Pu

2d3+2d4Cnl

‘2C111

Total Alpha

KOH Fusion

X&Q! C104-AQ-8DUPMean Std Dev. % RSD

4.53E+01

7.78E+02

3.68E-02

7.07E+O0

7,80E+O0

2,24E+O0

1.38E+O0

< 7E-03

6.64E-04

8.88E-04

1.88E-02

7.00E-03

7.82E-01

5.24E+O0

I.80E+O0

7,11E+O0

1.09E-OI

1.24E-02

4.27E+OI 4.40E+01 1.84E+O0

7.90E+02 7.84E+02 8.49E+O0

3.70E-02 3,69E-02 1.4IE-04

6.89E+O0 6.98E+O0 1.27E-01

7,21E+O0 7,5 lE+OO 4, 17E-01

2, 17E+O0 2.21E+O0 4.95E-02

1,28E+O0 1,33E+O0 7.07E-02

< 4E-03 < 7E-03 --

5.80E-04 6.22E-04 5.94E-05

8.38E-04 8.63E-04 3.54E-05

1.82E-02 1.85E-02 4.24E-04

6. 12E-03 6.56E-03 6.22E-04

7.98E-01 7.90E-01 1.13E-02

5. 12E+O0 5018E+O0 8,49E-02

1.86E+O0 1.83E+O0 4.24E-02

7.02E+O0 7.07E+O0 6.36E-02

9.63E-02 1.03E-01 8.98E-03

1,49E-02 1,37E-02 1.77E-03

1,67E+01 1.67E+01 1.67E+OI 0,00E+OO

4

1

c

2

6

2

5

Ic

4

2

9

I

2

2

1

9

13

d

Na202 Fusion Amount (pCi or pg)

~104-AQ-8 Cl 04-AQ-8DUP Mean Std Dev. Rel% Error in C 104-AQ-8

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

I -- --

--

--

--

--

--

--

--

--

--

--

--

--

--

--

-.

--

--

--

--

--

-.

--

--

--

-.

--

--

--

--

--

--

--

--

.-

--

--

6.32E+02

1.13E+04

5.30E-01

1.00E+02

1,08E+02

3.17E+01

1.91E+01

< IE-01

8,93E-03

1.24E-02

2.66E-01

9.42E-02

1.13E+01

7,44E+01

2,63E+OI

1,01E+02

1.47E+O0

-- 1.96E-01

-- -- ; 2.40E+02

(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 experimental uncertainty> 15%. TICiTOC and cyanide analyses was performed directly on the washed
solids. Anion (IC) analysis was done on a water Ieachate of the washed solids, so this does not accurately represent the anions present in the solids.

(b) Only the mean value from the KOH fusions were used to determine the amount of Ag, La, Th, and Ti in the washed solids,
(c) The Ca values from the Na202 fusion were corrcctcd for the high process blank.
(d) Only the mean vahrc from the Na,Oz fusions were used to determine the amount of Cu, Mg, and P in the washed solids.
(e) The Na values from the KOH fusion were corrcctcd for the high process blank.
(h) Quantified by IC systcm as fluoride, bul slight retention time peak shift and peak shape suggest significant organic anion interference. It is highly probable that

there is little or no fluoride actually present in the sample.

4.13



Table 8. Concentrations in the Washed and Untreated C-104 Solids and the Relative Amount of Each

Analyte

Ag

Al

Ba

Ca

Cd

co

Cr

Cu

Fe

Hg

K

La

Mg

Mn

Mo
Na@

N1

P

Pb

Si

Th

Ti

u

Zn

Zr

TOC

TIc

cl-

F

NO~

so42-

Po’$3-

cN-

NHJ

. Component Removed by Dilute Hydroxide Washing

Washed Solids(’)
pg or

pCtigdry Pseudo 95% C.I. (if
solids %RSDs=lO)@)

987

151750

189

4823

894

<126

1495

215

46300

96

<2068

130

965

10725

<81

17724

2905

4865

1768

12525

37850

2750

25550

230

50900

10250

2470

120

2750

1400

<600

630

13

<9

Original Sample(c)
Pseudo 9590

pg or pCilg C.I. (if
sample %RSDs=lO)@)

321

49461

61

1622

290

<42

561

73

14842

31

<996

42

339

3437

<31

76281

995

2259

567

4747

12131

882

8285

77

16314

8351

5237

1019

33567

9927

2810> X> 2615

202

4

<3

Pseudo 95?10C.I.
Removed,%(d) (if %RSDS=lO)(C)

1
2

1

5

1

3

15

6

0

--

>33

1

9

0

15

93

6

31

0

15

0

0

1

5

0

61

85

96

97

95

93

<89

—

--

t 0.3r

k 0.4r

* 0.14r

& l.lr

t 0.3r

--

? 3r

* 1.4r

t 0.004r

--

--

~ 0.3r

* 2.lr

f 0.0008r

--

2 25r

k 1.5r

k 7r

* 0.06r

&4r

* 0.04r

* 0.006r

&0.3r

& l.lr

* 0.0009r

& 14.6r

* 2~.3r

~ 26.7r

* 27.2r

~ ~6.4r

—

--

—

--



Table 8. Concentrations in the Washed and Untreated C-104 Solids and the Relative Amount of

Analyte

*37CS

‘Sr

?rC

‘lAm(()

‘] Am(”)

lWEU

“%U

14C
129I
235u
228u

‘7Np
238PU

‘9PU

““9U

‘wwCm

‘2Cm

Each Component Removed by Dilute Hydroxide Washing (con’t)

Washed Solids(’)
pg or Pseudo 95%

pcilgdry C.I. (if
solids %RSDs=lO)@)

4.40E+01

7.84E+02

3.69E-02

6.98E+O0

7.51E+O0

2.21E+O0

1.33E+O0

< 7E-03

6.22E-04

8.63E-04

1.85E-02

6.56E-03

7.90E-01

5.18E+O0

1.83E+O0

7.07E+O0

1.03E-01

1.37E-02

&6.22E+OOr

& 1.1lE+02r

&5.22E-03r

* 9.87E-Olr

* 1.06E+oor

&3.12E-Olr

* 1.88E-Olr

k 8.80E-05r

~ 1.22E-04r

&2.62E-03r

&9.28E-04r

Y 1.12E-Olr

&7.33E-Olr

&2.59E-Olr

&9.99E-Olr

& 1-45E-02r

k 1.93E-03r

Original Sample(c)
Pseudo 95% C.I.

pg or pCtig (if
sample %RSDs=lO)@)

3.92E+01

2.5 1E+02

2.09E-02

2.27E+O0

--

7.09E-01

4.59E-01

< 2E-03

1.99E-04

2.77E-04

5.93E-03

2.1OE-O3

2.53E-01

1.66E+O0

5.87E-01

2.26E+O0

3.29E-02

4-37E-03

&5.40E+OOr

A 3.55E+Olr

&2.47E-03r

&3.16E-Olr

--

* 9.99E-02r

k 6.06E-02r

--

* 2.82E-05r

&3.91E-05r

&8.39E-04r

&2.97E-04r

k 3.58E-02r

&2.35E-Olr

* 8.29E-02r

&3.20E-Olr

* 4.65E-03r

&6.19E-04r

Removed,%(d)

64

0.0076

43

<1.4

--

<0.28

<7.1

--

--

--

--

--

--

—

--

--

--

--

Pseudo 95%
C.I. (if

%RSDtil 0)(’)

t 0.4r

--

--

--

--

Total ~phll 1.67E+01 ~ 2.36E+OOr 5.35E+O0 &7.57E-Olr 0.014 * 0.003r

(a) The concentration in the washed solids was determined bys umming the quantity found in the washed
solids (Table 7) and dividing by the total weight (14.3589 g) of the washed solids (dry basis at 105”C).

(b) Pseudo 95% Confidence Intervals (C.I.) 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 ‘ZORSDvalues by multiplying the cell value by r, where r is %RSD/1 O.

(c) The concentration in the as-received sample was determined by summing the quantity found in the wash
soll]tion (’l%hlc6) and the washed solids (Table 7) and dividing by the total weight (44.8 g) of sample
used. Exceptions to thk are cyanide, ammonia mercury, C-14, 1-129, U-235, U-238, Np-237, Pu-238,
Pu-239, Pu-240, Pu-239+240, Cm-242, and Cm243+244. For these analytes only that found in the
washed solids was included in the calculation (the wash solutions were not analyzed for these).

(d) Thepercent removed was determined by the following formula %Removed = 100*FJ(FW+F,); where
F. is the fraction in the wash solution and F, is the fraction in the washed solids. The exception is Hg,
where only that found in the solids was considered.

(e) The valuesfor Na are not corrected for Na added as NaOH during the washing process.



Table 9. Caustic Leaching of C-104 Sludge Analysis of the Leaching Solution and the Composite
Wash Solution(=)

LeachSolutionC104-OH-3 CompositeWashSolutionCI04-OH-9

Analyte Direct Ad@ed@) Amount(~Ci or pg) Direct Adjusted(c)Amount(pCi or pg)

Ag

Al

Ba

Ca

Cd

co

Cr

Cu

Fe

Hg

K

La

Mg

Mn

Mo

Na

Ni

P

Pb

Si

Th

Ti

u

Zn

Zr

TOC

TIc

cl-
F (0

NO~

so,$2-

Po43-

m~

<1.2
45900
<0.8

<20

(5.8)
<2
157

(2.4)
(2.6)

NotMeasured
(260)

<2
<8

<0.4
(4.1)

153000
(7.9)
814
(25)
(72)
c 63
<0.4
10.9

(0.6)
<2

1300
1200
360

5500
1700
500

1000
NotMeasured

NotMeasured

<1.2

45873

<0.8

<20

(5.8)

<2

157

(2.4)

(2.6)

--

(260)

<2

<8

<0.4

(4.1)

152909

(7.9)

814

(25)

(72)

<63

<0.4

10.9

(0.6)

<2

1299

1199

360

5497

1699

500

999

--

--

<116

4533915

<77

<1931

(573)

<193

15508

(237)

(257)

--

(25682)

<193

<772

<39

(405)

15113049

(780)

80405

(2469)

(7112)

<6223

<39

1073

(55)

<193

128412
118534
35560

543280
167923
49389

98778
--

(0.47)

2065

(0.05)

(4.2)

(0.09)

<0.1

19.0

(0.13)

(0.35)

Not Measured

(13)

<0.1

(1.9)

<0.02

(0.28)

13550

(0.79)

32.8

(1.2)

65.3

<3.1

(0.027)

3.42

(0.50)

<0.1

215
275

<130

6600
400

<250
<250

NotMeasured

Not Measured

(0.46)

2060

(0.05)

(4.2)

(0.09)

<0.1

18.9

(0.12)

(0.35)

--

(12)

<0.1

(1.8)

<0.02

(0.27)

13519

(0.79)

32.7

(1.1)

65.2

<3.1

(0.026)

3.41

(0.50)

<0.1

215

274

<130

6585

399

<249

<249

--

--

(84)

372430

(9.2)

(757)

(16)

<17

3418

(23)

(63)

--

(2254)

<17

(334)

<3.4

(50)

2443793

(142)

5916

(207)

11777

<559

(4.8)

617

(90)

<17

38776

49597

<23446

1190335

72141

<45088

<45088

--

.-

4.16

...- ;-, ,---=s--- - ..- --- . .. ~,,.;.,...\ .7. .. .
.:,, ..,,, ,,, .



Table 9. Caustic Leaching of C-104 Sludge: Analysis of the Leaching Solution and the Composite
Wash Solution (con’t)

LeachSolutionC104-OH-3 CompositeWashSolutionC104-OH-9

Analyte Direct Ad@ted@) Amount(~Ci or @ Direct Adjusted(c)Amount(pCi or pg)

‘37CS

‘Sr

‘Tc

‘lAm(()

“Am(”)

lXEU

‘55Eu

14C
129I
235u
238u
237NP

‘8PU
239pu

-u
239+240PU

‘wWCm

‘2Cm

5.69E+O0

7.03E-03

2.20E-03

< 7E-03

Not Measured

< 4E-04

< 7E-03

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

5.69E+O0

7.03E-03

2.20E-03

< 7E-03

5.62E+02

6.94E-01

2.17E-01

< 7E-01

1.49E+O0

1.14E-03

7.78E-04

< 2E-03

Not Measured

< 2E-04

< 2E-03

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

Not Measured

1.49E+O0

1.14E-03

7.76E-04

< 2E-03

2.69E-I-02

2.06E-01

1.40E-01

< 4E-01

— -- -- --

<4E-02
< 4E-01

<4E-04
<7E-03

< 4E-02

< 7E-01

< 2E-04
< 2E-03

-- -- -- --

-- -- -- --

-- -- -- --

— -- -- --

— -- — -.

-- -- -- --

--

--

-- -- --

--

--

-- --

— --

--

--

--

—

-- --

-- --

Total Alpha 1.77E-04 1.77E-04 1.75E-02 1.03E-04 1.03E-04 1.86E-02

(a) Concentrations for radionuclides are in units of pCi/~ all other components are in units of I.@g. Values
in parentheses are within 10 times the analytical detection limit.

(b) Value adjusted for the 0.06% loss in sample weight that occurred before analysis; this weight loss was
assumed to be due to evaporation.

(c) Value adjusted for the 0.23% loss in sample weight that occurred before analysis; thk weight loss was
assumed to be due to evaporation.

(d) Quantifiedby IC system as fluoride, but slight retention time peak shift and peak shape suggest
significant organic anion interference. It is highly probable that there is little or no fluoride actually
prwml111I.ksample.
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Table 10. Analysis of the C-104 Leached Solids (con’t)

...+

‘; Analyte,,...

...) 24]Am(()
-:! 241Ain(,,)

‘~ 154~u.4
: 155~u:~~.-,, “C

129I
235u

, 238u
‘: 237Np

.( 23*PU..
23gPu

“ ‘OPuJ
“; 239+240PU
j 243+244~n,
; 242Cm

d
‘! Total Alpha

KOH Fusion

:104-OH-8 C104-OH-8DUP Mean Std Dev. % RSD

1036E+02

2.74E+03

5,59E-02

2,57E+01

2.48E+OI

6.20E+O0

3,96E+O0

< 5E-03

< 3E-04

1.5IE-03

3,28E-02

3.28E-02

2,70E+O0

9,49E+O0

3.45E+O0

2.62E+01

2.97E-01

8.1 lE-02

5.70E+01

1.35E+02

2.90E+03

6,30E-02

2,69E+0 I

2.71E+01

7.07E+O0

4,46E+O0

< 3E-03

< 3E-04

1,49E-03

3.23E-02

3.23E-02

2.93E+O0

9.74E+O0

3,22E+O0

2.59E+01

4,25E-01

6,54E-02

5.98E+01

1.36E+02

2,82E+03

5.95E-02

2.63E+01

2.60E+01

6.64E+O0

4,21E+O0

< 5E-03

< 3E-04

1.50E-03

3.26E-02

3,26E-02

2.82E+O0

9.62E+O0

3,34E+O0

2,61E+01

3.61E-01

7,33E-02

5.84E+OI

7,07E-01

1,13E+02

5.02E-03

8.49E-01

1.63E+O0

6, 15E-01

3,54E-01

. .

--

1.4lE-05

3.54E-04

3.54E-04

1.63E-01

1,77E-01

1,63E-01

2,12E-01

9.05E-02

l, IIE-02

1.98E+O0

1

4

8

3

6

9

8

1

1

1

6

2

5

1

25

15

Na202 Fusion Amount (pCi or pg)

:104-OH-8 Cl 04-OH-8DUP Mean Std Dev. Rel% Error in C 104-OH-8

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

-.

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

.-

--

-.

--

--

--

--

.-

--

--

.-

--

--

--

--

--

--

--

--

.-

--

--

--

--

-.

--

--

--

--

--

--

--

--

--

--

--

--

.-

--

.-

--

1.03E+03

2. 14E+04

4.52E-01

2.00E+02

1.97E+02

5.05E+01

3,20E+01

< 3E-02

< 2E-03

1.14E-02

-- 2,48E-01

2.48E-01

2.14E+01

7.31E+01

2,54E+OI

1.98E+02

2.75E+O0

5.57E-01

1 -- 4 4.44E+02 ‘

(a) Concentrations for radionuclides are in units of ~Ci/g dry solids; all other components are in units of pg/g dry solids. Values in parentheses are within 10 times the analvtictzl
detection limit, and thus have a potential experimental uncertainty> 15%. TIC~OC and cyanide analyses was performed directly on the washed solids. Anion (IC) anal~sis
was done on a water Icachate of the washed solids, so this does not accurately represent the anions present in the solids.
Only the mean value from the KOH fusions were used to determine the amount of Ag in the washed solids.
The Ca values from the Naz02 fusion were corrected for the high process blank,
Only the mean value from the Na202 fusions were used to determine the amount of Co, Cu, La, Mg, P, and Th in the washed solids.
Only the single value from the duplicate Na202 fusion was used to determine the amount of K in the washed solids.
The Na values from the KOH fusion were corrected for the high process blank,
Quantified by IC system as fluoride, but slight retention time peak shift and peak shape suggest significant organic anion interference. It is highly probable that there is little or
no fluoride actually present in the sample.

4,19



Table 11. Concentrations in the Leached and Untreated Solids and the Relative bount of Each
Component Removed by Caustic Leaching

Analyte

Ag

Al

Ba

Ca

Cd

co

Cr

Cu
Fe
Hg
K
La
Mg
Mn

Mo
Na(@

Ni

P

Pb

Si

Th

Ti

u

Zn

Zr

TOC

TIc

cl-

F

NO;

so’12-

Po43-

CN-

NH3

Leached Solids(’)
pg or

~Ci/g dry Pseudo 95% C.I.
solids (if %RSDs=lO)@)

1790

34250

339

8131

1660

63

1895

452

81350

159

2700

265

2180

18775

<51

34850

5550

4690

3043

22400

116500

395

330

102500

16950

6900

160

2850

1250

<240

<240

23

<9

Original Sample(c)
Pseudo 95%

pg or pCi/g C.I. (if
sample %RSDs=lO)(b)

339

127892

64

1549

327

12

825

91

15322

30

1200

50

419

3534

<11

441136

1068

3020

639

4684

21931

75

18885

66

19295

7329

5461

910

43448

6177

2384> x >1223

3606> X >2445

4

<2

4.20

Pseudo 95?Z0
C.I. (if

Removed,%(d) %RSDS=lO)(’)

1

95

3

4

4

30

57

7

0

--

58

9

6

0

>54

99

2

71

10

10

1

1

0

5

0

56

76

97

99

96

>51

>67
--

--

,.. . ~. .7 .

.,- a?, - -7m-Yr.w’!-2T7.- ,~ ,!..;
,,?
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Table 11. Concentrations in the Leached and Untreated Solids and the Relative Amount of Each
Component Removed by Caustic Leaching (con’t)

Leached Solids(’)
pg or Pseudo 95%

pCifg dry C.I. (if
Analyte solids %RSDS=l O)(b)

original Sample(c)
Pseudo 95% C.I. Pseudo 95%

pg or pCi/g (if C.I. (if
sample %RSDs=lO)o) Removed,%(d) %RSDS=I 0)(’)

137CS

‘Sr

‘Tc

‘lAm(()

‘] Am(”)

l%Eu

‘5%U

14C
129I
235u
238u
237NP

‘8PU

39PU

-u

“’vu

‘3+WCm

‘2Cm

1.36E+02

2.82E+03

5.95E-02

2.63E+01

2.60E+01

6.64E+O0

4.21E+O0

< 4E-03

< 3E-04

1.50E-03

3.26E-02

3.26E-02

2.82E+O0

9.62E+O0

3.34E+O0

2.61E+01

3.61E-01

7.33E-02

& 1.92Ei-Olr

k 3.99E+02r

* 8.4 lE-03r

&3.72E+OOr

&3.67E+OOr

* 9.38E-Olr

&5.95E-Olr

--

--

a 2. 12E-04r

&4.60E-03r

&4.60E-03r

&3.98E-Olr

Y 1.36E+OOr

&4.72E-Olr

~ 3.68E+OOr

&5. 1lE-02r

& 1.04E-02r

4.61E+01

5.31E+02

2.00E-02
4.98E+O0

--

1.25E+O0

8.19E-01
< 8E-04

< 6E-05
2.82E-04

6.13E-03
6.13E-03
5.30E-01
1.8lE+OO
6.28E-01
4.90E+O0

6.80E-02
1.38E-02

&4.75E+OG

A7.51E+Olr

k 2.04E-03r
&7.00E-Olr

45

0.004

44

<0.5

.-

* 1.77E-Olr

* 1.12E-Olr

-- --

<0.1
<3

* 0.03r

-- -- --

--

~ 3.99E-05r

&8.67E-04r

k 8.67E-04r

* 7.49E-02r

* 2.56E-Olr

Y 8.88E-02r

&6.93E-Olr

&9.6 lE-03r

k 1.95E-03r

-- --

-- --

-- --

----

-. --

-- --

-- --

--

--

--

--

----

Total Alpha 5.84E+OI &8.26E+00r 1.IOE+OI & 1.55E+OOr 0.01 * 0.002r

(a)

(b)

(c)

(d)

(e)

The concentration in the leached solids was determined by summing the quantity found in the leached
solids (Table 10) and dividing by the total weight (7.6051 g) of the leached solids (dry basis at I05”C).
Pseudo 95% Confidence Intervals (C.I.) 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 concenmation in the as-received sample was determined by summing the quantity found in the leach
and wash solutions (Table 9) and the leached solids (Table 10) and dividing by the total weight (40.4 g)
01 sample used. Exceptions to this are cyanide, arnmoni% mercury, C-14, 1-129, U-235, U-238, Np-237,
Pu-238, Pu-239, Pu-240, Pu-239+240, Cm-242, and Cm243+244. For these analytes only that found in
the leached solids was included in the calculation (the wash solutions were not analyzed for these).
The percent removed was determined by the following formula: %Removed= 100*FJ(FW+F$; where Fw
is the fraction in the wash and leach solutions, and F, is the fraction in the leached solids.
The values for Na are not corrected for Na added as NaOH during the leaching process.

4.21
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5.0 Conclusions and Recommendations

The volubility versus temperature test indicated that the concentrations of Ag and Cr
increased with increasing temperature and the concentrations of Cd, Fe, and P decreased
with increasing temperature. Data for many of the other analytes were scattered to the point
that statisticallymeankgful conclusion could not be drawn. The considerable variability
observed for many of the components might have been due to precipitation of these
components. It is recommended that the volubility versus temperature test plan be revised
for fimu.retests. 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 of samples.

Dilute hydroxide washing largely removed most of the Na salts flom the C-104

sludge. Dilute hydroxide washing was largely ineffective at remo@ Al (20/0), Cr, (150/0), or

P (31Yo) from the C-104 sludge sample. Cesium-137 (64?Ao)and WC (43?.40)were appreciably

removed by dilute hydroxide washing, whereas the transuranic elements (as represented by

the total alpha data) showed little volubility in the washing solutions.

Caustic leaching resulted in significantly better Al removal, with a total of 95% being
removed. Improved Cr (57°/0) and P (71‘/o) removals were also achieved by caustic leaching.
Interestingly, caustic leaching did not result in additional 137CSor ‘Tc removal. The leached
solids had very high concentrations (-10 wt!!o) of Th, U, and Zr.

The solutions generated by washing the C-104 solids with 0.01 &f NaOH were stable

over a period of-5.5 months. However, the caustic leaching solution was not stable. A

gel-like material had formed from the caustic leaching solution after -20 days and

considerable solids were present after 5.5 months.

5.1
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Applicability

This test plan is to be used to determine 1) the aqueous-insolublefractionof BhTL HLW sludge
samples, 2) the caustic-insoluble fraction of BNFL HLW sludge samples, and 3) the effect of
temperatureon the volubility of solids in the BNFL HLW sludge samples. The work will be
conducted in the SAL hot ceils. The work will be conducted by Radiochemical Processing Group
staff. This work is being done as partof the Technical Supportto BNFL for l?base lB project.

Test Objectives

$

Justification:This activity supports confirmation of theprocess sequence, equipmentperformance
and design basis for the HLW entrainedsolids removal process. BNFL must complete research
andtesting activities mnducted to confirm system design bases before 14 April 1999.

Objective: The purpose of this task is to obtain the informationneeded in the filtration and
washing of the Envelope D material.The specific objective of thistestis to determinethe relative
mass and composition of the water-insoluble solids and of the cau.stic-iioluble solids (at 85”C)
andto determinethe components in the liquid portion of the HLW sample at 30,40, and 50eC
andtheir concentrations.

Defh.itions

BhTL British Nuclm Fueis Ltd.
HDPE High-densiV polyethylene
HLW High-level waste
RPL Radiochernical Processing Laborato~

Emergency Response
.

In tie event of building audible alarms (e.g., fire or criticality)personnel shouldproce~ in “
accordancewith the RPL Building Emergency Procedure. If time permits, ensure that test
rmterids aiiesecured from spilling prior to exi:izg th: area.

Quality Control

Quality assurance for work conducted under this Test Plan is governed by the Standards-Based
Management System (SBMS). The quali~ control for each analysisindicated in Table 1 will be
establishedper Quality kn.u-ante PlanMCS-033. MCS-033 specifies the minimum calibration
and Verification requirements for analytical systems, as well asbatch processing quali~ control .
samples to monitor preparations (i.e., blanks, duplicates,matrixspikes, and IaboRtory control
standards).

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

h discussed in the Prerequisites sectio% calibrated balances mustbe used in performing this test.
Likewise, a calibrated temperaturecontroller is required.The calibrationn), dateof calibration
and calibration expiration datemust be recorded on the workplace copy for each balance used;
and for thetemperature controller.

Bh~-TP-29953-8
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Measured weights will be recorded on the workplace copy atthe indicated spot in the work
“instructions.

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

Equipment Description

A standard laboratoryhot plate/magnetic stirrerwill be used for this test.AtI aluminumheating
block will be placed on thehot platekirrer to heat the sample. The apparatuswill be equipped
with tivo thermocouples. One of the thermocouples will be connected to a temperaturecontroller,
while the other will be connected to an over-temperature shut-off device. The latterwill be used
to ensure the sample is not over heate~ which could result in lose of sample.

FrerequisAs .

Stipeflorming the work must read and understand the entire test plan prior to beginning work.

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

Wide-mouth HDPE bottle; size to be determined (2)
30-mL HDI?Ebottle
20-mL HDPE vial (8)
30- to 40-niL glassvials [2)
Hot plate/stirrer
Aluminum heatingblock
Temperaturecontrollerwith temperature read-out
Over-temperatureshut-off device
0.45-pm nylon syringe filters (6)
5-rnL syringes (6)
0.45-pm nylon disposable fi.kerunits (8)
Ad@table 5-rnLpipette
Boiling waterbath .
Small plasticbag

The temperature controller shall be calibrated by maintenance semices. Record the following
information regarding the temperature controller used. -l&--A Q+LJ

Calibration ID: ~ 20$3 0z&5’1 a ZGOLJ

y~~
Calibration Date: l//z/ff l/q~

Expiration Date: 1/2000 //2601 1/ LrJo I

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

Calibration ID: 366-& o\-o\& Calibration ID:
-.

Calibration Date: ~/b/4’i Calibration Date:

BNFL-TP-29953-8 Page 3 of 21
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Expiration Date: . ~/% Expiration Da&:

Before beginningwork a routineperformancecheckshouldbepe~or;ed anddocumentedin fhe
space below.

Work Instructions

7

h’ote .
were practical, catchpans should be used when working with the tank waste samples,
so that they can be recovered if spilled.

s
I . [

-.

Part 1. Solu&ilit’yVersusTemperature s.+ “
-7/t~f*fi

1.1. Prepare the sample vials accordirig to the following table. All vials should be HDPE.

SampleID(’)
c [ o Y.so~30-l
~f oY -50L-30-2
C i O‘i -SOL~@l

“o y -SOL-40-2
c ‘oY -SOL-50-1
~ 10~ -50L-50-2

(a) The prefix to the sample IDs shouldbe
the tank numbeq e.g. “C106.”

1.2. Label a 30-mL HDPE bottle as “ c f CI4 -sO~TESr’ ( = tanknumber) and
place a magnetic stirbar in thk bottle. ~+. s /,-. 326%

;
1.3. ample to give a homogeneous slurry 0s4 q JL+ + *“A *

s-t G . -M S-ph d~~ “M+.”v
~ L&~4( -. eo~ GL

-RGc K. A Iik ~~4S4S.

(% W--lftpc-$4>

““’75
BNFL-TT-29953-8 Page 4 of 21
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\
Note

If theHLW sample does not contain a liquid fi-actioq then add -5 g of sludge to 25 mL
of 0.1 ~ lNaOH.

I I

1.4.

1.5.

1.6.

1.7.

Place c 10Y -SOL-TEST into an aluminumheating block thennostatted at 30”C

Stir the contents of L Io~ -SOL-TES’I’

Once the temperature has equilibrated at 30”C, stir the sample for 1 h T23J’L (fJ” JL’+

1.8.

1.9.

1.10.

1.11.

1.12.
●.

Start dateltime: 7/20/ 7q -,3:L!C
— \

Preheattwo syringehlker assembliesby placing them in a plastic bag and submersing the .
plastic bag with the syringehllters ‘hto a boiling water bath 7CW4d+%

Withdraw a ~-rnL aliquot of the sluny and falterinto vial c i OY -SOL-30-1 ~~[g--” 7. QD7.

Withdraw a second ;-mL aliquot of the slurry and filter into vial c 10 V -SOL-30-2 (,4~z5 7,3*cf~

Adjust tie temperature of aluminum heating block assembIy to 40°C ~~ b ~ 6 ~~
f

&({ q *L.
~vo~< J+s’

Once the temperature has equilibrated at 40°C, stir the sample for 1 h ~“~~ P(<55d. \

1.13.

1,14.

1.15.

1,16.

1.17.

1.18.

;t 1.19.

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

y’ /’).{ .4” 7/.,/4s
J

TM ~ ~

Withdraw az-rnL aliquot of the slurryand filter into vial C 10 + -S OL-40-1 ~ ,zq~- / ‘7. U537
~ ~ fi.(.j 7/zv~’

Withdraw a second+-nL aliquot of the slurryandfilterinto~al C‘~ I+ -soL-40-2 6-4~s 7. ‘“-+’0

Adjust the temperatureof aluminumheating block assembly to 50”C

Once the temperature has equilibrated at 50”C, stir the sample for 1 h

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

E
~ ~ (.L. 7/21{4-5 TC.WC ~F GEOCC Or.

Withdraw a -rnL aliquot of the slurryand filter into tial Cto~ -SOL-50-1
d8q17J -1.L963

BNFL-TP-29953-8 Page 5 of 21



1.20.

1.21.

‘~ Part 2,,%? \

AAJ-’ 2.L-

2.2

2.3

2.4
.

2.5

2.6

2.7

2.8

2.9

I./L fh\.i-
q+q +~” &#f5 4_t-

Withdraw a second~-fi aliquot of the slurry and filter fito vial C Ioq -SOL-50-2 ~,j~~s- ~. jia-~ +

The samples collected during the testareto be submittedfor the analyses listed in Table
1. The cognizant scientist will preparethe required ASK

Z)eierrninationof Aqueous-InsolubleFraction

- P+ * Sl%b 6“ “f--’”
Homogenize the stock HLW sample by stirring

Label a disposable fiIter unit (0.45-pm nylon) as ~1~~ -AQ-1

Weigh cl o~ -AQ-I
~d:~ l:bf->

Wt. cIo~ AQ-1= 64.9435 13 (2.3A) ~ ~
Lq: ?9U- c.e ++J a$+ ~+-J-

Also weigh just the bottom part of the filter unit; i.e., the receiving bottle and cap 1w- *P>.

Wt. receiving bottle&cap = y1”73 ‘J; (2.3B)
-- .

Connect cl OW -AQ-1 to the vacuum line, but do not yet apply vacuum

--~0-L ~ * f~~--’l.
Transfer enough of the homogenized HLW sample to give -25 g solids to the filter
fhnnel of Ct OY -AQ-1

Apply vacuum to the filter unit. Disconnect fiomthe vacuum once the liquid has filtered.
~1+.tion dcbs Sb . .

Place the cap on the top-of the filter unitand weigh C fOY -AQ-1

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

Wt. receiving bottle&cap = fi” 21Yrg (2.7B)

Det’errninethe total weight of the sample

Wt. Sample = 2.7A-2.3A= So. $7 ~S g (2.8A)

Determine the weight of the filtered liquid

Wt. Liquid = 2.7B-2.3B = J7-4 ~~o ~ (2.8B)

Determine the weight of the filtered solids

Wt. Solids = 2.8~-2.8B = 3?” z~J~ !3 (2.8C)

Measure out the appropriate volume of 0.01 ~ NaOH as instructed by the cognizant
scientist into a plastic bottle b , 9



2.11

2.12

2.13

2.14

(2.9A)Vol. Used = +l@ mL
12r-L+L

Label an appropriately sized wide-mouthed ~l?E bode as L~x -AQ-2

Weigh C 109 -AQ-2

wt. CI09 -AQ-2= 31.7935 ~ (2.11A) ,

Slurry the fi~teredsolids using a portion of 0.01 ~ NaOH (volume = 2.9A + 5 ; transfer
tis slurry to c I OY -AQ-2 Lw+ A -w sai:Js ti~.~ ti:h a ~r& . &j;&l J1-.: ~

1% 0.IJ15 ~al.1 ~ ~~,d fi =,OV-hQ-Z. d_#

Repeat step 2.12 four times to ensure complete transferof the solids to c ICI~ -AQ-2 p.A ~~.~~.-rs4s&4 u%

4J Ewu +&h ~F cd; L.4R4 ~J-. .
L12 sl[;-p.#fJ,U>d +* A- ~sl~ . wt. CI04 -AQ-2= 1~5.4 g ‘ (2.14A)

?-6.-. Ckc jco-5 ASlt - 1-.[

Determinethe weight of the slurxy
.-.

Wt. Slurry =2.14A-2.llA= I ~ ~. 1 g (2.14B)

2.15 Equip cl oq -AQ-2 with a condenser, thenplace in an aluminumheatingblock at 85°C

2.16 Stirthe sample in L( O% -AQ-2 at 85°C for a minimum of 8 hours

Startdateh.i.rne:; 7/Z 7 /$ $ ls;4J- l~.s- h
Stop dateltirne: 7/ 2~19~ ~: 1~-

7PW 2.19

2.20

i

2.21

wt. An9-. LX 5
(9 10

9 10A 9 lJ A —
&. *u.** . 5

(9 1

Label a disposable filter unit (0.45-pm nylon) as CIo’i -AQ-3

Weigh LJO Y -Ac&3

wt. C(OY AQ-3 = foY.6sq [ ~ (2.20A)

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

Wt. receiving bottle&cap = ~ 1. SY8~g (2.20B)

Connect ~l”w -AQ-3 to the vacuum line

A.,. %-- ‘[’’’”
B~-TP-29953-8 Page 7 of 21
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qf tf’[ti
49d. ,

2.22 Filter t.he$$ash slurry
&“I+.&- * $+> .

2.23 Disconnect from the vacuum once the liquid I& ii.ltered

2.2(I place the capon the top of the filter unit and weigh LI OY -AQ-3
*8Okuy * u.+< ;. a- p“( u , Iq(. 7 22s-+ 64. 7DJJ

S.&. &.*( 4 3A’” = 64. wL3wt. Clo% -AQ-3 = Zlx.q Zrr g (2.24A) ,

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

MDw&+w & Cb:(%d Sa[fia- (%.

Wt. receiving bottle&cap = J41. azzl~ (2.24B)

2.25

2.26

2.28

2.29

2.30

2.31

2.32

Qe9
Determine the total weight of the shiny

Wt. SIUV=2.24A-2.2oA = I ql.7L97
g (2.25A)

Determinethe weight of the filtered liquid -.. .

Wt. Liquid = 2.24B-2.2oB = I 00. (W I g (2.25B)

Determine the weight of he filtered solids
p*k 1 &!\:dL‘=+F=-~17
* d@4 -@+- L&w Wt. Solids = 2.25A-2.25B = Y 1.L 3JI ~ (2.25C)

(u z.%>
Measure outthe appropriatevolume of 0.01 ~NaOH as instructedby the co-t
scientist into a plastic bottle

Weigh CI b~ -AQ-2

Slurry the filtered solids using a portion of 0.01 ~ NaOH (volume = 2.26A+ 5); Ira.nsfer
this Slurry to c.lo~ -AQ-2 ~vkgc- & ,

*- s- -n~ as LA”< . (+(:JL s~~~

Vw$f :fic~y ,
Repeat step 2.29 four times to ensure complete transfer of the solids to C 10 y -AQ-2

Weigh ~10~ -AQ-2
Gild + ~ d-u” $ 4: %

wt. c1 ~ ~ -AQ-2 = [ s%. 07>-2 g

Determine the weight of the slurry
%.\LA

wt. Shiny = 2.31A-2~A = 123.~P J ~ (2.31B)

Equip ~ I~y -AQ-2 with a condenser, then place in an aluminum heatingblock at 85°C

B~-TP-29953-8 Page 8 of 21
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2.33 Stir the sample in C low -AQ-2 at 85°C for a rninim~ of 8 hours

Startdateftime: 7/ 2Y/@i [a:oo

Stop date/time: 7/.29/ ?7 y:36

1

(../.4---
7’/7/49 -

2.36

2.37

●

2,38

2.39

2.40

2.41

Label a disposable filter unit (0.45-pm nylon) as L 10~ -AQ-5

weigh ~10 y -AQ-5

-..

wt. c IOY - AQ-5 =~q .7[77 g (2.37A)

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

Wt. receiving bottle&cap = A/.fT;/ g (2.37B)

Connect cl ‘Y -AQ-5 to the vacuum line

Filter the.!$$~h slurry

Disconnect from the vacuum once the liquid has filtered

Place the cap on the top of the filter unit and weigh c1o h -AQ-5

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

on the recewmg bottle and weigh.
Mow-to* * CIc.-:l%d I:q.+1 Go@ *

&.* Ii* d Sol:ds.

2.42 =

Wt. receiving bottle&cap =@#..334 g

Deter-n-me e totalweight of the slurry

?Vt. Sluny = 2.41A-2.37A =/Z2 *$~tig

Determine the weight of the filtered liquid

i
Wt. Liquid = 2.41 B-2.37B = g~,2 f~-3 g

lXQ?L-TP-29953-8
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(2.41B)

/j. q. 9.

g/1/w

(2.42B)

Page 9 of21



Determine the weight of the faltered solids -

Wt. Solids = 2.42A-2.42B = 4 rJ.4f/~ g (2.42C)

2.43

2.44

2.45

2.46

2.47

2.48

2.49

2.50

Measure out the appropriate volume of 0.01 ~ NaOH as instructed by the cognizant
scientist into a pktic bottle

Vol. Used =~ /0 O K& (2.43A) ,

(2.45A)

Sluny t-hefiltered solids using a portion of 0.01 ~ NaOH (volume = 2.43A + 5); ~fer
this slurry to ~ i@l -AQ-2

Repeat step 2.46 four times to ensure complete transfer of the solids to ~i 04 -AQ-2
-..

Weigh ~1 ~~ -AQ-2

wt. cloy -AQ-2 =/p”f.@ & (2.48A)

Determine the weight of the slurry
1.\{R

Wt. shiny =-2.48A-2~5A = ‘27. z~a g “ (2.48i)

Equip ~Io~ -AQ-2 with a condenser, L-m place in an ahm.inum heating block at 85°C

Stir the sample in cl ~q -AQ-2 at 85°C for a minimum of 8 hours

2.54 Weigh LI OY -AQ-7
L@3320

w~. CI04-AQ-7 =.~ (2:54A)

P
- 7-3+0



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

4j. b? Y~ @ $“+-qq”
Wt. receiving bottle&cap ~z~>g (2.54B)

2.55 Connect ~lo~ -AQ-7 to the vacuum line

2.56 Filter the~%~ashslurry

2.57 Disconnect from thevacuum once the liquid has filtered

2.58 Place the cap on the top of the filter unit and weigh LIO ~ -AQ-7

r

L&:& &

[

= -11.764 wt. cloy- AQ-7= 7i.7Lq@ g
&lLv.7Y3fz

Carefidly r&kes&7$kmnel part of the apparatus vmg bottle,place the cap
on the receiving bottle and weigh.

l%x”b+ + Ckw:fid /t.f.:d +.

Wt. receiving bottle&cap =@q.7ti.J~4 (2.58B) .

2.59

2.60

2.61

2.62

2.63

2.64

2.65

; 2.66

2.67

w
Determine the total weight of the shy

N.+: -J iS ie-.:,ti ‘.h 2.”ga

Wt. Slurry = 2.58A-2.54A= I ~1“6s71 g (2.59A)

Detemine the weight of the faltered liquid

.

“Wt.Liquid = 2.58B-2.54B = ‘7?..lor~ g (2.59B) -

1232>iiiiiIlethe Weighi of tie fiiceieci solids

Wt. Solids = 2.59A-2.59B = q? .X~Zti g (2.59C)

Label a glass vial as CIOY‘-AQ-8

Dry CI o~ -AQ-8 at 105”C for a minimum of 1 h

Cool c 1~~ -AQ-8 to ambient temperaturein a desiccator

Weigh c IOY -AQ-8

wt. cloy -AQ-8 =/9 f&3633 g (2.63A)

Using several portions of deionized water, quantitatively transfer the washed solids from
the filter membrane to ~1“’+ .-AQ-8

Heat ~10’+ -AQ-8 at 80°C to evaporate excess water

Heat c IOy -AQ-8 at 105°C overnight

Cool CIOY-AQ-8 to ambient temperature in a desiccator

BNFL-TP-29953-8 page 11 of2]
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2.68

2.69

2.70

2.71

2.72

2.73

2.74

2.75

2.76

2.77

;

Weigh C-IOY -AQ-8

awt. c 109 -AQ-8 = /42 tL3~g (2.68A)
+ fl-3.49

Determine the dry weight of the washed solids

Wt. Dry solids = 2.68A-2.63A= I‘“ 3 sfi g(2.69A)
.WP’! ,$6

v/3

Determine the relative amounts of each wash solution needed to prepare the composite ‘
liquid sample #o ~\# 03

,~ . .+
Ql %3”’OiL

Total Wt. Liquids = 2.8B y 2.2’~B-i-2.42B + 2.59B = 2’53. sIso ~. (2.70A)

Wt Fraction AQ-1 = 2.8B/2070A = 0.0 S-5 L (2.70B)

Wt Fraction AQ-3 = 2.25B/2.70A = o. 3uIIz (2.70C)

Wt Fraction AQ-j = 2.42B/2.70A = ~” 28 z 1 (2.70D)

Wt Fraction AQ-7 = 2.59B/2.70A = 003 I 7 z (2.70E)
-..

Label a 20-mL HDPE sample vial ~ c ,0~ -AQ-9 ~ T~C ~ ‘ ~. 13~ ?

Plaw CI~Y -AQ-9 on the balance and tare to 0.000g

Add the following quantity of the solution in bottle ~1C’9 -AQ-1 to c 10Y -AQ-9

Quantity from “cloy -AQ-1 = 10*2.7oB = O,rt Lo
8 (2.73A) .

Record the weight of c1 OY -AQ-9

wt. ~lo~._-AQ-g = o.J~ 7K (2.73B)

Place c1 oh -AQ-9 on the bal~ce and tareto 0.000g

Add the following quantity of the solution in bottle LIO~ -AQ-3 to L JOY -AQ-9

Quanti~ from c iOk -AQ-3 = 10*2.7oc = ~ .w 1u ~ (2.75A)

Record the weight of c I”~ -AQ-9

wt. Q09 -AQ-9 = 3.q 3 /0 g (2.75B)

Place CI oq -AQ-9 on the balance and tare to 0.000g

Add the following quantity of the solution in bottle L Iov -AQ-5 to CIOV -AQ-9

Quantity from u ov -AQ-5 = 10*2.70D = 2, g z t g (2.77A)

.

/?.[- ~$
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Record the weight of CIOY -AQ-9

. .

2.78

2.79

2.73

(2.77B)

Place CIOy -AQ-9 on the balance and tare to 0.000g

Add the following quantityof the solution in bottIe C 10Y -AQ-7 to C10Y -AQ-9

Quantity fiorn C Io~ -AQ-7 = 10*2.7OE = X. I‘ ~ g (2.79A) ‘

Record the weight of CI 0 y -AQ-9

wt. C-IOY -AQ-9= 3,32$7 g (2.79B)

D<+&Ati P-J 5/2:: A’+ 44 Cloq -4. 2..4 G.&s
3/ d+. clo Y-# Q-q = 18.”3 7F]

The wash?d solids and the composite wash solution are to be submitted for the analyses
listed in Table 1. The mgnizant scientist will prepare the required ASR

Part 3. Determinationof Caustic-InsolubleFratiion*/Lt/%

3,1.

.3.2

3.3 “

3.4

3.5

3.6

3.7

Homogenize the stock HLW sample by stirring

Label a disposable filter unit (0.45-~m nylon) as LI09 -OH-1

Weigh ~1o ~ -OH-1

Wt. ~lo ~ -OH-1= ~9. ‘~~~ “ (3 3A).

AIso weigh @t the bottom part of the falter unit; i.e., the receiving bottle and cap

Wt. receiving bottle&cap = 4 J”74~ ~ (3.3B)

Connect ~Io ~ -OH-1 to the vacuum line, but do not yet apply vacuum

Transfer enough of the homogenized HLW sample to give -25 g solids to the filter
fhnhel of CI“q -OH-1

Apply vacuum to the filter unit. Disconnect from the vacuum once the liquid has filtered.

Place the cap on the top of the filter unit and weigh ~1OY -OH-1

Carefhlly remove the finnel part of the apparatus from the receiving bottle, place the cap

on t-be receiving bottle and weigh.

Wt. receiving bottle&cap =G.3cW4 g (3.7B)

BN’FL-TP-29953-8 Page 13 of21
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#
3.8

3.9

3.10

3.11

3.12

3.13

3.14

Determine the total weight of the sample

?Vt.Sample= 3.7A-3.3A= q~. f ‘ZZ g (3.8A)

Determine the weight of the filtered liquid

Wt. Liquid = 3.7B-3.3B = i I. SLZ~ g (3.8B)

Determine the weight of the filtered solids !

“ Wt. Solids= 3.8A-3.8B = ZY .27<s’ g (3.8C)

Measure out the appropriate volume of 3 ~ NaOH as instructed by the cognizant scientist
into a plastic bottle

.

Vol. Used =‘1 QO fi (3.9A)

Label an appropriately sized wide-mouthed HDI?E bottle as C I% -OH-2

Weigh CIOq -OH-2 . .-. .

Wt. Cl~~ -OH-2= 31, W17g (3.11A)

Slurry the filtered solids using a portion of 3 ~NaOH (volume = 3.9A + 5); ~fer this
shiny tO Cl oq -OH-2

Repeat step 3.12 four times to ensurecomplete transferof the solids to ~ Jo Y -OH-2
..

Weigh cl Oq -OH-2

LKd

3.15

3.16

.-
$.-+ b-l-- O-L-f :. Wt. C1OY -OH-2= j-vi. ~ g (3.14A)
g~ 2,{4
Determine the weight of the slurry

wt. sluny=3.14A-3.llA= 13~, ? ~ (3.14B)

Equip ~’o~ -OH-2 with a condenser,then place in an aluminum heating block at 85°C

Stir the sample in Cf@-1 -OH-2 at 85°C for a minimum of 8 hours

I -J— (2 1g+) “fi

BNFL-TP-29953-8
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@’1~~
3.19

3.20

3.21

3.22

3.23

3.24

/%4- &@~ppq
AA- 1

5
r-l

* *2”4.

p.?
Label a disposable filter unit (0.45-pm nylon) as L] CIv -OH-3

Weigh c1o~ -OH-3

Wt. Llo Y -OH-3 = 6q , 3~3-1 (3.20A) ‘

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

Wt. receiving botie&caP = 4 [.~-~T7 ~ (3.20B)

Connect ~ 10~ -OH-3 to be vacuum I&e
.

Fjlter th~~~aching slurry

Disconnect from the vacuum once the liquid has filtered

Place the cap on the top of the filter unit and weigh CIO h -OH-3
~, ~ ~..+i . ..

$0 M( * lqo.<tql (z.z<g~ ~~,~ *-
64->,10 .O1.!

WI. cl O? M-3 = 6 q -~@g-&
~04,665-3

~,p. /!2z@-

CarefiAly remove the fkmel part of the a>iu-atus
ejsyti
~cewmg bottle, place the cap

on the receiving bottle and weigh.

i

3.25

‘3.25a

3.25b

3.26

Determine the total weight of the slurry

Wt. Slug = 3.24A-3.20A= I ~’-’.31CZ ~ (3.25A)

Determine the weight of the filtered liquid

Wt. Liquid = 3~24B-3.20B = ‘I$“~~~ g (3.25B)

Determine the weight of the filtered solids

wt. Solids = 3.25A-3.25B = q 1. ‘JJ~ ~ (3.25C)

Label a 20-rriL HDPE sample vial ~ c1 w -OH-3A - TGL LA- = 8 ~q ? ~

Transfer -15 mL of the filtered leachate solution to a o Y -OH-3A “~+
.$s

~JL’15b7f

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

BNFL-TP-29953-8
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+pw
3.28

3.29

3.30

3.31

3.32

3.33

— / “%3.28wt. CIOY -OH-2= ~

Sluny the filtered solids using a portion of 0.01 ~NaOH (~ohlme = 3.26A + 5); transfer
tbk Sk’ry tO CIOY -OH-Z

Repeat step 3.29 four times to ensure complete transferof the SOtidSto C1OY -C)H-2 ,

Weigh ~1~~ -OH-2

Wt. ~1”~ -OH-2 =l~jy { ~ (3.31A)

Determine the weight of the slurry
- (3 “f(fi’~1.-l

?~t.Skry = 3.31A-3.28A = IZ 3. z g . (3.31B)

Equip cl~~ -OH-2 with a condenser, then place in an alukum heatingblock at 85°C

Stirthe sample in C/V’-i -OH-2 at 85°C for a minimum of 8 hours ----

24 A .
.

-
. .

. QHx&

~g :\

~.,. A+@. . -. 7/7/55

~ #w

“— )_ F?-’

. .

. . .

3.36 Label a disposable filter unit (0.45-pm nylon) as cl ‘w -OH-5

3.37 Weigh CIO’1 -OH-5

wt. LJU9 -OH-5= 69. ~34a (3.37A)

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

Wt. receiving bottle&caP = 41. qf‘ 7g (3.37B)

3.38 Connect ~@ -OH-5 to the vacuum line

p’~’. w $.-l:.f~~4 @ Gl+< < 1:(-% f&~ & l-z. &
i 3.39 Filter the~~ah slurry ~< ~?~ ; ~z~ + <@(& &tou MJL . ;2. &s f-c 14c~A

*+, L.#(# &-(~.L;l;~, (~.+ fjlfi.ffx @$ f~[/ Am.. )

3.40 Disconnect from the vacuum once the liquid has filtered

F .\. /
*/ Ll~q
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3.41

3.42

3.43

3.45

3.46

3.47

3.48

3.49

3.50
i

place the cap on the top of the filter unit and weigh CI W -C)H-5 T* I 3-J..$/r>
i3~.Yv..ir

(qo.qj~
wt. C IOY -OH-5 =~>~ 4293 ~ (3.41A)

7--F’NqCarefully remove the fimnel part of the apparatus from e rece tiing bottle, place the cap
on the receiving bottle and weigh.
)AO-k’- + d.u..:~d SblJh’+

“-‘“’a Wt. receiving bottle&cap =/3f~444)~

Determine the total weight of the slurry

Wt. S1UITY=3.41A-3.37A= lz~.v$sr ~

Determine the weight of the filtered liquid

Wt. Liquid = 3.41B-3.37B = ~ 2.~J-2Fg

Determine the weight of the falteredsolids

Wt. Solids = 3.42 A-3.42B = 3 J B3 %a g

(3.41B) ,

(3.42A)

(3.42B) ‘

-.

(3.42C)

Measure out the appropriate volume of 0.01 ~NaOH as iu.strutted by the cognizant
scientist into a plastic bottle

Vol. Used= Y j~o rnL (3.43A) “

Weigh ~ I~y -OH-2

(3.45A)

Slurry the filtered solids using a portion of 0.01 ~ NaOH (volume = 3.43A + 5); imi.nsfer
this slurry to c{ 09 -OH-2

Repeat step 3.46 four times to ensure complete transfer of the solids to C 1~ ~ -OH-2

Weigh ~’‘y -OH-2

Determine the weight of the slurry

jAL.w++l
I&t- A+- -’-’

JL\. L.
= g rl,vw (3.48A)

,.\l k

Wt. Shrry = 3.48A-3k5A = g (3.48B)

Equip C‘ oq -OH-2 with a condenser, then place in an aluminum heating block at 85°C

Stir the sample in c1~ ‘f -C)H-2at 85°C for a minimum of 8 hours
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3.53

3.54

3.55

3.56

3.57

3.58

Label a disposable filter unit (0.45-pm nylon) as cioY -OH-7

Wt. C/~~ -OH-7=&f479f43 g (3.54A)

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

?Vt. receiving bottle&cap ~ 4/14 73 I g (3.54B) ‘- -

Connect Cl ~~ -OH-7 to the vacuum line

Filter the~h sluny

Disconnect from the vacuum once the liquid has flte;ed

I?lacethe capon the top of the filter unit and weigh CIOV -OH-’7 T.hl r-l. Xzqq
r2 <. rez P

?Vt. ~loy -C)J+7=-,7a33q9 ~ (3.5ig’oz77
7bf +?

C~efi,dly remove the funnel part of the apparatus horn the receiving bottle, place the cap
on the receiving bottle and weigh.

m+” ~- -J’-’ cb:b~ N\.tfm 6. p.zd+.w .

Wt. receiving bottIe&cap =~$ql yo~g

3.59 Determine the total weight of the sluny

Wt. Shiny =3.58A-3.54A= 122 “~ ~3 Yg

Determine the weight of the filtered liquid

Wt. Liquid = 3.58B-3.54B = ~ a- 31~7~

Determine the weight of the filtered solids .

i Wt. Solids = 3.59A-3.59B = 33 .qlz ~ ~

3.60 Label a glass vial as “ci LA-OH-8

(3.58B)

(3.59A)

(3.59B)

(3.59C)

-..
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3.61

3.62

3.63

3.64

3.65

3.66

3.67

3.68

3.69

3.70

.

Dry C-10~-OH-8 at 105”C for a timu~ of 1 h ‘“ .

Cool .LI@l -OH-8 to ambient temperature in a desiccator

Weigh c (OLI-OH-8

wt. c/oY -OH-8 =/J7,#70g (3.63A)

Using several portions of deionized water, quantitatively transfer the wished solids born ‘
the filter membrane to c1 OY -oH-8

Heat L f~~ -OH-8 at 80°C to evaporate excess water “

Heat ~J~~ -OH-8 at 105”C overnight ;

-Cool LI~ -OH-8 to ambient temperature in a desic=tor

Weigh Llo w -OH-8

wt. c, OY-0)3-8 =/5j--d3a/g (3.68A) --

Determine the dry weight of the washed solids

Wt. Dry Solids = 3.68A-3.63A =7. @>-[ g(3.69A)
Determine the relative amounts of each wash solution needed to prepare the composite
Iiquid sample

~z.<r~c Pk. v07

Total Wt. Liquids = 3.42B +3.5~B= 130.7L3>- g (3.70A)

Wt Fraction OH-5= 3.42B/3.70A = 0-s 1i ~“ (3.70B)

Wt Fraction OH-7= 3.59B/3.70A = a .-fg ~J” (3.70C)

t 3.71 Label a 20-mLHDPE sample vial as ~~ OV -OH-9 ~ ~x~ A ~ 8. 37b5

3.72 Place CID% -AQ-9 on the balance and tare to 0.000g

3.73 Add the following quantity of the solution in bottle Cl oY -OH-5 to c 10~ -OH-9

Quantity from “04 -OH-5 = 10*3.7OB= ‘-1 Jr 3 (3.73A)

Record the weight of c to~ -OH-9

wt. L/c ~ -OH-9 = ~. [z 76 g (3.73B)

3.74 Place Clow -AQ-9 on the balance and tare to 0.000g

; 3.75 Add the following quantity of the solution in bottle c 109 -OH-7 to C’” ‘f -OH-9 .

Quantity from cl o‘I -OH-7= 10’3.7OC = 4“ g ‘J- !3 (3.75A)..

BNF’L-TP-29953-8 p~~~19~fzl
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Record the weight of cw~ -OH-9

Wt. c /Oy -OH-9 = ~“ P ‘6L g (3.75B)
.p<$ti~~ % ~~tis ~“~~ $ CIO+ -OH -q ~ 6-3s d+. CIO ~- W ~ z

3.76 Thewashed solid~tie leaching solutio~ and composite wash solution are to be—5

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

/

CI04 -oH-4” 7 CLUI+’

;
I

BNFL-TP-29953-8
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TABLE 1. Sample Matrix

,,.

J
r;.:

laser

Acid KOII Nt@] Ic IcP-MS ICP-MS Total Flucrimctry “4A.rnf . CVAA
Sample ID D@stim Ilsskm Fusion ICP/AES (anicns) TOC ‘kC (WTC) (R@) GEA ‘Sr Alpha .~ = -& -~, ToMCN Amrnmia—. —
SOL30-1 x

—.
x x 7-7 x . xxx xl

SOL30-2 x x Xxxx xxx x

SOL-40-1 x x Xxxx xxx x,

SoIAO-z x x Xxxx xxx x

SOIAO-1 x x Xxxx xxx x

SOL-SO-2 x x Xxxx xxx x

x xAQ-8 x xxx x xxx x xxx x x x
AQ-9 x- x xxx x xxx x xxx x x x

OH-3A x x xxx x xxx x xxx x x x
OH-8 x x x x xx x xxx x x x x x x
oH.- ., ., VV v v v Y 3/ xx lx x ,x:7 x A A A A A n. /. . . 4.

eludes TG!-B.1-129,NP-237,U-isotopiGN-isotopic

..A
‘{

13NFL-TP-29953-8
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JUc. bbl IL 1 Ubll lb Ilwl bllncal. Iw””s”nn”s k“””. -..”. J

ladi ochemi cal Process Group
;hiel ded Faci 1ity Operations Team

Shielded Analytical

Page J_ Of J_

Laboratory

WP Number: W48486

SAMPLE CONFIRMATORY WEIGHTS

Tank C104 Core(s) N/A

lroject Id: 29953

‘1/ASR Number: ASR 5478

;~[;e Sample Weight
. (g)

‘C104-SOL-3O-1 ~.?222
.

C104-SOL-3O-2
._. - .. 4,9377

C104-SOL-4O-1 7./ ?Lr

C104-SOL-4O-2 - .7/774
; C104-SOL-5O-1 7,.2732.

; C104-SOL-5O-2 7.2-/ ry

IC104-AQ-9 /Y, 3.5-J-3

I ‘-’04-OH-3A 24( 05-)0

]c104-OH-9 /g* 34 If

-. -.

cl&TE: X Cell 2 (360-06-01-o16) Other

Cell 5 (360-06-01-o19)

Denver

\ Mettl er

(360-06-01-040)

AT201 (510-06-ol-o14)

Date: Reviewer:

8-/.7. 99
/

Date:

--?%@-
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Batte/leP/VNU325Bldg/F?PG/inorganicAnaiysk ...
[CPAES Data Report

Project:
Client:

29953
G. J. Lumetta

-.. --------------------------—----------- -------

ACL Number(s): 99-2340 through 99-2350& 99-2346,99-2349
-------------------------------------------------

Client D: “C104-SOL-30-1” through “C104-OH-9” & “C104-AQ-8”, “C104-OH-8”
-------------------------------------------------

ASR Number: 5478.01
-------------------------------------------—----

Total Samples: 11

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

Procedure: PNL-ALO-211, “Determination of Elements by Inductively Coupled
Argon Plasma Atomic Emission Spectrome@’ (ICP-AES).

Analyst: JJ Wagner

Analysis Date (Filename): 8-19-99 (A0540 WIIi), 8-24-99 (A0541 Na/Zr),
8-27-99 (A0542 ALO-128)

See Chemical Measurement Center 98620: ICP-325-405-1 File for Calibration and
Maintenance Records.

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

/

w
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Battelle PNNU325 BldQfRPG/inorganicAnalysis ...
ICPAES Data Report

Nine radioactive liauid sanmles, C104-SOL-3O-1 through C104-SOL-5O-2, C104-AQ-9, C104-
OH-3A and C104-OH-9 (ACL# 99-2340 through 99-2345,99-2347,99-2348, and 99-2350),
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 and
plastic vials. Approximately 0.1 ml to 5.0 ml of sample (weighed) was processed and diluted to
a final volume of 5 ml, 10 ml, or 20ml. The final volume was calculated by measuring the net
weight and dividing by an estimated density. Density of each prepared sample was estimated by
weighing a one ml aliquot of each processed sample. Samples received prior to digestion were
clear solutions except C104-SOL-3O- 1 and C 104-S OL3O-2. These two samples contained
visible solids. The containers in the hot cell also had crystals in the liquids. After digestion all
samples were clear and did not require filtering. Although sample C104-OH-3A
(ACL# 99-2348) was received as a clear solution it formed a precipitate when acidified. After,

processing the sample was diluted to 10 ml final volume but some precipitate remained. The
sample was then evaporated tonear dryness, heated with 0.75 ml of concentrated hydrochloric
acid and 0.25 ml of concentrated nitric acid. A precipitate still remained so 5 ml of water and
0.050 ml of concentrated (48%) hydrofluoric acid was added and warmed. After several minutes
of continued warming, the precipitate dissolved and the sample was diluted to final volume of
about 20 ml. The sample volume (18.7m.1)was estimated as above using weight and density
measurements.

Two radioactive solid samules each prepared in duplicate, C104-AQ-8 & C104-OH-8 (ACL# 99-
2346 & 99-2349), were analyzed by ICPAES after preparation by SAL. Approximately 0.2g
aliquots were used to prepare samples using both fusion proceduresPNL-ALO-114 (NaZOz/Zr),
and PNLALO- 115 (KOH/Ni). After samples were fused they were diluted to a final volume of
100 ml. Samples were diluted an additional 2.01 or 2.03-fold by SAL using 2% v/v HCI because
of ALARA radiation dose concerns. Additional dilution up to 25-fold was performed during
ICPAES analysis because of high sodium, iron, thorium, uranium and./or zirconium
concentration. Both fusion sample preparations required HC1 to dissolve the fused samples. All
solutions remained soluble after-final dilution.

Measurement results reported have been corrected for preparation and analytical dilution.
Specific analytes of interest requested by the client include Al, Cr, Fe, INa,Ni, Si, and U. Other
required analytes include (table 4.2, page 27 “Analytical Requirements for Filtrate, Washed
Solids, and Wash Solutions”) Ag, Ba, Ca, Cd, Co, Cu, K, La, Mg, Mn, Mo, Na, Pb, Ti, 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 and included with final data report. A single
element 1,000 ughnl sodium standard was measured at a frequency of every ten sample
measurements and varied from start to end by less than 4% (936, 973, 969,962, and 945 ughnl).
Worse case bias for sodium is approximately –6%.

9/14/99
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Batte!le PNNU325 Bldg/’RPG/lnorganicAnalysis ...
ICPAES DataReport

Although not a requested analyte of interest it should be noted that thorium was present in the
solid samples at high concentration. Thorium concentration is quite variable between the two
fusion prepared samples. For example, in sample C104-AQ-8 (99-2346) thorium concentration
between duplicates in the sodium peroxide/Zr fusion is nearly 50% different. There is also a
difference in thorium concentration between the two types of fusion. Thorium concentration in

“ sample C 104-OH-8 (99-2349) for the sodium peroxide/Zr fusion is about 12 Wt’% while the
concentration of thorium is about half that for the same sample pair in the potassiufiTi fusion.
The large differences may be due to in-homogeneity. Thorium was not detected in the acid
digested aqueous samples.

Quality control check-standard results met tolerance requirements for analytes of interest except
as noted below. Following is a list of quality control measurement results relative to ICPAES
analysis tolerance requirements under MCS-033. Please note the final quality control check
measurementsat the very end of the run for the aqueous prepared samples (8-27-99 A0542) were
somewhat higher than the tolerance limit. It is suspected that the hydrofluoric acid used to
dissolve sample C104-OH-9 (ACL# 99-2348) caused the background measurement in the
instrument to rise. As a result, the final concentrations in the check standards were typically 11%
to 15% too high for many of the analytes measured in the quality control check standards and
was particularly high for sodium which was about 47%. A longer clean-out time might have
improved the measurement results. The concentration of sodium was very high in the last

sample measured (> 500 pghnl) and likely was the cause of the high residual sodium measured in
the check standards. Quality control check standards MCVA and MCVB were analyzed
immediately before the sample was measured. All measurements for the check standards at that
time were within acceptable tolerance. The three dilutions performed on the sample were in good
agreement with each other after adjusting for dilution and the two post-spike sample

measurements that followed were also within tolerance limits. Therefore sample concentration
results are not likely affected as might be indicated”by the result: of the final check standard
measurements.

Five fold serial dilution:

(Solid samples) Results were generally within tolerance limit of< 10% after correcting
for dilution except as follows. Iron, chromium, lead and uranium were
also somewhat high in KOI-UNi fusion samples (approximately 11% to
14%). The discrepancy in the KOHINi fusion samples maybe related
to the high aluminum, thorium and uranium concentrations. All three
analytes cause interference to the analytes mentioned.

Page 3
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Battelle PNNL/325BIdglRPGlhorganic Analysis ...
ICPAES DataReport

(Aqueous samples) All results were within tolerance limit of S 10% after correcting for
dilution except Silicon. Three of the aqueous samples measured
approximately 119ioto 179?0.The discrepancy maybe related to the
very high concentration of sodium present in the samples.

Dudicate RPD [Relative Percent Difference~

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

(Aqueous samples) AU 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 Sairmles (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.

(Aqueous samples) All analytes of interest in the blank spike were recovered within
tolerance limit of 8090 to 120$10except Ag (34%) in sample C104-
SOL-30-1 (ACL# 99-2340-BS). Chloride from the sample or from the
hydrochloric acid used to prepare the sample using PNL-ALO-128
digestion procedure may. have precipitated the silver resulting in low

recovery.
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Matrix Spiked Sample:
(Solid samples)

(Aqueous samples)

ICPAES DataReport

A matrix spike is not require for fusion prepared samples.

All analytes of interest in the matrix spiked sample C104-AQ-9 (ACL#
99-2347-MS) were recovered within tolerance limit of 75% to 125%
except Ag (56%). 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.

oualitv Control Check Standards:
Concentration of all analytes of interest in the NaLZr and KOH/Ni
fusion prepared analytical runs were within tolerance limit of* 10%
accuracy in the standards: QC_MCVA, QC_MCVB, and
QC_SSTMCV. Calibration Blank (ICP98.0) concentration was less
than two times IDL

Concentration of all analytes of interest in the aqueous prepared
analytical runs was within tolerance limit of ~ 10% accuracy in the
standmds: QC_MCVA, QC.MCVB, and QC_SSTMCV except as .
follows. Sodium, nickel, and lead were high by 47%, 12% and 14%
respectively in QC_MCVA check standard at the end of the run.
Concentration of aluminum, sodium, lead and silicon were greater than
2 * IDL in the calibration blank ICP98.O at the end of the run.
Calcium, chromium, iron, manganese and sodium were also high by
11%, 12%, 33%, 15’%and 14% respectively in QC_SSTMCV check
standmd at the end of the run. A suggested reason for the discrepancy
is noted earlier (HF acid in the last sample analyzed).

High Calibration Standard Check:
Verification of the high-end calibration concentration for all analytes
of interest in the three analytical measurement runs was within

tolerance of k 570 accuracy except for U in the KOH./Ni fusion
prepared sample analytical run. Uranium was slightly below the
minimum. It was low by 5.9%.

!!LM!x?
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ICPAES Data Report

Process Blank:

(Solid samples) All analytes of interest were within tolerance limit of S EQL or < 5%
of sample concentration except Na (<7% of sample concentration) in
PNL-ALO-115 KOEUNi fusion prepaed samples. Sodium is known to
be present in the reagents used to prepare the samples.

No significant blank contribution found forPNL-ALO-114 NalZr
fusion prepared samples.

(Aqueous samples) All analytes of interest were within tolerance limit of < EQL or < 5%
of sample concentration.

Laboratom Control Standard (LCSY
(Solid sarnple~) All analytes of interest a~a concentration equal to or greater than EQL

were recovered within tolerance limit of 75~o to 125% in both fusion
prepared LCS standards. SRM-271O Montana Soil was used for the
LCS in bothPNL-ALO-114 andPNL-ALO-115 fusion preparations.

(Aqueous samples) 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%.

Comments:
1)

2)

3)

4)

5)

w

“FinalResults”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 maybe
determined if requested.

Routine precision and bias is typically& 15% or better for samples in dilute, acidified water (e.g.
2% v/v HNOS 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 pghn.L (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
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Battelle PNNURPG/inorganic Analysis ... ICPAES Data Report Page

Multiplier=

ALO#= mf”mmmm

lof3

C104-SOL-3&l C104-SOL-3G2 - cIo&SOL-40-l C104-SOL-4G2

4!. Umit Run Date= 8/’27199 I 8/27/99 I 8/27199 I 8f27199 I

(ugfmL) (Analyte) Ugfg WJ9 .. @9 u gJg WJJ9...........”...... ... ... . .. .... .. ... ... .. . .. . .. ..
0,015 Ag

.——- .......”. . .. ....... .—-
-. [0.69] [0.59]

0.060 Al [14] 17.9 [3.4] [4.4]

0.080 As..... . . . ....... .. . . .. ..... ..... . ..... .. .. . . .. ..... .. ... . .. . . .. . .... ... .. . .. . . ..... .—— . . .
0.050 B 125 — 112 59.6 58.4

0.010 Ba 5.02 [1.1] [0.34]

0.005 Be...... ....””...................”.--.”..”...””. .. . . . .......... .. ... .. ... . .......

0.100 Bi

.—-... . .. ....... . . ..
[0.38]

0.250 Ca [12] 74.4 43.5 50.6

0.015 Cd 6.36 5.01 3.16 3.09
.......... .. ....... ........... .... ............... . .. . . ... . ......... .. .........

0.100 Ce
... . . .. .. ........ .. . . . .... ...... .——---------

0.025 co [2.0] [1 .6] [1.3] [1 .3]

0.020 Cr 63.4 50.0 51.4 48.9
.......... . . ................... .. .......... .... . . ........ . . . . ... .. ... . . . ........ ...

0.015

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

Cu

.. . . .......
6.89 5.72 4.57 4.46

0.050 Dy
0.100 Eu........... . ...... .. .... . . .............. ... .. . . ............. ,-—.. . ...... . .——-. —....... . .. . .. . . ......... .

0.025 Fe

. ... ... ....
[4.2] [3.1] [2.5] [1.9]

2.000 K -- [560] 452 382 362

0.025 La........ ........ . . ....... . .... .......... ... .. . .. ........ ,—— . .. .... .—. —.-.... ......

0.020 LI

.. . . ..... ......... ...__ -. —--- ....
27.1 23.6 20.4 19.1

0.100 Mg 29.2 16.4 19.6

0.005 Mn......... . .............. ......... ... . ..... ..
[0.055]

.. . ......... . . . . ..... .. ..——-.. -.. ......

0.030

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

Mo ~.8] 6.63 5.40 5.26

0.100 Na 72,900 59,700 55,500 54,000

0.100 Nd........... ....... ....... ...... .. ..... . ... . . . . ........ .. ...... .. .. . . . . .......... .. .. . . .......... .-. —----

0.030 ?41 126 99.6 79.3 75.4

1.100 P 1,400 1,120 851 829

0.060 Pb.... ..... . ............. .. . ..... ......... . . .... ....... ,——. .. ..... .—— ..... ...... .

0.300 Pd

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

0.300 Rh -.

0.075 Ru [5.2] [4.3] [3.6] [3.4]
....... . ............ ................................ . .. . . .. ......... .. . . . .......... ... .. . . . ..............

0.050
... . ............... ..”—.. -.”.....

Sb
0.050 Se - . [0.62]

0.100 Si 405 663 507 562
......... ....................... ..................... ... .. .. ............. .. . .... ... ..........

1.000 Sn
.... . . . . .............. . . . ................... ...---- ...... .......

[27] [25]

0.005 Sr
0.500 Te......... . ..... ................ ................ . ............. .. ........... .——.. . ............
0.800 Th

.. .. .. ................. ...—... -...”...”

0.005 TI [0.22] [0.1 8] [0.19]

0.250 TI........ ... .............. ...... ................... .. . . ............ .. . ... ......... .. . .. .. ........ .-.. —.-... ............

2.000 u

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

0.015 v [0.40] [0.49] [0.44]

0.500 w........... ..................... ..................... .. .. .... ........... ,. . . ........ ...
0.010

... ... . ....... .......
Y

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

0.020 Zn [0.081] 12.1 8.01 3.45 3.31

0.025 Zr

Note: 1) Overall error areater than 10Jmes detection limit is estimated to be wlhin +/- 15%.

2) Values in brackets f) are @@@ 10-times detection limit with errors likely to exceed 15%.

3) ‘--” indicate measurement is w! detection. Sample detection limit may be found by

multiplying ‘det. fimit” (far left column) by “multiplie? (top of each column).

Data (1) from ‘A0542 G.LumettaALO-128 BNFL Cl 04-SOL-30-1 Liquids AS R5478.01 ICP98 Io.xls 9/1 3199 @ 11:33 Afvl
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Multiplier= P=l

A.LO#= 99-2344 @2 I

Client ID= CI04-SOL-5G1

tiet. Llmlt Run Date= 8127199 I

@@mL)

., H&f’---””””””

(Analyte).... .“. . . .. ....””.. . . . . ... ........
0.015

0.060 Al 11.1

0.080 As.... . . . .. ......... .. . .. ... ..... .... . . . ..... .....
0.050 B 53.4

0.010 Ba [0.34]

0.005 Be..... .. . ....... ........—.. ”.... ... ..... .“.-” ....””.... ..
0.100 Bi

0.250 Ca 45.8

0.015 Cd 2.70
.... . .... .. .... ... . .. . ...... ... ....... .. .. ........ .....

0.100 Ce

0.025 co [1 .3]

0.020 Cr 63.1
........ .... ............. . ... . . ..... . . ... . .....

0,015 Cu 4.41

0.050 Dy

0.100 Eu........... ... ...... ... . . ..... ..... .... .. . . . ... . . ..
0.025 Fe [1.7]

2!000 K 371
1- 1

0.025

: W--””””””””””””””””

...... ... ..........”..-.”.. .. ............
0.020

0.100 Mg

H

21.9

0.005 Mn [0.099]........ . . ........... ... . ... ..... ......... .. .. . .. .. ......
0.030 Mo 5.22

0.100 Na 52,100

0.100 Nd..... .. .. ........... ...... . ... . . ......”.......... ..... . .. ...........
0.030

).1 00 $t&l
0.060 Pb.... . . . ................. . .. . .. ........

a

... . . .. . .........
0.300 Pd

0.300 Rh

0.075 Ru [3.4..... ... . ......... .. .... .. ............... .. .. . . . . .........
0.050 Sb

0.050 Se

0.100 Si

B

506...... .. ....................... .. ................ ... ...... . ..........
1.000 Sn [17

0.005 Sr

0.500 Te.... ... . . ......... ... .. . . ...... ... ..... .. . . .. .............
0.800 Th

0.005 Ti [0.26]

0.250 TI....”...””..........”.-”..”””.. . .......... ..... . . .. . ... .....
2.000 u

0,015 v [0.53]

0.500 w..... .... .......... . .. . ... .... . ........ .... .. ... .........
0.010 Y

0.020 Zn 6.77

0.025 Zr

14.1

39-2345 @2

C104-SOL-5

8/’27/99

I@g

[1.1]

[4.6]

58.5 -EE-B
3.5 78.2 3.8

99-2347 @2 . 9%2348 @10 99-2350 @2

g CI04A0-9 cl 040H-3A C104-OH-9

8/27199 8t27199 8r27/99

u @ -._.. Ug. .. ... ..—-. . . . . . . .. . .
0.654 “ [0.47]

126 45,900 2,080

. . .. . [22] [0.75]. . . . .. -— ...... .. . . . .....
3.72 [10] 3.85

[0.053] [0.052]

[0.021] [3.9] [0.057]. .. .... . .. . . . .... .— . . . . ...... ..- ——---

= . . ... ......m.............H ..................m.............-
%4----Ea-----Ea------E

a--""""""-""""w"-`---
~\ . .. .. .......l.. .....-..........15{..... .............l=l......

M=---.---.-..--.w-.----M-----w
= . . .. ..... ...B ... ..........H ..................H ....... ..-

H
W t==l

a---""""""""""w---""""
1 I I I I

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

2) Values in brackets U are &n I&times detection limit with errors likely to exceed 15%.

3) “--”indicate measurement is @@y detection. Sample detection limit maybe found by

multiplying “det. limit” (far left column) by .multiplie< (top of each wlumn).

Data (1) from ‘A0542G.LumettaALO-128 BNFL Cl 04-SOL-30-1 Liquids ASR5478.01 ICP9810.xIs 9/1 3199 @ 11:33 AM
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Multlpller= 3.6 I
ALO#= 99-235GD @2

ClientID= Cl 04-OH-9

-et. Llmlt Run Date= 8/27/99

(ugfmLj (Analyte)..... ......”..... . . ... .. .... . ... ... @9

0.015
.“ . . . . . . . .—— ... . . ...” —.—— ,-------

Ag [;.46] -- Y

0,060 Al 2,050

0.080 As [0.92]
........ .. ..... .. . .. ... . . .... ........ — . ........ . . .... . . .. .. . . . . .. . . .. . ... . . .... . ..........__ -.”-...

0.050 B 3.82

0.010 Ba [0.050]

0.005 ‘ Be [0.056]
..... ............. .... .. . . . .... . .... .. .. .. . . . .. . . .. . . .. ...... . ... .. —.—. .. . .. . .. ....

0.100 Bi

0.250 Ca [3.4]

0.015 Cd [0.085]. ........... ........ .... .. . ..... . ......... . . . . .... ... . .... . ......... .....
0.100 Ce

.. . . . . ...... . . . . . .......-” _... -....”

0.025 co

0.020 Cr 18.8.............. ............ .... . .................... .. ... ... ... . . . . ... ......... . . .. . .. ... .. —- .. . .. .
0.015 Cu [0.1 3]

,.---—” —...-.

0.050 Dy

0.100 Eu........ ......... .... . .... . . .............. —— .... “-. ... ....... . . . . .. . .......... . . .. . ... . ... .... . .. .......
0.025 Fe [0.28] --

2.000 K [13] .

0.025 La...... .... . . . ...... . .... ........... ...... .— .. .. ...-” . ........ ......... .. .. . ....... . . . .. . .. . .
0.020 Li 6.69

.. ...... .. . . ..-”...”-

0.100 Mg [1.8]

0.005 Mn [0.018]......... .. . ... . .. . . . .......... ....... . . .. . . .. .. . ....... ... .. .
0.030

.. . .. ...... .... .. .. . . ... . ..... ...... . . . .. .
Mo [0.28]

0.100 Na 13,400

0.100 Nd...... .. . . . ... . ..... . . ... ..... . .... . . . . . . .. .. . .. . .. .... .. .
0.030

. .. .. .. ... .....
Ni

.. . . . . . .. . .. .... ..... . . . . ..
[0.78]

).100 P 32.6

0.060 Pb [1.2] . “.......... .. ..... .... ... .... . .. . .... ....... ... . .. ..... . . . ..... .... . .. ...... .... ..... .... ..
0.300

. . ... . . ...... ..
Pd

... ... ... .. ..—-----
.-

0.300 Rh

0.075 Ru.......... . ... ... .. . .. .. .. ... .... ...... .. . . . . .. .. .. . .. .. .. .... .... ..-. --.. ”...-...-.
0.050 Sb

. . . . . .... .. .. . ........ . .. ...... ....
[0.21]

0.050 Se [0.69]

0.100 Si 63.6............. ....... ... . ... . ............ ...... .. .. . . .. ... . .. . .. .... .... .. .
1.000 Sn

.. ... ... .... ...... . .. .. .. ..... . .. . ...... ... .. . .. .........
[9.4]

0.005 Sr

0.500 Te....... .... .. ............... . .................... ——.— .. . .. . .. ..... .. .. . ... .... ...... .
0.800 Th

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

0.005 Ti [0.030]

0.250 TI.............. . ..... . .. . . . ...... . ....... [0.95] . .. .. .. . . ...... ... . .
2.000

. .. . . . . ... ....... . . . ...... ... .. .... ... ... . .... ...
u

0.015 v [0.1 5]

0.500 w........ . ........... .... ..... . ................... .. ... . .. .. . .. ... ...... ... ....
0.010 Y

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

0.020 Zn [0.47]

0.025 Zr

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

2) Values in btackets 1 are m I&times detection timit with errors likely to exceed 15%.

3) “--”indicate measurement is -w detection. Sample detection limit maybe found by

multiplying ‘det limi~ (far left cotumn) by ‘multiplied (top of each column).

Data (1) from ‘A0542G.LumettaALO-128 BNFL Cl 04-SOL-30-1 Liquids ASR5478.01 ICP98 Io.xls 9/13/99 @ 11:33 AM
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BatteIle PNNURPGllnorganic Analysis ... ICPAES DataRepoti
Page 1 of 1

Multiplier= 1006.8 I 967.7 1 1034.0 I 1028.1 1 1000.0 I

ALO#= 99-2346-PB-Zr CM 99-2346-Zr @l 99-2346-D-Zr @ 1 99-2349-Zr @l 99-2349-D-Zr (21

Client ID= process BIank CI04A0-8 cl 04-AG8 cl 04-OH-8 CI04-OH-8

Det. Limit Run Date= 8r24/99 8124199 8/24/99 8r24/99 8124199

(ugfmLj (AnaIyte~ Ugfg Ugfg 9f9 49 99
......”. . ... ..-... ”- -“.. ---- ---- . . . . .. .. . . .. . . .. ...

0.100 Ag [630] ;20] ;90] ;70] ‘--”

0.060 Al [86] 163,000 1.52,000 36,100 35,700

0.250 As
. ..... . ....... .. .. .. .. .. . . ...... ... . .. . ... . . ...”...... .. .... ...... . ..... . . . .. . ....... . . . . . . . .

0.050 B

0.010 Ba 183 184 359 357

0.075 Be
“........ ”-.. -”.” ......--.. -. —...-.. . . .. ... . . . .. . ...... ——..-.. . .. . . ....... .. . . . .......

0.100 BI

0.250 Ca [1,800] 6,560 6,780 10,800 11,000

0.020 Cd 898 885 1,750 1,740
........ .... ... . ...... ............. ............ .. .. ....... . . .. ........... —“-. ”..._... . . .. ........... .—--... -.-” ......

1.250 Ce [1 ,300]

0.050 co [60] [66]

0.050 Cr 1,460 1,470 1,980 2,000
. .... . .. .. ...... .. . . . ... .. . .. ..... “.. ....... . . ......... . . .. ......... . ........ ... —.-— ........ ....

0.035 Cu [230] “ [200] 445 458

0.050 Dy ~6] [81]

0.100 Eu
.......”...-.”................”-..--”..”.. . . . .. ........ ... ......... . ... . ... .. . ......... -- —-... -- .....-.

0.025 Fe 376 44,900 . 45,700 85,300 84,800

2.000 K .[2,300] [2,700]

0.075 La [80]
... ... . .. ..... ..... . ...... ... ...... . . . . .....

[260] [270]
. ....... ... —--—---- . . ..............

0.050 LI

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

[320] [320] 518 518

0.100 Mg [960] [970] 1,730 1,760 “

0.050 Mn 10,500
“.......... ”.”...-..........-.----.-...-..-”.. . . . . .....

10,500 19,700 19>600
.. .... ...... .—-. .-.- ....

0.050 Mo

.——.-.... ........ —.”- ...... . .......

.. . .... . ........... ——... --------

0.100

.-——” ........... .. .. . .. . ......

Nd [100] [150] “ [210] [570] [610]

0.050 Ni 2,900 2,910 5,540 5,560

0.100 P 4,740 4,990 4,650 4,730
. ............ . ........ .. . . .. .. ......... . . .. ...... . . . . ....... . . ........... . . ...... ... .... ..—-..-....

0.150 Pb 1,730 1,770 3,190 3,250

0.750 Pd

0.300 Rh
. ...... ... ... .. . ........ .... . . ....... .. . . ...... .. . . . . ......... .-. —.. . . . ..............

1.100 Ru

—--.. . . .....

0.150 Sb
[170]

0.200 Se........... ... ....... ............ .... ............ . .. .. ... .........., .. . ........... . ........ ... .. . . .. . ... ..... .

0.500 Si 12,000 12,000

. .. .... .... .... ......
22,800 22,800

0.800 Sn [1,700] [1,700] [2,3W] [2,400]

0.050 Sr [120] [110]
. .... . ... . . . . ....... ... .. ..... . ...- .. .. .... .. .

[220] [220]
. . ..... ..... . . . . ... . . . ...........

0.2s0 Te

. . .... ...........
[280] [310]

1.000 Th 9,750 18,700 114,000 119,000

0.050 Ti [160] __ ......... [180] [430] [430]
. ..... .... . .... ........... .. . ... ... .... ““....... ”.... .. . . . . . . . . ............. . . . ... ..... . ........

0.250 TI

2.000 u 44,000 45,100 91,100 90,000

0.050 v [86] -_-..-..., . [92]
........ ... .... .............. .................. .. . ..... ........ .. . ... ........... . .. . . . . .... . ...... .... .............

0.125 w [240] [260]

0.015 Y [20] [32] f78] [80]

0.050 Zn [240] [230]
. ........... . .. ..... ...... . .. .............

[340] [340]

Note: 1) Ovetall error areater than lWimes detection limit is estimated to be w.thin +/- 15%.

2) Values in bmckets D are - 10-times detection limit wlh errors likely to exceed 15%

3) “- “indicate measurement is -w detection. Sample detection limit maybe found by

multiplying ‘det. limit” (far left column) by *multiplie/ (top of each column).

Data (1) from ‘A0541 G. Lumetta ASR5478.01 BNFL Na202-Zr fusion Cl 04 ICP98 hi.xls
918199 @ 3:57 PM



Battelle PNfWURPGAnorganic

“’’=E%+’B
Multiplier=

-d. Limit Run Dafe=

AnaIysis ... ICPAES DataReport Page 1 of 1

0.025

0.060 :Wwwww
0.250 ‘ As.. ................ .............. ....... . . . .. . .. . . . .... .... —.” . . .. .. . . .. ... ...... . . . ... ...

0.100 B

.. . . .... . .

0.010 Ba [6.4] 198 192 319 322

0.110 Be
“—.... --...-... -”..-.. -”---------- - .. . ... ...... —..—. . .. . ... ........ . . ....

0.250 0[
... . .. . ...

0.250 Ca 4,740 4,790 7,260 7,090

0.015 Cd 922 872
....... ..................... ............ ...... ...

1,590 1,560
.. ... .......... ....

0.275

. . .......... . . . ...............
Ce

. .. .... ...... .. ... . ..... . . ........
[390] [350]

0.125 co

0.020 Cr 1 ,5s0
. . .. ..... .. ... .......... .......... .... ......

1,500. . . . ......... .
1,810 1,790

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

0.800 Cu

.-—— .. ..-...-

0.110 Dy

0.100 Eu.. .. ....... ... .. ...... . .... .. . .. .. . . . . . ........ .. . . ... .. .
0.025

... ...........
Fe 126

. . . ....... .. . . . .. ....
47,900 46,700 “ 77,500 — 77,800 .

0.050 La -... .. . ............ ..... ............ ... ... ... ..
[130].. . . . ............. [130]. . ..... ... [210]. . .. ........... [21OJ. . ........

0.030 LI

.. . . . . .
304 [280] 435 441

3.500 Mg

0.050 Mn [120] 11,100 10,800
.. .. . .......... .. .. . ... ............ . . ...... .. . ..... .....

17,900 17,900
. .... ...... -.”-.. . . ..........

0.080

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

Mo

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

.0.150 Na 1,440 20,900 20,400 34,600 35,100

1.000 Nd..... .. . ......... ..... ...................... ...
0.100 P [70] 2,230 2,570 2,050 1,840

0.100 Pb [62] 1,840 1,730
. . .. ... ... .... ............. .. ............ . ... . ..........

2,900 2,630
. .. .. ....

1.500 Pd
. ............... . . . .. .......... .. . ... . .. ..... ... .

0.400 Rh

0.650 Ru. ... . ..... .................... .... .... ......... .. . . . ..... ... . . ... .. . . .... ..........
0.250

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

Sb -

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

0.350 Se

0.500 Si 12,900
. ... ....................................... ........

13,200 22,000 22,000
.. . . ... ............. . . ..... .... .. . . .... ... ....

4.500

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

Sn

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

0.015 Sr [88] [87] 151 151

0.600 Te... .... ..................... ........... . . ......., .. . . . ..... ......... .. . . ..........
1.000 Th

. . . . .... ............ . . . . ........... ,...—.”.—..... .... .
34,600 41,100 61,800 61,600

0.025 Ti [200] [210] 359 362

0.300 Tl. . ...................... ........................... .. . ... . .. .......... . . ......
2.000

. .. . ........ . ....
u 45,100

. . . . ..... ...... .. . .. ....
44,100 76,300 76,600

0.150 v

0.500 w... . . . .................. . ......... .......... . ... ..... . .............. .. . . ... ...... .. . . . . ...............

0.100

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

Y

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

0.050 Zn [240] [210] 322 316

0.050 Zr 51,300 50,500 101,000 104,000

Note: 1) Overall error areater than I&times detection limit is estimated to be w-thin +/- 15%.

2) Values in bmckets f) are - I&times detection limit w“th errors Iikely to exceed 15%.

3) “--” indicate measurement is ~w detection. Sample deteclion limit maybe found by

mulliplylrg ‘det. limit- (far left column) by .multiplief (rep of each column).

Data (1) from .A0540 G. LumettaAS R5478_Ol BNFL KOH-Ni fusion Cl 04 ICP98 hi.xls 9f2199 @ 4:48 Pfd



Project Number

@Bai_ielle

Date

To

From

Subject

Pacific Northwest Laboratories

September 14, 1999

Gregg Lumetta

Tom Farmer

ICPMS Analvsis of submitted samrdes

Internal Distribution

329 File
LSO
Mike Uric

(ALO# 99-2346 through99-2350)

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 concentration results for the isotopes of interest are displayed on the attached
spreadsheets.

Dilutions of ‘Isotope Products standards for ‘291,233U,237NPand 239Pu,an Amersham ‘~c
standard and an NIST isotopic uranium standard (4321 B) 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 spiked sample
was also analyzed. The 1% high-purity nitric acid solution used to dilute the standards
and samples was used as a reagent blank.

The 99Tc values repotted 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 ‘9Tc. From the appearance of the Ru isotopic abundance, this appears to be a
reasonable assumption; the fingerprint exhibited is obviously not natural. Approximate
101f%J Corlcentrations have been provided for your information.

Interference corrections were performed on the following isotopes: ’291(xenon
corrected), 239Pu(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 /ml (ppb) of submitted sample for the acid digestion samples.
The overall uncertainty of the values is conservatively estimated at Al OYO,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:
23GU(obtained from 238U), and 240pu(obtainedfrom 239Pu). 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.

[f you have any questions regarding this analysis, please give mea call at 372-0700 or
James Bramson at 376-0624.

. . .. -/.. ,>,;~~.--: ,x ---- ---- “.. , .,- r-.
,. .

. ..-.7..-.



Greg Lumetta Analysis
September 14, 1999

Results are reported in ng analytelml of submitted sample.
fl/!

The uncertainty of the results is estimated at Al OYO.

Sample Client lcP/Ms Tc-99 .Ru-101

ID ID Number nglml nglml

IYOHN03 9a08al - <0.5

I’%OHN03 9a08a6 <0.5

1?“OHN03 9a08al 4 <0.5

99-2347 CI04-AQ-9 9a08al 1 83.6 203

99-2347 Dup. cl 04-AQ-9 9a08a12 83.7 208

99-2348 C’104-OH-3A 9a08al 6 149 101

99-2348 hp. CI04-OH-3A 9a08al 7 153 109

99-2348 + spike CI04-OH-3A 9a08a18. 236

Spike Recovery 8770

99-2350 Cl 04-OH-9 9a08a7 48.0 88

99-2350 Dup. “ Cl 04-OH-9 9a08a8 46.5 84

2ppb Tc-99 CCV 9a08a4 2.05

2ppb Tc-99 CCV 9a08a15 1.92

2ppb Tc-99 CCV 9a08al 9 2.00

●Calculated using response for iridium. For information Only.

,“ . --v+T-. .. ,,<?,,, ,.- -- -- . ---e -. W.- —-
:. .2!2 .:; .—.7 ?‘w?-- %% ----. ..., —.



Greg Lumetta Analysis
September 14, 1999

Results are reported in pg analyte/g solid sample.

#%@@* “

The uncertainty of the resulLs is estimated at *107..

Samp10 Client ICPIMS Tc-99 ●RU-101 I-129 “U-233 “tU-234 ‘U-235 “ttJ-236 ‘U-238 ‘NP-237 “Pu-239 “tPu-240

ID ID Number ~1glg pglg pgig pglg pglg p glg }Iglg )1glg jlglg pgig P9 9I

l?’ofiNC)3 9a09al <0.5 <2 <0,5 <0.5
1~ofiN03

<0.5 <0.5 <0.5 <0.5 <0.5 <0.5
9a09al 1 <0.5 <2 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0,5 <0.5

l~ofiN03 9a09a20 <0,5 <2 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

99-2346 -PB-Ni Process Blank 9a09a12 <0.5 <2 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

99-2346-Ni CI04-AQ-8 9a09a13 2.17 24 3.81 53.8 2.4k0.7 411 18.9 56000 1012 84.5 7.92
99-2346 -DUP-Ni CI04-AQ-8 9a09a14 2.2&0.3 20 3.3*0.5 50.3 2.8k0.9 388 19.6 54000 8,68 82.6 8.19

99-2349-Ni C104-OH-8 9a09al 6 3.30’ 42 <2 109 6.lkl.5 698 34.1 97500 17*3 153 15.2
99-2349 -DUP-Ni C104-OH-8 9a09a17 3.7kl.2 43 <2 114 7.lkl.4 688 33.9 96100 18*2 157 14,2

99-2349-NI + spike CI04-OH-8 9a09a18 56.4 .47.7 143 129000 59.9 206

Spike Recovery 107% l16% 86% 106% 108% 1 ~7~o

SRM 271O-Ni LCS/99-2346-Ni 9a09a19 0,25 A0,04 0.2 3.1*1.3 <0,5 <0.5 <0.5 <0.5 24.6 <0.5 0.6*0.2 <0.5

2ppb Tc-99 CCV
2.5ppb Tc-99 CCV

2.5ppb I-129 CCV
5ppb 1-129 CCV

1ppb U-233, Np-237,
1ppb U-233, Np-237,

100ppb U

9a09a8 2.09
9a09a21 2.66

9a09a24 2.41
9a09a4 4.72

Pu-239 9a10a6 1.02 0.936 0.990

Pu-239 9a09a24 0.980 1.00 0.905

9a10a8 100
100ppb U 9a10a23 109

“Results are from procedure 9al Oa,
tNo standard availabe. Results calculated from response of different isotope.
●Calculated using response for iridium. For information only.

!



Greg Lumetta Analysis
September 14, 1999(revised 9/29/99)

Results are reported in ~Ci analyte/ml of submitted sample.

The uncertainty of the results is estimated at *1 OYO.

Sample Client lCPIMS Tc-99 ●Ru-101

ID ID Number ~Ciiml nglml

1%HN03 9a08al <1 E-05

1‘%OHN03 9a08a6 <1 E-05

I%HN03 9a08a14 <1 E-05

99-2347 CI04-AQ-9 9a08al 1 0.00142 203

99-2347 Dup. cl 04-AQ-9 9a08a12 0.00142 208

99-2348 cl 04-OH-3A 9a08a16 0.00253 101

99-2348 Dup. cl 04-OH-3A 9a08a17 0.00259 109

99-2348 + spike cl 04-OH-3A 9a08al 8 0.00400

Spike Recovery . 8770

99-2350 Cl 04-OH-9 9a08a7 0.000814 88

99-2350 DUD. CI04-OH-9 9a08a8 0.000788 84

CCV results are reported in rig/ml (ppb).

2ppb Tc-99 CCV ~ 9a08a4

2ppb Tc-99 CCV 9a08al 5

2ppb Tc-99 CCV 9a08a19

●Calculated using response for iridium. For information only.

DATA REVIEW



Gregg Lumetta Analysis
September 14, 1999(revised 9/29/99)

Results are reported in flCi analyte/g of submitted sample.

The uncertainty of the results is estimated at * 10YO.

Sample Client [cP/Ms Tc-99 ●Ru-I 01
ID ID Number pCilg nglg

1 %HN03 9a08al <1 E-05

1 %HN03 9a08a6 <1 E-05

1 %HN03 9a08a14 <1 E-05

99-2347 Cl 04-AQ-9 9a08al 1 0.00138 198
99-2347 Dup. Cl 04-AQ-9 9a08al 2 0.00139 203

99-2348 cl 04-OH-3A 9a08al 6 0.00217 87
99-2348 DUP. c1 04-OH-3A 9a08al 7 0.00223 94
99-2348 + spike Cl 04-OH-3A 9a08al 8 0.00343
Spike Recovery 750~

99-2350 C104-OH-9 9a08a7 0.000785 85
99-2350 Dup. C104-OH-9 9a08a8 0.000770 82

CCV results are reportad in ng/mI (ppb).
2ppb Tc-99 CCV 9a08a4
2ppb Tc-99 CCV 9a08al 5
2ppb Tc-99 CCV 9a08al 9

●Calculated using response for iridium. For information only.
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Greg Lumetta Analysis
September 14, 1999 (revised 9/29/99)

Results are reported in pCi analyte/g solid sample.
The uncertainty of the results is estimated at M 07..

Sample Client lcPrMs ●U-235 ‘j_U-236 ●U-238 ‘NP-237 ●Pu-239 ●tPu-240

ID ID Number pcllg pcllg pcilg pcllg Ilcilg pcilg

1?’ofiN03 9a09al <0.000001 <0.00003 c2E-07 <0.0004 <0.03 <0.1
1%HN03 9a09al 1 <0.000001 <0.00003 c2E-07 <0,0004 <0.03 <0.1

1%HN03 9a09a20 <0.000001 <0.00003 <2E-07 <0.0004 <0.03 <0.1

99-2346 -PB-Ni Process Blank 9a09a12 <0.000001 <0,00003 <2E-07 <0.0004 <0.03 <0.1

99-2346-Ni CI04-AQ-8 9a09a13 0.000888 0.00122 0,0188 0,0070*0.0014 5.24 1.80

99-2346 -DUP-Ni CI04-AQ-8 9a09a14 0.000838 0,00127 0.0182 0.00612 5.12 1.86

99-2349-Ni CI04-OH-8 9a09a16 0.00151 0,00221 0.0328 0.012*0.002 9.49 3.45

99-2349-DUP-NI CI04-OH-8 9a09a17 0.00149 0.00219 0.0323 0.013*0.002 9,74 3.22

99-2349-Ni + spike CI04-OH-8 9a09a18 0.0434 0.0422 12,8

Spike Recovery 106%’0 108?!0

SRM 2710-Ni LCS/99-2346-Ni 9a09a19 <0,000001 <0.00003 <2E-07 <0.0004 0.037&0.012 <0.1

CCV results are reported [n rig/ml (ppb)

2ppb Tc-99 CCV 9a09a8

2,5ppb Tc-99 CCV 9a09a21

2.5ppb f-f 29 CCV 9a09a24

5ppb 1-129 CCV 9a09a4 .

1ppb U-233, Np-237, Pu-239 9a10a6 0.936 0.990

1ppb U-233, Np-237, Pu-239 9a09a24 1.00 0.905

10Or)r)b U 9a10a8 100

10oppb U 9a10a23 109

●Results are from procedure 9al Oa.
tNo standard availabe. Results calculated from response of different Isotope.

.

DATA REVIEW

DJ &.>RWk?wcd 1::/. ..”_-: . . ......



Greg Lumetta Analysis
September 14, 1999 (revised 9/29/99)
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Results are reported in pCi analyte/g solid sample.
The uncertainty of the results is estimated at M OYO.

Sample Client lcP/lhls Tc-99 ●Ru-101 1-129 ‘U-233 ●tu-234
ID ID Number Ucilg P9 9I ~cilg Vcilg pcilg

1yoHN03 9a09al <0.01 <0.0003 <0.005 <0.003

1%HN03 9a09al 1 <0.01 <0.0003 <0.005 <0.003

1“AHN03 9a09a20 <0.01 <0.0003 <0.005 <0.003

99-2346 -PB-Ni Process Blank 9a09a12 <0.01 <0.0003 <0.005 <0.003

99-2346-Ni C104-AQ-8 9a09a13 0.0368 24 0.000664 0.518 0.015&0.004
99-2346-DUP-Ni CI04-AQ-8 9a09a14 0.037*0.005 20 0.00058k0.00009 0.485 0.017 f0.006

99-2349-Ni C104-OH-8 9a09a16 0.0559 42 <.0,0003 1,05 0,038&0.009

99-2349 -DUP-Ni CI04-OH-8 9a09a17 0.063*0.020 43 <0.0003 1.10 0.044*0.009

99-2349-Ni + spike CI04-OH-8 9a09a18 0,956 0.00831 1.38

Spike Recovery 107% 116% 86%

SRM 2710-Ni LCS/99-2346-Ni 9a09a19 <0.01 0.2 0.00054 f0.00023 <0.005 <0.003

CCV results are reported in nglml (ppb)

2ppb Tc-99 CCV 9a09a8 2.09
2.5ppb Tc-99 CCV 9a09a21 2,66

2.5ppb 1-129 CCV 9a09a24

5ppb 1-129 CCV 9a09a4
2.41
4.72

,1ppb U-233, Np-237, Pu-239 9al 0a6 1.02

Ippb U-233, Np-237, Pu-239 9a09a24 0.980

100ppb U 9a10a8

100ppb U 9a10a23

●Results are from procedure 9al Oa,
tNo standard availabe. Results calculated from response of different isotope.

●Calculated using response for iridium. For information only.

DATA REVIEW
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Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building

Radioanalytical Applications Team
99-2346

10/4/1 999

Client: G. Lumetta

‘ate: -@@L
Date: /4747’9 ‘f

Pu (PNL-ALO-417)
Total Alpha (PNL-ALO-420, PNL-ALO-421 )
Sr-90 (PNL-ALO-476)

Measured Activities (pCi/g or /mL)
1-sigma propagated error

ALO 1“ Total alpha Sr-90 Pu-238 Pu-239+240 Am-241 Cm242 Cm-243+244
Client ID Error YO Error YO Error 940 Error ’70 Error YO Error ‘%0 Error YO

99-2346-Ni 1.67E+I 7.61 E+2
CI04-AQ-8

h

3% 3!40

99-2346-Ni Rep 7.95E+2
C104-AQ-8 3%

7.38 E-I
6%

8.25 E-I
6%

l1%
().7&-z

7.98 E-1
7%

2.49 E-3
6%

2.70E+0
7?J0

2.93E+0
4?40

7.03E+0
4%

7.18E+0
4’XO

270
7.//

7.02E+0
4CX0

5.65E-3
4!lo

2.62E+1
4%

2.59E+I
3%

2.91 E-#’]7.84E+0
4%

7.76E+0

4’?40

1‘%0
>.FO

7.21 E+O
4%

8.27 E-4
1770

2.48E+I
470

2.71E+1
570

1.12E-1
13?40

1.06E-I
1370

6’%

9.63E-2
14?lo

7.71 E-4
170/40

2.97 E-1
13!L0

4.25 E-1
1570

24%

1.24E-2
38?Z0

80%

1.49E-2
36’?XO

c 4.E-5

8.11 E-2
23%

6.54 E-2
38!40

99-2346-Ni duplicate
Cl 04-AQ-8

1.67E+1
3%

7.90E+2
3’70

2.56 E-I
4%

2.98 E-3
12%

8.20E-3
5%

2.74E+3
3’%

2.90E+3
3%

1.14E-3
31%

99-2346-Ni-PB
Hot cell blank

5.67E-3
1870

99-2347 *
CI04-AQ-9

1.19E-4
13%

99-2348 *
CI04-OH-3A

2.06 E-4
870

99-2349
CI04-OH-8

5.70E+I
3%

99-2349-Ni duplicate
CI04-OH-8

5.98E+I
3%

99-2350 *
C104-OH-9

1.31E-4
11%

99-2350 Replicate
CI04-OH-9

8.25E-5
15%

RPD 45%

Page 1 of2



Measured Activities (pCl/g or /mL)
1-sigma propagated error

ALO ID Total alpha Sr-90 Pu-238 Pu-239~240 Am-241 Cm242 Cm-243+244

Client ID Error YO Error YO Error ‘?40 Error ?40 Error ?40 Error YO Error YO

Reagent Blank <3. E-6 <1-E-5 <2. E-5. 3.91E-5 4.43 E-5 <6.E-6 < ~.E-5

38?40 38?40

Reagent Spike 104% 101?40 109’% 95%

Matrix Spike 76% 91% 11370 96’?40

Note: 99-2346 and 99-2349 are repofied as pC~/g,the other samples are reported as pCi/mL.

Page 2 of 2
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Density data for ASR 5478 -G. Lumetta

Acid Digestion in SRPL (lab 525)

Sample Volume,ml Wt,g.
99-2340 0.1 0.1201
99-2341 0.2 0.2316
99-2342 0.3 0.3403
99-2343 0.4 0.4533
99-2344 0.5 0.5653
99-2345 0.6 0.6618
99-2347 2.5 2.5586
99-2348 5 5.8278
99-2350 2.5 2.5903
99-2350Dup 2.5 2.5593

;

Density,glml I
1.201 ;
1.158
1.134
1.133
1.131
1.103
1.023

1.166
.

1.036
1.024

mc.n. a,.hoti. WA * U.S. GPO 1996-590-615
54.lm7.l14(lm3)

7...<, . e---p?”- ~ , :$},,. , ~m... . . ... -— ------- . , . .,,., . .



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

99-2346
9/21/99

Client: G. Lumetta

Cognizant Scientist

Concur: -rT@w -L

Gamma Energy Analysis (PNL-ALO-450)

Measured Activities (pCi/g)

ALO ID CO-60 Nb-94 Sb-125 Cs-134 Cs-137 Eu-154 Eu-155 Am-241
Client ID Error ?/o Error YO Error ‘?40 Error ‘XO Error YO Error YO Error YO Error YO -

99-2346-Ni PB
Hotcell Blank

<5. E-3 <4. E-3

1.32 E-I
7%

1.01 E-1
7%

27%

<2. E4

<3. E-4

2.03 E-I
15?J0

2.71 E-1
1o%

29%

<7. E-5

<2. E-2

2.48 E-I
3170

2.70 E-I
20%

8%

-=8.E-3

<1-E-2

6.54E-I
17~o

7.73 E-I
13’?40

17~o

<3. E-3

1.13E-2
14%

<3. E-2

1.74 E-I <2. E-2
3%

<2. E-2 <2.E-2

99-2346-Ni
CI04-AQ-8

2.72E-I
4340

4.53E+I 2.24E+0
2% 2?40

1.38E+0
6%

7.07E+0
10%

6.89E+0
1o%

3%

<5.E-3

99-2346-Ni duplicate
Cl 04-AQ-8

2.68E-I
3%

<3. E-2 1.28E+0
6%

4.27E+I 2.17E+0
2% 2%

RPD 1Yo 6?40 3% 8%

99-2347*
CI04-AQ-9

4.26E-3
3%

<3. E-4

<3. E-4

c5.E-2

<5. E-2

3.93E+0 <3. E-4
2?40

c5. E-3

99-2348*
CI04-OH-3A

4.44E-3
3%

6.63E+0 <4. E-4
2’%0

-=7.E-3 <7.E-3

99-2349
CI04-OH-8

1.07E+0
2’%0

1.36E+2 6.20E+0
2% 2%

3.96E+0
4%

4.46E+0
4%

2.57E+I
4yo

2.69E+I
4%

5%

<2.E-3

99-2349-Ni duplicate
Cl 04-OH-8

1.05E+0
2%

1.35E+2 7.07E+0
2?40 2%

12%RPD 2% 1?40 13%

1.40 E-4
25’%.

99-2350’
Cl 04-OH-9

7.72 E-4
5%

1.54E+0 <2. E-4
2’?40

-=2.E-3

Note: * samples are reported in uCilml.

Page 1 of 1
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Battelle PNNfJRPG/lnorgan~cAnalysis --- IC Report

WO/Project: W48486@V51311)/29953
Client: G. Lumetta

ACL Numbers: 99-02346 through 99-02350
ASR Number 5478

Procedure: PNL-ALO-212, “Determination of Inorganic Anions by Ion Chromatography”
Analyst: MJ Steele Analysis Date: September 16-20, 1999

M&TE: IC system (JVD25214); Mettler AT400 Balance (360-06-01-03 1) See Chemical
- Measurement Center 98620 RIDS for IC File for Calibration, Standards Preparations, and

. Maintenance Records.

Analyst:

Approval: Date @-zS~
/ t

Notes:
1) “FinalResults”have beencorrectedfor alldilutionperformedon thesampleduringprocessingor analysis.
2) The low calibration standards are defined as the estimated quantitation limit (EQL) for the reported results

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

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

Final Results:

The samples were analyzed by ion chromatography (IC) for inorganic anions as specified in ASR
5478. The liquid samples were diluted at the IC workstation up to 2000-fold to ensure that all
anions were within the calibration range, and the solids samples were diluted an additional
10-fold following leaching per procedure ALO-1 03. The anion results are presented in the table
below.

ASR5478Lumetta.doc
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Battelle PNNIJRPG//norganicAnalysis --- IC Repoti

,MIJ3.s_;$ ~$$F :~;< .::+<C1:;,.$ -$+,<.2:$-’.No >. z.~wo ‘-<::- .3;?<3 ‘2W:04:$+
~-+~”.a- .+.:$

-=-;So&gi%+. %,*+. .<..--..; .. ..?.- 1-..,,-,+:...:-;
!=!?:!PA:::A::W+;sep!e’,g :.< ;$g$cq? $X&&$; ~$:u;l’g%2;~~,ug[g;; :

.e.,+s,.-+.,.
7“-”%-’”’“=’=7;$$

::,-%?>+;-.--J;:..q,.*~-..-
:: ~-.ug/g-:.5:-;:@lg,g$~<,>..:Ugs :&.~

99-2346PB SolidsProcessBlank
.

46.5 < 12 < 12 <24 <24 <24 50

99-2346 CI04-AQ-8 45.4 2,900~” l~o 3~o l,5rxl 640 570

99-2346 Dup C104-AQ-8Dup 4s.7 2,600* < 130 <250 1,300 6~rJ < ~jo

RPD(?/0) 1170 n/a n/a 14~o 3% n/a

99-2349 C104-OH-8 46.2 2,900’> 150 <240 l,~or) <240 <240

99-2349Dup C104-OH-8Dup 45.8 2,800X” 170 380 1,300 < ~30 <230

IUD(%) 4V0 13~o n/a 8% da n/a

~~Li.qlj&d$’ .“,~:.F-::~,: .:,,<,-:-;:;:1:: +:z ;:$:No-’J: ,’ =NO -% &3?oi%:~: :%<SO;*=..,-,-, J $?...:-.:..,.L..3 SJ- --.,y~ -,:.. -, :++ . ,-~~... ..; .
%+,W,<-.. ,-, -: .- . . ,- ,. ..., , .- ?.~:-.=_-: .; Y$- ..: + =--- .< , >.. ,. ~-=*..&.,+

Liy~-: ,. :? Ljquid S&ripJeID~; :Dil ‘FM.
~1,,-e~.:P.-e,--~~.-.uti@ :;2 ,$;ugz+ -~; ~:;ug@ :;$. >-+=g/~ ~..

“%?v~!s.~+:
.~:ug~gg

.- -------. = . .. ,.-. ,. ,--...,. - ‘-..u>---
99-2347 C104-AQ-9 1 5,300’; 150 ?,600 1,500 <250 400

99-2347Rep C104-AQ-9Rep 1 4,700” < 130 2,600 1,400 <250 400

RPD(?/o) 1TX. n/a 0% , 770 rda 070

99-2348 C104-OH-3A 1 5,500::. 360 3,600 1,7tXl 1,000 500

99-2350 C1O+OH-9 1 6,600+ < 130 500 400 <250 < 250

RPD = RelativePercentDifference(betweensampleandduplicateheplica[e)
* = Quantifiedby lC systemasfluoride;ho~vever, slight retention time peak shift and peak shape suggest significant

organic anion interference. High probabilitythatlittleornofluorideisactuallypresentin the samples.

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.

Working Blank Spike/Process Blank Spike: Process Blank Spike recoveries ranged from 99’XOto

113V0, well within the acceptance criteria of 80’XOto 120~0.

Matrix Spiked Sample: No matrix spike was performed on the samples submitted under this
ASR. However, matrix spikes processed and analyzed }vith this batch of sample had recoveries
within the acceptance criteria of 75°/0 to 125°/0, except for nitrate which produced over range
condition due to the high nitrate concentrations in the samples.

Duplicate: Except for one oxalate duplicate \vhich demonstrated an RPR of 22%, the RPDs
which ranged from 3°/0to 14°/0which is within the acceptance criteria of 20°/0.

Sw.tem Blank/Processintz Blanks: Over 20 system blanks were process during the analysis of
the sample. With the exception of only 3 nitrate values and 1 sulfate value, no anions ~vere
detected above reportable concentrations in the system blanks or in the processing/dilution blank.

@alitv Control Calibration Verification Check Standards: Over 20 mid-range verification
standards were analyzed throughout the analysis run. Except for a few case the reported results
for all analytes of interest were recovered within the acceptance criteria of tl 0’%for the
verification standard. For the few failures, no recoveries exceeded +1 5°/0.

ASR5478Lumetta.doc
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BatteI1e PNNIJRPG/Inorganic Analysis ---Hg Report page 1 of 2

WO/Project: W48486f29953
Client: G. Lumetta

ACL Numbers: 99-02346 and 99-02350
ASR Plumber 5478.01

Procedure: PNIWALO-131, “Mercury Digestion”
PNIWALO-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 Center98620 RIDS for Hg File for Calibration, StandardsPrepmations,and
Maintenance Records.

Approval:

Final Results:

The samples were analyzed by cold vapor atomic absorption spectrophotometry for inorganic
mercury as specified in ASR 5478.01. 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 5478.01 Hg Analysis Lumetta.doc 11/03/99 @ 12:24 PM
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BatteUe PFWIJRPG/Inorganic Analysis ---Hg Report page2 of 2

r
‘>p& &SSS&~~”&-2~~,ws$~*@&&&&

L2bL$- ~
~,w

%jZ%S61kis.++-.,<- >*3/. < * %ww-?l+’wys{; .pg~$y$$j+
* ,~.wj.% $%.,FF.*& .#$i#$faw#&~; ‘*@@w.@%

M.!.W.*. ‘ %&, .%l.$$w.@l$%Kk%.i ~@$Gg.~@$ lL&Qg~%g4 g?$$~~ %~J~ ~.&<~gggg~
99-2346 I% Solids ProcessBkmk 0.2084 120.0 1 co.024

99-2346 CI04-AQ-8 ().~lo~ 118.9 250 93.4

99-2346 ~Up C104-AQ-8 Dup o.~138 116.9 250 96.8

RID(%) I.;yo

99-2349 C104-OH-8 0.2077 120.4 500 153
99-2349Dup C104-OH-8Dup 0.2018 123.9 500 164

RPD(%) 6.9%
RPD= RelativePercent Difference(betweensampleand duplicateheplicate)
“Sampleweight”used for the processblank is an averageweightof the samples.

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

assumes non-complex aqueous matrices. Actual detection limits or quantitation limits for 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 perfo~ed during Hg analyses. In general, quality
control checks met the requirements of the governing QA Plan.

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

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: All RPDs were within the acceptance criteria of 20%.

Swtem 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.

oualitv 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.

ASR5478.01Log-402HgAnalysisLumetta.doc 11/08/99@11:51AM
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Battelle, Pacific Northwest National Laboratory
Richland, WA
Radiochemical Processing Group

filename 99-2346
. 11/15/99

Client: Lumetta Cognizant

COncuc C ..j.tiq w- /l- fs-77

Procedure: PNL-ALO-4014

Uranium Analysis by Kinetic Phosphorescence

Lab Uranium Concentration,

Sample Number Units *-IS

Process Blk

Cl 04-AQ-8

Cl 04-AQ-8

cl 04-AQ-9

C104-OH-3A
cl 04-OH-3A
cl 04-OH-3A
Cl 04-OH-8
Cl 04-OH-8

CI04-OH-9

99-2346PB NI

99-2346Ni

99-2346Ni DIJP

RPD
99-2347

99-2348
99-2348-Rep

99-2348-Rep

99-2349

99-2349 DUP Nl

RPD

99-2350

pglg

pglg

pglg

pglmL

pglmL

pglmL

pglmL

P9/9
pglg

pglmL

1.60E+0

2.61E+4

2.50E+4

4540

1.47E+I

1.05E+1

1 .08E+1

1.13E+1

‘1.01E+5

9.92E+4

2%

3.42E+0

Standard Observed Expected Yield

❑
Before

Rec-282-e2 1.05 E-2 1.00 E-2 1.050

Run
Rec-282-d2 1.06 E-I I.00E-I 1.060

Blank <2. E-5

❑
After Rec-282-e2 1.07 E-2 1.00 E-2 1.070

Run Rec-282-d2 1.06 E-I ~.00E-l 1.060

Blank <2. E-5



Batfelle PNNURPG/7norganic Analysis --- TOC/TiC Report

Client: G. Lumetta Charge Code/Project: W484861 29953
ACL Numbers: 99-2346 to 99-2350 ASR Plumber: 5478
Analyst: MJ Steele AnaIysis Date: 12/09/99 and 01/07/00

Procedure: PFJL-ALO-381, “Direct Determination of TC, TOC, and TIC in Radioactive Sludges
and Liquids by Hot Persulfate Method”

M&TE: “Carbon System (WA92040); Balance (360-06-01-023).

Final Results:

lLiauids TIC
Lab Number Sample ID ug C/ml
00-2347 cl 04-AQ-9 - 610
99-2347 Rep Cl 04-AQ-9 Rep 750
99-2348 c1 04-OH-3A 1,200
99-2348 Rep Cl 04-OH-3A Rep 1,200
99-2350 Cl 04-OH-9 270
99-2350 Rep Cl 04-OH-9 Rep 280
99-2350 MS Cl 04-OH-9 MS Rec. 101’%

Results on a per g
Solids I TIC
Lab Number Sample ID I.lgclg

99-2346 Cl 04-AQ-8 2,560
99-2346 Dup Cl 04-AQ-8 Dup 2,380
99-2346 MS CO14-AQ-8 MS 95?40
99.2349 Cl 04-OH-8 6,900
99-2349 Dup Cl 04-OH-8 Dup 6,840

RPD= RelativePercentDifference(between

ram dry weight basis
TIC RPD TOC TOC RPD TC TC RPD

(%) Ugc/g (%) Ug(yg (%)
9,900 1~,460

7 10,600 7 12,980 4
87% 92%

I ! I ,

17,000 I I 23,900 I
1 16;900 ] o I 23;740 1

ample and duplicate/replicate)

The analysis of the subject samples submitted under ASR 5478 was performed by the hot persulfate
wet oxidation method. The hot persulfate method uses acid decomposition for TIC and acidic
potassium persulfate oxidation at 92-95°C for TOC, all on the same sample, with TC being the sum
of the TIC and TOC.

The table above shows the results, rounded to two to three significant figures. The raw data bench
sheets and calculation work sheets showing all calculations are attached. All sample results are
corrected for average percent recovery of system calibration standards and are also corrected for
contribution from the instrument calibration blanks.

Q.C. Comments:

The TIC standard is calcium carbonate and TOC standard is rx-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).

ASR5478Lumetta.doc
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Battelle PNNlfRPG/inorganic Analysis --- TOC/T/C Report

The QC for the methods involves calibration blanks, system calibration standards, sample
duplicates, and one matrix spike per matrix type.

Calibration Standards: The QC system calibration standards for the 12/09/99 and 01/07/00
analysis runs were all within acceptance criteria, with the average recoveries being 100.2°/0 and
98.4V0 for TIC and 99.7~0 and 98. 1~0for TOC, respectively.

Calibration Blanks: The six calibration blanks run at the beginning and end of the analysis runs
were acceptable. The standard deviation calculated from the calibration blanks is less than the
estimated method detection limit for both TIC and TOC.

Duplicates: The relative percent differences (RPD) between duplicates are within the acceptance
criteria of 20~0, except for the TIC for liquid sample 99-2347 (C 104-AQ-9). At an RPD of 2 10/0,
this sample is only slightly outside theacceptance criteria,and the poor RPD is most likely due to
the small sample size (i.e., 0.2 ml) used for the sample. The duplicate was analyzedusing a 0.9 ml
sample size and is considered to provide the most accurateresults.

Matrix Spike: The accuracy of the carbon measurements can be estimated by the recovery results
from the matrix spike. The matrix spike for liquid sample run (i.e., 99-2350, Cl 04-OH-9 MS)
recovered at 1010/0for TIC and 97°/0 for TIC, well within the 75°/0 to 125°/0 recovery acceptance
criteria. The matrix spike for the solids sample run (i.e., 99-2346, C 104-AQ-8 MS) recovered at
9570 for TIC and 87% for TOC.

General Comments:

. The reported “Final Results” have been corrected for all dilution performed on the sample

during processing or analysis.

. Routine precision and bias are typically*15% or better for non-complex samples that are free of
interferences.

. The estimated quantitation limit (EQL) is defined as 5 times the MDL. Results less than 5 times
the MDL have higher uncertainties, and RPDs are not calculated for any results less than 5 times
the MDL.

. Some results maybe 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 of
sample used for the analysis. The system MDL is based on the attached pooled historical blank
data. The evaluation and calculation of the system MDL is included in the data package.

Archive Information:
Files: ASR 5478 Lumetta.doc ASR 547855365571 Liq+Solids.xls

ASR 54785626 Lia+Solids.xls

ASR5478Lumetta.doc p~~~2 ~fz
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{# Baifelle
PuttingTechnologyToWork project No. 29953

Internal Distribution

Date

To

From

Subject

October 28, 1999

Cvanide Results for SamDies Cl 04-AQ-8
and Cl 04-OH-8

Sample Duplicate RPD Spike
ALO# Client ID (pg CN /g) (pg CN I g) (9’0) Rec (Yo)

99-2346 Cl 04-AQ-8 13.4> 12.1 10
99-2349 Cl 04-OH-8 22.0 24.7 12
99-2346 spike Cl 04-AQ-8 spike --- --- --- 93

The CN results for two Cl 04 tank samples analyzed on September 2, 1999 per ASR 5478 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 (WC3651 7). 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 11 OYO. Both samples were prepared and analyzed in duplicate.
In addition, a matrix spike sample of C106-OH-8 was prepared. The spike recovery at 93%
was within the control limits (*1 5Yo). The solid laboratory control standard (ERA-LSC)

analyzed at 221 ug/g, well within the certified advisory range of 77 to 301 ug/g.

The relative percent difference (RPD) between the samples and duplicated for both samples

was well within the acceptance criteria of 20Y0. The initial analysis of the samples was

performed with no analytical dilutions, which resulted in the absorbences being above the

highest calibration standard. The samples were diluted 3-fold and reanalyzed. Although the
initial analyses were over range, the results correspond very well with the final results.

All sample preparation sheets,

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

c 7)CYL2ai,,* ]--‘u -o~

Concur Date

‘ Memo File: CN ASR 5478 Lumetta.doc Spreadsheet File: CN ASR 5478 Lumetta.xls

,-- .
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CYANIDE ANALYSIS REPORT

File: 99090201 .RS Client: Lumetta/ ASR #5478 Analyst: PKBer~
Procedure: PNL-ALO-287 & -289 Calibration File: 99090201
M&TE: WC36517, Latchat QuickChem AE Autoanalyzer Date: September 2, 1999

WD04501, Mettler AT400 Balance

Mid-lCV, 125ppb

Low-tCV,30ppb

ICB

BL-2346

0S-2346

99-2346

99-2346-DUP

99-2346-MS

99-2349

99-2349-DUP

LCSS

DistilledCal Std

Mid-CCV, 125ppb

Low-CCV,30ppb

CCB

5ppb,Quantchk

6
6
6

6
6

C104-AQ-8 0.2164 100 6
C104-AQ-8 0,2915 100 6
C104-AQ-8 0,2202 100 6
C104-OH-8 0.2088 100 6

Cl 04-OH-8 0.1904 100 6
0.051 100 6

6

6
6
6

6

6
6
6

6
6
6
6
6
6
6
6
6

6
6
6

6

1
1
1

1
1
1
1

1
1
1

10
1

1
1
1

1

0.0659
0.0153
-0.0004

-0,0003
0.0842
0.2360
0.2880
0.2988
0.4081
0.4059
0.0931
0.1037

0,0693
0.0162

133.63
32,31

0.87

1,07
170.28
474.24
578.36
599,99
8’t8.85
814.44
188.10
209,32

140,44
34.11

133.63 uglL
32.31 ug/L
<200 ug/L

c 2.0 uglL
170.28 uglL

13,15 mglkg
11.90 mg/kg
16.35 mglkg
23.53 mglkg
25,67 mg/kg

221.29 mglkg
209.32 uglL

140.44 ug/L
34.11 ug/L

124.87
30.01

166.167

10?40
648.73

9!40

177,00
200.17

124,87
30.01

:0.0004 ‘ 0.87 <2.0 ug/L

0.0021 5.88 5.88 uglL 5.01

LCSS sample is an ERA Certified Reference Material cyanide standard in soil; Lot#218,Barcode #95760, Exp. Date 10-17-99.
Blank Spike was a 0.1 aliquot of a 9.97ppm CPI Standard Stock Dilution #2 (prep date 6/99) added to 6mL 0.25M NaOH, analyzed distilled.
MS was a 0.1 aliquot of a 9.97ppm CPI Standard Stock Dilution #2 (prep date 6/99) added to solid sample matrix, plus 5.5 mL water. Analyzed distilled.
Non-homogeneous sample matrix resulted in differences in duplicate results.

107%
108%

10270

92%

125%
105%

112%
114%

117%

99090201 ,RS Page 1 ASR 5478 Lumetta.xls



Calibration Solution:
Expiration:

1.0000 Correlation
0.000499403 SLOPE

CPI prepared solulions

06118199

Coefficient

-0.000835843 INTERCEPT

0.1600

0.1400

0.1200

0.1000

0.0800

0,0600

0,0400

0.0200

0.0000

-o.020(

CN Calibration 09-02-99

Calibration Data
Pt)b Calc 0/0 rec

true ‘CN Abs Stds for std
o 0.00 -0.0007 0.27 NA
10 10.02 0.0041 9.88 99%
25 25.02 0.0116 24.90 100%
50 50.05 0.0241 49.93 100%
100 99.76 0.0490 99.79 100%
200 200.17 0.0992 200,31 100%
300 300,10 0.1490 300.03 100%

Definitions
99-XXXX= sample
99-XXXXD= duplicate
99-XXXXS= spiked sample
LCSS = laborato~ control standard, solid
LCDW = Iaboratoty control standard, liquid
PBW = process water blank
BS = spiked process water blank

PBS = process soil blank
ICV = initial calibration verification
CCV = continuing calibration verification
ICB = initial calibration blank
CCB = coritinuing calibration blank
CRDL= contract required detection limit
IDL = instrument detection limit

99090201 .RS Page 2 ASR 5478 Lumetta.xls



CYANIDE ANALYSIS REPORT

File: 99090202.RS Client: Lumetta/ ASR #5478 Analyst: PK Berry
Procedure: PNL-ALO-287 & -289 Calibration File: 99090201
M&TE: WC36517, Latchat QuickChem AE Autoanalyzer Date: September 2, 1999

WD04501, Mettler AT400 Balance

Mid-lCV, 125ppb

Low-ICV,30ppb

ICE

6
6
6

6
6
6

1

1
1

0.0656
0.0155
-0.0001

0,0793
0.0968
0.1004
0.1264
0,1296

0.0689
0.0161
-0,0002

0,0020

133.03
32,71

1.47

160.46
195,51
202.71
254.78
261.18

139.64
33.91

1.27

5.68

133.03
32.71
< 2,(I

ug/L 124.87
ug/L 30.01
ug/L

107%
109%

C104-AQ-8 0.2164 100 6
C104-AQ-8 0.2915 100 6
C104-AQ-8 0,2202 100 6
CI04-OH-8 0.2088 100 6
C104-OH-8 0,1904 100 6

99-2346
99-2346-DUP
99-2346-MS
99-2349
99-2349-DUP

6
6
6
6
6

3
3
3
3
3

1
1
1

13.35
12,07
16.57
21.96
24.69

mglkg
mglkg
mgikg 218.67
mglkg
rnglkg

10%
93?40

12%

Mld-CCV, 125ppb

Low-CCV, 30ppb
CCB

6
6
6

6
64
6

139.64
33.91
<2.0

ug/L 124.87
ug/L 30.01
uglL 5.01

1 12%

113%

113%6 65ppb, Quant chk 1 5.68 ug/L 5.01

LCSS sample is an ERA Certified Reference Material cyanide standard in soil; Lot # 218, Barcode #95760, Exp. Date 10-17-99.
Blank Spike was a 0.1 aliquot of a 9.97ppm CPI Standard Stock Dilution #2 (prep date 6/99) added to 6mL 0,25M NaOH, analvzed distilled.
MS was a 0.1 aliquot of a 9.97ppm CPI Standard Stock Dilution #2 (prep date 6/99) added to solid sample matrix, plus 5;5 mL-water. Analyzed distilled.
Non-homogeneous sample matrix resulted in differences in duplicate results,
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Battelle, Pacific Northwest National Laboratory filename 99-2346
Richland, WA 2/24/00
Radiochemical Processing Group

Client: Lumetta Cognizant Scientist: c’. ~ c&ZZ& 3 zq.o~

Concur ‘ -/+MYL J2-L5=OD

Lab Ammonia Concentration,
Sample Number Uglg *I6

Process Blk 99-2346 PB <8.()

Cl 04-AQ-8 99-2346 <8.4

Cl 04-AQ-8 99-2346 DUP <9.()

CI04-OH-8 99-2349 <8.5

Cl 04-OH-8 99-2349 DUP <8.5

.?---?—.; . ,,,,,. .... ... ... ~.. .,, .-, . .
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Battelle, Pacific Northwest National Laborato~ filename 99-2346

Richland, WA 311312000

Radiochemical Processing Group

Client: Lumetta Cognizant Scientist: ,_lj . k. &.iLti d /sl/9a

,

ConcuK “
~= y+y’-m

PNL-ALO-482

Lab c-14 M DA*

Sample Number uCi/g * q~ uCi/g

Cl 04-AQ-8 99-2346 6.28 E-3 & 4’?!0 <7. E-3

Cl 04-AQ-8 99-2346 DUP 2.87 E-3 * 5%0 <4. E-3

Cl 04-OH-8 99-2349 3.85 E-3 & 5%0 <5. E-3

Cl 04-OH-8 99-2349 DUP 2.46 E-3 2 5%0 <3. E-3

Blank 1 <3. E-4

Blank 2 1.58 E-2 2 30/0

Blank 3 6.32 E-3 t 40/0

Sample spike 87%

Blank spike 94%

*Note: Two of the blanks (2 and 3) analyzed with the samples had more activity than the

samples indicating sample contamination as a result of carryover of the C-14 spike run just

previous to these blanks. This tailing or memory effect appears to be variable and

undefined at this time. Samples were run after a blank was run and thus the carryover of

the spike is less severe than that shown for the blank. It is recommended that the listed

MDA values be reported. These MDA’s are calculated as a function of the obtained sample

activity (found activity + 3 times the 1-s error).
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Appendix C. Calculations
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Appendix D. Statistical Analysis of the Data

... ,F >



Stmisticalanalyses were performed on the dam included in this report. In general, simple
summary statisticswere provided throughout that included estimates of the average @lean),
standard deviation (Std. Dev.) and percent relative standard deviation (O/oRSD= 10O*Std.
Dev./Mean) of aliquots. If one or both of the duplicate values were within 10 times the
detection limit (values in parentheses in the tables) their mean and standard deviation are
also marked in parentheses in the tables. By convention values less than the detection limit
(“<”) are formatted with 1 significant digiq values within 10 dines the detection limit are
formatted with 2 significant digits, and all other values are formatted with 3 siatificant digits.

More detailed smtisticalanalyses included

● Volubility versus Temperature Study Regression& Modeling Analyses

● Solubili~ versus Temperature Study Tests for Changes due to Temperature

. Washing and Leaching Studies Estimates of Uncertain~ for analyte
concentrations in the washed and original 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 the
conclusions may be limited to this particular sample for this particular run. The data provide
no information about the additional uncertainty that would result from running different
samples or from repeating the experiment on similarsamples. The only sources of variability
present in these studies are sub-sampling variabili~ and measurement variability.
Consequently, the uncertainty statements developed in this report probably underestimate
the variabili~ that will be experienced in the real world application of these conclusions.

Solubilitv vs Temperature StudV Re~ession & Mode “b Analvses

The statistical analyses performed here are quantimive assessments of the nature of the
relationship between analyte concentrations and temperature. These analyses were performed using
the evaporation-adjusted concentrations from Tables 1,2 and 3. The data were taken from the
original Excel spreadsheet and may have additional digits compared to the formatted table values.
Only those analytes that had IXVOor fewer of their reported values below the detection limit were
used. These statistical analyses were performed using linear and non-linear regression procedures in
the Statistical Analysis System (SAS Institute Inc. Cay, North Carolina). Two approaches were used
polynomial regressions that attempt to fit tbe data without a speafied mechanistic modq and a
psuedo-fihenius model.

Since there are only three temperature points (30, 40, and 50°C), the maximum
polynomial regression model that can be fit as a function of temperature is a quadratic. The
two concentration values per temperature provide for estimating sub-sampling and
measurement uncetity 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
statisticallybetter 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 volubility-temperature relationship. It should be noted that no model



can fit this dati better than a quadratic mode~ so if the quadratic model is not significantly
better than the linear mode~ then no other model will be significantly better either.

Table D.1. Linear and Quadratic Polynomial Regression Analyses

A@@

*

Ba
Ca
Cd
$0
cl
Cu
F; -
K
w
Mo
Na
Ni
P
Si
Zn

4.16 -0.049(

0.889 WW07M
8.18 0.63?

‘3.43 -0.0122
2.42 ‘-“ ““- -0.0231

234 “. ‘“--0.2%
4.42 0.481
3:79 4MK189?

29356 124
64.0 -0.%?2
768 -5.3C

23.8 j3~5

6.771 “ -0.084

P.
Simple

Linear

0.001
0.468

0.154

0.225

0.002

0.705

0.004

0.203

0.085

0.687

0.143
0.419

0.353

0.108
0.026

0.123
0.318

due
~

Lack-of-Fit

0.188
0.107
0.373
0.983
0.382
0.656
0.946
0.438

0.864
0.471
0.842
().297

0.035
0.742
0.681
0.855
0.236

The regression estimates are grayed-out (judged unusable) Z the estimated

increase is not significantly different from zero @near p-value > 0.1) or tbe
lack-of-fit of the linear regression is significant (lack-of-fit p-value < 0.1).

Table D.1 presents the results of the linear and quadratic polynomial 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 have a simple linear p-value <0.10. Those
analytes that have a significant lack-of-fit from the linear regression have a lack-of-
fitiquadratic p-value <0.10. Those analytes that did not have a significant linear regression
or had a significant”lack-of-fit are grayed-out in the table to indicate that their linear
regression estimates are not considered useable.

The proposed psuedo-Arrhenius dissolution model has the following form

Concentration = e ‘-Aflapm

or the algebraically equivalent form

ln(Concentiation)= B-A/Temperature.

.. -..= ... . .-.,/ .,3--- .--n?T ‘-J?<. ..’.
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Although these two forms are algebraically equivalen~ the estimates of A and B can be
different depending on which form is fit due to the least-squares criterion for fitdng being
applied in regular space (the first form) or log space (the second form). If there is not much
variabili~ in the data the estimates of A and B should be close by either form, if there is
large variability in the data the estimates of A and B can be quite different between the two
forms. Review of the data did not indicate any particular reason to use the second form,
such as increasing variability with increasing concentrations, so the first form was used. This
will also make the results more comparable to the polynomial regressions, which were done
in regular space.

Table D.2. Dissolution on Kinetics Model [Concentration= exp (B-A/Temperature)]

Artalyt,

Ag
Al
Ba
Ca

Cd
“co
Cr
Cu
Fe

:
Mo
Na
Ni
P
Si
Zn

Asymptotic 90%
Confidence Interval

Estimated B Estimated A Lower Upper

1.98 110 79.1 141. .. .
0.317 49+ -130 30.6
-7.fl, -226 -687 236

4.74 50.4 -32.1 133

-0.109 -33.4 -42.6 -24.2

-0.178 -1.02 -7.80 5.76

4.25 28.9 17.9 39.9

0.936 “-5.ti -14.4 3.56

-0.192 -22.5 -43.6 -1.49

5.46 -1.Xi -10.1 7.61

4.08 60.8 -19.4 141

126 -3.03 -12.5 6.4

10.6 6.49 -3.80 16.8

3.70
-g-#

-18.9 1.13.
5.96 -13.6 -23.2 -3.96

6.77 36~ -5.37 77.3

-0.0536 -474 -111 16.8

The kinetic model estimates are grayed-out (judged unusable) fi tbe
asymptotic 900/0confidence interval of the temperature related parameter.4
includes zero.

Table D.2 presents the results for the proposed psuedo-Arrhenius dissolution model.
Included are estimates of the B and A parameters. Also included are 90°/0 confidence
intervals on the temperature related A parameter. Those analytes whose confidence intend
on A includes zero (i.e., those for which the lower value is negative and the upper value is
positive) are grayed out in the table to indicate that their psuedo-krhenius dissolution
estimates are not considered useable.

Plots for all analytes assessed are included. The following plotting symbols are used for
the dam

● filled diamond~ata that was 310-times the detection limit



● empty diamond-data that was <1 O-times the detection limit

● descending triangle-detection limit

The plots also show the linear regression with a solid line, 90?10confidence intervals on the
mean with dashed lines, and the psuedo-Arrhenius dissolution model with a dotted line.
Occasionally, a confidence interval is so wide it goes off the plot.

The a.liquotvariability is relatively large for some analytes an~ along with small sample
numbers, leads to “non-significant’ regressions for some analytes that may appear to show a
relationship. Five of the analytes in Table D.1 had linear p-values <0.1 and quadratic
p-values >0.1 and produced useable linear regression equations. These same five analytes
showed useable psuedo-Arrhenius dissolution models in Table D.2. Visual comparison of
the linear regression model and psuedo-krhenius dissolution model indicated they would
produce very similarresults in most cases. This maybe an indication tha~ even if the
psuedo-hhenius dissolution model might be better over a larger range of temperatures, the

relationships can be closely approximated by a simple straight line over the 30 to 50°C range.

Solubilitv vs Temperature Studv Tests for Ch awes Due to Tem~erature

Concentration changes in the Volubility versus Temperature study are expressed as

the concentration change at each temperature relative to the concenmation at 30°C. This is
calculated as 10O*(~-Cw) /CJO,where ~ is the average concentration at temperature = T (40

or 50°C) and CWis the average concentration at 30°C. Table 4 shows these estimates of the
change in concentrations for detected analytes for the unadjusted dam and Table 5 shows
them for the adjusted data.

The following method was used to judge whether the reported changes were
significantly different from zero or could instead simply be an @fact of sub-sampling and
measurement uncertainty. There is very little data here to estimate the variability at any one
temperature with any confidence so a pooled esdrn.ate of uncertainty was obtained by
pooling the ‘VORSDSat the three temperatures. 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 esdrnation formula 1OO*(~/CW)-l 00. This results in an
estimate of the standard deviation of the ‘/o Change as ~/CW*sqrt(2)*Pooled O/oRSD.This
in turn, was used to generate the range of a two-sided 900/0confidence interval using a t-table
value of 2.353 for 3 degrees of freedom. Any ‘/oChange that is larger than the range
indicates the ‘/oChange is probably different from zero and is considered strong evidence of
a change in concentration. These significant temperature-related changes are bold-faced in
Tables 4 and 5.

Washing and Leachirw Studies Estimates of Uncertainty for Analvte Concentrations
in the Washed and Or&in al Untreated Solids and the Percent Removed

The ability to derive estimates of uncertainty for the values reported in Tables 8 and
11 was even more hampered than it was for the ?40Change estimates discussed in the
previous section. The calculation of the concentrations in Washed or Leached Solids and the

,---- -.. . .. .-. -..., ,,,. . . --’- -----



Original Sample were made using a number of sample weights and fraction constituent
amounts. Only one of these inputs, namely the solids fractio~ had duplicate aliquot data that
could be used to estimate sub-sampling and measurement variability. The 0/0Removed
calculation in these IWOtables is even more problematic because of the use of even more
terms and because it is the ratio of two other estimates.

To get at least some handle on the uncertainty of these esdrnates the following approach
was talcem.

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

. Assume that duplicate aliquots had a common variabili~.

. Present a “pseudo” 95~o confidence interval for at least one value of a ~oRSD that is
assumed to be equal for all measurements that were used in any equation. A O/oRSD
of 10 was chosen as the initialcandidate as it appeared to be near the median of
O/ORSDSseen in this study and seems to represent a reasonable s@ting point. This
selected estimate on the uncertainty can be adjusted to determine the effects of other
O/ORSDvalues by multiplying the “pseudo” 950/0confidence interval values by the
ratio of any other practicable O/oRSDdivided 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
disrnbution) to give the “pseudo” confidence interval half widths. Note that the use of the
standard normal disrnbution does not account for the minimal amount of dam available for
these estimates, and provides much smaller confidence intervals than those that would be
obtained using a Student’s t disrnbution with only a few degrees of freedom.

For concentrations in Washed or Leached Solids and the 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:

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

. The variance of a sum is the sum of the variances

. Constants (sample weights in this case) carry through.

This resulted in a general form for these two concentration estimates as:

Std.Dev. = sqrt @@r(f)/nJ)/weights,

,- ~.,-e.- - a,:,. , .3,-,-. ..-. e-
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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 definitio~ with (mean~70RSD)2. Since
the same ?40RSDis assumed for all measurements, VORSDcan be factored ouq resulting in
the following general formula

Std.Dev. = 7oRSD*sqrt (X~mean~/nJ)/weights

The actuaI version of this general formula used for each analyte for each concentration
estimate depends on the &actions that were used to calculate it and the number of sub-
samples available for each fraction. Certain calculations used the same sample weights in the
numerator and denorni.gator. These were cancelled out and removed in the actual error
propagation formulas.

For YORemoval, the calculations involve 100 times the ratio of mvo 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)/num2 + var(den)/den~

where num = the numerator te~ den= the denominator term, and varo is the variance of
each.
Both the numerator and denominator also need to have propagation-of-errors applied to
them.
Again, each varo term in their propagation-of-errors formula can be replaced, by definition,
with (mean*0/oRSD)2.Since the same O/oRSDis assumed for all measurements, O/oRSDcan
again be factored OULresulting in the following general formula

Std.Dev. = 100*Xpean@~mean~*%RSD*

sqfi@{me~~/n~/@fme~~2 + ‘d(memd2/nd)/@dmem~t

where f = each &action used in the numerator and d n 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 sub-samples available for each fraction.

Certain calculations use variances that have been calculated in prior steps, so these were put

directly into the formulas instead of recalcul.adng them.
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