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1.0 EXECUTIVE SUMMARY

Approximately 38,000 gallons of PUREX waste is currently stored in H-Area at the New Solvent
Storage Facility (NSST). About 25,000 gallons of this waste is an organic liquid containing
solvents from the PUREX process. Since the Consolidated Incinerator Facility (CIF) is not
currently operational to treat this waste, waste treatments other than thermal oxidation are under
investigation. The goal of waste treatment is to produce a waste form for final disposal at the
SRS low-level waste landfill in E-Area or at the Nevada Test Site (NTS).

This report summarizes the results of a feasibility study that evaluated solidification as an
alternative treatment for organic waste. Six sorbents (four organic polymers and two clay
products) were tested for solidification of simulated PUREX waste. Waste forms containing
actual PUREX waste from Tank 35 were prepared to confirm the simulant and for the 1-129
leaching experiments. Mixing and general appearance of the waste forms prepared with the
simulant and the actual waste were indistinguishable in the laboratory experiments. Waste forms
were prepared with two waste loadings, 50 and 66 weight percent PUREX, referred to as 1:1 and
1:2 waste loadings, respectively.

Waste forms were evaluated for processing, storage and transportation, leaching and
durability/aging properties. The sorbent materials and the waste forms were characterized by:
gravimetric, thermal, spectroscopic, and X-ray diffraction techniques in an attempt to understand
the mechanisms of sorption, the PUREX-sorbent interactions, and the long-term degradation
effects.

All of the six sorbents resulted in waste forms that meet the basic criteria for disposal at the SRS
E-Area disposal facility and at the Nevada Test Site. However, environmental transport of 1-129
must be analyzed further to determine the acceptability of E-Area disposal for the solidified
PUREX material.

Four of the six sorbents, Imbiber Beads, Nochar A610, Petroset 1I and Petroset II Granular are
recommended for further testing which should include additional laboratory-scale testing with
actual waste and scale-up testing with an acceptable simulated waste.

Imbiber Beads Nuclear Grade was eliminated for further testing because it contains a wicking
agent that is hydrophyllic and swells upon absorption of water. This feature is undesirable from
the standpoint of packaging, storage and transportation. The Nochar A650 sorbent was
eliminated because it reacts with the organic components in the PUREX and undergoes physical
and chemical changes upon aging. (This polymer is plasticized by the PUREX waste.)

Further selection of a material for solidifying the spent PUREX waste will depend on optimizing
the waste form properties and on scale-up test results using simulated and actual waste. The two
organic sorbents Imbiber Beads and Nochar A610 result in light weight particulate waste forms
that may offer some processing advantages not apparent in laboratory-scale batches. The
Petroset I1 and Petroset II Granular products resulted in similar waste forms and had the best
long-term performance. The consistency of these solid waste forms was that of a damp clay
(stiff paste). Scoping tests indicate that the paste can be modified to a rigid solid by the addition
of portland cement. Additional formulation studies are required to optimize this waste form if a
rigid solid is desired.
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2.0 INTRODUCTION
2.1 Background

Currently about 38,000 gallons of legacy PUREX waste are stored in two tanks, Tank-33 and -
35, at the New Solvent Storage Tank (NSST) Facility at Savannah River Site (SRS). These tanks
contain approximately 25,000 gallons of spent PUREX solvent (organic liquid) and about 13,000
gallons of aqueous waste. The PUREX solvent was used in organic-aqueous isotope separation
processes in F- and H-Areas. The aqueous fraction is primarily wash water generated when the
organic liquid was transferred from old underground storage tanks in E-Area to the new tanks in
H-Area. An additional 100,000 gallons of PUREX solvent are currently included in the F-Area
process chemical inventory. This material will also require treatment for final disposal at some
point in the future.

The spent PUREX waste consists of two immiscible phases, a lower density organic liquid
containing n-paraffins and tributyl phosphate in addition to aromatic hydrocarbons and amine
compounds and an aqueous phase containing water and dibutyl phosphate. Analyses of the Tank
33 and 35 samples are provided in Appendix A. This waste is classified as low-level radioactive
mixed waste because analyses of some samples from the old tanks indicated several hazardous
constituents, such as, mercury, chromium lead, silver, benzene, and trichloroethylene were
“present in concentrations above the limits for RCRA characteristically hazardous waste.

Thermal oxidation in the CIF is currently identified as the treatment of the spent PUREX waste.
However, at the present time the CIF is not operating, and SRS is pursuing altenatives to
treatment in the CIF because of the high cost of restarting the facility to treat the PUREX waste.
Consequently, the DOE TRU and Mixed Waste Focus Area (TMFA) is funding aiternative
technologies for hazardous organic waste treatment.

This report describes solidification/stabilization technologies that result in solid, nonhazardous
waste forms suitable for low-level shallow land disposal at SRS (E-Area) or at the Nevada Test
Site (NTS). Details of the task plan are described elsewhere [1]. Another alternative technology
that was evaluated at SRTC for treatment of spent PUREX involves decontamination/removal of
radionuclides to the extent that the spent PUREX can meet the Waste Acceptance Criteria
(WAC) for a commercial low-level radioactive mixed waste incinerator such as the one operated
by DSSI [2]. A third treatment strategy, microbial destruction, was funded by SRTC/SR&D and
is being evaluated by M. A. Heitkamp, EST/SRTC, [3].

Solidification/stabilization was also evaluated as an alternative treatment for the aqueous
fraction. The reference saltstone formulation was used as the baseline for this evaluation, and
results are presented elsewhere [4].

This work was requested by M. G. Looper, Solid Waste Engineering, and was funded by the
TRU and Mixed Waste Focus Area, TTP-SR18MW44,
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2.2 Objective :

The objectives of this study were to evaluate solidification/stabilization as an alternative
treatment technology for the SRS spent PUREX waste using simulated waste and to evaluate
waste forms prepared with actual spent organic PUREX waste for regulatory classification. The
objective of the waste treatment is to produce a waste form that meets the requirements for final
shallow land disposal at SRS or at the NTS. More specifically, the task included the following:
- Prepare simulated waste based on analyses of the Tank 33 and 35 material.
- Identify potential solidification/stabilization reagents for treatment of the organic
PUREX waste.
- Conduct scoping studies to evaluate potential solidification/stabilization reagents
using simulated PUREX waste.
- Develop a test matrix for evaluating solidified waste forms for processing, storage,
transportation, and disposal.
- Confirm that the simulated waste approximates the actual waste with respect to waste
form testing.
- Evaluate PUREX waste-sorbent interactions.
- Evaluate leaching properties for waste forms prepared with actual spent PUREX
waste.

2.3 Approach

The approach was to conduct scoping studies using simulated spent PUREX waste and
commercially available organic sorbents to produce solid waste forms for disposal. Both organic
polymer sorbents and inorganic sorbents were included in the test matrix. This study focused on
waste form processing, storage, transportation, leaching and durability. If the results of this
testing are promising, scale-up studies (5 to 55 gallon) will be conducted to confirm processing
properties and to obtain engineering data for process design. Additional testing with actual
organic PUREX waste will also be conducted to confirm that the current simulant is suitable for
process development.

2.3.1 Disposal Requirements

The Low-Level Waste Acceptance Criteria (WAC) for E-Area and for the Nevada Test Site were
reviewed to identify required tests [5 and 6, respectively]. The E-Area WAC does not include
solidified PUREX waste forms as accepted waste streams. Consequently, as a new waste stream,
the solidified PUREX waste must undergo the SW Waste Certification Process to determine
whether it is acceptable for E-Area disposal. This process is initiated by the waste generator and
is performed by SW.

The NTS requires the approved waste generator to submit a waste profile (characterization) for
consideration. In addition, packaging and transportation requirements for shipping waste from
SRS to NTS must be identified and addressed if solidified PUREX waste is sent off-site. Some
disposal issues and requirements for both the SRS and NTS low-level waste disposal sites are
listed in Table 2-1.
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Figure 2-1. Summary of SRS and NTS low-leve) radioactive waste disposal criteria.

Waste Form Requirement

SRS E-Area WAC [5]

Nevada Test Site WAC {6]

Regulatory Classification

RCRA non hazardous

Waste must not exhibit
characteristics of or be listed as
hazardous waste per RCRA
{Pass TCLP test)

RCRA non hazardous

Waste must not exhibit
characteristics of or be listed as
hazardous waste per RCRA
{Pass TCLP test)

Solid

Pass Paint Filter test

Pass Paint Filter test

Free Liquid

< 0.5 vol, % free liquid w/o
additional absorbents
0 vol. % free liquids w/absorbents

< 0.5 vol. % of the waste processed
to a solidified form i.e., w/o
additional absorbents.

Provisions for additional sorbent
should be made to obtain 0 vol. %
free liquids under storage,
transportation, and disposal site
conditions.

Waste must be evaluated to
determine potential to release liquid
during handling, storage, and
transportation.

Particulates

Fine particulate wastes shall be
immobilized so that the waste
package contains no more than 1 wt.
Percent of <10 um diameter
particles or 15 wt % of less than 200
micrometer diameter particles.

Secure packaging may be used in
place of immobilization.

Physical Stabilization

Where practical, waste must be
treated to reduce volume and to
provide a physically stable form.

Chemically non reactive

Waste must not react with other
waste or the packaging.

Chemical stability and compatibility
must be demonstrated.

Waste Form Type Solidified Organic Waste (Spent Solidified Organic Waste {Spent
PUREX solvent solidified with PUREX solvent solidified with
organic polymer sorbents or with organic polymer sorbents or with
inorganic reagents) inorganic reagents).

Chelating Agent LLW packages containing chelating

or complexing agents in amounts
greater than 1percent of the waste
shall not be accepted unless
stabilized or solidified.

Radionuclide Limits

Low-level waste

Radionuclide concentrations are
specific to disposal options (slit
trench, engineered trench, low-
activity vault) per S Manual,
Attachment 2 Table 4A and B

Low-level waste

Radionuclide concentrations per the
NTS “Radionuclide
Characterization and Reporting
Requirements, Appendix E in the
NTS WAC .

Solidified Organic Liquid

Prepare Wastc Characterization and
Request Waste Certification

Prepare and submit Waste Profile
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2.3.2 Test Matrix

A test matrix was prepared to evaluate processing, storage and shipping criteria, leaching, and
degradation properties. The detailed test plan is presented elsewhere [1]. Tests, test methods,
and parameters are summarized in Table 2-2.

Table 2-1. Solidified PUREX waste form test plan.

Test Parameter/Method Reference

Starting Materials Characterization

Sorbent Material Appearance (macroscopic and microscopic
examination)
Composition (DTA/TGA, FTIR, and x-ray
diffraction)

Waste Form Properties

Final Waste Form Physical Properties Appearance (macroscopic and microscopic
exarnination)
Unit weight [7 and 8,
Free Liquids: EPA methods 9095 and 9096 resp.]

Processing Considerations Appearance, mixing properties,

Waste-Sorbent Interactions Composition (DTA/TGA, FTIR, and X-ray
diffraction)
DTA/TGA, FTIR

Transportaion/Storage Performance

Vibration Cycling Phase separation/liquid expression 91
ASTM D-9%9

Thermal Stability up to 500° C Changes in compounds as a function of
temperature (DTA/TGA)

Leaching

Saturated water leaching: Leach Index 7 day ANSI 16.1 [10, 12]
1-129 K4 ASTM D4319 [11, 12]
Volatile and Serni Volatile Organics [12)

TCLP Extraction Procedure Repulatory classification [12] [13]

Exposure to water Visual description of Waste Forms in 10 x

volume of water

Durability/Aging Behavior
Time (7-14 days vs. 60-80 days) Visual appearance and FTIR

Radiation Stability Co-60 irradiation Visual appearance and FTIR

254 nm UV Exposure for 90 hr at 630 pWatt | Visual appearance and FTIR

Effects of hydration (exposure to water after | Visual appearance and FTIR
irradiation with Co-60)

icrobial ASTM G21-70 Fungi (14)
'[‘;‘éc"“b‘gm ASTM G22-76 Bacteria (plastic) 1151
grada ASTM G22-76 Bacteria (PUREX) [15]
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3.0 EXPERIMENTAL PROCEDURES

3.1 | Sorbent and Waste Loading Selection

Solidification reagents for organic liquids were identified from vendor literature and from
information obtained from personnel at Chem-Nuclear, SC, the Nevada Test Site, NV,
Envirocare, UT and British Nuclear Fuels, Limited (BNFL), Sellefield UK. Materials used for
solidifying organic liquids are commonly referred to as sorbents. These materials are used
primarily for spill control in industrial applications.

Three vendors, Nochar, Inc., Imbibitive Technologies, Inc., and Fluid Tech, Inc, market sorbents
for organic waste treatment in addition to spill control. The Nochar and Imbiber sorbents are
organic polymers. The Fluid Tech, Inc. sorbents are modified inorganic clays (sodium
montmorillonites). Product samnples and technical information were obtained from each of these
vendors. Nochar Inc. provided a technical representative to assist in the initial product
screening. The sorbents/solidifying reagents tested in this study are listed in Table 3-1.

The waste loadings were selected to enable a simple comparison of the various
sorbent/solidifying reagents. (Optimizing the waste loading for each sorbent was not an
objective of this study.) The proportioning was conducted on a weight rather than a volumetric
basis because weights were more accurate, consistent, and convenient for laboratory work.

Table 3-1. List of sorbents and waste loading tested in the PUREX organic waste scoping

study.
Waste Loading
Reagent : Simulated PUREX
Vendor/Product (by weight)
Imbibitive Technologies, Inc. 50 wt. % waste 66 wt.%
loading waste loading |

Imbiber Beads™ (organic polymer) 1:1 1:2

(alkylstyrene copolymer from MSDS)

Imbiber Beads NG™ (organic polymer in Imbiber 1:1 12

Beads plus a polyethylene wicking agent)
Nochar, Inc.

Nochar A-610 Petrobond™ (organic polymer) 1:1 1:2

Nochar A-650 Petrobond (organic polymer) 1:1 1:2
Fluid Tech, Inc.

Petroset II'™ (organo-clay intercalated with - 1:1 12

quaternary ammonium amine)

Petroset II Granular™ (same as Petroset II) L1 1:2
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Simulated PUREX waste was prepared from reagent chemicals and was used for most of the
testing. The simulant composition was based on analyses of the actual waste. See Appendix A.
The ingredients and proportions of the simulant used in most of this testing are shown in Table

3-2.

A satisfactory method of simulating the addition of I-129 in non-radioactive surrogate was not
found. Therefore, leaching samples were prepared with actual Tank 35 waste to assure
representative leaching results for I-129. (Tank 35 material was chosen because it contained

more I-129 than the Tank 33 material.)

Table 3-2. Compesition of simulated organic PUREX waste based on Tank 33 and 35
averages [1].

Ingredients Flash Point | Ignition NFPA Spg Amount
O Temp. (°C) | Chemcial {wt. %)
Hazards
Rating*
Tributyl Phosphate 193 2/1/0 0.979 17.60
Aliphatic hydrocarbon
(n-paraffin)
Undecane 60 0.7402 8.45
Dodecane 71 200 2/2/1 0.748 8.45
Tridecane 79 201 2/2/0 0.757 8.45
Tetradecane 101 204 0.763 8.45
Aromatic hydrocarbon
Diethylbenzene 57 0.870 21.00
Di-isopropylbenzene 76 0.857 21.00
Aliphatic amine
Di-n-octylamine >110 2/2/0 0.799 . 6.60
| Total 100.00

* See SRS Asset Management Manual 3B Section 2-3 for the key to the hazard ratings [16].

3.3 Sorbent Characterization

Physical and chemical properties of the six sorbents were measured to obtain information on raw
materials handling, waste form processing, and PUREX waste-sorbent interactions.

Macroscopic and microscopic descriptions were recorded and bulk densities were measured.
Data generated from Thermal Gravimetric Analysis (TGA), Differential Thermal Analysis
(DTA), and Fourier Transform Infrared (FTIR) Spectroscopy were used to obtain approximate
polymeric compositions and structures of the organic reagents. X-ray diffraction (XRD) was
used to obtain information on the mineralogy and basal spacing of the inorganic clay sorbent.
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3.4 Waste Form Preparation

The order of mixing and the need for stirring were evaluated. Vendors recommended the
addition of the liquid to the sorbent without mixing. This technique resulted in very
inhomogeneouis products that were not appropriate for comparison testing. Consequently for the
purpose of this study, the waste forms were prepared by adding the sorbent to the organic liquid
waste while mixing vigorously. The exception was the preparation of the leaching samples with
Tank 35 waste. Mixing was performed after the sorbent was added to the waste. This technique
resulted in the most even distribution of the liquid waste and the most uniform product.
Laboratory batches ranged from 50 to 150 grams. The largest batches (150 grams) were
equivalent to about 500 cubic centimeters.

After mixing, the waste forms were placed in sealed glass containers for curing/aging prior to
testing. All test specimens were cured for a minimum of seven days at room temperature prior to
evaluation.

3.5 Waste Form Characterization

3.5.1 Waste Form Properties

3.5.1.1 Visual Appearance and Bulk Densities
Photographs and visual descriptions were used to document the appearance of the waste forms.
The bulk densities of the waste forms were estimated by weighing 100 ml of well-mixed
(bulked) unpacked loose material.

3.5.1.2 Paint Filter Test

The Paint Filter Test (EPA SW-9095) is applied to a waste or waste form to determine whether
the material meets the EPA definition of solid [7]. It is a pass/fail test for waste forms since only
solid materials qualify for shallow land disposal. The material is placed in a paint filter identical
to those used to remove lumps from paint. The amount of liquid that passes through the filter is
recorded. If drainage is observed from the filter, the material fails the test for a solid waste form.

3.5.1.3 Liguid Release Test

The Liquid Release Test (EPA SW-9096) is intended to determine whether liquid is expressed
from a waste or waste form in the shallow land-disposal environment under pressure
corresponding to about 50 feet of overburden [8]. The apparatus used for this test is shown in
Figure 3.1. The pressure is applied for 10 minutes and the expressed liquid is collected on
absorbent paper placed under the sample. The amount of liquid release is determined
gravimetrically by measuring the absorbent paper weight gain. See Figure 3-1.

3.5.1.4 Processing Properties

Direct observations of handling and mixing properties were recorded. Engineering data and
processing parameters, which are necessary for designing a process, were beyond the scope of
this initial study. However, the bulk densities and final volumes of the various waste forms were
determined to estimate the volume increase resulting from the solidification process.
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(a) Schematic (b) Disassembled apparatus

Figure 3-1, Liquid Release Test apparatus. Blue absorbent paper is used to collect liquid
expressed from the waste forms.

3.5.2 PUREX-Sorbent Interaction

TGA/DTA and FTIR spectroscopy data were used to determine the interactions between the
sorbent materials and the simulated PUREX waste. TGA data provide weight changes as a
function of temperature. Samples were evaluated up to 500°C in this study. Weight changes in
these samples were due to volatilization of the PUREX waste components (below 200°C) and
decomposition of the compounds in the sorbent at higher temperatures. Comparisons of the
graphs for the waste forms and for the sorbents without PUREX provide information on the
changes in the sorbent due to chemical interactions with the PUREX components. The DTA is
generated by differentiation of the TGA results.

FTIR spectroscopy was used to identify the chemical components in materials by measuring the
infrared absorption spectra of the material. The types of chemical bonds in the compounds that
make up the sample are determined by the wavelengths of light absorbed in the infrared range.

X-ray diffraction was used to identify the inorganic components of the Petroset II and to
determine modifications of the clay structure due to the presence of organic compounds.
In particular, x-ray diffraction was used to measure increases in the basal spacing of the clay
(degree of swelling of the clay structure) due to the intercalation of organic compounds.
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3.5.3 Transportation and Storage Properties

3.5.3.1 Vibration Testing

Segregation of liquid from the solid waste form during transportation is a concern if the
solidified PUREX is shipped to the NTS for disposal. The effects of vibration can be severe and
can result in release/segregation of liquid held by capillary forces under static conditions.
Consequently, the waste forms were subjected to a cyclical vibration test. Although it is not
possible to precisely duplicate the vibratory regime that a waste form will experience during
truck or rail transportation, SRTC has correlated vibration test results on resins to the effects of
truck transportation [17). The test protocol used for this correlation was used for the PUREX
waste forms.

The laboratory test involves vibrating the PUREX waste forms on a Fritsch Laboratory Vibrator
at an amplitude of 2 mm. Absorbent paper under the sample collected any moisture released
during vibration. The paper was weighed at ten-minute intervals. Testing was continued until no
further change in weight was measured. The test was terminated after no furthur weight gain (if
any) was measured. The vibration apparatus is illustrated in Figure 3.2.

(a) Illustration of blue absorbent paper for (b) Configuration during testing.
collection of expressed liquid.

Figure 3-2. Fritsch Laboratory Vibrator.

3.5.3.2 Effects of Temperatures

Samples were subjected to TGA /DTA to determine the response of the waste form to elevated
temperature. Samples were placed in a small platinum container and the temperature was
increased at a rate of 10°C/min. The weight loss and heat responses were measured. The gas

generated during this treatment was not collected for the present study.
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3.5.4 Leaching Properties

3.5.4.1 TCLP Extraction and Analyses for Regulatory Classification

The TCLP extraction procedure is used to determine the soluble hazardous metals in a waste or
waste form for the purpose of regulatory classification and determination of disposal options.

For this test, the alkalinity of the sample must first be determined in order to select the extraction
fluid. The PUREX waste forms are not alkaline so extraction Fluid #1, which is a sodium
acetate solution with a pH of 4.93, was determined to be appropriate. (Samples with a high
alkalinity use extraction Fluid #2, which is a dilute acetic acid solution with a pH 0of 2.8.) The
samples were size reduced to pass a minus 3/8 inch sieve and then tumbled in the appropriate
extraction fluid for 18 hours. The choice of extraction fluids does not apply to extracting the
volatiles. Fluid #1 is always used and a Zero Headspace Extraction (ZHE) apparatus is used
when analyzing for volatiles.

The radioactive PUREX waste forms were extracted by ADS/SRTC. The hazardous metals were
analyzed by ICP-MS (Ag, Ba, Cd, Cr, Pb), atomic absorption spectroscopy (As and Se) and by
mercury cold vapor extraction (Hg). The metals that make up the RCRA underlying hazardous
constituents (UHC) were analyzed by ICP-ES with the exception of thallium, Tl, which was
analyzed by ICP-MS. The detection limits for the methods used to analyze these metals were
below the RCRA Universal Treatment Standard Limits (UTS). Therefore, the resuits are
adequate for planning and engineering purposes. Certified analyses are required for regulatory
purposes. One waste form, the Petroset II with a 66 wt. % loading was sent to GEL, Charleston
for a certified analysis.

In addition, total benzene and total trichloroethylene concentrations were determined for the
waste forms with 1:2 waste loadings. The benzene and TCE concentrations in the waste are 66
percent of the tota! concentrations in the waste form based on the 1:2 waste loadings. The
Imbiber Beads and the Petroset II and Petroset II Granular waste forms had the most uniform
distribution of waste in the waste form. Therefore, the results from these waste forms best
represent the total concentrations in the waste. Volatile organic analyses were performed by gas
chromatography-mass spectrometry (GC-MS) using ADS method 2656 [15]. Samples were
concentrated using a Dynamic Headspace concentrator (purge and trap) that has a three stage
trap. Internal standard and recovery surrogate compounds were added as specified in the
contract laboratory program for volatile organics. The method detection limits for these organic
components were well below the treatment standard values (UTS limits).

3.5.4.2 I-129 Kd Determination

1-129 distribution ratios, Rus, assumed to approximate the equilibrium values, Kgs, were
determined according to ASTM D-4319 [11]., The test configuration consisted of placing 20 g of
each waste form (1:2 waste loading) in 200 mL of deionized water. Glass containers were used
for this test and tumbled at 30 rpm for 6 hours and leached under static conditions for the
remaining 72 hour test period. A 60 ml aliquot of each leachate was extracted, filtered through a
45-micron filter and submitted to ADS for I-129 analysis. The same procedure was followed
with fresh samples except that the leaching was performed for 3, 6 and 16 days to assess changes
with time (equilibrium evaluation).
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ADS/SRTC performed the I-129 analyses. Each sample was spiked with stable iodide and was
subjected to a silver iodide precipitation to separate any iodide in the matrix from other
radionuclides. A blank DI water sample was analyzed along with the batch as a control. The
precipitates were analyzed with a low energy HPGe gamma spectroscopy detector. After gamma
analyses, the precipitates were analyzed by neutron activation analysis to determine the levels of
stable iodide carrier in the precipitates. The recoveries of the iodide carrier were used to correct
the gamma spectroscopy results for the 1-129 recoveries. Uncertainties provided are 1 sigma.

3.5.4.2.1 Calculation of Distribution Ratios

The parameter known as the distribution coefficient, K, is used to quantify sorption reactions for
the purpose of environmental transport modeling of ionic species. The distribution coefTicient is
used to assess the degree to which a chemical species will be removed from solution as a fluid
migrates through a media. In other words, the distribution coefficient provides an indication of
how rapidly an ion can move relative to the rate of ground water movement under the
geochemical conditions tested.

Justification of the distribution coefficient concept is generally acknowledged to be based on
expediency in modeling, averaging the effects of one or more attenuation reactions. Measured
partitioning reactions may include adsorption, ion exchange, co-precipitation and filtration
processes that cannot be easily described by equations.

In reference to partitioning in soils, equilibrium is assumed (although not always achieved) and
the equilibrium value is referred to as the Ky. In these laboratory experiments, the distribution
ratio, Ry, is calculated which may be used for estimating the value of the distribution coefficient
for a given set of site specific geochemical conditions. Although attainment of equilibrium in the
short-term laboratory tests is not presumed, the Ry values can be used as approximations of the
equilibrium K4 values. Iodine-129 dsitribution ratios were calculated for the absorbed PUREX
waste forms based on the following equations:

4) Ry = (mass of the solute on the solid phase per unit mass of the solid phase)

(mass of the solute in solution per unit volume of the liquid phase)
where:

R, = distribution ratio, mL/g,

3.5.4.3 ANSI 16.1 Testing

The PUREX waste forms were leached according to the accelerated ANSI 16.1 test protocol
[10]). This test is conducted over 7 days and has 10 leach intervals. Actual Tank 35 waste was
used because a satisfactory method of incorporating I-129 into the organic simulant was not
determined.

This test is designed for monolithic samples. The PUREX waste forms were prepared as
cylinders, but they did not hold their shape after immersion in water. Consequently, diffusion of
contaminants from a monolithic material is not the controlling release mechanism. However,
diffusion from the individual organic polymer grains is a likely mechanism and leaching the
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granular, non monolithic samples in this way gives conservative results because of the increased
waste form surface area.

Glass leaching vessels were used because the tributylphosphate component in the PUREX reacts
with most plastics. Deionized water was used as the leachate and the volume of the leachate was
fixed at 850 ml. The amount of waste form used in the test was determined by molding the
waste form into a cylinder with a surface area of 85 cnf. The waste form surface area to
leachate volume ratio was approximately 10cm per the ANSI test. Fresh waste form samples
were used for each leach interval.

The leachates were analyzed for the Tank 50 rad-screen constitutents, total gamma, 1-129, VOCs
and SVOCs by SRTC/ADS [12]. The leach Index for I-129 was calculated according to the
ANSI 16.1 protocol [10]. The leaching sample configuration is illustrated in Figure 3.3. For the
purpose of calculating the I-129 Ky values, less than values were used. The result is that the Kgs
are reported as greater than values and are therefore conservative.

{a) Waste forms mixed and molded for leaching. {b) Waste forms leaching in deionized water in
glass containers.

Figure 3-3. ANSI 16.1 leach test configuration.

3.5.4.3.1 Calculation of Effective Diffusion Coefficients and Leach Indices

The diffusion coefficients are calculated from the leach data generated in the ANSI 16.1 test
according to equation (1)

_JararY
W b= (At),][s}T

where:
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D= effective diffusivity (effective diffusion coefficient), (cm/s)
=  volume of leachate, (cnt)
S=  geometric surface area of the specimen as calculated from the measured
dimensions, (cnt)
2
1= )
leaching time representing the “mean time” of the leaching interval, (s)
a, = amount of the species released from the specimen during the leaching
interval n, (g)
Ap= total amount of a given species in the specimen at the beginning of the first
leaching interval (g). The concentration in the initial wash off is not included in

Ag
ta length of time of the leach interval, n
t,-1  length of time for the leach interval before t,
n leach intervals 1 to 10.

If more than 20 % of the leachable species was removed by any time, t, the calculation for the
effective diffusivity must take into account a reduction in source term, Ay. The ANSI procedure
provides tables for making the required corrections for cylindrical samples. These tables could
not be used for the waste forms leached in this study because the waste forms did not retain a
cylindrical shape during the leach testing.

3.5.5 Durability/Aging Properties

Long-term properties of the solidified PUREX waste forms were evaluated by:

- Comparing DTA/TGA data and FTIR spectra of samples cured for 7 to 14 days with those
of samples cured for 60 to 80 days in sealed containers at ambient conditions.

- Accelerating aging with gamma radiation and with ultraviolet light. The irradiated samples
were evaluated by: visual examination, free liquid testing, and response to immersion in
water (hydration testing). DTA/TGA, and FTIR spectroscopy were also used to identify the
chemical and structural changes that occurred as the result of these forms of aging.

The rate of degradation and the relative proportions of the degradation products generated during
exposure to Co-60 gamma radiation and UV exposure are difficult to correlate to years of aging.
However, the types of degradation products obtained by these methods approximate those
fromed as the result of time dependent aging [18].

3.5.5.1 Exposure to Cobait-60 Radiation

Cobalt-60 gamma rays were used to irradiate the starting materials (simulated PUREX and
sorbents) and the solidified PUREX-sorbent waste forms. Exposure times were based on dose
rate and time. The Co-60 dose was correlated to the dose delivered by the radionuclides in the
actual spent PUREX. The radionuclide analyses for the PUREX waste is provided in Appendix
A. The correlation calculations are provided in Appendix B. The samples were examined after
receiving doses that corresponded to aging from 50 to 10,000 years. See Table 3.3.
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Dose calculations were performed for both the organic and aqueous liquids in Tanks 33 and 35.
The detection limits for Cm-245 and Cm-246 are about 10X higher in the organic waste
compared to the aqueous waste in both tanks. Plutonium, cesium and tritium were significant
contributors to the calculated absorbed doses for all samples. All of the radiochemical data were
converted from dpm/mL and converted to values of curies/g using an assumed density of 1 g/cc
for aqueous and 0.82 g/cc for organic. Tables 1-4 in Appendix B provide the radionuclide data
necessary for estimating absorbed dose contributed by each radionuclide.

Literature data for the radionulcides [19] and standard calculation routines for absorbed dose
(20] were employed. The calculations conservatively assumed that 100% of the energy from all
radionuclides in the PUREX waste is absorbed in the waste and in the waste form, i.e., no energy
loss due to escape from the material. The calculated absorbed doses for the waste or waste form
were then extrapolated out to 50, 500, 1000, 5000 and 10,000 years. The dose for 500 years was
used to calculate the long-term dose rates because the shortest lived radionuclides decay away at
earlier times. The results for the Tank 35 organic waste are plotted in Figure 3-4. The calculated
dose for the organic fraction is significantly higher at longer times than the calculated doses for
the aqueous fractions. This is due to the higher detection limits associated with the long-lived
Cm-245 and Cm-246. Consequently the doses from the radionuclides in the organic waste are
somewhat over estimated for longer times. The highest calculated dose, i.e., the dose from the
Tank 35 organic waste was used in the final calculation of the exposure times for waste forms
evaluated in this study (simulated spent PUREX waste).

The Co-60 irradiation times needed to simulate the radiation exposure in the aqueous and organic
fractions were calculated using the doses calculated for the waste (Appendix B) and the dose
determined for the Co-60 source. The dose rate of the SRTC Co-60 source that was used in this
study was 9.9E+5 rad/hr in July 2001. This value was calculated from a measured dose rate of
2.2E+06 rad/hr determined in May 1995.

Table 3-3 shows the irradiation times, the expected doses and the equivalent time of irradiation
expected for the samples. The shortest irradiation time of approximately 30 minutes in the Co-
60 source equates to a calculated sample exposure of about 50 years. The longest irradiation
time of approximately 90 hrs equates to a calculated sample exposure of 10,000 years.

Irradiated samples were weighed to determine weight gains (oxidation or hydration) and losses
(volitilization of PUREX and/or organic polymer components, dehydration and/or
decarbonization of inorganic components in the sorbents). Irradiated samples were also
examined by TGA/DTA and FTIR and the degradation products were recorded.

3.5.5.2 Exposure to Ultraviolet Light

Unlike Co-60 irradiation exposure, the effects of ultraviolet light exposure can not be
equated/extrapolated to actual years of aging or exposure. However the 254 nm UV light is a
relatively high-energy wave length and is known to generate ozone in the ppm range. Since
ozone is a very aggressive oxidizer, this test served as a screening evaluation for combined
degradation effects from exposure to light and oxygen.
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Figure 3-4. Absorbed dose versus time plot for Tank 33 and 35 PUREX waste.

Table 3-3. Relation between Co-60 exposure time, dose, and approximate years of aging or
the PUREX waste forms.

Exposure Time Co-60 Dose (total) Approximate aging time of PUREX
(hours) (Rads) Waste Forms (years)
0.5 3.7 E+04 50
4.5 1.9E+05 500
9 3.7E+03 1000
45 1.7E+06 5000
90 3.2E+06 10,000
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Samples of the solidified PUREX waste forms were cured for 7 days prior to exposure to ultra
violet light, which is known to degrade many organic compounds. Approximately 10 grams of
each waste form were spread out in individual glass dishes to a thickness of at least 2mm and
placed under an ultraviolet lamp. Aluminum foil was used to make a light-tight enclosure
around the samples and the lamp to address eye safety issues. Samples were examined after
varying times up to 90 hours of exposure. The flux at 2 cm from the bulb was 2400 microwatts
per ent, and 254 nm wave length light was used. (The lamp manufacturer, UVP, Inc. measured
the flux at 7.6 cm as 1200 microwatts per cnt with a radiometer.) The experimental set up for
this testing placed the lamp 5 cm above the samples. Since the bulb was 37.5 cm long rather
than a point source, flux delivered to the samples was inversely proportional to the distance
rather than the square of the distance from the bulb.

In addition to visual observations of color and physical property changes, FTIR spectra were
obtained from samples exposed to the UV light. The waste form degradation products were
recorded for waste forms exposed to UV radiation for 90 hours.

3.5.6 Microbial Degradation

Resistance of the sorbent materials, the simulated PUREX waste, and the solidified PUREX
waste forms to microbial degradation was also evaluated. The ASTM G21 [14] and G22 [15]
methods were used to determine the extent of degradation caused by fungi and bacteria,
respectively. These tests are included in the Nuclear Regulatory Commission (NRC)
certification criteria for disposal of low-level waste forms.

Microbial testing was subcontracted to Celsis Laboratory, Inc., St. Louis, MO, which specializes
in biodegradation testing. Dr. R. Rogers, INEEL, an expert on microbial degradation of
radioactive waste forms in shallow land disposal environments, reviewed the approach and
provided modified test protocols for granular and non monolithic samples.

The bacteria and fungi specified in the ASTM methods are targeted for decomposition of the
polymer waste form substrates as well as the simulated PUREX waste. The ASTM specified
fungi are: aspergillus niger, penicillium pinophilum, chaetomium golbosum, gliocladium virens,
and aureobasidium pullulans. The ASTM G-22 bacterium is psecudomonas Aeruginosa. Dr. R.
Rogers and Dr. M. Heitkamp, SRTC, both approved the substitution of the bacteria Klebsiella for
pseudomonas Aeruginosa in the test program since the latter is a pathogen.

In addition, Dr. Heitkamp isolated over 35 microbes from the interface between the organic and
aqueous phases in Tank 33. Dr. Heitkamp provided one of the bacteria, currently designated as #
17-3, to be included in the microbial degradation testing at Celsis Laboratory.
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4.0 RESULTS

4.1 Sorbent Characterization

The physical properties of the various sorbents are described in Table 4-1. Micrographs of the
sorbents are provided in Figure 4-1. Catalogue price information was obtained for some

sorbents.

The the basic compounds in the sorbents were identified in general terms to provide base line
information for understanding the sorption properties/limitations of the sorbents and for
predicting the effects of degradation and long-term performance of the waste forms. Techniques
used to identify the sorbents included FTIR spectroscopy and TGA/DTA. The results are
summarized in Table 4-2. The FTIR spectra for the sorbents are provided in Figures 4-2 to 4-4.

Table 4-1, Physical descriptions of the sorbents tested.

Bulk
Estimated| Density | Particle Size
Vendor/Product Price (g/ec)* {mm) Visual Description
Imbibitive $3.55/1b | 0.70 125-420 um. | Spheres (clear)
Inc./Imbiber Beads™ (bulk) | +/.0.06 from MSDS
(alkylstyrene = O . .
copolymer) ‘
Imbibitive Spheres same as | At least 3 materials, spheres
Technologies 0.27 Imbiber beads wrapped in shredded
Inc./Imbiber Beads Film material ( (feathery/lacy) material plus a
NG™ +/-0.05 polyethylene) is 3™ material present as angular
very thin and chunks (may be the same
gf;g};‘nﬁ:’;us hydrophillic material as the film) Some
polyethylene phase separation of the
L spheres from the other
wicking agent) .
material.
$8/b Nodular material | Irregular shaped particles
Nochar Inc./Nochar ($304/ 0.24 0.1 to > 2mm in made up of connected
A-610™ size and stringers | nodules (white, opaque)
401b) +/-0.03 up to Imm
Nochar Inc./Nochar 0.38 <0.1 to 0.5 mm | Irregwdar grains, (colliform,
A-650™ +/-0.02 nodular) (white, opaque)
Fluid Tech Inc./ 0.52 <0.01 to > 0.03 | Small agglomerates of
Petroset [™ $1.75Mb | +/-0.04 mm particles (gray to brown)
- Fluid Tech.Inc./ 0.65 0.05t0 0.2 mm | Agglomerated particles {dark
Petroset II +-0.15 olive black)
Granular™

* Relatively small samples were used for the bulk density determinations. On this small-scale, sample
preparation technique (sampling, degree of packing, etc.) for these compressible materials effects the
results.
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Figure 4-1. Micrographs of the Sorbent Materials. (RL indicates reflected light. X
indicates the magnification)
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IMBIBER BEADS

CROSSLINKED
POLYSTYRENE WITH

CARBONYL

(PROBABLY ACRYLATES)

REFERENGCE PATTERN

POLYSTYRENE
CROSSLINKED WITH
DIVINYL BENZENE
(GT-73 ION EXCHANGE RESIN)
500

4000 3500 3000 2500 2000 1500 1000
Wavenumbers

Figure 4-2, Imbiber Bead FTIR spectra and compound identification.

NOCHAR 610

NOCHAR 650

carbonyl
(likely due to
acrylates).— -

4000 3500 3000 2500 2000 1500 1000
Wavenumbers

Figure 4-3. Nochar A610 and A650 FTIR spectra and compound

identification.
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PETROSET 1
MONTMORILLONITE w —
51-0 BOND SHO-A)
S _
HYDROGARBONS
""" LONG CHAIN (~14 CARBONS)
MONTMORILLONITE AIO:H \
$10-H BOND / M
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers

|
=1 I S
* J. Madejova, B. Arvaiova and P. Komadel, “FTIR
Spectroscopic Characterization of Thermally Treated
Cu2+, Cd2+ and Li+ Montmorillonites,” Spectrochimica

Acta, Part A, 55 (1999), 2467-2476.

Figure 4-4. Petroset II FTIR spectra (top) and reference pattern for the effect of
expanded basal spacings (due to cations) on the wave number,

The x-ray diffraction pattern for the Petroset II clay is shown in Figure 4-5. The diffraction
pattern indicates that Petroset II contains a sodium montmorillonite with a basal spacing of
approximately 15 angstroms and a sodium montmorillonite with a basal spacing that has
been significantly modified (expanded). A quaternary amine compound was used to
significantly expand the basal spacing to approximately 22 angstroms.
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4.2 Waste Form Characterization
4,2.1 Waste Form Appearance

The waste forms described in Table 4-3 were prepared with simulated PUREX waste.
Photographs of the 1:1 and 1:2 waste loadings are shown in Figures 4-6 and 4-7,
respectively. Photographs of some of the waste forms made with actual waste are shown in
Figure 4-8. Waste forms prepared with actual Tank 35 waste appeared to be similar to those
prepared with the simulated waste except for the color. The actual PUREX waste was
medium to dark brown in color and resembled the simulated PUREX after it was irradiated
with Co-60 gamma rays in the laboratory. The Tank 35 PUREX waste is yellow to brown in
color as are the waste forms made from actual spent PUREX liquid. The simulated PUREX
was clear and consequently the waste forms retain the color of the sorbent.

Table 4-3. Description of the solidified waste forms prepared with simulated PUREX.

Waste
Loading by
Waste Form Wt Final Waste Form Description
Imbiber Beads™ 1:1 White, opaque to translucent beads that stick to any surface.
12 Materiat with 1:2 loading is more translucent and looks“wetter”
1:1 White, opaque, soft material. Clear beads are distributed
‘Imbiber NGM throughout a white shredded polymer material. Material with- -
1:2 1:2 loading is more translucent and looks“‘wetter”
1:1 White, opaque, soft spongy particles. Dry appearance and feel,
Nochar A-610™ Resembles ground up styrofoam cups. Material with 1:2
1:2 loading contains lumps of more “solidified” translucent
material that is sorbing more waste.
1:1 White, opaque mass. Some portions display grain boundaries
Nochar A-650™ others do not.
1:2 White, opaque, sticky gel that flows. No grain boundaries
visible,
Petroset IT™ 1:1 Clay-like, sticky. Consistency feels like peanut butter
1:2
Petroset I} 1:1 Clay-like, sticky. Consistency feels like peanut butter. Few
Granular™ 12 inclusions of original material.

4.2,2 Waste Form Processing

Observations made during processing the various waste forms are tabulated in Table 4-4.
The sorbents were added to the waste and mixed vigorously to obtain even distribution of the
waste. The materials that had rapid, high absorption capacities required the most vigorous
mixing to obtain a relatively uniform product. Otherwise, a large amount of the sorbent was
not exposed to the liquid waste.
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Imbiber Imbiber Nuclear Grade

Sriralated P
Dy ot

S Al Semukatest PUSER,

IR FI0E T

Nochar A610 Nochar A650

Potroeat U Lrasear Sieneated PUREY

R PR

Petroset II ~ Petroset 1T Granular

Figure 4-6. Simulated PUREX waste forms with 1:1 absorbent:PUREX waste loadings.
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Imbiber Nuclear Grade

Nochar A610 Nochar A650

Petroset ' ular

Petroét II

Figure 4-7. Simulated PUREX waste forms with 1:2 absorbent: PUREX waste loadings.
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(a) Before Mixing Imbiber NG and Tank (5) After Mixing Imbiber Beads and Tank
35 Waste (1:2) 35 Waste (1:2)

(¢} After Addition but Before Mixing ) After Mixing Nochar A610 and tank 35
Nochar A610 and Tank 35 Waste (1:2) Waste (1:2)

{) After Mixing Nochar A650 and Tank 35
waste {1:1}

(e) “After Addition b efoixing
Nochar A650 and tank 35 Waste (1:1)

(1} After Addition but Before Mixing Petroset
II Granular and Tank 35 Waste (1:2)

(@) While Mixing Petroset 11 and Tank 35
Waste (1:1)

Figure 4-8. Samples prepared with actual PUREX waste for leaching tests.
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Table 4-4. Processing observations for laboratory-scale samples.
Waste
Waste Form Loading by Laboratory-Scale Observations
Weight
Imbiber Beads™ 1:1 No dusting. Beads are easily scattered when dry like
1:2 tiny ball bearings. Minimal mixing is required.
Imbiber NG™ 1:1 No dusting. Sorbent is easy to handle. Minimal
12 mixing is required.
1:1 No dusting. Sorbent is easy to handle, fluffy and v.
Nochar A-610™ absorbent. Vigorous mixing is required especially at
1:2 higher waste loadings to assure even distribution.
Otherwise, rapid sorption results in regions w/ and
w/0 waste
Nochar A-650™ 1:] No dusting. Sorbent is easy to handle, light weight
12 and fluffy. Minimal mixing is required.
Petroset [I™ k1 Dusty (like cement). High-shear (not necessarily
1:2 rapid) mixing is required.
Petroset I Granular™ i:1 Dusty (like cement). High-shear (not necessarily
1:2 rapid) mixing is required.

Some of the radioactive waste forms shown in Figure 4-8 were photographed afier the

- addition of the Tank 35 waste but prior to mixing. These samples were prepared in a
radioactive hood and it was not possible to mix and combine ingredients simultaneously
given the limited hood constraints. Uneven distribution of the waste is evident on the small
laboratory scale. Even distribution of the waste throughout the waste form was considered a
processing objective in addition to being necessary for laboratory testing and comparisons.

One important consideration that was applicable to all of these waste forms is that the vapor
pressures of the components in the simulated PUREX waste are low and result in the off-
gassing of volatile and semi volatile organic compounds. The legacy PUREX waste is
expected to have less off gassing but this must be considered in design of the process
ventilation and in containerization of the solidified waste forms. The simulated PUREX
waste also had a strong odor. All laboratory work with the simulated waste and waste forms

was performed in well-ventilated hoods. The laboratory waste forms were stored in sealed
containers.

4.2.2.1 Unit Weight Determination

Mixing the organic sorbent with the PUREX waste resulted in bulking or fluffing of the
waste form. This is illustrated in Figure 4-8 (a) and (b) for the Imbiber Beads waste form, (c)
and (d) for the Nochar A610 waste form, and (e) and (f) for the Nochar A650 waste form.
Volume increases are most apparent for the low density organic polymer sorbents such as the
Nochar A650. The Petroset I1 waste forms did not display bulking or fluffing. However, the
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consistency of the Petroset II waste forms resulted in final products that resembles moist
clay. (The consistency of the Petroset II waste forms may be improved with the addition of

cement and/or other reagents.)

Bulk densities and waste to waste form volume increases for the 1:1 and 1:2 waste forms
were measured. Results are listed in Tables 4-5 and 4-6, respectively. In addition, the waste
forms were manually compacted with a plunger and the compacted volume, initial rebound,
and 24 hour later rebound volumes were measured. The applied compaction force was about
50 pounds of pressure.

The Petroset II/Petroset II Granular waste forms at the 1:1 and 1:2 waste loadings had the
highest waste volume loadings of the materials tested, 1.6 and 1.3 times volume increase
relative to the PUREX waste volume, respectively. The Petroset waste form material itself is
not compressible. However, the waste forms are thick pastes and completely filling a
disposal container may require special filling techniques.

The Imbiber Bead and Imbiber Bead NG 1:2 waste forms had the second lowest (best)
volume increases of 2 times relative to the initial waste volume. The Imbiber Bead waste
forms showed almost no benefit from compaction after accounting for the rebound that
occurred within the first 24 hours. The volume increase for the 1:2 Imbiber Bead waste form
is less than that for the 1:1 waste form, 2.0 versus 2.7 times the volume of the PUREX waste.
This roughly corresponds to the additional volume of PUREX waste in the 1:2 versus the 1:1
waste forms.

The Imbiber Beads NG 1:1 waste form had a high volume increase relative to the volume of
the PUREX waste but was very compactable. However, after a 24 hour rebound period, most
of the benefit from compaction was lost resulting in a 3.5 time volume increase relative to the
PUREX waste volume. The 1:2 Imbiber Bead waste form had a volurne increase relative to
the waste of 2.3 and after the 24 hour rebound period showed a volume increase of 2.0 times
relative to the initial PUREX waste. The difference in the rebounded 1:1 and 1:2 products is
more than can be accounted for by the additional volume of waste. Consequently,
compaction at the level of the test resulted in reducing the pore volume in the product to
achieve an additional 10 percent decrease in waste form volume.

The volume increase for the Nochar A610 waste form at a 1:1 waste loading was almost 6
times the volume of the PUREX waste. After the 24 hour rebound period, the volume
increase was 3.8 times. The 1:2 waste forms showed much lower volume increases before
and after rebound, 3.3 and 2.1, respectively. Afier rebound the 1:2 Nochar A610 product has
a similar waste form to waste volume ratio as the Imbiber Bead products. Again, compaction
resulted in reducing the porosity of the waste form and the compaction appears to be more
effective at higher waste loading for the Nochar A610 products. Higher waste loadings may
result in even more reduction in the waste form to waste volume ratio.
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The Nochar A650 waste form volume to waste volume ratio at the 1:1 waste loading was 2.0,
similar to that for the Imbiber Bead and A610 1:2 waste loading. However, at a waste
loading of 1:2 the Nochar A650 waste form softened to a self-leveling gel. A low waste form
volume to PUREX volume of 1.3 was measured.

The volume increases expected for waste forms prepared without mixing, will be similar to
those measured for the compacted samples. Rebound is not expected from samples prepared
by pouring waste into a container with pre-placed sorbents. However, it is difficult to obtain
a uniform waste distribution for this type of waste form processing.

4.2.2.2 Solid Property Determination (Paint Filter Test)

The paint filter test was used to determine whether the waste forms were solids or liquids as
defined by EPA [7]. By this definition, solid waste does not have any drainable liquid. All
of the solidified PUREX waste forms passed this test for a solid material and passed the
solids waste criteria for landfill disposal. However the Nochar A650 waste form with 1:2
parts by weight sorbent to simulated PUREX waste form flows as a viscous fluid as
illustrated in Figure 4-7. The Petroset II waste forms have the consistency of a thick paste
and pass the paint filter test. Preliminary testing indicates that portland cement can be added
to the Petroset Il - PUREX material to produce a more rigid solid waste form.

4.2.2.3 Liguid Release at 50 psi

The Liquid Release Test (LRT) is used to evaluate whether the waste/waste form will release
liquid when subjected to the disposal site overburden [8]. . All of the waste forms tested in
this study pass the liquid release test. None of the waste forms expressed any liquid as the
result of 50 pounds of pressure being applied for 10 minutes. The actual pressure applied to
the sample is 14 pounds per square inch using the standard EPA 9096 LRT device
manufactured by Associated Design and Manufacturing Company.

4.2.3 Waste Form-PUREX Interactions

Chemical interactions between the simulated PUREX waste and the six sorbents tested are
summarized in Table 4-7. FTIR spectra for the waste forms are provided in Figures 4-9 to 4-
13. TGA/DTA patterns are provided in Appendix C.

Weight changes as a function of temperature are determined by TGA. Some thermal events,
such as melting, plastic transition point, and phase changes take place at discrete
temperatures. Other thermal events, such as volatilization of a compound from a sample as it
diffuses to the surface, take place over a temperature range.

Differential thermal gravimetric analysis is a differentiation of the TGA data and is a useful
tool for component identification. DTA provides a precise measurement of the rate of
temperature change as heat is added to the material. This information is also used to identify
the type and amount of components in a mixture.

FTIR spectroscopic analysis is used to identify the types and lengths of chemical bonds in a
sample. Changes in the FTIR spectra can be correlated with the formation of new
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bonds/compounds caused by some event, such as, chemical reaction, heating, irradiation or

oxidation.

Table 4-7. Summary of the chemical interactions beitween the simulated PUREX waste

and the sorbents.

Waste Form

Interactions between PUREX and sorbent*

Imbiber Beads™ -Simulated
PUREX Waste Forms

1:1 and 1:2 waste'loadings
by weight

No chemical interactions are indicated between simulated PUREX and

Imbiber Beads.

- DTA/TGA indicates volatilization of organic cempounds is identical for
pure simulated PUREX liquid and Imbiber Bead waste form. This
indicates PUREX diffuses into and out of sorbent without chemical
interaction

- FTIR indicates no change in P=0 bond.

Imbiber NG™-Simulated
PUREX Waste Forms

1:1 and 1:2 waste loadings
by weight

Bead fraction of the NG material shows no interaction with the simulated

PUREX waste.

The wicking component (polyethylene) seems to indicate some form of

weak interaction with the simulated PUREX waste.

- DTA/TGA indicates slower release (broader peak) of PUREX compared
to Imbiber Bead waste forms.

- FTIR indicates no chemical interactions between the TBP (phosphate
groups) in the PUREX and the Imbiber NG.

Nochar A610™_Simulated
PUREX Waste Forms

1:1 and 1:2 waste loadings
by weight

Some chemical interactions between the Nochar A610 and the simulated
PUREX are indicated.
Volatilization of the organic compounds in the simulated PUREX occurs
at a slightly higher temperature in the A610 waste forms compared to the
Imbiber Bead waste forms.
Degradation of the Nochar A610 resin occurs at a higher temperature for
the Nochar A610 -PUREX waste forms compared to the Nochar A610
by itself.
FTIR indicates nc appreciable chemical interaction between the TBP in
the PUREX and the Nochar A610.

Nochar A650™ -Simulated
PUREX Waste Forins

1:1 and 1:2 waste loadings
by weight

Some slight chemical interactions between the Nochar A650 and the
simulated PUREX are indicated after short curing times (7 days). At longer
curing times, additional interactions are observed.
Volatilization of the organic compounds in the simulated PUREX occurs
at a slightly higher temperature in the A610 waste forms compared to the
Imbiber Bead waste forms.
FTIR for samples cured 7 days show very little chemical interaction
between the TBP and the Nochar A650.

Petroset II™ and Petroset 11

Granutar™ -Simulated PUREX
Waste Forms

1:1 and 1:2 waste loadings
by weight

Chemical interactions between the Petroset IT and the Simulated PUREX are
indicated by DTA/TGA and FTIR specira.
Volatilization of organic components in the simulated PUREX is
indicated by the broadening of the PUREX peak in the TGA pattern
between 50 and 200°C. ‘
A new peak is found in the TGA pattern of the waste form at 425°C that
indicates formation of new chemical bonds.
FTIR spectra indicates a P=0 bond shift from 1230 to 1205 cm-1 which
suggests that the tributylphosphate in the simulated PUREX is chemically
interacting with the intercalated quaternary amines in the
montmorillionite.

* FTIR was used to detect interactions between polar molecules like Tributylphosphate
(TBP) in the PUREX and the sorbents. TGA was used to detect changes in hydrocarbon-

hydrocarbon interactions.
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IMBIBER +
PUREX

PUREX

1800 1600 1400 1200 1000 800
Wavenumbers

Figure 4-9. FTIR spectra of Imbiber Beads — Simulated PUREX waste form.

No shift of the P=0 and P-O-C bonds indicates the absence of chemical reactions between
TBP and the Imbiber Bead sorbent.



WSRC-TR-2001-00526, Revision 0
November 14, 2001
Page 35 of 67

NOCHAR
+ PUREX

PUREX
4
INTERACTION

P=0 NO INTERACTION

b

1600

1400

NO
1200 1000 800

Wavenumbers

Figure 4-10. FTIR spectra of Nochar A610 — Simulated PUREX waste form.
No interactions between the Nochar A610 and the simulated PUREX waste.

Nochar 650 + Purex

P=0, No shift

No ﬂw
Shift
1600 1400 1200 1000 800
Wavenumbers

Figure 4-11, FTIR spectra of Nochar A650 — Simulated Purex waste form.
No P=0 or P-O-C shift is seen, and therefore no interaction between TBP and Nochar

650.
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0.101 Petroset 11
0.051
0.00
1600 1400 1200 1000 300
Wavenumbers

Figure 4-12. FTIR spectra of Petroset [1- Simulated PUREX waste form.

""Shifts in the P=0 and P-O-C are clear indications of interaction between TBP and Péttoset 1.
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Figure 4-13. FTIR spectra of Petroset 11 Granular waste form and simulated PUREX

waste.

The shift in P=0 and P-O-C is due to interaction between TBP and Petroset II granular



WSRC-TR-2001-00526, Revision 0
November 14, 2001
Page 37 of 67

4.2.4 Storage and Transportation Properties

4.2.4.1 Vibration Testing

All of the samples passed the vibration test. No free liquid was detected after 4 hours of
vibration. Based on previous vibration test results involving resins {18], these waste forms
are not expected to release any liquid during transportation from SRS to the Nevada Test Site
(travel time of approximately 42 hours by truck). Longer laboratory vibration testing times
are unnecessary based on the 4-hours responses.

4.2.4.2 Storage Temperature Effects

TGA/DTA results indicate that changes in the waste forms between ambient temperature and
about 200°C is due to volatilization (release) of the organic compounds in the PUREX waste.
The shapes of the TGA/DTA graphs in this temperature range indicate that the release is due
to diffusion and volatilization of the PUREX ingredients. The rates of PUREX waste
diffusion were not dependent on the waste loadings over the range studied (1:1 and 1:2
loadings, i.e., 50 to 66 wt. % waste).

At higher temperatures, above 250°C, the sorbents thermally degrade and carbonize. Data
are presented in Appendix C and are summarized in Table 4-8. Since the Imbiber Beads and
the Imbiber Beads Nuclear Grade sorbents do not chemically interact with the simulated
PUREX, the thermal decompesition profiles of the sorbents and the waste forms were -
essentially identical. The Nochar A610 — PUREX waste forms begins to decompose at a
higher temperature (about 300°C) than the Nochar A610 sorbent (about 250°). This indicates
that the components of the PUREX chemically interact in some way with the sorbent.

The Nochar A650 — PUREX waste form decomposes at about the same temperature as the
Nochar sorbent without PUREX even though the A610 and A650 are very similar with
respect to the organic polymers detected. This behavior of the A650 is difficult to explain
and is tentatively attributed to the calcium carbonate in the A650 acting as a heat sink during
this relatively short thermal treatment.

Some changes in the volatilization of the PUREX components were observed for the Petroset
11 and Petroset 11 Granular waste forms. A portion of the PUREX appears to be retained
in/on the clay structure above 200°C. Consequently, some of the PUREX appears to be
bound/stabilized by the Petroset. The Petroset sorbent substrates were not degraded at
temperatures up to 500°C. However, there is evidence for breakdown in the amine
compounds between 200 and 500°C. A more detailed analysis of the decomposition
products at elevated temperatures is beyond the scope of this study.
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Table 4-8. Thermal decomposition of the sorbents with and without absorbed
simulated PUREX waste. '

Waste Form
(1:1 and 1:2 waste loadings | Serbent Decomposition Temperature(s) with and without
by weight) PUREX waste
Imbiber Beads-Simulated - Imbiber beads w/wo PUREX decompose between 200 and 350°C
PUREX Waste Forms and 400°C and 550°C.

- PUREX organic compounds volatilize between ambient

temperature and 200°C.

Imbiber Beads NG- - Same as Imbiber Beads
Simulated PUREX Waste
Forms
Nochar A610-Simulated - A610 w and w/o PUREX begins to decompose from 275 to
PUREX Waste Forms 400°C '

- PUREX organic compounds volatilize between 25 and 180°C.
Nochar A650-Simulated - A650 w and w/o PUREX begins to decompose 350°C.
PUREX Waste Forms - Calcium carbonate decomposed at 560 to CaO + CO2

- Volatilization of the organic compounds between 25 and 180°C.
Petroset 11 and Petroset - The amine compounds in the Petroset Il decompose between 400
IIGranular-Simulated and 600°C.
PUREX Waste Forms - A compound that is detected only in the waste forms decomposes

between 400 and 460°C,
-~ < ~~Volatilization of the organic compounds between 25 and 200°C

4.2.5 Leaching Properties

4.2.5.1 TCLP Resulrs

Results of the TCLP extractions are presented in Table 4-9. The concentrations of the eight
D-code metals and of the UHC metals qualify the waste forms to exit RCRA. The total
benzene and TCE concentrations in the waste forms were also low enough to exit RCRA.
All of the other UHC organic constituents were determined not to be present in the analysis
performed for the SRS Site Treatment Plan [21].

The Petroset I 1:2 waste form was sent to General Engineering Laboratory, Inc. (GEL), for a
TCLP extraction and total benzene analysis in order to obtain independent confirmation of
the results. GEL is licensed to receive samples that contain environmental concentrations of
radionuclides. However, GEL can receive and analyze only one sample of solidified PUREX
waste at a time because of radionuclide inventory limitations in their laboratory.

The GEL TCLP results for one waste form, the Petroset II Granular at a 66 wt. % PUREX
loading are also shown in Table 4-9 and the GEL report is provided in Appendix D. The
results are consistent with the ADS/SRTC results for all of the waste forms. Treatment was
successful in removing the toxicity characteristic from the waste form for the TCLP metals
and other inorganic underlying constituents.
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4.2.5.2 I-129 Distribution Coefficients

Results of the I-129 leaching studies are presented in Table 4-11. The I-129 concentrations for the
leachates were reported as less than values in most cases and are at the lowest detection limit that
can be reasonably achieved by ADS/SRTC. Consequently, most of the Ky values reported are
reported as greater than values. This limitation provides conservative estimates but prevents a
precise estimate of the I-129 K4 for the various waste forms. In this study, equilibrium was not
verified because of the ubiquitous less than values. However, for modeling purposes, the
measured Ry values are reported as K4 values. See Section 3.5.4.

For the Imbiber Bead 1:1 waste form, the 1-129 Kds ranged form 9 to 44 mL/g. For the Imbiber
Bead 1:2 waste forms the values ranged from 7 to >25 mL/g. All of the values for the Imbiber NG
1:1 were greater than values ranging from 7 to 47 mL/g. The Imbiber Beads NG 1:2 waste forms
had K4 values of 20 to 27. The Kd values for the Nochar A610 1:1 and 1:2 waste forms ranged
from 8 to >28 mL/g and >22 to 56 mL/g, respectively. The Kd values calculated for the Nochar
A650 1:1 and 1:2 waste forms were all greater than values ranging from >10 to >34 mL/g. The
Petroset II waste forms were all calculated to be greater than values except for one value of 44
mL/g.

No conclusions were attempted with respect to comparing the leaching properties of the various
_waste forms. However, the smallest 1-129 K, inferred from these data, 7 mL/g, is an order of
magnitude hlgher than the value of 0.6 mL/g currently used in the E-Area Performance
Assessment. An I-129 analytical method with a lower detection fimit to eliminate the problem of
summing less than values which are at the detection limit and further testing are required to obtain
meaningful Ky values.

4.2.5.3 Organic and Radionuclide Leaéhing Results

Gamma scans, Tank 50 rad scans for total alpha, total beta, and tritium, and volatiles and
semivolatiles analyses were determined for the ANSI 16.1 leachates. No activity above
background was detected for the 38 radionuclides included in the gamma scans. All leachates had
none detect values for the Tank 50 total alpha, total beta and tritium scans. Because of the non-
detect/less than values these data could not be used to determine the fraction leached or the ANSI
16.1 Leach Indices for any of the radionuclides.

Leaching results for the volatile organics and semi-volatile organics indicate that the solidified
waste forms are successful at reducing the release of the waste components into the environment.
The ANSI 16.1 leachates were analyzed for semivolatile compounds including tributy] phosphate
and volatile organic compounds. Volatile organic compounds were not detected in any of the
leachates. The TPB concentrations in the 24 hr, leachates are given in Table 4.10. The
concentrations in the leachates are well below the solubility limit for TBP in water, (0.606 vol. %
or I ml per 165 ml of water, Merck Index, 9'* ed., Entry 1069).
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The leaching information should be useful for determining waste loadings for the solidification
process. For example, higher waste loadings may be achieved for the Nochar A610 material
without affecting leaching. The optimum waste loading for Petroset I is probably in the range of
50 to 66 wt.% since the leaching of the orgaincs increases as loading increases. Semi volatile
organic compounds were detected in the 24-hour leachate for only one waste form, Imbiber Beads
NG with a 66 wt. % waste loading. (The Imbiber Bead NG sorbent contains hydrophilic material.
The Imbiber Beads NG waste forms also gelled and dispersed throughout the leachate.
Consequently, it was rejected from further consideration.)

Benzene was not detected in the ANSI 16.1 leachates. Stabilization of benzene was confirmed by
the TCLP zero-head space extraction results shown in Table 4-9.

Table 4-10. Leachate results for organics for the 24 hour interval.

TPB in ANSI 16.1 in Leachate for 24 | Semi Volatiles in ANSI 16.1 Leachate

Waste Form Loading hr. Interval (mg/L) for 24 hr. Interval (mg/L)
Imbiber Beads

1:1 4.3 ND

1:2 9.3 ND

Imbiber Beads NG

1:1 15 ND

1:2 55 *
Nochar A610

1:1 12 ND

1:2 13 ND
Nochar A650

1:1 7 ND

1:2 7 ND
Petroset 11

1:1 5.9 ND

1:2 10 ND
Pertoset I1 Granular

1:1 6.3 ND

1:2 18 ND

e  The concentrations of the semi volatile organic compounds in the gelled leachate are listed below.
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4.2.6 Durability/Aging Properties

4.2.6.1 Short-Term Aging Effects

Changes in some of the waste forms after curing for two months were detected in the
FTIR spectra. (See Appendix C.) Only the waste forms with the 1:2 waste loadings were
evaluated. The Nochar A650 showed the most noticeable change after 60 days curing.
The butadiene (rubber) component in the A650 is degraded by one or more of the
compounds in the simulated PUREX. The most likely reaction is between the
tributylphosphate and the elastomer component,

Table 4-12. Short term aging effects based on FTIR spectra.

Waste Form Short Term Aging

Imbiber Beads™-Simulated PUREX Waste Forms None

Imbiber NG™-Simulated PUREX Waste Forms None

Nochar A610™-Simulated PUREX Waste Forms Slight shift in the P=0 bond
stretch which indicates minor
amount of plasticization of the
sorbent.

Nochar A650™-Simulated PUREX Waste Forms This sample showed some
miscibility between the PUREX
components and the sorbent
substrate. The PUREX appears
to be plasticizing the styrene
and butadiene even for short
exposure times.

Petroset [I™ and Petroset I1 Granular™ -Simulated No short-term changes in the
PUREX Waste Forms clay except for possible
expansion of the basal spacing. |

4.2.6.2 Degradation Effects from Co-60 Irradiation

Chemical changes in the solidified PUREX waste forms due to irradiation are summarized
in Table 4-12 and were determined from interpretation of FTIR spectra of waste forms
exposed to Co-60 gamma rays for up to 90 hours. The degradation rate and relative
proportions of the degradation products obtained from Co-60 gamma irradiation, can not
be determined from these data. However, the degradation products are expected to be the
same as those obtain from the energy imparted by the isotopes in the PUREX waste.
Scission of the chemical bonds in the organic polymer sorbents by the gamma rays results
in degradation products that may combine to form new compounds and/or free radicals.
Increased cross-linking of the polymer chains also occurs. These changes are manifested
in color changes and in the waste forms becoming harder and somewhat brittle as they age
(absorb more dose). The formation of C-O and C-O-H bonds renders the waste form more
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hydrophyllic. Visual changes in waste forms are summarized in Table 4-13 and
documented in photographs in Figures 4-14 to 4-18.

Table 4-13. Chemical changes in simulated PUREX waste forms as the result of Co-
60 irradiation.

Degradation Effects

) . Formation of C=C double bonds and
Imbiber Beads™-Simulated PUREX Waste Forms carbonyl bonds, C=0

Formation of C=C double bonds and
Imbiber NG™-Simulated PUREX Waste Forms catbony] bonds, C=O plus

ethers, C-OH

Formation of carbonyl bonds C=0,
Reduction in aliphatic compounds, and
postulated formation of H, from
amines CH;, CH;

Formation of a small amount of
carbonyl C=0 (calcium carbonate filler
probably provides shielding)
Formation of a very small amount of
carbonyl C=0 (alumino silicate clay
provides shielding)

Waste Form

Nochar A610™-Simulated PUREX Waste Forms

Nochar A650™ -Simulated PUREX Waste Forms

Petrosef™ and Petroset Granular™ -Simulated
PUREX Waste Forms

‘Weight loss data as a function of exposure times (dose) for the 1:2 waste forms-are listed-— -

in Table 4-13 and plotted in Figure 4-19. (The 1:1 waste forms showed similar trends.)
Weight loss is attributed to breaking of chemical bonds and the liberation of gases
produced by radiolysis of the sorbent/waste form. Further evidence of gas generation was
the observation that new bubbles or voids were formed in some of the irradiated waste
forms made with the organic polymer sorbents (Nochar A650 1:2). Weight gain was
attributed to oxidation and/or hydration of the organic polymers. Identification of the
evolved gases was beyond the scope of this study.

None of the waste forms showed significant weight change for doses up to 4.46E-06 rad,
which corresponds to the dose received from the PUREX after about 500 years. The
Imbiber Bead waste forms lost weight over the entire dose interval. (The Imbiber Beads
starting material was the most uniform of the organic polymers.) The Imbiber Beads NG
waste forms showed weight gains up to 8.91E+06 rad (1000 vears of irradiation). At
higher doses, the Imbiber waste forms showed weight losses {bond breaking) followed by
a gain (oxidation or hydration) at even higher doses.

The Nochar A610 waste forms lost weight up to a dose of 4.46E+07 rad (5000 years of
exposure) and then gained weight at 8.91E+07 rad (10,000 years). The Nochar A650
waste forms lost weight up to 8.91E+06 rad (gases liberated) and then gained weight at
higher doses. The Petroset II waste forms showed the smallest weight changes. The
Nochar A650 waste forms showed the greatest weight loss. Collection and analyses of the
radiolytic gases were beyond the scope of this study.
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Table 4-15. Weight change as a function of exposure to Co-60.
Weight Change after Exposure (%)
Dose (rad) 8.9E+05 4.46E+06 | 8.91E+06 { 4.46E-+-07 8.91E+07
Exposure Time (yr.) 100 500 1000 5000 10,000
Waste Form
Imbiber Beads 1:2 -0.008 -0.050 -0.111 -0.266 -0.728
Imbiber NG 1:2 +0.029 | +0.038 | -0.020 -0.237 +0.15
Nochar A610 +0.003 | -0.093 -0.280 -0.122 +0.162
Nochar A650 -0.029 -0.015 -0.034 +0.190 -0.134
Petroset I1 +0.007 |-0.010 -0.009 -0.017 -0.004
Petroset IT Granular -0.006 -0.018 -0.062 -0.14 -0.054

The error in the weight measurements is 0.005g.

Weight Change as a function of gamma radiation {aging)

04
Waste loadings
were 1:2 by wt.
02 _ Sorbent : PUREX

E}

m IMBIBER BEADS
W IMBIBER BEADS N¢

"EF"J‘UI@;

Percent Walght Change
=3
N

ONOCHAR AE10
04 0 NOCHAR AB50
WPETROSET Il
06 M PETROSET | GRAJ
08
BO1E+0Ered 4466406 rad BHE+0Grad 4AGEHT rad BHEHT rad
100veers S0 yoers 1000 years. 5000 yoers 10000 years

Ciohalt £ oamma radistion dose (rad) and carvesnandine veare aof acine

Figure 4-19. Weight change of the sorbent:PUREX waste forms as a function of
exposure to gamma irradiation.

4.2.6.3 Degradation Effects from Ultraviolet Light Exposure

A pale yellow discoloration was evident for all of the waste form samples, except the
brown-gray Petroset II samples, within a few hours of exposure to UV light. The color
darkened progressively to a deeper yellow after 90 hours. The development of
chromofors (color centers) indicates that the UV light degrades the materials. Physical
changes in samples exposed to ultraviolet light are given in Table 4-15 and illustrated in
Figure 4-20.
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Figure 4-20. Degradation of the PUREX waste forms after exposure to 254 nm
ultraviolet light for 90 hours.
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PUREX simulant also showed color changes as the result of UV exposure. Therefore, all of the
waste forms made with organic polymer sorbents are subject to UV degradation. Due to the dark
gray color and fine-grained nature of the Petroset II waste forms it was not possible to discern color
changes and degradation.

FTIR spectra also indicate chemical changes in the waste form compounds. These changes are listed

in Table 4-16. Unlike gamma radiation, which penetrates the bulk of the material, the UV radiation,
affects only the impinged surfaces.

Table 4-17. FTIR spectra for waste forms exposed to UV light.

‘Waste Form FTIR spectira results

Imbiber Beads™-Simulated PUREX Waste Forms Formation of C=0 bonds
Formation of C-O-C (ether)

Imbiber NG™-Simulated PUREX Waste Forms Formation of C=0 bonds

Nochar A610™-Simulated PUREX Waste Forms No change

Nochar A650™-Simulated PUREX Waste Forms Formation of C=C and C=0 bonds

Petroset IT™ and Petroset II Granular™-Simulated No change

PUREX Waste Forms

4.2.6.4 Hydration of Fresh and Aged Waste Forms

The 1:2 waste forms were soaked in water after receiving a gamma dose of 8.91E+07 rad. FTIR
spectra of these hydrated waste forms were analyzed and the results are shown in Table 4-17. The
formation of carboxyl compounds with O-C=0, C=0, and O=C-0-C bonds was correlated to the
waste form becoming more hydrophyllic.

Table 4-18. FTIR spectra for waste forms hydrated after exposure to Co-60 radiation.

Waste Form FTIR spectra results

Imbiber Beads™-Simulated PUREX Waste Forms Formation of carboxylate groups
0-C=0

Imbiber NG™-Sirmulated PUREX Waste Forms Same as above

Nochar A610™-Simulated PUREX Waste Forms Formation of C=0 and
O=C-O-C groups

Nochar A650™-Simulated PUREX Waste Forms Same as above

Petroset II™ and Petroset 11 Granular™-Simulated Formation of C=0 bonds

PUREX Waste Forms
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4.2.7 Microbial Degradation

Incubation of the six PUREX waste forms with a 1:2 waste loading was carried out according to
ASTM G-21 (fungi) and G22 (bacteria) test protocols [7 and 8, respectively]. The G21 protocol was
shortened from 28 to 21 days because only minimal fungal growth was observed during the first 21
days. The conclusion of this testing is that the solidified organic PUREX waste forms- do not support
microbial growth for the microbes specified in the ASTM test protocols. Alternative test protocols
or modifications of ASTM G22 (bacteria) are required to perform a more comprehensive evaluation
of specialized microbes that may destroy the organic compounds in the waste in the shallow land
disposal environment. A final report from Celsis Laboratory, Inc., containing details of the current
testing is provided in Appendix E. Another report by Dr. R. D. Rogers summarizing the Celsis
results providing recommendations for future testing is also included in Appendix E.

Results from the G21 tests showed that there was minimal growth of all fungal species on the six
waste forms tested. Fungal growth was noted around the margins of the waste forms but no direct
growth was observed near or on the specimens. It appears that the waste forms could have actually
prevented fungal growth. It is for this reason that the test period was shortened by six days. Overall
the test results were given a rating of 1 per the test protocol, which indicates the lowest level of
fungal growth on the innoculated surfaces.

Light or no growth on specimens inoculated with the SRP bacteria, #17-3, was reported for all of the
waste forms tested. However, this observation may be an artifact of the ASTM G22 test protocol,
which specifies incubation temperatures of 35 to 37°C. In retrospect, these temperatures are not in
the ideal range for productive growth of most microorganisms isolated from the environment. If
future testing of microorganisms isolated from the SRS near surface environment is conducted the
experiments should be performed in the range of 23 to 28°C, which is considered optimal. The G22
protocol test results for the bacteria #17-3, which was isolated from the aqueous-organic interface of
the actual waste are considered inconclusive. However, they provide guidance for further work. Dr.
Rogers recommends batch testing with a more varied suite of bacteria.

In summary, this tesﬁng indicated that neither the sorbent materials nor the PUREX waste was
significantly degraded by the microbes and protocol used in this study. Furthermore, the testing
indicated that no changes took place that would result in leaching of the PUREX from the waste
forms. -
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5.0 DISCUSSION
5.1 Regulatory Classification of the PUREX Waste and Solidified Waste Forms

The organic PUREX waste, designated SR-W045 in the SRS Site Treatment Plan, is classified as a
mixed waste since it is radioactive and is also classified as a nonwastewater that displays hazardous
characteristics per RCRA [22]. The RCRA D-codes listed in the Site Treatment Plan were assigned
on the basis of analyses of waste samples collected from the old solvent tanks in E-Area. Analyses
of samples recently collected from the material composited in Tanks 33 and 35 are listed in Table 5-

I columns 2 and 3 [21]. These results along with process knowledge needed for the determination of
the regulatory classification of the waste form.

All of the chemical data for metals and organics obtained in this study indicate that all of the the
waste forms tested qualify to exit RCRA regulation and to be disposed of as low-level radioactive
solid waste. In addition, leaching results for the volatile and semi-volatile organic compounds in the
original waste indicate that the organic compounds in the waste are retained in the waste form
(stabilized) during the leaching process.

The metals and organics used to make the hazardous waste determination are' listed in Group I, Table
5-1 as RCRA Hazardous constituents. A comparison of the TCLP Hazardous Limits in Column 4 of
Table 5-1 with the analytical results for the waste in tanks 33 and 35 (Columns 2 and 3) indicates:

+ Based on earliér analyses, the spenit PUREX waste exceedéd the TCLP limits for As, Ag, Ba, Cd, ™ -

Cr, Hg, Pb, Se, benzene and trichloroethylene (TCE) [21]. Consequently the waste currently
carries RCRA D-codes for these characteristically hazardous constituents.

¢ Re-analysis of the waste for metals and organics indicates that using a lower detection limit
indicated that the waste is not hazardous for As, Ba, Se, and TCE since the concentrations in
samples from both tanks are less than S, 100, 1mg/L and and 5 mg/L total, respectively.
Removal of the RCRA D-code for TCE is recommended based on these results.

¢ Reanalysis of the waste for PCE using a lower detection limit was performed because PCE is
often associated with TCE. The waste is not characteristically hazardous for PCE.

Given that the organic PUREX waste is classified as characteristically hazardous, in order to exit
RCRA regulation the potential for additional leachable Underlying Hazardous Constituents (UHC)
must also be evaluated. This evaluation was made by comparing the TCLP leachate results for the
UHCs (Group II, Columns 2 and 3, Table 5-1) to the UTS limits (Column 6, Table 5-1). This
comparison indicates that Ni, Sb, and Tl are UHCs and must be treated so that the TCLP leachate
concentrations are below the limit identified in Column 6.

In summary, in order to exit RCRA the organic PUREX waste must be treated to:
1. Remove the hazardous characteristics for As, Ag, Ba, Cd, Cr, Hg, Pb, Se, benzene and TCE
“(original analysis) toxicity, and
2. Meet the Universal Treatment Standards (UTS) for Ni, Sb, Tl. See Group II, Underlying
Hazardous Constituents in Table 5-1.)
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Table 5-1. Summ'ary of the analytical results related to RCRA classification.

Column 1| Column 2 Column 3 Column 4] Col.5 | Column 6 Column 7
LDR
Treatment
Standard '
Tank 33 Organic | Tank 35 Organic | TCLP ' Limit [23] | Worst Case Total
Highest Value(s) | Highest Value(s)| Haz. Limit| RCRA | (mg/Lin [Concentration in the
Analyte [21,22] [21, 22] [13] Codes TCLP PUREX Waste
(mg/L}) (mg/L) (mg/L) Leachate) (mg/L)
Group I. RCRA Hazardous Constituents
As 1.297 1.368 5 D004 5
1.320 1.651
Ba <2 <2 100 DOOS 2l
Cd <3 <3 1 D006 0.11
Cr 10 <7 5 D007 0.6
Pb <27 <27 5 D008 0.75
Hg 0.9501 0.4194 0.2 D009 0.025
0.9802 0.6280
Se 0.4505 0.7850 <]* D010 57
0.6124 0.6387
Ag <6 <6 5 Do11 0.14
Benzene 10 (mg/kg) | 5.6 mg/kg total in
, <50 <50 0.5mg/L | DCI8 total the organic liquid
total waste
Trichloro 0.5 mg/L 0.33 mg/kg total
cthylene <50 <50 total D040 | 6 (mg/kg) | in the organic
(TCE) total liquid waste
Tetrachloro 0.16 mg/kg total
ethylene - - 0.7 mg/L | D039 | 6 (mgkg) in the organic
(PCE) total total liquid waste
UTS Limits
[24]
Group II. Underlying Hazardous (mg/L in
Constituents TCLP
Leachate)
Be <] <l - 1.22
Ni 25 15 - 11
Sh <64 <63 -- 1.15
Tl <129 <129 -- 0.2

* If the waste contains >1 mg/kg Se, it is hazardous and carries a D-Code regardless of treatment and
therefore must be disposed of in a RCRA Subtitle C landfill.

Bold type = Limits for the hazardous constituents that require treatment based on current analytical resuls and the
treatment standards for these constituents. The limit for TCE is boid based on early results. Improved detection limits
indicate that the waste is not hazardous for TCE.
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Waste forms prepared by solidifying of the PUREX waste were tested to determine whether they
met the above requirement. Waste forms with the highest waste loadings (1:2 by weight, i.e., 66 wt.
%) were used for this comparison. The worst case (highest) leachate values for the metals and the
highest total values for the organics were listed in Table 5-1, Column 7. A comparison of these
results to the limits in Column 6 indicates that the treated waste is not hazardous. In conclusion, all
six solidified PUREX waste forms (1:2 waste loadings) meet the requirements to exit RCRA and can
be considered for disposal as low-level radicactive waste.

Finally, all analytical data must be certified to satisfy SC DHEC regulations. While SRTC analyses
are acceptable for planning and engineering purposes, the final waste form must be analyzed by a SC
DHEC certified laboratory in order to be land disposed. The complete list of UHCs (247) must be
considered unless they are eliminated by process knowledge.

5.2 Disposal Options

All of the waste forms tested in this study meet the physical property and radionuclide requirements
for disposal as low-level waste at the Nevada Test Site or in the SRS E-Area Facility. The waste
forms also meet shipping requirements for the case of disposal at the NTS.

Additional characterization of the 1-129 in the waste form leachates is necessary in order to select the
appropriate SRS E-Area disposal option. Since the NTS does not have a ground water pathway for
the release of radlonuchdcs, additional testmg/analyses are not necessary for NTS dlsposal

The I-129 data obtained to date are less than values that are too high to enable rehable calculatlon of
the I-129 partitioning coefficient between the waste form and leachate. The concenetration of I-129
in the organic PUREX waste is also very low. Reported values are also at the detection limit. The
less than values for the leachate typically indicated that the leachates contained more I-129 that was
in the starting material.

Historically I-129 in solid waste is a common limiting factor in E-Area trench disposal because of
the short ground water pathway and the low Ky currently applied to generic waste (0.6mL/g). Lower
detection limits are expected to provide reproducible results that indicate stabilization of the I-129 in

the waste forms since a mechanism for selective extraction of I-129 relative to the other constituents
has not been identified.

5.3 Comparison of Sorbents Tested for Solidification of Organic PUREX Waste

The six sorbents used for solidify the organic PUREX from tanks 33 and 35 are compared in Table
5-2. Processing, transportation and storage properties, leaching and durability of the waste forms
were used in the evaluation. Two of the sorbents, Imbiber beads NG and Nochar A650, resulted in
waste forms that did not meet some of the requirements. Two of the four are basically the same
inorganic material, Petroset IT and Petroset II Granular. The other two, Imbiber Beads and Nochar
A610 are organic polymers.

Tl}c.Petrosct I1 and Petroset II Granular waste forms had the lowest volume increase relative to the
original waste volume (about 1.3 times increase) and were essentially unaffected by in all of the
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aging/degradation tests. The Imbiber Beads and the Nochar A610 have similar volume
increases relative to the original waste volume (about 2 times) and became harder and less
elastic (due to cross linking and new phase formation) as the result of the degradation testing.
These changes did not result in an obvious release of the PUREX waste as was observed with
the Nochar A650. Consequently the Nochar A610 and Imbiber Beads waste forms were
considered to demonstrate long-term durability in the shallow land disposal environment.

5.4 Sorbents for Waste Treatment versus Spill Control

The specified properties of sorbent materials depend to some extent on the intended
application. Very high sorption capacity and very rapid sorptivity are desirable for spill
control and solidification of incidental liquids. Spill control materials must also be easily
recovered. Therefore, fresh sorbents and used sorbents should be lightweight and granular
(relatively dust free), and not leave a residue on contacted surfaces.

Very rapid sorption is not required and may be undesirable for solidifying waste oils and
organic liquids especially when processing relatively large volumes of waste is required. It s
relatively easy to combine a few gallons of organic waste with a fast acting sorbent designed
for spill control. However, processing hundreds or thousands of gallons of waste presents
challenges in achieving a uniform distribution of the waste in the waste form.

In addition, sorbents intended for spill control are designed to react with the organic liquid . .

without mixing. Mixing “fluffs” the resulting product and significantly increases the volume
of the final product. Bulking up of a sorbent is acceptable for solidification of small volumes
of organic waste but it is undesirable for larger volumes of waste being treated for disposal in
a solidification/stabilization process.

Slower acting sorbents may be more suitable for a process that requires mixing of the
reagents and waste to achieve a uniform waste form. However, very slow sorption (days) is
unsuitable because the processing time is effectively extended to include the storage/staging
time. Consequently sorbents that are ideal for spill control may be unsuitable for waste form
processing and vise versa.

Table 5-3. Properties of spill control sorbents versus waste treatment reagents.

Small Volume Waste Treatment Large Volume Waste
Property Spill Control Treatment
Rapid sorption Required Acceptable Problematic

Provided a “crust” does not develop
on the surface of the sorbent
preventing penetration of the organic

liquid
High sorption capacity | Beneficial Acceptable Same as above Problematic
Granular particles Beneficial Acceptable Acceptable
Spongy texture Acceptable Acceptable ) May be Problematic in

mixing
Non dusting Beneficial Beneficial Beneficial
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5.5 Review of Leaching Techniques for Hydrophobic Organic Waste Forms

The ANSI 16.1 accelerated leach test was used to evaluate the I-129 leaching from solidified
PUREX waste forms. Modifications to this test are recommended for future work because:

The PUREX waste and the sorbents are hydrophobic (dislike water). Consequently, the
wasteforms were not readily wetted by the leachate. However, in some cases the sorbents
contained mixtures of organic and aqueous sorbents. The aqueous sorbents swelled in the
leachate.

The waste forms had a density of less than water. Consequently, all of the waste forms
floated in the deionized water leachate. The most hydrophobic waste forms floated on the
surface of the leachate. (The hydrophobic behavior will also occur in the TCLP test.)

The low I-129 concentration necessitates a higher waste form to leachate ratio thanspecified
in the ANSI 16.1 protocol. At least 50 to 100 gram samples will be leached in approximately
0.5 to 1 liter of leachate. Leaching will be performed at two time intervals, for example, 48
and 120 hours. Separate samples will be used for each leach interval. In the future,
hydrophobic waste forms will be encased in an inert mesh basket that can be submerged in
the leachate.

5.6 Accelerated Aging of Sorbents and Sorbent Waste Forms

Accelerated aging and degradation tests, including exposure to Co-60 gamma radiation, ultra
violet light, elevated temperatures, and exposure to microbes, can be used to get an idea of
the breakdown products as the result of exposure to certain conditions. The rate of
breakdown and the proportion of these reaction products can not be obtained from the
accelerated tests. In this study, the accelerated tests were used to compare sorbents and
waste forms rather than to obtain life-time values.

Examples of the conclusions that can be drawn from this type of information include:

e The inorganic sorbents, Petroset II and Petroset II granular, are more resistant to aging
damage (breaking of chemical bonds) from gamma and UV radiation than the organic
sorbents , Nochar A610 and A650 and Imbiber Beads and Imbiber Beads NG.

e The inorganic filler in A650 (calcium carbonate) provides shielding and consequently,
waste forms made with this sorbent show less deterioration than the Nochar products
containing no inorganic filler. :

» Polystyrene sorbents show less deterioration than butadiene or polyethylene for the waste
forms prepared with simulated PUREX waste.
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6.0 CONCLUSIONS

Solidification is a promising technology for treating the PUREX waste currently stored in H-
Area, NSST for final disposal. Six sorbents were evaluated at two waste loadings, 50 and 66
wt % (1:1 and 1.2 formulations, respectively). All of the resulting waste forms prepared in
this laboratory study met the general requirements for disposal as low-level waste in either E-
Area/SRS or the Nevada Test Site. Environmental transport of I-129 requires further data
and analysis for SRS E-Area disposal. However, actual disposal of any new waste stream in
E-Area or the NTS requires that the generator obtain approval via the SRS Waste
Certification process or the NTS Waste Profile acceptance process.

In addition to the regulatory criteria, long term properties including the potential for
deleterious PUREX-sorbent interactions, were investigated and used to screen sorbents.
Two organic sorbents, Imbiber Beads and Nochar A610, and two inorganic clay products,
Petroset IT and Petroset EH Granular, warrant further testing.

The Imbiber Beads and the Nochar A610 have very rapid absorbencies and require rapid
mixing to distribute the PUREX evenly throughout the waste form. The appearance,
physical properties (except bulk density), leaching, and degradation properties/responses
(heating, gamma radiation, and UV radiation) were the same for the 1:1 and 1:2 waste forms
prepared with each sorbent. Therefore, 1:2 waste loadings are recommended for further
testing.

- Petroset II Granular sorbent reacts with the PUREX wiste much more slowly than Petoset II
and the organic polymer sorbents. After initial high-shear mixing, the Petroset II Granular
waste forms required about 8 hours to completely absorb the PUREX. The Petroset I is a
very fine powder and has a higher surface arca. Therefore it absorbs the PUREX much faster
that the Petoset II Granular.

Waste forms made with the inorganic Petroset sorbents underwent less degradation from
heating, gamma radiation, and UV radiation than the waste forms made with the organic
polymer sorbents. In addition, the Petroset waste forms appear to react with some
components in the PUREX waste such that these components are chemically bound in the
alumino silicate (clay) structure.

Imbiber Beads Nuclear Grade and Nochar A650 were not recommended for further testing.
The Imbiber Beads Nuclear Grade contains both water and organic liquid sorbents, and
swells on contact with water. The polymer sorbents in the Nochar A650 are plasticized
(degraded) by components in the PUREX waste (probably the tributylphosphate).

Finally, it is worth emphasizing that the organic polymer sorbents were originally designed to
control (rapidly absorb) organic liquid spills. Therefore.it is difficult to achieve specific
waste to sorbent ratios. This issue must be addressed by the mixing system used to combine
the organic liquid stream with the polymer sorbent.
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7.0 RECOMMENDATIONS

1. Four of the six sorbent reagents evaluated warrant further study to optimize:
- wasie loading,
- physical properties, and
- engineering and processing properties.
For example, preliminary testing indicates that the consistency of the Petroset waste
forms can be modified to a solid monolith by the addition of 10 to 30 weight percent
portland cement.

2. Conduct pilot-scale-processing studies on the Imbiber Beads, Nochar A610, and Petroset
II and Petroset II Granular, and include the results in the selection process for identifying
a candidate reagent for treating spent PUREX waste.

3. Confirm the simulant used in the pilot-scale process testing by solidifying 1 to 10 liter
batches of actual waste.

4. Review the I-129 analytical method and determine whether lower detection limits are
possible. Re-calculate I-129 Kq values based on reassessment of 1-129 leaching and
detection limits. Reassess E-Area trench disposal based on this information.

5. Complete a Waste Profile for the Nevada Test Site and Initiate the Waste Certification
process for a new waste form to establish that the solidified PUREX waste form isoris
not accepted for disposal.
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10.0 APPENDIX A, ANALYSES OF SPENT PUREX WASTE IN TANKS
33 AND 35
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Radloactive Analysis Results Tank 33 Tank 35

: Organic Organic
Radioactive Constituents '

dpm/mL dpm/mL

Pu-238 3.08E+04 6.45E+04
Pu-23¢% 7.21E+02 3.42E+03
Pu-240 1.80E+02 8.56E+02
Pu-241 7.28E+03 1.91E+)4
Pu-242 <9.69E+02 <9,69E+02
U-233 <2.37E+03 <2.37E+03
U-234 © <|.53E+03 <1.53E+H03
U-235 <5.33E-01 1.50E+00D
U-236 <1.59E+01 <1.59E+01
U-238 2.64E-01 1.08E+H02
Am-241 1.16E+03 1.41E+04
Am-243 1.83E+02 7.77E+02
Cm-244 2.12E+04 5.29E+04
Cm-245 <4.23E+04 <4 23E+04
Cm-246 <7.53E+04 <7.53E+04
Np-237 <1.74EH02 <1.74E+02
Np-239 1.37E+02 4.07E+02
Th-232 3.50E-02 5.76E-02
Ni-59 UL <1.68E+02 <5.60E+01
Ni-63 UL <8.85E+02 <1 49E+03
Tc-99 UL <1.63E+02 UL <3.51E+02
Sr-90 <4.47E+03 1.09E+04
Co-60 <1.40E+01 4.90E+01
Ru-106 <1.23E+02 <1.85E+02
Sb-125 <3.52E+01 1.13E+02
Cs-134 <1.22E+01 <1 98E+{1
Cs-137 1.60E+01 3.16E+02
Eu-154 9.25E+02 245E+03
Eu-155 8.49E+01 5.15E+02
Ra-226 UL <2.16E+02 <3.02E+02
Pa-234m/U238 <3.08E+01 <5.40E+01
Se-79 N/A N/A
I-129 ' <1.49E+02 <2.04E+02
C-14 <1.77E+02 <1.17E+02
Tritium 2.66E+02 2.44E+H02
Alpha 6.55E+04 1.87E+05
Beta 9.92E+03 3.55E+04
Gamma 2.49E+03 1.87E+04

UL - Denotes sample results as upper limits because of the evidence of other species or x-ray
interferences that were close to the x-ray energy and biased the fitting of the x-tay region.

< - Indicates detection limit values.

N/A - Not Available (Organic not analyzed for Se-79)
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RCRC Metal Analyses
Metals  Applicable Tank 33 Tank 35
D Codes UTS Haz Organic Organic
For the Applicable Limits Limit Waste Waste
Waste UHC (mg/L) (mg/L) {mg/L) (mg/L)
As X 5 5 1.297/1.320 1.368/1.651
Se X 5.7 <1* 0.4505/0.6124  0.7850/0.6387
Hg X 0.025 0.2 0.9501/0.9802  0.4194/0.6280
Ag X 0.14 5 <6 <6
Ba X 21 100 <2 <2
Be 1.22 <] <1
Cd X 0.1 1 <3 <3
Cr X 0.6 5 10 <7
Ni 11 25 15
Pb X 0.75 5 <27 <27
Sb X 1.15 <64 <63
Tl X 0.2 <129 <129
\Y% <3 <3
Zn 64 42
Zr <4 <4

*Under Part 261, if waste is 1 ppm or greater, it is hazardous and carries a D code and

must be disposed of in a RCRA Subtitle C landfill.
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Chemical Analysis Results Tank 33 Tank 35
Organic Organic

Volume {gallons) 14,000 10,800
Specific Gravity 0.8254 0.8278
pH N/A . N/A
Volatiles % Conc. % Cone.
Aliphatic Hydrocarbons 0.74 0.67
Aromatic Hydrocarbons 0.31 7.1
Butanol

mg/L mg/L
Benzene <50 <50
Trichloroethylene <50 <50
Semi-volatiles
Aliphatic Hydrocarbons 22 34
Aromatic Hydrocarbons 43 23
Tributyl Phosphate 8.7 20
Aliphatic Amines . 84 2.7
Anions ug/mL ug/mL
Chloride ND ND
Nitrate ND ND
Nitrite ND ND
Oxalate ND ND
Sulfate ND ND
Phosphate ND ND
Formate ND ND
Flucride

ug/mL ug/mL
Cations
Ammonium ion ND ND
Sodium 9.24 1.91
Dibutyl Phosphate ND ND

ND = Not Detected.
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11.0 APPENDIX B. DOSE CALCULATIONS FOR COBALT-60
IRRIDATION
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Table 1 Tank 33 Aqueous Data
Tank 33 Radlonuclide | % of Total | Hal Life Decay Mevidis Tonltlal
Aqueous Absorbed
Actlvity Years Constant Dose
Dpm/mL Clg (yoarsy" )
T85E+3 | B.I5E-10 | Pu230 0.01 TAIC04 | 287E BI0E+00 | 833541
BEOE+0Z | 243E-10 Pu240 0.00 SESE03 | T.00C-04 | 5.16E+00 | Z3BE+D
TI1E+05 | 5.00E-D8 Pu-238 042 BTTE+D1 | 7.00E03 | S50E+00 | S11E+03
~Z0E+04 | 1.06E08 Pu2di 0.09 THES0T | ABIE02 | 5.80E03 | 1.056+00 |
O76E+01 | 441E-17 Pu-242 0.00 3ToEI05 | 1.BAE06 | 4.00E+00 | 4.02E+00 |
SA0E+0Z | 1.08E-10 | U293 0.00 TEOE+05 | 4.35E-06 | 4.82E+00 | G.60E+00 |
193E+02 | 8.69E-11 U-234 0.00 245E+05 | 2.82E-06 | 4.77E+00 | 7.72E+00
134E+00 | 5.14E-13 U235 0.00 704E+08 | 9.856-10 | 4.586+00 | 4.37E-02
{O2E+00 | G.65E-13 UZ3% 0.00 THET0T | 2O6ED8 | 4.40E+00 | 723602 |
TAAE+0T | 3.35E-11 U238 0.00 AATE+D | 155610 | 4.21E+00 | ZB2E+00 |
B.50E+03 | S.B7E09 Cm244 0.03 THIEH | 303802 | o |~ 4.8Ev02 |
JI7EF05 | 1.02E09 Cm-245 0.02 BHOEH3 | 8. B.62E+00 | 201E
7.00E+03 | 342E05 Cm-246 0.03 AT3EF03 | 147604 | 5.30E+00 | 3.43E+02 |
Z221E+02 | 9.956-11 Co-60 0.00 527E+00 | 131607 | 2.60E+00 | 4.82E+00
< 7.08E+00 | 3.106-12 Cs-134 0.00 Z06E+00 | 3.36E-01 | 1.72E+00 | 1.02E-01
B.ABE+04 | 247ED8 Ts-137 0.2 0201 | 20002 | BA0E01 | 3BIEHRZ
B5ERZ | 1B1E10 |  Ewitd 0.00 BE0CT00 | TBAED2 | 1.53E+00 | 4.58E+00 |
< EBAE01 | Z53E-11 EG-i55 GO0 | A0Et00 ) 140507 | 128501 | GO5EDZ |
< GA0E+0Z | 2.91E-10 Ra-226 0.00 TE0E+03 | 4.33E04 | 4.T8E+00 | 2.58E+01
EA3E+02 | Z31E10 & 0.00 T57E+07 | d4.41E-08 | B.O4E0Z | 346E-01 |
056302 | 0.23E-11 (WX 050 EVIC03 | 121E-04 | 405602 | 8.B0EDZ |
4.66E+04 | 2.10E-08 H3 .18 1.23E+00 | 6.62E01 | 5.66E-03 | 2.22E+00
175E+01 | 7.88E-12 Np-237 0.00 2.14C+06 | 3.24E-07 | 4.866+00 | 7.12E-01
AT7EFOT | 2.45E-11 | Np239 0.00 BASE03 | 1O7EW0Z | 4Z6EDT | 1.70E-01 |
TG.AGE03 | LTTES Thaiz 000 TAIEHI0 | A00EA1 | A01E+00 | 20TED4 |
< TR | 20011 N3 0.00 TEOE+04 | O.24E00 | G.72503 | ZBOEDS |
< 1.70E+02 | 71.66E-11 Ni53 0.00 TO0EF2 | B.02E0% | WHEDZ | Z43EDZ |
< T46E+03 | O50E-10 | Ted% 001 —ATEEDE | DAGELZ | TO3EH00 |
1.16E+02 | 5.23E-11 Sr-90 0.00 2B5E+01 | 243602 | 1.13E+00 | 1.10E+00
353E+01 | 1.59E-11 Ru-106 0.00 1.02E+00 | 6.79E-01 | 3.20+00 | 8.46E-01
“ZZ6E+02 | TO2E-T0 So-125 0.00 TTAEH0 | Z254E-01 | 568071 | 1.08E+00 |
350EW0Z | 1.B3E-10 Am2a 0.50 AIEA0Z | T BOED3 | BOAEA0 | 16807
< 337C+02 | 152E-10 Am-243 .00 YA0E+03 | O.90ED5 | SAIE+D0 | 150E+0T |
— Sums: TA9E07 1.00 "6.66E+03 |
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Table 2 Tank 33 Organic Data
ank 33 ionuclide[ % of Total | Hall L Dacay Mevidis Tnital
Absorbed
Organlc Activity Years Constant Dosa
Dpm/mL Cilg {years)” {R)
TZIE+0Z | 4. 19610 Pu23) 0.00 Z41E+04 | Z2.B/ED5 510 3.05+01
TE0E+0Z | 1.03E-10 Pu-240 060 "GHEEH03 | 1.06E04 516 OBEH00 |
B0BE+04 | 1.76E-08 PuZ38 6.1 8.77E+01 7.90E-03 550 — 18503 |
TZ6E+03 | 4.15E-00 Pu-241 0.03 TAAE+1 4.61E02 0.01 4.1E01
< DEOE+0Z | 5.53E-10 Pu242 0.00 3.76E+05 1.84E06 450 5.06+01
< 2406+02 | 1.37E-10 U233 0.00 159E+05 4.35E-06 482 T.26+01
< 153E+03 | 8.72E-10 U234 0.01 2.45E+05 2.82E-06 477 7.7E+01
< 0533 | 3.04E-13 U-235 0.00 7.04E+08 9.85E-10 458 2.6E-02
< THEOE+DT | §.07E-12 U-236 0.00 2.34E+07 2.96E-08 449 7.65-01
“ZB4EGT | 1.51E-13 U-238 000 AA7E+D0 1.55E-10 21 1202 |
ZA%E+0d | 1RO | Cm2ad 0.07 TBIEHT | 3BAED2 5.0 1.535+0
< A4 | 231608 Cm-245 0.15 B50E+03 | &.15E05 ~ 562 2.5E+03
< THIEH0d | 4.20E08 | Cm248 0.26 T 7IE+03 T3IC04 539 | 435405
< 140E+01 | 7.98E-12 Co-60 0.00 5.27E+00 1.31E01 260 3.9E-01
< 7.08 404612 | Cs134 0.00 2.06E+00 3.36E-01 172 1.3E-01
TE0E+01 | O.12E-12 | Cs-137 0.00 3.02E+01 2.30E-02 053 T4E01
$I5E+02 | BITE-10 Eu5d 0.00 BBOEH0 | 7.BBED2 153 — 156401 |
| BASEROT [ 4BIET | EuA55 [ 000 | 4966400 | 1AOEDT | 043 | 10T | . .
6.46E+02 | 3.68E-10 | Ra228 0.00 TG0E+03 | 4.33604 378 30T |
TAIE+02 | B.50E-11 [ P 0.00 T57E407 a1 0.08 1.3501
B.93E+04 | 5.66E08 4 0.33 5736403 T2E0d 005 FIETT |
2.66E+02 | 1.52E-10 H3 0.00 1.23E+00 5.62E-01 0.1 1.6E-02
< 1.75E+01 | 6.98E12 [ Np-237 0.00 2.14E+06 3.24E07 4.86 9.0E-01
T37ER0Z | 1.B1E-11 Np-233 0.00 6ABED3 | T.07/EH2 0.43 62601 |
350E-02 | 2.00E-14 Th-232 0.00 141E+10 | 4.53E-11 4.01 1EE03
< 1. 9.55E-11 NLES™ 0.00 7 50E+04 9.24E06 0.01 12E02 |
< BASE+0Z | 5.05E-10 N-53 0.00 TO0E+02 5.02E03 0.02 TEEDT |
< TEIEH2 | 0.50E-11 ) 0.00 ZI3E+05 | SZ5E08 008 T5E01 |
< 441E+03 | 251E-00 Sr-90 0.02 2 B5E+01 2.43E02 113 5.3E+01
< 3536401 | 2.01E-11 Ru-106 0.00 1,02E+00 6.79E-01 3.20 12E+00
< TTEHZ [ BHEAT | 56125 0.00 2. T3E+00 2 e 0.57 —GAE0T |
TAGEHOI | 6B1E10 | Am2dT | 0.0 T53E+02 1.60E03 550 585401 |
TB3ER0Z | T4E-10 | Am-23 0.00 730EH03 | O.30E05 537 T0E+01
[ Sums: “1.65E07 1.00 T.03E+04
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Table 3 Tank 35 Aqueous Data
ank 35 Aquecus Tadionuchide | % ol Total | Hal Lie Decay Wavldls Tnitlal
Absorbed
Activity Years Constant Dose
dprnvml Cli {years)”
X TSGE'TO‘ -0 | Pu2a9 0.00 TAIEHA | 287605 | 5.102+0 12@:6!-
“TOBEH0T | 3.32E-31 Pu-240 D00 | B.EOE+S | 1.06E04 | 5.16EX00 | 319
151E+04 | 6.80E-09 Pu-238 0.14 B.J7E+01 | 7.00E-03 | 5.50E+0G |  6.96E+02
ZO3E+03 | 1.02E09 Pu-2a1 0.03 7. IBIE-02 | 5.0EDS | 1.
< D.76E+01 | 4AIE-11 | Pu2d2 0.00 S76C+05 | 1.B4E06 | 4.006+00 | 4.02E+ 00 |
< | 2.37E+03 | 1.07EDD U233 0.02 | 150E+05 | 4.35E06 | J.B0E+00 | O6TE+T
< 1.55E+02 | 6.9BE-11 U234 0.00 245E+05 | 2.826-06 | 4.77E+00 | 6.20E+00
6.7 0613 | U235 0.00 T.O0E+08 | D.056-10 [ 4.50E+00 | 2.60ED2
< | 1.61E+00 | T25E-13 U236 000 | 234EH07 | 2.90E08 | 4AUE+00 | G.06E02 |
4 45E+01 | 2.00E-11 U-238 0.00 A4TEYD9 | 1.556-10 | 4.21E+00 | 1.57E+00
7402 | 149610 Cm-244 0.00 TEIE+01 | S.00E02 | 5.50e+00 | 1.54E+01 |
< 427e+03 | 1.02E08 Cor2dh 0.04 BE0E+03 | B.166-05 | 5.6PE00 | 2016402 |
< | 760E+03 | 3 Cm-246 | 0.7 ATIE+03 | 147E-04 | 5.30E+00 | 3436402 |
7.37E+01 | 3.32E-11 Co60 0.00 B27E+00 | 1.31E-01 | 2.60E+00 | 1.61E+00
7.08E+00 | 3.19E-12 Cs-194 0.00 TOCEH0 | a.36E-01 | 1.726+00 T0ED7 |
X Cs-197 021 TO00E0T | 20602 | B.90EDT | 1.
Z51E+02 | T93E-10 | Eu-i5d 0.00 BBOEF00 | 7.80E02 | 1BIE+00 | 3.22E¥00 |
5.64E+01 | 2.54E-11 Eu-155 0.00 AOCE+00 | 140E0Y | 1.28E-01 | 6.05E02
BAbE+02 | Z01E0 | Ra-226 0.01 TB0EAS | 4.59E04 | .75+ 0 | 2
~3.006+01 | 15971 29 0.00 TBIER7 | 441E08 | 8.04E02 2OBED2 |
< | 131E+02 | BO0EAT 14 0.00 | B.73E+03 | 121E04 | 4.05E02 | B43ED2 |
4.44E+04 | 2.00E-08 H3 041 123E+00 | 6.62E-01 | 5.68E-03 | 2.11E+00
< T.78E+01 | 7.BBE-12 Np-237 . 0.00 ZA4E+06 | 9.24E07 | 4 .
477E+01 | 2ABE-11 | —'NP"m;» 000 | BASEV3 | TOTEH0Z | 4.20E-01 T.70E-01
3.08E-03 | 1.39E-15 Th-232 0.00 141E+10 | 4.936-11 | 4.01E+00 | 1.03E-04
< | 4736402 | 21310 | NR58 | 0.00 TE0E+04_| D24ED6 | 6.72603 | 2.66602 |
< THBEH3 | 4.86E-10 N&3 0.01 T00E+02 | 6.02603 | 1.71E-D2 | 1.55-01
< | SB84E+02 | 1.73E-10 Te 59 0.0 ZA3E+05 | 325600 | BAGED2 | 2.72E
1.81E+03 | 8.15E-10 Sr-90 0.02 D.B5E+01 | 243602 | 1436400 | 1.71E+01
3.536+01 | 1.59E-11 Ru-106 0.00 TO2E+00 | 67901 | :
Z2.266+02 | 1.02E-10 | 5b-125 0.00 B7AET00 | 2.B4E-01 | G.69E-01 | 1.08EH0 |
1.556+03 | 6.08E-10 Am-241 001 | 4336+02 | 1.60E-03 | 554400 | 7.19e+01
9.12E+01 | 4.11E-11 Am-243 0.00 7.38E+03 | 9.39505 | 5.31E+00 | 4.06E+00
[~ Sums: 4.84E 1.00 1.67E+03
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Table 4 Tank 35 Organic Data
Tank 35 Radionuclide of Total | Half LHe Dacay Wavidis Tinltial Absorbed]
Organle _
Actlvity Years Constant Dose
Dpm/mL | Cilg {years)’ {R)
BAZEDS | 105600 Pu230 0.01 2404 | ZBTE-05 [ 5.10E+00 THEE+02
B.ooE+02 [ 4.B8E-10 Pu-240 0.00 GOGE+03 | 1.065-04 | 5.16c+00|  4.68E+07 |
GATE+0d | 3.6BE08| Puil 0.22 BTTE+01 | T.00R-03 | S50ER 0G| 3.76E+03
1916+ | T.00E08 Pu-241 0.06 T43E+01 | 4.81E-02 [ 5.30E-03 1.07€+00
< 983E+02 | 5.53E-10 Pu-242 0.00 376E+05 | 1.84E-06 | 4.80E+00 5.04E+O1
2.37E+03 | 1.356-09 U233 0.01 150E+05 | 4.35E-06 | 4.82E+00 1.21E+02
< 153E403 | 8.72E-10 U234 0.01 2456405 | 2.82E06 |4.77E400|  7.74E+01
1.50E+00 | 8.556-13 U-235 0.00 7.04E+08 | 0.85E-10 [4.566+00 7.28E-02
< 159E+01T | D.07E-12 U-338 0.00 ZMEDT | 2.90E-08 [ 4.40E+00 7.57E-01
T08EH0Z | 6.16E-11 U238 0.00 d47E+00 | 1.85E-10 |4.21E+00|  4.82E+00
E5OE+04 [ 3.02ED8 Cm-244 0.18 TBIE+01 | 3.63E-02 | 5.60E+00)  3.25E403 |
T23E+d | 241608 Cnr245 014 B50E03 | B.15E05 (GGZE+00| 250E+03
< TE3E0d | 4.20E-08 Cm-245 025 | 4.73E+03 | 14704 | 530E+00]  4.30E+03
4.00E+01 | 2.79E-11 Co-60 0.00 527E+00 | 1.31E-01 [2.60E400 1.35E+00
3.16E+02 | 1.60E-10 Cs-137 0.00 3.02E+01 | 2.30E-0Z | B8.30E01 278E+00
245E+03 | 1.40E09 Eu-15d 007 BB0E+00 | 7.68E-02 [ 1.53E+00 3.98E+01
BA5EH 02 | 28410 Euw155 0.00 4600 | 1.40E-01 | 1.26E-01 65001
ST | TR0 Re2 | 00 (TBOERS | AEDL |ATER0| IWEDT |
—IOIERDZ |10 HE 0.00 T57E707 | 441ED8 | 804E02 | 1.74E01
TA7ERZ | 6.67E-11 X F] 0.00 573E+03 | 1.21E-04 | 4.05E02 6.14E-02
ZAAERDZ | 1.39E-10 H3 0.00 123E5+00 | 5.62-01 | 5.66E03 1.47E02
< 1756+01 | 9.98E-12 Np-237 0.00 214E+0G | 3.24E-07 |4.86E+00 9.01E-D1
4076402 | 2.32E-10 Np-239 0.00 6.45E-03 | 1.07E+02 | 4.26E-01 1.84E+00
5.76E02 | 328E14 Th-232 0.00 TAEAD | 4531 [4.01E+00 2.45E03
< BEOE+0T | 3.19E-11 59 0.00 750E+04 | O.24E06 | 6.72E-03 300E03 |
TASER3 | B.50E-10 Ni53 001 TOOEH0Z | 6.92E-03 | 1.71ED2 2.70E-01
“3BTEHZ | ZOOE-10 Tc-09 .00 Z13E+05 | 3.55E-08 | BABED2 3 {5ED1
T00E+d |6 2ZEDT| 500 0.4 ZB5E+01 | 243E02 | 11360 THE+02
< 353E+01 | 201E-11 Ru-106 0.00 T0ZE+00 | 6.796-01 | 3.20E+00 1.20E+00
1.13E+02 | 6.44E-11 Sb-125 0.00 2Z73E+00 | 2.54E-01 | 5.69E-01 6.52E-01
TAEWS [ 8.0 0 Am-241 0.05 IIIEH02 | 1.60E-03 | 5.54E+00 828602 |
T.TTERZ } JA3E-10 K243 0.00 TS0E+03 | O.30E-08 | 531E+00|  4.38E+01
Sums: TEOED07 100 TEIE+4
Table § Data for Co-60 Irradiations
Time (h) 0.9 4.5 9 45 g0
Dose (Rad}| 8.91E+05 |4.46E+06| 8.91E+06 |4.46E+07| 8.91E+07
Years 100 500 1000 5000 10000
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12.0 APPENDIX C. TGA/DTA FOR SIMULATED SPENT PUREX-
SORBNET WASTE FORMS
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Figure C-1. TGA: Imbiber —Simulated Purex 1:1 and 1:2 Waste Forms
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Figure C-2. DTA: Imbiber —Simulated Purex 1:1 and 1:2 Waste Forms
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13.0 APPENDIX D GEL, INC. RESULTS
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ECAG-CL-01752

To: Winston Moore
From: Cathi Lesher 2-8278
Date: 01/07/02

Job1752

Attached are the analytical results from General Engineering Laboratories-
Charleston {GEL) for Job 01752

If you need any a tion, please give me a call.

Reviewed By:

Cathi Lesher for Environmental Chemistry and Analysis Group
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Waste Contract (DO E01-01-04) V&V Checkhsf Page D.4

| Reviewer: i é,_{g Nohfnccmon Date/Time: | I l Due Date/Time: l/f))
. | S——

[,. Rec. Date: th'Z_ TAT Requested: | {2]1{C Date Delivered: L,A’T?_’

U'vW\
COC Review: Yes/No Comments:
Are all samples listed on COC reported? \{ <
Are all suites for samples on COC reported? \(63—)

Holding Time Review:
Was hold time to extraction/digestion met? \( 5

Was hold time fo analysis met? 2
Turn-Around-Time Review:

Was the requested turn-around-time met? N O
Case Narrative Review:

Does the Narrative describe any problems‘) NO

Were any NCRs generated with this daTa') f\fU

Qualifier Review: _ ,

Are the lab quahflzr-s accurate and pr'esen'r‘) )U

\MEDIATELY NOTIFY STR OF ANY HOLD TIME, NCR OR'MISSING DATA ISSUESI
If any problems exist discuss problem and resolution here, including communications:

TASK LDMPLETE
If package is complete and accurate prepare acceptance cover sheet. : r(,H |
Notify STR that package review is complete and delivered to WSRC CTR. [ G&Kﬁ : |
Enter data for this package into the INVOICE CHECKING AND STATUS LOG . t G,‘J/ﬂ ]
 Make a copy of the COC for ExR records. r ”‘:Jf/ J
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GENERAL ENGINEERING LABORATORIES

Meeting today's needs with a vision for tomorrow,

“e.

CASE NARRATIVE REPORT
for
Westinghouse Savannah River Site
Subcontract No. AC23322N
Jobit 01752

December 20, 2001
Laboratory Identification:
General Engineering Laboratories, Inc.
Sumipary:
Sample receipt
One soil sample for Westinghouse Savannah River Site arrived at General
Engineering Laboratories, Inc., (GEL) Charleston, South Carolina on December 12,
2001 for analysis. The sample listed on the chain arrived at the laboratory with cooler

temperatures of 3.0°C. A fourteen day turnaround was requested on the chain.

The sample was stored properly according to SW-846 procedures and GEL
Standard Operating Procedures (SOP).

The laboratory received the foliowing sample:

Description Sample Number
53401001 01752-1
Case Narrative

Sample analyses were conducted using methodology as outlined in General
Engineering Laboratories (GEL) Standard Operating Procedures. Any techaical or
administrative problems during analysis, data review, and reduction are written by
analytical fraction in the enclosed narratives.

Data Package:

WSRC-TR-2001-00526, Revision 0
November 14, 2001

Page D.7

The enclosed data package contains the following sections: Case Narrative, Level II

Certificate of Analysis, QC Sample Summaries, Chain of Custedy, Sample Tracking
Report, Nonconformance Reports if applicable & Electronic Data Hardcopy Report.

The Level II Certificate of Analysis contains the following headings:

Sample ID: Sample Identification

P O Box 30712 « Charleston, SC 29417 » 2040 Savage Road » 29407
(843) 556-8171 » Fax (843) 766-1178

¥ primed on recyele paper.
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Job No. 01752
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Lab ID: This is the laboratory identification number
Matrix: Sample matrix
Date Collected: Date of sample collection
Date Received: Date of sample receipt by the laboratory
Priority: Internal status of sample turnaround
Collector: Party responsible for sample collection.

The detail on the Certificate includes the following:

Parameter:
Qualifier:
Result:
DL:

RL:

Units:

DF:
Analyst:
Date:
Time:
Batch:
Method:

Surrogate Recovery:

Test:
Percent%:
Acceptable Limits:

Analyte or characteristic tested for in the sample
Qualifier used for data interpretation

Final result of each parameter,

Method Detection Limit

Reporting Limit

Units of final result

Dilution factor

Initials of analyst who performed the test

Date of analysis
Time of analysis
Analytical batch in which the sample was analyzed

Analytical method used for the analysis of the sample. Identified
on the report numerically with a corresponding table.

Provided for organic analysis only. Surrogate compound
identified.

Analytical test associated with surrogate compound.

Surrogate percent recovery )

Limits established for surrogate recoveries based upon the
method requirements.

The QC Summary Report contains the following headings:

Sample Parameter:
Type:

Batch:

NOM:

Sample:

QcC:
Units:
RPD%:

REC%:

Analyte or characteristic tested for in the QC sample

Type of QC sample (i.e., blank, dup, LCS, LCS dup, MS, MSD)
Analytical batch in which the QC sample was analyzed
Nominal concentration of the spiking compound

Amount of compound found in the sample associated with the
QC sample.

Amount of compound found in the QC sample.

Units of final result

Relative percent difference between LCS/LCS dup, MS/MSD,
and Sample/Sample duplicate

Recovery for the control samples

GENERAL ENGINEERING LABORATORIES

P O Box 30712 » Charleston, SC 20417 » 2040 Savage Road » 29407

(843) 556-8171 » Fax (843} 766-1178
o A
.3 Prinied on Recycled Paper.
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Range: Acceptance limits for control samples
Analyst: Initials of analyst who performed the test
Date: Date of anatysis '
Time: Time of analysis

Types of QC samples that may be found on the QC Summary Report are:

Blank: Results of the blank analysis for the sample batch
Dup: Duplicate analysis of sample

LCS: Lab control sample

LCS dup: Lab control sample duplicate

MS: Matrix spike

MSD: Matrix spike duplicate

The following are definitions of reporting limits used at General Engineering
Laboratories:

DL Detection Limit: The minimum level of an analyte that can be determined
(identified not quantified) with 99% confidence. The values are normally
achieved by preparing and analyzing seven aliquots of laboratory water
spiked 1 to 5 times the estimated MDL, taking the standard deviation and
multiplying it against the one-tailed t-statistic at 99%. This computed
value is then verified for reasonableness by repeating the study using the
concentration found in the initial study, calculating an F-ratio, and
computing the final limit. Sample specific preparation and dilution factors
are applied to these limits when they are reported.

The detection limit is the minimum concentration of a substance that can
be identified, measured, and reported with 99% confidence that the analyte
concentration is above zero. It answers the question "Is It Present”.

QL Ouantitation Limit: The lowest concentration that can be reliably achieved
within specified limits of precision and accuracy during routine laboratory
operating conditions. The QL is generally 5 to 10 times the MDL.
However, it may be nominally chosen within these guidelines to simplify
data reporting. For many analytes the QL analyte concentration is selected
as the lowest non-zero standard in the calibration curve. Sample QL's are
highly matrix-dependent. Sample specific preparation and dilution factors
are applied to these limits when they are reported.

The QL is always = DL

GENERAL ENGINEERING LABORATORIES
P O Box 30712 « Charleston, SC 29417 » 2040 Savage Road « 29407
(843) 556-8171 « Fax (343) 766-1178

e R Hgﬁ-l‘rinwdon-kcmhd.hwﬁ - - [

]
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RL Reporting Limit: Same as the QL except where driven by contract or client

specifications. If the sample specific preparation and dilution factors
cause the QL to be elevated above the RL, then the QL is used as the RL.

The quantitation limit is the lowest level at which a chemical may be accurately and
reproducibly quantitated. It answers the question "HOW MUCH IS PRESENT".

Interpretation of RESULT columnn on the Certificate of Analysis:

If the final concentration in the sample was found to be above the RL, then the value
reported is reported without a flag;

If the final concentration in the sample was found to be below the RI. but above the DL,
then the value reported is flagged with a "J";

If the final concentration in the sample was found to be below the DL, the value reported
is flagged with a "U".

Quality Control Flags ~ "7~ ¢ oo o e e e

General Engineering Laboratories maintains acceptance criteria for QC samples through
use of statistical process contro! (SPC). The SPC limits are used to qualify data usability.
The flagging criterion identified in WSRC AN98 Format does not necessarily coincide
with the laboratory SPC criteria. There may be instances where the Electronic Data
Deliverable (EDD) has flagged data based on the AN98 criteria and the lab has not
identified the data to be outside of established control limits.

Those instances where the QC has not met laboratory SPC established criteria will be
noted in the section case narratives that are included in this package.

This data package, to the best of my knowledge, is in compliance with technical and
administrative requirements.

(e ff i

Edith M. Kent 7
Project Manager

GENERAL ENGINEERING LABORATORIES
P O Box 30712 « Charleston, SC 29417 » 2040 Savage Road - 29407
(843) 556-8171 » Fax (843) 766-1178

& Printed on Recycied Paper.
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GC/MS
VOLATILE I|
ANALYSIS

17474
| 2fet #hd.
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GC/MS Volatile Organics
Westinghouse Savannah River Co. (WSRS)
SDG 01752
Method/Analysis Information
Procedure: ‘TCLP Volatile Organic Compounds (VOC) by Gas Chromatograph/Mass Spectrometer
Analytical Method: SWe846 8260B
" Prep Method: SW846 1311/5030B

Analytical Batch Number: 127076
Prep Batch Number: 125827

Sample Analysis

The following client and quality control samples were analyzed to complete this sample delivery group/work order
using the methods referenced in the Analysis Information section:

Sample ID Client ID
Cosmew0or st -
1200122475 VBLKO1TCLP (TCLP Extraction Blank)
1200125588 VBLKO] (Blank)
1200125593 VBLKO1LCS (Labaratory Control Sample)
1200125589 01752-1MS (Matrix Spike)
1200125591 01752-1MSD (Matrix Spike Duplicats)

Preparation/Anglytical Method Verification

SOP Reference

Procedures for preparation, analysis and reporting of analytical data are controlled by General Engineering
Laboratories, Inc. as Standard Operating Procedures (SOP). The data discussed in this narrative has been analyzed in
accordance with GL-OA-E-038 REV.6,

Calibration Information

Initial Calibration
All the initial calibration requirerzents were met.

SDG#01752 -VOA
Page 10f3



WSRC-TR-2001-00526, Revision 0
November 14, 2001
Page D.13

CVS Requirements
All the calibration verification standard (CVS) requirements were met.

Quality Control (QC) Information

Surrogate Recoveries
Surrogate recoveries, in all samples and quality control samples, were within the acceptance limits.

Blank Acceptance
Target analytes were not detected above the reporting limit in the blank.

LCS Recovery Statement
All the required analyte recoveries in the laboratory control sample were within the acceptance limits.

QC Sampte Designation
The following sample was designated for matrix spike analysis:
33401001 01752-1

MS Recovery Statement
All the required matrix spike recoveries were within the acceptance limits.

MSD Recovery Statement
All the required matrix spike duplicate recoveries were within the acceptance limits.

MS/MSD RPD Statement
The relative percent differences (RPD) between the matrix spike and matrix spike duplicate recoveries were within
the acceptance limits.

Interpal Standard (ISTD) Acceptance
. The internal standard responses, in all samples and quality control samples, met the required acceptance criteria,

Technical Information

Holding Time Specifications
All the samples were prepared and/or analyzed within the required holding time period.

Sample Preservation and Integrity
All samples met the sample preservation and integrity requirements.

Preparation/Analytical Method Verification
All procedures were performed as stated in the SOP.

Sample Dilutions ‘

Due to problems associated with the nature of the TCLP matrix, volatile extracts are routinely diluted 1:10 before
analysis. The dilution factor does not increase detection limits above the regulatory litnits required by the client.
Sample Re-prep/Re-analysis

Sample re-analysis was not required for this sample delivery group/work order.

Miscellaneous Information

SDG#01752 -VOA
Page 2 of 3
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Nonconformance (NCR) Docurnentation
A ronconformance report was not required for this sample delivery group/work order.

Manual Integrations
Data files associated with the initial calibration, continuing calibration check, and samples did not require manual
integrations.

System Configuradon
The laboratory utilizes the following GC/MS configurations:

Chromatographic Columns
Chromatographic separation of volatile components is accomplished through analysis on one of the following
columns:

Column ID Column Description

J&W1 DB-624, 60m x 0.25mm, 1.4um

J&W?2 DB-624, 75m x (.53mrm, 3.0um
Instrument Configuration

Instrument systems are reference in the raw data and individual form headers by the Instrument ID designations
below: : :

Instrument ID System Configuration Chromatographic Column P& T Trap

_VOA1l . . HP6890/HP5973 LWL o TapC

VOA2 HP6890/HP5973 J&EW1 Trap C

VOA4 HP589041P5972 J&W1 TrapK

VOAS HP5890/HP5972 J&W1 Trap C

VOA7 HP5890/HP5972 J&W2 ' Trap K

VOAS HP6890/HP5973 J&EW1 TrapK

VOA9 " HP689O/HP5973 J&W1 Trap ©

Review Validation

GEL requires all analytical data to be verified by a qualified data validator. In addition, all data designated for CLP
or CLP-like packaging will receive a third level validation upon completion of the data package.

The following data validator verified the information presented in this case narrative:

Reviewer: QSJVM\M \bg\w Date: \8: 30N

SDG#01752 -VOA
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& 5 GENERAL ENGINEERING LABORATORIES B
- . Meeting today’s ueeds with a vision for tomorrow.
¥ O
éo <
L4T0R" . .
Certificate of Analysis
Company : Westinghouse Savannah River Co.
Address:  Building 707-34B, Rm. 2
Aiken, South Carolina 29302
: Report Date:  December 20, 2004
Contact: Mr. Winston Moore
Project:  Hazardous Waste Contract Page 1 of 2
Client Sample [D: 01752-1 Proiect: WSRC00497
Sample ID: 53401001 Client ID: WSRS001
Matrix: Soil
Collect Date; 05-DEC-0)
Receive Date: 12-DEC-01
Collector: Client
Parameter "“Qualifier  Result DL RL Units DF  AnalystDate Time Batch Method
Veiatile Grganics Federal -
TCLP Volatiles in Solid
1,1-Dichlorcethylene U 0.00 0.0029 0.010 mg/l 10 TLW 171901 0136 127076 1
1,2-Dichloroethane U 0.00 0.0049 0.010 mg/L 10
1.4-Dichlorobenzene ] 0.0019 0.0015 0.010 mg/L 10
Z-Butanone 0.149 0.0176 0.050 mg/L 10
Benzene J 0.00483 0.0028 0010 mg/L 10
Corbontetrachloride . ... . U 000 0003 0010  myl 10
Chlorcbenzene u 0.00 0.0023 0.010 " mg o i T o -
Chloroform - i) 0.00393 0.0019 0.010 mg/L 10
Tetrachloroethylene U 0.00 0.0025 0.0L0 mg/L 10
Trichloroethylene u 0.00 0.0031 0010 mg i0
Vinyl chloride u 0.00 0.0039 0.010 mg/L 10

The following Prep Methods were performed

Meihod Description ’ Analyst Date ““Time  Prep Batch
SWe46 1311 SWS46 1311 TCLP VolatitesPrep  COBI  iyizol 1845 12sszr
The following Analytical Methods were performed e e e e - - R _
Method Description Anralyst Comments

I o SWB846 82608“-— o Tt T e T
Surrog:f? recovery L Tﬁt ) Reoover_y% Acceptable Limits
Bromofluorobenzene TCLP Volatiles in Solid 871% {58%-137%)
Dibromeoflucromesthane TCLP Volatiles in Solid 94% : {56%-134%)
Toluene-d8 TCLP Volatiles in Solid ’ 87% (52%-134%)

Notes:

The Qualifiers in this report are defined as follows :

** Indicates the analyte is a surrogate compound.

< Actual result is less than amount reported

> Acmal result is greater than amount reported

B Analyte found in the sample as well as the associated blank.

E Concentration exceeds instrument calibration range

J  Indicates an estimated value. The result was greater than the detection limit, but less than the reporting limit.
U Indicates the compound was analyzed for but not detected above the detection lirait

P O Box 30712 « Charleston, SC 29417 » 2040 Savage Road » 29407

(843)556-8171 » Fax (843) 766-1178
1l

ﬁ Printcd em rucycled paper.
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&) ) GENERAL ENGINEERING LABORATORIES
- ; Meeting today's needs with a vision for romorton:
7, &
% —F
TUrons™ . .
Certificate of Analysis
Company : Westinghouse Savannah River Co.
Address:  Building 707-34B,Rm. 2
Aiken, South Carolina 29302
Report Date:  December 20, 2001
Contact: Mr. Winston Moore
Project: Hazardous Waste Contract Page 2 of 2
Client Sample ID: 01752-1 Proiect: WSRC00497
Sample ID: 53401001 ClientID: WSRS001
Parameter Qualifier  Result DL  RL Units  DF . me Batch Metho

DF AnslystDate Time Batch Method

Ul Uncenain identification for gamrna spectroscopy.
X  Lab-specific qualifier - must be fully described in case narative and data summary package

The above sample is reported on an "as received” basis.

This data report has been prepared and reviewed in accordance with General Engineering Laboratories, Inc.
standard operating procedurgs. Plgase direct any questions to your Project Manager, Edie Kent.
L f

fwgbgf—

Reviewed by ‘ ;

!

rs

PO Box 30712 » Charleston, SC 29417 « 2040 Savage Road » 29407
(843) 556-8171 » Fax (843) 766-1178

“5 Printed on recycled paper.
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lc Summary Report Date: December 20, 2001
Client : ‘Westinghouse Savannah River Co. - Page 1of 3
Building 707-348, Rm. 2
Aiken, South Carolina

Contact: Mr. Winston Moore

Workorder: 53401

Parmoame ... . NOM . SampleQua’ ~ OC _Usiis RYD% REC%  Wange Anist _ Date Time

Volatile Organics Federal

Batch 127076

QC1200125593 LCS

1,1-Dichloroethylene 0.050 0.0547 mg/ll 109 (74%-136%) TLW 12/18/01 15:28

1,2-Dichloroethane 0.050 0.0511 mg/L 102 (59%-122%) :

1,4-Dichlorobenzene 0.050 00556  mg/L 11l (64%-128%)

2-Butanone 0.250 0.283 mg/L 113 {58%-141%)

Benzene 0.050 0.0555 mg/L 1 (77%-122%)

Carbon tetrachloride 0.050 0.0581 mg/L L6 (73%-139%)

Chiorcbenzene 0.050 0.0572 mg/L 114 (76%-118%)

Chioroform 0.050 0.0555 mg/L 11} (75%-125%)

Tetrachloroethylene 0.050 0.0606 mg/L 121  (70%-135%)

Trichlorocthylene 0.050 0.0583 mg/L 117 (76%-122%)

Vinyl chloride 0.050 00477 mglL 9%  (59%-133%)
**Bromoflucrobenzene 0.050 0.0535 mg/L 107 (58%-137%)
*aDibromolluoromethane 0.050 0.0544 mg/L 109 (56%-134%)

*+*Toluene-d8 0.050 0.0526 mg/L 105  (52%-134%)
QC200126044 LCS

1,1-Dichloroethylens 0.050 0.0442 mg/L 89  (74%-136%) 12/15/01 16:37

1,2-Dichloroethane 0.050 0.0431 mg/L 86  (59%-122%)

1.4-Dichlorobenzene 0.050 0.0451 mg/L 90  (64%-128%)

2-Butanone 0.250 0.280 mg/L. 112 (58%-141%)

Benzene 0.050 0.0432 mg/L 86  (T7%-122%)

Carbon tetrachloride 0.050 00478 mglL 9  (13%-139%)

Chlorobenzens 0.050 0.0449 ma/L 90 (76%-118%)

Chloroform " 0.050 0.0449 mgfL. 90 (75%-125%)

Tetrachlorcethylene 0.050 0.0494 mg/L 99  (70%-135%)

Trichlaroethylene 0.050 00495 mglL 99 (T6%-122%)

Vinyl chloride - 0050 0.055 mg/L 110 (59%-133%)
**Bromofluorobenzene " DOSO : 00555  mgl 111 (58%-137%)
s*Dibromofiuoromethane  ° 0.050 0.0611 mg/L 122 (56%-134%)

**Toluene-d8 0.050 0053 mglL 106 (52%-134%)
QCl200125588  MB

1,1-Dichloroethylene 1§ 0.00 mg/L 1271801 17:47

1,2-Dichlotocthane U 0.00 mg/L

1,4-Dichlorobenzene u 0.00 mg/L

2-Butanonc 1] 0.00 mg/L.

Beazene u Q.00 mg/L

Carbon ietrachloride U 000 mgl

Chlorobenzene U 0.00 mg/L

Chloroform u 0.00 mg/L

Tetrachloroethylene U 0.00 mgy/L

Trichloroethylene U 0.00 mg/L.

Vinyl chloride U 0.00 mg/L
#**Bromofluorobenzene 0.050 0.0494 mg/L 99 (53%-137%)
s*Dbromofluoromethane 0.050 0.0444 mg/L 89 (56%-134%)

GENERAL ENGINEERING LABORATORIES
P O Box 30712 « Charleston, SC 29417 « 2040 Savage Road « 29407
(843) 556-8171 « Fax (843) 766-1178

»
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Workorder: 53401

Parmaame .
Volatlle Organics Federal
Bach 121076 -

**Toluenc-d3
QCI200126043  MB
1,1-Dichloroethylene
1,2-Dichlorocthane
1,4-Dichlorobenzens
2.Butanone
Benzene
Carbon tetrachloride
Chlorcbenzene
Chloroform
Tetrachloroethylene
Trichloroethylenc
Vinyl chloride
**Bromofluorobenzene
**Dibromofluoromethane
**Toluene-d8
QC1200125589 53401001 PS
1,§-Dichloroethylene
1,2-Dichloroethane
1,4-Dichiorobenzene - -
2-Butancne
Benzene
Carbon tetrachloride
Chlorobenzene
Chloroform
Tewrachloroethylene
Trichlorvethylcne
Vinyl chloride
**Bromofluorobenzens
**Dibromofluoromethane
**Toluene-ds
QC1200125591 53401001 PSD
[,1-Dichtoroethylenc
1,2-Dichloroethane
1,4-Dichlorobenzene
2-Butanone
Benzene
Carbon tetrachloride
Chlorobenzene
Chloroform
Tetrachloroethylene
Trichloroethylene
Viny! chloride
**Bromolluorobenzene
**Dibromofluoromethane
*$Toluene-d3
QCIW0172475 TB
1,1-Dichloroethylene

WSRC-TR-2001-00526, Revision 0
November 14, 2001
Page D.20

Page 2of 3

QC Summary
NOM_ .  Sample Qual ___QC Units RED%
0.050 00447  mat 89
u 0.00 mg/L
U 0.00 mg/L
U 0.00 mg/L
U 0.00 mg/L.
u 000 mgl
U 000  mgl
U 0.00 mg/L
U 0.00 g/l
U 0.00 mg/L
U 0.00 mg/l.
H| 0.00 mg/L
0.050 0.0428 mg/L 86
0.050 0.0473 mg/L ' 95
0.050 0.0451 mg/L %0
500 u 0.00 545 ug/L 109
500 U 0.00 496  ugl 99
- 500 - J - 0000 - o525 ugl. 105
250 149 321 ug/L. 123
50.0 I 0483 543 ug/L 108
50.0 U 0.00 60.5 ug/l. 121
500 U 0.00 54.5 ug/L 109
50.0 I 0.393 534 ug/L 106
50.0 U 0.00 61.1 ug/L 122
50.0 u 0.00 518 ug/lL TS
50.0 U 0.00 573 ug/L 115
50.0 436 472 uwg/l 85
50.0 470 46.1 ug/L 92
50.0 43.6 46.8 ug/L 94
50.0 u 0.00 54.2 g/l 1 108
50.0 u 0.00 50.4 ug/L 2 101
50.0 I 0.190 527 ug/L o 105
250 14.9 s ugf/L I 12}
50.0 J 0.483 55.1 ugL 2 109
500 U 0.00 61.2 ug/L 1 122
50.0 v 0.00 54.6 ugf/l. 0 109
500 J 0393 512 ugl 7 114
50.0 u 0.00 59.5 ug/L 3 119
50.0 u 0.00 576~ ugl 0 115
500 U 0.00 560  ugl 2 112
50.0 436 49.4 ug/l ]
50.0 470 502 ug/L 100
50.0 436 47.4 ug/L 95
U 0.00 mglL

GENERAL ENGINEERING LABORATORIES
P O Box 30712 « Charleston, SC 29417 + 2040 Savage Road » 29407
(843) 556-8171 » Fax (843) 766-1178

o
L.} Printed on Recveled Pancr.

(52%-134%)

(58%-137%)
(56%-134%)
(52%-134%)

(53%-142%)
(48%-125%)
(57%-119%)
(34%-127%)
(69%-119%)
(45%-146%)
(68%- 113%)
(67%-123%)
(49%-130%)
(60%-120%)
(44%-138%)
(58%-137%)
(56%-134%)
(52%-134%)

(0%-21%)
(0%-17%)
(0%-19%)
(0%-15%)
(0%-12%)
(O%-17%)
(0%-19%)
(0%-13%)
(0%-20%)
(0%-16%)
(0%-23%)

(58%-137%)

(56%-134%)

(52%-134%)

"REC% _Range Aslst _ Date Time

i2/19/01 18:0%

12/19/01 02:31

12/19/01 02:58

12/19/01 00:41

15



Workorder: 53401

Parmname

Volatile Qrganics Federal
Barch 127076

NOM

1,2-Dichloroethane

1.4-Dichlorobenzens

2-Butanone

Benzens

Carbon tetrachloride

Chlorobenzene

Chioroform

Tetrachlorocthylene

Trichloroethylene

Vinyl chloride
** Bromofluorobenzene
**Dibromofiuoromethane
++*Tolucne-dB

QC1200124521

1,1-Dichloroethylene

1,2-Dichloroethane

L4-Dichlorobenzene

2-Butanone

Benzene

Carbon tetrachloride

Chlorobenzene

Chloroform

Tetrachloroethylene

Trichloroethylene

Viny! chloride
**Bromofluorobenzene
**Dibromoflucromethane
*+Toluene-d8

Notes:
The Qualifiers in this report are defined as follows:

e

0.050

0.050
B

0.050
0.050
0.050

Actual result is less than amount reported

Hoo=-mmE Vv A

Actual result is greater than amount reported

Analyte found in the sample as welt as the associated blank.

Concentration exceeds instument calibration range

Indicates an estimated value. The result was greater than the detection limit, but less than the reperting limit.

Indicates the compound was analyzed for but not detected above the detection limit
I Unccrtain identification for gamma spectroscopy.

Lab-specific qualifies - must be fully described in case narrative and data summary package

WSRC-TR-2001-00526, Revision 0
November 14, 2001
Page D.21
QC Summary
Page 3of 3
. Sample Qual ____OC  Units RPD% _REC%  Range Anlst Date Time
v 000 mgL
) 000157 mgL
u 000 mglL
u 0.00 mg/L
u .00 mg/L
u 0.00 mg/L
U 0.00 mg/L
U 0.00 mg/L
u 000 mgl
U 000 mglL
0437 mpl 87 (58%-131%)
0476 mgL 95 (56%-134%)
0419 mglL 84 (52%-134%)
u 0.00 mgl 12/19/01 01:09
u 000 mgl
U 0.00 mg/L
u .00 mg/L
U 000 mgl
u 000 mgl
U 0.00 mg/L
u 000 mgl
U 000 mgl
U 0.00 mg/L
U 000 mglL
0424 mglL 85  (58%-137%)
0415 gL 95 (56%-134%)
0434 mglL 87  (52%-134%)

Indicates the analyte is a surrogale compound.

N/A indicates that spike recovery limits do not apply when sample concentration exceeds spike conc. by a factor of 4 or more.
AThe Relative Percent Difference (RPD) obtained from the sample duplicate (DUP) is evaluated against the accepience criteria when the sample is greater than
five times {5X) the contract required detection limit (RL). [n cases where cither the sample or duplicate value is less than 5X the RL., a control limit of +-

the RL is used to evaluate the DUP result.

For PS, PSD, and SDILT results, the values listed are the measured amounts, not final concentrations.

GENERAL ENGINEERING LABORATORIES
P Q Box 30712 « Charleston, SC 29417 » 2040 Savage Road « 29407
(843) 556-8171 « Fax (843) 766-1178

F .Y
.} Printed on Recycled Peper.
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Work Order Containers htip://alphalims02.gel.com: 80/lims/cont_container_location_rpt.work_order_teport

WSRC-TR-2001-00526, Revision 0

. . November 14, 2001 '
E Work Order Containers Page D.26 *

I Submit
Work Order / Sample No.: 53401 |

53401001.01 - New Undefined -

12-DEC-2001 17:11:32 Edie Kent Login Area

12-DEC-2001 17:47:14 Chad Byas 125827 TCLP EXTRACTION AREA
12-DEC-2001 18:51:56 Chad Byas Sample Return Shelf Radiochem
18-DEC-2001 12:31:47 Elijah Singleton Empty Container Disposed

53401001.01.01 - 1000 m} Plastic Bag

12-DEC-2001 17:47:22 Chad Byas 125827 TCLP EXTRACTION AREA
53401001.01.03 - 1000 m] Plastic Bag

13-DEC-2001 11:09:05 Chad Byas 125827 Sample Return Shelf Radiochemn
18-DEC-2001 22:09:16 Tammy Woodie 127076 Sample Return Shelf Radiochem

Version 1.0 12/16/99
General Engineering Laboratories, Inc.

12/20/2001 12:13&;'
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GENERAL ENGINEERING LABO RATORIES
RADIOACTIVE MATERIAL INVENT ORY SHEET

PLEASE ATTACH APPLICABLE KADHOLOGICAL DOCUMENTATION

SAMPLE DATA ATTACHED (CIRCLE CNEY YES NO

. RECEIVED BY:.. _Lg)@m) o D;\TERECEIVED:M

| YOLUME: % M:l

APPROXIMATE (mi/ g

TOTAL NUMBER OF CONTAINERS:
DOE/ATOMIC ENERGY ACT SAMPLE? YES NO

TOTAL ACTIVITY:
OTHER:

LIST OF NON-TRITIUMISOTOPES IN SHIPMENT:

GEL RECEIVIMNG DATA -

CLIENT: . l/\) $’!2’C—’
CLIENT ID NUMBERS: . ; : C Q_

LIviS ID NUMBER: |

NAXIVIUNY RAD LEVELS O CONTACT
(mR/ur) L O» 75N lhr

ALPHA SURFACE CONTAMINATION ' /\-/ j A

(CIE.CLE ONE) FRISHUSWIPE

3ETA GAMMA SURFACE ) -
CONTAMINATION / 4 S'D
M P cireisons Fals@

RAD LICENSE SERIAL NUMBER!

REYIEWED AND APPROVED:
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Environmental Chemistry o Analysis Group

ECAG-CL-01752A

To: Winston Moore
From: Cathi Lesher 2-8278
Date: 01/09/02

" Job1752A

Attached are the analytical results from General Engineering Laboratories-
Charleston (GEL) for Job 01752A

This package contains TCLP METALS DATA ONLY!

If you need any additional information, please give me a call.

Reviewed By:

Cathi Lesher for Environmental Chemistry and Analysis Group
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Waste Contract (DO-E01-01-04) V&V Checklist R

ate: !l 4, Reviewer: Q}-—-Q Notification Date/Time: (‘: Z Oue Date/Time: ( \9'
- 1

sb# \752(( Rec. Date: {2,' %) TATRequested: [% | )3’ Date Defivered: O/ TIME

COC Review: Yes/No Comments:
Are all samples listed on COC reported? \r&

Are all suites for samples on COC reported? NO "[w MET f\f—o]l

— Holding Time Review:

Was hold time to extraction/digestion met?

Was hold time to analysis met? \R@)
Turn-Around-Time Review: 4

Was the requested turn-around-time met? \,l f/’%
Case Narrative Review:

Does the Narrative describe any prgblems? [\p

Were any NCRs generated with this data? %%
Qualifier Review: - .- . T

Are the lab qualifiers accurate and present? N m/
\ Ll

MMEDIATELY NOTIFY STR OF ANY HOLD TIME, NCR OR MISSING DATA ISSUESI
If any problems exist discuss problem and resolution here, including communications:

TASK LOMPLETE

" If package is complete and accurate prepare acceptance cover sheet. - (’ ) |
Notify STR that packege review is complete and delivered o WSRC CTR. [ 4 |
Enter data for this package into the INVOICE CHECKING AND STATUS LOG . il [ B
Make a copy of the COC for ExR records. L a\} / Il

v
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irow CASE NARRATIVE REPORT
for

Westinghouse Savannah River Site
Subcontract No. AC23322N
Jobi# 01752A
December 31, 2001

Laboratory Identification:

General Engineering Laboratories, Inc.
Summary:
Sample receipt

One solid sample for Westinghouse Savannah River Site arrived at General
Engineering Laboratories, Inc., (GEL) Charleston, South Carolina on December 20,
2001 for analysis. The sample listed on the chain arrived at the laboratory with cooler

temperatures of 2.0 and 3.0°C. A thirteen day turnaround was requested on the chain.

The sample was stored properly according to SW-846 procedures and GEL
Standard Operating Procedures (SOP).

The laboratory received the following sample:

Description Sample Number
53852001 01752-A
Case Narrative

Sample analyses were conducted using methodology as outlined in General
Engineering Laboratories (GEL) Standard Operating Procedures. Any technical or
administrative problems during analysis, data review, and reduction are written by
analytical fraction in the enclosed narratives.

Data Package:

The enclosed data package contains the following sections: Case Narrative, Level II
Certificate of Analysis, QC Sample Summaries, Chain of Custody, Sample Tracking
Report, Nonconformance Reports if applicable & Electronic Data Hardcopy Report.

The Level II Certificate of Analysis contains the following headings:
Sample ID: Sample Identification

P O Box 30712 « Charleston, SC 29417 « 2040 Savage Road » 29407
(843) 556-8171 « Fax (843) 766-1178

‘&?n‘fnﬁd’oikiciclcfdfi’hﬁciﬂ e }%
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004 To “‘ Q.s‘ -

December 31, 2001

Mr. Winston Moore
Westinghouse Savannah River Co.
Building 707-34B, Rm. 2

Aiken, SC 29802

Re: Job #01752A
Dear Mr. Moore:

I am sending you the data package for the solid sample for Job #01752A that was
analyzed for inorganic parameters.

General Engineering Laboratories appreciates this opportunity to provide you with

analytical results, and trusts that you will find everything in order and to your satisfaction.
If you have any questions, please do not hesitate to call me at (843) 769-7385.

Yours very truly,

el ftlens”

Project Manager

enclosure

P O Box 30712 « Charleston, SC 29417 « 2040 Savage Road « 29407
(843) 556-8171 » Fax (843) 766-1178

o
-Gy Prntedon Recycled Piper.  ~ T 7 S
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Case Narrative - Westinghouse Savannah River Site

12/31/01
Job No. 01752A
page 2 of 4

Lab ID:
Matrix:

Date Collected:
Date Received:
Priority:
Collector:

WSRC-TR-2001-00526, Revision 0
November 14, 2001
Page D.38

This is the laboratory identification number
Sample matnx

Date of sample collection

Date of sample receipt by the laboratory
Internal status of sample turnaround

Party responsible for sample collection.

The detail on the Certificate includes the following:

Parameter:
Qualifier:
Result:
DL:

RL:
Units:
DF:
Analyst:
Date:
TFime:. -
Batch:
Method:

Surrogate Recovery:

Test:
Percent%:
Acceptable Limits:

Analyte or characteristic tested for in the sample
Qualifier used for data interpretation

Final result of each parameter.

Method Detection Limit

Reporting Limit

Units of final result

Dilution factor

Initials of analyst who performed the test

Date of analysis

_ Time of analysis

Analytical batch in which the sample was analyzed

Analytical method used for the analysis of the sample. Identified
on the report numerically with a corresponding table.

Provided for organic analysis only. Surrogate compound
identified.

Analytical test associated with surrogate compound.

Surrogate percent recovery

Limits established for surrogate recoveries based upon the
method requirements.

The QC Summary Report contains the following headings:

Sample Parameter:
Type:

Batch:

NOM:

Sample:

QC:
Units:
RPD%:

REC%:

Analyte or characteristic tested for in the QC sample

Type of QC sample (i.e., blank, dup, LCS, LCS dup, MS, MSD)
Analytical batch in which the QC sample was analyzed
Nominal concentration of the spiking compound

Amount of compound found in the sample associated with the
QC sample.

Amount of compound found in the QC sample.

Units of final result

Relative percent difference between LCS/LCS dup, MS/MSD,
and Sample/Sample duplicate

Recovery for the control samples

GENERAL ENGINEERING LABORATORIES

PO Box 30712 » Charleston, SC 29417 » 2040 Savage Road » 29407

(843) 556-8171 * Fax (843) 766-1178

ﬁ Printed on recycled paper.
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Job No. 01752A

page 3 of 4

Range: Acceptance limits for control samples

Analyst: Initials of analyst who performed the test

Date: Date of analysis

Time: Time of analysis

Types of QC samples that may be found on the QC Summary Report are:

Blank: Results of the blank analysis for the sample batch
Dup: Duplicate analysis of sample

LCS: Lab control sample |

LCS dup: Lab control sample duplicate

MS: Matrix spike

MSD: Matrix spike duplicate

The following are definitions of reporting limits used at General Engineering
Laboratories:

DL Detection Limit: The minimum level of an analyte that can be determined
(identified not quantified) with 99% confidence. The values are normally
achieved by preparing and analyzing seven aliquots of laboratory water
spiked 1 to 5 times the estimated MDL, taking the standard deviation and
multiplying it against the one-tailed t-statistic at 99%. This computed
value is then verified for reasonableness by repeating the study using the
concentration found in the initial study, calculating an F-ratio, and
computing the final limit. Sample specific preparation and dilution factors
are applied to these limits when they are reported.

Theé detection limit is the minimum concentration of a substance that can
be identified, measured, and reported with 99% confidence that the analyte
concentration is above zero. It answers the question "Is It Present”.

QL Quantitation Limit: The lowest concentration that can be reliably achieved
within specified limits of precision and accuracy during routine laboratory
operating conditions. The QL is generally 5 to 10 times the MDL.
However, it may be nominally chosen within these guidelines to simplify
data reporting. For many analytes the QL analyte concentration is selected
as the lowest non-zero standard in the calibration curve. Sample QL's are
highly matrix-dependent. Sample specific preparation and dilution factors
are applied to these limits when they are reported.

The QL is always =2 DL

GENERAL ENGINEERING LABORATORIES
PO Box 30712 » Charleston, SC 29417 = 2040 Savage Road * 29407
(843) 556-8171 = Fax (843) 766-1178

_— = - e 7“_Printcdon~recyc|ed-papcr- e — R - -
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Job No. 01752A

page 4 of 4

RL Reporting Limit: Same as the QL except where driven by contract or client

specifications. If the sample specific preparation and dilution factors
cause the QL to be elevated above the RL, then the QL is used as the RL.

The quantitation limit is the lowest level at which a chemical may be accurately and
reproducibly quantitated. It answers the question "HOW MUCH IS PRESENT".

Interpretation of RESULT column on the Certificate of Analysis:

If the final concentration in the sample was found to be above the RL, then the value
reported is reported without a flag;

If the final concentration in the sample was found to be below the RL but above the DL,
then the value reported is flagged with a "J";

If the final concentration in the sample was found to be below the DL, the value reported
is flagged with a "U".

‘Quality Control Flags

General Engineering Laboratories maintains acceptance criteria for QC samples through
use of statistical process control (SPC). The SPC limits are used to qualify data usability.
The flagging criterion identified in WSRC AN98 Format does not necessarily coincide
with the laboratory SPC criteria. There may be instances where the Electronic Data
Deliverable (EDD) has flagged data based on the AN98 criteria and the lab has not
identified the data to be outside of established control limits.

Those instances where the QC has not met laboratory SPC established criteria will be
noted in the section case narratives that are included in this package.

This data package, to the best of my knowledge, is in compliance with technical and
administrative requirements.

Edith M. Kent Z
Project Manager

GENERAL ENGINEERING LABORATORIES
PO Box 30712 » Charleston, SC 29417 * 2040 Savage Road * 29407
(843) 556-8171 * Fax (843) 766-1178

ﬂ Printed on recycled paper.
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Metals Narrative for
Westinghouse Savannah River Company
SDG 01752A

Sample Analysis
The following sample was initially leached according to EPA SW846 method 1311 and

additionally prepared and analyzed according to the methods referenced in the "Method/Analysis
Information" section of this narrative:

Sample ID Client ID

53852001 01752-A

1200126630 TCLP Blank (TB)

1200127547 Method Blank (MB) ICP

1200127551 Laboratory Control Sample (LCS)

1200127548 01752-A L (53852001) Serial Dilution (SDILT)

1200127549 01752-A S (53852001) Matrix Spike (MS)

1200127550 01752-A SD (53852001) Matrix Spike Duplicate (MSD)

1200127519 Method Blank (MB)CVAA

1200127524 Laboratory Control Sample (I.CS)

Method/Analysis Information:

Batch #: 127795, 127785

Prep Batch #: 127794, 127783

TCLP Batch #: 127478

Standard Operating

Procedure: GL-MA-E-013 REV.5, GL-MA-E-010 REV.8

Analytical Method: SW846 6010B & SWE46 7470A

Prep Method: SW3846 3010A & SW846 T470A, SW846 1311
System Configuration

The ICP analysis was performed on a Thermo Jarrell Ash 61E Trace axial-viewing inductively
coupled plasma atomic emission spectrometer. The instrument is equipped with a Meinhardt
nebulizer, cyclonic spray chamber, and yttrium internal standard. Operating conditions for the
Trace ICP are set at a power level of 950 watts. The instrument has a peristaltic pump flow rate
of 140 RPM (2.0 mL/min sample uptake rate), argon gas flows of 15 L/min and 0.5 L/min for the
torch and auxiliary gases, and a pressure setting of 26 PSI for the nebulizer.

Mercury analysis was performed on a Perkin-Elmer Flow Injection Mercury System (FIMS-400)
automnated mercury analyzer. The instrument consists of a cold vapor atomic absorption
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spectrometer set to detect mercury at a wavelength of 254 nm. Sample introduction through the
flow injection system is performed via a peristaltic pump at 9-mL/min and nitrogen carrier gas
rate of 5 L/min.

Sample Preparation
Al samples were prepared in accordance with the referenced SW-846 procedures.

Calibration Information:

Initial Calibration
Instrument calibrations are conducted using method and instrument manufacturer's
~ specifications. All initial calibration requirements have been met for this anal ysis.

CRDL Standard
All CRDL standard recoveries met the advisory limits.

ICSA/ICSAB Requirements
All interference check samples (ICSA and ICSAB) associated with this SDG met the established
acceptance criteria.

Continuing Calibration Blanks (CCB) Requirements
All continuing calibration blanks (CCB} bracketing sample analyses associated with this SDG
met the established acceptance criteria.

Continuing Calibration Verification (CCV) Requirements
All continuing calibration verification (CCV) standards bracketing sample analyses associated
with this SDG met the recovery acceptance criteria.

Quality Control (QC) Information:

Method Blank Acceptance
The TCLP and method blanks analyzed with this SDG did not contain analytes of interest at
concentrations greater than the reporting limit (RL).

LCS Recdvery Statement
All LCS spike recoveries for this SDG were within the required acceptance limits., Arsenic,
cadmium, chromium and lead are flagged; however, they pass method limits of 80-120%.

QC Sample Designation

Sample 01752-A (53852001) was designated as the quality control sample for the ICP batch and
sample 01745-1 (53841001) from WSRC SDG 01745T was designated as the quality control
sample for the CVAA batch. The ICP batch included a matrix spike (MS), a matrix spike
duplicate (MSD) and a serial dilution (SDILT). The CVAA batch included a matrix spike (MS)
and a matrix spike duplicate (MSD). '

MS/MSD Recovery Statement
The percent recoveries (%R) obtained from the MS analyses are evaluated when the sample
concentration is less than four times (4X) the spike concentration added. The MS and MSD



WSRC-TR-2001-00526, Revision 0
November 14, 2001
Page D.44

analyses met the established quality control acceptance criteria for percent recovery for all
applicable analytes.

RPD Statement
The relative percent differences (RPD) between each element's results in the LCS and LCSD

analyses were within the established acceptance limits. The relative percent differences (RPD)
between each element's results in the MS and MSD analyses were within the established
acceptance limits, with the exception of arsenic, barium, cadmium, chromium, lead and
selenium.

Serial Dilution % Difference Statement

The serial dilution is used to assess interference caused by matrix suppression or enhancement.
Raw element concentrations that are at least 50X the instrument detectien limit (IDL.) for ICP
analyses are applicable for serial dilution assessment. All applicable elements met the
established criteria for serial dilution evaluation, percent difference values <10.

Technical Information:

Holding Time Specifications
All samples in this SDG met the specified holding time requirements.

Sample Dilutions

Dilutions are performed to minimize matrix interference resulting from elevated mincral element

- concentrations present in samples and/or to bring over range target analyte concentrations into

the linear calibration range of the instruments. ~ ~ ~~ o

The samples and associated matrix QC analyzed by ICP were diluted 10X to minimize potential
interference arising from the high sodium content in the TCLP leaching solution. For mercury
analysis, a 10X prep factor is involved to limit potential interference from the TCLF leaching
solution.

Miscellaneous Information:

NCR Documentation
Nonconformance reports (NCR) are generated to document procedural anomalies that may
deviate from referenced SOP or contractual documents. No NCRs were gencrated for this SDG.

Additional Comments

The additional comments field is used to address special issues associated with each analysis,
clarify method/contractual issues pertaining to the analysis and to list any report documents
generated as a result of sample analysis or review. No additional comments were required for
this SDG.

Review/Validation:
GEL requires all analytical data to be verified by a qualified data validator.
The following data validator verified the data presented in this SDG:

Reviewer: M‘gﬁb Date: _ (d / 2 ‘7/ |
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Certificate of Analysis
Company : Westinghouse Savannah River Co.
Address : Building 707-34B, Rm. 2
Aiken, South Carolina 29802
Report Date: December 31, 2001
Contact: Mr. Winston Moore
Project: Hazardous Waste Contract Page | of 2
Client Sample ID: 01752-A Proiect: WSRC00497
Sample ID: 53852001 Client TD: WSRS001
Matrix: Solid
Collect Date: 14-DEC-01
Receive Date: 20-DEC-01
Collector: Client
" Parameter Qualifier  Result DL RL Units DF AnalystDate Time Batch Method
Mercury Analysis Federal
TCLP Hg in Solid
Mercury U 0.000362 0.00073 0.002 mg/L 1 2 12/28/01 1423 127785 1
Metals Analysis-1CP Federal
TCLP ICP Metals for Solid

Arsenic, total recoverable 8] 0.0142 0.0333 0.050 mg/L 10 HSC 12/26/01 2104 127795 2
Barium. total recoverable 0.0892 0.00101 0.050 mg/L 10
Cadmium, total recoverable. .. U 0000034 000319 0030  mgh 10O - _
Chromium, total recoverable U -0.00281 0.00691 0.050 mg/L 10 ’
Lead, total recoverable J 0.0191 0.0172 0.050 mg/L 10
Selenium, total recoverable 0.0559 0.0492 0.050 mg/L. 10
Silver, total recoverable u 0.0013 0.00448 0.050 mg/L 10

The following Prep Methods were performed e
Method Description Analyst Date Time  Prep Batch
SW846 7470A  EPA 7470A Mercury Prep TCLP Liquid ARD 1272701 153 121783
SWE46 3010A ICP-TRACE TCLP by SW846 3010A BCD!I 12726/01 1328 127794
The following Analytical Methods were performed i
Method Description Analyst Comments
i T swassadion T T
2 SW846 3010/6010B
Notes:

The Qualifiers in this report are defined as follows :

** [Indicates the analyte is a surrogate compound.
Actual result is less than amount reported
Actual result is greater than amount reported
Analyte found in the sample as well as the associated blank.
Concentration exceeds instrument calibration range
-Indicates-an estimated value. The-result-was greater than the detcction limit, but less than the reporting limit.
U Indicates the compound was analyzed for but not detected above the detection limit
Ul Uncertain identification for gamma spectroscopy.
. X Lab-specific qualifier - must be fully described in case narrative and data summary package

-mmVv A

The above sample is reported on an "as received” basis.

P O Box 30712 » Charleston, SC 29417 « 2040 Savage Road « 29407
(843) 556-8171 » Fax (843) 766-1178

f 4 A
‘: Printed on Recycled Paper.



This data report has been prepared and reviewed in accordance with General Engineering Laboratories, Inc.
standard operating procedures. Please direct any questions to your Project Manager, Edic Kent.

D At~

LReviewed by

P O Box 30712 » Charleston, SC 29417 » 2040 Savage Road » 29407
(843) 556-8171 » Fax (843) 766-1178
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Certificate of Analysis .
Company : Westinghouse Savannah River Co.
Address:  Building 707-34B, Rm. 2
Aiken, South Carolina 29802
Report Date: December 31, 2001
Contact: Mr. Winston Moore
Project: Hazardous Waste Contract 2 of 2
Client Sample ID: 01752-A Proiect: WSRC00497
Sample ID: 53852001 Client ID:  WSRS00}
| Parameter  Quabfier  Resut oL RL Uit DF AnalystDate Time Batch Methiod
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Client : Westinghouse Savannah River Co.
Building 707-34B, Rm. 2
Aiken, South Carolina

Contact: Mr. Winston Moore

Workorder: 53852

Parmname "
Mercury Analysis Federal
Batch 127785

QC1200127524 LCS
Mercury

QCI1200127519 MB
Mercury

QC1200126630 TB
Mercury
Metals Analysis-ICP Federal
Batch 127795

QC1200127551 LCS
Arsenic, total recoverable
Barium. total recoverable
Cadmium, total recoverable
Chromium, total recoverable
Lead, total recoverable
Selenium, 1otal recoverable
Silver, total recoverable

QCI200i27547 MB
Arsenic, total recoverabie
Barium. total recoverable
Cadmium, total recoverable
Chromium, total recoverable
Lead, total recoverable
Selenium, total recoverable
Silver, total recoverable

QC1200127549 53852001
Arsenic, total recoverable
Barium. total recoverable
Cadmium, total recoverable
Chromium, total recoverable
Lead, total recoverable
Selenium, total recoverable
Silver, total recoverable

QC1200127550 53852001
Arsenic, total recoverable
Barium. total recoverable
Cadmium, total recoverable
Chromium, tota! recoverable
Lead, total recoverable
Selenium, total recoverable
Silver, total recoverable

QCI200127548 53852001
Arsenic, total recoverable
Barium. total recoverable
Cadmium, total recoverable

NOM

0.020

5.00
10.0
1.00
5.00
5.00
1.00
0.500

MS
5.00
10.0
100
5.00
5.00
1.00
0.500
MSD
5.00
10.0
1.00
5.00
5.00
1.00
0.500
SDILT

e . _a_[‘?rinlcd‘un.rccyclcd‘papel‘- -

@ C

QC Summary

Sample Qual
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0.0142
0.0892
0.000034
-0.00281
0.0191
0.0559

00013 .

0.0142
0.0892
0.000034
-0.00281
0.0191
0.0559
0.0013

1.42
8.92
0.00337

coocCoccae

0.021

-0.000012

0.000057

495
9.94
1.01
497
5.12
1.05
0.439

0.00633
0.000708
0.00137
-0.00129
0.012
0.0389
-0.00118

4.90
92.90
0978
4.89
5.04
0.977
0.485

6.09
12.3
1.22
6.07
6.25
1.30
0.500

-0.00339

1.8l

-0.0794

mg/L
mg/L.
mg/L

mg/L.
mg/L
mg/L
mg/L.
mg/L
mg/L
mg/L.

mg/L
mg/L
mg/L
mg/L

mg/L.

mg/L
mg/L

mg/L
mg/l
mg/L

mg/L.
mg/L
mg/L
mg/l
mg/L
mg/L.
mg/l.

ug/L
ug/
ug/L

22
22
22
22
21
28

101
169
11900

GENERAL ENGINEERING LABORATORIES
PO Box 30712 = Charleston, SC 29417 » 2040 Savage Road + 29407
(843) 556-8171 » Fax (843) 766-1178

99
101

102
105
98

98
98
98
98
100
92
97

121
122
122
121
125
124
100

Page 1of 2

(77%-124%)

QC_ " Uniis _RPD% REC% _ Range Anist

2

HSC

Report Date: December 31, 2001

12/28/01 13:44

12/28/01 13:40

12/28/01 13:42

12/26/01 20:58

12/26/01 20:46

12/26/01 21:16

12/26/01 21:2]1

12/26/01 21:10
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QC Summary
Workorder: 53852
parmname 777 _NOM_ . _Sample Qual | QC . Units. RPD% _ REC%
Metals A.nalysis-lCl’ Federal
Batch 127795
Chromium, total recoverable U -0.281 3] -0.403 ug/l.  -616
l.ead, total recoverable J 191 U 0.549 ug/. 436
Selenium, total recoverable 559 U -0.715 ug/L 164
Sitver, total recoverable 3] 0130 U -0.16 ug/L 714

QC1200126630 TB

Arsentc, lotal recoverable
Barium. total recoverable
Cadmium, total recoverable
Chromium, total recoverable
Lead, total recoverable
Selenium, total recoverable
Silver, total recoverable

Notes:

00126  mg/l
-0.000139 mg/L
-0.00232 mg/L
-0.00593 mg/L
-0.0106 mg/L
0.0114 mglL
-0.00585 mg/L

cCcoCccCcacc

The Qualifiers in this report are defined as follows:

L1

Moow-wmw Vv oA

Indicates the analyte 1s a surrogate compound.

Actual result is less than amount reported

Actual result is greater than amount reporied

Analyte found in the sample as well as the associated blank.

--Concentration exceeds instrument calibration range pe e e - [ — -

Indicates an estimated value. The result was greater than the detection limit, but less than the reporting limit.
Indicates the compound was analyzed for but not detected above the detection limit

Uncentain identification for gamma spectroscopy. ’

Lab-specific qualifier - must be fully described in case narrative and data summary package

November 14, 2001
Page D.50

Page 20f 2
Range Anist Date Time

12/26/01 20:52

N/A indicates that spike recovery limits do not apply when sample concentration exceeds spike conc. by a factor of 4 or more.
AThe Relative Percent Diffesence (RPD) obtained from the sample duplicate (DUP) is evaluated against the acceptence criteria when the sample is greater than
five times (5X) the contract required detection limit (RL). In cases where either the sample or duplicate value is less than 5X the RL, a control limit of +/-

the

RL is used to evaluate the DUP result.

For PS, PSD, and SDILT results, the values listed are the measured amounts, not final concentrations.

GENERAL ENGINEERING LABORATORIES
PO Box 30712 = Charleston, SC 29417 » 2040 Savage Road * 29407
(843) 556-8171 * Fax (843) 766-1178

ﬁ Printed on recycled paper.

7S
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OF
CUSTODY
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Work Order Containars ||ﬂp:ﬂaIphalimsoz.gel.com:annlmslc-.alnnr_locaﬁon_rpt.wom_ordnr_npon

WSRC-TR-2001-00526, Revision 0

E Work Order Containers

| Sulqmit
Work Order / Sample No.: 53852 |

53852001.01 - 500 ml/Glass - 4C

Page D.54

November 14, 2001 # -

20-DEC-2001 17:17:33 Edie Kent Login Area
20-DEC-2001 17:45:46 Thomas Wade 5) Radioactive Cooler
24-DEC-2001 10:23:25 Chad Byas 127478 TCLP EXTRACTION AREA

26-DEC-2001 08:32:24 Chad Byas

Sample Return Shelf

‘ Radiochem
27-DEC-2001 15:05:59 Elijah Singleton 5) Radioactive Cooler
53852001.01.01 - 1000 m¥/ Plastic
214-DEC-2001 10:23:31 Chad Byas 127478 TCLP EXTRACTION AREA

26-DEC-2001 12:51:17 Bryan Davis 127794 Inorganic Prep

26-DEC-2001 20:10:05 Helen Camello 127795 I1CP Lab .. - . -

27-DEC-2001 12:43:33 Aaron Dias 127783 Inorganic Prep
53852001.01.01.01 - 50 mi/Plastic

26-DEC-2001 12:51:23 Bryan Davis 127794 Inorganic Prep
53852001.01.01.04 - 50 ml/Plastic

27-DEC-2001 12:43:39 Aaron Dias 127783 Inorganic Prep
28-DEC-2001 08:47:15 Jamle Johnson 127785 Mercury Lab

Version 1.0 12/16/99
General Engineering Laboratories, Inc.

10f1

123172001 10:30 %p
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COOLER
RECEIPT
CHECKLIST
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GENERAL ENGINEERING LABO RATORIES
RADICACTIVE MATERIAL INVENTORY SHEET

EATTACH APPLICABLE RADIOLOGICAL DOCUMENTATION

PLEAS
SAMPLE DATA ATTACHED (CIRCLEONE) YES NO

. RECEIYED BY: _}OPVJ L DATE RECEIVED:_{ 2901

TOTAL NUMBER OF CONTAINERS: YOLUNE: -
. APPROXIMATE (mi/ g)
DQE/ATOMIC ENERGY ACT SAMPLE? YES NO
TOTAL ACTIVITY: TRITIUW:
OTHER:
LISTQF NON—TR!TIUMWOPES W SHIPYENT:
GEL RECEIVING DATA [
CLIENT:
CLIENT ID NUMBERS!:

LIS 1D NUMBER: .

IAXIVIUL RAD LEVELS ON CONTACT
‘ ‘ Z O WJZJ b

{(mR/Mr)
ALPHA SURFACE CONTAMINA_'.TION N ,A
| i (CIRCLE ONE) FRISK/SWIFE
BETA GAMMNA SURFACE - — -
CONTAMINATION 44509(‘/« R v
JCLE OME) FRISRESWIPYY
I 1

fAD LICENSE SERIAL NUMBER:

BEVIEWED AND APPROVED:

23
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B Biodegradation
Systems Inc.

BSI-0101 REV 1

REPORT

MICROBIAL DEGRADATION OF
ABSORBENTS SATURATED WITH PUREX

December 7, 2001

Prepared by

Robert D. Rogers, PhD
Biodegradation Systems Inc.
1589 Mountain Rose Rd.
Idaho Falls, ID 83402

Prepared for
Westinghouse Savannah River Company
Contract Number 3E5492

This report contains possible confidential information and no portion of it may be reproduced

by any means without the written permission of the Westinghouse Savannah River Company

Microbial Degradation Of Absorbents Saturated With PUREX
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Introduction

The Westinghouse Savannah River Company (WSRC) has been task to determine if
absorbents, those under consideration for immobilization of PUREX solvent, are susceptible
to biodegradation. WSRC selected the ASTM standard biodegradation tests G21 (Standard
Practice for Determining Resistance of Synthetic Polymeric Materials to Fungi) and G22
(Standard Practice for Determining Resistance of Plastics to Bacteria) for the initial microbial
degradation testing of various mixtures of sorbents and PUREX solvent. Biodegradation
Systems Inc. (BSI) developed the protocol for the tests while Celsis Laboratory Group (CLG)
conducting the ASTM tests with BSI evaluating the results. This report provides details of
the test plan, a discussion of the significances of test results, and a recommendation for
additional evaluation of immobilized PUREX solvent.

Testing Procedures
Test Specimens

Absorbent material evaluated for susceptibility to biodegradation included two variations of
each of the following three products:
e Imbiber Beads (organic polymer beads)
o Imbiber Beads — as received
o Imbiber Beads — nuclear grade
¢ Nochar (organic polymer)
' '~ o Nochar A610
o Nochar A650
s  Petroset (inorganic graduals)
© Petroset II — as received
o Petroset II granular

Test specimens were prepared by WSRC and sent to CLG. The specimens were composed
of each type of the six absorbents that have been treated with simulated Purex at a ratio of
one part absorbent to two parts Purex (1:2) on a weight basis. A total of 100 g of each of the
treated absorbents was prepared and sent to CLG for testing. In addition to the test
specimens the testing matrix had controls consisting of each of the untreated absorbents as
well as the simulated Purex solution.

Physical Appearance of Test Specimens

The ASTM G21 and G22 test protocols were developed to determine if material(s) can be
biodegraded, i.e. used by microorganisms as a source of carbon and energy. Therefore, the
test procedures were designed to provide the essential nutrients and conditions, except a
source of carbon and energy, necessary to promote growth of microorganisms. Testing was
conducted with solid agar media in closed containers, in this case petri dishes. The testing
setup was adapted to accommodate the physical rigidity of the specimen. In this study, the
specimens consisted of small particles with sorbed liquid and, therefore, did not have a
preformed shape. Rather the loaded specimens had the consistency of a very viscose liquid
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or paste. The control specimens consisted of powder like material or in the case of the Purex,

a liquid.

Incorporation Of Test Specimens Into Testing Procedure

CLG used the ASTM procedures with BSI modifications for exposing specimens to the test
environment. In all testing two (2) g of specimen material was used and the tests were
conducted in triplicate. Two different approaches were used to expose the specimen material

to specified microorganisms.

1.

One set of triplicated tests was conducted with the specimen material being
incorporated into the agar medium. The specimen was added to the prescribed
molten agar contained in a pertri dish after the agar had cooled to approximately 50
C. Contents were then gently swirled to facilitate mixing and then allowed to cool.
Inoculation with the microbial component was as specified by each ASTM
procedure. Incubation conditions and microbial growth evaluations were carried out
as specified by each ASTM procedure.

One set of triplicated tests was conducted with the specimen material being spread
on the surface of the prescribed, solidified agar. An effort was made to maintain at
least a 10 mm margin between the specimen material and edge of the perti dish.
Inoculation with the microbial component was as specified by each ASTM
procedure. Incubation conditions and microbial growth evaluations were as
specified by each ASTM procedure.

Microbial Component

Both ASTM G 21 (Standard Practice for Determining Resistance of Plastics to Fungi) and
ASTM G 22 (Standard Practice for Determining Resistance of Plastics to Bacteria) specify
the species of microorganisms that will be used to challenge the test specimens. The fungal
species stipulated in G 21 were used for that test. However, a single bacterial species that
had been isolated from stored PUREX waste was used for the G 22 test rather than the

specified bacterium.

Testing Matrix

An outline of the test matrix is provided in Table 1.
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Table 1. Matrix of tests conducted in triplicate using both methods for incorporating
specimens for both the ASTM G 21 and ASTM G22 protocols.

Absorbent Purex loading | Non Purex® Purex control®
1.2 control

Imbiber Beads 1] o 0
- as received

Imbiber Beads a 1]

— nuclear grade

Nochar A610 0 a

Nochar A650 ] i]

Petroset II - as 0 0

received

Petroset 11 0 1]
_granular

a. Absorbent only without addition of Purex.
b. No absorbents will be used. This is a control using the Purex liquid only and was only

conducted once in triplicate.
Results. . . . . -

Incubation of specimens for both the ASTM G 21 and G 22 tests was terminated after 22
days. The G 22 procedure specifies 2 minimum of 21 days of incubation while the G 21
requires a period of 28 days. This period of testing provided the required time for the G 22
bacteria test and shortened the G21 fungi test by six days. Early termination of the G 21 -
procedure was considered appropriate for reasons that will be discussed.

CLG reported light or absent growth for specimens inoculated on the SRP bacterial isolate.
However, it was suggested that these results might not be an accurate reflection of the
degradative potential of this species of bacteria. This is because the G 22 testing protocol
requires that inoculated specimens be incubated at a temperature of 35 to 37 C (this is the
optimal temperature range for Pseudomonas aeruginosa the bacteria suggested for the test).
These elevated temperature are not considered an ideal range for productive growth of most
microorganisms isolated from the environment (a range of 23 to 28 C is considered optimal).
Therefore, results from the G 22 tests can be considered inconclusive.

Results from the G 21 tests showed that there was minimal growth of all fungal species used.
Fungal growth was noted around the margins of the WSRC specimens but no direct growth
was noticed near or on the specimens. It appears that the specimens could have prevented
fungal growth. It was for this reason that it was decided to terminate the test. In CLG’s
estimation, overall the test results could be given a rating of 1 which indicates light growth
over 10 to 30% of inoculated surface.



WSRC-TR-2001-00526, Revision 0
November 14, 2001
Page E6

CLG also reported that mixing the WSRC specimens into the agar medium (as outlined in
approach 1) caused the solidified agar to liquefy after 14 days of incubation. The cause was
not determined but it is suspected that the hydrophobic nature of the specimens could have
been a factor.

Discussion

Background

There are tree general types of tests that are used for assessing the potential for microbial
degradation of materials: (a) tests to determine whether or not the material will support
microbial growth; (b) tests simulating natural environments; and {c) field studies. While
environmental simulations and field studies provide definitive answers they are most often
not the methods of first choice due to the length of time for testing and the resulting expense.
The most widely used test procedures involve some method to determine the potential of a
material to support microbial growth, Results of these tests then serve as input in the process
of evaluating biodegradation potential.

Biodegradation potential tests can be subdivided into two classes: those that determine ready
biodegradability and ones that measure inherent biodegradability. Ready biodegradability
tests are characterized by:

¢ The use of a non-specific analytical method to indicate the extent to which a

particular substance is degraded;

e Exposure of a candidate material to a small number of microbial species in the
absence of other carbon sources, and;

o The short duration of the test (normally three to four weeks).

Applicability Of Testing Methodology

The ASTM G 21 and G 22 procedures fit the protocol of those tests that determine ready
biodegradability. There are recognized limitations inherent in these two ASTM procedures
and in light of the present results the most apparent ones are: (a) they do not provide for
natural selection of those microorganisms with the potential for degradation; (b) there are no
procedures which favor microbial adaptation; and (c) no growth may not be sufficient proof
of resistance to biodegradation.

However, results from the ASTM testing should be considered a worthwhile data point the
interpretation of which shows that the material being evaluated is not suitable for a particular
testing regiment. These results do not discount the possibility that the WSRC specimens can
be subject to biodegradation. It merely shows that the use of a first line, convenient,
standardized test did not confirm the potential biodegradability of these specimens. Such
results can be anticipated from initial tests whose testing methodologies i.e. procedures and
microorganism, have been refined for testing of particular types of materials, in this case
commercial plastics. In the case of the WSRC specimens a more robust, ready
biodegradability test needs to be used i.e. one with a wider spectrum of environmental
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microorganisms and testing conditions that are more relevant to those environmental
conditions that will promote microbial growth. An evaluation involving a multiorganism
approach is appropriate for waste materials.

Recommendations

1.

Testing of the potential biodegradability of the WSRC should be repeated using a
more robust testing methodology. This will allow for continued use of an
economical, short duration testing regime.

The testing method used as the follow on should be one that uses liquid culture

.techniques (no carbon source other than the specimens) and a robust microbial

inoculate i.e. from sewage treatment facility, rich soil, etc.

a. Use of flasks that are amenable for use with a shaker are advisable.

b. A temperature in the range of 23 to 28 C should be used.

c. An acceptable method for determination of microbial growth should be

applied i.e. visibility, reculturing, etc.

Plans should be made for the use of a cascade of gradually increasing sophisticated
methods i.e. simulation of natural environments (soils) and field studies (use of
lysimeters). These methods will provide the conditions and time necessary to provide
for natural selection and adaptation of those microorganisms with the potential for
degradation.
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Report of Analysis

Attn: Gary Iverson Sample #: 693533

Westinghouse Savannah River Co. ' Report Date:  12/27/2001

Bidg. 730-4B Received: 11/13/2001
Page: 1ofl

Aiken, SC 29808-

Sample: Nochar A610

Lot #: 8/7/01
PO #:

Test:  Bacteria Resistance Test
Method: ASTM G22-76

Claim: n/a

Limit: n/a

Result: Date Assayed: 12/12/01

Test is invalid due to insufficient organism count. However, sample did not support growth.

Test:  Fungus Resistance Test

Method: ASTM #G21-96, Reapproved 1996
Claim: n/a

Limit: n/a

Resuit: Date Assayed: 12/12/01

At Day 28 only traces of growth were observed (less than 10%). Sample was unaffected.

Celsis Laboratory Group

}%Lu 1> lo)

Unless alternate arrangements have been made, sample will be retained for 30 days and raw data for 7 years
after report date .

St. Louis Division ® 6200 S. lindbergh Boulevard  St. Lovis, Missouri 63123 © 3144876776 ¢ Fax 314-487-899)

Calsis-Llabaratary_ Group _o. globql nurworl _of coniract_ |oboro!or|n r.prounh that this is o confidential raport which may be used when requesied

LI TY G § SR T i e favm Al o diastbician withaul written mnermiscinn
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Westinghouse Savannah River Co. Due:  12/12/2001 Sample ID#: 693533

- Sample: Nochar A610 Lot #: 8/7/01 Page: 1 of 2

Desc: clr gls jar/gen lid w/sample Extra: T .

PO #: Qty: 1 jar Log: 11/13/2001
Safety Name: No Safety Type Corrections:
DEA #:

Instructions: $250.00
Bacteria Resistance Test Results: $0.00
ASTM G22-76 $0.00

Claim: n/a : $250.00
Limit: n/a @
conforms '
SubDept: Miscellancous does not
Alert Limits: e @
Unit Weight: —_ Anc Data:  Yes @ Anc Ref: ———— Assay Date: /G),/B/o /

mu‘fe&i Il ' \'J(lol - k (pe:,;uﬂb |
. &:3 6 { LA

fo etelX o7
,,Woaﬂaw et ek Qe

X MWO’?’f

'3%5) phrad s % %
) Mttt

%) s

Signatureante@ MM / 57{4 /a / [Reviewed By!D}h(

Form: CAD022- 1] ! =
Effective: 11-08-00
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Westinghouse Savannah River Co. Due: 12/12/2001 Sample ID#: 693533
Sample: Nochar A610 Lot #: 8/7/01 Page: 2 of 2
Desc: clr gls jar/gm lid w/sample " Extra: -
PO #: Qty: 1jar Log: 11/13/2001
Safety Name: No Safety Type Corrections:
DEA #: .
Instructions: $350.00
H $6.00
$0.00

Fungus Resistance Test 5 Results
ASTM #G21-96, Reapproved 1996 .
Claim: n/a } l: [ L ( $350.00
, o0, u)e/u_ wu@? [2 =
, O 110 u..?dé conforms

Limit: n/a
SubDept: Miscellaneous does not
Alert Limits: I UALWM
Unit Weight: I Ane Data: Yes /ﬁ’) uwc Ref: — Assay Date: / L / '/ _)b /

-~ / !

est
;l;bfs u//;;{ 2 o,
7\ ser : O

Byl 5 R

Wm%ow .

g; '7/ce.-ée ot J:’.z:?a,. /

&j""’ O
CD’M-:% D ,—[—aﬁé(} —n Of
41///%7A

;.,;,/ ;a—/ﬁl Iluzﬁ%b
@d O

+a md
Signaturemﬂle:(%

Form: CAD022.1
Effective: 11-08-00
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Attn: Gary Iverson
Westinghouse Savannah River Co.
Bldg. 730-4B

Aiken, SC 29808-

Sample #:
Report Date:
Received:
Page:

693534
12/27/2001
11/13/2001
1ofl

Sample: Imbiber Beads NG

Lot #: 8/7/01
PO #:

Test:  Bacteria Resistance Test
Method: ASTM G22-76

Claim: n/a

Limit: n/a

Result: Date Assayed: 12/12/01

Test is invalid due to insufficient organism count. However, sample did not support growth.

Test:  Fungus Resistance Test

Method: ASTM #G21-96, Reapproved 1996
Claim: n/a

Limit: n/a

Result: Date Assayed: 12/12/01

At Day 28 only traces of growth were observed (less than 10%). Sample was unaffected.

By:

Celsis Laboratory Group

VL %Uu\ 3137101

Unless alternate arrangements have been made, sample will be retained for 30 days and raw data for 7 years

after report date

St. Louis Division * 6200 S. Lindbergh Boulevard * St. Lovis, Missouri 63123 » 3144876776 ¢ Fax 314-487-8991

Calsis lobaratory Group. o global network of contract laborataries represanis that this is o confidential report which may be used when requested
bv phvsician and heolth officials, bul is not to be ysed in any Form of adveriising without written permission.
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Westinghouse Savannah River Co. Due:  12/12/2001 Sample ID#: 693534 Page E12
Sample: Imbiber Beads NG . Lot #: B8/7/01 Page: | of 2

Desc: clr gls jar/gm lid w/sample Extra: .

ro# Qty: 1 jar ' Log: 11/13/2001

Safety Name: No Safety Type Corrections:

DEA #:

Instructions: $250.00
Bacteria Resistance Test Results: $6.00
ASTM G22-76 50.00

250.00
Claim: n/a $

Limit: n/a -‘ é& M@&D , i’l_é‘

conforms
SubDept: Miscellaneous

does not
Alert Limits: o
Unit Weight: — Anc Data; ch Anc Ref: N Assay Date: | o ! I > /O I
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. ' . : - Page E13
Westinghouse Savannah River Co. Due:  12/12/2001 Sample ID#: 693534
Sample: Imbiber Beads NG Lot #: 8/7/01 Page: 2 of 2
Desc: clr gls jar/grn lid w/sample Extra: -
PO#: Qty: 1jar Log: 11/1372001
Safety Name: No Safety Type Corrections:
DEA i#:
Instructions: $350.00

Fungus Resistance Test 5 Results: $0.00

ASTM #G21-96, Reapproved 1996 At 2 : 28 m/e7 75. ol ‘j 2q) $0.00
Claim: n/a i £ . Ll %> $350.00
' pete deﬂ( SE= o) .

Limit: n/a . 2 2 3
W le Id ) conforms
SubDept: Miscellzneous does not v

Alert Limits: Vil

Unit Weight: e AncData: Yes CD Anc Ref: —— Assay Date: M /
AN e 22
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»

Report of Analysis

Attn: Gary Iverson Sample #: 693535

Westinghouse Savannah River Co. Report Date:  12/27/2001

Bldg. 730-4B Received: 11/13/2001]
Page: 1ofl

Aiken, SC 29808-

Sample: Imbiber Beads

Lot #: 8/7/01
PO #:

Test: Bacteria Resistance Test
Method: ASTM G22-76

Claim: n/a

Limit;: n/a

Result: Date Assayed: 12/12/01

Test is invatid due to insufficient organism count. However, sample did not support growth.

Test:  Fungus Resistance Test

Method: ASTM #G21-96, Reapproved 1996
Claim: n/a

Limit: n/a

Result: Date Assayed: 12/12/01

At Day 28 only traces of growth were observed (less than 10%). Sample was unaffected.

Celsis Laboratory Group

By: {vgﬂ %)! M ‘;&(D [[O‘

Unless alternate arrangements have been made, sample will be retained for 30 days and raw data for 7 years
after report date

St. Lovis Division ® 6200 S. Lindbergh Boulevard ® St. Louis, Missouri 63123 e 3144876776 * Fax 314-487-8991

Celsisv.lobaratory Group @ global n-lwofl of comruc! Iaboralonu upuunh thot 1his is o confidential repornt which may bo vied when requested

..... Td im ane b Al aduactician caithant wriltan marmizsinn
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Westinghouse Savannah River Co. Due:  12/12/2001 Sample ID#: 693535 P2geElS
*  Sample: Imbiber Beads Lot #: 8/7/01 Page: 1| of 2
Desc: clr gls jar/gm lid w/sample Extra; ————
PO #: . Qty: 1jar Log: 11/13/2001
C ions:
Safety Name: No Safety Type orrections
DEA #:

Instructions: $250.00
Bacteria Resistance Test Results: $0.00
ASTM G22-76 $0.00

$250.00
Claim: n/a

Limit: n/a " §ee/ M ) 23

conforms
SubDept: Miscellanccous does not
Alert Limits: —— @
Unit Weight: R Anc Data: Yes o 1 AncRef: ——- Assay Date: /, a/ &;/0 7
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Westinghouse Savannah River Co.

WSRC-TR-2001-00526, Revision ¢
November 14, 2001

Sample ID#: 693535 FaseElS

Due:  12/12/2001

Sample: Imbiber Beads

Lot#: 8/7/01 Page: 2 of 2
Desc: clr gls jar/gm lid w/sample Extra:

Log: 11/13/2001

PO #: Qty: 1 jar
1 Corrections:
Safety Name: No Safety Type
DEA #;

Instructions: $350.00
Fungus Resistance Test 5 ] Results: $0.00
ASTM #G21-96, Reapproved 1996 ﬁ_j' ‘D E 2{? m,% }Llﬂzdéd 5 $0.00

$350.00
Claim: n/a /6%
Limit: n/a e 2 5
/0 oJ, W conforms
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Alert Limits: — <

Unit Weight: — Anc Dsata:  Yes N | Anc Ref: R Assay Date: /aﬁ 20/
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Report of Analysis

Attn: Gary Iverson Sample #: 693536

Westinghouse Savannah River Co. Report Date:  12/27/2001

Bldg. 730-48 Received: 11/13/2001
Page: 1ofl

Aiken, SC 29808-

Sample: Petroset 1]

Lot#: 8/7/01
PO #:

Test:  Bacteria Resistance Test
Method: ASTM G22-76

Claiim: n/a

Limit: n/a

Resuit: Date Assayed: 12/12/01]

Test is invalid due to insufficient organism count. However, sample did not support growth.

Test:  Fungus Resistance Test

Method: ASTM #G21-96, Reappraoved 1996
Claim: n/a

Limit: n/a

Result: Date Assayed: 12/12/01

At Day 28 only traces of growth were observed (less than 10%). Sample was unaffected.

Celsis Laboratory Group

By: - At 4]

Unless alternate arrangements have been made, sample will be retained for 30 days and raw data for 7 years
after report date

St. Louis Division * 6200 S. tindbergh Boulevard « Si. Louis, Missouri 63123 ¢ 314-487-6776 + Fax 314-487-8991

Celsis taboralory Group, a global network of contracs laborolories represents thal this is o confidential report which may be used whan requasied
he nhuricinn and haalth officials hut is ant ta he vsed in onv form of advertising without writlen permission.
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Westinghouse Savannah River Co. Due:  12/12/2001 Sample ID#: 693536
~ Sample: -Petroset 11 Lot #: 8/7/01 Page: 1 of 2
Desc: clr gls jar/grn lid w/sample Extra:

PO #:
Qty: | jar Log: 11/13/2001
Safety Name: No Safety Type Corrections:
DEA #:

Instructions: $250.00
Bacteria Resistance Test Results; $0.00
ASTM G22-76 $0.00

Claim: n/a $250.00 .
Limit: n/a 00 b@,ﬂ@-(.a 13
conforms

SubDept: Miscellaneous does not

Alert Limits: —_— (N’D

Unit Weight: RS AncData:  Yes é "™ Ane Ref: — Assay Date: 9 A, > / b /
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Sample ID#: 693536 FageElS

Westinghouse Savannah River Co. Due:  12/12/2001
Sample: Petroset II Lot #: 8/7/01 Page: 2 of 2
Desc: clr gls jar/grn lid w/sample Extra:
PO#: Qty: 1jar Log: 11/13/2001
Safety Name: No Safety Type Corrections:
DEA #:
$350.00
$0.00

Instructions:
Fungus Resistance Test 5 Results:
ASTM #G21-96, Reapproved 1996 aj 28 W%%M %M» $0.00
$350.00
Claim: nfa ed % 3 lo J.
e sbserv C tead =Y
-

Limit: n/a
Spmple s MWA‘( -
i daes not
Qo>

SubDept: Miscellaneous

Alert Limits: " )
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ey

est || |14[oICpons
T "zm«‘é-'l /41}15 lﬂﬁ««ﬂ‘ o rrtlod.

&%ﬂmﬁ

foods | ——czm:fO

g
19 07 ?"M / @’j & SéeAete o7 et

t&’sl"' ?A donit * O

A/{’GP'ZL'(] 'Aﬂ {fﬂ
At
rAf 27/ /'

/
| \%IOJ ' ~
ér-"(',orj Cf — ¥ - O
Signature/Date: \ %/{QM///E/?A Reviewed By/?/@ v, . y L ol s /e

Form: CAD022.1
Effective: 11-08-00 .
' 1171372001 13:55:25




WSRC-TR-2001-00526, Revision ¢
November 14, 2001

[€Celsis Laboratory Group Page E20

Report of Analysis

Attn: Gary lverson Sample #: 693537

Waestinghouse Savannah River Co. Report Date:  12/27/2001

Bldg. 730-4B Received: 11/13/2001
Page: 1ofl

Aiken, SC 29808-

Sample: Petroset I1-Granular

Lot#: 8/7/01
PO #:

Test: Bacteria Resistance Test
Method: ASTM G22-76

Claim: n/a

Limit: n/a

Result: Date Assayed: 12/12/01

Test is invalid due to insufficient organism count. However, sample did not support growth.

Test:  Fungus Resistance Test

Method: ASTM #G21-96, Reapproved 1996
Claim: nfa

Limit: n/a

Result: Date Assayed: 12/12/01

At Day 28 only traces of growth were observed (less than 10%). Sample was unaffected.

Celsis Laboratory Group

Vji %ivm PARNIS

Unless alternate arrangements have been made, sample will be retained for 30 days and raw data for 7 years
after report date

S1. Louis Division ® 6200 S. Lindbergh Boulevard ¢ St. Louis, Missouri 63123 » 314-4876776 * Fax 314-487-8991

Cgl;irleboralmyLGroup.‘n_glnhal.nnwotLol,conhqr.r_luquloru| ropresenis that this is o conhd.nrwl report which may | b- usad when requested
. . . o e e PSS . Pt snithmil wiitten marmitvine
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Westinghouse Savannah River Co. Due: 12/12/2001 Sample ID#: 693537 PageE2l
B "Sample: Petroset [l-Granutar Lot #: 8/7/01 Page: 1 of 2
Dese: clr gls jar/gm lid w/sample . Extra; __ ~e——0o0n
PO #; —mem Qty: 1jar Log: 11/13/2001
Corrections:
Safety Name: No Safety Type
DEA #:

Instractions: $250.00
Bacteria Resistance Test Results: _ $0.00
ASTM G22-76 : 4 $0.00

$250.00
Claim: nfa W
Limit: n/a ?{J &/ 5
conforms
SubDept: Miscellaneous does not
Alert Limits: ——
Unit Weight: —_ Anc Data Yes @g"\, Anc Ref: —— Assay Date: 42 / =) Ay /
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i i le ID#: 693537 'eEeEZ
Westinghouse Savannah River Co. Due:  12/12/2001 Sample :
Sample: Petroset I1-Granular Lot #: 8/7/01 Page: 2 of 2
Dese: clr gls jar/gm lid w/sample Extra:

C tions:
Safety Name: No Safety Type orrection

DEA #:

Instructions: $350.00
Fungus Resistance Test 5 Results: $0.00
ASTM #G21-96, Reapproved 1996 A’{' 9 2R ¢ *Haa,e,d $0.00

$350.00
Claim: n/a M obseryv ed (_ lest o
Limit: n/a . ed ;/
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Alert Limits: [ )
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Report of Analysis

Attn: Gary Iverson Sample #: 693538
Westinghouse Savannah River Co. Report Date:  12/27/2001
Bidg. 730-4B Received: 11/13/2001

Page: 1ofl
Aiken, SC 29808-

Sample: Nochar A650

Lot #: 8/7/01
PO #:

Test: Bacteria Resistance Test
Method: ASTM G22-76

Claim: n/a

Limit: n/a

Result: Date Assayed: 12/12/01

Test is invalid due to insufficient organism count. However, sample did not support growth.

Test:  Fungus Resistance Test

Method: ASTM #G21-96, Reapproved 1996
Claim: n/a

Limit: n/a

Result: Date Assayed: 12/12/01

At Day 28 only traces of growth were observed (less than 10%). Sample was unaffected.

Celsis Laboratory Group

Unless alternate arrangements have been made, sample will be retained for 30 days and raw data for 7 years
after report date

St. Louis Division ¢ 6200 S. Lindbergh Boulevard e St. Louis, Missouri 63123 « 314.4876776 ¢ Fax 314.487-8991

Celsis Loborotory Group, a globol nstwork of contract laboratgries sepresents that this is o conlidentiol report which may be used whan requested
hv nhudirinn and hanhh afficials hbuot is not to be vsed in anv lorm of advertising without written permission.



Westinghouse Savannah River Co. Due: 12/12/2001

WSRC-TR-2001-00526, Revision 0
Novemher 14, 2001

P
Sample [D#: 693538 ¢ E4

Lot #: 8/7/01
Dese: clr gls jar/gm lid w/sample

- Sample: Nochar A650

POM

Page: 1 of 2

Extra: =

Qty: 1jar Log: 11/1372001
Safety Name: No Safcty Type Corrections:
DEA #:

Instructions: $250.00
Bacteria Resistance Test - Results: £0.00
ASTM G22-76 $0.00

Claim: n/a . $250.00

Limit: n/a S@Q‘ (Q,Q/QQ'(D 22(3

conforms
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: November 14, 2001
Westinghouse Savannah River Co. Due:  12/12/2001 Sample ID#: 693538 PaseE2S
Sample: Nochar A650 Lot #: 8/7/01 Page: 2 of 2

Dese: clr gls jar/grn lid w/sample Extras c——

PO #: Qty: Ijar Log: 11/13/2001

Safety Name: No Safety Type Corrections:

DEA #:

Instructions: $350.00
Fungus Resistance Test § Results: $0.00
ASTM #G21-96, Reapproved 1996 $0.00
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