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TANK 241-AN-106 CHARACTERIZATION RESULTS
1.0 SUMMARY

Twelve samples were obtained from different Tlocations within
Tank 241-AN-106. These samples were chemically and radiologically analyzed to
determine the constituents of the waste. The results of the statistical
analyses indicated that the contents were stratified, but that a composite
sample, representing the tank, could be formed using equal volumes of the
individual sampies. The comparison of the individual sample mean to the
composite sample mean indicated that the two means were not significantly
different. Thus, the analyses of the composite sample provide an unbiased
estimate of the contents of the tank after it has been mixed.

This document contains the analytical results and the results of the
statistical analyses of the sample data. In addition, this document provides

the analytical results of the composite sample which characterize
Tank 241-AN-106 waste composition.

2.0 INTRODUCTION

Twelve samples from different locations in Tank 241-AN-106 were received

by Analytical Systems Laboratories (ASL) personnel and prepared for analysis.

The requested chemical and radiological analyses provided information about
the character of the waste in Tank 241-AN-106. The analytical results were
used to evaluate homogeneity of the waste inside the tank. A composite
sampie, representing the twelve waste samples, was used to test the analytical
procedures required to determine if this waste is acceptabie for processing
and disposal as grouted waste.

3.0 OBJECTIVES

The objective of this document is to report the analytical data generated
from the 12 waste samples obtained from Tank 241-AN-106. The analytical data
was acquired in accordance with the test plan (Harmitt, 1989). The analytical
data will be used to characterize the waste in Tank 241-AN-106.
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An additional objective, as presented in the test plan, was to test the .
laboratory procedures and equipment in the hot cell. The cured grout
samples, made while testing the hot cell procedures, will indicate whether or
not the waste in Tank 241-AN-106 meet the requirements for processing and
disposal in grout. Test results pertaining to this objective will be
presented in a separate document. '

4.0 SAMPLES

Existing information (see Appendix A) suggests that the contents
of Tank 241-AN-106 are stratified but that interfaces between strata are not
well defined. This information was used to determine the locations for the
tank samples. Twelve sampies were obtained from Tank 241-AN-106. The
Tocations of the 12 samples were determined through the use of a stratified
random sampling plan. The details associated with the sampling plan are given
in Appendix B. The 12 Tocations are identified in Table 1. The information
regarding riser Tocation is given in Bordelon, 1986. The use of a stratified
random sampling plan is supported by the EPA manual SW-846, "Test Methods for
Evaluating Soiid Waste," (EPA, 1986).

Twelve 100-mil1l1iliter sampies in glass bottles from Tank 241-AN-106 were
received by ASL at the 222-S Analytical Laboratory. Laboratory receipt
records indicate that the samples were taken and received at the
222-S Analytical Laboratory on April 21, 1989. Each of the samples were
logged in and received 'in the laboratory under a designated sample number.
Two subsamples of each waste sample, formed in accordance with the test plan,
were submitted to Analytical Chemical Services Laboratories (ACSL) for
analysis. Each subsampie, identified by an ASL sample number, was assigned a
new sampie number by ACSL. Direct waste samples were also submitted to ACSL
for specific analyses. Al1l the sample numbers are summarized in Table 2.

5.0 ANALYTICAL MEASUREMENTS

A Tist of the requested chemical and radiological analyses and the
procedures used is provided in the test plan. An analysis for silicon was
requested but not completed. Two additional analytes, carbonate and mercury,
were added to the T1ist of requested analyses. All analytical results are
entered into the Laboratory Customer Communications System (LCCS) database.
Ninety days after the samples have been slurped the data are transferred from
the system and permanently archived. Personnel from the Technical Support
Unit can retrieve the data upon request.
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Sample Locations
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*Radius is the distance in feet from the center of the tank.

T e ——
Tank 241-AN-106 Sample Locatijons
Sampie Riser *Radius Angle **Depth
Number Number | (inches) |
1 22A 10 180° 331
2 22A 10 180° 220
3 22A 10 180° 100
4 22A 10 180° 20
5 1B 20 280° 292
6 1B 20 280° 224
7 1B 20 280° 137
8 1B 20 280° 49
9 16C 28 65° 366
10 16C 28 65° 210
11 16C 28 65° 114
12 16C 28 65° 16

**Depth is the number of inches from the bottom of the tank.

e
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The analytical results stored in the LCCS database for the .
Tank 241-AN-106 samples must be multiplied by the appropriate dilution factor
before the measurement is indicative of the original sample.

Some subsamples (as indicated in Table 2) were prepared by ASL according
to the water dilution (Hammitt, 1989), which resulted in a dilution factor of
11. After dilution, these subsamples were submitted to ACSL for analysis.
Several analyses (as indicated in Table 2) needed a direct sample.

The appropriate dilution factor was applied to each analytical result for
all constituents of the 24 subsampies; the resulting values are listed in
Appendix C. Agreement between dupiicate samples is evaluated by computing the
absolute percent difference (see Appendix C). Appendix D contains the mean
value for each constituent by location. ITlustrations of the mean value by
location are also given in Appendix D.

6.0 HOMOGENEITY OF TANK CONTENTS

Several statistical tests were performed to determine whether or not the
contents of the tank were homogeneous. A two-way analysis of variance (ANOVA) -
was performed for each constituent to detect differences within a section
(horizontal layer of the tank) and differences between sections. The results
of the ANOVA indicated significant differences at the 0.05 level of
significance in the mean concentration values within sections and between
sections for all analytes reported with actual values. An actual value is
defined to be a value not identified with a "<" in Appendix C.

The significant differences between sections indicated that the tank
contents are stratified. Significant differences within a section combined
with significant differences between sections indicated that the interfaces
between sections are not well defined. Tank 241-AN-106 waste contents are not
homogeneous.
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Tank 241-AN-106 Sample Numbers

e e ———————eee

Receiving Laboratory ASL ACSL
Sample Number Sampie Number | Sample Number

APH-4 R5232

R4601 APH-28 R5235

APH-75* R6070

APH-6 R5233

R4602 APH-32 R5238

_APH-76* R6071

APH-8 R5234

R4603 APH-34 R523%
APH-77* |____R6072 |

APH-10 R5274

R4604 APH-36 R5278

APH-73* R6024

) - APH-90* R6291

APH-12 R5275

R4605 APH-38 R5279

APH-74* R6025

APH-89* R6292

e o =

*Analyses which required a direct sample.

Note: The subsamples without a symbol were prepared by ASL according to the
water dilution (Hammitt, 1989) which resulted in a dilution factor of
11. After dilution, these subsamples were submitted to ACSL for
analysis. Several analyses needed a direct sample (see *).

9
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Tank 241-AN-106 Sample Numbers

Receiving Laboratory ASL ACSL

|____Sampie Number | Sample Number | Sample Number

APH-14 R5276

R4606 APH-40 R5281

APH-78* R6073

APH-16 R5277

R4607 APH-42 R5282

APH-79* R6074

APH-18 R5290

R4608 APH-44 R5296

1 APH-80* R6076

APH-20 R5291

R4609 APH-46 R5297

APH-81* R6077

APH-22 R5292

R4610 APH-48 R5298

| APH-82% R6078

*Analyses which required a direct sample.

Note:

The subsamples without a symbol were prepared by ASL according to the
water dilution (Hammitt, 1989) which resuited in a dilution factor of
11. After dilution, these subsamples were submitted to ACSL for
analysis. Several analyses needed a direct sample (see ¥*).

10
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Table 2, Continued
. Tank 241-AN-106 Sample Numbers

Receiving Laboratory ASL ACSL
____ Sample Number Sample Number | Sample Number
APH-24 R5293
APH-85 R6067
R4611 APH-50 R5299
APH-86 R6068
| _ _ APH-83* R6079
APH-26 R5294
R4612 APH-52 R5300
] APH-84* R6080

*Analyses which required a direct sample.

Note: The subsamples without a symbol were prepared by ASL according to the
water dilution (Hammitt, 1989) which resulted in a dilution factor of
11. After dilution, these subsampies were submitted to ACSL for
analysis. Several analyses needed a direct sample (sae %),

11
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A one-way ANOVA, using.each sample location as a class, was performed to .
provide more detail about Tank 241-AN-106 contents. The results from the
ANOVA for each constituent indicated significant differences between
the 12 sample means at the 0.05 level of significance. Since significant
differences existed, a multiple comparison procedure known as Fisher's
Protected Least Significant Difference (FPLSD) was used to determine which
sample means were significantly different. The FPLSD results are given in
Appendix E.

In general, the FPLSD results showed that the waste consisted of
two Tayers with an interface between depths 100 and 200 inches from the bottom
of the tank. This region is not well defined due to an intermingling of the
Tiquid from the two layers. Process history of Tank 241-AN-106 contents also

indicates that any interface region would be in this area.

7.0 COMPOSITE SAMPLE

According to the test plan, a single composite sample was to be made from
the 12 original samples.

7.1 COMPOSITE DESIGN

The results of the statistical analyses were used to develop the composite
sample formulation. The calculations from which the composite formulation was
developed are provided in Appendix F. The overail mean tank concentration and
its associated variance or standard deviation was computed for each analyte
reported with actual values using the following methodoiogies:

a. The stratified sampling plan was used which partitioned the tank into
four sections.

b. The tank was divided into two layers, but the original stratification
was taken into account. This was done for various divisions between
100 and 200 inches from the bottom of the tank.

12
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c. The tank was assumed to be divided into two layers. The sample
locations were treated as random selections within each layer. The
calculations were performed using various divisions between 100 and
200 inches from the bottom of the tank.

d. Theksample Tocations were treated as random selections from the entire
tank.

The same sample locations obtained using the stratified sampling plan
(four sections) could have been obtained using total randomizatxon within the
two layers or within the tank.

Statistical tests comparing the overall mean tank concentration values
from each of the methodologies were evaluated using the smallest variance from
all the calculations. This is considered to be conservative. The results of
the statistical tests indicated that no significant differences existed
between the estimates of the overall mean tank concentration. Consequently,
Tank 241-AN-106 contents can be represented by compositing an equal volume of
each of the 12 samples.

7.2 COMPOSITE ANALYSIS

The composite sample was made on November 21, 1989, according to the steps
given in Claghorn, 1989. Six subsamples from the compos1te samp1e using
different dilutions were submitted to ACSL for analysis.

Some subsamples (as indicated in Table 3) were prepared by ASL according

to the water dilution {Hammitt, 1989), which resuited in a dilution factor of

11. Some analyses, upon request of the chemist, did not require as much
dilution. Therefore, some subsampies were prepared with a water dilution
resulting in a dilution factor of 2 (as indicated in Table 3}. Several
analyses {as indicated in Table 3) needed a direct sample.

The ASL sample numbers and the assigned ACSL sample numbers are given in
Table 3. The 1ist of requested analyses and the procedures used for the
analyses is provided in the test plan. The analysis for silicon was requested
but not completed.

All analytical results are stored in the LCCS database. The data can be
obtained upon request. Each analytical result from the LCCS database for
these samples must be muitiplied by its dilution factor before the measurement

is indicative of the original composite sample. The composite sample data are.

Tisted in Appendix G.

13
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Table 3
Tank 241-AN-106 Composite Sample Numbers

ASL ACSL Dilution
Sample Number Sample Number Factor
APH-64 R5850 i1
APH-65 R5851 i1
APH-68 R5854 1
APH-69 R5855 1
APH-66 R5858 2
_APH-67 R5859 2

Some subsamples were prepared by ASL according to the water dilution
(Hammitt, 1989) which resulted in a dilution factor of 11. Some
analyses, upon request of the chemist, did not require as much
dilution. Therefore, some subsamples were prepared with a water
dilution resulting in a dilution factor of 2. Several -analyses needed
a direct sampie. These are indicated above with a dilution factor of
1. After the dilution by ASL, the subsampies were submitted to ACSL

for analysis.

14
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8.0 COMPARISON

The average results for the individual sample results and the composite
sample analyses are summarized in Table 4. For these data, the means
calculated from the 12 individual sample resuits are arithmetically the same
regardless of whether the means are computed using the stratified sampling
scheme or treated as observations from a random sample of the entire tank.

The standard deviations of the mean included in Table 4 were calculated:
1) using the original stratified sampling scheme and 2) assuming the
observations were obtained using a randomized sampling scheme for the entire
tank. The standard deviation of the mean is equal to the standard deviation
divided by the square root of n, the number of observations used in
determining the standard deviation.

For the original stratified sampling pian, n is equal to 3 (the number of
observations within a section). For the randomization sampling plan, n is
equal to 12 (the number of observations assuming the tank is one layer). As
is evident from Table 4, stratification reduced the variance and standard

. deviation. This reduction in variance is the reason stratified random

sampling plans are used.

An ANOVA was performed to compare the in&ividua1 sample mean and the
composite sample mean. None of the ANOVA results indicated that the

© individual sample mean was significantly different from the composite mean at
- the 0.05 level of significance. The F-test of the ANOVA was calculated using

the variance from the stratified sampling scheme. The degrees of freedom
associated with the sample variance from the stratified sampling plan were
calculated using Satterthwaite's approximation.

The individual sample mean and the composite sample mean were also
compared using the Kruskal-Wallis nonparametric test. The Kruskal-Wallis test
does not assume that the data are from a normal population. The Kruskal-
Wallis test is used to determine if the populations are identical. None of
the Kruskal-Wallis results indicated that the two populations were
significantly different at the 0.05 level of significance.

15
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Comparison of Individual Sampie Mean to Composite Mean

Tank 241-AN-106 Inorganic Chemical and Radionuclide
Summary Resuilts
Individual | Stratified | Sample” Composite
Sample Standard Standard Mean
Mean Deviation | Deviation
[ Constituent | Units (Mean) (Mean)

Aluminum mg/L 9590 1710 2550 9280
Arsenic mg/L 0.072
Barium mg/L | < 11.1 < 11.1
Bismuth mg/L | < 145 < 145
Cadmium mg/L | < 49.6 < 49.6
Caicium mg/L 77.3 14.3 19.7 90.2
Chromium ma/L 569 95.4 144 564
Copper mg/lL | < 3.79 < 3.75
Iron mg/l | < 8.47 < 6.90
Lead mg/L | < 460 < 460
Magnesium mg/L | < 2.19 2.78
Manganese mg/L < 55.6 < 5.7
Mercury mg/L | < 0.05 < 0.05
Mo1ybdenum mg/L | < 67.8 < 66.6
Phosphorus mg/L 6270 772 1050 6110
Potassium ma/L 1020 144 230 1080

* Assumes total randomization within the tank.

16
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Comparison of Individual Sample Mean to Compesite Mean

. . Summary Results

Tank 241-AN-106 Inorganic Chemical and Radionuclide

Individual | Stratified | Sample” Composite
Sample Standard Standard Mean
Mean Deviation { Deviation

Constituent | Units ___(Mean) {Mean)
Selenium mg/L 0.134
Silver g/l | < 3.70 3.63
Sodium mg/L 89300 10100 16300 90300
Titanium mg/L | < 3.57 3.51
Uranium g/L 0.004
Zinc mg/lL | < -9.64 9.44
Zirconium mg/L | < 28.2 27.8
Ammonia mg/L 123
Carbonate M 0.350 0.065 0.327
Chloride mg/L 2510 401 541 2460
Cyanide g/L 0.006
Hydroxide il 0.484 0.128 0.474
Fluoride mg/L | < 44.0 61.6
Nitrite M ~0.601 .010 0.149 0.644
Nitrate mg/L 74800 12600 18700 68500
Phosphate mg/L 17900 2240 3420 18400
Sulfate ma/L 2570 383 449 2150
Tritium uCi/L 3.44
Carbon-14 uCi/L 0.335

* Assumes total randomization within the tank.

17
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Table 4, Continued

Comparison of Individual Sample Mean to Composite Mean

fank 241-AN-106 Inorganic Chemical and Radionuclide
Summary Results
Individual | Stratified | Sample" Composite
Sample Standard Standard Mean
Mean Peviation | Deviation

Constituent | Units (Mean) (Mean)
Cobalt~60 pCi/L | < 24.5 < 9.15
Selenium-79 uCi/L 0.240
Strontium-90 | uCi/L 2230
Niobjum-94 pCi/l | < 38.9 < 23.0
Tc-99 pCi/L 69.2
RuRh-106 pCi/L {1 < 2610. < 1390
Todine-129 pCi/L : < 0.075
Cesium-134 | pCi/L | < 41.2 < 23.7
Cesium-137 pCi/l 211000 35000 53400 205000
Np-237 g/L < 0.003
,Pu-238 gCi/lL 0.020
Pu-239/240 pCi/L 0.0378
Am-241 uCi/L 0.606
Curium-243 uCi/L 0.047
TOC mg/L 3260
Water wi% 77.6
Density g/cmF 1.27 0.04 0.05 1.23

* Assumes total randomization within the tank.

18
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9.0 ORGANIC ANALYSIS

The composite mean for total organic carbon (TOC) was 3.26 g/L. Since the
TOC concentration was over 2 g/L which was the limit specified in the test
plan, a subsample of the composite was submitted for organic
analysis to the 300 Area Analytical Laboratory, operated by Pacific Northwest
Laboratories (PNL).

9.1 ORGANIC SAMPLE PREPARATION

The first composite sample was prepared as described in Section 7.2 and
submitted for analysis to PNL on December 21, 1989. This sample consisted of
equal fractions of the twelve waste sampies. Due to laboratory downtime, this
composite sample was discarded. A second composite sample was prepared on
August 27, 1990, and shipped to PNL for analysis on August 29, 1990.
9.2 ORGANIC SAMPLE ANALYSIS RESULTS

Volatile organic analysis using EPA (EPA, 1986) protocols on highly

~ radioactive materials created some additional problems. Samples

obtained from Tank 241-AN-106 could not be used to i1l other sample vials
that were prepared and preserved according to the required analysis. The

radioactivity of the waste did not allow such handling. ' Preservatives were
not used in the sample bottle because the waste was not expected to contain

- any biological activity that might influence the results of an unpreserved
~ sample.

In addition to not having the sample vial preserved for volatile organic

- analysis, the sample bottle could not be confirmed for zero headspace.

Refrigeration of the sample was not possible because of the shielding
requirements for the shipping container. Samplie holding times exceeded those
specified by EPA (EPA, 1986), because of hot cell handling requirements and
Taboratory availability.

These deviations are not expected to have had a serious impact
on the sample results because of the history of the waste. The
waste in Tank 241-AN-106 was processed through the evaporator and stored for a
number of years at temperatures at or above ambient conditions with forced
ventilation. The sample handling required because of the radicactivity of the
waste did not cause the sample to be subjected to a more rigorous environment
for volatile component removal than was present in the tank.

The results from the speciated organic analyses are listed in Appendix H.

19
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APPENDIX A
HISTORICAL RESULTS
TANK 241-AN-106
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: WG Richmond, "Analysis of 106-AN Samples,"

e : January 28, 1987.

- (3} Internal Letter #65641-87-047, WG Richmond to

DA Dodd, "Formulation Testing/Verification
Plan for 108-AN Waste," March 27, 1987.

(4) Internal Letter #65641-87-061, WG Richmond to
- JE Van Beek, "Updated Scheduls for Tank 106-AN
— Formulation Verification," April 15, 1987.
™ ' {5) Internal Letter #65641-87-063, WG Richmond to
’ TV Rebagay, "Dry Blend Formulations to be
- Tested Using the Tank 106~AN Simuiant," April
‘." 17, 1987.
122 (6) Internal Letter #65452-87-082, WI Winters to
WG Richmond, "106-AN Waste Simulation," Aprii
6, 19487.
(7) Internal Letter #65641-87-060, WG Richmond to

WI Winters, "Simulant Composition for 106-AN
Waste," April 14, 1987.

(8) Internal Letfer #65452-87-110, WI Winters to
WG Richmond, "106=AN Simulated Waste Formula-
tion,™ May 6, 1987.

(9) Internal Letter #65452-87-109, WI Winters to
S. Kelly, "Preparation of Synthetic 106-AN
. Waste for Grout Testing," May 5, 1987.
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WG Richmond 65452-87-198

Page 2
~ July 21, 1987 .

This letter contains two parts: Part A summarizes the analytical results
from analysis of four 106-AN samples taken at different depths and their

composite; Part B summarizes the procedures used to make a 106-AN simulated
waste and the final analysis of that simulate, ‘

PP A e

W. I. Winters, Chemist
Analytical Systems Laboratories

WIW/cse

. Attachments

Al gt Ak

™4

AR
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PART A
106-AN SAMPLE ANALYSIS

Four samples of 106-AN at different depths were received and analyzed in
accordance with References 1 and 2. The sample were sent to the 222§ labor-
atory on February 19, 1987, in heated pigs and stored under heat lamps.

When it was learned the tank temperature was approximately 70°F, the same

as the laboratory temperature, the samples were removed from the heat lamps
and placed in mini pigs. The visual and radiation level measurements were

.done at that time.

A1l four samples were extremely ciear for waste samples with only a few
particles of dark solids scattered on the bottom that locked 1ike rust.
The volume of these solids was too small to measure. Photographs taken of
each sample were sent to you earlier,

A complete characterization was required only for the composited sample.

The composite was prepared by stirring each sample and transferring equal

25 mL aliquots to a clean polyethylene bottle. When the composited sample
was removed from the pig a large volume (approximately 50 percent) of solids
was present. A large teflon stir bar was used to thoroughly stir the sampie;
however, the solids would not redissolve at room temperature. After the
composited sample was allowed to set over the weekend the solids volume

Tevel was about 16 to 17 percent. A small sampie of the needle like crystals
were analyzed by polarized light microscopy and identified by Dr. D.L.
Herting as NaoP0O, crystals in two hydrated forms. The composite was heated
until the NagPO, needles dissolved at approximately 33°C. After the solids
were totally dissolved, a 5 mL sample of the heated and stirred composite
sample was diluted with 50 mL of deionized water. This diluted composite

was submitted to Analytical Laboratories (AL} for analysis.

The solids formation behavior of the composite sample is helieved to be
caused by the limited solubility of NasP0, in high ‘icnic strength (high

salt concentration) solutions. In Table 1 you can see that in the upper
region of the tank the phosphate level is high but the salt (Na, Al) concen-
tration is low. As you go deeper in the tank, the phosphate concentration
decreases as the salt concentration incregses therefore maintaining a stable
homogenecus solution. When the high PO, > concentration upper phase was
mixed with high salt concentration lower phase for the composite, the Na3P0
solubility was exceeded and solids formed. This phosphate stratification
could cause some engineering problems when the tank is mixed and transferred
for the grout process,

This tank stratification observation led to additional analysis for the
major cation and anion components on individual 106-AN samples. It alse
impacted the development of the 106-AN simulated waste.

The results of all the analyses are summarized in Table 1. The viscosity

results were run at only one temperature, 25°C. The viscosity results are
subject to a large error since the viscosity of the 106-AN is near the Jower
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N operating 1imit of the equipment. - The results for R2090 are estimated to .
be <6 cp because the standard in this region was reading high by about 60
percent. These analyses were run by B.M. Mauss of the Process Chemistry
Laboratories Unit. The weight percent water was run only on the composite
sample by drying at 110°C overnight and measuring the weight loss.

Radiochemical and some trace analyses were done only on the diluted composite
sample. Technetium-99 (Tc=99) was analyzed by both the 2228 laboratory and
Pacific Northwest Laboratory (PNL) (formerly HEDL Analytical Laboratory)
because earlier Rockwell Tc=99 analyses on double shell slurry were 100
times higher than those analyzed by a different PNL laboratory. Carbon-14
{C~14) analyses were done at HEDL because of probilems with the present AL
method and equipment., A separate wet oxidation system for C-14 needs to be
developed in place of the current furnace oxidation system. Selenium=-79
(Se=79) was also analyzed by HEDL since no routine method exists for the
2225 laboratory. The actinides were determined by alpha counting after an
anion exchange separation by Analytical Systems Laboratories Unit (ASLU).

In general, aill the results increase as you go deeper into the tank except

¥ for phosphate. For some reason, possibly analytical error, the cation results
for R2090 (53' 3%") are lower in concentration than R2089 (447 9"). However, )

= the anion results from R2090 continues to increase as might be expected.

s This makes the cation (ICP) results on R2090 questionable. The samples or
inductively coupled plasma (ICP) results for R2089 and R2090 may have been

- interchanged. The ICP phosphate results agree reasonably well with the ijon

s chromatography resuilt.

N -

— The hydroxide, OH , result for R2087 is very low and could be subject to a

relatively large error. The gamma scans showed only cesium-137 (CS~137),
= Other trace gamma ijsotopes that may be present could not be identified because
of the large dilution required to analyze for Cs~137. This large dilution

-4 would result in large less~than values for the other isotopes. Copies of

. the complete gamma scans are available upon request. Only three isotopes
{Tc=-99, Se-79, and C-14) were analyzed for all of the 106-AN samples. These

~ analyses were performed by HEDL and copies of their reports are attached.

o~

A1l of the analyses done on the composite were done on the diTuted composite
sample except for the actinides and the cyanide (CNT). The values in (__)
next to the composite resuits are the average result for the individual

106-AN analyses. Since the composite was made up of equal volumes the average
and composite values should be essentially the same. For most of the major
analyses (density, Al, NO4 » 0,”, and Cs-137) this was true. However, for
some components, (Na and 304" ) the agreement was poor. The average Na
results were only 80 percent of the composite results. The composite result
could be bias high if the final Na dilution was contaminated., However, the
high Na composite value (5.43 M) results in a anjon-cation balance of 96 to

97 percent which indicates it may be valid. It would require over four

moles of Na to raise the average Na value to that of the composite. Reruns

of the ICP analyses improved the sodium balance some, but not as well as
desired, Since other analyses agree reasonably well it is assumed that the .
composite was properly made. Dilution of the thermally hot composite sampie
could result in some volumetric errors but none of this magnitude.
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The hydroxide result on the composite is significantly different than the
average value, The accuracy of the composite OH™ analysis could be questioned
since it was run on the diluted sample which Tlowered its concentration to

the point that aluminum (A7) may be causing a significant interference.

The composite fluoride value is based on a specific ion electrode measurement
which has better detection limits than the ion chromatograph (IC) method

used on individual samples.

The HEDL average Tc~99 value (84.7 uCi/L) agrees reasonably well with the
Rockwell composite value (96.3 uCi/L) indicating that the Rockwell method
was valid for this matrix. The total beta is approximately two times higher
than the sum of the other beta analysis and the Cs-137 result. The total
beta is based on the beta efficiency for Co=-60 which is approximately 1.5
times less than the Cs-=137 beta efficiency which appears to be the major
isotope in the 106-AN sample. _If the total beta is calculated based on the
Cs=137 efficiency about 1 x 10° uCi/L of beta activity ( approximately 30
percent) 1is unaccounted for., The fodine-129 (I-129) analyses were performed
on the diluted sample. A lower less=-than value could be obtained by analyzing
the direct sampls without dilution. This would require pipeting a heated
sample.

A11 of the actinide results were very low giving a high uncertainty level
because of poor counting statistics. However, the transuranic (TRU) Tevel
is definitely below the 100 nCi/g 1imit by at least a factor of ten if you
assume the Pu=-236 spike {is fully equilibrated with the plutonium in the
sample; The plutonium analyses yields were corrected using a plutonium=-236
(Pu=-236) spike. Normally, the Pu=-236 recovery is greater than 80 percent.
However, for the 106-AN, the Pu-236 (results) were very low, only 10 to 20
percent, The sample was analyzed in duplicate twice and gave reasonable
reproducible results (t 36 percent) for these low levels of plutonium. The
low recoveries are probably caused by phosphate complexing or from complex-
ants that may be present in the 106-AN waste. Analysis of other eluent
fractions of the ion exchange separation did not account totally for the
Pu-236 losses. Several other experiments are planned to attempt to improve
the yields. However, further fundamental studies are needed on the effects
and tolerance levels of various compiexants on the jon exchange separation
of actinides. The americium=-241 (Am=24l) was measured using a CMPO/TTA
extraction from the 8 M HNO, fon exchange eluent and the separation yields
were corrected using an Am—%43 spike. The Am=243 spike yields were 50 to
60 percent which is normal for this procedure. The Am=24l was analyzed in
duplicate and the average value reported. The neptunium=237 {(Np=237) values
were obtained from the alpha energy analyses (AEA) of the plutonium fraction
from the jon exchange separation. The Np=239 was spiked into the sample to
correct for yields; however, counting room probiems and the low yields made
it impossible to obtain good Np=-239 analyses. Because of the short half-
1ife of Np-239 recounting was not possible. The Np-237 results were corrected
using the Pu=236 yields. The reported results for both plutonium and neptunium
are so low that it is probably safer to say they are Jess than 1 to 2 uCi/L
(nCi/mL) rather than using the actual values.
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The poor yields for the actinide method on 106~AN show the importance of .
using tracers to correct for separation efficiency. If the actinide levels

had been near the TRU 1imit they would have been reported well below the

Timit without the use of tracers. Unfortunately there is a serious shortage

of Pu-236 tracer available. This could cause problems for waste form qualifi=-
cation analyses where results have to be substantiated for regulatory.review.
The high variability in Hanford waste make "perfect" procedure development
difficult and makes the use of tracers more mandatory. Additional method
development is needed to minimize the Pu-236 usage. This development should

be directed in several ways: '

o Better knowledge of procedure limitations and corrective actions to provide
>90 percent yields.

o More efficient alpha mounting procedures to reduce Pu=236 concentration
requirements for good counting statistics and AEA analyses.

o More efficient alpha counting instruments to reduce Pu-236 consumpticn
and allow small sample sizes for analysis.,

Yesterday's nuclear waste is becoming tomorrow's nuclear product. Char=
acterization and analysis of this product (final waste form) will reguire
the same quality assurance (QA) efforts required for uranium and plutonium
products in order to meet the customer's (the public and EPA) specifications.
This will require a new level of confidence in waste analyses. No Tlonger
will the fastest and cheapest resu’it be the primary goal of the analysis;

but the quality and confidence in that value will be of equal or greater
importance. This will place additional requirements on analytical methods
and operations that will require continued program support.
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PART B

.PREPARATION OF 106-AN SIMULATED WASTE
FOR
GROUT FORMULATION TESTING

Plans (References 3, 4, and 5) for formulating and testing grouts with compo-
sitions similar to the waste in tank 106~AN called for the development of a
nonradioactive simulated waste.

After the problems associated with NagPQ, precipitation in the composite
were identified and the initial composite analysis completed, the first
106-AN simulated waste composition was proposed for approval (Reference 6).
This initial proposal assumed a 10 to 20 T1iter batch would be required and
that it would be based on the equal volume from each depth composite.

A different formulation was requested (Refersnce 7) based on evaporator
campaign data that estimated the volume fraction of each depth composition.
In addition, sodium citrate was to be added to equal the total organic carbon
{TCC) concentration. A new simulated waste formulation was calculated
(Referencs 3) after the major components were analyzed for sach sample based
on the volume fractions provided. The quantities of carbonate and TOC wers
based on the equal volume composite results since these analyses were not

run on 2ach 106-AN. sample., The final formulation information is summarized
in Table 2.

In the procedure for preparing the simulated waste, the most important consid-
eration was to be able to prepare and dispense the simulated waste so that

a representative (equivalent composition) sample was used for all the planned
formulation tests. The best way to do this was to makeup a large single

batch of waste rather than several smaller batches. The planned testing
program was going to require 20 to 30 liters of synthetic 106-AN. Standards
Laboratory had the only large=-scale mixer (70 liters) available in the 2228
laboratory to make this volume of synthetic.

Originally (Reference 9), we had planned to have Standards Laboratory prepare
this material. However, because of absences in their organization and the
time frame for completing the project, Analytical Systems Laboratories Unit
ended up preparing the synthetic using Standard Laboratories' mixer.

The volume of synthetic prepared was increased to 40 liters since the stirrer
operated smoother with less splashing with larger volumes. The mixing tank’
was calibrated by filling it with 40 liters of water measured using multiple
additions with a larger graduated cylinder. The distance from the top of
the tank to the top of the Tiquid was measured to identify to 40 liter level.
The tank was flushed with distilled water before preparing the synthetic,

A one liter sample of the synthetic was prepared to identify any dissolu-
tion problems that may be encountered. The technical grade sodium alumi-
nate (NaAl0,) used contains a small amount of fnsoluble materials that makes
the solution cloudy. In order to cbtain the correct aluminum concentration
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with this NaMOz the formula that must be used is NaM(OH) The Na? .
mulate

was dissolved before adding to improve its dissolution rate and to s

the actual precipitation process when its solubility is exceeded. The solid
sodfum citrate was difficult to dissolve in this test batch. The test batch
never became totally clear even at elevated (50 to 60°C) temperature. The
solids remaining at elevated temperatures were <5 volume percent and very
slow in settling. When the test batch finally cooled and settied for a

long time, it contained 15 to 20 percent solids. This is similar to that
noted for real 106-AN,

In order to expedite the dissolution of all the 106~AN components and to
ensure the maximum homogeneity when transferring the final solution into
two 20 1iter plastic carboys, it was necessary to heat the larger mixer
contents to 30 to 40°C. A large band heater was borrowed from the pilot
plant laboratory to do this. Al1 the chemicals were pre-weighed (Table 2)
before beginning the preparation. The Na PO, was dissolved in 7 to 8 1iters
of water before adding. The sodium citrate was dissolved in 1 to 2 Titers
of water before adding.

About 15 to 20 1iters of distilled water was added to the mixer and the
heater turned on for two to three hours before adding the first reagents.
Because of the slow temperature rise in the large volume of water, it was
decided to add the NaOH first to increase the temperaturs. 1In order to
control splattering, the reagents were added with the stirrer turned off.
After adding the NaOH, the stirrer was turned on and the temperature rose
to about 45%C. The reagents were then added in the order and quantity
identified in Table 3, "A small amount of phosphate solution was spilied
when moving this reagent to the mixer. After all the reagents were added
and well mixed, water as added to bring the tank to the 40 7iter voiume as
determined by measuring from the top of the tank. The solution was then
heated and stirred for about two hours.

After two hours, the solution was transferred by draining the contents into
a 20 liter polyethylene carboy while the contents were stirring. A 100 mL

sample was taken during the transfer for verification. This procedure was

repeated for the second 20 1iter carboy of 106-AN synthetic. The analyti-

cal results for these samples are shown in Table 2.

The carboys were set up in the grout laboratory with the band heater and a
overhead stirrer to ensure homogeneity when sampling (by siphoning) for the
grout tests. The 2225 Taboratory and Analytical Systems Laboratories Unit
(ASLU) are only marginally set up to prepare these large volumes of
synthetics. In the future, I recommend that the Process Chemistry Labora=-
tories Unit (PCLU) prepare the large volumes of synthetic where the equipment
and space are more convenient and provide safer operations.
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Analysis

Depth
Visual
Radiation
Viscosity
Density
Wt % Hy0

Ha M

Al
K

Cr
B

Ca
Si
Fe
Ni
Cu
Mo
P

As ug/mL
Se

U g/l
Th

R2087
24! 3“

Yellow/clear

50 mR
1-2 ¢p
1.087

-

7 21 2 4

R2088

34’ g°
Yellow/clear
350 mR

1-2 ¢p

1.142

Ck

TABLE 1
106-AN ANALYTICAL RESULTS

R2089
44’ 9*
Yellow/clear
1000 mR
Icp

- 1.344
8.44RR
6.830
0.771
0.055
0.022
2.29 x 10-3
2.93 x 103
1.32 x 103
1.71 x 104
9.44 x 1074
4.22 x 10-5
4.93 x 1074
0.048

R2090

53’3"
Yellow/clear
1500 mR

<b cp

1.320

6.90RR
6.230
0.684
0.049

Composite
R2456

Equal Volume

Yellow/17% Solids

- -

-

1.223 (1.223)

66.9%

5.291RR (4,01)

5.434 (4.34)
0.462 (.420)
0.039 (.032)
0.016 (.013)
1.68 x 10
2,13 x 10°3
1.01 x 10-3
2.42 x 1073
3.38 x 10-
0.202 (.161)
2,75

<0.55

0.015
Incomplete

0 "A%Y “§90-d1-d2-QS-IHM
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Table 1 Continued

Analysis

F-
CN- (ug/ml)
C03~2

T0C

Cs-137

Sr-89-90
Tc-99 (RHO)
Tc-99 (HEDL)
C-14 (HEDL)
H-3 -

I-129
Se-79 (HEDL)
T8

Pu-239/240 uCi/L
Pu-238
Am-241
Np-237

- -

2.62 x 104

- -

-

1.97
0.068

- -

0.052

-
-

0.135
0.038

o <7.34 x 1073

- -

- -

1.16 x 109

-

34.4
0.25

- -

0.23

-
- - -
-

-y -

{ ) - Average value of individual analyses.

RR - Rerun value,

4.58 x 109

- -

-

- 147.7

1.01

-y

0.85

-

- -

1.170
2.290
1.290
0.048
0.043
0.140
<0.015

- --—

- -

4.65 x 109

- -

148.6
1.28

0.96

- -
- -
-

- -

Composite
R2456

1.353 (0.675)
1.452 (1.47)

0.799 (0.746)

0.027 {0.027)

0.194 (0.149)

0.098 (0.081)

1.8 x 10"

13.8

0.382

0.441

2.585 x 109 (2.66 x105)

4.36 x 103
96.25 (84.7)

-

6.85
<0.20

5.19 x 109

0.44 + .16
0.21
1.45
0.16

0 "ASY

G90-d.L-dJ3-0S-JHM
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Element

Na
Al
OH™

a) Phosphate base on ICP Phosphorus analysis.

106~AN SIMULATED WASTE COMPOSITION AND VERIFICATION

Molarity

Calculated

4.780
0.486
0.783
0.857
1.498
0.385
0.114
0.031
0.441
0.093
0.002
0.002
0.014

- 0.032

TABLE 2

Molarity
Make=-up

5.112
0.486
0.783
0.857
1.498
0.385
0.114
0.031
0.438
0.093
0.002
0.002
0.014
0.028
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Verified M

1st 20L

5.14

.488
Incomplete
0.834
1.670

.430

123 (.125)2
.032

.506

.110
Incomplets
.00202
.0137
.0288

Verified M
2nd_20L
5.020

0.484
Incomplete
.828

1.652

438

0.12 (.124)%
0.032

0.505

0.107
Incomplete -
0.00193

.014

0.0280
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TABLE 3 ‘II;

106=AN SIMULATION MAKEUP CALCULATION

Molecular Moles for Weight for Actual
Material Weight Molapity  40L 400 (g) Weight
NaCH 40,00 0.783 31.32 1252.8 1253.0
NaA1(OH) 4 118 0.486 19.44 2293.9 2293.8
NaNOg 84,99 1.498 59.92 5092.6 5092.5
NaNO, 69,00 0.857 34.28 2365.3 2365.8
Na,CO4 105,99 0.385 15,40 1632.2 1632.2
NayS0, 142,04 0.031 1.24 176.1 176.1
NaC1 58.44 0,093 3.72 217.4 217.3
NaF 41,99 0.002 0.08 3.36 3.4
NagP0,°12H,0 380.12 0.114 4,56 1733.3 1733.0
Ca(NO3)5*4H,0 236.15 0.002 0.08 18.89 18.8
K,Cro, 194.20 0.014 0.56 108.75 108.7
NagCitrate*2H,0  294.10 0.073 2.92 858.90 858.8
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8751478
May 8, 1987

R. I. Winters
2225/40-037/200%

Rockwell Hanford Operations
P. O. Box 800

Richland, WA 99352

795 AND 99TC MEASUREMENTS IN SAMPLES R-2087 TO R-2090

These samples were analyzed for 7956 and 997c using the hydrothermal procedures
HTA-4-18 and HTA=4-12 respectively. The samples were acidified prior to the
application of the separation procedure.

[

Attached is a tabular summary of the data. If you have any questions please call

- A. C. Leaf on 376-3801.
olef bg—

e A. C. Leaf J McCown, Manager
b Chemistry and Analysis
e

tts
™
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~ ANALYTICAL RESULTS FOR SAMPLES_R=2087 TO R-2090 .
Lab No. Cust, ID 7950, d/m/ml %, d/m/ml
8331 R-2087 1.15 x 102 1.77 x 104
8332 R-2088 5.13 x 102 7.63 x 104
8333 R-2089 1.88 x 10° 3,28 x 10°
8334 R-2090 2.14 x 103 3,30 x 10°
€
e
~g
[
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8751377
April 29, 1987

R. I. Winters
2225/M0-037/200%

Rockwell Hanford Operations
P. 0. Box 800

Richland, WA 99352

14 MEASUREMENT IN SAMPLES 2087-2090

These samples were anaiized on a Dohrmann TOC Analyzer using the UW-wet

oxidation method, with CO trapped in dilute sodium hydroxide. The

strong caustic nature of these sampies required a modification in the

10 persul fate/phosphoric reagent, resulting in 3.5% persulfate in 2 Y
phosphoric acid.

The four samp]es were first tested for any quenching effect on the l4¢
recovery by introducing an internal standard. A ratio of 500 standard
(traceabie to NBS) to 5000 sample was useds with 500X of this mixture
Injected. Also direct injection of pure standard (Na, 400 ) was done
to determine {deal recoveries. The results show 1nsign1f1cant
quenching effect by NOx or any other component.

g TABLE 1: Standards, Quenching Effects

— Sample émguni Z_Recovery

-7 Direct Injection, Standard 500A 96,.5%

bk Direct Injection, Standard 500A 98.6%
#2087 (5001 + 50A Std) 5001 99.8%
#2088 (500\ + 50A Std) 500\ 96 .5%
#2089 (500M + 50A Std) 450\ 98.6%
#2090 (500 + 50\ Std) S0CA 102.9%
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The four samples were run in duplicate. The estimated gffection Timit,

under the current conditions is about 0.02 nCi/ml (2x10 Ci/mil).
TABLE 2: Results

Sample Volume cpm Ye (nci/m1)

#2087 500X 6 045
500A 12 .091

#2088 500h 35 0.28
500X 29 0.22

#2089 500X 140 1.06
500A ' 126 0.95

#2090 500A . 166 1.32
1000A 312 1.24

In each case the result is corrected for an average 97.6% recovery.

Example calculations (sample 2087a):

6 cpm x 13785 dpm [std]l x (15 m1/2 m1 dilution)
= ,045

12620 cpm [std] x 0.5 ml x 2.22 x 1012 dpm/Ci x .976

If you have any questions please call D. L. Baldwin at 6-3596.

S ZERA —~

D. L. Baldwin

Chemistry and Analysis
tts
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APPENDIX B
SAMPLING LOCATIONS
TANK 241-AN-106
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Westinghouse Internal
Hanford Company Memo

WHC-$D-CP-TP-065, Rev. O

From: Process Chemistry & Engineering Laboratories 12711-89-028
. Phone: 3-2779/3-2475  27045/2004 T6-18
Date: March 9, 1989

Subject: 241-AN-106 CHARACTERIZATION AND GROUT FORMULATION HOT CELL
TEST PLAN

To: W. G. Richmond R1-48
¢¢: R. E. Brandi 16-30 T. A. Lane T6-12
J. D. Briggs T6-14 J. R. Prilucik T6-26
S. A. Catlow T6-30 D. A. Reynolds R2-11
R. D. Claghorn R1-48 D. E. Scully R1-51
D. A. Dodd T6-50 C. M. Seidel T6-50
R. K. Fuller T6-30 J. P. Sloughter T6-18
A. P. Hammitt T6-50 L. H. Taylor T6-16
T. G, Ibsen T6-16 W. I. Winters T6-50
S. A. Jones T6-30 TLW-LJ File/LB
(]
- References: (1) WHC-EP-0182-9, "Tank Farm Surveillance and Waste
Status Summary Report for December 1988," raeleased
- . January 1989, J. M. Thurman.
(2) SD-WM-TP-061, Rev. 0, "241-AN-106 Characterization
and Grout Formulation. Hot Cell Test Plan," released
January 20, 1989, A. P. Hammitt.
"(3) Internal Letter #65452-87-198, W. I. Winters to W. G.
= Richmond, "106-AN Analytical Results and Simulate
o Development," July 21,1987.
— OBJECTIVE
~1 The objective of this letter is to describe the statistical methods and
controls to be used in the Tank 106-AN characterization test plan. The
20 purpose of the 241-AN-106 characterization and grout formulation hot
cell test plan is:
) to characterize Tank 106-AN waste for chemical and radio-
logical components
) to determine the grout formulation and grout product
properties
(] to quantify analytical methods and develop equipment for use
in the hot cell.
SAMPLING
. Samples (sample size 100 m1) from Tank 106-AN will be obtained hased

on a random sampling plan. Current data (see Reference 3) suggest that
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Tank 106-AN is stratified but the interfaces are not defined. The
following random sampling plan will be used to obtain samples which
will represent the entire tank without sampling one strata more than
another.

An elevation was randomly selected from each horizontal section

beneath each of the three risers identified for sampling. £Elevation is
the height in inches from the botiom of the tank. The horizontal
sections were defined by dividing the Tiquid height of the tank by
four. The liquid height of Tank 106-AN is 377.5 inches as stated in
Reference 1.

Using the program SAMPLE of the statistical package MSUSTAT, which
uses a random number generator, three elevations for each horizontal
section were selected. For Tank 106-AN the four randomly selected
elevations for each riser are

Risar Elevatiaons

224 20 100 220 331
1B 49 137 224 292
16C 16 114 210 366

The three risers were also randomly selected from the ten available
riaersTusing the random number generator from the program SAMPLE of
MSUSTAT.

ANALYTICAL MEASUREMENTS

A total of twelve sample bottles from Tank 106-AN will be receijved in
the 1F hot cell of the 222-S Analytical Laboratory. The contents of
each sampie bottle will be analyzed in duplicate following the pro-
cedure listed in Reference 2 for sample preparation.

The twenty-four samples will be analyzed for the specific analytes
Tisted in Attachment 1. A standard(s) for each analytical procedure
shall be analyzed with each batch of samples. The percent recovery
value(s) shall be reported with each sample result.

If the agreement between duplicate analyses for each analyie measured
is not within the Timits explained in Attachment 2, then two new
aliquots will be taken from the original sample, prepared, and resub-
mitted for analytical measurement. The resulting values will be
statistically evaluated prior to use in final calculations.

COMPOSITE SAMPLE

A composite sampie will be made based on the analytical results from
the individual sampies. Analysis of the analytical data will use a

-

42



o

WHC-SD-CP-TP-065, Rev. 0

W. G. Richmond 12711-89-028
Page 3
March 9, 1989

statistical method known as analysis of variance (ANOVA) to test three
hypotheses for statistically significant differences in concentration.

® differences within a section
9 differences between the sections
. differences between the risers

The above three sources of variability are explained in Attachment 2.
The analytical error, used as the reference value in the above tests,
is estimated from the differences between the replicate analyses.

If the statistical analyses of the data indicate stratification rather
than homogeneity of the tank contents, then a composite sample
formulation will be developed to agree with the statistical test
results. Otherwise, the composite will be made by combining equal
parts by volume from each of the twelve individual samples.

The composite sample will be analyzed in duplicate for the specific
analytes listed in Attachment 1. The procedures for sample preparation
are Jisted in Reference 2.

If the TOC analytical result is greater than 2 g/1 then a portion of
the composite will be submitted to the 300 Area Analytical Laboratory

for organic analyses. The specific organic analyses requested are
Tisted in Referenca 2.

The agreement between the duplicate analyses must be within the limits
as specified in Attachment 2. If the agresment is outside the limits,
then two new aliquots of the composite sample will be taken, prepared,
and resubmitted for analytical measurement.

CHARACTERIZATION

It is requested that all analytical laboratory results (original and
reruns) be reported to A. P. Hammitt. Please include with the raw data
any notation of why data may be suspect. A1l analyses, both samples
and standards, are to be reperted on the form given as Attachment 3.

The analytical results from the twelve individual samples will be
compared to the analytical results from the composite for each
component measured using ANOVA. This comparison will assist in
determining the applicability of using the composite sample data
insﬁead of the individual sample data to define the contents of the
tank.

The mean of the analytical results from the composite sample for each
component measured will be calculated and reported as the concantration
of Tank 106-AN.
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GROUT SAMPLES

The grout mixtures will be made using aliquots from the composite
sample solution after the characterization of the composite solution is
completed; i.e., all analyses have been reported by the analytical
laboratory and the Statistics Team have analyzed the results. Three
grout mixtures will be made for each of the follawing measurements:

. & EP Toxicity
¢ compressive strength
e ANS 16.1 Leach Indices
s drainable liquid

In addition, viscosity, gel strength, and density will also be measured
for each grout mixture.

If you have any questions, please call L. Jensen (373-2779),
. Welsh (373-2475), or A. P. Hammitt (373-4203

TH (Lo

Statistician Stat1st1c1an

mcr

Attachments 3
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ATTACHMENT 1
I=Individual Sample
C=Composite Sample
Chemical Method Procedure Qu?ﬁéﬁi gg;ggg] Sample
Ag ICP LA-505-143 . S047 I,C
Al ICP LA-505-143 S013 I,C
Ba ICP LA-505-143 S056 I,C
Bi ICP LA-505-143 3083 I,C
Ca Ice LA-505-143 $020 I,C
Cd Icp LA-505-143 S048 I,C
Cr ICP LA-505-143 S024 I,C
Cu 1P+ LA-505-143 5029 I,c *
Fe ICP LA-505-143 S026 I,C
K ICcP LA-505-143 S018 I,C
Mg ICP LA-505-143 5012 IC
Mn ICP LA-505-143 S025 I,C
Mo Icp LA-505-143 S042 I,C
Na Icp LA-505-143 S011 I,C
Pb Icp LA-505-143 S082 I,C
P Icp LA-505-143 | S015 I,C
Si ICP LA-505-143 S014 I,C
Ti ICP LA-505-143 S022 iI,c
In ice LA-505-143 S030 I,C
Ir IcP LA-505-143 S040 I,C
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{continued)

I=Individual Sample
C=Composite Sample
Chemical Method Procedure Qu?lggi 532323] Sample
¢l : Dionex LA-533-105 R972 I,C
F Dionex LA-533-105 R974 1,C
NO3 Dionex LA-533-105 R978 1,C
NOs Dionex LA-533-105 -—-- 1,C

Spec LA-645-001 R760 1,C
POg Dionex LA-533-105 R976 I,C
S04 Dionex LA-533-105 R870 I,C
Density | Density LA-510-112 R820 I,C
Co-60 GEA LA-548-121 - R905 : I,C
Ru-Rh-106 GEA LA-548-121 -—— i1,C
Cs-137 GEA LA-548-121 R901 I,C
Nb-94 GEA LA-548-121 No Std c
Cs-134 GEA LA-548-121 ---- C
As AAS LA-355-131 R741 c
Hg AAS LA-325-102 e C
Se AAS LA-365-131 R743 C
Am-241 sep/AEA LA-503-156 R201 C
CN dist/spec * C
CO3 T0C LA-622-101 R788 c
TOC TOC LA-344-101 - R784 c
% Ho0 Evap LA~56¢}-i01 R824 - C .
OH Titrat LA-661-102 R800 Cc
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ATTACHMENT 1
{continued)
[=Individual Sample
C=Composite Sample
Quality Control
Chemical Method Procedure Index Number Sample
u Fluor LA-925-106 R797 C
H-3 sep/LSC LA-218-111 £348 c
C-14 sep/LSC LA-348-103 $908 C
Tc-99 sep/LSC LA-438-101 R938 c
Se-79 sep/LSC ok ¢
Sr-90 sep/Beta LA~220-101 R916 c "
I-129 sep/LE GEA LA-378-103 R928 c s
Np-237  sep/Alpha/AEA LA-933-141 R932 c -
Pu-238 sep/Alpha/AEA LA-503-156 No Std c ”
Pu-239/240 sep/Alpha/AEA LA-503-156 R211 C
Cm-244 sep/Alpha/AEA LA-503-1586 No Std C

ICP = Inductively Coupled Plasma Spectrophotometar

Dionex = Ion Chromatography

AAS = Atomic Absorption Spectrophotometer

Spec = Spectrophotometer

TOC = Total Organic Carbon

Evap = Evaporation and Weighing

Titrat = Autotitrator

Fluor = Laser Fluorimeter

GEA = GAMMA Energy Analysis '

dist/spec = distillation along with spectrophotometer

sep/LSC = chemical separation along with Liquid Scintillation Counting

sep/Beta = chemical separation along with Total Beta Proportional Counting

sep/LE GEA = chemical separation along with Low Energy GAMMA Energy Analysis

sep/Alpha/AEA = chemical separation with Alpha Proportional Counting and Alpha
Energy Analysis

* ASL will determine using SD-WM-TI-315 or PNL will determine using
modified SW-846

** PNL will determine using HTA-4-18
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ATTACHMENT 2

The agreement between the duplicatas for each pair of sample analytical
results by analyte will be evaluated by calculating the absolute
percent difference. If A and B represent the duplicate analytical
results then the absolute percent difference is equal to the absolute
value of (A-B) divided by the mean value of A and B multiplied by 100.
The agreement between duplicate analyses shall be within 3 sigma where
sigma is defined to be the standard deviation of the standards analyzed
by each measurement method. The standards and the associated summary
statistics are reported by the Laboratory Measurements and Control
System (LMCS). If the agreement is outside the 3 sigma limit, then two
new]dilutions will be made from the original sample and submitted for
analysis.

The comparison of the individual sample analytical results for within
a section, between sections, and between risers will be evaluated at
the 0.05 level of significance using a statistical procedure called
analysis of variance (ANOVA). Both the within and between section
comparisons will indicate whether or not the tank contents are
stratified. The between risers comparison will provide an "overall"

indicatidn of heterogeneity within the tank contents. The comparisons
will also be evaluated by using nonparametric statistical tests.

If an analytical result is initially reported as a Tess than value,
then the chemist in charge of the analytical method will be consulted.
The possible outcomes of the consultation are:

o rerun the samples with a different dilution

e rerun the samples with a longer count time
o accept the less than value (at or below the detection limits).
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Analytical
Result
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Date
Analyzed

Standard
Result(s)

Al
Ba
Bi
cd
Ca
Cr
Cu
Fe
Pb
Mg
Mn
Mo
) .
K
Si
Ag
Na
Ti
in
JAY

[~ §

o o



Analytical

Analyte Result

ATTACHMENT 3
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Standard
Result(s)
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Page 2 of 3

Date Date
Submitted Analyzed

F

c1 .

NO2 (Dionex)

NO3

POy

S04

NOo (Spec)
Co-60

Cs-137

Cs-134 -

Nb-94

Ru-Rh-106

Density

In addition the following analyses are required for the composite samples

As

Hg

Se

€03

TOC

Ho0

OH

U
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Date Date
Submitted Analyzed

CN

H-3
C-14
Se-79
Sr-90
Tc-99
1-129
Am-241
Np-237
Pu-238
Pu-239/240
Cm-244
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APPENDIX C
INDIVIDUAL SAMPLE RESULTS
TANK 241-AN-106
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The analytical results for the twenty-four subsamples are located in the
following tables. The two sub-samples for each sample number are designated

in the tables as "a" and "b"; e.g. the two subsamples for sample number 1 are
designated as la and 1b.

The mean is calculated by adding the analytical resuits for the "a" and "b"
subsamples and dividing by two. If A and B represent the analytical results
for the "a" and "b" subsamples, then the percent difference (%Diff.) is
calculated by dividing the absolute value of the difference between A and B by
the mean of A and B and then multiplying by 100.

wDiff. = * 100

} A-B |
(A+B) /2
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I Sample Number

Constituent Units 2 _ b Mean %Diff.
Aluminum mg/L 1452 1463 1458 0.8%
Barium mg/L < 6.072 | < 6.072 | < 6.072
Bismuth mg/L < 79.2 | < 79.2 | < 79.2
Cadmium mg/L < 27.06 27.06 | < 27.06
Calcium mg/L 10,703 10.351 10.527 3.3%
Chromium mg/L 105.71 105.27 105.49 0.4%
Copper mg/L < 2.046 | < 2.046 | < 2.046
01} mg/L < 3.762 | < 3.762 | < 3.762
lctead mg/L < 250.8 | < 250.8 | < 250.8
uiMagnesium ~mg/L | < 1.122 | < 1,122 | < 1.122
inganese mg/L 1< 30.36 [<  30.36 |< 30.36
reury | mg/L < 0.05 |« 0.05 | < 0.05
Aolybdenum mg/L < 36.3 | < - 36.3 | < 36.3.
. Phosphorus ng/L 10637 | - 9889 10263 7.3%
~Rotassium mg/L 293.7 294.8 294.3 0.4%
-Silver mg/L < 1.98 | < 1.98 | < 1.98
~Sodium mg/L 38390 40590 , 39490 5.6%
rJitanium mg /L < 1.914 | < 1.914 | < 1.914
Zinc mg/L < 5.148 | < 5.148 | < 5.148
Zirconium mg/L < 15.18 | < 15.18 | < 15.18
Carbonate M 0.139 0.139
Chloride mg/L 1089 1232 1161 12.3%
Hydroxide M 0.0866 0.0866 |
Fluoride mg /L < 11.0 | < 147.4 | < 79.2
Nitrite M 0.1408 0.1441 0.1425 2.3%
Nitrate mg/L 18260 17600 17930 3.7%

1

< indicates a less than value
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Sample Number la 1b '

Constituent Units Mean #Diff.

Phosphate mg/L 29480 29810 29645 1.1%

Sulfate mg/L 2860 2772 2816 3.1%

Cobalt-60 uCi/Ll < ~ 3.806 14,52 9.16 116.9%

Niobium-94 pCi/L < 7.568 | < 5.456 6.512

RuRh-106 uCi/Ll < 533.5 [ < 233.2 383.4

Cesium-134 puCi/L < 8.239 | < 5.06 6.65

Cesium-137 uCi/L 42350 43450 42900 2.6%
| Density g/cm’ 1.11 1.10 1.11 0.9%




WHC-SD-CP-TP-065, Rev. 0

: Sample Number ’a oh
Constituent Units Mean D1 FF.
Aluminum | mg/L 1485 1441 1463 3.0%
Barium mg/L < 6.072 | < 6.072 | < 6.072
Bismuth mg/L < 79.2 | < 79.2 | < 79.2
Cadmium mg/L < 27.06 | < 27.06 |« 27.06
Caicium mg /L, 12.21 10.406 11.31 16.0%
Chromium mg/L 103.18 104.61 103.90 1.4%
Copper mg/L < 2.046 | < 2.046 | < 2.046
Meron mg/L < 3.762 | < 41.36 | < 22.56
Pead mg/L < 250.8 | < 250.8 | < 250.8
Yiagnesium mg/L < 1.122 | < 1.122 [ < 1.122
nganese ‘mg/L . < 30.36 | < 30.36 | < 30.36
rcury mg/L < 0.05 {<  0.05 [< 0.05
ao0lybdenum mg/L ] < 36.3 | < 66.55 | < 51.4
Phosphorus mg /L 9779 9658 9719 1.2%
Potassium mg/L 343.2 302.5 322.9 12.6%
-Silver mg,/L < 1.98 1< 3.63 | < 2.81
“Sodium mg/L 41140 40260 40700 2.2%
3¥itanium mg/L < 1.914 | < 3.509 | < 2.712
Zinc mg/L < 5.148 [ < 9.438 { < 7.293
Zirconium mg/L < 15.18 | < 27.83 | < 21.51
Carbonate M 0.136 0.136
Chioride mg /L 946 1166 1056 20.8%
Hydroxide M 0.091 0.091 |
Fluoride mg/L < 11.0 | < 11.0 | < 11.0
Nitrite il 0.143 0.1375 0.140 3.9%
jtrate mg/L 18260 18370 18315 0.6%
g;)sphate mg/L 29370 29590 29480 0.7%
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Sample Number

2a

2b

®
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| Constituent |  Units _ _ Mean ADiff.
Sulfate mg/L 2750 2673 2712 2.8%
Cobalt-60 uCi/L < 20.28 |< 5.17_| < 12.71
Niobium-94 BCi/L < 1782 l<  1.777 | < 12.80
RuRh-106 uCi/L < 1320 |< 4763 |< 898
Cesium-134 BCi/L < 26.18 | < 6.864 | < 16.52 |
Ces ium-137 WCi/L 46310 41910 44110 10.0%
Density g/en® | 1.11 1.11 1.11 0.0%
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Sample
by 3a 3b Mean %1
I Constituent Units | i
Aluminum mg/L 19910 21450 20680 7.4%
Barium ma/L < 14.52 | < 21.23 | < 17.875
Bismuth mg/L < 189.2 | < 277.2 | < 233.2
Cadmium mg/L < 64.46 | < 94.71 | < 79,585
Calcium mg/L 166.1 154 160.1 7.6%
Chromium ma/L 1155 1144 1150 1.0%
.Copper mg/L < 4.873 | < 7.161 | < 6.017
j}on mg/L < 8.965 | < 13.2 | < 11.0825
‘lggd_" B ~ mg/L < 587.3 | < 877.8 |[«< 737.6
‘agnesium mg/L < ~2.673 < 3,927 |« 3.300
nganese _mag/L < 72.38 | < 106.26 | < 89.32
ercury mg/L < 0.05 | <  0.05 |< 0.05
Mol ybdenum mg /L < 86.46 | < 127.6 | < 107.0
_Phosphorus mg/L 1452 1364 1408 6.3%
:5Btassium mg/L 2101 1925 2013 8.7%
Silver mg/L < 4.719 |<  6.93 |< 5.82
Sodium mg/L 162800 167200 165000 2.7%
‘}itanium mg /L < 4.565 | < 6.699 | < 5.632
Zinc mg/L < 12.32 | <  18.04 |< 15.18
Zirconium ma/L < 36.19 | < 53.13 | < 44,66
Carbonate M 0.607 0.607
Chloride mg/L # 53570 | # 38390 \
5429 3.9%
Chloride RR mg/L 5533 5324
Hydroxide M 1.11, 1.11
Fluoride mg/L < 11.0 | < 11.0 < 11.0

2

# indicates outlier replaced by rerun value.
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Sample
Number
3a 3b Mean %D FF.
Constituent Units _
Nitrite M 1.232 1.221 1.2265 0.9%
Nitrate mg /L 161700 161700 161700 0.0%
Phosphate mg/L # 1067 | # 1009.8
3454 26. 8%
Phosphate RR mg/L 2992 3916
Sulfate mg/L # 234300 | # 232100
4433 3.0%
Sulfate RR . mg /L 4367 4499
Cobalt-60 uCi/L < 35.2 < 57.09 |< 46.1
Niobium-94 uCi/L < 72.93 < 75.35 | < 74.14
RuRh-106 uCi/L < 5401 | < 5467 | < 5434
Cesium-134 Ci/L < 75.9 |<  72.49 |< 74.2
Cesium-137 uCi/L 434500 444400
439450 2.
Cesium-137 RR |  uCi/L # 438900 |* 443300 | 1
Density g/cm 1.37 | 1.3 |  1.37 |  0.74

R

the original value.

indicates rerun value not used as it is statistically the same as

-
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‘ Sample Number

Constituent Units ___ ‘2 4bw Mean =%D"ff°
Aluminum mg/L - 18700 20790 19745 10.6%
Barium mg/L < 14.52 | < 21.23 [ < 17.88
Bismuth mg/L < 189.2 | < 277.2 | < 233.2
Cadmium mg/L < 64.46 | < 94.71 < 79.5%
Calcium ma/L 145.2 . 165 155 12.8%
Chromium mg/L 1133 1177 1155 3.8%
Copper mg/L 5.203 | < 7.161 6.182 31:7%
plron mg/L < 8.965 | < 13.2 | < 11.1
ckead mg/L < 597.3 [ < 877.8 | < 737.6
M@gﬁg§jum 1 mg/L < 2.673 | < 3.927 [ < 3.300
nganese  mg/l |« 72.38 | < 106.26 |< 89.32
reury ) mg/L < 0.05 [ < 0.05 j< '0.05
--501@;@;1_;;;11 . mg/L < 86.46 | < 127.6 | < 107.0
- Phosphorus mg/L 4741 4664 4703 1.6%
~Botassium mg/L 2002 2024 2013 1.1%
L. Sitver mg/L < 4.719 | < 6.93 |« 5.82
~§odium mg/L 158400 169400 163900 6.7%
lLitanium mg/L < 4,565 | < 6.699 | < 5.632
Zinc mg/L < 12.32 | < 18.04 < 15.18
Zirconium mg/L < 36.19 [ < 53.13 | < 44.66
Carbonate M 0.618 ' 0.618
Chioride mg/L # 59730 | # 39050
4015 12.1%
Chloride RR mg/L 3773 4257
Hydroxide M 0.782 0.782
Fluoride mg/L < 11.0 | < 11.0 { < 11.0
Nitrite M 1.166 1.199 1.183 2.8%
“i trate mg/L 156200 152900 154550 2.1%
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Sample Number ' b 1
a .
Constituent Units _ Mean #D1FF.
Phosphate mg/L 4180 4466 4323 6.6%
Sulfate mg/L # 239800 | # 227700
3652 5.4%
Sulfate RR mg/L 3553 3751
Cobalt-60 uCi/L < 16.06 | < 60.5 | < 38.3
Niobium-94 pCi/L < 62.26 | < 61.71 | < 61,99
RuRh-106 pCi/l < 3718 [ < 4752 | < 4235
Cesium-134 uCi/l < 67.54 | < 74.69 | < 71.12
Cesium-~137 uCi/L 415800 443300
429550 6.4%
Cesium-137 RR pCi/L * 327800 | * 342100
| Density _g/en® _ 1.65 1.54 1.60 | 6.9%
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Sample Number 5 b .
Constituent Units _ Mean _ #Diff.
Aluminum mg/L .1495.8 : 1461.2 1479 2.3%
Barijum mg/L < 6.04 | < 6.13 | < 6.09
Bismuth mg/L < 79.31 | < 79.31 | < 79.31
Cadmium mg/L < 27.08 | < 27.08 | < 27.08
Calcium mg/L 11.242 10.93. 11.09 2.8%
Chromium mg/L 106.39 104.68 105.54 1.6%
Copper mg/L < 2.027 | <  2.027 |« 2.027
Pran ma/L < 3.75 | < 3.75 | < 3.75
“Lead mg/L < 250.7 | < 250.7 | < 250.7
"Magnesium  mg/L < 1.123 1< 1.123 | < 1.123
anganese mg/L < 30,34 < 30.34 | < 30.34
areury mg/L < 0.05 {< 0.05 1< | 0.05
Mo1ybdenum mg/L < 36.3 | < 36.3 | < 36.3
“Phosphorus mg/L 10357.6 9471.85 9914.7 8.9%
“Potassium mg/L 308.4 276.1 292.3 11.1%
“Silver ma/L < 2.017 |< 2.017 | < 2.017
“Sodium mg/L 41979 . 38439 40209 8.8%
Titanium mg/L < 1.90 | < 1.90 | < 1.90
Zinc ma/L < 5.18 | < 5.18 | < 5.18
Zirconium mg/L < 15.15 | < 15.15 | < 15.15
Carbonate M 0.148 0.148
Chloride mg/L 605 585.2 595 3.3%
Hydroxide H 0.0888 0.0888 |
Flugride mg/L < 139.39 | < 111.1 | < 125.2
Nitrite M 0.1024 0.0999 0.1012 2.5%
’itrate mg /L 17050 15840 16445 7.4%
Phosphate ma/L 30800 29480 30140 4.4%
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| Constituent | mits | 1 | fean | WDiff. |
Sulfate mg /L < 1485 499.4 499
Cobalt-60 uci/L < 2.86 |< _ 1.694 |< 2.28
Niobium-94 BCi/L < 11.99 |<  9.273 |< 10.63
RuRh-106 uCi/L < 468.6 | <  420.2 |< 444.4
Cesium~134 uci/L < 11.99 |<  8.833 |< 10.41
Cesium-137 uCi/L 41910 42570 42240 1.6%
Density g/cm’ 1.11 1.12. 1.12 0.9%
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Sample Number 6a b '
Constituent Units Mean | RDIff.
.__,_____H___T"____ = —
Aluminum mg/L 2582 2457 2520 5.0%
Barium mg/L < 6.04 | < 6§.04 | < 6.04
Bismuth mg/L < 79.31 [ < 79.31 | < 79.31
Cadmium mg/L < 27.08 | < 27.08 l< 27.08
Calcium mg/L 18.87 16.27 17.57 14.8%
Chromium mg/L 169.9 167.6 168.8 1.4%
Copper mg/L < 2.027 | < 2.027 | < 2.027
Iron mg/L < 3.75 {< 3.75 | < 3.75
“Lead mg/L < 250.7 | < 250.7 | < 250.7
Akﬁagnesium“_” mg/L < 1.123 | < 1.123 [ < 1.123
‘anganese | = mg/L < 30.34 { < 30.34 | < 30.34
ercury mg/L < 0.05 -] < 0.05 | < 0.05
Molybdenum mg/L < 36.3 | < 36.3 | < 36.3
- Phosphorus mg/L 8347.5 7768 8058 7.2%
Potassium mg/L 424.1 377.2 400.7 11.7%
I 'Silver mg/L < 2.017 1< 2.017 | < 2.017
“Sodium mg/L 44003 41474 42739 5.9%
itanium mg/L < 1.90 1< 1.90 | < 1.90
Zinc mg/L < 5.18 | < 5.18 | < 5.18
Zirconium mg/L < 15.15 | < 15.15 | < 15.15
Carbonate M 0.176 0.176
Chloride ma/L 8900.9 976.8 938.9 8.1%
Hydroxide M 0.142 0.142 |
Fluoride mg/L < 139.39 [< 111 |< 125.2
Nitrite M 0.1782 0.1859 0.1821 4.2%
itrate mg/L 22913 21780 22347 5.1%
ﬁosphate ma/L 25960 24090 25025 7.5%
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{ indicates original and rerun value averaged.

@

indicates outlier not rerun.
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Sample Number 6a 6 |
Constituent Units Mean __| %D1ff:_wd
Sulfate mg/L < 1485 726
Sulfate RR mg/L {4 953.7 840
Cobalt-60 1Ci /L. <@®  476.3 12.32 12.32
Niobium-84 gCi/L < 10.131 | < 7.612 [ < - 8.872 28.4%
RuRh-106 pCi/L < 646.8 | < 394.9 | < 520.9 . 48.4%
Cesium-134 pCi/L < 11 | < 7.7 {< g 35.3%
Cesium-137 uCi/L 63580 63250 63415 .0.5%
Density g/cm’ 1.13 1.12 1.13 ~0.9%
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Sample Number 74 7 '
Constituent _Units Mean wDift.
Aluminum mg/L 1391.9 1445.3 1418.6 3.8%
Barium mg/L < 6.04 < 6.04 | < 6.04
Bismuth mg/L < 79.31 1< 79.31 1< 79.31
Cadmium mg/L < 27.08 | < 27.08 | < 27 .08
Calcium mg/L 10.23 9.79 10.01 4.4%
Chromium mg /L 99.53 102.96 101.25 3.4%
Copper mg/L < 2.027 | < 2.027 | < 2.027
C“Tron mg/L < 3.75 1< 3.75 1< 3.75
TLead mg/L < 250.7 | < 250.7 | < 250.7
~Magnesium mg/L < 1.123 | < 1.123 | < 1.123
‘anganese - mg/L < 30.34 | < - 30.34 |< 30.34
sreury - mg/L < 0.05 | < 0.05 1< 0.05
w0 1ybdenum mg/L < 36.3 [ < 36.3 [< 36.3
<Phosphorus mg/L 9540 8756 9148 8.6%
“Potassium mg/L 333.8 283.0 308.4 16.5%
-$ilver mg/\. < 2.017 | < 2.017 | < 2.017
“Sodium mg /L 38186 36163 37175 5.4%
FYitanium mg/L < 1.90 |« 1.90 {< 1.90
Zinc mg/L < 5.18 | < 5.18 | < 5.18
Zirconium mg/L < 15,15 | < 15.15 | < 15,15
Carbonate M 0.134 0.134
Chloride mg/L 686.4 683.1 684.8 0.5%
Hydroxide M 0.072 0.072
Fluoride mg/L < 111.1 < 111.1 | < 111.1
Nitrite M 0.0846 0,11 0.10 26.1%
jtrate mg/L 15180 14850 15015 2.2%
msphate 27940 27060 27500 3.2%

mg /L
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Sample Number 7 7t ‘ “.
Constituent Units Mean #Diff. |
Sulfate .mg/L 530.2 537.9 534.1 1.4%
Cobalt-60 pCi/L < 3.641 | < 7.623 | < 5.632
Niobium-94 pCi/L < 12.43 | < 8.437 | < .10.43
RuRh-106 uCi/l < 658.9 | < 749.1 < 704.0
Cesium-134 uCi/Ll < 12.76 | < 10,142 | < 11.45
Cesium~137 pCi/L 41910 40920 41415 2.4%
[ Density |  g/en’® : 1.10 1.08 1.09 | 1.8% |
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I Sample Number

Constituent Units 8 & Mean #Diff.
Aluminum mg/L 20020 20680 20350 3.2%
Barium mng/L < 14.52 | < 21.23 | < 17.88
Bismuth mg/L < 189.2 | < 277.2 | < 233.2
Cadmium . mg/L < 064.46 | < 94.71 < 79.59
Calcium mg/L 132 158.4 145 18.2%
Chromium ma/L 1144 1188 1166 3.8%
Copper ma/L < 4.873 | < 7.161 | < 6.017
frhron mg/L < 8.965 | < 13.2 | < 11.1
riead mg/L < 587.3 {< 877.8 [ < 737.6
-Magnesium mg/L < 2.673 | < 3.927 | < 3.300
Hanganese mg/L | < 72.38 | < 106.26 | < 89.32
sreury mg/L < - 0.058 | < 0.05 | < 0.05
wolybdenum mg/L < 86.46 | < 127.6 | < 107.0
"Phosphorus mg/L 1298 1419 1359 8.9%
"Potassium mg/L 1848 2035 1942 8.6%
~5ilver mg/L < 4.719 | < 6.93 | < 5.82
“Sodium mg/L 143000 167200 155100 15.6%
T itanium mg/L < 4.565 | < 6.699 < 5.632
Zinc mg/L < 12.32 | < 18.04 | < 15.18
Zirconium mg/L < 36.19 | < 53.13 | < 44 .66
Carbonate M 0.551 0.551
Chloride mg/L 4642 4752 4697 2.3%
Hydroxide M 1.12 1.12 |
Fluoride mg/L < 11.0 | < 11.0 | < 11.0
Nitrite M 1.276 1.243 1.260 2.6%
Nitrate mg/L 158400 173800 166100 8.3%
qhosphate mg/L 3773 3806 3790 0.9%
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Sample Number 82 8 . |.

Constituent Units B Mean #Diff.
Sulfate mg /L 4565 4576 4571 0.2%
Cobali-60 uCi/L < 23.1 | < 51.7 [ < 37.4

Niobium-94 pCi/L < 54.34 | < £66.33 | < 60.34

RuRh-106 pCi/l < 3333 | < 4906 | < 4120

Cesium-134 pCi/L < 56.43 | < 70.73 | < 63.58

Cesium-137 uCi/L 444400 446600 445500 0.5%

| Density ___g/em® __1.36 1.35 | 1.36_ 0.7% |
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| Sample Number

Constituent Units ga. B 0 Mean ADFf.
Aluminum mg/L 1364 1463 1414 7.0%
Barium mg/L < 6.072 | < 6.072 | < 6.072
Bismuth mg/L < 78.2 | < 79.2 | < 79.2
Cadmium ‘ mg/L < 27.06 | < 27.06 | < 27.06
Calcium 10.01 54.01
- mg/L { { 24.08 58.4%
Calcium RR 24.09 8.217
Chromium mg/L 105.82 105.82 | 105.82 0.0%
it‘opper mg/L < 2.046 | < 2.046 | < 2.046
Tron mg/L < 3.762 | < 3.762 | < 3.762
“Cead mg/L | < 250.8 | < 250.8 |« 250.8
‘agnesium | mg/L < 1.122 4.301 2.712 117.2% ||
anganese _mg/L < 30.36 | < 30.36 | < 30.36
_ Mercury mg/L < 0.05 |< 0.05 | < 0.05
“MoTybdenum mg/L < 36.3 | < 36.3 | < 36.3
“Phosphorus mg/L 9185 10010 9598 8.6%
Potassium mg/L 280.5 294.8 287.7 5.0%
“Silver mg /L < C1.98 | < 1.98 | < 1.98
TT§od1'um mg/L 36080 40700 38390 12.0%
Titanium mg/L < 1.914 | < 1.914 | < 1.914
Zinc mag/L £ 5.148 | < 5.148 | < 5.148
Zirconium mg/L < 15.18 | < 14.3 i< 14.7
Carbonate M 0.178 0.178
Chloride mg/L 642.4 649 646 1.0%
Hydroxide M 0.245 0.245
Fluoride mg/L < 11.0 | < 11.0 | < 11.0
itrite M 0.1441 0.1386 0.1414 3.5%
q;ﬁtrate mg/L 16170 16280 16225 0.7%
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Sample Number

9a

9b
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| Constituent Units Mean #DIff.
Phosphate mg/L 29040 29480 29260 1.5%
Sulfate mg/L 886.6 899.8 893.2 1.5%
Cobalt-60 BCi/L < 4.543 10.978 7.761 82.9%
Niobium-94 uCi/L < 6.908 | < 5.896 6.402
RuRh-106 uCi/L < 523.6 | < 338.8 431.2
Cesium-134 uCi/L < 7.645 | < 5.775 6.710
Cesium-137 uCi/L 42240 43560 42900 3.1%
Density g/em® | 1.11 | 1.12. 1.12 0.9%
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Sample
Hmber 10a 10b Mean %Diff.
Constituent Units |
Aluminum mg/L 12430 15070 13750 19.2%
Barium mg/L < 11.11 | < 14.52 | < 12.82
Bismuth mg/L < 145.2 | < 189.2 | < 167.2
Cadmium mg/L < 49.61 | < 64.46 | < 57.04
Calcium mg/L 122.1 125.4 123.8 2.7%
Chromium ma/L 772.2 888.8 830.5 14.0%
lL&opper mg/L < 3.751 | < 4,873 | < 4,312
Aron mg/L < 6.897 | < 8.965 | < 7.931
| _Lead mg /1. < 459.8 | < 597.3 [ < 528.6
‘Magnesium mg/L < 2.057 | < 2.673 | < 2.365
wnganese mg/L < 55.66 | < 72.38 | < 64.02
igreury ~ mg/L < 0.05 j< 0.05 | < 0.05
--Molybdenum mg/L < 66.55 | < 86.46 | < 76.51
.Bhosphorus mg/L 3432 3927 3680 13.5%
“fotassium mg/L 1188 1309 1249 9.7%
Silver mg/L < 3.63 |< 4.719 | < 4.17
-Sodium mg/L 30640 116600 103620 25.1%
Titanium mg/L < 3.509 | < 4.565 | < 4.037
Zinc mg/L <. 9.438 < 12.32 | < 10.88
Zirconium mg/L < 27.83 | < 36.19 |< 32.01
Carbonate M 0.443 0.443
Chloride mg/L 3234 3344 3289 3.3%
Hydroxide M 0.508 0.508
Fluoride mg/L < 11.0 [ < 11.0 | < 11.0
Nitrite M 0.8261 0.8481 0.8371 2.6%
itrate ma/L 94688 | # 223300
Nitrate RR mg/L 96921 95805 2.3%
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Constituent Units - o ] fean AT
Phosphate mg/L 10637 10923 10780 2.7%
Sulfate mg/L 3102 3146 3124 1.4%
Cobalt-60 uCi/L < 25.3 | < 81.4 | < 53.4
Niobium-94 uCi/L < 43.12 | < 83.27 | < 63.20
RuRh-106 pli/L < 2981 | < 6039 | < 4510
Cesium-134 uCi/L < 44,33 | < 92.4 | < 68.4
Cesium-137 pCi/L 312400 271700 292050 13.9%
Density g/em® | 1.39 1.42 | 1.41 2.1%
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Sample Number 1la 116 Mean YD FE.
Constituent Units
ATuminum mg/L 9647 10967 10307 12.8%
Barium mg /L < 11.11 | < 14.52 | < 12.82
Bismuth mg/L < 145.2 | < 189.2 | < 167.2
Cadmium mg/L < 49.61 | < 64.46 | < 57.04
Caicium mg/L 94,38 99.44 96.91 5.2%
Chromium mg/L 624.8 673.2 649.0 ~ 7.5%
Copper mg/L < 3.751 |« 4.873 | < 4.312
“Tron mg/L < 6.897 | < 8.965 | < 7.931
“ead mg/L < 459.8 | < 597.3 | < 528.6
Magnesium _ mg/L < 2,057 |< 2.673 | < 2.365
‘anganese - mg/L < 55,86 |< 72.38 | < 64.02
reury mg/L | < 2 0.05 | < 0.05 |< 0.05
~01ybdenum mg/L < 66.55 | < 86.46 | < 76.51
“Phosphorus mg/L 5511 6237 5874 12.4%
“Potassium mg/L 1023 1060.4 1042 3.6%
"Silver ma/L < 3.63 [ < 4.719 | < 4,17
“Sodium mg/L 80080 96030 88055 18.1%
“Titanium mg/L < 3.509 |< 4,565 | <. 4.037
Zinc mg/L < 9.438 | < 12.32 | < 10.88
Zirconium mg/L < 25.683 | < 36.19 | < 30.91
Carbonate M 0.349 0.349
Chloride mg/L 2618 2783 2701 6.1%
Hydroxide M 0.403 0.403
Fluoride mg/L < 11.0 [ < 11.0 < 11.0
Nitrite M 0.682 0.6666 0.674 2.3%
itrate ' mg/L 77330 | # 178200
q _ 76890 1.1%
itrate RR mg/L 76450
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Sample Number 113 11 Mean —

Constituent Units -
Phosphate mg /L 17710 17380 17545 1.9%
Sulfate mg/L 2464 2376 2420 3.6%
Cobalt-60 £Ci/L < 37.51 [< 31.68 | < 34.60

Niobium-94 pCi/L < 48.07 | < 54.34 | < 51.21

RURh-106 £Ci/L < 3498 | < 3850 | < 3674

Cesium-134 pci/b < 49.83 | < 61.71 |< 55.77

Cesium-137 uCi/L 214500 215600 215050 0.5%
Density g/cm’ 1.39 _l.42 1.41 2.1% |
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Sample Number 123 12b .
Constituent Units . _ Mean #Diff.
Aluminum mg/L 21230 19470 20350 8.6%
Barium mg/L < 21.23 < 14.52 | < 17.88
Bismuth mo/L < 277.2 < 189.2 | < 233.2
Cadmium mg/L < 94.71 | < 64.46 | < 79.59
Calcium mg/L 166.1 158.4 162.3 4.7%
Chromium mg/L 1177 1188 1183 0.9%
Copper mg/L < 7.161 5.621 6.391
I iron mg/L < 13.2 | < 8.965 | < 11.1
I "Lead mg/L < 877.8 i< 597.3 | < 737.6
* Magnesium mg/L < 3.927 i< 2.673 | < 3.300
‘anganese _mg/L < 106.26 | < 72.38 | < 89.32
arcury mg/L < 0.05 | < 0.05 | < 0.05
_ Molybdenum mg/L < 127.6 [ < 86.46 | < 107.0
| Phosphorus mg/L 1364 1474 1419 7.8%
‘Potassium mg/L 2057 2123 2090 3.2%
"Silver mg/L < - 6.93 | < 4.719 1< 5.82
‘Il "Sodium mg/L 154000 160600 157300 4.2%
MTitanium mg /L < 6.699 | < 4.565 | < 5.632
Zinc mg/L < 18.04 | < 12.32 | < 15.18
Zirconium ma/L < 53.13 < 36.19 | < 44.66
Carbonate M 0.72 0.72
Chioride mg/L 4829 | # 49170
4851 0.9%
Chloride RR mg/L 4873
Hydroxide M 1.16 1.16
Fluoride mg/L < 11.0 | < 11.0 | < 11.0
QNitrite M 1.265 1.199 1.232 5.4%
Nitrate mg/L 134200 138600 136400 3.2%
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Sample Number 123 12 | .
Constituent Units _ Mean #Dff.
Phosphate mg/L 3553 3564 3559 0.3%
Suifate mg/L 4433 4334 4384 2.3%
Cobalt-60 pCi/L < 33.88 | < 33.88 < 33.88
Niobijum-94 #Ci/L < 100.1 | < 102.08 | < 101.1
RuRh-106 uCi/L < 5818 | < 5962 | < 5940
Cesium-134 uCi/L < 99.77 | < 899.77 % 99.77
Cesium-137 pCi/L 427900 447700 437800 4.5%
Density g/cm’ 1.35 1.35 1.35 0.0% |
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APPENDIX D
MEAN SAMPLE RESULT BY LOCATION
TANK 241-AN-106 '
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Mean Value of Sample
Tank 241-AN-106
{| Constituent Units 1 2 3 4 5 6
II Aluminum mg/L 1460 1460 20700 19700 1480 2520
Barium mg/L < 6.07 | < 6.07 |< 17.9 | < 17.9 | < 6.09 | < 6.04
Bismuth mg/L < 79.2 | < 79.2 | < 233 | < 233 | < 79.3 | < 79.3
Cadmium mg/L < 27.1 | < 27.1 |< 79.6 | < 79.6 | < 27.1 | < 27.1
Calcium mg/L 10.5 | 11.3 160 155 11.1 17.6 ||
Chromium mg/L 105 104 1150 1160 106 169 "
Copper mg/L < 2.05 [ < 2.05 |< 6.02 6.18 | < 2.03 | < 2.03
Iron mg/L < 3.76 | < 22.6 | < 11.1 | < 11.1 | < 3.75 |< 3.75
2 Il Lead mg/L < 251 | < 251 |< 738 | < 738 | < 251 1< 251
I Magnesium mg/L < 1.12 | < 1.12 | < 3.30 | < 3.30 | < 1.12 | < 1.12
" |l Manganese my/b | < 30.4 | < 30.4 |< 89.3 | < 89.3 | < 30.3 | < 30.3
Mercury ng/L < 0.05 1< 0.05 |[< 0.05 |< 0.05 | < 0.05 |< 0.05
| Mo1ybdenum mg/L < 36.3 < 51.4 | < 107 | < 107 | < 36.3 | < 36.3
Phosphorus mg/L 10300 8720 1410 4700 9910 8060 “
Potassium mg/L 294 323 2010 2010 292 401
Silver mg/L < 1.98 | < 2.81 |< . 5.8 |< 5.82 |< 2.02 | < 2.02
Sodium mg /L 39500 40700 165000 164000 40200 42700
Titanium mg/L < 1.91 i< 2.71 < _ 5.63 | < 5.63 | < 1.90 | < 1.90
| Zinc o/l | < 5.15 | < 7.29 |< 15.2 | < 15.2 | < 518 |<  5.18 “

e
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2 11 2 4 7 8
“ Mean Value of Sample “
Tank 241-AN-106
Constituent Units 1 2 3 q 5 6
| Zivconium ma/L 15.2 | < 21.5 |< 44.7 | < 24.7 | < 15.2 15.2
”|Carbonate M 0.139 0.136 0.607 0.618 0.148 0.176
liCh]oride mg/L 1160 1060 5430 4020 595 939
|| Hydroxide M 0.087 0.091 1.11 0.782 0.089 0.142 |
Fluoride mg/L 79.2 | < 11,0 | < - 11,0 §< 11.0 | < 125 125 "
Nitrite M 0.142 0.140 1.23 1.18 0.101 0.182 “
Nitrate mg/L 17900 18300 162000 155000 16400 22300 |
I Phosphate mg/L 29600 29500 3450 4320 30100 25000
Sulfate mg/L 2820 2710 4430 3650 499 840
Cobalt-60 pCi/L 9.16 | < 12.7 | < 46.1 | < 38.3 | < 2.28 12.3 |
Niobjum-94 pCi/L 6.51 |< 12.8 | < 74.1 {< 62.0 | < 10.6 8.87
| RuRh-106 uCi/L 383 | < 898 | < 5430 | < 4240 | < 444 521
IICesium—134 #Ci/L 6.6 | < 16.5 < 74.2 | < 71.1 | < 10.4 9.35
Cesium-137 pCiflL 42900 44100 439000 430000 42200 63400 l
Density g/cn’® 1.11 1.11 1.37 1.60 1.12 1.13
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Mean Value of Sample
Tank 241-AN-106

IConstituent Units 7 8 9 10 11 | 12
" Aluminum mg/L 1420 20400 1410 13800 10300 20400
Barium - mg/L < 6.04 |< 17.9 | < 6.07 | < 12.8 | < 12.8 | < 17.9
Bismuth mg/L < 79.3 | < 233 | < 79.2 | < 167 167 | < 233
Cadmium - mg/L < 27.1 1< 79.6 | < 27.1 | < 57.0 | < 57.0 | < 79.6
Calcium mg/L 10.0 145 24.1 124 96.9 162
Chromium mg/L 101 1170 106 831 649 1180
" Copper mg/L < 2.03 1< 6.02 | < 2.05 | < 4.31 | < 4.31 6.39
Iron mg/L < 3.7 {< 11.1 | < 3.76 | < 7.93 | < 1.93 | < 11.1
Lead mg/t < 251 | < 738 |< 251 |< 529 | < 529 | < 738
Magnesium mg /L < 1.12 | < 3.30 2.71 | < 2.37 | < 2.37 | < 3.30
| Manganese mg/L < 30,3 | < 83.3 | < 30,4 |< 64.0 | < 64.0 | < 89.3 "
Mercury mg/L < 0.0b | < 0.05 | < 0.05 | < 0.05 |< 0.05' | < 0.05
| Molybdenum mg/L  |< 36.3 | < 107 | < 36.3 | < 76.5 | < 76.5 | < 107
Phosphorus mg/L 9150 1360 9600 3680 5870 1420
Potassium mg/L 308 1940 288 1250 1040 2090
" Silver mg/L < 2.02 | < 5.82 | < 1.98 | < 4.17 | < 4.17 | < 5.82
Sodium mg/L 37200 155000 38400 104000 88100 157000
Titanium mg/L < 1.90 | < 5.63 | < 1.91 | < 4.04 | < 4.04 | < h.63
Zinc mg /L < 5.18 | < 15,2 )< 5,15 | < 10,9 | < 10.9 | < 15.2

0 “A®Y ‘§90-dL-dJ-0S-JHM



88

72 21 02 4 210
Mean Value of Sample "
Tank 241-AN-106
[ Constituent Units 7 8 9 10 11 12 q
|
Zirconium ma/l | < 15.2 | < 44.7 | < 14.7 | < 32.0 | < 30.9 < 447 |
Carbonate M 0.134 0.551 0.178 0.443 0.349 0.720 |
Chloride ng/L 685 4700 646 3200 2700 4850 |
Hydroxide M 0.072 1.12 0.245 0.508 0.403 1.16
Fluoride ma/t | < 11 < 11.0 | < 11.0 |< 11.0 |< 11.0 |< 11.0
Nitrite M 0.097 1.26 0.141 0.837 0.674 1.23
Nitrate mg/L 15000 166000 16200 95800 76900 136000
Phosphate ma /L 27500 3790 29300 10800 17500 3560
Sulfate mg /L 534 4570 893 3120 2420 4380
Cobalt-60 sCij/L | < 5.63 |< 37.4 7.76 | < 53.4 {< 3.6 |< 33.9
Niobium-94 pCi/L < 10.4 | < 60.3 | < 6.40 | < 63.2 | < . Bl.2 |« 101 {
RuRh-106 pCi/L f< 704 |< 4120 | < 431 |< 4510 | < 3670 |< 5940
Cesium-134 #Ci/L < 11.5 | < 63.6 | < 6.71 | < 68.4 | < 55.8 | < 99.8
Cesium-137 uCi/L 41400 446000 42900 292000 215000 438000 |
Density g/cn’ 1.09 1.36 1.12 1.41 1.41 1.35 |

0 "ASY “§90-dl-dd-0S-JHM



Depth (Inches from bottom of tank)
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Tank 241-AN-1086 Sample Locations
Aluminum Cmg/L)
1410
=]
1460
0
1480 =
a
2520
1150 O 13800
O
1420
w]
10300
20700 [}
a
20400
d
18708 20400
| i 1 1 ] [
22A 1B 16C
Riser
Riser Number Radius Angle
22A 10 feet 180°
1B 20 feat 280°
16C 28 fest 65°
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Depth (Inches from bottom of tank)
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0

Tank 241-AN-106 Sample Locations
Catcium Cmg/ D
249 .1
[m}
10.5
w
11.1
O
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1E3 0 124
=
10.0
[m]
9.9
180 o
0
145
(W]
155 182
P 1 ] T ] T
22A 1B 16C
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T ———— - ﬁ=============:
Riser Number Radius _{ Angle
22A 10 feet 180°
1B 20 feet 280°
n 16C 28 feet 65°
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Dapth ( inches from bottom of tank)
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Tank 241-AN-106 Sample Locations
Phosphorus (mg/ 1)
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a
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O
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a
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&)
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a
5870
1410 5]
O
1380
0
4700 1420
I ] I ] I 1
22A 1B 16C
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Riser Number Radius Angle
22A 10 feet 180°
1B 20 feet 280°
16C 28 feet 65°
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Depth (Inches from bottom of tank)
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241-AN- 106 Sample Locations

Potassium Cmg/ I}
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294 ;
]
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. ]
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!
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O
| 1 i 1 i 1 T
22A 1B 16C
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Riser Number Radius Angle
22A 10 feet 180°
1B 20 feet 280°
16C 28 feet 65°
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241-AN- 106 Sample Locations

Tank
Sodium Cma/ 1)
38400
a
39500
a
40200
o
40700 42700
a. : a ' 104000 R
- a
37200
a
28100
157000 ju|
a
155000
[}
165000 164000
a |
{ 1 1 1 1 ] H
22A iB 16C
Riser

Riser Number Radius Angle
227 10 feet 180°

1B 20 feet 280°

16C 28 feet 65°
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Tank 241-AN-106 Sample Locations

Chloride Cmd/ 1D

Depth ¢ Inches from bottom of tank)

400
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[m|
350 1160
]
300 595
a
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1080 939
o a 3230
[}
200
150 BES
[m|
2700
3430 a
100 |
4700
50 D
4%50 ] 4%50
G T 1 I |
22A 1B 16C
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Riser Number Radius Angie
22A 10 feet 180°
1B 20 feet 280°
16C 28 feet 65°
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Tank 241-AN-106 Sample Locations

Nitrite (M)
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241-AN- 106 Sample Locations
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Nitrate Cmg/ 1>
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a
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]
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16C 28 feet 65°
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Tank 241-AN-106 Sample Locations

Phosphate Cmg/ 1)

28300
0
29600
o
30100
O .
29500 25000
a o 10800
- a
27500
[
17500
3450 0
o
3730
[
41;“ 3i§0
1 1 I i 1 i |
22A 18 16C
Riger '
Riser Number Radius Angle |
224 10 feet 180°
1B 20 feat 280°
16C 28 feet 65°
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Tank 241-AN-106 Sample Locations

Sulphate Cmg/ 1D
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o)
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o
499
m}
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o
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]
2420
4430 O
o
4570
[m ]
3650 4380
| i i [ ] i
22A 1B 16C
Rigar

Riser Number Radius Angle
22A 10 feet 180°

1B 20 feet 280°

| 16€C 28 feet 65°
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Tank 241-AN-106 Sample Locations

Cesium-137 CuCi/ i)
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- ]
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I ] L i T 1
22A 1B - 16C
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Riser Number Radius Angle
22A 10 feet 180°
1B 20" feet 280°
16C 28 feet 65°
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Tank 241-AN-106 Sample Locations

400 Density
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APPENDIX E
FPLSD RESULTS
TANK 241-AN-106
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Analysis of Variance indicates whether or not the treatment means; e.g. in our
case location is the treatment, are significantly different. Multiple
comparison procedures are then used to determine which means are significantly
differenti Fisher's protected least significant difference (FPLSD) technique
is as follows:

If the absolute value of the difference between any two treatment means
exceeds the LSD, the effects of the two treatment means are judged to be
significantly different; if the absolute value of thé difference does
not exceed the LSD, no such conclusion is reached.

This technique is used only if the "F" statistic from the ANOVA indicates
significant differences between means; i.e. "protected".

FPLSD resuits are usually presented in tabular form. Suppose the following
table represents an FPLSD for some experimental data.

Treatment Mean FPLSD
4 62 A
1 72 B
3 76 B
2 80 B

The results can be interpreted as follows. If the ireatment means have a
letter in common, then there is no significant difference between the means.
For the given example, the means for Groups 1, 2, and 3 are not significantly
different, but the mean for Group 4 is significantly different from the other
three means. '

FPLSD results are also expressed in graphic form. If the treatment means are not
significantly different, then a line is drawn connecting the two means. For the

example presented above, the following represents the FPLSD results.

Treatment 1 ¢ o Treatment 2
Mean = 72 [////,////ﬁ Mean = 80
Treatment 3 . Treatment 4

Mean = 76 Mean = 62
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POT

7 )1 240 .01 2 4
Constituent | Sample Mean FPLSD Coﬁstituent Sample Mean FPLSD ‘
Number Value
Aluminum 9 1410 | A Potassium 9 288 | A
7 1420 | A 5 292 |A ,
1 1460 | A 1 294 1A
2 1466 A 7 308 1A {
5 1480 | A 2 323 |A
6 2520 } A 6 401 1A
11 10300 B 11 1040 B
10 13800 ¢ 10 1250 C
4 19700 D 8 1940 D
8 20400 D 2010 DE “
12 20400 D 4 2010 DE
3 20700 D 12 2090 E _ﬁﬂ

0 "A9Y ‘§90-dL-d0-0S~JHM
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9 2 4 | 227
Constituent | Sample Mean FPLSD Constituent | Sample Mean FPLSD
Number Value _
Calcium 7 10.0 | A Sodium 7 37200 | A
1 10.5 | A 9 38400 | A
5 11.1 | A 1 39500 | A
| 2 11.3 | A 5 40200 | A
6 17.6 | A 2 40700 | A
| 9 24.1 A 6 42700 | A
} 11 96.9 B 11 88100 "
10 124 € 10 104000
8 145 D 8 155000 C
155 D 12 164000 C
3 160 D 4 165000 C
12 162 D 3 157000 C

0 A3y ‘§90-dLl-dJ-US-IHM
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? 1 41 31 2123
Constituent | Sample Hean FPLSD Constituent | Sample Mean FPLSD "
Number Value
Chromium 7 101 A Chloride 5 535 | A
2 104 |[A 9 646 “
1 105 A 7 685 | AB |
5 106 | A 6 939 | BC “
) 9 106 | AB 2 1060 C |
6 169 B 1 1160 C
11 649 C 11 2700 D “
10 831 D 10 3290 E l
'3 1150 E 4 4020 I
1160 E - 8 4700
8 1170 E ' 12 4850 I
12 1180 £ | 3 5430 “

0 "A3Y ‘G90-dl-dI-0S-IHM



9 21 2 4 £ 99
Constituent | Sample Mean FPLSD Constituent | Sample Mean FPLSD l
Number Value |
Phosphorus 8 1360 Nitrite 7 0.097 {A
1410 5 0.101 {AB
12 1420 2 0.140 BC
10 3680 B 9 0.141 C
4 4700 C 1 0.142 ch
11 5870 D 6 0.182 D
6 8060 E 11 0.674 E
7 9150 F l 10 0.837
9 9600 FG ! 4 1.18
2 9720 FG | 3 1.23
5 9910 FG | 12 1.23 l
1 10300 G | 8 1.26

0 ‘A9Y “§90-d1-dJ-AS-IHM



“ Constituent | Sample Mean FPLSD Constituent | Sample Mean FPLSD ]
Number Value .
Nitrate 7 15000 | A Cesium-137 7 41400 |A
9 16200 | A 5 | . 42200 | AB
5 16400 | A 1 42900 | AB
1 17900 | A 9 42900 | AB '
S . 2 18300 | A 2 44100 | AB
6 22300 | A 6 63400 | B ' l
11 76900 | B 11 215000 C u
10 95800 C 10 292000 D
12 ] 13000 | D 4 | 430000 E "
4 155000 E 12 438000 EF
3 162000 EF 3 439000 _EF “
" 8 166000 F 8 446000 F

0 "A9Y 'G90-dL~dJ-QS-IHM
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7 2 Y Z 31
Constituent | Sample Mean FPLSD Constituent | Sample Mean FPLSD "
Number Value
Phosphate 3 3450 | A Density 7 1.09 | A
| 12 3560 | A ' 1 1.11 fA

8 3790 | A 2 1.11 A
4 4320 | A 5 1.12 {A
10 10800 B 9 1.12 A
11 17500 C 6 1.13 } A
6 25000 D 12 1.35 B
7 27500 E 8 1.36 BC
9 29300 F 1.37 BC
2 29500 F 10 1.41 C
1 29600 F 11 1.41
5 30100 F 4 1.60 D

0 "AsYy ‘990'dl‘d0"GSf3HM
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Constituent | Sample Mean FPLSD
Number Value _
Sulphate 5 499 | A
| 7 534 | A
6 840 B
| 9 893 B
| 11 2420 | ¢
2 2710 )
1 2820
| 10 3120 E
4 3650 F
12 4380 G
4430 GH
8 4570 H

0 ‘ASY¥ “§90-dl-d2~0S-IHM
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= CALCULATIONS TO DETERMINE THE COMPOSITE
TANK 241-AN-106
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- sampling plan) were transferred to Analytical Systems Laboratory (ASL).

From: Process Chemistry & Engineering Laboratories 12711-89-128

Phone:  3-2475/3-5285  2704S/200W T6-18

Date: November 7, 1989

Subject: STATISTICAL ANALYSIS OF THE ANALYTICAL RESULTS FOR THE INDIVIDUAL
SAMPLES FROM TANK 241-AN-106

&

?

To: R. D. Claghorn R1-48
cc¢: S. 0. DelLeon Si-52
D. A. Dodd T6-50
A. P. Hammitt T6-50
L. Jensen T6-18 hy
J. P. Sloughter T6-0;//
J. A. Voogd R1-4

CMS/TLW-File/LB

Reference:  SD-WM-TP-061, Rev. 1, 241-AN-106 Characterization and Grout
Formulation Hot Cell Test Plan, Released June 22, 1989.

Sampies were taken (April 1989) from Tank 241-AN-106 to test analytical

procedures used in the hot cell and to characterize the contents of the

tank {see reference for details). Samples from 12 locations (as - -
determined by the Statistics Team according to a stratified random

Subsamples were obtained and submitted to 222-S Analytical Laboratories -
Facilities for analysis. Concentrations of 33 analytes were determined

for each subsample. The resuits were then provided to the Statistics Team

for evaluation.

According to the test plan, a single composite will be made from the

12 original samples. The composite must be representative of the tank’s
contents after the waste has been mixed. The purpose of the statistical
analysis of the individual sample data was to determine the significance
of the concentration differences between the 12 samples. This information
would then be used to determine the portion of each sample required to
develop the composite sample.

The results from only three analytes (Cesium-137, Phosphate, Aluminum) are
presented here, one from each of the three multi-element analytical
methods (Gamma Energy Analysis, Dionex, Inductively Coupled Plasma
Spectroscopy). These analytes were chosen because they are considered
important variables in the grout process.
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The duplicate analyses for each analyte measured were compared with the
1imits based on standards performance data (see reference for details).
This comparison was done to ensure the validity of the analytical results.
Since standards data is expected to show less variability than the actual
sampie data, the duplicates were also compared to limits based on actual
sample data. If the duplicate analysis exceeded both limits and the
analyte was considered important to the grout process, then the sample
pair was resubmitted for confirmatory analysis.

For almost two-thirds of the analytes measured (Lead, Bismuth, Zirconium,
Iron, Barium, Cadmium, Copper, Magnesium, Manganese, Molybdenum, Silver,
Zinc, Titanium, Fluoride, Cobalt-6C, Cesijum-134, Ruthenium-Rhodium-106,
Mercury, and Niobium-94) every analytical value reported was a "less than"
value. Standard statistical analyses could not be performed with these
non-numerical results. Since these analytes were considered to be of less
importance to the grout process, the samples were not resubmitted for
analysis. However, it is recommended that analytical laboratory personnel
use the individual sample data results {"less than" values) to determine
the appropriate dilution factors for each analyte requested for the
analysis of the composite samples. The objective of this action is to
obtain fewer "less than" values for the composite sampies.

A two-way analysis of variance (ANOVA) was performed to detect differences
within a section (horizontal layer of the tank) and differences between
sections. The results from the ANOVA indicated significant differences
within a section and between sections for all analytes reported with
actual values. The significant differences between sections indicate that
the tank contents are stratified while the significant differences within
g ?gct;on indicate that the interface between the sections is not well
efined.

A one-way ANOVA, using each sample location as a class, was performed to
provide more detail about the tank contents. The results from the ANQOVA
for each analyte indicated significant differences between the 12 sample
locations. A multiple comparison procedure known as Fisher’s Protected
Least Significant Difference (FPLSD) was used to compare means based on
the analytical results and to determine which sample locations would then
be significantly different. In general, the FPLSD results showed two
Jayers with no distinct division (see Figures 1, 2, and 3)}. The data and
FPLSD results for Cesjum-137, Phosphate, and Aluminum are presented in
Tables 1 and 2, respectively.
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The analytical data indicated that Tank 241-AN-106 appears to have two
layers and that the division is.somewhere between 100 and 200 inches from
the bottom (see Figqures 1, 2, and 3). In order to determine the composite
formulation, the overall tank concentration of an analyte was calculated
assuming two layers and several different strata divisions. The majority
of these divisions were at depths between 100 and 200 inches from the
bottom of the tank, however several other depths were incorporated for
completeness. This included a strata depth of 376 inches from the bottom
of the tank to represent the "no stratification" option.

The calculations were performed using two methodolagies. The first
approach adhered to the original stratified random sampling plan when
considering the two layers. It can be mathematically shown that no matter
where the division between the two layers occurs, the same overall tank
concentration and variability will be reached. The second approach
assumed tofal randomization within the two layers. This approach requires
an assumption because even though the samples were drawn with total
randomization within a section, there is not total randomization within
the twa layers determined by the strata divisions. However, if there is
reasonable beljef that the same sample locations would have been chosen
un?gg total randomization within the two layers, then_the assumption is
valid. : - :

The variance associated with each overall tank concentration was computed
for each method of calculation. For those calculations using the second
approach, 95% Confidence Intervals were estimated using the
Satterthwaite’s approximation to determine the degrees of freedom for the
t-statistic. The overall fank concentrations, the standard deviatiens,
and the 95% Confidence Intervals (if appropriate) for Cesium-137,
Phosphate, and Aluminum are listed in Table 3 and illustrated in

Figures 4, 5, and 6.

Student-Newman-Keuls (SNK) multiple comparison test was used to compare
the overall tank concentration based on stratification to the overall
tank concentrations based on total randomization within the two layers.
To perform the SNK procedure an estimate of the experimental error
variance is required. The smallest variance from the overall tank
concentration calculations was chosen to estimate this variance in order
to keep the test conservative. The results of the SNK test for
Cesium-137, Phosphate, and Aluminum indicated that no significant
differences exist between any of the estimates of the overall tank
concentration.
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Since the overall tank concentration estimates were not significantly
different, then it is reasonable to helieve that the 241-AN-106 tank
contents can be represented by compositing an equal volume of each of the
12 samples received from the tank. This composite can then be used to
proceed with the formulation verification testing required by the test
plan.

The results of this Tetter were provided verbally to R. D. Claghorn and
A. P. Hammitt prior to preparation of the composite samples.

If you have any questions, please call.

am TR UWelbd.

C. M. Sage T. L. Welsh
Scientist Senior Statistician
mer _

Attachments

116



239

WHC-SD-CP-TP-065, Rev. 0
12711-89-128

1 jnches from bottom of tank

117

Table 1
Sample
Number Riser Depthl Cs-137 (uCi/1) P04 (mg/T) Al {mg/1)
R5232 1B 292" 41910 30800 1496
R5235 42570 29480 1460
R5233 1B 224" 63580 25960 . 2574
R5238 63250 24090 2453
R5234 1B 1377 41810 27940 1392
R5239 42570 27060 1445
R5274 1B 49" 444400 3773 20020
R5278 446600 3806 20680
R5275 16C 366" 42240 29040 1364
R5279 43560 29480 1463
R5276 16C 210" 312400 10637 12430
- R5282 271700 10923 15070
R5277 16C 114" 214500 17710 9647
R5285 215600 17380 10967
R5290 16C 16" 427900 3553 21230
R5296 447700 3564 19470
R5291 22A 331" 42350 29480 1452
R5297 43450 29810 1463
R5292 22A 220" 46310 29370 1485 .
R5298 41910 29590 1441
R5293 22A 100" 434500 1067 19910
R5299 444400 1010 21450
R5294 22A 20" 415800 4180 18700
R5300 431200 4466 20790
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12711-89-128

Table 2
Riser Depth2 Location  Css137 (uCi/1) P04 (mg/1) Al (mg/1)
16C 366" 5 | AB | A | A ]
22A 331" 9 | AB | A | A |
1B 292" 1 | AB | A | A |
1B 224" 2 | AB | A | A ]
22A 220" 10| D | £ | A ]
16C 210" 6 | B I ¢ [ C |
1B 137" 3 EF | ¢ | A |
16C 114" 7 | A [ B | B |
22A 100" 11| C | D | D |
18 49" & | E . | Fooo D |
22 20" 12| EF [ Foo D |
16C 16" g8 | F | Foo D |

The results from a multiple comparison test can be interpreted as follows.
If locations have a letter in common, then there is no significant dif-
ference between the analytical results. For example, for Aluminum, the
analytical results for locatjons 5, 9, 1, 2, 10, 3 are not significantly
different. In Figures 1, 2, 3 the locations which cannot be statistically
distinguished from each other are represented by connecting line segments.

¢ depth in inches from bottom of tank
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Table 3

Samp]ing Stratz Tank | Standard 95% Confidence Interval
Analyte Technique3 Depth® Concentration Deviation® Lower Limit Upper Limit

Cs-137 SRS 25 0.1844 0.0500 0.0714 0.2974
SRS 50 0.1758 0.0423 0.0782 0.2734
SRS 100 0.1880 0.0256 0,1290 0.2470
SRS 125 0.1846 0.0278 0.1227 0.2465
SRS 150 0.1860 0.0369 0.1038 0.2681
SRS 175 0.2023 0.0388 0.1146 0.2901
SRS 200 0.2187 0.0413 0.1234 0.3139
SRS 218 0.2098 0.0339 0.1268 0.2929
SRS 376 0.2109 0.0532 0.0937 0.3280
- STRAT 0.2109 0.0351
<«
exe P04 SRS 25 19,325 3.358 11.729 26.921
SRS 50 19.825 2.992 12.926 26.724
SRS 100 19.140 ' 1.846 14.774 23,506
SRS 125 19.354 2.001 14.827 23.880
SRS 150 19.302 2.526 13.675 24.929
SRS 175 18.232 2.593 12.455 24.009
SRS 200 17.162 2.708 10.825 23.399
5 SRS 218 17.744 2.145 12.494 22,993
~ SRS 376 17.674 3.501 9.96%9 25.378
. STRAT 17.674 2.391
A SRS 25 8.318 2.398 2.894 13.743
e SRS 50 7.927 2.069 3.156 12.699
SRS 100 8.494 1.277 5.473 11.515
SRS 125 8.318 1.338 5.292 11.345
SRS 150 8.384 1.777 4.424 12.343
SRS 175 9.168 1.859 4,962 13.374
SRS 200 9.952 1.971 5.406 14,497
SRS 218 9.527 1.602 5.608 13.446
SRS 376 9.577 2.548 3.968 15.186
STRAT 9.577 1.704

. 3 3RS = Simple Random Sampling  STRAT = Stratified Random Sampling
4 inches from bottom of tank

5 the square root of the variance calculation
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TK-241-AN-106 Characterization Data

Cs—~137 (uCi/})

44020

439450

458000

* 215050

o

400
350
s
X
r
g 300 -
¥
0
% 250
A
B
4
E 200
0
bt
H
£ 150 ~
U .
L
<
o 100 =
]
a
50 -
0

22A

0

04/89

18

Riser

+

10A 16C

02/87

The value of each data point is the average of two (replicate) measurements.
Historical data (02/87) are included in the graph for reference only, the

statistical analyses were performed on the 04/89 data.

The risers are ordered with respect to distance from the center of the tank.
Riser 22A is 10' from the center while 1B is 20' from the center.
10A are 28" from the center but on opposite sides of the tank.
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Figure 2 12711-89-128
WHC-SD-CP-TP-065, Rev. 0

TK—241—AN¥106 Characterization Data
. | , P04 (mg/)
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e The value at each data point is the average of two {replicate) measurements.
Historical data (02/87) are included in the graph for reference only, the

’ statistical analyses were performed on the 04/89 data.
The risers are ordered with respect to distance from the center of the tank.
Riser 22A is 10*' from the center while 18 is 20' from the center. Risers 16C and
10A are 28' from the center but on opposite sides of the tank.
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TK=241-AN-106 Characterization Data
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The value of each data point is the average of two (replicate) measurements.

Historical data (02/87) are included in the graph for reference only, the

statistical analyses were performed on the 04/89 data.

The risers are ordered with respect to distance from the center of the tank. .
Risers 16C and

Riser 22A is 10' from the center while 1B is 20' from the center.
10A are 28' from the center but on opposite sides of the tank.
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The overall tank concentration estimate at 376.1 inches from the bottom of the tank was based on equal volumes.
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APPENDIX §
COMPOSITE RESULTS
 TANK 241-AN-106
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Sample
Humper Comp 1 Comp 2 Mean #Diff.
Constituent Units ~
Aluminum mg/L 9042 9526 9284 5.2%
Arsenic mg/L 0.1002 0.0446 0.0724 76.8%
Barium mg/L 11.11 | < 11.11 11.11
Bismuth mg/L 145.2 | < 145.2 145.2
Cadmium mg/L 49.61 | < 49.61 49,61
Calcium mg/L 86.24 94.16 90.20 8.8%
-Ehromium mg /L 557.7 569.8 563.8 2.1%
réopper mg/L 3.751 | < -3.751 3.751
={ron mg/L 6.897 | < 6.897 6.897
— 1 ead mg/L 459.8 | < 459.8 459.8
-gnesium  mg/L 3.179 2.376 2.778 28.9%
.anganese _mg/L 55.66 | < 55.66 55.66
J-Mercury mg/L g.05 [ < 0.05 0.05
,ﬂolybdenum mg/L 66.55 | < 66.55 66.55
Phosphorus mg/L 6006 6215 6111 3.4%
Potassium mg/L 1067 1093.4 1080 2.4%
rr§e1enium mg/L 0.182 0.0862 0.134 71.4%
Silver mg/L 3.63 | < 3.63 3.63
Sodium mg/L 89980 90640 80310 0.7%
Titanium mg/L -3.509 | < 3.509 3.509
Uranium g/L 0.004 0.00412 0.004 3.1%
Zinc mg/L 9.438 | < 9.438 9.438
Zirconium mg/L 27.83 | < 27.83 27.83
Ammonia mg/L 154 89.1
123 51.8%
Ammonia RR mg/L 156 93.3 -
Carbonate M 0.334 0.32 0.33 4.3%
thhm’de mg/L 2299 2629 2464 13.4%
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Sample
tumber Comp 1 Comp 2 Mean %D .
{ Constituent Units_ _ _

Cyanide g/L 0.00548 0.0057 0.0056 3.9%
Hydroxide M 0.45 0.498 0.47 10.1%
Hydroxide RR M 0.456 0.506
Fluoride m/L < 111.1 |< 12.1 61.6
Nitrite M 0.6385 0.6504 0.6445 1.8%
Nitrate mg/L 69190 67760 68475 2.1%
Phosphate mg /L 17820 18920 18370 6.0%
Sulfate mg/L 2079 2222 2151 6.6%
Tritium uCi/t 4.06 2.82 3.44 36.0%
Carbon-14 uCi/L 0.252 0.418 0.335 49, 6%
Cobalt-60 uCi/L | < 6.204 |< 12.1 9.2
Selenium-79 uCi/L 0.236 0.244 0.240 3.3%
Stront{um-90 uCi/L 2260 2200 2230 2.7%
Niobium-94 uCist 1< 19,25 [« 26.84 23.05
Tc-99 uCi/L 77.2 61.2 69.2 23.1%
RuRh-106 pCisL | < 1188 | < 1595 1392
Iodine-129 uCi/L 1< 0.0788 | < 0.072 0.075
Cesium-134 pCi/L [ < 21.45 |< 25.96 23.71
Cesium-137 uCi/L 203500 205700 204600 1.1%
Np-237 g/L < _0.00306 {< 0.00306 0.00306
Pu-238 uCi/L 0.0206 0.01882 0.0197 9.0%
Pu-239/240 pCi/L 0.0428 0.0328 0.0378 26.5%
Am-241 uCi/L 0.616 0.596 0.606 3.3%
Curium-243 uCi/L 0.0464 0.047 0.047 1.3%
TOC mg/L 3340 3180 3260 4.9%
Water Wt 78.3 76.96 77.6 1.7%
Density g/cm’ 1.22 1.23 1.23 | 0.8%
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ORGANIC RESULTS
TANK 241-AN-106
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ORGANIC COMPOUND ANALYSIS REPORT
Volatiles

SAMPLE _ANALYSIS REPORTED

Analysis of liquid waste samples for volatile organic compounds by methods
specified in the EPA Contract Laboratory Program Statement of Work (CLP 2/88)
are the subject of this report.

SAMPLE DESCRIPTION

The sample identified by the client as "241-AN 108 Composite" and.labeled
as "APH-361" was received at the 325 building Analytical Hot Cells on 8/29/90.
No chain of custody papers accompanied the sample. The sample was
contained in a 125 mi clear glass bottle with black, paper lined caps used for the
sample closures. The sample bottle was approximately 80% full and 40%
headspace, and was received at room temperature. The sampie containment
and storage cbservations were not consistent with those specified in "USEPA
Contract Laboratory Program, Statement of Work for Organic Analysis", February

1988.

The sample was entered in the sample log and assigned the Chemical
Measurements Laboratory number "80-6340". The sample was split on 8/31/390
by transferring approximately 10 mi into a pre-cleaned 20 mi volatile sample
bottle with a septa closure and transferred to storage at 4° celsius. The
remaining sample was stored at room temperature in the analytical hot cell to be
extracted for semi-volatie components later. Refrigerated storage of highly
radioactive waste samples is extremely limited so the aliquot of sample for volatiie
analysis is given priority.

Due to the sample containment and storage prior to laboratory receipt, factors
such as holding time, lemperature, and headspace for the volatile aliquot were
no longer considered to be as critical.
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SAMPLE PREPARATION

The sample was screened for volatile compounds by performing hexadecane
extractions followed by analysis on a gas chromatograph/ flame ionization
detector (GC/FID). Sample and solvent quantities were modified from the CLP
screening procedure. Four mis of sample and 2 ml of hexadecane were used.
Standards were made by addition of 20 ul of desired compounds in methanol
to blank water. Screen standard levels were 2000 ug/i for each compound.

Screen data indicated that the sample did not require dilution for analysis on
the gas chromatograph/ mass spectrometer (GC/MS) instrument for volatile
compounds.

In anticipation of foaming problems during the purging procedures, a second
purge vessel was installed in line after the purge vessel containing the sample.

Sampies were prepared for GC/MS analysis according to the EPA-CLP method.
To reduce foaming problems, one ml of sample was diluted to 5 mis by using
blank water. Surrogates and spikes were used during the purging procedure
according to the protocol.

ANALYSIS METHOD

-

Hexadecane extracts for volatile screens were anaiyzéd directly following
extraction as described above. The screening analysis employed a HP-5890 GC

(WB6B0701) located in lab 330, 325 building.

GC/MS analysis was performed using a HP-5890/5970 GC/MS (WB38464)
and is described as system 2 in lab 427, 325 building.

Both the GC/FID volatile screens and GC/MS volatile analysis were

performed per the Environmental Protection Agency Contract Laboratory Program
Statement of Work, February 1988.

QUALITY CONTROL

Quality control procedures specified for these methods were followed. The
foliowing is a summary of the reporting forms.
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Form Information Comments
2A  Surrogate Recovery Meets all requirements.
3A  MS/MSD Recovery Omitted, see note below.

4A  Method Blank Summary Meets all requirements.
5A  Tune/ Mass Calibration Meets all requirements.

BA  Initial Calibration Data 5 point calibration. Meets all requirements.

7A  Daily Calibration Meets all requirements.
8A  Internal Standards Meets all requirements.
NOTES:

- Holding time of the sample for analysis by GC/MS was exceeded due to
extended analytical instrumentation difficulties.

4

- Spike and spike duplicate (MS and MSD) analysis were performed on the
date of the sample analysis. However, due to lack of this sample, MS and MSD
analyses were performed on a different sample. The matrix of the spiked*sample
is not truly representative of this sample. Thereforg, form 3A Is Intentionally

omitted so as not to be misleading.

DATA

The data and calibration files are archived on magnetic tape in lab 427 in the
325 building. The pertinent data files are listed on form 4A as "Lab File |D"

RESULTS

CLP Target Compounds: Acetone and 2-Butanone (MEK) were detected
above the Contract Required Quantitation Limits. The analysis was performed on
a diluted (1:5) sample for reasons described in the "Sample Preparation section
of this report. iIn the interest of minimizing GC/MS system degradation and
completing the analysis, re-analysis of an un-diluted aliquot was not performed.

Form 1A for each sample lists the target compounds. The column "Q" on the
Form 1A indicates the EPA defined data qualifier as defined on the next page:
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"Q" Flag Definition

U Indicates compound was analyzed for but not detected.

J indicates an estimated vaiue. Spectra meet criteria
but response is below a quantifiable confidence ievel.

B Indicates compound was found in the blank,.

D Indicates analysis was performed on a diluted sample.

X Indicates a manually deleted result from the automated data
system report. The mass spectra did not qualify upon review,

E ‘indicates quantitation was performed outside of the established

calibration range.

‘

Tentatively Identified Compounds (TIC): Concentration estimates of TIC's are

made by assuming that the response factors are one. Quantitation is then
based on the nearest eluting internal standard. The results for the TIC
compounds are shown on Form 1E for each sample. No TICs were found.

ANALYSTA 72500
for nng m(‘f}}t& ,

DATE/-% G REVIEW DATE_//-2/5p .

+
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. 1A EPA SAMPLE NO.
' VOLATILE ORGANICS aAMalYSIS DATA SHEET

1

— . —— 8

| BLANK
. Mame:Battslle-PHL"- Contracti—-————- |
- ‘
lLab Lode: =~====- Case No.i ——m=== SHS No.t =—=ew-- SOGE No.: ==—====
Matrixt (soil/water) WaTER Lab Sample ID: LAB BLAMK
Sample wts/vol: i lgsmb s ik Lab File ID: >W1%03
Level: (low med’ LOW Date Receiwved: 11l-/1%/90.
% Moisture! not dec.---- Date Analyzed: 11-15,90
Column: (pack-scap) CAP Dilution Factor: 1
COMCENTRATION UNITS:
CAS NO. COMPAUND (ugs/L or ugsKgl) ug-sL a
1 i I 1
P I e Chloromethane 1 10. (X9} !
| 74=-83-%mmwermma— Bromomethane | 10, i {
i | 2%9-0l-dmemmmm o Vinyl Chloride i 10. d !
i 75-00-3—~~—==~—- Chlorcethane ! 14. LU |
— ] 75-l%-2=acmcmem Mathylsne Chloride ! S. Iu ®1
i 6P~84=-1l--—c~w-—-fcetane ! 3. 138 1
Tl 75-15~(Qunme e Carbon Disulfide 1 5. fy Xl
] P5=30 e 1,1-Dichlorocethene l S, ly !
i P5=F4-Bmmmmmmea 1,1-Dichloroethane [ 5. 1y 1
| 840-5F~0-mweew—- 1,2-Dichlorosthane_(totall___| 5. u ]
! 67-66-3-acmmeenmn Chlaroform 1 S. J by
=Nl 107-02-2-~mmeemm 1,2-Dichlargethanes | S. Hd {
- I 78-93~frmmemn——— 2~Butanone I 6. 1dB |
N 71-55-gmmmneemee 1,1,1-Trichloroethane | 5.  IU  XI
I - Carbon Tetrachloride i 5. Iu xi
I 108-05~dmmeww——— Viny!l Acetate ! 10. 3N i
P | 75-27-gu—mmnmmem Braomodichloromethane | 5. 1y 4
| 78-87-B—ceeceewa 1,2-Dichloraopraopane l S. Py i
™~ | lo0681-01-B—w-—a—- cis-1,3-0Otchlaropropene | . tU |
I 79-0l-fmmmm e Trichlorocethene | S. 1y |
I 124-48-l~nunecaun- Oibromochloromathane f 5. 1y x|
| ?9-00-G=m—memama 1,1,2-Trichloroethane i 5. -ty |
| 21-4Zw2ccname—wa Benzene I . 1y X1
b 10061-D02-f~nm=wx trans-1,3-Dichicropraopene I 3. Iy |
| 75=2G~-2ucmeenee Bromoform | . tu ®1
| 108-18-1l-vmmvmem 4-Methyl-2-pantanane | 10. u |
1 581-7B-6-~—-=w=- 2-Hexanone | 10. ty xi
I 127-18~4=vmmmns Tetrachloroethene | 5, y xl
| 79-34-0cmanrenu- 1,1,2,2-Tetrachlorcethane ____| 5. 1y X1
I 108-88-3-—cmew—a Toluene i Z. ] ®1
b ld8=F 0 Chlorobenzene f 5. 1y X1
| 100-41l-b—ceeeem- Ethylbenzene f Z. tU !
I 100-42-5~—==-==- Styrene | 5. id ]
. | 133-02-P~cceme—e Xylens (total) | S. ity |
| | | 1
FORM [ UOA 1787 Rev. .idg-
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1E EPA SAMPLE NO. K sl
UOLATILE ORGAMICS ANALYSIS DATA SHEET : Feilg
TENTATIVELY IDENTIFIED COMPOUNDS I
| BLANK
2= Mame:Battelle-PNL Contracti—-————= |

-ab Code! ——=a-- Case No.! ~—==== SAS No,:! —=———w- SOUE No.? —=m—m=

Tatrix? (soilswater) WATER Lab Sample ID: AR BLANK

Jample wtsuol: 5 Cg-mL) mL Lab File IDs: >WLIGQ03
—evel! (lowsmed} LOW Date Receiwved: 08-/31/90
i Moisture! not dec.-—--- Date Analyzed: 11-15-90

tolumn: CrP Dilution Factor: 1

CUNCENTRAT ION "UNITS: s
Humber TICs found: 0 (ugs/L or ugs/Kg) ug-sL

|
EST. CONC. | @

mESEmIoESEEaT S !H-ﬂﬂ:

RT

IR _2-F 8. 3§ F -

COMPOUND NAME

TN e RS ESDESTEEOSIETOSSSEmam

CAS NUMBER
c:)::====.===:==:a==z==

1.
2

.

I

i

!

!

1

}

o 3. |
4. 1
5. t
3. f
—2. |
8. l
', |
la, |
11. |
12. ]
13, |
14, |
|

]

!

!

i

{

]

|

I

|

i

]

!

I

1

i

!

|

1
|

e e —— ETH e e e e e o e = e e arr m— = S e bAR  ame  WAm e m— A — -—— -

2 4 1

|

1z,

'
— — e m— e At e e M e M o e TER b e i m et o — m— e e —
——— A T T S e e e G EEE b M e M mAE b — e e pw m — e mmm o v e mm

f
}
1
!
|
|
|
i
|
|
1
|
i
|
|
i
{
i
{
!
|
|
i
I
|
|
!
|
|
!

FOrRM I VOR-TIC 1737 Rew.
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. IRs] EPA SAMPLE NO. PRI
: VOLATILE ORGANICS ANELYSIS DATA SHEET
|
i 90-4940
.Name:Battalle-PNL ’ Contracti=—==—= 1
Sune’
_ab Codeg! w—=—mw-e- Case Mg,?! ==—w--=- S5AS No.! we——-= SDG No.! =ew—==-
latrix: (soilswater) WATER Lab Sample [D: 241-AN-108
Sample wtruol: S (g-mb) mh Lab File ID: *Wl508
-evell (lowsmzd) LOW Date Received: 08/31-,%0 -
i Motisture: not dec.-=-~= Date analyzed: 11-15,%90
tolumn:  {(pack-scap) CAP Dilution Factor: ©
CONCENTRATION UNITS:
CHS NO. COMPOUND (ugsL or ugrKg) ugsL a
! i }
| P4-87-F—nemmnaoa Chlaromethane f 50, iu D
— | P4uB8F=Pummnmmna~ Bromomethane | 540, iy D
| 75-0l-d-mwncme—— Uinyl Chloride I 0. U B
U 7540023 mmmemm e Chlorosthane , ! 5. iy D
b 1725092 Methylene_Chloride | S. Iy s
Tl 87=bbmlemmmm e Acetane | 24 | ED
| 76-16-0--mmmemmm Carbaon Disulfide I 25, Iy n
e e A e T 1,1-Dichlarcethene | 1t 13 D
i P5-34-Facanana- 1,l-Dichloroethane ! 25. iU D
| 540-59«=wmamwn=- l1,2-Dicghlorocathene_(total)__|I 29, iy o
| 87=66~3--——me e Chlorafarm } 25. 14 D
g | 10702« r e 1,2-Dichloroethane i 25. iy
| 78=93-3m—ec—me——= 2-Butanone | 5, I BD
™ | 71-B5-bemmnmm s 1,1,l-Trichloroethane | %. Iy bl
| B6=-23-F-menmmm Carbaon Tetrachloride | 25, g D
== | 108-09-4-——mu—m-= Vinyl Acetats | 50. g D
~r 7820 b Bromadichloromethane . | 25, U D
) ! 78878 1,2-Dichloropropans | 25. g 0O
o~ | 10061-01-5--mmu- cis~-1,3-Dichloropropene I 25, U 0
| 79-0l-~—=mmeau Trichloroethene | 22. IJ D
1 124~48-1l--e-meun~ Dibromochloraomathane ! 25, iu D
I 79~00~F-reemmeem 1,1,2-Trichloroethane i 25, I O
b 21l=43-2-cnmcnna~ Banzene } G. 1y X
L 10061-02-6~r=~-m-= trans-1,3-Dichloropropene 1 25, U D
I 25-25-2mcnmenm e Bromoform___ i 25, U D
I 108-10-1l=n-== ~==4=-Methyl-2-pentancone | 10. u x
| B91l-PBubmmmemma 2-Hexanone I 10. ty =
1 127-18-dmemcm = Tetrachloroathene 1 25 . iy D
| 720 gmf e n e 1,1,2,2-Tetrachlorcethanes____| 25. iU o
! 188-88-3---ecn-= Toluene ! 22. 13 D
| 188-90-Pcr—amee Chlorobenzene | 23. 13 D
I 100-4l-Gecmmmm— Ethylbenzens 1 25, U D
I 100-42-5rcmaena— Styrene 1 25, RERD]
.i 133-02-Pw—nmeeme Xylene (tatal) | 25. U B
| ! |
FORM 1 WOA 1787 Rew.
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. . 1E EFA SAMPLE NO.
: UDLATILE ORGANICS aAaMRLYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS ]
| 90-8940
-ah Name!Battelie-PHNL Contractim—mman—- |

S-v
.ab Code: ~~==ec=- LCase No.! —==—==- SHS MNo.! ====e- SDE No.! ~a==ex

—— —m— g

latrix: {(soilswater) WATER Lab Sample I[D: 241-aAN-1058
lample wts/uol: 7 (g/ml) mb Lab File ID: *W1s08
evel: (lowsmed} LOW Date Regeiwved: 08,311,590

y Moisture: not dec.---- Date Analyzed: 11-15-90
.slumn: CAP g Dilution Factor} 5

CONCENTRATION 'UNITS:
Mumber TICs found: Q0 tugsL or ugs/Kgl) ug-L

1
COMPOUND NaME { RT

!
EST. CONC. | @

2

[T R NV D i i ]

i
|
|
| l 1
!
1

Lo

— A p— —— — T— —

|

18,

o

<" .

24,
25,
26.
27.
28,
29,
30,

|
|
==}
i
1
|
!
!
{
i
I
i
|
|
~3 12. i
i
|
{
{
|
I
1
i
I
!
!
i
|
|
i
I
l
|
H

¢ i
! !
| (
i |
| !
| I
| !
! I
I !
| |
i I
| !
i 1
! !
| |
[ |
! |
| !
1 |
I }
! !
| }
| !
l |
] i
| l
I I
| |
i |
| i

- ittt — -t R oy MR g ST e A b e Pme e e S A AT e

|
I
|
{
l
!
1
|
f
|
|
|
|
i
!
!
!
i
|
i
i
I
i
1
1
!
|
1

.

FORM [ UOAR-TIC . 1,87 Rev. '
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.
o]

A
WATER UDLATILE SURROGATE RECOUVERY

.Name:Batrelle—-PNL Contracti==—=m-=
Yo’
.ab Lode: =--=w- Case No.i! —-=~=-= SAS NO.! ~=——c=—- SPDE NO.:! ==—maw==

| EPA ! Sl b 82 | 83 JQTHER I1TQTI

b SAMPLE NO. 1 (TOLIY#I(BFBY¥I (DCE kI QUTI
|sszassssamn=a|tasaus | sosass [sxcsas |sxssax jasa |

gl LAB BLaAaNK | 93 I %4 1 91 i 1 2 |

021! 90-6%40 ] 92 21 %7 0

034 1

Oal 1

0% 1 [

0s !

07| |

ot |

024 1

2 101 l
- 11/ |
1214 {
131 1
141 |
154 !
|

|

|

l

|

{

l

1

i

|

|

|

l

|

l

lal
171
181
191
R - 201
211
™~ 29|
231
241
Fa% ) 26 I
24t
™ 271
231
29
301

! | | | |
1 | | | |
1 l 1 | §
i I i l |
l { } ! I
| | i | !
| 1 1 1 }
| | i | |
| | { | |
] | i ! |
i 1 | | 1
1 | | I |
1 | | I |
| ! | | |
I t i | !
[ | ! | |
| 1 ! | i
! i l | f
! i I f |
1 ! | i !
! { ! | |
1 i i | |
| | | f 1
l | 1 { !
| I 1 ! !
1 1 | [ |
| i i { i
i | { 1 }
! i J 1 l

QC LIMITS
S1 (TOL) = Toluene-d8 (83-1107

52 (BFB) = Bromoflucrobsnzene (36-11%)
83 (DCE)Y = 1,2-Dichlorosthane-d4 (76~11l4)
# Column to be used to flag recovery wvalues

* Ualues outside of contract required QC limits

D Surrogates diluted out

age Ll aof 1 )
Frapm [1 Uda-1 1-87 Rew.
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VOLATILE METHOD BLANK SUMMARY

-~h Name:Battel le-PNL

-ab File ID:

Jate Analyzed:
Matrix:

Instrument

5 4

"

!

L%

OMMENTS:

THIS METHUOD BLaNK APPLIES TO THE FOLLOWINE SAMPLES, MS AND MSD:

.

| s2mesocm=a=sa=

014
21
031
04l
0% 1
De i
G671
081
09|
161

R A I

121
13|
141
154
161
171
181
191
201
211
221
23|
241
251
26
271
281
291
301

(soil/water)

Contract:

- Case No.! w==a—= SAS No.§ ~==w-=— SDE No.! ==—w—-
>Wisn3 Lab Sample ID: LAB BLANK
1171890 Time Analyzed: 11:39
WATER Level: (low’med) LOW
[D: WB468s89

EfFA
SAMPLE NO.

20-69240

2

LB | LaB
SaMPLE ID i FILE ID
Y L R T L L L N Yt Y
4l-AN-106 |  >W1508

TIME
ANALYZED

15:32

!
|
| =
i
}
!
}
!
1
|
I
|
{
1
|
!
I
|
|
!
1
|
J
1
!
I
{
]
|
i
|
|
|

[
1
!
I
t
i
!
i
!
|
i
1
|
|
}
!
]
|
}
I
l
|
1
!
I
!
{
1
}

e ETE A M A e o e we— v e e g e o — — — — — .

FORM IV UORA
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VOLATILE ORGANIC GC/MS TUNING AND MaASS
CALIBRATION -~ BROMOFLUOROBEMZENE (BFB)

QName:Battelle-PNL Contractt-
tab Code! —=—m== Case No.i —==e-- SAS No.t
~ab File [D: *W1s01 BFE
[nstrument [D: 74 2 BFB

Matrixi(salilswater) WATER Leovel!(lowsmed) LOW

an ———

Injection Data:

[Injection Time:

11,1590

10:28

Calumn: {(packs/cap) CAP

|
msa | [OM ABUNDANCE CRITERIA

!
!

% RELATIVE |

S0 | 15.0 - 40,0% OF MASS 95

1
!
!
|
i 2% | 30.0 - &40.0% OF MASS 95
}
!
!

Ed- Base peak, 100% relative abundance
Fd-) 5.0 - 9.0% of mass 95
173 Less than 2.0% of mass 174

) (74 Greater than 50.0% of mass 95

|
}
|
{
|
!

PP

127 1 5.0 - 9.0% of mass 176

Greater than %%.0%, but less thanm 101.0% of mass 1741

|
!
!
|
I 175 | 5.0 - 92.3% of mass 173
|
i
i

|

ABUNDaNCE
20.4 f
55.6 !
104. |

5.7 i

0.0C 0.03%)

e T 1

4.9¢ 6.4)11
9.7 %8.6311

4.10 5.%9221

!

l-Value is % mass 174 2

-Value

is % mass 1748

UNE APPLIES TO THE FOLLDWING SAMPLES, MS, MSD, BLANKS, AND STANDARD

11}

! ERA | LAB
| SAMPLE NO. | SaMPLE 1D
I=====33=====1======B======z
™y 11 CALIBRATION! DAILY CaL
021 BLANK | LAB BlL.AaNK
- 0310 90-4940 241-AN-186
Gal

LaB
FILE ID

>Wls02
>WL503
>l

1 DATE
I aNalYZED

I 11-15-90
11/15-20
11-1%-90

TIME
ANALYZED
11:
11:39
16:37

03

i 0s |

el

o™ g

08t

g2 1

101

114

121

lad

1514

1lsl

171

131

191

201

|
|
| ==
i
!
|
1
|
1
}
I
!
|
|
1
l
1
1
t
}
!
1
!
|
i

l
|
|
|
|
i
i
{
|
i
131 |
!
{
|
]
|
|
I
|
1

211
\ 221

|
I
!
|
1
!
!
l
!
!
!
|
|
i
!
l
|
i
i
I
|

iage 1 of 1 :
FORM U UOA
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SH
UALATILE ORGANICS INITIAL CALIBRATION DATA
= Name:Battelle-PHNL Contracti-————-
-
_ab Code: —m——mw- Case No.: =——e——- SHS No.! —mee=- SDE No.! wm=—c-e=
Instrument [D: 1 2 Calibration Date(s):111-13-.90 11/15-%0
latrixi{soilswater) WATER Leveli{lowsmed’ LOW Column: {pack~- cap) CARP

1in FRF for SPCC(4) = 0.300 (0.2%0 for Bromoform) Max %RSD for CCC(*) = 30.0%

LaB FILE ID: RRF20 =>Wl30s RRFS0 =>W1307

|
RRFL0O=>UW13013 RRF150=>W1309 RRFZ00=>W1304 l
: I .
| | ! } I L b % |
COMPOUND IRRF20 [RRFS0 IRRF10DIRRFLSOIRRF2001 RRF | RSD |
CRCE o EEENXSCoSSSCSRESSSE=C=SSTssS |sxssss | sss=mss | ssaxs=s t==n==a]=z==== |j==sa=ss |waa== | ;
Chloromethane ¥ .4091  .3891 L4111 .37%1  .3861 3901 S.1§ )
Bromomethane I 1.0°91 L2991 1.0631 L9951 L9881 1.0241 4.21 .
Uinyl_Chloride * 6065 L6101 L6481 L6001 5911 62321 S.1l#% *
Chloroethane i . 3531 L3461 L3681 .3431 L3391 3511 3.41 74
Yethylene_Chloride f.9211 .853! .9331 .880l .8s01 .8%01 4.01
\pﬁcetnne | .13ol L1730 1401 L1371 . 1651 18941 12.31 -,
Carbon_Disulfide I 2.3€61 2.1271 2.3101 2.1761 2.186!1 2.2331 4.5|
¢col,l-Dichlarcethene = 1.,0761  .93&1 1,022| .9511 .954/{ 9881 &.0%
1,1-Dichloroethane # L.8031 1.2211 1.8%11 1.78B11 1.7741 1.8u08l 3.9
] ,2=Dichloroethene_(totald_1 1,1211 1.0001 1,0821 1.0131 1.0181 1.0421 5.0l
loroform * 2.85%1 2.8981 2.8271 2.7051 2.639| 2.73a0l 4.6%
~2-Dichloroethane L 1.9621 1.7731 2.0001 1.8741 1.8081 1.884)! 5.21
—l-Butanone } L0811 0851 .0621 L0611 088 | L0851 13.41 =
1,1,1-Trichloroethans I 32.0431 2.700f 3.0441 2.8041 2.8101 2.881! S.44 i{
g Carbon_Tetrachloride I 2.9611 2.6461 3.051t 2.8061 2.7%71 2.8441 5.21 ™
Vinyl_Rcetate 11,1821 1.18a81 1.3281 1.262) 1.210} 1.2291 5.4!'%}“
MMBromodichlaoromethare P 2.79%1 2,842 2,275t 2.77%1 2.6601 2.7%901 5.91 i~
1,2-Dichloropraopane ~ L2533 .2281 .2511 L2301 2241 2371 ©.8% 'ﬁ'
“ci13-1,3-Dichloropropene I L1901 Lle2l L1901 J12%1 (1691 1781 6.41
m~ririchloroethene ! L4548 | La03 | 445 | 3941 L4001 4191 6.8/ ff
QOibromochloromethane [ L2071 LB321 P49 L6725 .61l4] 67721 2.8
rwl,1,2-Trichloroethane i .3051 L2671 L3011 L2231 L2631 2821 .01 .
Benzene | .&6381 JBég | 6181 L5711 .5¢&Bi 5931 5.6 °
trans-1,2-Oichloropropene___| L7881 LA221 .830s81 L7311 L6561 2431 2.5}
Bromoform 201 .526 | LB1% .5811 5341 S701 6.9%
A-Methyl-2-pentanone 1 L2041 N L1511 L1811 L1601 181 9.41 .
2-Hexanone boow1221 Jl2210 012721 1201 .10%1 1221 2.0 -
Tetrachloroethene I %e21  Laéél  Bl4| L4661 L4681 4951 8.6} <
1,1,2,2-Tetrachloroesthane___| LAa%ad L4171 L4726 4421 401 4461 8.81 ..
Tolusne * 5481 L4981 5521 5111 L5111 B30 g.1%
Chlorabenzene $ .B&41 L2735 .8511 273 LBEB9 L2301 B.%%C
Ethylbenzene = 355 L3401 L3791 .3481 3401 3601 Z.0=% ;
Styrene } LB121 7201 .8041 L7221 LB601 2441 B.ét
Xolene_(total) [ L4691 405 ] 449 4101 399 4261 VB
=======z==:==:=========:==n==================na=====na:nﬂnu-=uzaa=na-x-as:uu::B=ﬁ=wI -I‘.
T~luene-dg I 1.0201 L8951 (996 .8281 .B8081 9231 9.31.%
...amof luorocbenzene P .B281 .2041 .22%1 .?7201 .é%511 .?7371 9.3
1,2-Dichloraoethane-d4 FL.P321 1.5801 1.7231 1.6341 1.5841 1l.e4?2( 4.81
| } | | ! | } P
FORM Ul UOA 1/87 Rev. ;e
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R
UOLATILE COMTIMUING CALIBRATION CHECK
.Name:Bat tellsa~PNL Contractim=—=—-
pe—r .
.ab Code! ~wme=m-=- Case NO.! ===—== SHS NMo.,! ——cmm- SDE No,! ======
[nstrumant 1D: 70 2 Calibration Bate: 11/15-.%10 Time: 11:03
_ab File ID: >Wls02 Ini1t. Calib. Date(s):11ls13,920 11,1590

latrixt{(soilswater) WATER Level:(lowrsmed) LOW Column: {(packrscapl) CAR

11n RRFSQ for SPCC(H#) = 0.300 (0.2%0 for Bromoform) Max %D for CCC(®*) = 25.
1 | | |
| COMPOUND I RRF  IRRFSG 1 %D |
|=z===a===n====z============i======]======i======! :
iIChloraomathane #3901 4191 5.2 # "
|Bramomethane I 1.0241 1.,08%1 é.4 | &
iUinyl Chloride * 4231 840l 2.8 % W
IChloroethane L .3%11 3551 1.1 | .
P~ IMethylane_iZhloride b .8901 .9261 4.2 | o
- lAce tane | L1591 .2411 51.3 |
iCarbon_Disulfide | 2.2331 2.2631 1.6 | ol
- 11,1-Dichlorocethene__________~ 9881 1.0221 3.4 = g
tl,l-Dichlioroethane_______ # 1.8041 1.38Lt 4.1 #
— 11,2-Dichloroethene_(total)_1 1.0471 1,.08%| 3.6 |
- IChlorofaorm = 2,735 2,876! S.1 =
l1,2-Dichlarcethanea I 1.8841 1.9%31 5.7 |
I2-8utanone ] L0865 | L3731 19.3 |
li,1,1-Trichloracethans I 2.881t 3.1011 =Z~.& |
oy ICarban_Tetrachloride 1 2.8441 Z.0361 .3 |
iVinyl Acetate bL.2291 1.0741 12.6 |
] IBraomodichloromethnane b 2,.7%01 2,88341 4.7 | iy
Pl,2-Chiechlorapropans L2371 L2391 .3 % -
- izis-1,3~-Dichloropropene____. I .1781 .,181!1 1.7 | -
~ ITrichloroethens i L&19 L G442 5.4 1
iDibramochloromethans 1 L5271 2260 7.3
o~ t1,1,2«Trichloraethane | L2821 293 4.0 |
iSenzene | L5931 6131 3.5 |
ltrans-1,3-Diehloropropena__ | .7431 F751 4.3 |
lBromoform * L2701 L8301 1.7 ¥ N
J4=Methyl-2-pentanone 1 .1811 L1201 4.8 |
12-Hexanane | 1221 L1381 13.2 |
tTetrachlorosthene I L4595 5181 4.% |
I1,1,2,2«Tetrachloroethane__ 1 .4461 .44621 3.5 |
ITolu:ne * 530 5481 3.4 =
IChlorobenzene ik L2901 .B44 5.9 4
[Ethylbenzene * L3601 .3781 4.8 =
IStyurene I 744t P201 6.2 |
I ¥ylene_(tatal) | L4261 L4501 %.s5 |
l======================3==5==3===================I
I Toluens—-ds I .9231  .9801 6.1 |
IBramof luorabenzene ! 37| S 5.2
. 11,2~Dichlorocethane-das I 1.6471 1.8281{ 11,0 | -
| | ! | t :
FORM VI L3A 1-87 Rew.
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- S

VoOLATILE INTERMAL STANDERD AREA SUMMARY

.= Mame:Battellae-PHL Contractio———--

o

.ab Code! ——=w=- Case NO.! —=—we—- SAS Nog,t —e—-—== SDE No,t —===—=
-ab File ID (Standard): >WLS02 Date Analyzed:11-15-%9
nstrument ID: 20 2 Time Analyzed: 11:03

latrixiisoil- water) WATER Level:(lowsmed) LOUW Column: (packscap) CAP

I | ISL(BCM)Y | IS2(DFEY | i IS3(CBZY | |
} | AREA 1 RT | AREA | RT | ARER  f#1  RT |
[=====m===nm=|==n=======[==sg==i=======a==|======l==========[======I
I 12 HOUR STDI 208474, | 9.291 8138&0. | 12.4681 730326, | 21.08I
| UBPRPER LIMIT! 4l&%2a48. | | 1627720, | I 1460652, | |
|esmrssmse=s |secaoorsss [ Eesaas [S2ss=swmas= |mmmzes |sozsnessssonm janss=s |
{ LOWER LIMITI 104232, | | 404930, | 365163, | 1
]=======aﬂ===I==========!======]======z===]======I==?====n==|=BB===I
¢ | EPA SAMPLE | | 1 | ! l 1
- | NO. | | | ! 1 1 |
e 011LAB BLANK ! 216477 . | 2.311 853549, | 12.7221 760341, | 21.G%|
02190-6940 I 231620, |} 9.32% 1 Baase8. | 12.761 721340, | 21.131
e Q3| | | | ! ] | |
141 } | | | ] | !
N3G t | ! | i I !
461 | | | | ! | I
IR | | { | ! | |
. 081 1 i I I 1 | !
Y | u 1 | | | |
~ng 181 i | : I | | 1
111t | I ! i i | |
—— 121 ! | | | | ! |
., 131 l | l | | | i
141 ! } ! 1 | | |
15 ! | I I i { }
i1si i I | | | } |
171 ! i | { | i i
181 | ! 1 ] 1 } |
191 i ! i | | l H
201 | | | i | | {
211 | | 1 | | | |
221 | l 1 | { l ;

IS1 (BCM) = Bromochloromethane UPPER LIMIT = + 100%
IS2 (DFB) = 1,4~Diflucrobenzene of internal stansard area.

I83 (CBZ) = Chlorobenzene-d% N LOWER LIMIT = - 50%

of internal standard area.

# Column used to flag internal standard area values with an asterisk

éée 1 of 1
FORM UIII VOA 1787 Rew.
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ORGANIC COMPOUND ANALYSIS REPORT
SEMIVOLATILE COMPOUNDS

SAMPLE ANALYSIS REPORTED

Analysis of one sample for semivolatile organic compounds by gas
chromatography/mass spectrometry (GC/MS) is the subject of this report.

SAMPLE PREPARATION

The sample and the method blank were extracted in the 325 building Shielded
Analytical Laboratory (SAL) according to the procedure in PNL-ALO-120 with some
differences. Only 54 mL sample was available so matrix spike analyses could not
be performed. Consequently, only 100 mL distilled water was carried through the
method blank analysis. After the Tiquid sample was decanted into a separatory
funnel, the solids were washed with distilled water and the wash water was
decanted into the separatory funnel. Methylene chloride was used to extract the
organics from this aqueous phase (pH adjusted to 12). When the sample was
acidified there was a vigorous evolution of gas. The acidified sample was again
extracted with solvent. The organic solutions underwent final concentration in
Lab 302.

- ANALYSIS METHOD

The procedure followed for these GC/MS analyses was PNL-ALO-345. The HP-

~ 5890/5970 GC/MS (WB38473) used for the analyses is in Lab 702 of the 325

building.

QUALITY CONTROL

The QC procedures in the analytical procedure were followed. The following
1ists the attached CLP forms that relate to QC and summarizes the QC results.

Form Information Comments

2D Surrogate Recovery The surrogate recoveries for the blank
met requirements. Recoveries for the
acid surrogates were zero.

3D MS/MSD Recovery Not included.

4B Method Blank Summary The blank had higher than usual
phthalate concentrations.

58 Tune/Mass Calibration Metl requirements.

68,C Initial Calibration Met requirements.

147
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78,C Daily Calibration Met requirements.

88,C Internal Standards Met requirements.

The following is a discussion of deviations from QC and protocol
requirements.

« Holding time. The holding time for extracting the sample was exceeded
because of instrumentation problems. The holding time for analysis after
extraction was not exceeded.

« Surrogate recoveries, The acid surrogates were probably lost because of
reactions with matrix components., This has been shown in past analyses
of waste solutions in which nitrated derivatives of the surrogates were
found. Potential derivatives of the surrogates found in this sample were
nitrophenol and dinitrophenol and possibly the phenoxy- compounds shown
in the report for the tentatively identified compounds, Form 1F.

o o MS/MSD recoveries. Insufficient sample to perform these analyses.
. « Blank analyses. Phthalate concentrations were too high probably because
o of contamination from plastics in the hot cells.
- DATA
) The data and calibration are archived on magnetic tape in the 32§-bui1ding
—— 702 laboratory. The following is the 1ist of the pertinent files.
Ll
=g File Name Sample Number Sample Analyzed
_— , >K1901 DFTPP  tune/mass calibration
check

a >K1902 Daily calibration

>K1903 Method blank
o >K1905 90-6940

RESULTS

CLP Target Compounds: As seen in the attached 1B,C Forms, target compounds -
found are Phenol (100 ppb), Nitrobenzene (35 ppb), 2-nitrophenol (110 ppb),
Benzoic acid (620 ppb), 2,4-dinitrophenol, (1100 ppb), and the same phthalates
that are in the blank. The following defines the Q-flags in the Form 1's

"0" Flag Definition

u Indicates the compound was analyzed for but not
detected, the U-flagged concentration 1is the
Contract Required Quantitation Limit

148
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J Indicates an estimated value, spectra meet criteria
but response is below Contract Required
Quantitation Limit

B Indicates compound was found in the blank

X Indicates compound was manually deleted because
all requirements were not met

0 Indicates analysis was performed on a diluted
sample

E Indicates quantitation outside the calibration
range

Tentatively Identified Compounds (TIC): The attached IF Forms show results
for the TIC’s.” Concentration estimates for the TIC’s are made assuming that the
response factor for each TIC is one. Then the peak area for each TIC is compared
to the area of the nearest internal standard (for which concentrations are known)
to estimate the TIC concentrations. Identification of the TIC is made by a
computer search of the NIST mass spectral library to attempt a match with the
spectrum of each TIC’s. The TIC’s reported as "Unknown" did 'not have
satisfactory matches with Tibrary spectra.

ANALYST -,‘)Z'%{ﬁ&;‘%,‘df?”" DATE //-2/-4» REVIEN DATE //-2[-Fo
7
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’ 1B EPA SAMPLE NO,
SEMIVOLATILE ORGANICS ANALYSIS DATA SHERY .
1'!' BLANK-
ab Name:Battelle-PNL Contract:=—=—=——=—
ab Code: —-—=—==- Case NO,: ====w-= SAS No.:, =—=——- SDG No.,: =====-
atrix: (soil/water) WATER Lab Sample ID: METHOD BLK
ample wt/vol: 100 (g/mL) mL Lab File ID: >K13%03
evel: (low/med) LOW Date Received: 08/31/90
Meisture: not degc.=—--- dec, —w-—- Date Extracted:l10/26/90
xtraction: (Sepf/Cont/Sonc) SEPF Date Analyzed: 11/19/90
PC Cleanup: (¥/N) N pH: Dilution Factor: 1
CONCENTRATICN UNITS:
M CAS NO. COMPQUND {ug/L or ug/Kg) ug/L Q
P
108-95-2——=——=—=— Phenol 100. u
e | - 1l1ll=44—4mmm—m——— bis(2-Chloroethyl)Ether 100. 1§}
95-57—8=———————w 2-Chlorophenol 100. U
541=73=l=—=————— 1,3~Dichlorcbenzene 100. J
106~ 6uTwmm—nwm—— 1,4~Dichlorcbenzene 100. U
100-51l=G=—r==——= Benzyl alcohol 100. U
95=50~l————————— 1l,2~Dichlorobenzene 100. U
95-48=T=——m—————— 2-Methylphenol 100. U
e 39638~32=0=——===- bis(2-chloroiscpropyl)ether_ 100. U
106=44=Bwmmm———— 4-Methylphenol 100. U
oF 621-64=7=——=——=——=N-Nitroso-Di-n-propylamine___ 100. U
67-72=1l-m—m—==—=- Hexachlorcethane 100. 4]
- 98=95 =3 mmmmem——a Nitrobenzene 100. U
~t 78=59=l-—mmmm—m- Isophorone 100. )
88-75-5—=m—wm———— 2-Nitrophenol 100. g
o 10567 =9 —mmm———— 2,4-Dimethylphenol 100. €]
65-85«0~———————m Benzeoic acid - 500. U
111-9l=]l==—————— bis(2-Chloroethoxy)methane_ 100. U
120~83=2=——————— 2,4-Dichlorophenol " 100. U
120-82-=1-———==—— 1,2,4-Trichlorobenzene 100. u
93-20-3=w—m————m Naphthalene - 100. U
106=47=B=——m—==—- 4-Chloroaniline 100, U
B7=68=3=————m———— Hexachlorobutadiene 100. U
59-50-7——=====m—n 4-Chloro-3-methylphenol 100. §)
91-57=6~==——=u== 2-Methylnaphthalene 100. 8]
7747 mdmmccnmmne— Hexachlorocyclopentadiene_ 100. U
BB~06w2~mmw————— 2,4,6=-Trichlorophenocl 100. U
95~G5-4——mmm———- 2,4,5~-Trichlorophenol 500. U
91-58~Twm—mm———— 2-Chloronaphthalene 100. 4]
88~74-4—=——————m 2=-Nitrecaniline 500. U
. 131-1l~-3===—=——- Dimethylphthalate 100. U
208=96«8—=————a—— Acenaphthylene 140, u
G0G=20=2=—=mm—ee 2,6=Dinitrotoluene 100. U

FORM I S§V-1
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ic EPA SAMPLE NO.
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET .

BLANK
.ab Name:Battelle~PNL Contract:-—=---- .
Aab Code! ==m=-—- Case No.: «=———= SAS No.: —==———- SDG No.: m=—mw—
latrix: (soil/water) WATER Lab Sample ID: METHOD BLK
jample wt/vol: 100 (g/mL) mL Lab File ID: >K1903
evel: (low/med) LOW Date Received: 08/31/90
i Moisture: not dec.--== dec., =——- Date Extracted:10/26/90
xtraction: (Sepf/Cont/Sonc) SEFF Date Analyzed: 11/1%/90
;PC Cleanup: (Y/N) N pH: Dilution Factor: 1
CONCENTRATION UNITS:

CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q

99—-09-2~————m——m 3-Nitroaniline 500. U

P~ © 83-32=9———m—==——m Acenaphthene 100, u
51=28—5==mm————— 2,4-Dinitrophenol 500. U .

& 100-02=T ~mmm———— 4=-Nitrophenol 500. U
132=64=0=——mm——m— Dibenzofuran 100. U
121=14=2=——————e 2,4-Dinitrotoluene 100. 8]

e 84=66~2=m—mm—m——— Diethylphthalate 9. J
7005-72-3~—————— 4-Chlorophenyl-phenylether 100. ‘u

e 86-73-7———=—=———— Fluorene : 100. U
100=01-6=m—m———— 4-Njitroaniline 500. U

= 534=52=]l=c——mm=- 4,6-Dinitro-2-methylphenol__ 500. U

~3 86-30-6=~—m=——m- N-Nitrosodiphenylamine (1) 100, U o
101=-55=3 ======== 4-Bromophenyl-phenylether 100. 4]

_— 118=74=l=====—==m Hexachlorobenzene 100. U
87-86-5=————m——— Pentachlorophencl 500. U

-t 85~01l=-8==me————— Phenanthrene 100. U
120-12-7==uu—=——= Anthracene _ 100. ¥)

i B4-T4mRmmm e Di-n-butylphthalate 210.
206—-44=0—-——m==—— Fluoranthene 1040. U
125-00-0~=~urmm= Pyrene 100. U
85-68=7 ~mma——m— Butylbenzylphthalate 28. J
91-94-lmmw—————— 3,3’-Dichlorobenzidine 200. U
56=55~3———mu—m——— Benzo{a)anthracene 100. U
218~ rmrm————— Chrysene 100. U
117=8l-T === ————— bis(2-Ethylhexyl)phthalate__ 190.
117-84-0mm=m————m Di-n-octylphthalate ic0. U
205-99=2——m—waa— Benzo(b) fluoranthene 100. U
207-08=-9————mamea Benzo (k) fluoranthene 100. U
50-32-8~——c—m=mua-= Benzo{a}pyrene 100. 6)
193-39~5=—m—e=—= Indeno(1l,2,3-cd)pyrene 100. U
53=70=3=—mmmm——— Dibenz(a,h)anthracene 100. U
191-24-2=———m~mu Benzo(g,h, i) perylene 100. U .

(1) = Cannot be separated from Diphenylamine

FORM I SV-~2 1/87 Rev.
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1iF
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

Q BLANK
S Name:Battelle-PNL Contract: «———===-
Labh Code: =————- Case NO.: ==w——- SAS No.: =———=—= SDG NQ.: we——=w
latrix: (soil/water) WATER Lab Sample ID: METHOD BLK
jample wt/vol: 100 (g/mL) mL Lab File ID: >K1903
wevel: (low/med) LOW Date Received: 08/31/S0
5 Moisture: not dec,==== dec, =-=-=-=— Date Extracted:10/26/90
ixtraction: (Sepf/Cont/Sonc) SEPF Date Analyzed: 11/19/90
;PC Cleanup: (¥Y/N) N pPH:7 Dilution Factor: 1
CONCENTRATION UNITS:
Ndfber TICs found: 6 (ug/L or ug/Kg) ug/L
P
(Q@S'NUMBER COMPOUND NAME RT EST. CONC. Q
__ Unknown 4.07 270. J
—_— Unknown 4.82 110, J
Unknown 5.12 140. J
Unknown 5.96 610. J
o Unknown 6.40 120. J
“Ore Unknown 20.02 500. J
7.
9.
Io.
T
12.
¥
14,
15.
16G.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
30.
FORM I SV-TIC 1/87 Rev.
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WHC-SD-CP-TP-065, Rev. O
1B EPA SAMPLE NO.

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

.ab Name:Battelle-PNL Contract: —-——-——
sab Code: —=—=-- Case NO.: =—==—- SAS No.: =w==—-- SDG No.: me——wme—
jatrix: (soil/water) WATER Lab Sample ID: 241-AN-106
sample wt/vol: 54 (g/mL) mL Lab File ID: >K1905
sevel: (low/med) LOW Date Received: 08/31/90
¥ Moisture: not dec.---—- dec, =—-=-—- Date Extracted:10/26/90
ixtraction: (Sepf/Cont/Sonc) SEPF Date Analyzed: 11/19/90
;PC Cleanup: (Y/N) N pH:11 Dilution Factor: 1
CONCENTRATION UNITS:
" CAS NO. COMPOUND (uwg/L or ug/Kg) ug/L o
|
108-95=-2———=—we—=— Phenol 100, J :
oF 1ll-44=demmmm——— bis(2-Chloroethyl)Ether 190. U RO
9557 =B~=—m————— 2=Chlorophenol 190. )
— 541=73=l=——=—mm—- 1,3-Dichlorobenzene 190. u
— 106=46=T=m=rm=——— 1,4-Dichlorobenzene 190. L§]
- 100=5 =fmmma———— Benzyl. alcohol 1940. U
— 95=50=]~=—— e —— 1,2~Dichlorobenzene 190. U
95-48 =7 ~m———rm—m— 2-Methylphenol 190. u
o 39638~32-9mw———= bis(2-chloroisopropyl)ether_ 190. U
106=44=5——w—m—=—e 4-Methylphenol 190. U -
™~ G2l=64=Tmmwmm—m—— N-Nitroso-Di-n=-propylamine_ 190, U -
G7-T72—~1l-——mmw—e Hexachloroethane 190. U
- 98=95=3—m——m———— Nitrobenzene 35. J
-~ 78=59m]=~mm————— Isophorone 190. U
) 88-75=brwwen—m——— 2-Nitrophenol 110. J
~ 105=67=9=—m—m=we= 2,4-Dimethylphencl 190. U
65=85=0=mmr=———— Benzoic acid 620. J
111=91l=l-=me———— bis(2~Chloroethoxy)methane__ 190. U
120=-83=2=—====—= 2,4~Dichlorophenol 190. U
120~82«lmmesm——— 1,2,4-Trichlorobenzene 190. U
91-20=3—=w=mm—m—— Naphthalene 190. U
106=47=8=~—==—==m— 4-Chloroaniline 190. U
87-68=3==ccemm—- Hexachlorobutadiene 190. U
59-50=7=======m=4-Chloro-3-methylphenol 190. u
91-57=6———m=———— 2-Methylnaphthalene 190. u
TT+4T g mmmm e —— Hexachlorocyclopentadiene 190. U
88~06~2~=———mmm-— 2,4,6~-Trichlorophenocl 190, U
95=95—fmwm e ——— 2,4,5-Trichlorophenol 930, U
9] ~58-~T7——mman———— 2-~Chleoronaphthalene 180. ¥}
88=74=4mm—mm—m——— 2-Nitroaniline 930. U
131-11~3==—w—m—— Dimethylphthalate 190. U
208=96-8m==am—e—" Acenaphthylene 180, U
606=20~2=mm————— 2,6-Dinitrotoluene 190. U
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WHC-SD-CP-TP-065, Rev. 0

ic EPA SAMPLE NO.
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET .
90-6940
.ab Name:Battelle-PNL Contract:—-=—=--
b Code! —we———- Case No.: —=w=== SAS No.: ==—==== SDG NQ,: ==———-
latrix: (soil/water) WATER Lab Sample ID: 241-AN-106
jample wt/vol: 54 (g/mL} mL Lab File ID: >K1905
evel: Date Received: 08/31/90

; Moisture: not dec.,=-=—w-

xtraction:

(low/med) LOW

dec. -

Date Eitracted:lO/zs/BO

{Sepf/Cont/Sonc) SEPF Date Analyzed: 11/19/90
iPC Cleanup: (Y/N) N pH:11l Dilution Factor:
CONCENTRATION UNITS:
. CAS NO. COMPOQUND (ug/L or ug/Xg) ug/L Q
™. ' . C o
99-09-2—————mm—— J~«Nitreoaniline 930. U
£ "83=32=Fmmmmm———— Acenaphthene 190. U
51-28~5m=nme———— 2,4-Dinitrophenol 1100.
100~02~7========4-Nitrophenol 930. U
132~64=9=———mmmm Dibenzofuran 1390. u
121=14=-2=—==me=n 2,4-Dinitrotoluene 190. U
84-66—2~——=—————— Diethylphthalate 20. JB
T005-72-3~—————m 4-Chlorephenyl-phenylether 190. u
N BE-T3 =T m——m——m Flucrene 180. 9]
. 100=01l=6=—=—————m— 4~Nitroaniline 930. U
B34-52~l-—mm———— 4,6-Dinitro-2-methylphenol __ 930. U
86=30=6==—wmmm——~— N-Nitrosodiphenylamine (1) 190. U
T 101-58-3—mmm———— 4-Bromophenyl-phenylether 190. U
my| 118-74=]-~m==m=——- Hexachlorobenzene 190. u
87-B6-5=m——m———— Pentachlorophenol 930. u
| 85-0l~8==—————=—m Phenanthrene 190. ¢
120-12=7mmman——— Anthracene 190. U
84-T4 =2~ rwmm———— Di-n-butylphthalate 380. B
20644 =Qwmu—aaa— Fluoranthene 190. u
129-00=Qu——em=m—- Pyrene ) 1g0. U
85-68=T~=—=mwa——— Butylbenzylphthalate 120. JB
91-94—l-mrmm———— 3,3’-Dichlorchenzidine 370. U
56=5mdwmcanw—n—a Benzo(a)anthracene 1s80. U
218-01l-9=——=m———— Chrysene 194G. )
117-8l=T7=m—————— bis(2-Ethylhexyl)phthalate__ 46, JB
117-84~0=—=—=r—- Di-n-octylphthalate 190. 194
205-99=2=—=—==—— Benzo (b) £luoranthene 1920. U
207=08-9———==m—— Benzo (k) fluoranthene iso. ¥
50-32-B-—mmrme—— Benzo(a)pyrene 190. U
193-39=5——m—mom= Indenc{l,2,3-cd)pyrene 190. U
. 53=70=3~=rme=—me——— Dibenz (a,h)anthracene 190. U
191=24-2=====—==m Benzo(g,h, i)perylene 150. U

(1) - Cannot be separated from Diphenylamine

FORM I SV-2
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WHC-SD-CP-TP-065, Rev. 0

iF
SEMIVOLATILE CORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDPENTIFIED COMPOUNDS

EPA SAMPLE NO.

Lab Name:Battelle-PNL Contract:=----- Vomento { .
Lab Code: —-=—==- Case No,: —==—=- SAS No.: ———e—- SDG No.: ====n-

fatrix: (soil/water) WATER Lab Sample ID: 241-AN-106

sample wt/vol: 54 (g/mL) mL Lab File ID: >K1905

Level: (low/med) LOW Date Received: 08/31/90

} Moisture: not dec.=-==- dec, =—=- Date Extracted:10/26/90

Ixtraction: {Sepf/Cont/Sonc) SEPF Date Analyzed: 11/19/90

;PC Cleanup: (Y/N) N pH:11 Dilution Factor: 1

CONCENTRATION UNITS:

Number TICs found: 30 (ug/L or ug/Kg) ug/L
o .
i~ CAS NUMBER COMPOUND NAME RT EST. CONC. 0]
& 1. Unknown 4.12 530. |- J
. 2. Unknown 4.39 660, J
3. Unknown 4.61 290, J
-4, Unknown 4.73 330, J
5. Unknown - 5.66 700, J
— G, Unknown 5.99 500, J
7. 822877 Cyclohexanone, 2Z-chloro- 6.35 370. J
w8, 822866 Cyclohexane, 1,2-dichloro-, 6.58 1200. J
g 9. Unknown 6.94 310. J
T 10. Unknown 7.35 830, v
- 11l. 51422754 Cyclohexane, l-bromo~-2-chlor 7.97 1100, J
12. Unknown 9.27 6400, J
~*13. 122996 Ethanol, 2-phenoxy- 9.35 710. J
14. Unknown 9.97 13000. J
o~ s, Unknown 10.05 270. J
16. Unknown 10.49 600. J
17. Unknown 10.55 620. J
18. 16736428 2,6=-0ctadiene, 2,7-dimethyl- 14.66 410, J
19. 104687 Ethaneol, 2-(2-phenoxyethoxy) 16.52 590. g
20. Unknown 17.93 230. J
21. Unknown 18.50 150. J
22. Unknown 20.16 3000. J
23. Unknown 23.24 290. J
24. 7204162 Ethanol, 2-[2~(2-phenoxyetho 23.73 1200. J
25. Unknown 25.79 360. g
26. Unknown 29.05 1200. J
27. Unknown 29.38 1500. J
28. Unknown 30.73 350. J
29. Substituted phenoxy compound 33.24 1100. J .
30. Unknown 36.34 320. J
FORM I SV-TIC

.1/87 Rev.
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WATER SEMIVOLATILE SURROGATE RECOVERY

Lab Name:Battelle-PNL

Lab Code:

79

page

o1
Q2

Case No.:

- - —— —

Contract:==—=——

SAS No.:

- —

T

EPA

SAMPLE NO.

e 1

51

(NBZ) #

S2

BLANK
90-6940

73
88

70
85

(FBP) #

=t

54
(PHL) #

OTHER

==gom===

TOoT
ouT

03

04

05

06

07

o8

09

10

11

12

i3

14

151:

16

17

is8

19

20

21

22

23

24

25

26

27

28

29

30

1 of

1

51
52
53
54
S5
56

(NBZ)
(FBP)
(TPH)
(PHL)
(2FP)
(TBP)

# Column

* Values

QC LIMITS
(35-114)
(43-116)
(33-141)
(10-94)
(21-100)
(10-123)

Nitrohenzene-dSs
2-Fluorobiphenyl
Terphenyl-dl4
Phenol-d5
2-Fluorophenol
2,4,6-Tribromophenol

Wi ona

to be used to flag recovery values
outside of contract required QC limits

D Surrogates diluted out

FORM 11 S5V-1
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:a2b Name:Battelle-PNL

Aab Code: —=———-

ab File ID:
‘ate Extracted

ate Analyzed:

atrix: (soil/water)

nstrument ID:

4B

SEMIVOLATILE METHOD BLANK SUMMARY

>K1903

10/26/90

11/18/90

WATER

70

1

WHC-SD-CP-TP-065, Rev. O

Contracti——w=—muw

——— SDG No

—— e ——

Lab Sample ID: METHOD BLK

Time Analyzed:

Level

: (low/med)

17

LOW

Extraction: (SepF/Cont/Sonc) SEPF

139

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD:

EFPA

SAMPLE NO.

LAB
SAMPLE ID

LAB
FILE ID

DATE
ANATLYZ

ED

o 01| 90-~6940

02

241-AN=-106

>K1905

11/19/

Q0

o 03

04

o 05

06

07

- 08

09

il

et 12

13

14

15

16

~ 17

18

o 19

20

21

22

23

24

25

26

27

28

29

30

OMMENTS :

age 1 of 1

FORM IV SV
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WHC-SD-CP-TP-065, Rev. 0

SEMIVOLATILE ORGANIC GC/MS TUNING AND MASS
CALIBRATION - DECAFLUOROTRIPHENYLPHOSPHINE (DFTPP)

iy Name:Battelle-PNL

ibh Code:

ib File ID:

1strument ID: 70

| your EP Case No.:

>K1901

1

Contract:| the contra

| the CasAs No.:

| the s SDG No.:

| the s

DFTPP Injection Date:11/19/90

DFTPP Injection Time:

14:23

% RELATIVE

m/e ION ABUNDANCE CRITERIA ABUNDANCE
51 30.0 - 60.0% of mass 198 33.4
68 Less than 2.0% of mass 69 0.0({ 0.0)1
69 Mass 69 relative abundance 47.
70 Less than 2.0% of mass 69 0.0( 0.0)1L
127 40.0 - 60.0% of mass 198 44 .9
197 Less than 1.0% of mass 198 0.0
198.| Base Peak, 100% relative abundance 100.
199 5.0 — 9.0% of mass 198 G.6
276~ 10.0 - 30.0% of mass 198 22.6
365 |"Greater than 1.00% of mass 198 1.21
149" | Present, but less than mass 443 8.1
2 Greater than 40.0% of mass 198 58.7

17.0 - 23.0%

of mass 442

11.0( 18.8)2

1-Value is %

«_TUNE APPLIES TO

>

™

—rn

01l

1 02

Le58

age

03
04
Q05
)
Q7
08
09
10
11
12
13
14
15
le
17
18
19
20
21
22
1

mass 69

2-Value is %

mass 442

THE FOLLOWING SAMPLES, MS, MSD, BLANKS, AND S&ANDARDS:

TIME

EPA LAB I.AB DATE
SAMPLE NO. SAMPLE ID FILE ID ANALYZED ANALYZED
DAILY CALIB| DAILY CALIB >K1902 11/18/90 15:24
BLANK METHOD BLK >K1903 11/18/90 17:39
90-6940 241-AN-106 >K19G5 11/19/90 19:41
of 1
FORM V &V 1/87 Rev.
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WHC-SD-CP-TP-065," Rev. 0

6B
SEMIVOLATILE ORGANICS INITIAL CALIBRATION DATA

ib Name:Battelle-PNL Contract:e——==-
ib Code: ————=- Case No.:! =—-=————= SAS No.: =—==== SDG No.: =rwe=—=—
1strument ID: 70 1 Calibration Date(s):11/19/90 11/90/90
in RRF for SPCC(#) = 0.050 Max %RSD for CCC(*) = 30.0%
ZAB FILE ID: RRF20 =>K1606 RRF50 =>K1607
RRF80 =>K1608 RRF120=>K1609 RRF160=>K1610
COMPOUND RRF20 [RRF50 |RRF80 |{RRF120|RRF160| RRF | RSD
>hencol * 1.972| 1.798| 1.881| 1l.792| 1.725| 1.834 5.2%*
ris(2=-Chloroethyl)ether 1.784) 1.748| 1.886| 1.963] 2.089} 1.894 7.3
!=Chlorophencol 1.517] 1.438| 1.539] 1.556] 1.529] 1.516 3.0
.;3=Dichlorobenzene 1.458{ 1.346] 1.408) 1.464| 1.408]| 1.417 3.4
., 4=-Dichlorobenzene * 1.694| 1.587| 1.736| 1.621}f 1.607| 1.649 3.8%*
P enzyl_ alcchol . 950 .896 . 994 .963 .903 . 941 4.4
, 2-Dichlorobenzene 1.475} 1.370| 1.491) 1.438{ 1.336] 1.422 4.7
c<2~-Methylphenol 1.270 L1l.215) 1.307| L.233| L.163{ 1.238 4.4
sis(2~-chloroisopropyl)ether| 1.488) 1.454| 1.491| 1.379| 1.267| 1.415 6.7
£ -Methylpheneol 1.318| 1.232] 1.344} 1.367| 1.341} 1.320 4.0
I-Nitroso-di-n-propylamine_§# .739 .696 .735 .646 .602 .684 8.74%
"exachloroethane . .684 .655 .711 .663 .651 .673| 3.7
~-{itrobenzene .400 .378 .386 .368 .354 377 .4.7
‘'[sopherone .792 .754 .774 .782 748} '.770| 2.4,
~=Nitrophenol * 227 .219 .240 . 240 .240 -233 4,2%
2,4~-pimethylphenol .326 .300 .313 .304 .306 .310 3.3
W@enzoic_acid 0.000 .221 «245 .253 .248 .242| 5.8
nfis(z—Chloroethoxy)methane_ .553 .513 .519 .508 .502 .519 3.9
** 4-Dichlorophenol * ,315 .304 .306 .312 .297 .307 2.3%
l,2,4=Trichlorobenzene .323 .299 .308 .305 .305 .308 2.9
{aphthalene 1.088 .995 .996 .946 .911 .987 6.8
~%-Chloroaniline .357 420 .448 .431 -442 .420 8.7
jexachlorobutadiene * L1137 131 141 . 137 .134 136 2.6%
™ -Chloro-3-methylphenol * .320 .305 .320 .307 .295 .309 3.3%
1=Methylnaphthalene | .656 .611 .622 .598 .593 .616| 4.0}
lexachlorocyclopentadiene_ .183 .222 .241 +260 .263 .2341 13.9%
1,4, 6~-Trichlorophencl * L4116 .391 .408 .391 .387 .39% 3.1%*
?,4,5-Trichlorophenol -.432 .407 .434 .420 .415 L422 2.7
}=Chlorcnaphthalene 1.270| 1.185} 1.214| 1.159] 1.128) 1.191 4.6
'=Nitroaniline 0.000 .433 .432 .40 .397 .418 4.1
Yimethylphthalate 1.513| 1.429| 1.464] 1.445| 1.447] 1.460 2.2
\cenaphthylene 2.055( 1.942 1.931| 1.905| 1.856] 1.938 3.8
!, 6~Dinitrotoluene .358 .354 .369 .366 .362 .362 1.7
}-Nitroaniline ¢.000 .328 .422 .409 +391 .388 10.7
icenaphthene * 1.293| 1.193( 1.184f 1.132| 1.087{ 1.1890 6.3%
', 4-pinitrophenol # 0.000 .128 .172 .198 .220 .180( 21.9%
t=Nitrophenol ? 0.000 .154 .166 .167 .143 .158 7.3?
FORM VI SV-1 1/87 Rev.
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WHC-SD-CP-TP-065, Rev. 0

6C
SEMIVOLATILE ORGANICS INITIAL CALIBRATION DATA
QName :Battelle~PNL Contract:-—==—==~
ab Code: —www—- Case No,: —————= SAS No.: ==ww—- SDPG No.: -====-
nstrument ID: 70 1 cCalibration Date(s):11/19/90 11/920/90
in RRF for SPCC(#) = 0.050 Max %RSD for CCC(*)} = 30.0%
LAB FILE ID: RRF20 =>K16086 RRF50 =>K1607
RRF80 =>K1608 RRF120=>K1609 RRF160=>K1610
. %
COMPOQUND RRF20 {RRFS50 |RRF80 |RRF120|RRF160 RRF RSD
Dibkenzofuran 1.714| 1.638] 1.673{ l.642| 1.594| 1.652 2.7
2,4~Dinitroctoluene .456 472 .501 .490 .487 .481 3.7
Diethylphthalate 1.595| 1.528B| 1.599] 1.564| 1.549f 1.567 1.9
4= glorophenyl—phenylether_ .571 « 561 .571 .557 .552 562 1.5
Fluorene 1.299) 1.247|( 1.288| 1.242| 1.214} 1.258 2.8
4-Nitroaniline 0.000 .234 .306 .346 .370 .314} 18.9
4, -Dinitro—z—methylphenol_ 0.00¢ -.128 -.152 + 159 .166 .151| 10.9
N-Nitrosodiphenylamine (1)_* ' .556 .508 . 531 . 500 .486 .516 5.3%
3romophenyl-phenylether .180 176 .181 .178 176 .178 1.4
zhlorobenzene .192 177 .188 .182 .184| .185 3.2
chlorophenol * 0.000 .094 +110 121 .128 .113) 13.2%
—athrene 1.145| 1.088]| 1.103} 1.091| 1.060| 1.098 2.8
acene 1.093] 1.039| 1.058; 1.030(| 1.010| 1.046 3.0
ni—butylphthalate 1.772| 1.744) 1.773] 1.723| 1.691| 1.740 2.0
r luoranthene * 1.141) 1.089 1.123 1.106 1.112 1.114 1.7*
Pyrene 1.531| 1.446| 1.4431| 1L.409| 1.366| 1.438 4.2
Butylbenzylphthalate 1.064) 1.,001] 1.003 .968 .946 .997 4.5
3,3’-Dichlorobenzidine .237 .212 .187 .235 .263 .227| 12.7
Berfzo(a)anthracene 1.147| 1.091| 1.143¢ 1.0%99| 1.123| 1.121 2.2
Zhrysene l1.198| 1.077} 1.092| 1.064| 1.015| 1.089 6.2
ois(2-Ethylhexyl)phthalate_| 1.543| 1.428] 1.460| 1.374] 1.279| 1.417 7.0
Dimm-octylphthalate * 2.906{ 2.659| 2.984| 2.665| 2.307| 2.704 9.8%
Benzo(b) fluoranthene 1.257{ 1.163| 1.345} 1.344] 1.382| 1.298 6.8
Benzo (k) £luoranthene 1.151y 1.082| 1.147 .943 .941| 1.053| 10.0
Benzo(a)pyrene * 1.058( 1.021| 1.144] 1.122} 1.066| 1.082 4,6%
Indeno{l,2,3-cd)pyrene .872 .915] 1.030 L.175] 1.142; 1.027| 13.0Q
Dibenz(a,h)anthracene .829 .827 .946 .929 .931 .892 6.6
Benzo(g,h, i) perylene .888 .899 .999 L9777 .968 .946 5.2
Nitrobenzene-345 .392 =377 .393 .386 .374 .385 2.3
2~-Fluorobiphenyl 1.401] 1.280{ 1.307| 1.243| 1.215) 1.289 5.6
Terphenyl=-dl4 .843 .810 .861 .834 .820 .834 2.4
Phencl-ds l.646] 1.577| L.651f 1.611} 1.509( 1.599 3.7
2=-Fluorophenol 1.349 1.324 1.433 1.403 1.371{ 1.37¢6 3.1
2,4,6=Tribromophenol .073 .074 .081 .079 .083 .078 5.7
.Cannot be-separated from Diphenylamine
FORM VI S5V-2 1/87 Rev,
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7B
SEMIVOLATILE CONTINUING CALIBRATION CHECK

ab Name:Battelle-PNL Contract;—————=
ab QCode; —m—=—— Case No.,: ===—=—- SAS NO.: =——=== SDG No.: =—=—=m==
nstrument ID: 70 1 Calibration Date: 11/19/90 "Time: 15:24
ab File ID: >K1902 ' Init. Calib., Date(s):11/19%/90 11/90/90
in RRF50 for SPCC($#) = 0.050 Max %D for CCC(*) = 25.0%
COMPOUND ‘RRF RRF50 %D
Phenol * 1.834) 1.820 L7
bis(2=Chloroethyl)ether 1.894| 1.872 1.2
2=Chlorophenol 1.516) 1.441 4.9
1,3~Dichlorobenzene 1.417| 1.424 .5
1,4-Dichlorobenzene * 1,649 1.654 .3 %
Benzyl_alcohol .941 -.934 .8
3 1,2-Dichlorobenzene 1.422] 1.470 3.4
2-Methylphencl 1.238] 1.230 +6
e bis(2=-chloroisopropyl)ether| 1.415| 1.447 2.2
4-Methylphenol 1.320; 1.297 1.7
N-Nitroso-di-n-propylamine_# .684 .532| 22.1 # i
Hexachloroethane .673 .583 1.6
Nitrobenzene .377 . 370 1.8
- Isophorone .770 .758 1.6
2-Nitrophenol *  ,233 .230| 1.4 * '
— 2,4~Dimethylphenol .310 .302 2.6
Benzoic_acid .242 222 8.3
bis(2-Chloroethoxy)methane_ .519 .505 2.7
-~ 2,4-Dichlorophencl *  .307 .309 5 *
) 1,2,4~Trichlorobenzene .308 .309 .5
— Naphthalene .987 .985 .2
4-Chlorocaniline 420 .343} 18.2
Hexachlorobutadiene * 136 141 3.7 *
4=Chloro~3-methylphenol *  ,309 .314 1.3 *
2-Methylnaphthalene | .e16| .637| 3.5 |
Hexachlorocyclopentadiene # .234 .186| 20.3 #
2,4,6~Trichlorophenol * .399 .402 .8 *
2,4,5-Trichlorophenol 422 L422 .2
2—-Chloronaphthalene 1.191| 1.180 .9
2=-Nitroaniline .418 .420 .4
Dimethylphthalate 1.460| 1.477 1.2 .
Acenaphthylene 1.938} 1.891 2.4
2,6-Dinitrotoluene .362 367 1,6
3-Nitroaniline .388 .209| 46.2
Acenaphthene * 1.180| 1.171 .8 *
2,4-Dinitrophenol # .180 L1331 26.1 #
4=Nitrophenol ? .158 .156 1.3 T
FORM VI SV-1 1/87 Rev.
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7C
SEMIVOLATILE CONTINUING CALIBRATION CHECK
a! Name:Battelle-PNL Contract:—-—==——-
ab Code: —-——-=—- Case No,! ==—==—= SAS No.,: =w—w—= SDG No.: ==—====
nstrument ID: 70 1 Calibration Date: 11/19/90 Time: 15:24
ab File ID: >K1902 Init. calib. Date(s):11/19/90 11/90/90
in RRF50 for SPCC(#) = 0.050 Max %D for CCC(*) = 25.0%
COMPOUND RRF |RRF50 %D
Dibenzofuran 1.652] 1.636 1.0
2,4-Dinitrotoluene .481 .493 2.5
Diethylphthalate 1.567| 1.585 1.1
4-Chlorophenyl-phenylether_ .562 .582 3.4
Fluorene 1.258} 1.233 2.0
n 4=Nitroaniline .314{ .222| 29.2
. 4,6-Dinitro-2-methylphenol . 151 .128] 15.1
. N-Nitrosodiphenylamine_(1)_* .516 .500 3.1 *
gn] 4-Bromophenyl-phenylether . 178 .175 1.8
Hexachlorobenzene . 185 180 2.7
Pentachlorophenol *  ,113 .100} 11.4 * : -
Phenanthrene 1.098] 1.083 1.3 -
Anthracene ) 1.046¢ 1.037 .9 -
Di-n-butylphthalate 1.740} 1.787 2.7 ——
Fluoranthene # 1,114} 1.138 2.1 * _°
= Pyrene 1.438} 1.413 1.7
) Butylbenzylphthalate 997 1.023 2.7
pa 3,3’-Dichleorobenzidine .227 .198] 12.8
Benzo(a)anthracene 1.121| 1.139 1.6
- Chrysene 1.089f 1.115 2.3
P bis(2-Ethylhexyl)phthalate | 1.417| 1.498 5.7
Di-n-octylphthalate * 2.704| 3.000| 10.9 *
o~ . Benzo(b) fluoranthene 1.298| 1.331 2.5
Benzo (k) flucranthene 1.053| 1.128 7.2
Benzo(a)pyrene * 1,082| 1.0%94 1.1 *
Indeno{l,2,3-cd)pyrene 1.027 .979 4.7
Dibenz (a,h)anthracene .892 .881 1.3
Benzo(g,h,i)perylene .946 .950 .4
Nitrobenzene~d5 .385 .379 1.5
2=-Fluorobiphenyl 1.289} 1.282 <6
Terphenyl=di4 .834 .B53 2.3
Phenol-de 0.0007 0.000 0.0
2-Fluorophenol 1.376 1.275 7.3
2,4,6-Tribromophenol .078 .0701 10.0
. (1) Cannot be separated from Diphenylamine
FORM VI 8V-2 1/87 Rev,
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SEMIVOLATILE INTERNAL STANDARD AREA SUMMARY

ab Name:Battelle=-PNL

ab File ID (Standard):

—————

nstrument ID:

Lta

01
02
03
04
05
06

. 07

o8
09
10
11
iz
13
14
15
ls
17
18
19
20
21
22

ISl (DCB)
IS2 (NPT)
IS3 (ANT)

70

Case No.

1

>K1902

5DG No.:

—— s o

Date Analyzed:11/19/90

Time Analyzed: 15:24

IS1({DCB}
AREA

#

I

S2 (NPT)
AREA #

RT

1S3 (ANT)
AREA

#

RT

12 HOUR STD

44809.

167024.

B.64

83281l.

15'68

UPPER LIMIT

89618.

334048.

l66562.

LOWER LIMIT

22404.

83512.

41640.

EPA SAMPLE
NO.

BLANK
90-6940

46590,
47200.

5.74
5.75

157887.
167303.

B.61
B.o64

79925.
76985.

15.67
i15.69

it nn

1,4=-Dichlorobenzene~d4
Naphthalene-d8
Acenaphthene-ds

UPPER LIMIT

+ 100%

of internal stansard area.
IOWER LIMIT = - 50%
of internal standard area.

# Column used to flag internal standard area values with an asterisk

age

i1 o0of 1

FORM VIII SV-1
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SEMIVOLATILE INTERNAL STANDARD AREA SUMMARY

Ja! Mlame:Battelle-PNL

Contract!==m=m—=
sab Code: ===m===— Cage NO.:! ——==—=- SAS No.! —=w==-- SDG No,: —=——=-
sab File ID (Standard): >K1902 Date Analyzed:11/19/90
instrument ID: 70 1 Time Analyzed: 15:24
IS4 (PHN) IS5 (CRY) IS3 (PRY)
AREA # RT AREA # RT AREA # RT
12 HOUR STD 138138. 23.08 109972. 34.44 94591. 38.84
UPPER LIMIT 276276, 219944. 189182.
.| LOWER LIMIT 69069. 54986. 47295,
¢~| EPA SAMPLE
NO.
£t SrmEses= == ===mmm= | =mmzmsms
7 | BLANK 126558, 23.06 95509. 34,41 78536. 38.80
90«6940 129666. 23.08 102383. 34.43 77724, 38.82
V1%
7]
08| ™ -
99
10
11
12
13
i
15
16
17
18
19
20
21
22
IS4 (PHN) = Phenanthrene-dlo UPPER LIMIT = + 100%
I55 (CRY} = Chrysene=dl2 of internal stansard area,
156 (PRY) = Perylene-dl2 LOWER LIMIT = - 50% N

of internal standard area.

.# Column used to flag internal standard area values with an asterisk

page 1 of

1
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