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ABSTRACT

The U.S. Army Yuma Proving Ground (YPG), located in the southwest portion of Arizona
conducts firing of projectiles into the Gunpoint (GP—20) firing range. The penetrators are
composed of titanium and DU. The purpose of this project was to determine feasible cleanup
technologies and disposal alternatives for the cleanup of the depleted uranium (DU)
contaminated soils at YPG. The project was split up into several tasks that include
(a) collecting and analyzing samples representative of the GP-20 soils, (b) evaluating the data
results, (c) conducting a literature search of existing proven technologies for soil remediation,
and (d) making final recommendations for implementation of this technology to the site. As
a result of this study, several alternatives for the separation, treatment, and disposal procedures
are identified that would result in meeting the cleanup levels defined by the Nuclear Regulatory
Commission for unrestricted use of soils and would result in a significant cost savings over the
life of the firing range.
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Remediation Application Strategies for Depleted
Uranium Contaminated Soils at the U.S. Army
Yuma Proving Ground

1. INTRODUCTION
1.1 Site History

This report was prepared for the U.S. Army Yuma Proving Ground (YPG) to determine the
feasibility for the remediation of depleted uranium (DU) contaminated soils at YPG. The YPG is
located in the Sonoran Desert in the southwestern corner of Arizona, east of the Colorado River
and north of the Gila River as shown in Figure 1. YPG is composed of 870,166 acres and is
situated in a "U-shaped” configuration that is surrounded by publicly owned lands, except to the
south. The privatcly owned lands to the south are used primarily for agriculture.

Within YPG is a munitions test firing range, the King of Arizona (KOFA) range. A small
portion of the KOFA range is extensively used to fire DU penetrators, a source of environmental

concern when considering disposal. These penetrators vary in size and are rods manufactured of
99.25% DU and 0.75% Titanium.

The KOFA DU penetrator range is divided into 84 grid squares 1640.42 ft (500 m) on edge,
each square having an area of 2,690,975 ft? (250,000 m?). This rcpresents a total area of
approximately 2.26 x 10® ft?> (2.07 x 10’ m?). The KOFA DU penetrator range is depicted in
Figure 2. Figure 3 is a grid square map of the northwestern corner of the KOFA range showing
the grid layout of the KOFA DU area. Centrally adjacent to grids N1 and S1 is one location of a
firing site for the DU penetrators. This gun site is called Gun Position 20 (GP-20). Most
projectiles originating from GP-20 impact a 1,200 x 50 ft area central to grids N9 and S9. Gun
Position 17A (GP-17A), centrally located to grid squares S1B and S1C, is a new DU firing site.

Between 1984 and 1987, the heavily impacted land between grid squares N9 and S9 was
cleared of approximately 3 ft of DU contaminated soil. The soil was stockpiled into three piles;
commonly referred to as the North Pile, South Pile, and West Pile. The three piles are located in
the vicinity of grid squares N9 and S9. The volume of these stockpiles is approximately 1,400 yd3
(37,800 ft*). DU contaminated soil still remains in the GP-20 target area.

In November, 1992, a sampling effort was conducted to charactcrize the stockpiled soil from
GP-20 and provide defensible data for an evaluation of technologies for the treatment of soils.

A toxicity characterization leaching procedure (TCLP) analysis, pH analysis, bulk density,
moisture retention characteristics, particle size distribution, and a total uranium (U) analysis for
the YPG soils were conducted. The results of this sampling cffort are presented in Appendix A.
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1.2 Study Objective

The objective of this study is to evaluate the available methodologies for the separation of
DU from the soil fractions, thus minimizing the amount of DU contaminated soil requiring
disposal. The processed soil shall meet the NRC mandated level of 35 pCi/g. The methods have
been evaluated to determine the technologies available for separating the size fractions on a batch
or continuous scale. The methods have also been evaluated to determine the berefit of each and
the potential feasibility of separating the DU from the waste pile materials. Application of the
recommended technology(ies) to other contaminated sites in the future will result in the
minimization of radioactive wastes in accordance with the U.S. Nuclear Regulatory Commission
(NRC) License SMB-1411 and the NRC radioactive waste volume reduction policy.

1.3 Previous Study Data

Studies to evaluate methodologies for the separation of DU from soil fractions at YPG have
not been conducted. However, YPG has collected analytical data within the past several years to
monitor the area. In 1987, a Hydrologic and Pollution Investigation Study (Entech, Inc.) was
performed to evaluate the potential of DU migrating downstream into the Colorado and Gila
Rivers. This study concluded that 0.1 in.3 DU particles could be displaced at a maximum of seven
miles from the GP-20 target area, assuming hydraulic conditions most conductive to particle
movement.

Another study performed by the Lawrence Livermore National Laboratory (LLNL)
(Shinn et al. 1988) was to determine the potential environmental effects of testing surface-burst
artillery projectiles containing amounts of beryllium (Be) and DU. The testing involved
groundburst detonations that resulted in the dispersion and deposition of Be and DU. Science
Applications Inc. (SAI) was contracted to characterize detonation on the range. This was done by
collecting soil and air samples. The data indicated that:

e The amount of respirable and nonrespirable toxic material leaving the boundary of the
KOFA range is below the accepted threshold limit values

¢  The water quality is not affected
e All significant contamination occurs within 500 m of the blast.

The report prepared by LLNL evaluated the conclusions made by SAI and also conducted
an alternative study to determine the overall environmental effects that DU and Be have on the
YPG firing range. To ensure the insignificance of potential effects by DU and Be to the
environment, LLNL made recommendations in the report for environmental management and
mitigation strategies for the remediation of YPG soils.

The information derived from these reports confirms the need to remediate the YPG DU

contaminated soils. Hence, this report has been prepared to determine the applicable treatment
technologies.



2. DATA COLLECTION

2.1 Data Collection Objectives

The objectives of the KOFA DU Firing Range Restoration Project are to collect data to
support (a) evaluation of technologies for the separation of radioactive components and (b)
application of the selected remediation technology at other sites contaminated with DU or similar
contaminants. The goal of the data gathering effort is to sufficiently characterize the
concentration and distribution of DU to best support further investigative studies.
‘Characterization of the soil piles for the evaluation study includes TCLP analysis, pH analysis,
bulk density, moisture content, particle size distribution, and a total U analysis.

The results of the analysis will be used in several ways. The TCLP analysis will determine if
toxic metals are present in concentrations that exceed the regulatory limit established for TCLP
metals by RCRA. The soil pH measurements are useful for estimating some soil mineral species,

_possible uranium speciation, and also the applicability of some chemical treatments for cleaning
the soils. The physical properties, such as bulk density, average particle density, soil moisture, and
particle size distribution, are used to evaluate the suitability of certain physical separation
procedures such as screening and gravity separation of the Yuma soils and sediments. The total

U analysis will be used to quantitatively establish the level U contamination present in the Yuma
soils.

The separation evaluation study will provide information pertinent to the application of a
separation technology for soil remediation. The study will focus on methods of lowering the DU
activity of the soil below the NRC mandated action level of 35 pCi/g for unrestricted release,
hence allowing the soils treated to this level to return to the original location.

2.2 Sampling and Analysis

Sampling at the YPG occurred the week of November 2, 1992. The three piles undergoing
characterization were referred to as the West Pile, the North Pile, and the South Pile (see
Figures 4 through 6).

All three piles were similar in composition with one exception. The South Pile consisted of
what appeared to be four different mounds with two types of soil. The northern end of the South
Pile and a small portion of the middle section are gravelly in nature. This gravelly soil was placed
in the area during the Spring of 1990. This portion of the pile was not sampled; according to

YPG personnel, it is believed that penetrators were not shot into this section (refer to the grayed
areas of Figure 6).

The three piles were gridded according to the requirements defined in Section 4.0 of the
Sampling and Analysis Plan (SAP) (Medina 1992). The piles were marked and divided down the
long axis and into four quadrants (see Figures 4 through 6). Within each of the four quadrants,
10 subsamples were collected and combined into a single sample. The above method produced
four composite samples from each of the three piles. Collection of this number of samples from
each pile will meet the precision requirements to detect a 10% difference between the mean pile
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concentration with a 95% confidence level. Figures 4, 5, and 6 depict the actual collection
scheme as recorded in the field logbooks during sampling of the three piles.

Sample collection consisted of collecting samples from the gridded sections as described
above. A hand auger or a power auger were used to drill holes in the designated locations. One
sample was collected from each grid at differing depths. All of the samples from each quadrant
were then placed in a five-gallon bucket. The soil contents were thoroughly mixed to obtain an
equal distribution of soil throughout the collection device. Three samples were then collected
from the bucket. A TCLP (specifically for Ba, Hg, and Pb analysis) and a total U analysis were
conducted on each sample. In addition, a physical properties characterization effort was included
for each set of samples. At the West Pile (Section B of Figure 4), duplicate samples were
collected (the first set of samples was denoted via an "a" after the sample ID and the second set
with a "b" after the sample ID).

Background samples were collected from a predetermined spot at YPG. The area from
which the sample was collected is approximately 1 mile northeast of the location of the piles. The
sample location is by an observation tower, Tower 8.1. The soil from this location is similar in
nature to the soils found at the GP-20 site. Background samples were analyzed for TCLP metals
(Hg, Pb, Ba), total U (a duplicate sample was collected for this analysis), and physical properties.
The samples were then taken to the laboratory to be spiked. Quality Assurance/Quality Control
requirements as defined in the SAP were followed by the sampling team and the laboratories.

The samples were labeled, sealed with parafilm, and placed into a cooler with ice.
Chain-of-custody forms were filled out to ensure proper custodial management of the samples.

The samples were then shipped to Aspen Laboratory for the TCLP analysis. The U used to
spike the sample was analyzed via the Los Alamos National Laboratory (LANL).

2.3 Sampling Results

Twelve samples, four from each of the designated piles, were analyzed for the physical
properties of the soil, TCLP analysis of Ba, Hg, and Pb, and a total U analysis. As mentioned in
the previous section, a duplicate sample was collected from the West Pile.

2.3.1 Physical Properties Analysis

The physical properties analysis included bulk density (MOA, Part I and II), and moisture
content (ASTM D2216-90), pH (MOA, Part I and II) analysis, particle density (MOA, Part I and
II), and the particle size distribution (ASTM D422). Table 1 lists the results of the physical
properties analysis specific to each pile (includes pH). Refer to Appendix A for the raw data.

10



Table 1. Pile samples {or the physical propertics analysis.

Particle
Bulk density density Moisture content
Pile (Ib/fe?) (Ib/ft) (%) pH
South  98.7-106.5 169.7-171.8 1.5-3.3 7.9-8.3
North 101.9-103.0 169.6-172.0 2.6-3.0 7.9-8.1
West 96.9-99.3 170.6-171.5 2.4-2.6 7.7-1.8

The average results for the physical propertics at the 95% confidence interval are as follqws:
Bulk Density = 101.0 * 1.8 Ib/te3
Particle Density = 170.8 = 0.5 Ib/ft’
Moisture = 2.5 + 0.3%
pH = 8.0 £ 0.1
The samples for each pile range as listed in Table 1.

For the particle size distribution analysis, the range of the soil passing and the particle size sieve
are listed in Table 2.

Table A-1 in Appendix A contains a list of the data results specific to each pile.
2.3.2 Total Uranium Analysis

The analysis of soils for U was performed by the Material Analysis Section (YPG
Laboratory) with the Leaman Labs Inductively Coupled Plasma (ICP) Spectrophotometer. Water
samples were analyzed with a ChemChek Kinetic Phosphorescence Analyzer.

A background sample and a duplicate sample for total U were collected. One of these
samples was spiked by David L. Pond, the YPG Laboratory Chemist. The results of the splke are
listed in Table 3.

True background is approximately 2 ug DU/g of soil (refer to Pond 1992) or 0.72 pCi/g.
One sample was collected for background, the data results were reported as -5.39 ug/g. The
sample that was to be used [or the background level is below the detection limit of the ICP
method used.

As can be noted by the analytical results presented in Table 3, the contaminants range from

17.79 pCi/g to a high of 155.51 pCi/g, exceeding the 35 pCi/g NRC unrestricted release limit
(refer to Appendix A for the raw data results and Appendix B for the conversion factor).

11



Table 2. Avcrage valucs of the soil passing by % and the particle size sieve for the particle size

distribution analysis.

Gravel

Sand

190 mm = 998 + 0.3%
125 mm = 963 * 1.4%
9.5mm = 92.1 £ 2.1%
63 mm = 860 £ 2.7%

20 mm = 66.7 = 3.7%

0.850 mm = 544 = 5.1%
0.425 mm = 46.8 £ 6.2%
0.250 mm = 41.3 = 6.8%
0.106 mm = 30.1 £ 6.2%

Silt and clay .
0.075S mm = 23.7 = 5.2%
0.050 mm = 20.5 + 4.8%

0.020 mm = 14.3 %= 3.6%
0.005S mm = 69 %= 2.0%
0.001 mm = 1.3 = 0.5%

Table 3. Results from the total U analysis.

Range of results
Uranium concentration

Range of results
Uranium concentration

Pile (ng/8) (pCi/g)
South 49.41-133.53 17.79-48.07
North 201.23-431.97 72.44-155.51
West 101.47-398.65 36.53-143.51
Spiked Sample® 61.00-66.45 21.96-23.92

a. Duplicate analysis of spiked sample.

2.3.3 Toxicity Characterization Leaching Procedure Results

A TCLP analysis for Ba, Pb, and Hg was conducted by Aspen Environmental Laboratory on
the soil and water samples. The raw analytical data results are presented in Appendix A. All of
the samples were below the 100 mg/L Resource Conservation and Recovery Act (RCRA)
regulatory limit for Ba. Pb for the soil samples ranged between 0.05 mg/L (detection limit) to
0.79 mg/kg and for the water samples were all <0.2 mg/L. The regulatory limit for Pb
is S mg/L. All of the results were well below this value. The RCRA TCLP limit for Hg is 0.2
mg/L. All of the samples were less than the 0.001 mg/L detection limit for this contaminant.
Based on these analytical results, toxic metals are below the regulatory limit established by RCRA
for TCLP metais.

2.3.4 Application of Analytical Results to Soil Treatment Technologies

Application of a treatment technology for the DU contaminated soils at YPG is dependent
upon a number of factors. These include the mineralogy and particle size distribution of the soils,
moisture content, the type of contaminant present at the site, the pH and buffering capacity of
the soils, Eh or redox potential of the soil, the presence and nature of chemical ligands, and other
such key elements. This section discusses the application of different treatment technologies to
the soils. Section 3 will use the information presented in this section to determme what identified
treatment technologies are feasible.

12



2.3.4.1 Uranium Chemistry Information and Analysis. This subsection provides
information pertinent to the chemistry of U and an analysis of the data results obtained from the
sampling effort.

Penetrators are composed of U metal alloyed with 0.75 wt% Ti. U metal in such an alloy is
unstable at the earth’s surface and will react to form oxides, oxyhydroxides, hydroxides, and other
chemical compounds when in contact with soil, air, and water. Some data are available that show
the oxidation of U metals when in contact with dry air, moist air, water vapor, and carbon dioxide
at temperatures less than 100°C (Ritchie 1981; Tyzack and Cowne 1976).

In general, the first product of U metal oxidation is UO, (uraninite). As oxidation proceeds,
hyperstoichiometric U oxides of the form UO,,,, where 0 < x < 0.4 are produced. These
include such forms as U,0,, U;0;, and U,O, all of which are mixtures of U** and U*® and have
the fluorite structure of UO,. These compounds are generally green-black in color. Generalized
reactions illustrating possible oxidation processes include:

U + [(2 + x)2] 0, = UO,,,
U+ (2 + X)Hzo = UOa + (2 + X)Hz

Further oxidation and reaction with water and carbon dioxides may produce several hydrated and
carbonated compounds such as UO,, U;04°H,0, (UO,),°11(H,0), (UO,(OH),*H,0) and
complex uranyl carbonates. This group of minerals is typically yellow in color and is referred to as
“yellow cake." Minor amounts of uranyl sulphate and phosphate minerals may also be present.
There are more than 70 naturally occurring minerals in which U is an essential constituent and
many more in which U is a minor or trace constituent; thus, the possible forms in which U could
be found are quite extensive.

U in groundwater (i.e., aqueous solutions) occurs in two primary oxidation states, U** and
U*S. Redox conditions (Eh), pH and soil/water composition control the solubility of U in natural
waters and the precipitation of solids. U in the +4 valence states will complex in natural water
with several ligands that includes hydroxide, carbonate, sulfate, chloride, and phosphate as well as
fluoride at pH levels less than 4.0. The dissolved U* species, the uranyl ion (UO*?), will also
complex with hydroxide, carbonate, fluoride, sulfate, and phosphate ions. The uranyl ion is
generally complexed primarily by fluoride that is at a pH less than 4. Complexation of the U is
largely dependent upon the pH, Eh and the ligand concentrations of the soil pore water. In
general, the uranus form (4+ oxidation state) is less soluble than the uranyl form (6+ oxidation
state).

According to studies conducted by the YPG, the background concentration of DU is
approximately 0.72 pCi/g. The compositinn of DU from the analytical results indicates that the
DU ranges between 17.79 pCi/g to approximately 155.51 pCi/g. The DU at YPG is expected to
vary in the state of oxidation from metallic U with traces of Ti to UO,, UO,, and their
derivatives. The penetrators in contact with soil water at a pH of 8 will probably produce
oxidized hydroxides and carbonates of U in the 6+ oxidation state. One form of DU at the site
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has been noted to be yellow in color. The oxidized U is typical of oxides, hydroxides, and
carbonates or U in the +6 oxidation state. A sample was collected in a study conducted by
LANL (Ebinger et al. 1990) where yellow cake was visible. According to the study, the yellow
material was later identified by x-ray diffraction as schoepite (UO,(OH),*H,0). This secondary
solid material as well as other species are produced by the precipitation of dissolved U. This is
more prevalent in environments of high oxidation potentials (high Eh). Low Eh and/or increased
microbial activities in soils may prevent significant dissolution of U (Ebinger et al. 1990). If the
DU is concentrated at the bottom of the soil piles or has not been exposed to air it may be in the
metallic or in the relatively insoluble +4 state.

The LANL study also determined the U-235/U-238 ratio from samples collected at the YPG
site. This ratio gives information on the source of U in the sample. U is from natural sources
(UO,, etc.) when the ratio is >0.0065, whereas U from DU penetrators has a ratio less than
0.0065. Samples collected from the YPG impact area show that the ratio ranges between 0.0023
to 0.0071. Therefore, the source of the U is both from natural sources and from penetrators.

2.3.4.2 Soil Particle Analysis. The predominant soil type in the firing range is
characterized mainly as mixed alluvium of gravels, sand, silt, and clay (LLNL) and is relatively
coarse textured. The average particle size distribution determined from the ASTM method was
presented in Section 2.3.1. The information presented in this section are the average results for
the particle size analysis for the three piles. Approximately 36.6% of the soil is made up of sand
sized particles, having a particle size between 2 mm and 0.106 mm. About one third of the soil is
gravelly in nature and 14% has a particle size larger than 6.3 mm (USDA soil size nomenclature).

2.3.4.3 Uranium Analysis per Particle Size Fractions. An analysis of total U for each
particle size fraction was not conducted for the sampling effort employed for this particular
report. However in the fall of 1991, three soil samples were collected from each of the three
GP-20 piles. Each sample is a composite sample consisting of five locations on the pile to a
depth of 6 in. The soil was wet sieved and a total U analysis was conducted using a GM
fluorometer. The test results obtained from this analysis are listed in Table 4.

The data in Table 4 indicate that only about 0.4% of the DU is found in the greater than
4.75 mm size fraction, a fraction that makes up more than 13.5% of the soil and that would have
a U concentration of less than 2 ppm. This suggests that a simple screening procedure would
achieve a volume reduction of 13.5% or better. The data are not sufficiently precise to
distinguish further size versus U concentration relationships, if present. However, at Tyndall Air
Force Base, Florida, DU penetrators were fired into sand butts within a building. The DU
particle sizes were bimodally distributed; 80% of the DU was in the greater than +10 mesh (0.1
in.) and -60 mesh (0.0167 in.) size fractions combined. The +10 mesh material was mainly metal
and the -60 mesh was probably U oxides produced by pyrophoric combustion (Wichner et al.
1989). DU test penetrators were also fired into sand butts within a building at Eglin Air Force
Base, Florida. A formal particle size distribution analysis of the contaminated sand was not
performed, but it was note~ that more than 60% of the DU was recovered as metal by screening
using a 0.5 in. (#2 mesh) sieve. These observations suggest that the U contamination may also be
bimodally distributed at YPG with U metal probably being concentrated in the coarser particle
size fractions and the U compounds being concentrated in the fine particle size fractions.
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Table 4. Test results from the uranium analysis.

Particle size Particle size West Pile East Pile North Pile

(microns) (mm) % Uranium % Uranium % Uranium
2 19,050 19.050 0.1 0.1 0.1
19,049-4750 19.049-4.75 0.2 0.4 0.5
4749-2000 4.749-2.000 16.3 26.6 234
1999-840 1.999-0.84 15.0 18.6 14.7
839-600 08390600 . 41 29 2.8
599-300 0.599-0.300 131 . 6.8 6.3
299-145 0.299-0.145 13.6 7.0 15.3
144-75 0.144-0.075 10.7 13.2 8.1
<75 0.075 269 244 288

The above % of total U readings are all +/-20% of the listed value.

According to the study by ORNL (Wichner et al. 1989) on the DU contaminated soils,
51.2% of the DU particles are concentrated in the coarser or gravelly material (1.68 mm or
greater) and 11.6% are in the finer fractions (0.037 mm). The particle size analysis from the
YPG results indicate that approximately 14.3% of the soils are less than 0.063 mm in size and
33.3% of the soils are greater than 1.68 mm. This yields a total of 47.6% of the soils having a
high probability of containing concentrated levels of DU.

According to a study conducted by LLNL (Wichner et al. 1989), the predominant soils in the
YPG range are characterized as mixed alluvium of gravels, sand, silt, and clay. The data results
confirm the presence of this type of soil composition.

2.3.4.4 Other Soil Parameters. The particle density of the YPG soils is roughly 169.7 to
172.0 Ib/f®. The bulk density ranges from 96.9 to 106.5 Ib/ft>. The pH of the soils tends to be
somewhat alkaline in nature, ranging between 7.7 to 8.3, values typical of desert soils that usually
contain calichie (calcium carbonate). The moisture content of the soil is between 1.5 to 3.3%,
which is fairly low. The data results obtained from this analysis are confirmed by a U.S. Army
Study (1978), in which it was determined that the YPG soils are moderately permeable, have a
moderate to low water-holding capacity, and have a pH between 7.9 and 9.4.

2.3.4.5 TCLP Analysis. The RCRA TCLP analysis indicates that all of the metals are well

below the established regulatory limit (see data in Appendix A). Therefore, the site does not
contain hazardous waste or mixed waste contaminants.
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2.3.5 Application of Data Results to Treatment Technologies

The information described in previous sections indicates that the DU waste materials have
the following properties:

¢ The U probably occurs in several physical states to include metal, uraninite (UO, and
its derivatives), and yellow cake (uranyl oxides and hydroxides).

*  The soil pH is alkaline, approximately 8, and suggests the presence of calcite (CaCO,),
a common mineral in desert environments.

e The relation of radioactivity to grain size suggests that U, perhaps as the metal,
concentrated in the coarse size fraction (0.84 mm to 4.75 mm) and also in the fine size
fraction (0.037 mm and less), probably as chemical compounds. The U in the fine size
fraction may be present as individual fine grains, as coatings on other grains, adsorbed
on other minerals, ion exchanged with other elements in minerals such as the clay
minerals, or some complex combination of two or more of these possibilities. It is not
found in significant amounts in the regular coarse fractions (>4.75 mm). If so, the U is
most likely pieces of metal or adhered to large cobbles.

These properties will distinguish the types of treatment technologies that feasibly have the
capabilities of cleaning the DU contaminated soils to the NRC mandated levels of 35 pCi/g.

2.3.6 Application of Data to Treatment Technologies

Assuming that several competing soil treatment systems can achieve the desired cleanup
goals, the following guidelines are useful for choosing among the soil treatment candidates. In
general, physical methods, such as gravity separation, magnetic separation, screening, and/or
classifying, are preferred. The least desirable methods for removing DU are dissolution
techniques using acids or bases followed by recovery using ion exchange, solvent extraction, or
similar methods. This is so because of the undesirable nature and volume of the secondary waste
streams generated by these processes and the severe chemical alteration of the cleaned soils that

are to be returned to the environment. Froth flotation is a border-line case between physical and
chemical approaches.

The complex nature of the U contamination at YPG indicates that the successful soil
treatment system will combine several different techniques. This conclusion is supported by a
review of different studies by LANL and ORNL for U.S. Department of Defense (DOD) sites
contaminated with DU. The studies indicated that a successful approach would apply a blend of a
wet separation method, size reduction, possibly magnetic separation, and the addition of a
chelating agent or an acid to remove U rich coatings or adsorbed or ion exchanged U. Some of
the proposed methods for soil cleanup for U contaminated soils encompass both dry and wet
separation tests (includes chemical separation processes or a blend of these technologies). Dry
separation methods include dry magnetic separatic.. and electrostatic separation. Wet separation
treatment technologies include several varieties of acid and base leach and dissolution reagents
together with several methods for treating the liquid wastestreams. Wet physical separation
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methods include wet screening, wet magnetic separation, jigging, shaking table, satic belt
separation, moving belt separation, and a rotating spiral concentrator.

2.3.6.1 Summary of DU Contamination Properties and Possible Treatment Methods.
The information described in previous sections is again summarized here together with possible
treatment methods and philosophies. It should be understood that the ideas presented here are
hypothetical and are to be used only as guides. Additional sample characterization and bench
testing will be necessary to test the ideas presented here.

e  The U probably occurs in several physical states to include metal, uraninite (UO, and
its derivatives), and yellow cake (uranyl oxides and hydroxides). This suggests that the
successful separation will be robust and capable of treating U in several chemical forms.
It will probably consist of a combination of several separation methods.

o  The soil pH is alkaline, approximately 8, and suggests the presence of calcite (CaCOs).
Calcite greatly increases the buffering capacity of the soils and will tend to buffer soil
washing solutions to this value and neutralize acids used for leaching, thus decreasing
their effectiveness. The optimum soil treatment system should be unaffected by the
alkaline soils.

»  The relation of radioactivity to grain size suggests that U is concentrated in the size
fraction less than 4.75 mm. Separation of this size fraction would provide an initial
overall reduction of approximately 13.5% of the DU contaminated material from the
YPG soils. If, as seems likely, the DU in the coarser fraction (but less than 4.75 mm)
is in the form of metal fragments from the penetrators, a simple gravity, or magnetic
separator could be effectively used to further separate it from this size fraction. The
situation with the fine size fraction is more complex. The DU in the fine fraction is
probably a complex mixture of oxides, hydroxides, and possibly carbonate or other
minerals. It probably occurs as both very fine individual particles and as coatings on
other mineral grains and possibly as adsorbed on or ion exchanged into other minerals
such as the clay minerals. If the U compounds in the fine material are predominantly
present as individual grains, physical separation methods such as density separation,
magnetic, etc., are probably applicable. If the compounds are present predominantly as
coatings, adsorbed, or ion exchanged with host minerals, then chemical methods such as
froth flotation, ion exchange, leach or dissolution techniques will probably be necessary
to remove them from the fine size soil fraction. Although they might be separable
using simple physical techniques such as gravity separation, it is likely that more
sophisticated methods, such as soil washing, will be necessary to separate the DU from
the soil particles in the fine fraction.

Given the complexities of the physical and chemical properties of the materials to be treated
and the observation that soil treatments are very site and contaminant specific, it is clear that
bench-scale testing will be required to establish the preferred soil treatment procedures.
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3. TREATMENT TECHNOLOGIES

An evaluation of existing cleanup technologies for DU contaminated soils are presented in
this section. Eight companies or organizations were selected for inclusion in this report as the
most likely to have a technology applicable to YPG. The companies (vendors) were located from
contacts at the West Valley Nuclear Service Co. Inc., Fernald Environmental Restoration
Management Corporation, EG&G Idaho, Inc.’s Environmental Restoration and Waste
Management Department and from information derived from the EPA’s Superfund Innovative
Technology Evaluation Program and the EPA’s Vendor Information System for Innovative
Treatment Technologies Program. The eight technologies listed in this report are not in any
particular order. The information compiled in this section was directly derived from the vendors.

Economic information obtained from vendors was given in ranges versus specific costs
because data results, a statement of work, soil characteristics, etc., were not provided to the
vendors. A more accurate cost can be determined from the bench-scale testing. Costs for a full-
scale operation are dependent upon the bench-scale results. Most vendors will require a bench-
scale operation to fully determine the final costs for cleanup. Because of the lack of site-specific
information, the vendors were reluctant to provide costs until a statement of work has been
issued. The substantial deviations in the ranges quoted in this report were a best guess, based on
not having a defined scope of work.

A set of criteria was established to determine the capability of each group as follows:

e Previous experience

¢ Cleanup process

o NRC Laboratory availability

e  Previous cleanup levels and volume reduction achieved

e  Portability of equipment

e  Economics

e  Radiation controls and measurements incorporated in soil monitoring

e  Additional wastestreams generated

e Permits required on previous sites

o  References.

The information specified by the established criteria for each technology is presented in the
following sections.
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3.1 TMA/Eberline Thermo Analytical Inc.

Thermo Analytical, Inc. (TMA/Eberline) is located in Albuquerque, New Mexico. The
treatment technology developed by this company is referred to as the TMA/Eberline modified
Johnston Atoll Plutonium (Pu) Cleanup Plant. This technology was originally designed to
separate Pu and americium (Am) from a coral soil matrix. The following section provides 10
examples of relevant information as to how the criteria above are met by the technology.

1.  Previous Experience

In August, 1990, TMA/Eberline was awarded a prime contract with the Defense Nuclear
Agency (DNA) to make extensive modifications and improvements to a prior contractor’s soil
- cleanup demonstration plant on Johnston Atoll. Johnston Atoll soil was contaminated with
Pu-239 and Am-241 particles from nuclear weapons-effects testing conducted in the 1960's.
Approximately 100,000 yd* of coral soil matrix containing low and intermediate levels of
contamination remain inside a controlled access area and is being processed. This work is
expected to be completed in the next 12 to 18 months.

2. Cleanup Process

The modified Johnston Atoll Pu Cleanup Plant is an assembly of standard sand-and-gravel
handling equipment coupled with advanced instrumentation for monitoring nuclear radiation (see
Figure 7). This plant was designed to process 1,000 yd® of soil per week. The soil remediation
system uses an array of sensitive radiation detectors and software designed by Eberline Instrument
Corporation. The software controls the Segmented Gate System for diverting contaminated
material from soil as it moves along conveyor belts beneath an array of 15 overlapping Nal
detectors. Each detector reports to a microprocessor/computer. The computer directs the
diversion of contaminated material through the segmented gates and logs the radioactivity of both
contaminated soil and uncontaminated soil to document the process. Clean soil is automatically
diverted in one direction and contaminated soil in another. A metal drum collects hot particles
while a supplemental soil washing process removes dispersed contamination. Washed soil then
passes beneath a second array of radiation detectors to verify that release criteria have been met.

3. NRC Licensed Laboratory

TMA/Eberline has several licensed facilities that could be used for bench-scale testing.
4. Previous Cleanup Levels Achieved

'fMA/Eberline's modified Johnston Atoll Pu Cleanup Plant was able to meet DNA's release
requirements of 500 Bq/kg (13.5 pCi/g) for alpha activity from Pu and Am, and 5000 Bq/kg

(135 pCi/g) for all radioactive particles. A 98% volume reduction has been achieved with this
process at Johnston Atoll to date.
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5. Portability of Equipment

The modified Johnston Atoll Pu Cleanup Plant is owned by the DNA. TMA/Eberline has
completed the design of a smaller-scaled version of this plant, which is more mobile and capable
of processing 200 to 300 yd* per weck.

6. Economics

The approximate cost/yd® of soil ranges from $100.00 to $200.00 depending upon site
conditions. TMA/Eberline is currently researching the feasibility of conducting this type of work
strictly on the basis of percent cost liability savings, in other words, TMA/Eberline would receive
reimbursement based entirely on the volume reduction achieved. With either option, a bench-

scale or feasibility study would be required. The cost range for a bench-scale or feasibility study is
$25 to $50K.

7. Radiological Soil Process Monitoring

TMA/Eberline’s modified Johnston Atoll Pu Cleanup Plant utilizes an array of 15
overlapping Nal detectors. The 15 Nal detectors in each monitoring unit are arranged in two
overlapping rows of 7 and 8 detectors, respectively. Each detector has an active area measuring
100 x 100 mm and is encased in an aluminum housing with a thin end window. The second row
of 7 detectors is offset from the first row to prevent hot particles from passing undetected
between adjacent detectors. Each detector reports to an individual microprocessor board that
calculates amounts of radioactivity and determines whether a hot particle has been detected.
Each detector microprocessor board then electronically reports to a master controller board that
collects data, determines whether dispersed radioactivity has been detected, and selects and
actuates one of the eight diversion chutes of the segmented gate system as required.

When hot particles or distributed contamination above release criteria are detected, one or
more of the eight segmented gates located at the end of the sorter conveyor is electronically
directed by the master controller board to divert the contaminated material. The minimum
amount of diverted material is approximately 36 in.3 (about 1 pint).

8. Additional Wastestreams Generated

The soil with dispersed contamination is washed with water in a spiral classifier. The wash
water containing the contamination is then placed in a lined settling basin where the water may
be recycled or evaporated. The sediments in the settling basin will be packaged for disposal.

9. Permits Required on Previous Sites

No permits for this process were required on Johnston Atoll.
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10. Referenccs

Dr. Edward Bramlitt

Technical Director

Defense Nuclear Agency, Field Command
(505) 846-8568

Company Contact:

Nels R. Johnson, President
TMA/Eberline
(505) 345-9931

3.2 Bradtec—U.S. Inc.

Bradtec—U.S., Inc. (Bradtec) is located in Atlanta, Georgia. The treatment technology
developed by this company is referred to as the ACT*DE*CON process (patent pending). This
technology was developed to separate radiological contaminants from soil at Department of
Energy (DOE) facilities. The following provides relevant information as to how the criteria in
Section 3, "Treatment Technologies,” are met by the technology.

1.  Previous Experience

The Bradtec process (the ACT*DE*CON process, patent pending) has been tested at the
bench-scale with various types of soil and with various contaminants, including U, Pu, Am, and Pb
(see Figure 8). This process is currently scheduled to be used on a pilot-scale at two DOE
facilities during 1993 and on a full-scale at a DOE facility during 1994. Chemical Waste
Management, Inc. is licensed to use the Bradtec process.

2. Cleanup Process

The Bradtec process combines dissolution with dilute selective solvents, contaminant
recovery, and solvent regeneration to provide a continuous recirculating treatment process for the
treatment of soils to remove Sr, Cs, Tc, Ra, actinides (U and transuranics), Ba and Pb. The
treatment process utilizes countercurrent extraction to dissolve and recover the contaminants.
The solvent typically used is composed of hydrogen peroxide, sodium carbonate, sodium
bicarbonate, 8-hydroxyquinoline, and ethylenediaminetetraacetic acid. Soil is fed to the first
extractor, which provides for solvent contact and contaminant dissolution. The soil is then fed
from the first extractor to the second extractor where partially treated soil and fresh solvent are
mixed, resulting in further dissolution. The number of extraction stages and the contact time in
the extractors is determined by the contamination level, the physical and chemical characteristics
of the soil, and the level to which the soil must be treated. The treated material that exits the
final extractor is then filtered to recover the treated soil. The filter cake is flushed with clean
water prior to discharge. The solvent (with contaminants) is trcated by either selective ion
exchange or evaporation. The solvent can then be analyzed and chemically adjusted before
recycling.
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3. NRC Licensed Laboratory

Bradtec—U.S. Inc. has access to Chemical Waste Management, Inc. licensed laboratories,
which could be used for bench-scale testing.

4. Previous Cleanup Levels Achieved

Bench-scale testing was conducted on soils with a 87% silt fraction and a 5% clay fraction
with U concentrations of 406.8, 1.167, and 1,009 pCi/g. The clean soil after testing contained
13.6, 22.6, and 34.0 pCi/g of U, respectively.
5. Portability of Equipment

Chemical Waste Management, Inc. has trailer mounted systems available.

6. Economics

The approximate cost/yd® of soil ranges from $50.00 to $100.00 depending upon site
conditions. The cost range for a bench-scale test is $12,000 to $13,000.

7. Radiological Soil Process Monitoring

With the Bradtec process, periodic sampling of the processed soil is performed to ensure
cleanup levels are satisfied.

8. Additional Wastestreams Generated

The solvent used in this process is continuously recycled. Upon completion of processing
the solvent would be either evaporated or concentrated to reduce the volume requiring disposal.

9.  Permits Required on Previous Sites

Bradtec personnel are not aware of any permits required for their process.
10. References

Don Johnson

Argonne National Laboratory

(708) 252-3392

Company Contact:

Mike Dunn, President

Bradtec-U.S., Inc.
(404) 640-9305

24



3.3 B&W Nuclear Environmental Services, Inc.

Babcock and Wilcox Nuclear Environmental Services, Inc. (B&W-NESI) is located in
Lynchburg, Virginia. The treatment technology developed by this company is referred to as the
B&W-NESI Soil Washing Technology. The technology was originally designed to separate clean
soils from contaminated fines at a DOE site. The following section provides relevant information
as to how the criteria in Section 3 are met by the technology.

1.  Previous Experience

B&W-NESI developed a soil washing system for the cleanup of approximately 500,000 ft® of
U contaminated soils from the Apollo Facility located 35 miles northeast of Pittsburgh,
Pennsylvania. This facility is scheduled for decontamination and decommissioning. The U at this
facility is in the form of U-234, -235, and -238. Soil contamination ranged from zero to
2,000 pCi/g. B&W-NESI developed a bench-scale model of this soil washing technology and
treated approximately 1000 Ibs of contaminated soil. The system never reached the pilot-plant
level because it was agreed upon that it would be politically and economically more advantageous
for DOE to ship all of the soil offsite to Envirocare, a disposal facility in Utah.

2. Cleanup Process

The soil washing system is composed of separating contaminated soils into a coarse size
fraction and a fine size fraction, which represents the clean and contaminated portions,
respectively (see Figure 9). The process comprises two screening and washing steps and two
dewatering steps. Coarse screening and washing of the plus 1-in. material is achieved in a
trommel (rotating screen). Fine screening and washing is achieved over a horizontal vibrating
screen. The coarse fractions of the soil are dewatered mechanically in a vibrating basket-type
centrifuge. The fine fractions of the soil are dewatered by a classifying cyclone dewatering screen
and thickener/belt press process circuitry. The cyclone requires about 750 gpm of slurry to
operate properly; therefore, a portion of the overflow is recycled for water conservation.

The discharge stream feeding the thickener from the head tank is chemically treated with
flocculants (cationic or anionic type, or both) for coagulating the fine solids into large groups or
particles to increase settling rates in the high capacity thickener. The thickener underflow is
treated with flocculating-type chemicals and is further mechanically dewatered in a belt process.
The thickener overflow is collected in the clarified water sump and is chemically treated with a
wetting agent. Acid and makeup water are added as required. Two pumps split the clarified
water sump to the belt press, vibrating screen, and trommel. Excess water is bled from the system
and stored onsite in a storage tank.

3. NRC Licensed Laboratory

B&W-NESI has ~nsite laboratories capable of performing the radiological én’a]ysis.
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4. Previous Cleanup Levels Achieved

The bench-scale model was able to achieve a cleanup level of 30 pCi/g for U. An 85%
volume reduction was also achieved with this process. A worse case scenario for the system was
that of a 50% volume reduction. The soils at Lynchburg, Virginia consist mainly of loams and
clays. The absorption tendencies of clays are significant, therefore the level of difficulty for
removal of U from the soils is far more difficult than from those soils found at the U.S. Army
YPG.

5. Portability of Equipment

B&W-NESI can move equipment from location to location. The timeframe for a complete
setup for the system ranges from 1 to 2 months.

6. Economics

The approximate cost for cleanup per yd® of soil ranges from $3.00 to $5.00 depending upon
the site conditions. This is only for a purely consumable cost and for affiliated working
labor-hours (costs do not include equipment). Bench-scale costs range from $30,000 to $70,000.
This includes sample collection, data analysis, etc.

7. Radiological Soil Process Monitoring

The B&W-NESI soil washing system does not utilize direct inprocess radiological measuring
controls, rather grab samples of the soil are collected randomly by built-in samplers throughout
the process. The samples are collected from the up front system (input feed location), the
process sampler (output feed), in process, and from the clean-fractions pile. Samples are
immediately analyzed onsite for U content.

8. Additional Waste Streams Generated

Wastestreams generated other than the remaining 15% contaminated soil include
wastewater. The process utilized by the plant operators is to monitor the water involved in
cleanup to ensure it does not exceed the sewage system discharge limitations for the contaminant.
In other words, the water is changed frequently.

9. DPermits Required on Previous Site

This was a bench-scale process; therefore, permits for this sy"tem were not required.
10. References

Dr. Richard Carleson

B&W-Nuclear Environmental Services, Inc.

Lynchburg, VA 24506
(804) 948-4840
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Company Contact:

Lynn D. Staten

Senior Principal Engineer

B&W Nuclear Environmental Services, Inc.
2200 Langhorne Place

Lynchburg, VA 24501

(804) 948-4606

3.4 Westinghouse Scientific Ecology Group, Inc.

Westinghouse Scientific Ecology Group, Inc. (SEG) is located in Pittsburgh, Pennsylvania.
The treatment technology developed by this company is referred to as the SEG Soil Washing
System. This technology was developed to separate organics, polychlorinated biphenyls (PCBs),
heavy metals, and radioactive contaminants from soils. The following provides relevant
information as to how the criteria in Section 3 are met by the technology.

1. Previous Experience

Westinghouse SEG has recently completed using their full-scale mobile soil washing system
to remediate a site in Bruni, TX. The site was formerly used for the solution mining of U. The
contamination of approximately 22,500 yd® of soil, primarily of U and Ra, was a result of well
drilling material and solution spilis (including resins) that occurred during the course of operations
at this site. On a bench and pilot-scale basis, the SEG Soil Washing Process has been used to
decontaminate soil contaminated with a mixture of grease, Polychlorinated Biphenyls (PCBs) and
U at ORNL. At the same site, the SEG Soil Washing Process was used to remove U and Hg
from the soil, at the bench and pilot-scale level.

2. Cleanup Process

With the SEG Mobile Soil Washing System, soil is initially screened to remove large rocks
and debris. The soil is then processed in a rotating drum or vibrating screen devise to sort and
prewash the soil. Large (>2 mm) pieces of soil are washed with leach solution, rinsed with water,
monitored and returned to the site (see Figure 10). The remaining contaminated soil is then
processed using mining processing equipment where soils are contacted with the leach solution
and the fines are separated. The washed soils are rinsed, monitored, and returned to the site.
The fines and wash water go to the precipitation tank. A precipitation agent is then added to
precipitate the dissolved contaminates. The clean leachate is then further treated and sent to the
leachate makeup tanks. The highly contaminated fines are then placed in containers for disposal.

3. NRC Licensed Laboratory

The Westinghouse Science and Technology Center Analytical Laboratory, which is licensed

and permitted to conduct experiments with RCRA, TSCA, and radioactive materials, could be
used for bench-scale testing.
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4. Previous Cleanup Levels Achieved

The soil remediation objective at the Bruni site, established by the Texas Department of
Health, was 42 ppm above background (1 ppm) for U in the soil. This corresponds to 30 pCi/g in
the soil. The untreated soil contained 70 ppm (50 pCi/g) of U. The processed soil contained 22.5

ppm (16 pCi/g). Better than 99% of the feed soil at the Bruni site was returned to the site as
clean after processing.

5. Portability of Equipment

The SEG Mobile Soil Washing System is trailer-mounted and requires approximately two
‘weeks to setup.

6. Economics

The approximate cost/yd® of soil ranges from $100.00 to $1,000.00 depending upon site
conditions. SEG personnel recommend conducting an initial feasibility test to determine the
feasibility of using their process. The cost range for this test is $10,000 to $30,000. If the
feasibility test shows positive results, work would then proceed on a detailed bench-scale test.
The cost range for a detailed bench-scale test is $30,000 to $100,000.

7.  Radiological Soil Process Monitoring

Online system to monitor the radioactivity of the processed soil leaving the system is
available, but has not been implemented to date. Currently, SEG uses (a) continuous air
monitoring to measure radioactivity levels around the system, and (b) composite soil samples of
untreated and treated soil.

8. Additional Waste Streams Generated

With the SEG Mobile Soil Washing System, the leachate is stripped in an ion exchange
column and recycled. This process would create an additional waste stream. But the quantity of

this stream cannot be estimated until bench-scale testing is completed. This waste stream would
be minimized by concentration.

9.  Permits Required on Previous Sites

Air permits were required for this process by the State of Texas. However, the process used
existing permits for the Bruni site.

10. References

E. J. (Gene) Miles ‘
Director of Fuel Cycle Materials and Services Department
Westinghouse Scientific Ecology Group, Inc.

(412) 374-2580
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Company Contact:

Al Dietrich
Westinghouse Scientific Ecology Group, Inc.
(412) 247-6258

3.5 S. G. Frantz Company, Inc.

The S. G. Frantz Company, Inc. (S. G. Frantz) is located in Lawrence Township, New
Jersey. The treatment technology developed by this company is referred to as the Frantz
Magpnetic Barrier Technology. This technology was originally developed to separate and
concentrate particles according to magnetic susceptibility on a laboratory scale. The following
provides relevant information as to how the criteria in Section 3 are met by the technology.

1.  Previous Experience

The Frantz Magnetic Barrier Technology has been tested at the bench and pilot-scales with
various types of radioactive wastes, including Pu and DU. A full-scale version of this process is
currently in the planning and design stages.

2. Cleanup Process

The Frantz Magnetic Barrier Technology separates and concentrates particles according to
magnetic susceptibility (see Figure 11). The technology employs magnetic energy gradient
(HdH/dX) transverse to field direction, or roughly perpendicular to the path of flux, to deflect
particles of selected susceptibility from the paths they would follow under the influence of
opposed nonmagnetic force. Because most soils are diamagnetic and most radioactive substances
are paramagnetic, by concentrating the diamagnetic compounds of soils this technology can
separate grains that are nonmagnetic by reason of stains or inclusions of radioactive substances.
Solids from about 2 mm to a few micrometers can be processed by this technology. Pretreatment
by sizing, drying, and reducing electrostatic charges, while not essential, tends to improve
separation.

The pilot-scale magnetic barrier system comprises equipment of conditioning (grinding,
degreasing, washing, drying, etc.) and sizing material, for feeding it to and moving it through the
separator, for collecting the separated fractions, and for examining them to determine the
effectiveness of the separations. Means are provided for varying field intensity and magnetic
energy gradient, opposed nonmagnetic force, rate of feed, and rate of travel through the field,
vibration of the feed means and conduit surfaces. The pilot-scale process is capable of processing
0.5 to 10 kg/hr while it is anticipated that the full-scale process would be capable of processing
450 to 1,800 kg/hr.

3. NRC Licensed Laboratory

S. G. Frantz does not have access to a licensed facility to do bench-scale testing. They
would prefer that the customer purchase the bench-scale unit and conduct their own testing.
S. G. Frantz would provide assistance with this testing.
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4. Previous Clcanup Levels Achieved

Bench-scale testing was conducted at LANL with a Magnetic Barrier Laboratory Separator.
The waste consisted of sized sand, slag, and crucible residues (>45 m) from Pu production. The
initial concentration of Pu ranged from 21,600 to 26,900 mg/kg (3.77 x 10" pCi/g to 4.70 x
10! pCi/g). The final concentration of Pu was 900 to 6500 mg/kg (1.57 x 10'® pCi/g to 1.14 x
10" pCi/g), after treatment.

Additional bench-scale testing was conducted by LANL on sized bomb reduction sand
(>90 microns) and fine sand. The initial concentration of Pu ranged from 15,500 to 15,700 mg/kg
(271 x 10"! pCi/g to 2.74 x 10"! pCi/g). The final concentration of Pu was 5,100 to 8,600 mg/kg
(891 x 10 ' pCi/g to 1.50 x 10! pCi/g), after treatment.

Bench-scale testing was also conducted by ORNL using a predecessor of the magnetic
barrier separator, the Frantz Isodynamic Separator, a laboratory instrument used to separate
individual minerals or similar substances from powdered rock or similar materials for detailed
characterization. The waste consisted of DU fragments from gun test catchments and fine sand.
The initial concentration of the DU ranged from 1,000 to 3,000 ppm (360 pCi/g to 1,080 pCi/g).
The final concentration of DU was 10 to 200 ppm (3.6 pCi/g to 72.0 pCi/g), after treatment.

The pilot-scale process is currently being patented. Pilot-scale testing has been conducted at
the S. G. Frantz facility on the separation of almandite from magnesium oxide and cupric oxide
from magnesium oxide. Cupric oxide has similar magnetic properties to that of Pu. Greater than
98% separation has been achieved with a single pass. The pilot-scale can process approximately
100 g/min. .

5.  Portability of Equipment
The full-scale system is planned to be fully transportable.

6. Economics

The approximate cost/yd® of soil ranges with the full-scale system ranges from $6.00 to
$6,000.00 depending upon site conditions. The purchase cost of the bench-scale equipment would
be $12,000 to $15,000.
7. Radiological Soil Process Monitoring

No radiation controls or measurements have been incorporated with the Frantz Magnetic
Barrier Technology.

8. Additional Waste Streams Generated

The actual mégnetic barrier separator generates no auditional waste streams. However, the
preparation of the feed material (i.e., soil washing) would generate at least one additional waste
stream, which is water.
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9.  Permits Required on Previous Sites

A full-scale system has not yet been constructed; therefore, no permits have been required.
10. References

Dr. Larry R. Avens, Scientist
Los Alamos Naiional Laboratory
Los Alamos, New Mexico

(508) 667-2320

Company Contact:

Thomas Wellington, President
S. G. Frantz Co., Inc.
(609) 882-7100

3.6 EcoTek, Inc./Brice Environmental Services Corp

EcoTek Inc. (EcoTek)/Brice Environmental Services Corp. (BESCORP) is a joint venture to
provide soil treatment services. EcoTek is located in Springdale, Ohio, and BESCORP is located
in Fairbanks, Alaska. The treatment technology developed by these companies is referred to as
the EcoTek/BESCORP Soil Washing Process. This technology was originally designed to

. separate hazardous, radioactive, and mixed waste contaminants from soil. The following provides
relevant information as to how the criteria of Section 3, "Treatment Technologies," are met by the
technology.

1.  Previous Experience

EcoTek and BESCORP have formed a joint venture to provide turn-key soil treatment
services for characterization through closure. The EcoTek/BESCORP team offers an integrated
soil washing process for hazardous, radioactive, and mixed waste soil designated to produce clean
soil by isolating and concentrating hazardous and radioactive species in a smaller volume of the
original soil.

In 1992, BESCORP used the soil washing process to remediate approximately 100 yd® of Pb
contaminated soil at the Alaskan Battery Enterprises Superfund Site, in Fairbanks, Alaska, as part
of the Superfund Innovative Technologies Evaluation (SITE) Program.

In November 1992, Eco’l‘e‘k and BESCORP conducted a soil washing feasibility test on a
representative cross-section of soil samples contaminated with Ra-226 from Tinker Air Force Base
(AFB). Tinker AFB is currently seeking funding to perform a formal pilot-scale demonstration.

Feasibility tests and informal demonstrauons of the soil washing system were conducted at
the Hanford Site in 1991 for Westinghouse, Battelle, and Ebasco Environmental personnel. In
1992, EcoTek and BESCORP responded to a Request for Proposal (RFP) for the remediation of
1,000,000 yd® of mixed heavy metal and radioactive contaminated soil at Hanford. Based on
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stipulations of the RFP and nature of the contaminants, a processing cost of under $20 per yd®
was submitted. Best-and-final negotiations are currently underway.

2. Cleanup Process

In the EcoTek/BESCORP Soil Washing Process, the contaminated soil is initially screened
for removal of large rocks and debris (see Figure 12). Water is added to the screened soil in a
- high-attrition trommel for deagglomeration of material. Oversize materials (>0.25 in.) are rinsed
with a high-pressure wash, dewatered, and redeposited on site.

The slurry containing particles <0.25 in. is processed in the patented hydraulic separation
chamber, which removes preselected contaminated fine soil fractions. The separation chambers
can be adjusted for precisely separating contaminated fine soil fractions from the -0.25 in.
material. The fine contaminated material is discharged into a clarifier for removal from the wash
solution. A coagulant is added to the contaminated soil fines, which are containerized as a slurry
composed of approximately 60% solids, or further dewatered with a filter press resulting in a
slurry cake containing 80-90% solids. Noncontaminated -0.25 in. materials are removed from the
separation chambers, washed with a high-pressure rinse, dewatered, and discharged from the
plant. The -0.25 in. material is further monitored and recombined with the oversize (>0.25 in.)
material to be placed back on site.

3. NRC Licensed Laboratory

On June 2, 1992, EcoTek Inc. was granted a broad scope materials license (No. 41-25193-01)
by the NRC, Region II (Atlanta, GA). This license, unique in the nuclear industry, allows
EcoTek to conduct a broad range of operations involving Byproduct, Source and Special Nuclear
Material, incident to any of the following activities: '

o  Site characterization

«  Environmental remediation

o  Decontamination of facilities, equipment, and containers

o  Treatment of soil, water, and other wastes by solidification, chemical treatment,
resource recovery, or other similar operations

o  Packaging for transport

o  Transport, in packages or containers, for transfer to another licensee authorized to
receive the material, in accordance with the terms of licenses issued by the NRC or
Agreement States.

EcoTek’s materials license authorizes work at temporary job sites anywhere in the United
States where the NRC maintains jurisdiction. A similar license or license: authority can generally

be granted by Agreement States, with prior planning and notification, through the process of
reciprocity. .
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Figure 12. The EcoTek/BESCORP process flowchart.
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EcoTcek can usc the master license to take possession of radioactive matcrials that are not
currently under the conditions of an existing facility license. Essentially, EcoTek can take control
of a site that either has no license or an inadequate license for the possession of the material or
contaminant in concern.

In addition to this license, EcoTck's parent company, Nuclear Fuel Services, Inc. (NFS), has
licensed facilities for the possession and usc of large quantities of radioactive materials such as
highly enriched U, DU, Th, and Pu. NFS is the sole supplier of nuclear fucl to the U.S. Navy
and the supplier of advanced DOE (ucls.

4. Previous Clecanup Levels Achieved

At the Alaskan Battery Enterprises Superfund Site, Pb contamination ranged as high as
40,000 ppm. The trcated soil met the critcria of <1,000 ppm total Pb and <5 mg/L Pb. A 90%
overall volume reduction was achieved.

At Tinker AFB Ra-226 levels ranged from 15 to 2,000 pCi/g. The soil washing feasibility
testing showed levels could be reduced to <15 pCi/g with a 70 to 80% volume reduction.

At the Hanford site soils are contaminated with mixed toxic metal (Hg, Cr, Cd, Pb, Ni, Ag,
and Cu) and radioactive contaminafion. Radioactive contamination ranges from 58 to 1.440 pCi/g
for beta activity and from 40 to 1,430 pCi/g for alpha activity. Contamination levels for toxic
metals, such as Cr and Cu, range from 7 to 546 ug/g and from 394 to 11,900 ug/g, respectively.
Initial testing on these soils indicatc that contamination levels can be reduced to background
levels with a 95% volume reduction.

S.  Portability of Equipment

The EcoTck/BESCORP 20 ton/hr processing plant is highly mobile and mounted on two
10 x 40 ft trailers. A 20 to 50 ton/hr plant is presently being fabricated for a munitions site clean
up in Minnesota. All soil treatment plants are fabricated by Goldstream Manufacturing, Inc,
outside Fairbanks, Alaska.

6. Economics
EcoTek/BESCORP provided the price ranges for the remediation of radioactive
contamination from various soils in Table 5. This only considers the processing of the soil and

does not include any support services such as excavation.

Table 8. Price ranges for the remediation of radioactive contamination from various soils.

Cost in dollars Cost in dollars
Volume (yd®) (ft®)
Soil type (yd®
sandy 1,000,000 20.00 0.74
Semi-sandy 18,000 120.00 4.45
Clay 1,000 625.00 23.00
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A treatability test would be designed to demonstrate feasibility, define process parameters,
and establish full-scale performance (i.e., volume reduction) and treatment costs. A treatability
test program meeting these conditions would cost approximately $20,000. These costs can usually
be deducted from the cost for full-scale treatment.

7. Radiological Soil Process Monitoring

During the soil decontamination process, sampling of all material streams released from the
treatment unit will ensure process controls are operating within the specification prescribed for

the project. The operating controls would be specified in a project Process Control Program
(PCP).

In addition to the PCP requirements of full-scale operation, EcoTek has several inline, real-
time detection system choices that can be used to ensure that the processed material released
back into the environment is indeed below the desired limits. The type of system and system
efficiencies are dependent upon the requirements of the site specific soil condition, radionuclide,
and regulatory requirements. The following is a description of the radiation monitoring
equipment proposed for the soil washing operation at the DOE Hanford site.

Cleaned and dewatered soil is continuously monitored for total activity (beta/gamma) upon
discharge from the trommel and spiral classifier onto the conveyor belt. The online monitoring

installation consists of a large area polyvinyl toluene plastic scintillation detector and an associated
controller.

The détector, nominally 48.5 in. x 16 in. x 6 in., is mounted in a shielded enclosure above
the conveyor in a 2 pi geometry, down-looking orientation. The amount of shielding in the
detector enclosure, based upon engineering constraints, optimizes system detection limits to
achieve detection of any radioactivity above the background of indigenous clean soil or other
preset limits.

The detectors are mounted on integral stands that straddle the conveyor belt for the clean
fractions of soil removed by the process. The Pb shielding is mounted on the stand and at the
sides of the detector and underneath the conveyor.

The controller provides data display and storage and alarm functions and facilitates control
and operation of the monitoring system. Under normal operating conditions, activity levels are
continuously monitored and displayed locally at the controller. In the event that preset activity
levels were exceeded, a local alarm would be activated and the reading would be both displayed
on the controller and stored in memory for future retrieval. This method of data handling

provides real-time operational feedback on soil washing efficiency, as well as historical information
for data reporting.

8. Additional Waste Strcams Generated

The soil washing system employs a closed-loop water treatment system that features the
continual reuse of all water utilized in the process; hence, makeup water requirements are
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minimal. Depending upon the contamination type(s), water trecatment may include
precipitation/flocculation, clarification, ion exchange, and carbon adsorption.

The total water inventory required for the soil washing system is approximately 2,000 gal for
a 20 ton/hr plant for initial startup with a minimal amount of makeup water added to the system
during operation.

9. Permits Required on Previous Sites

An Environmental Protection Agency (EPA) NPDES discharge permit is required at the end
of the project for the discharge of water. If a permit is not available, the water may be sent for
off-site treatment and disposal.

10. References

Foster Wheeler
EPA SITE Program
Mtr. Roger Gaire
(908) 906-6821

Company Contact:

Daniel R. Dilday, Business Development
EcoTek
(513) 825-8030

3.7 Lockheed Environmental Systems and Technologies Co.

Lockheed Environmental Systems & Technologies Co. (Lockheed) is located in Las Vegas,
Nevada. The treatment technology developed by this company is referred to as the TRUclean
process. This technology was originally developed to separate Pu and Am from a coral soil
matrix. The technology was later modified to separate DU from firing range soils. The following
provides relevant information as to how the criteria in Section 3 are met by the technology.

1. Previous Experience

The Lockheed TRUclean process was initially tested in a nonlaboratory setting in connection
with a DNA pilot project on Johnston Atoll in the South Pacific in late 1985. The first
production-size system was assembled on Johnston Atoll in November of 1988. Approximately
1,000 yd® of the 100,000 yd* of contaminated soil at Johnston Atoll was processed with the
TRUclean process. This processing plant has a 15 yd*hr capacity and a minimum sensitivity on
the order of 5 pCi/g of Pu-239.

The TRUclean process is currently in use at the China Lake Naval Weapons Center in
southern California. At this site the process, which has been modified, is being used to separate
DU from soil fractions at a firing range. A total volume of 6,600 yd* of contaminated soil is
scheduled to be processed. Work at this site is expected to be completed in the summer of 1993.
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2. Cleanup Process

With the Lockheed TRUclean process, contaminated soil is first placed in a fced hopper
(see Figure 13). The soil is sorted by size, and the larger pieces are directed to a crusher. The
crusher is optional, depending upon soil and contaminant type. When the crusher is used,
crushed soil is fed back into the feed hopper. The soil is then transported to the sorter section
conveyor, where it is leveled and spread to a depth of approximately 2 in. before passing beneath
an array of radiation detectors. Signals from the detectors are computer processed to determine
if the soil’'s contamination level exceeds the defined action level. When activity exceeds the action
level, a gate directs soil to the decontamination section of the system. When activity does not
exceed the action lével, a gate directs soil to the clean stockpile where it is sampled and released
for unrestricted use.

Contaminated soil is mixed with water and forms a slurry as it enters the decontamination
section. The slurry flows into the gravimetric separator and is subjected to a pulsed pressure wave
generated by a diaphragm. Continued agitation causes the radioactive materials to separate from
the lower specific gravity soil particles. After being dewatered, decontaminated soil particles are
delivered to a conveyor where the radiation detectors again monitor for radioactivity. Signals
from the detectors drive a gate to direct soil to either the clean soils pile or divert it for further

processing. Clean soil is sampled and certified to be nonradioactive before release to unrestricted
use.

Soil diverted for further processing then enters the chemical leach system where chemicals,
such as sulfuric acid, are added to the soil. The chemicals leach the U from the soil particles.
This is required because U contamination commonly adheres to soil particles. The chemical
leaching system consists of a series of ten 5,000-gal tanks. - After the chemical leaching system, the
slurry enters a countercurrent ion exchange system where the U is removed from the slurry. The
slurry then goes to a filter press where the leaching solution is removed from the clean soil. The
leaching solution may then be chemically adjusted and recycled.

3. NRC Licensed Laboratory

Lockheed has NRC licensed facilities available for conducting bench-scale testing.

4. Previous Cleanup Levels Achieved

Initial DU contamination levels at China Lake ranged from 4,000 to 5,000 pCi/g for material
in the catchment box and 40 to 500 pCi/g for soils surrounding the catchment box. Cleanup levels
achieved to date at China Lake are below 35 pCi/g with a 92% overall volume reduction.

5. Portability of Equipment
The Lockheed TRUclean system is trailer-mounted and completely transportable. The

TRUclean systen: requires 1 to 6 months for setup depending on site conditions and required
equipment.
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6. Economics

The approximate costfyd® of soil ranges from $100.00 to $2,000.00 depending upon site
conditions. The cost range for a bench-scale is $200,000.00 to $250,000.00. This includes soil
characterization, developing a treatment approach, and testing the treatment approach.

7. Radiological Soil Process Monitoring

In the Lockheed TRUclean process, soil is leveled and spread to a depth of approximately
2 in. on a conveyor belt. The soil then passes beneath two rows of gamma radiation detectors.
Signals from the detectors are computer processed to determine if the soil’s contamination level
exceeds the defined action level. When activity exceeds the action level, a gate directs the soil to
the decontamination section of the system. When activity does not exceed the action level, a gate
directs the soil to the clean stockpile where it is sampled and released for unrestricted use. After
the decontamination section, the soil passes beneath a similar array of detectors where soil is once
again separated according to activity level. All soil released for unrestricted use is thoroughly
sampled to verify the activity level is below 35 pCi/g.

8. Additional Waste Streams Generated

The only additional waste stream generated by this process is water. After the water has
been used in the system, it is placed in a lined settling basin where the water may be recycled or
evaporated. The sediments in the settling basin will be packaged for disposal. The chemicals used
in leaching systems are continuously recycled.

9. Permits Required on Previous Sites

At China Lake, a water usage/discharge permit was required by the State of California.

10. References

Dr. Edward Bramlitt

Technical Director

Defense Nuclear Agency, Field Command
(505) 846-8568

3.8 Nuclear Remediation Technologies

Nuclear Remediation Technologies (NRT), a division of General Atomics, is located in San
Diego, California. The treatment technology developed by this company is referred to as the
NRT soil washing/chemical extraction system. This technology was developed for the removal of
radioactive contaminants from soils. The following section provides relevant information as to
how the criteria in Section 3 are met by the technology.
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1.  Previous Experience

Nuclear Remediation Technologics (NRT), a Division of General Atomics, recommends soil
washing combined with chemical extraction to separate DU from soil. NRT works with Bergmann
USA (Bergmann), the applied environmental technologies group of Bergmann/Linatex, for supply
of soil washing technology. Bergmann/Linatex has designed and built 18 soil washing plants
operating on hazardous waste contaminated soil and sediment in Holland, Belgium, and Germany.
The soil washing plants range in size from 5 to 75 tons/hr and are removing hazardous metals and
organics by physical and chemical separation methods. For providing full-scale chemical extraction
equipment, NRT would work with a chemical equipment manufacturer to construct a plant
suitable for removal of DU contaminants from the finer fraction of soil.

2. Cleanup Process

NRT, under contract to Canonie Environmental Services, performed centrifugal
concentration/soil washing bench-scale tests on DU contaminated soils from a firing range owned
by Olin Ordinance (see Figure 14). A Knelson centrifugal concentrator was successfully used to
clean the soil to 15 pCi/g from a starting contaminant of 150 pCi/g. DU contamination was
present in the form of metallic particles (4 x 325 mesh) and fused silica particles containing U
oxide from pyrophoric ignition of projectiles.

In 1992, NRT, under contract to Advanced Sciences, Inc., conducted bench-scale treatability
tests with a combination of soil washing and chemical extraction techniques for removal of Cs
(Cs'") at the Test Reactor Area (TRA) Warm-Waste Ponds (WWP) at the INEL. Tests results
indicated that by combining selected process steps, more than 90% of the WWP sediment could
be reduced to the required Cs-137 concentration of 690 pCi/g or less.

Also in 1992, NRT, under contract to Barge, Waggoner, Sumner & Cannon, conducted
bench-scale soil washing and chemical leaching tests on Pu and Th contaminated soils at the DOE
Mound Site. Testing showed that the initial activity of 1,950 pCi/g could be reduced to 148 pCi/g
with a 92% volume reduction.

The soil washing/chemical extraction system NRT recommends for YPG would be similar to
the system proposed to EG&G Idaho, Inc. for the Pit 9 remediation of Pu contaminated soil, with
some significant modifications. This system has only been tested at the bench-scale. With this
system, soil is fed onto a grizzly bar screen where oversize material will slide off \he grizzly onto a
conveyor belt where it will be transferred to the Oversize Material Processing Area. Should this
coarse material be characterized as contaminated, it will be sent on to further processing.
Undersize material (nominal <2 in.) will pass the grizzly bars and fall into a hopper. Here it will
await discharge via a belt feeder.

The belt feeder then transports the material to a trommel scrubber. The purpose of the
trommel scrubber is to thoroughly mix the <2 in. dry feed with water creating a slurry, breaking
up lumps of debris and soil, and deagglomerating contaminated finer soil particles (<0.25 in.)
from larger debris. The slurried and thoroughly mixed waste material will exit the trommel and
drop onto a flat deck vibrating screen with 0.25 in. openings. The <0.25 in. material will pass
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through the screen for further processing downstream. The <2 in. plus 0.25 in. matcrial will
spread out and move along the top of the screen deck, where it will be thoroughly cleaned by
high pressure (2,000 psi) fan water sprays.

The <2 in. plus 0.25 in. material will then pass under alpha, beta, and gamma radiation
detectors. If clean, it will be directed to clean material dumpsters where it will await final
characterization to verify <35 pCi/g. If the material is not clean (>35 pCi/g), it will be placed
into containers for disposal. . :

The <0.25 in. material from the underflow of the flat deck screen would then be pumped to
a Linatex Separator. The Linatex Separator is a high-efficiency hydrocyclone designed to provide
a consistently dense underflow (coarse) product regardless of fluctuations in feed percent solids.
The separation action within the separator is produced by the rotation of the fluid as it flows
through the unit. This rotation develops high centrifugal forces, which tend to move both the
larger and denser particles to the wall where they flow down to the underflow. Finer and less
dense particles remain near the center of the cyclone and are carried out to the overflow along
with most of the water associated with the feed. As a result, the underflow contains the coarser
and denser particles at a solids concentration on the order of 70% by weight. The primary
purpose of this specific hydrocyclone is to control the pulp density of the <0.25 in, material
passing from the underflow and into the Linatex Hydrosizer.

The Linatex Hydrosizer is a dense media separator. As feed enters the top of the
hydrosizer, the particles of solids are met by an upward rising current of water. Lighter gravity
particles (e.g., less than 1.6 in gravity) cannot penetrate this bed and are floated from the top of
the hydrosizer. Heavier and coarser sand particles do penetrate this dense bed and are removed
from the unit by means of a pneumatically operated underflow valve.

The low specific gravity material will be monitored and either returned to the site or
packaged for disposal after dewatering. The high-specific gravity material will pass out the
underflow discharge valve of the hydrosizer by gravity and into the Attrition Scrubber.

The Attrition Scrubber is a high energy, high shear, multistage mixer. The purpose of this
unit is to thoroughly abrade or scrub the <0.25 in. material. This results in a clean coarse
fraction and a contaminated fine slurry fraction. The contaminated fine slurry fraction is
transferred with the process waste waster for treatment and the clean coarse fraction passes on to
a Knelson Concentrator.

The Knelson Concentrator is a high speed fluidized bed centrifuge. The purpose of this
device is to capture high specific gravity metals and metal oxides and remove them from the
<0.25 in. material. The high specific gravity concentrate will, by definition, contain a high
contaminant level. This material will be packaged for disposal. The <0.25 in. lower specific
gravity material from the overflow of this unit will flow to yet another Linatex Separator.

This second Linatex Concentrator wili be configured to make a sand and silt split at
200 mesh. The plus 200 mesh will flow to a horizontal belt filter for final dewatering and then be
placed in dumpsters, while analytically verifying that it is <35 pCi/g. The <200 mesh material will
flow to another Linatex Separator configured to make a silt and clay split at 325 mesh. The <200
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plus 325 mesh material will then be dewatered and placed in dumpsters, while analytically
verifying that it is <35 pCi/g. The <325 mesh material will flow to an inclined plate clarifier to
collect and settle the material. The sludge from the clarifier will then be placed in a filter press
for dewatering before chemical extraction.

The Chemical Extraction will be used to extract the U from the <325 mesh material and all
other fractions not meeting the <35 pCi/g criteria.

3. NRC Licensed Laboratory

NRT's San Diego facility is licensed by the NRC and the State of California to handle a
variety of radioactive materials. This facility could be used to conduct bench-scale treatability
studies to establish the soil characteristics, contaminant distribution characteristics, and the
behavior of the various soil fractions when subjected to specific physical and chemical separation
treatments.

4. Previous Cleanup Levels Achieved

In bench-scale centrifugal concentration/soil washing tests on DU contaminated soils from a
firing range owned by Olin Ordinance. A Knelson centrifugal concentrator was successfully used
to clean the soil to 15 pCi/g from a starting contaminant of 150 pCi/g.

In bench-scale soil wash and chemical extraction tests conducted for removal of Cs-137 at
the TRA WWP at the INEL, tests results indicated that by combining selected process steps,
more than 90% of the WWP sediment could be reduced to the required Cs-137 concentration of
690 pCi/g or less.

In bench-scale soil washing and chemical leaching tests on Pu and Th contaminated soils at
the DOE Mound Site. Testing showed that the initial activity of 1950 pCi/g could be reduced to
148 pCi/g with a 92% volume reduction.

5. Portability of Equipment

Soil cleaning plants can be provided in a range of sizes from small, truck-mounted pilot
plants capable of processing several hundred pounds per hour up to large, modular plants capable

of 75 tons/hr. All plants are constructed in modular fashion to facilitate rapid assembly and
disassembly. :

6. Economics

The approximate cost/yd® of soil ranges from $540.00 to $1350.00 depending on site
conditions. The cost range for comprehensive bench-scale testing ranges from $200,000.00 to
$300,000.00, and includes a preliminary design for a full-scale system.




7. Radiological Soil Process Monitoring

Characterization in the soil washing process will be accomplished using alpha, beta, and
gamma detectors. These detectors will be used to analyze all input and output stream and
intermediate process conditions.

8. Additional Waste Streams Generated

The modular Bergmann Waste Water Treatment System is used as the primary water
treatment system for the soil washing system to clean and recycle the process water. This system
uses standard flocculation and sedimentation technology enhanced by polyelectrolytes to
precipitate and remove, via inclined plate clarifier, <325 suspended particles. Dissolved solids,
(including heavy metals) that are precipitated by pH adjustment causing the formation of metal
hydroxide salts, are then removed by dissolved air flotation.

Solids from the inclined plate clarifier and dissolved air flotation system are then dewatered
via a belt filter press. The resultant filter cake is then sent for solidification and stabilization.
The clarified process water, if sufficiently cleaned of U, is returned to the soil washing system. If
not sufficiently cleaned of U to prevent cross-contamination, it will pass to the iron ferrate water
treatment module. '

The Analytical Development Corporation (ADC) will supply the potassium ferrate (K,FeO,)
for the ferrate precipitation system. This technology was developed by the LANL and acquired
by ADC for exclusive use by ADC. The ferrate has been shown to be very effective in the
reduction of gross alpha and beta radioactivity from a variety of radioactive elements. Ferrate
also produces only 1/4 to 1/3 of the volume of sludges produced by other conventional flocculants
and precipitants.

9. Permits Required on Previous Sites

Because a full-scale system has not yet been constructed, no permits have been required.
10. References

Yusuf Noorani
Advanced Sciences, Inc.
(208) 529-2002

Kirby Burton

Barge, Waggoner, Sumner & Cannon
(513) 438-0378

3.9 Alternative Options for Management of LU Contaminated Solis

Another alternative is to excavate the DU contaminated soil and dispose of it at a facility
licensed to receive DU contaminated soil. Envirocare, a facility located in Utah, has obtained an
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NRC license to reccive low-level waste (also specific RCRA hazardous wastes and mixed wastes),
including DU contaminated soils. The maximum concentration of DU acceptable for disposable
at the facility is 1.1 x 10% pCi/g.

The costs affiliated with analysis required by Envirocare, excavation, packaging, and shipment
of DU contaminated soil from YPG presented in this report are estimates based on information
derived directly from Envirocare. '

Disposal costs for disposal of DU contaminated soils at the Envirocare facility range from
$24.00 to $30.00/ft>. Shipment costs depend greatly upon the type of shipping containers, etc.
that the soil will be shipped in. The most cost effective containerization is shipping via bulk lined
railcars. The cost for this depends upon the mileage, weight of soil per car, and the potential
volume. Union Pacific works closely with Envirocare in the shipment of soils to their facility. An
approximate cost of $51.50/net ton on 170,000 Ib minimum weight was quoted to the INEL for
railcar shipment [Charlie Black, Union Pacific Railroad (402) 271-5204.]

3.10 Partial Volumetric Reduction/Disposal of
DU Contaminated Solls

An additional alternative is to utilize an existing gravitational separation device, screen or
both, to reduce the volume of DU contaminated soil to approximately 50% as discussed in
Section 2 and dispose of the remaining contaminated soil at a disposal facility. This can be done
by a combination of processes that include treatment technologies described in Section 3.0 of this
report. The remainder of the soil that has not achieved the 35 pCi/g cleanup level can be
disposed of at the Envirocare facility in Utah.

This will require obtaining a cost breakdown for the gravitational separating device and
having the actual excavation, packaging, shipping, and costs invoked by Envirocare. This should

cost less, and wastestreams generated by a soil washing, or other type of process, would not be
generated.
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4. SELECTION BASIS

Each treatment technology described in Section 3 has some basis for the feasibility of
remediating DU-contaminated soils. This section will provide a tabular summary of each
technology, screening application of the technology, and a final recommendation in Table 6.

4.1 Summary of Treatment Technologles

The treatment technologies presented in Section 3 are summarized in tabular form in this
section. The specific areas that are emphasized are listed at the head of each column, with the
technology listed at the left hand side of Table 6.

As shown in Table 6, all of the identified technologies have had some experience in the area
of either a bench-scale/pilot plant or full-scale remediation application for contaminated soils.
The contaminants range from heavy metals, radiological, to DU contaminated soils. The following
section will present an overall review of the treatment technologies and a discussion of each
treatment technology to determine the feasibility of the technology for the YPG DU
contaminated soils. A high, medium, or low ranking shall be assigned to each treatment
technology based on the discussion. Some pilot-scale or bench-scale testing will be required for
the selected treatment process. Each process must be tailored to the soil and its conditions as
well as the contaminant structure.

4.2 Screening Criteria

This section of the report discusses each treatment technology to determine which
technology(ies) presumably will achieve the required cleanup levels for YPG. The discussion will
center around the capability of the treatment technology to (a) clean DU contaminated soils, and
reach the specified release limit of 35 pCi/g, (b) actual field experience in conducting a full-scale
treatment, and the (c) feasibility of cleaning the DU contaminated soils based on the geochemical
analysis. If the treatment technologies do not attain a high or medium ranking based on the
evaluation, then the treatment technology will be screened out.

The ranking is based on the following rating system:

High This technology has a very high probability of separating the DU contamination
from the soils at YPG based upon the past use of this technology and the
applicability of the technology to the conditions at YPG. The high ranking is
based on whether the technology has had experience with radioactive/DU/U
contaminants, has undergone a full-scale remediation, and has been successful in
applying the treatment technology to the contaminated site.

Medium This technology has a good to fair probability of separating the DU contamination

from the soils at YPG based upon the past use of this technology and the
applicability of the technology to the conditions at YPG. The medium ranking is
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Table 6. Tabular summary of each treatment technology.
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bascd on the fact that the technology has had only limited experience with
radioactive/DU/U contaminants, has only undergone a BS/PP study, and has had
limitcd success in application of the trcatment technology to the contaminated
site.

Low This technology has a poor probability of separating the DU contamination from
* the soils at YPG based upon the past usc of this technology and the applicability

of the technology to the conditions at YPG. This technology may have the ability
to treat the contaminated coarse or fine soil fraction, but not both. The low
ranking is bascd on the fact that the technology has had little or no experience
with radioactive/DU/U contaminants, had undergone only a BS/PS study, and has
had little or no success in application of the trecatment technology to the
contaminated soils.

After the trcatment technologies have been screencd out, each remaining treatment
technology will be evaluated against the following:

¢  Volume reduction
o Cost for bench-scale/pilot plant.
4.2.1 Appilication of Treatment Process to YPQ Soils

This section will discuss the ranking assigned to each treatment technology and its
application to YPG DU contaminated soils.

4.2.1.1 Discussion of TMA Eberline Treatment Technology. Operational details of the
soil washing system are not available, particularly the segmented gate system. However, it appears
to be based on physical separation systems, probably screening apparatus, density separators, and
particle classifiers. In principal, this system should work well with the Yuma U contaminated
materials. The individual particles of U minerals and metal should respond well to both the size
and density separation procedures because the U appears to oe concentrated in the coarse and
fine size fractions and the U particles have a much higher density than the matrix material.
Adsorbed or ion exchanged U will probably require chemical extraction methods for removal.
Like all physical systems, it has minimum secondary waste streams and minimum chemical
alteration of the cleaned soil.

TMA/Eberline's experience with radiological contamination at Johnston Atoll and previous
work is excellent, however, their experience with soil washing is somewhat limited. Therefore,
TMA/Eberline is rated as medium as their technology applies to YPG.

4.2.1.2 Discussion of Bradtec Treatment Technology. This system is a chemical
treatment system and probably would not be appropriate for treating all the YPG DU waste.
tlowever, combined with other methods, it might be very effective, particularly for treating the U
concentrated in the fine particle size fraction. If it is present as coatings, chemical dissolution
methods are possible removal methods, but the calcium carbonate in the Yuma soils would
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decrease the clfectiveness of methods using acids or any other chemical system that requires a pH
other than about 8 to bhe cffective.

Bradtec's chemical treatment technology may have considerable difficulty removing the U
from the coarse soil fraction. This along with the fact that the Bradtcc process has not been
demonstrated on a full-scale result in a low rating as their technology applies to YPG.

4.2.1.3 Discussion of B&W Nuclear Services, Inc. Treatment Technology. The system
is based primarily on a combination of wet physical separation methods. In principle, the system
would be appropriate for the trcatment of the YPG contaminated materials. However, the system
has not progressed beyond the initial bench-scale tests. Extensive development work would be
expected before it could be put into production at YPG.

B&W's soil washing technology would be well suited to remediate the Yuma Proving
Ground soils. However, because this technology has not becn demonstrated on a full scale, it is
rated as "Mcdium"® as it applics to YPG.

4.2.1.4 Discussion of Westinghouse Scientific Ecology Group, Inc. Treatment
Technology. This method is based primarily on chemical leaching and would be appropriate for
the fine soil fraction, provided that the U in the coarse fraction of the soil was removed before
the chemical treatment (assuming that the U is in fact present as metal or another form that can
be removed by a simple physical process as previously discussed in Section 3.4. The nature of the
leachate is not known, but for greatest effectiveness it should be stable in pH 8 solutions.

The Westinghouse SEG Soil Washing System has demonstrated its ability to successfully
remediate soils contaminated with U. With this experience and a proven technology, it is rated as
high as it applies to YPG.

4.2.1.5 Discussion of S. G. Frantz Company, Inc. Treatment Technology. The S. G.
Frantz magnetic system is probably not appropriate for processing all of the YPG U waste
because the DU is prescnt in several different forms. However, the magnetic method could be
very effective if combined with other separation methods. For example, it could be very difficult
to separate individual particles of U metal or a particular U compound if these are present as
individual grains. The system is in the development stage and probably requires significant
additional work before production is achieved.

The S. G. Frantz technology would have considerable difficulty in treating both the fine and
coarse soil fractions. This along with the fact that this technology has not been demonstrated on
a full-scale result in a low rating as their technology applies to YPG.

4.2.1.6 Discussion of EcoTek, inc./Brice Environmental Services Corp Treatment
Technology. This system uses a serics of wet physical separation procedures based on size and
density differences among the matcrials present in the contaminated soil. In principle, this
approach may be ver; cffective when applied to the YPG soils. The individual particles of U
minerals and metal should respond well to both the size and density separation procedures
because the U appears to be concentrated in the less than 4.25 mm size fraction and the U
particles have a much higher density than the matrix material. Adsorbed or ion exchanged U will
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probably requirc chemical extraction methods for removal. As is true of all potential remediation
methods, the final design parameters would only be determined following detailed characterization
of YPG contaminated soil, and bench and pilot testing using YPG matcrials. The selection of
components depends on specific site conditions and nature of contaminants. Because of the
myriad of contaminant types and soil conditions, bench-scale testing is required to determine the
optimal approach.

EcoTek and BESCORP have extensive expericnce with radiological contaminants and soil
washing. Based on their past experience and proven technology, it is rated as high as it applies to
YPG.

4.2.1.7 Discussion of Lockheed Environmental Systems & Technologies, Inc.
Treatment Technology. This system is based on a combination pH physical separation methods,
mainly gravity separation and chemical leach techniques, including acid leach. Physical methods,
particularly density scparation, are appropriate for separating the metallic U from the coarse soil
size fraction and individual U mincral particles from the fine soil size fraction. Chemical
dissolution methods might be useful for removing U coating adsorbed material and ion exchanged
material. However, it should be noted that the calcium carbonate (calcite probably present) in
the YPG soils will cause acid leaching to be less effective than at other locations.

Lockheed has demonstrated their ability to remediate DU contaminated soils on a {full-scale.
With some modifications, their system has a very high probability of being able to remediate the
YPG soils. This technology is rated as high as it applies to YPG.

4.2.1.8 Discussion of Nuclear Remediation Technologies. The NRT soil cleaning
approach is based primarily on physical separation methods, mainly screening, together with
sophisticated density and size scparation apparati. Unspecified chemical extraction methods are
suggested by NRT for the less than 0.003 in. size fraction. In principal, this system should work
well with the YPG DU contaminated soils. The individual particles of U minerals and metal
should respond well to both the size and density separation procedures because the U appears to
be concentrated in the coarse and fine size fractions and the U particles have a much higher
density than the matrix material. Adsorbed or ion exchanged U will probably require chemical
extraction methods for removal. The NRT system is a modular design and can be easily modified
to meet the requirements of a specific site. As is true of all potential remediation methods, the
final design parameters would only be determined following detailed YPG contaminated soil
characterization and bench-scale testing using YPG contaminated soils. '

NRT's soil cleaning technology would be well suited to remediate the YPG soils. However,

because this technology has not been demonstrated on a full-scale, it is rated as medium as it
applies to YPG.

4.3 Recommended Treatment Technologies

Table 7 summ...1zes the treatment technologies, the assigned ranking, the volume reduction,
and the bench-scale costs. Westinghouse SEG, EcoTek/BESCORP, and Lockheed were all
assigned a "high" ranking based on the criterion assigned above.
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Table 7. A summary of the assigned ranking, the volume reductions, and the bench-scale costs of

the treatment technologies.

Volume
Bench-scale cost reduction CosWd3
Treatment technology Ranking ()] (%) (O]
TMA/Eberline Medium 25,000-50,000 98 100-200
Bradtec-U.S., Inc. Low 12,000-13,000 - 50-100
B&W-NESI Medium 30,000-70,000 8S 35
Westinghouse SEG High 30,000-100,000 9 100-1,000
S. G. Frantz Low 12,000-15,600 - 6-6,000
EcoTek/BESCORP High 70-95 20-625
Lockheed Eavironmental Systems & High 200,000-250,000 92 100-200
Technologies Co.
Medium 200,060-300,000 - 540-1,350

NRT
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5. CONCLUSIONS

The information provided in this report closely follows the guidelines established by the EPA
for the remediation of a Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) site. Although the YPG is not regulated as a superfund site, it was determined
that the mechanism designed by the EPA to determine the feasibility of a treatment technology
for remediation of a site can be implemented here. The following sections describe a CERCLA
treatability study, a review of regulatory requirements that may be applicable for the remediation
of the site, and a final recommendation.

5.1 Treatability Studies

Although the YPG site is not a CERCLA site, the treatability study process defined by the
EPA streamlines the mechanism in which a remedy is selected for cleanup of the site and its
implementation. A treatability study, as defined under CERCLA, is a set of laboratory or field
tests that are "designed to define critical data needed to evaluate and, ultimately, to implement
one or more technologies." A treatability study generally involves characterizing a site and
evaluating the performance of a treatment technology for remediation of the site. Three tiers
are defined in a treatability study, these are (1) laboratory screening, (2) bench-scale testing, and
(3) pilot-scale testing. The first two of which will be discussed here.

Laboratory screening is used to yield data to define the technology’s potential to meet the
remediation goal. It also serves to identify parameters for investigation during bench- or pilot-
scale testing. This laboratory screening was used in this phase of the project to determine the
feasibility of remediation of the YPG soils by the specified treatment technologies.

The second phase is to implement a bench-scale testing. This phase is intended to
determine the technology’s performance for the site. A bench-scale testing will verify that the
technology can meet the expected remediation level of 35 pCi/g. The study will also serve to
provide cost and design information relative to the specified treatment technologies.

5.2 Regulatory Requirements

Instituting remediation at a site will require an evaluation of regulatory requirements or
applicable or relevant and appropriate requirements. This should be done concurrently while the
treatability study is planned.

Installation of a treatment system utilizing a soil separation device and/or a soil washing
system plus some additional treatment methods discussed in the above sections of this report
would require a review of existing NRC, EPA, Arizona Department of Environmental Quality
(ADEQ), and U.S. Army YPG regulations and requirements.

In remediation of the site, there is a . gh probability that YPG may be required to excavate
the soil and move it to another location for treatment. If this is the case, YPG must ensure the
staging location is covered under the existing NEPA documentation and NRC license.
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Air. The existing ADEQ requirements for utilizing a soil separation/washing system would require
a review of Arizona Air Regulations for fugitive dust emissions resulting from the separation
and/or crushing activity.

Water Discharge Permit. Water that is used during the soil washing process may require an
evaporation pond of sorts. YPG currently has an evaporation pond. It may benefit YPG to
utilize an open storage tank versus an evaporation pond. This would not a require a water
discharge permit. Consideration must ensure wildlife does not have access to the water.

National Environmental Policy Act. The DOD and the DOE require documentation ensuring
that a negative impact to the environment Joes not occur from the treatment process. A review
of the process should be done and an environmental checklist prepared to determine if this
process falls under a categorical exclusion.

Solid Waste Disposal Requirements. The disposal of the remaining percent of soil containing
elevated concentrations of DU will require disposal at a facility licensed to receive this material.
If the material exceeds a 2,000 pCi/g level of U, disposal to the Utah Envirocare facility is not an
acceptable alternative.

Department of Transportation. Soils contaminated with DU must adhere to the DOT shipping
requirements for LLW. In addition to this, additional transportation regulations may be required
by the specific state for which the shipment is being transported through. This set of regulations
must be researched before commencing with this activity.

5.3 Final Recommendations

It is recommended that the U.S. Army YPG proceed to initiate bench-scale testing with the
three treatment technologies that were rated as high. This bench-scale testing is further defined
in Section 5.1. The bench-scale testing would serve to further evaluate each of the three
technologies and ensure the best technology will be utilized for the conditions at YPG.
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STEYP=MT-TL~-MP 30 Dec 92
MEMORANDUM FOR STEYP-ES (Dunfrund)
SUBJECT: Review of Laboratory data for INEL

1. Thank you for getting me a copy of the data from TSSI and Aspen
Laboratories for review. As you had noted to me there were several
items in both reports that needed clarification or change. I looked
deeper and found additional errors. I went to the COR for the
contracts and with his blessing have had the corrections made. I
will go over the items I had changed on an individual basis.

2. Technical Support Services, Inc. (TSSI) data on uranium
analysis: Corrected sheets attached.

On the data sheet "Analysis Results for Unknowns" the column
labeled "Result ug/ml" should read "Results ug/g." At your
request on the next page of the report I had a final note
added "Calculations: ICP results (ug/ml) X dilution (ml) /
soil (g) = results (ug/g)."

On the data sheet "Results for Standards and Spikes" the two
headers "Expected ug/ml"™ and "Obtained ug/ml" should read
"Expected ug/g" and "Obtained ug/g". Also under "Expected
ug/g" the number "200" should be "401.23" and the number "300"
should be "422.92".

A missing portion of the report "Environmental Monitoring,
Chain of Custody Forms" were located and are included. These
forms can be used to cross reference the Laboratory sample
numbers to the INEL sample numbers, but to make it clearer I

had them print out a cross reference sheet that can be
attached.

A missing portion of the report "Idaho Nationa) Laboratory
Uranium Study, Cover Letter and QA Release” and "“Storage and
Shipping Requirements" were located and are included.

3. Aspen Environmental Laboratory TCLP analysis. Corrected sheets
at*ached.

Your initial concern was that none of the results for Lead
meet the regulatory limits. I looked into how Aspen arrived at
their results and found several problems. There initial report
listed the units for lead as mg/L. These are the units that
the EPA uses for the regulatory limit. In the "Federal
Register/ Vol. 55, No. 61/ Thursday, March 29, 1990/ Rules and
Regulations" page 11804, for EPA Hazardous waste No. D008
Lead, CAS NO. 7439-92-1 the Regulatory level is 5.0 mg/L and
the Chronic Toxicity reference level is 0.05 mg/L. Looking at
their raw data indicates that is not what they reported. They
calculated and the number they reported is the amount of lead

A-3



in the soil as ug/g of soil, but with the incorrect units of
ug/L. The TCLP procedure is very specific. In the above
referenced Federal Register on page 11873 Paragraph 8.15 it
reads, "Compare the contaminant concentrations in the
extract (my underline) with the thresholds identified in the
appropriate regulations." On there raw data and calculation
sheet they should have reported the value under "Actual ppm".
This value is what is in the TCLP extract and is about 20
times lower than what is in the soil. In talking to Aspen
laboratories I also found several other labeling errors on
their raw data and calculation sheet and other data sheets.
They refer to "Final Volume" when it should be "Extract
Weight" as TCLP requires you to add a weight of extraction
fluid that is 20 times the solid sample weight. I talked to
Aspen about this and they confirmed that in fact this column
is a weight. If this is true then the final calculated value
of lead in the soil in ug/g needs to be corrected for the
density of the TCLP extract, which they do not do. All of
these extra calculations are not of importance to us as the
value we need is the concentration in the TCLP extract. I
asked Aspen to verify what I was telling them and they called
the EPA Regional office in San Francisco and verified that it
is the concentration in the TCLP extract that is to be
compared against the regulatory limit. Using these numbers,
all of the samples taken are below the regulatory limit. Aspen
is putting out an amended report that shows the amount in the
TCLP extract which reads "Reported in mg/L." If it were me I
would label it Reported in mg/L of extract. They alsoc are
putting out the data labeled "Reported in mg/Kg". If it were
me I would label it Reported in mg/Kg of Soil, and would
correct the answer for the density of the extract. Since we do
not need the concentration in the soil you could also
eliminate the page.

4. I hope this clears up the guestions concerning the data to be
sent to INEL. If you have any further questions feel free to call.

/VW/WJ

DAVID L. POND
CHEMIST
MATERIAL ANALYSIS LABORATORY



ENVIRONMENTAL RADIATION MONITORING
JUMA_PROVING GROUND
ANALYSIS OF URINE AND WATER FOR URANIUM

The analysis of urine and water samples for uranium are
performed by the Material Analysis Section under the following
guidelines. The instrumentation used is a ChemChek KPA-10 Kinetic
Phosphorescence Analyzer. The procedures used for the sample
preparation of urine samples are adapted from those suggested by
ChemChek Instruments, Inc., of Richland, Washington in their
Operation and Service Manual for the KPA-10.

The following procedure is applicable to both water and urine
samples. However, throughout the text we refer only to urine
samples since they are the more difficult of the two to analyze.
Using the methods described below, we have found that reliable
quantitation is obtained down to about 0.00017 ug/ml.

I. Reagents, Standards, and Supplies

Deionized Water: referred to as "di water"; preferably 10
megohms or better.

The term “n:n nitric:di water* refers to a volume/volume
solution of concentrated nitric acid and deionized water.

Uraplex: A proprietary uranium complexing reagent sold by
ChemChek specifically for use with the KPA. The Uraplex must
be filtered daily through a 0.45 um pore size filter and
stored in the refrigerator when not being used.

Uranium Stock Standard; A 1000 ug/ml solution available from
Leeman Labs. Dilutions of this standard are made using 1:19
nitric:di water.

Acid Dispenser: Eppendorf multipipettor, adjustable to
deliver 1-to 5 ml.

Liquid Scintillation vials, 20 ml: For analyses below ~0.2
ug/1l, vials must be leached in 4M nitric acid at 60 deg C for
two or more days to remove leachable uranium. As an
alternative, soak the vials in 1:1 nitric:di water for 2-3
weeks at room temperature. Rinse well with di water.

Hot Plate: Used with or without optional heating block
designed to hold scintillation vials.

Muffle Furnace: optional
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II. Sample Preparatiosn

Raw urine cannot be analyzed .ithout pretreatment except at
levels well above 0.020 ug/ml. The reason for this is that the
organ'c constituents phosphoresce, complex uranium, and along with
chloride, quench uranyl phosphorescence. Therefore, wet-ashing
becomes increasingly important as the desired detection is lowered.
Good ashing technique is essential to obtaining high precision.

A. Add 5 ml of sample to a 20 ml vial.
NOTE: Samples with solids must be homogenized (vigorously
stirred), because uranium concentrates in solids.

B. Add 3 ml of 16 M nitric acid with swirling and 0.5 ml of 30%
hydrogen peroxide.

C. Place vials on hot plate at moderate heat and NEAR boiling for
several hours. After partially cooling the samples, hydrogen
peroxide may be effectively added at this time.

D. 1Increase heat to boil dry. If needed, replenish oxidants 2-3
times until the residue is pale yellow to white. Use 1 ml of
16M nitric acid and 0.25 ml of hydrogen peroxide each time.

OPTIONAL: When the vials are dry, place in muffle furnace at
500-550 degrees C for at least 1/? hour.

NOTE: WET-ASHING MUST BE COMPLETE TO AVOID RESIDUAL ORGANICS.
FURNACE TREATMENT WILL NOT COMPENSATE FOR POOR WET-ASHING.

The presence of carbon black after the furnace step indicates
incomplete wet-ashing. For less than 0.2 ug/l samples, the ashing
should be restarted with a fresh aliquot.

E. When cool, dissolve the urine salts in 2 ml of 1:1 nitric:di
water with warming. Dilute to 10 ml with di water. Swirl to
mix. Final volume may be determined by weight.

F. For low level samples, it is beneficial to let solutions sit

overnight to let micro-particulates settle out. Centrifuging
is an alternative.

G. Analyze resulting solutions with the KPA as described in the
next section. Avoid picking up solids with the sample
aliquot.

III. Analysis of Samples

The ChemChek KPA-10 Analyzer is too complex for us to write a
detailed description of the operating procedure. The following is
- a general outline of the analysis process. Before an operator can
be expected to produce good data with this instrument, it is
expected that he/she will be trained by an experienced operator and
will have spent time studying the Operators Manual.
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Preparation of Spiking Standards

These solutions are made by making serial dilutions of a
1000 ug/ml uranium solution, available from Leeman Labs, with
1:19 nitric:di water. If low levels of uranium are
anticipated for the samples, the dilutions should be prepared
down to the 0.01 ug/ml level.

Preparation of Calibration Standards

From the above spiking standard solutions the following
calibration standards need to be made; 0.0001, 0.0005, 0.001,
0.005, .01, and .05 ug/ml for the low range and 0.05, and 0.1,
.5, 1.0, amd 2.0 ug/ml for the high range. These calibration
standarde are made with the 5% nitric acid solution and spiked
with the appropriate amount of the spiking solution.

NOTE: Concentrations selected for standards will vary with
the concentration range of the samples being analyzed.

Quality Control

To ensure that the analytical processes used are
effective and accurate, each batch of urine samples will
include spiked samples of the operator’s urine. Three samples
will be spiked as described below, and then carried through
the same sample preparation procedures as the rest of the
urine samples. The three samples can also be unknown'’s,
sample duplicates, or other QC checks, as long as there is
sufficient checks made to validize the data.

QC Standard 1: To 5 ml of urine in a 20 ml scintillation
vial, add 50 ul of the 0.1 ug/ml spiking standard. This will
yield a sample with a concentration of 0.001 ug/ml.

QC standard 2: Prepare like QC standard 1, using 50 ul of the
1.0 ug/ml spiking standard. This will yield a sample with a
concentration of 0.01 ug/ml. _

QC Standard 3: Prepare like QC standard 1, using 50 ul of
10.0 ug.ml spiking standard. This will yield a sample with a
concentration of 0.1 ug/ml. .

The spike recovery of each QC Standard should be within
20% of its actual concentration. 1If not, the sample batch
(with additional QC standards) should be analyzed again after
a procedural review by the On-site Chemist and/or the On-site
Manager. ‘

Final Preparation for Calibration and Analysis ‘

Filter the Uraplex through a millipore filtration system
with a 0.45 um pore size. Turn on the ChemChek and computer
systems and then place the calibration standards in rack 1,
the samples in rack 2 and the QC Standards in rack 3.
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Calibration Procedure

Enter the calibration portion of the software through the
Main menu and, using 1:19 nitric:di water, make background
measurements for both the low and high ranges.

Next, place the calibration standards in the rack and

put the mixing tubes into their corresponding positions.
Make sure to check the linearity, intensities and lifetimes
of the calibration standards to see if they are within their
limits before goingto the next one. When both of the ranges
are calibrated, go to the Main menu and select the Analyze
menu.

Analysis Procedure

From the Analyze menu go into Data Entry and list the
samples by name and location in the racks. It is also a good
idea to run the calibration standards against themselves as a
secondary check. Enter the theoretical concentrations and
dilution factors of the calibration standards and the quality
control samples so that the computer will automatically
calculate their § recoveries. Analyze the batch of samples,
turn off the system and refrigerate the Uraplex.

A-8



Idaho National Laboratories Uranium Study
Rinse Wate' Results

Laboratory Personnel:
Manager/Chief Chemist; Stephen Maurer, MS Chemistry
QC Manager; Ranell Caiazzo, BS Biology, 8 years
experience at YPG laboratory
Analyst; Daron Hargadine, BA Chemistry

Analytical Method:

Data for the analysis of the water gsamples was obtained
through the use of a developmental procedure titled *Environmental
Radiation Monitoring, Yuma Proving Grounds - Analysis of Urine and
Water for Uranium". This method has not been submitted for Nuclear
Regulatory Commission approval. The method will be submitted in
the near future.

Deviations from Written Procedure:

Due to the low concentrations of uranium in the samples 100.0
ml aliquots were evaporated down to 10.0 ml. Then 6.0 ml of
concentrated nitric acid and 1.0ml ol 30% hydrogen peroxide were
added to the sample vials. The samples were evaporated to dryness
and cooled. 2.0ml of concentrated nitric acid and 0.5 ml of 30%
hydrogen peroxide were added and the samples were evaporated to
dryness again. This step was repeated four times. The samples
were then placed in a muffle oven for 30 minutes at 550 C and
brought back up to 10.0ml with 5% nitric acid. The samples were
capped and left over night to insure that all the uranium was
redissolved in the liquid. Then they were analyzed on the Chemchek
KPA-10 Kinetic Phosphorescence Analyzer. All the samples were
analyzed using this deviation from the written procedure.



All samples were ana

Laboratory Sample Log Number/INEL Sample Number Correlation
zed on 7 Dec 92 at the time given.

Samgle ID$ Analysis

LAB Time
DI WATER 11:12 |
DI WATER PRE 11:17
DI WATER POST 11:37
92-4569 YPG-110392-SP-00-ER | 14:15
92-4569B-1 YPG-110392-SP-00-ER | 14:18
92-4569B-2 YPG-110392-SP-00-ER | 14:20
92-4570 1 YPG-110392-SP-00-FB | 14:23
92-4570 2 YPG-110392-SP-00-FB | 14:25 |
92-4585 1 YPG-110492-NP-00-ER | 14:28 |
92-4585 2 YPG-110492-NP-00-ER | 14:34
92-4586 1 YPG-110492-NP-00-FB | 14:38 '

| 92-4586 2 YPG-110492-NP-00-FB | 14:40
92-4669 YPG-110592-WP-00-ER | 12:09
92-4669 W/S | YPG-110592-WP-00-ER | 12:19
92-4670A-1 YPG-110592-WP-00-FB | 14:44
92-4670A-2 YPG-110592-WP-00-FB | 14:53
92-4670A-3 YPG-110592-WP-00-FB | 15:09
92-4670B-1 YPG-110592-WP-00-FB | 14:58
92-4670B-2 YPG-110592-WP-00-FB | 15:00 |
92-4670BB-1 YPG-110592-WP-00-FB | 15:03 |
92-4670BB-2 YPG-110592-WP-00-FB | 15:05 |
UNKNOWN 12:44
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Laboratory Sample Log Number/INEL Sample Number Correlation (cont.)
s ' '
| SAMPLE ID# ANALYSIS TIME

| 11-6-92 1 o 13:33
| 11-6-92 2 13:38
1 11-9-92 1 13142
| 11-9-92 2 13:48
| 11-10-92 13:50
| 13:55
13:59
14:01
14:03
14:06
14:09
14:11

| 11-10-92
[ 11-12-92
l 11-12-92
11-13-92
11-13-92
11-16-92
11-16-92

N - N = N0 = N -

Note:

The samples beginning with #11-6-92 1 were laboratory rinse
water gathered while cleaning our equipment. ‘
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Results from Analysis

SAMPLE # SPIKE MEASURED | S&DIFF | %
LAB ID# ADDED CONC. RECOVERY
(ppm) (ppm) (1/2*100)
IlDI Water 6.29E-6
ﬂ DI Water Pre 0.00500 4.53E-3 90.47
DI Water Post | 0.00500 | 4.93E-3 98.47
92-4569+ 9.95E-5
92-4569B-1 2.66E-4
| 92-45698-2 2.57E-4 | 103.50
92-4570 1 1.62E-5
92-4570 2 1.47E-5 | 110.20
92-4585 1 9.60E-4
92-4585 2 1.01E-3 | 95.05
92-4586 1 1.30E-5
92-4586 2 1.19E-5 | 109.24
I 92-4669 3.09E-6
92-4669 W/S | 0.00500 | 4.42E-3 88.34
92-4670A-1 9.34E-6
92-4670A-2 7.41E-6 | 126.04
92-4670A-3 9.67E-6 | 96.59
l (1/3)
92-4670B-1+ 9.00E-6
92-4670B-2+ 6.55E-6 | 137.40
92-4670BB-1 9.27E-6 |
92-4670BB-2 1.04E-5 |89.13
| uNkNOWN 0.007500 | 7.26E-3 96.80
-
|
|
||
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“Results cont.

RINSE SPIKE MFASURED | & DIFF %
WATER SAMPLES | ADDED CONC. (1\2*100) | RECOVERY
11-6-92 1 1.21E-3 ’
11-6-92 2 9.95E-4 | 121.61
11-9-92 1 2.69E-3
11-9-92 2 2.85E-3 | 94.39
11-10-92 1 2.42E-3
11-10-92 2 2.64E-3 | 91.67

f 11-12-92 1 4.50E-4

| 11-12-92 2 4.42E-4 | 101.81
11-13-92 1 2.05E-3
11-13-92 2 2.04E-3 | 100.49
11-16-92 1 1.23E-3

[11-16-92 2 1.15E-3 | 106.95

Notes:

Samples (92-456§* and 92-4670B*) experienced loss during the wet

ashing. Both samples were started over from scratch and analyzed
with the other samples.

The unknown sample was prepared by a chemist other than the
analyst. The concentration was unknown to the analyst until the
results had been obtain. The calibration standards were run after
the samples to make sure that the calibration curve was still
valid.

Most of the sampies were run more than once, this corresponds to
the Lab ID#s ending with a 1 or 2. Duplicate samples were also
prepared i.e. 92-4670A and 92-4670BB. The % difference between 92-
4670A's average and 92-4670BB’'s average was 89.54%.
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Calibration Check Results

Sample | Theoretical | Measured %
1d Conc. Conc. Recovery
1:19 blank 0.000144
.0001 ¢s | 0.000100 0.000182 182.27
.0005 cs 0.000500 0.000549 109.79
.001 cs 0.00100 0.00106 105.59
.005 cs 0.00500 0.00543 108.51 "
.01 cs 0.0100 0.0108 107.93 “
.05 cs 0.0500 0.0494 98.88 low
range
.05 cs 0.0500 0.0488 97.60 high
range
.1 ¢cs 0.100 0.106 105.81
.5 c8 0.500 0.498 99.58
1.0 cs 01.00 1.02 102.00
2.0 cs | 02.00 1.90 95.00

From this data,
0.0005 ppm.
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J.alyst Certification:

The preceding results are truthfully reported and were obtained
as indicated.

Daron Hargadine
Analyst_. .
SOOI Y
QC Manager Verification:
The preceding data has been reviewed as prescribed in paragraph

7.2.1.1. of the Sampling’ and Analysis Plan for the Yuma Proving
Ground Firing Range Restoration Project.

/éZLMAVZKZ‘ﬁﬂfa
/13 /65

Ranell Caiazzo
QC Manager

A-15



OVING G

ANALYSIS OF SOILS FOR URANIUM AND BERYLLIUM

The analyses of soils for uranium and beryllium are performed
by the Material Analysis Section under the following guidelines.

Uranium analysis for all samples will first be done with the
Leeman Labs Inductively Coupled Plasma Spectrophotometer (ICP).
Samples with concentrations less than ~100 ug/g as determined by
the ICP will be analyzed using the ChemChek Kinetic Phosphorescence
Analyzer (KPA).

Beryllium analysis for all seamples will be run on the ICP or
by atomic absorption spectroscopy (AA). Those with concentrations
less than 0.5 ug Be/g will be analyzed by AA. All others will be
analyzed by ICP.

I. Preparations
Solutions needed for analysis are as follows:

extract from a blank soil (soil # 504 wet ashed extract)
100 ug/ml uranium in 1:19 nitric:di water

10 ug/ml uranium in 1:19 nitric:di water

1 ug/ml uranium in 1:19 nitric:di water

Uraplex (KPA only)

The term "n:n nitric:di water* refers to a volume/volume solution
of concentrated nitric acid and deionized water (10 megohm or
better).

Uraplex is a proprietary uranium complexing reagent sold by
ChemChek specifically for use with the KPA. The Uraplex must be
filtered daily through a 0.45 um pore size filter prior to use.

The uranium stock standard is a 1000 ug/ml concentration available
from Leeman Labs. The acid mix is a volume:volume ratio of stock
concentrated nitric acid and 10 megohm (or better) di water.

The standard containing 10 ug Be/ml is prepared by serial dilutions
(described in the ICP section) from a standard containing 10,000 ug
Be/ml which is available from NBS. These dilutions should be made
with 1:9 nitric:di water.

To compensate for the effect of the soil matrix on the analytes of
interest, calibration standards are prepared by spiking an extract
of Yuma soil that is not contaminated by uranium or beryllium. The
soil used for the calibration standards must be certified to
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contain less than 1 ug U/g by neutron activation analy.is, and less
than 0.2 ug Be/g by atomic absorption analysis. The soil used for
the development work leading to this procedure is soil # 504 from
Yuma Proving Ground (YPG).

II. Microwave extraction

The microwave procedure described below is used to prepare
samples for the ICP, the KPA, and the AA. It is designed to
extract uranium contamination added to the soil by YPG firing
programs. It does not involve a total dissolution of uranium, and
any uranium locked up in the soil matrix is not accounted for by
this method. :

In short, uranium is extracted from a soil sample. An aliquot
is removed for analysis on the ICP. When analyte concentrations
below the ICP’'s quantitation limit are encountered, additional
aliquots are removed and prepared for analysis on the KPA and/or
the AA.

A. Weigh 0.50 g of finely ground soil (particle size <75 um)
into a tared teflon microwave extraction vessel.

B. Add 8.0 ml of concentrated nitric acid and 2.0 ml of
concentrated sulfuric acid using the Eppendorf multipipettor.

C. Allow each batch of 12 vessels to sit for about 10 minutes.
When capping the vessels, install a pressure relief valve
with the ring facing upwards. Be aware that acidic fumes
are being released by the mixture and this process should be
done under a hood.

D. Tighten the caps to the specified torque (the blue line on
the meter) using the capping station.

~E. Record the weight (to the hundredth of a gram) of each
teflon vessel before installing it in the microwave
carousel.

F. The carousel must always have twelve vessels in it. Use
dummy samples, complete with soil and acid, to £fill all
twelve. Make sure that the vent tubes are securely inserted
into the central collection vessel.

G. Program the microwave oven as follows:

stage 1 - 10 minutes 90% power (590 watts)

stage 2 - 5 minutes 70% power (450 watts)

stage 3 - 10 minutes 60% power (390 watts)
The microwave oven should be calibrated every six months and
power settings adjusted so that specified wattages are
maintained. Low recoveries on the QC samples (descrlibed
later) may be indicative of a drop in power, and would suggest
a calibration check of the oven.

NOTE: The fan in the oven must be set on 8.

H. Place the carousel into the microwave and set the rotation to
(on). Begin the programmed extraction process.
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After the program is complete, allow the vessels to stay in
the oven for five to ten minutes.

Remove the carousel and allow the teflon vessels to cool to
room temperature (at least 30 minutes).

Weigh each of the teflon vessels and compare to the
previously recorded weight. If more than 0.5 grams were
lost from a vessel, discard the extract and repeat the
extraction of that sample.

Use the capping station under a hood to loosen the caps on the
vessels.' It is not unusual for a large puff of orange fumes

-to be released as each cap is loosened.

Transfer the contents of each vessel to a 100 ml centrifuge
tube. Rinse the interior walls of the vessels twice with a
stream of 1:1 nitric:di water and add the rinses to the
extract in the centrifuge tube. Use 1:1 nitric:di water to
equalize the levels in each of the tubes to the 20 ml mark.
Centrifuge the samples at 2000 rpm for 8 minutes. Decant
into 25 ml volumetric flasks. Add concentrated nitric to
the 4 ml mark and stir the mixture with a glass rod.
Centrifuge again and add to the appropriate flasks.

Bring the volume of each volumetric flask up to the mark
with di water and mix thoroughly. Allow the flasks to cool
and again £ill to the mark with di water.

Move the extract from the volumetrics to 30 ml Nalgene
bottles for transport and storage.

ANALYSIS OF SOILS FOR WRANIUM AND BERYLLIUM BY ICP

The analysis of soils by ICP spectroscopy for uranium and

beryllium is applicable to soils with uranium concentrations
greater than ~100 ug U/g and beryllium concentrations greater than

0.5 ug Be/g. Procedures for soil analysis by ICP are outlined
below.

A.

1.

Preparation of Standards

Calibration standards

a. The extract used for the ICP calibration standards is

prepared as described above in the microwave extraction
procedure. ‘

b. Obtain three vials of blank soil extract and label them as

Standard 1, Standard 2, and Standard 3.

c. Spike each standard as described below. Motorized digital

pipets are used for metering the spikes; use a pipet that
allows you to stay within its accurate range (10-100% of
capacity).

(1). Standard 1: Spike with 200 ul of a standard containing
1000 ug U/ml and 200 ul of a standard containing 10 ug
Be/ml. The concentrations of this standard are 9.804 ug
U/ml and 0.098 ug Be/ml (calculations based on a final
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olume of 20.40 ml). This standard should be prepared
fresh daily.

(2). Standard 2: Spike with 100 ul of a standard containing
1000 ug U/ml and 100 ul of a standard containing 10 ug
Be/ml. The concentrations of this standard are 4.950 ug
U/ml and 0.0495 ug Be/ml (calculations based on a final
volume of 20.20 ml). This standard should be prepared
fresh daily.

(3). Standard 3: Standard 3 is the blank and is not spiked.

Spiking standards

The standard containing 1000 ug U/ml is commercially
available from Leeman Labs and used without alteration. The
standard containing 10 ug Be/ml is prepared by serial
dilutions (described below) of a standard containing 10,000
ug Be/ml which is available from NITS.

To prepare the beryllium standards, dilute (with 1:9
nitric:di water) 500 ul of the 10,000 ug/ml beryllium
standard to 50 ml in a volumetric flask and mix thoroughly.
This is now a 100 ug/ml solution. This standard should be
replaced every 6 months. Dilute 1000 ul of this 100 ug/ml
solution to 10 ml in a volumetric flask and mix thoroughly.
This standard now contains 10 ug Be/ml. This standard should
be replaced every 3 months.

Quality Control

The following quality control procedures will be implemented

in order to insure that (a) each extraction batch is subject to
conditions rigorous enough to fully extract the analytes of
interest, and (b) the ICP (or KPA) analyses are accurate over the
full range of expected concentrations. Three QC samples (as
described below) will be part of each digestion batch.

1.

b.

Each extraction batch should contain one soil sample with a
known uranium concentration (verified by neutron activation
analysis) in the 500 to 1000 ug/g range. (Currently available
soils are # 542 at 670 +/- 70 ug U/g and # 573 at 760 +/- 70
ug' u/g.)
QC sample 1--Use 0.5 g of the soil labeled “QC Sample 1 -
ICP". This soil was prepared by milling 100.0 g of soil #573
with 0.0015 g of BeO. ICP analysis of this sample should
yield 5.2 ug Be/g +/- 10% and 760 ug U/g +/- 10%.
Each extraction batch should contain two vessels of the
uncontaminated soil (#504) used for calibration standards that
ha;e been spiked with uranium and beryllium as described
below.

QC Sample 2--spike 0.5 g of the calibration soil with 500 ul
of the 1000 ug/ml uranium standard and 100 ul of the 10 ug/ml
beryllium standard. ICP analysis of tiiis sample should yield
1000 ug U/g +/- 10% and 2 ug Be/g +/- 10%.

QC Sample 3--spike 0.5 g of the calibration soil with 50 ul
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of a 10 ug/ml .ranium standard and 25 ul of the 10 ug/ml
beryllium standard. ICP analysis of this sample should yield
0.5 ug Be/g +/- 10%, but the U concentration will be too low
to accurately quantitate. KPA analysis of this sample should
yield 1.0 ug U/ml +/- 10%. :

C. ICP Analysis

Since the ICP spectrometer is too complex to be operated as a
"black box", a detailed operational procedure will not be attempted
here. A very detailed operator’s manual and tutorial has been
provided by the manufacturer. Intensive one-on-one training must
be provided to anyone expected to provide consistent, high quality
data with this instrument. The procedures described below contain
an outline of the tasks to be performed, the basic operating
parameters used for the analysis of uranium and beryllium, and tips
for optimizing precision and accuracy.

1. Turn on the monitor (the computer is left on continuously),
and go to the main menu and get the ERM protocol. Create and
open a folder (usually identified by the date). Select
element lines Ul, Bel, and Mnl (used for peaking). Turn “on*
all three lines, and set integration times at 3 for Mnl and 6
for Ul and Bel. Leave gains at default of 3. Set values as

follows:

number of integrations 3

uptake time 60 seconds
scan integration time 1

weight N
dilution N
interelement correction N

peaking line Mnl

Bkgd integration = peak Y

2. From the main menu go to ICP:Operation and enter the following

values:
power ) 1.0
coolant 13
nebulizer 35
auxiliary 0.5
pump rate 1.0
autostart coolant 11

Turn on the argon and the power to the ICP (green
button). Turn on the coolant, the nebulizer and the
auxiliary and allow the system to purge for 5 minutes. This
is especially important if argon cylinders have been
replaced, allowing air to enter the line. Be sure to use a
cylinder with enough argon to prevent having to open another
cylinder in the middle of an analytical run. Air in the line
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will extinguish the plasma or destroy the torch if the l.ine
for that cylinder has not been purged. Turn off the coolant
and the auxiliary and turn on the pump. Using di water,
observe the nebulizer spray pattern and adjust it to a fine
spray with no “spitting*. '

Turn on the water recirculator, and use Autostart to
ignite the plasma. Do not run the water recirculator for
extended periods of time prior to starting the plasma: it
may cause condensation on the coil which will damage the unit
when attempting to light the plasma.

NOTE: The red button shuts off power to the ICP and should be
used any time unusual sputtering sounds are emitted from the plasma
compartment. Quick action can save an expensive torch.

3. Prepare a solution that is approximately 50 ug/ml in each of
U, Be, and Mn. This will be used for the peaking routines.
After 30 minutes of warmup, go through the Peak x, y routine
on the ICP-Operation screen, making final adjustments of the
nebulizer pressure and pump rate. Then go through the Peak
Wavelengths routine in the Utility section of the main menu.
(Use a mixture of nitric acid, sulfuric acid, and di water
that is similar in viscosity and density to the samples (240
nl concentrated nitric acid, 40 ml concentrated sulfuric acid,
and 220 ml di water) for preparing the peaking solution.)

NOTE: After peaking, it is essential that none of the
parameters related to sample introduction or the plasma flame be
changed until calibration and analysis is complete. Changing any of
these parameters (power, nebulizer pressure, roller pressure on the
pump tubing, pump rate, auxiliary, coolant) will invalidate the
data collected and will require recalibration and a repeat
analysis.

4. Scan at least 5 samples (allow 45 sec of uptake time for each
sample) and use the results to set background correction
points for each analyte.

5. Reset the calibration coefficients, enter the concentrations
of the calibration standards, and recalibrate.

NOTE: It is important to rinse the sample uptake tube with
50% nitric acid for at least 5 minutes after peaking with the 50
ppm solutions. It is also necessary to rinse the sample uptake
tube for at least 15 seconds between standards and/or samples.
When running standards, the chances for cross contamination can be
minimized by running them in order of increasing concentration.

6. Check the calibration curve generated for each analyte, and
accept it if appropriate. 1If linearity is poor, recalibrate
using new standards if necessary. ~

7. Analyze the samples. Run a standard after every ternth sample
(or after the last sample if there are fewer than 10) to check
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for stability. The analysis of the standard should be within
10% of its known concentration.

When analysis is complete, rinse sample uptake tube with 50%
nitric acid, followed by di water. Extinguish the plasma and
turn off the argon at the cylinder. Turn the auxiliary, the
nebulizer, and the coolant back on until the argon interlock
light comes on (this bleeds the line). Release the pressure
on the pump tubing, and turn off the water recirculator. Turn
off the power to the ICP (red button). Exit the ICP program
and turn off the monitor.

ANALYSIS OF SOILS BY KINETIC PHOSPHORIMETRY

The analysis of soils by kinetic phosphorimetry for uranium is

applicable to soils with original concentrations of less than ~250
ug/g.
Phosphorescence Analyzer (KPA-10 or KPA) are outlined below.
Quality control for the KPA is covered in Section III B.

A.

al

Procedures for soil analysis by the ChemChek Kinetic

Preparation of Reference Solution and Calibration Standards

The reference solution is prepared in the reference cell
cuvette) and not replaced until it responds with a lifetime of
less than approximately 150 us or a coefficient of linearity
less than 0.992.

The KPA measures samples in one of two ranges. The low
range is applicable for final concentration levels from the
detection limit of 0.0004 ug/ml up to approximately 0.25
ug/ml, while the high range is applicable for concentrations
from approximately 0.1 ug/ml to 2.0 ug/ml. Sample linearity
is lost beyond 2.0 ug/ml concentration.

The KPA utilizes a background measurement and correction
for each range. Up to three calibration standards may be used
for each range. 1In practice, one standard for the low range
and one standard for the high range have been shown to give
acceptable results.

The concentrations of the calibration standards are 0.01
ug/ml for the low range and 0.2 ug/ml for the high range.

Reference Solution

The reference solution is contained in a quartz sample
cuvette. The surfaces of the cuvette are optical surfaces
and should be treated with care. Do not touch the cuvette
with anything but lint-free tissues.

Remove the reference cuvette from the sample excitation
chamber. Note that the flat surfaces of the cell are

optical elements and care should be taken when handling the
cell.

b. Use a transfer pipet to remove the reference solution from

the cell.
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Fill the ce'l halfway with methanol and replace the cap.
Invert several times to clean the interior walls of the
cell., Use a transfer pipet to remove the methanol.

Rinse well with di water several times.

Using the 100 ul motorized pipet, add 30 ul of 1 ug U/ml
and 3.0 ml Uraplex to the cell.

Cap and invert to mix the solution.

Use methanol and lint-free tissues to clean the outside
surfaces of the cell. Small fibers will be seen suspended
in the solution. This should be minimized but is a normal
occurrence. ‘
Replace the reference cell in the sample chamber of the
KPA.

Calibration Standards

Label and date four scintillation vials as "soil blank",
“.01 soil", *0.2 soil", and "2.0 soil".

Agdllo ml of blank soil (#504) wet ashed extract to all
vials.

To the “.01 soil" vial, add 0.010 ml of 10 ug/ml U.

To the ".2 soil"* vial, add 0.204 ml of 10 ug/ml U.

Cap and invert to mix.

NOTE: Alternatively, the calibration standards could be made
with straight soil extract and wet ashed on the hotplate along with
the samples, although good results are obtained with the post-wet
ash spiking.

Sample Preparation

Transfer a 2.0 ml aliquot from the microwave extract of each
sample into 20 ml scintillation vials and evaporate to
dryness on a hotplate. This generally takes 4 to 5 hours
with the hotplate set on 3.5 to 4.1.

After cooling the sample slightly to avoid any spattering,
add 1.0 ml of 1:1 nitric:di water to each vial and evaporate
to dryness.

Again add 1.0 ml of 1:1 nitric:di water to each vial and
evaporate to dryness. Allow the vials to cool to room
temperature.

Add 0.8 ml of 1:1 nitric:di water to the samples. Swirl and
allow to sit for 25 minutes on a warm plate (lowest setting).
Add 3.2 ml nitric:di water to each vial. Swirl and allow to
sit for an additional 25 minutes.

Add 6.0 ml di water and allow the sample to sit for about 5
minutes before analyzing.

NOTE: Dilution factor at this point is 250.
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KPA Operation

System Startup

Before running the KPA, an ample supply of filtered
Uraplex must be available., The Uraplex must be filtered
daily through a 0.45 um pore size filter prior to use.

~Using an acid washed 250 ml graduated cylinder, dilute
the contents of the Uraplex bottle (30 ml Nalgene) to a total
of 500 ml with >10 megohm di water.

Turn on all components of the system. At this time all
components are plugged in together behind the main unit and
are energized with the switch on the power strip.

If a new reference solution was prepared, go to the
configuration menu and change the date of the reference
solution before continuing with the calibration.

KPA Calibration

Below is a quick overview of calibration and operation;
the unit is too complex to be run from a strict set of
directions. Time must be spent with the manuals and/or a
knowledgeable operator before independent operation of the
unit should be attempted.

The KPA must be calibrated before use each day. The
unit is equipped with an automatic sampler that is controlled
from the computer. Limited control is accessible from the
various menus.

Each calibration point is independent from the others.
If two or more calibration points exist for a range, only one
will be in use at any one time. The KPA will only switch
calibration points (or ranges) when the current point yields
grossly improper data, such as when the sample yields results
more than 10 times smaller or 20 times larger than the
calibration point. For this reason, usually only cne point
in a range is set, and any samples that fall outside that
ran?e, but within the limits of the unit, must be analyzed
again.

Go to the calibration menu and choose to measure the
background for both the low and high ranges. This will also
reset the previous calibration points.

Press [F10] to rinse the sample cell.

Place the scintillation vials in the 1, 2, and 3 positions
on the left-most rack in the following order: blank, .01,
and .2 ug/ml.

Place culture tubes in the 1, 2, and 3 positions of the rack
on the right.

Make sur: that the toggle switch on the front of the main
unit is in the down position. Set the printer on the
beginning of a new page. Measure the background for the low
range and print the graphs of the background and the
reference data on the sheet in that order.
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f. Advance the paper in the printer to the next page and set
the toggle switch to the up position. Measure the
background for the high range and print the graphs of the
background and reference data. Note that the KPA measured
the same material twice without using the autosampler
between the runs.

g. Advance the paper in the printer again and set the toggla to
the down position. Measure the low calibration standard and
print the graphs.

h. Advance the paper in the printer and set the toggle back to
the up position. Measure the high calibration standard and
print the graphs.

i. Rinse the cell and return the toggle switch to the down
position.

NOTE: The toggle switch serves the following functions.
During calibration it sets the light entrance aperture from low to
high for each standard. During sample analysis it relinquishes
control of the aperture to the computer in the down position, and
in the up position it forces the aperture to the high setting. 1In
the high setting during sample analysis most of the light from
middle to 1low concentration samples will not reach the
photomultiplier tube and results of 0.00E+00 will be given.

3. Analysis of Samples

Once the samples have been prepared and the instrument
calibrated, analysis is a simple operation. Make sure the
matrices are identical for samples and calibration standards.
Always load a di water-filled scintillation vial as the last

sample. This helps to keep the inside of the sample cuvette
relatively clean.

a. Load the scintillation vials in racks 1 through 4 and load
the matching culture tubes in rack 5. Blank slots are not
a concern as the KPA will only sample slots that have data
assigned to them from the data input menu.

b. Go to the analyze menu from the main menu and enter the
sample description for each sample. Dilution factors and
standard additions are also possibie from the data input
table.

¢. Return to the Analyze menu and start the sample analysis
from any rack and vial that is convenient.

After the analysis is finished, put the Uraplex into the
refrigerator and cap the samples. Uraplex must be kept cool
when not in use, and capping the samples prevents
contamination and evaporation.
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MATERIAL TEST DIRECTORATE
YUMA PROVING GROUND
YUMA, ARIZONA

LABORATORY SERVICES BRANCH TEST REPORT
Item: Field Matrix spike with DU Date: 9 Nov 92
Project Engineer: Sylvia M Medina

Comments: This report is a special report for the use of INEL in
their QA/QC documentation of the Sampling and Apalyvsis Plan for the
X Provi ; ) Firing Rest £ Project

In this report the term Depleted Uranium (DU) is used as it is the
material that has contaminated the firing range. To avoid confusion
in the reports the term DU is always used. The Laboratory does not
analyze for only DU but all of the isotopes of Uranium which is a
Total Uranium Analysis that is labeled DU.

Test Results

In the setting up of the sampling and analysis plan for the
analysis of Depleted Uranium (DU) by the laboratory at Yuma Proving
Ground (YPG) a double blind field matrix spike was desired. To make
the spike as close to an actual field sample as possible it would
be desirable to have the DU spike media be the same as the DU in
the actual samples taken from the range. To accomplish this the
following method was used.

1. Take two background samples from the range at YPG. Label
one as Bk-01-DU and the other as Bk-02-DU.

2. Have one of these samples analyzed as a true background
sample. This should give a DU value of around 2 micrograms of
DU per gram of soil (ug/g). We know this from past samples
from this location.

3. Spike the second sample with a portion of soil mixed with
DU. The portion of soil used for this spike is an actual soil
sample (YPG sample number 573) from the area under analysis
(Hill and Berm Area) for this project that has been ground to
a powder of less than 75 microns and analyzed by an outside
laboratory. The analysis on this soil was done by Los Alamos
National Laboratory. See the attached letter from Los Alamos.

4. To make the mixture, 1034.9 grams of the background soil
was mixed with 83.4 grams of sample number 573. The sample was
then shaken and submitted to the laboratory as a background
sample.

5. The value for sample number 573 is listed at 760 +/- 70

ug/g. To get the value range for the spiked sample that was
produced at YPG we have to make a low and high calculation
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using 690 ug/g as the low value and 830 ug/g as the high
value.

((83.4gx690ug/g) +(1034.9gx2ug/g) )
(1034.99+63.49)

=53.3ug/g

((83.49%x830ug/g) +(1034.9gx2ug/g))
(1034.9g+83.49)

=63.8ug/g

6. The value reported by the laboratory for this spiked
background sample should be between these two values for DU.
I hope that this sample is what you had in mind for your
matrix spike. I would have liked the value to have been
higher, but the dilution killed us.

7. POC: David L. Pond, 602-328-6246.

A copy of this report is on a 3.5 inch HD disk included in this
data package. This report is a WordPerfect file which is in the
subdirectory WP under its file name DU-SPIKE. This is a protected
file with the code being INPP.

INSPECTED BY;i;ZZ;”//J<11/£EL7¢¢/

DAVID L. POND
Chemist
Material Analysis Laboratory
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ﬂ_-.@g fﬂ@S DATE: September 11, 1989

. IN REPLY REFER TO: HSE-9/89-446
Los Alamos National Laborat
; MAIL STOP: K484
Los Alamoas,New Mexico 8754 TELEPHONE:  (505)667-6028
(FTS)667-6028

Mr. Dave Ponds
MT-MP

Yuma Proving Grounds
Yuma, AZ 85365

Dear Dave:

Enclosed are two reprints on some of our nuclear methods for
determining total uranium in samples that contain uranium that is
depleted in U-235. We have also run the three comparison samples that

you provided us during our May 1989 visit by instrumental epithermal
neutron activation analysis: :

Yuma Sample # U (ua/q)
504 <1
542 670 +/- 70
573 760 +/- 70

Quality assurance was provided by the concurrent analysis of Canadian
Certified Reference Materials Project BL-4 (uranium ore):

CCRMP Certified
HSE-9 Valye

1620 +/- 100 1730 +/- 40
1 hope these data and reprints will be of assistance. Thank you

again for all your help during our May visit. 1 certainly hope that we
will be spending more time at Yuma next year.

Warmest regards,

S

Ernest S. Gladney ,
Health and Environmental Chemistry

ESG/mr
(wp\esg\ponds)

Enc.a/s
Cy: HSE-DO, MS-K491

CRM-4, (2) MS-A150
HSE-9 file

An Equal Opponunity Empioyer/ D50t Ried by the University of Cakfornia



Idaho National Laboratories Uranium Study

Soil Results

Laboratory Name: United States Army Yuma Proving Ground
Technical Support Services, Inc., Laboratory
Contractor ’

Laboratory Personnel:
Manager/Chief Chemist; Stephen Maurer, MS Chemistry
QC manager; Daron Hargadine, BA Chemistry
Analyst; Ranell Caiazzo, BS Biology, 8
years experience at YPG laboratory

Analytical Method:

Lab personnel followed a developmental procedure titled
"Analysis of Soils for Uranium and Beryllium". The microwave
extraction procedure (Section II) and ICP Analysis (Section III)
are the specific sections used. The procedure is used for
determination of Uranium at high levels. The actual lower detection
limit has not been verified. Preliminary studies indicate 50 ppm
as this point. This method has not been approved for use by the
Nuclear Regulatory Commission. It will be submitted for approval
in the near future.

All soil samples analyzed for Uranium were analyzed by this method.

Equipment Used:

Brand Model Serial Number
Microwave CEM MDS-81D 6148888
ICP Leeman Labs PS1000 1125
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Laboratory Sample Log Number/INEL Sample Number Correlation

A-30

INEL Number Analysis
date
4558 YPG110392 SPO1 DU 11/30/92
4558d YPG110392 SPO1 DU 11/30/92
&— 4561 YPG110392 SP02 DU 11/30/92
l 4564 YPG110392 SP0O3 DU 11/30/92
4567 YPG110392 SP04 DU 11/30/92
4574 YPG110492 NPOl1l DU 11/30/92
| 4574s YPG110492 NPO1l DU 11/30/92
4577 YPG110492 NPO2 DU 11/30/92 1
4580 YPG110492 NP03 DU 11/30/92
4583 YPG110492 NP04 DU 11/30/92
4658 YPG110592 WPO1l DU 11/30/92
4661 YPG110592 WP02 DUa 11/30/92
4664a YPG110592 WP02 DUDb 11/30/92
4664Db YPG110592 WP02 DU 11/30/92 d
4664db YPG110592 WP02 DU 11/30/92
4667 YPG110592 WPO3 DU 11/30/92
4667s YPG110592 WPO3 DU 11/30/92
4672 YPG110592 BKOl DU 11/30/92
4673 YPG110592 BKO2 DU 11/30/92 |
4676 YPG110592 WP0O4 DU 11/30/92
Can III 11/30/92
Can II 11/30/92
std "A* 11/30/92
“A" Pre 11/30/92
"A" Post 11/30/92
Blank 11/30/92
B spike 11/30/92
I — e




Analysis Results for Unknowns

Sample ICP Soil(qg) Result | Analysis
Number Results dilution ug/g time
ug/ml factor(ml)
4558 1.230 .52 25 59.13 11:35
45584 1.357 « 54 25 62.82 12:11
4561 1.057 .52 | 25 50.82 11:39
I 4564 2.724 .51 25 133.53 11:44
I 4567 1.008 .51 25 49.41 11:52
I 4574 4.105 .51 25 201.23 11:56
I 4574s 8.985 «52 25 431.97 10:22 4]
4577 6.674 .51 25 327.16 11:59
4580 5.008 .52 25 240.77 12:03
4583 7.921 .50 25 396.05 12:07
4658 | 13.e85 52| 25 | 177.16 10:17 JI
4661 5.865 .50 25 293.25 12:22 _]
4664a 8.292 .52 25 398.65 10:45 ‘*1
4664b 6.521 .51 25 319.66 9:26 I
4664dbl 7.645 .51 25 374.75 9:39 duplicate I
I 4664db2 7.698 .51 25 377.35 12:32 scan I
} 4667 2.606 .53 25 122.92 9:59
4667s 8.052 .50 25 402.60 9:55 I
ﬂ 4672 -.1078 .50 25 =-5.39 10:14 I
4673 1.220 .50 25 61.00 10:03 duplicate{
4673 1.329 .50 25 66.45 11:47 scan
4676 2.070 .51 25 101.47 12:27
Can III 14.00 .50 25 700.00 10:33
Can II 5.327 .53 25 251.27 10:08 ,
std "A" -.0178 .53 25 -0.84 9:51
"A" Pre 7.158 .52 25 344.13 12:43
"A" Post | - 6.730 .53 25 317.45 12:36
Blank -.1010 25 -2.53 10:39
L_B spike 7.195 25 179.88 10:26 H
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Notes: ‘
Sample number 4664 was used for two systems checks. It was
first split as a preparation check, then k' j(b) was split as a
digestion check.

Samples designated with a "d" after the number are duplicates,
those with an "s" are spikes.

Calculations:

ICP results (ug/ml) x dilution (ml) / soil (g) = results (ug/qg)

Results for Standards and Spikes

Standard Expected ug/g Obtained ug/g % Recovery
4574 201.23
4574 spike 401.23 431.87 115
4667 122.92
4667 spike 422.92 402.60 93
Blank 0.0 ND
Blank Spike 150 179.88 120
Can III 630/650 700.00 111/108
Can II 280/290 251.27 90/87
Internal A 0.0 ND I
A Preprep 300 344.13 115
A Postprep 300 317.45 106
RPD
4664 dup.scan 374.75/377.35 0.69
4673 dup scan 61.00/66.45

Notes:
Background selection on the ICP is the operators choice, based on

scans of several samples.

The most common intersection of the scan

lines is selected, if the sample does not fit this point exactly it

may cause high or low readings.
data at this time to aid in selection of the proper point.

There is not enough historical

Calibration standards 1 ppm and 5 ppm were checked as samples

midway through sample analysis.

were higher; 1 ppm at 1.237 ppm and 5 ppm at 5.349 ppm.
time the the instrument was recalibrated.

The results showed both standards

At this

Standards labeled Can II and III were obtained from the Canada

Centre for Mineral and Energy Technology.

They were analyzed by

the Canadian officials and by Los Alamos National Laboratory. (See
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attached reports: CANMET 79-35 and LA-8770-MS.)

column, the figure on the left is the Los Alamos figure and on the
right the Canadian figure.

In the expected
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Protocol: ern Title: Power:t 1.8 XY
Mode: Sequential Rev: 1.204 Time: 18:29:45 01 Dec 1992 Coolant: 13 LPM
Folder: inel4  Seq: 114  Plasma: Off  Print: On  Nebulize: 38 PSI
User: Batch: 1 Cup: 8 Auxil: .38 LPN
State: Idle Xnit: Off Autosampler: Off
CALIBRATION: Lime Calibration | I
Line: U 1 Pglp PgDn Accepted

Conc. Calc. Dev. LiNear

1 .0888 .1378 .13 Quadratic :

1.0 9M9 -.8652 VUtdLinear

5.880 4.852 -.1481 ¢ /
4 18.88 18.88 .B7S5 Accept o

Every 1

| c

. 86368 r 939598

1.2058e-84 C -2.1177e-81

Nean ZPSD Intensity
B B9 7.4 39 2681 217 B9 2918
K2 - %18 4.5 937 9216 9117 9769 8282
3 4913 4.3 48839 4293 427 Wl 4243
54 3 5.7 89759 976457 98156 E9ISB 82189
i
i
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YUMA PROVING GROUND Folder: inel-4 Fage 1
V8:26:10 30 Nov 1992 Protocol: erm
Line Wave. Conc. Units SD/RSD 1 2 3 4 S
+#% Standard: { Rep: | Seq: 8 08:26:10 320 Nov 1992
U1l 385.958 .0000 UG/ML -28374 -28404 -28208

Ave. Int. = -28329 S. D. = 106
#«% Standard: 1 Rep: 2 Seq: 9 08:27:14 30 Nov 1992
U1l 385.958 ,0000 UG/ML -28474 -2976% -29080

Ave. Int. = -29106 S. D. = 646
##% Standard: 1| Rep: 3 Seq: 10 08:28:92 30 Nov 1992
U1l 385.958 .0000 UG/ML -29514 -29286 -28980

Ave., Int, = =292608 S. D, = 268
#%# Standard: 1 Rep: 4 Seq: 11 28:28:49 3@ Nov 1992
U1l 385.958 .0000 UG/ML -29510 -28820 -28314
+#% Standard: 1 Rep: S Seq: 12 28:29:37 30 Nov 1992
U1l 385.958 .0000 UG/ML -29433 -28959 -29070

Ave, Int, = -29154 S. D, = 248
##% Standard: 2 Rep: 1 Seq: 13 @8:34:12 30 Nov 1992
U1l 385.998 1.000 UG/ML -17197 -17380 -168%52

QVE. Into = -17156 5. Dc = 347
##* Standard: 2 Reo: 2 Sea: 14 V8:35:QQ 30 Nov 1992
U1l .385.958 {.a00 UG/ML -17787 -16913 -17328

Ave. Int. = -17343 8. D. = 437
+#% Standard: & Rep: 3 Seaq: 15 @8:35:48 3@ Nov 1992
U1l 38S.958 1.000 UG/ML -16912 -16848 -16443

Ave. Int., = -16734 8. D. = 254
»#% Standard: 2 Rep: 4 Sea: 16 08:36:35 20 Nov 1992
U1l 385.958 1.000 UG/ML -16961 ~16Q16 -16818

Ave. Int, = -163%8 &6, D, = us



YUMA PROVING GROUND
28:37:23 30 Nov 1992

Fo
Pr

lder: inel-4
otocol: ernm

A-35

Line Wave. Conc. Units SD/RSD 1 2 3 4
### Standard: 2 Rep: S Seq: 17 08:37:23 30 Nov 1992
U1l 38S5.958 1.000 UG/ML -17105 -17275 -16783

QVG. Into = -1705‘. S- Do = 250
#+##%# Standard: 3 Rep: 1 Seq: 19 08:41:40 30 Nov 1992
U1l 385.998 5.000 UG/ML 28798 28494 26596

Ave. Int. = 27996 S. D. = 1136
#%# Standard: 3 Rep: 2 Seq: 20 08:42:28 30 Nov 1992
U1l 385.958 5.000 UG/ML 30020 2878t 29346

Ave., Int. = 29382 S. D. = 620
### Standard: 3 Rep: 3 Seq: ¢2i 08:43:15 30 Nov 1992
U1l 385.958 5.000 UG/ML 26127 26375 28564

Ave. Int. = 270ee2 S. D. = 1341
### Standard: 3 Rep: & Seq: 22 08:44:03 30 Nov 1992
U1l 385.958 5.000 UG/ML 27995 29272 29¢06

Ave. Int. = 28824 S. D. = 719
+## Standard: 3 Rep: S Sea: 23 08:44:50 30 Nov 1992
U1l 385.958 S.0202 UG/ML 27584 28709 29108

Ave. Int. = 28467 S. D. = 790
*## Standard: 1| Rep: 1 Seq: 24 8:51:27 38 Nov 1992
U1l 385.958 .0002 UG/ML -168 -70 -248

Ave, Int., = -169 5. D. = 91
‘### Standard: 1| Rep: 2 Seq: &% @3:52:15 30 Nov 1992
U1l 385.958 .0000 UG/ML 1823 997 47

Ave. Int. = 949 S, D, = 879
### Standard: 1 Rep: 3 Seaq: &6 08:53:03 32 Nov 1992
U1l 385.958 .Q@0Q UG/ML -91 -1Q92 c8%

Ave., [nt. = -286 5. D. = ?18



YUMA PROVING GROUND Folder: inel=-4 Page 3
@8:53:52 3@ Nov 1992 Protocol: era
Line Wave. Conc. Units SD/RSD 1 e 3 4 S
#+## Standard: 1 Rep: & Seq: 27 08:53:52 3@ Nov 1992
U1l 388.958 .000@ UG/ML -573 -599 -505

Qve. Int- = _559 Sc Do = “9
### Standard: 1 Rep: 5 Seq: 28 08:54:40 30 Nov 1992
U1l 385.958 .0000 UG/ML -1506 -14 -358
#%% Standard: 2 Rep: | Seq: 29 08:56:08 3@ Nov 1992
U1l 385.958 1.000 UG/ML 7192 7851 7881

Ave, Int. = 7641 S. D. = 389
##% Standard: 2 Rep: 2 Seq: 30 08:58:56 32 Nov 1992
U1l 385.958 1.000 UG/ML 7153 8876 8656

Ave., Int. = 8228 8. D. = 938
##% Standard: 2 Rep: 3 Seq: 31 28:59:44 30 Nov 1992
U1l 385.958 1.000 UG/ML 9346 10264 8246

Ave, Int. = 9285 S. D. = 1010
##% Standard: 2 Rep: 4 Seq: 32 09:00:33 30 Nov 1992
U1 385.958 1.000 UG/ML 9678 8727 9748

Ave. Int. = 9384 S. D. = 570
### Standard: 2 Rep: S Seaq: 33 ¥9:21:21 30 Nov 199g
U1l 385.958 1.000 UG/ML 9624 10e04 8492

Ave. Int. = 9440 S, D. = 871
### Standard: 3 Rep: 1 Seq: 35 09:28:37 30 Nov 1992
U1l 385.958 S.000 UG/ML 44996 37131 36571

Ave. Int. = 39566 S. D. = 4711
#+% Standard: 3 Rep: 2 Seq: 36 99:29:25 38 Nov 1992
U1 385.958 S.o0v@ UG/ML 47343 44304 S4Q71

Ave, Int. = 41906 5. D. = 6953

A-36



YUMR PROVING GROUND Folder: inel=-4 Page 4
09:10:13 30 Nov 1992 Protocol: era
Line Wave. Conc. Units SD/RSD 1 2 3 4 S
##% Standard: 3 Rep: 3 Seq: 37 29:10:13 30 Nov 1992
U1l 385.958 S.000 UG/ML 38769 46451 45459

Ave. Int, = 43560 S. D, = 4178
*## Standard: 3 Rep: 4 Seq: 38 ©9:11:01 30 Nov 1992
U1l 385.958 S5.000 UG/ML 48789 32015 36419

Ave. Int, = 39074 .S. D. = 8697
##% Standard: 3 Rep: S Seq: 39 @9:11:49 30 Nov 1992
U1l 385.958 5.000 UG/ML 45690 38962 37233

Ave., Int, = 40628 S, D. = 4468
### Standard: 4 Rep: 1 Seq: 40 09:17:57 30 Nov 1992
U1l 385.958 10.00 UG/ML 85343 88934 91650

Ave. Int. = 88642 S, D, = 3164
### Standard: 4 Rep: 2 Seq: 41 09:18:45 30 Nov 1992
U1l 385.958 10.00 UG/ML 70236 T4006 73239

Ave. Int, = 72494 S, D, = 1992
### Standard: 4 Rep: 3 Seq: 42 29:19:34 30 Nov 1992
U1l 385.958 10.00 UG/ML 80333 71429 72804

Ave. Int, = 74849 S, D, = 4801
### Standard: 4 Rep: 4 Seq: 43 29:20:22 30 Nov 1992
U1l 385.958 10.00 UG/ML 68669 aa97e 73056

Ave. Int, = 74232 S. D, = 6234
#x% Standard: 4 Rep: S Seq: 44 29:21:10 30 Nov 1992
U1l 38S5.958 10.00 .UG/ML 80ase 76807 73242

Oye, Int, = 7670@ S, D, = 3406

—
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YUMA PROVING GROUND
29:26:@6 30 Nov 1992

Folder:

inel-4

Protocol: ers

Line Wave. Cone. Units SD/RSD 1 2 3 4
yésYy- 4

« #4% Sample ID:g Seq: 45 @9:26:06 30 Nov 1992
U1l 385,958 6.521 UG/ML 44925 52175 56090

#x+ Sample ID: bieme=—tr "\. Seq: 47 ©9129:17 30 Nov 1992
U1 385.958 .4716 UG/ML S19¢ 4552 3zse

##% Sample ID: bLlamde Seq: 48 @9:31:56 30 Nov 1992
S U1 385,958 .z4B84 UG/ML 2637 2224 2962

- ##%% Sample ID: 4667 Seq: 49 29:235:29 30 Nov 1992
U1l 385.958 1.655 UG/ML 14090 9965 16368

“Ilﬁl‘.l"\\

- #%% Sample ID Q&Eﬁf:ﬁ_ﬂ) Seq: S50 09:39:26 20 Nov 1992
U1 383.958 7.645 UG/ML 59713 59736 59788

- *%% Sample ID: -wrowt—=tn Seq: 9SI 09:46:14 30 Nov 1992
U1l 385,958 4.459 us/mL - 33393 36325 35910

$ge ##+ Sample ID: : r StON Seq: 53 89:51:43 320 Nov 1992
U1l 38B5.958 -.0178 UG/ML 234 1377 42

;- *## Sample ID: 4667s-1-2 Seq: 54 09:55:14 30 Nov 1992
U1 385.9%58 8.252 UG/ML S4@67 64703 69888

- #%#% Sample ID: 46k7-c Seq: S5 09:59:05 30 Nov 1992
U1 385.958 2.606 UG/ML ezoze 20017 20427

- ##+ Sample ID: 4673-e Seq: S6 12:03:10 30 Nov 1992
U1 385.958 1.220 UG/ML 100594 1ez37 10000

- @Sanple' ID: canll Seq: S7 19:98:91 30 Nov 1992
U1 385.958 5,327 UG/ML 44659 28827 42043

- #%% Sample ID: 4672-d éea 39 1Q:14:1S5 3@ Nev 1939%
U 1 385.958 -.1078 UG/ML 1564 ~-1S16 -480



YUMA PROVING GROUND Folder: inel=4 Page 6

10:17:28 3@ Nov 1992 Protocol: ers
~ Line Wave. Conc. Units  SD/RSD 1 2 3 4 5
- ##% Sample ID: 4658-a Seq: 60 10:17:28 30 Nov 1992
U1l 385.958 3.685 UG/ML 30147 29166 28160
- %% Sample ID: 45745-10 Seq: 61 10:22:21 30 Nov 1992
uil 3851958 8.985 UG/MLV 69278 70424 . 70593
#%# Saaple ID: blankspike Seq: 62 10:26:27 30 Nov 1992
U1l 385.958 7.195 UG/ML 57113 S6600 55100
#+#% Sample ID: canlll-12 Seq: 63 10:33:21 3@ Nov 1992
U1 385.958 14.00 UG/ML 113646 . 113880 . 98920
,\./l»uv Sample ID: #S&t—ii '\‘,.\.. Seq: 65 10:39:18 30 Nov 1992
U1l 385.958 -.1010 UG/ML -545 590 -321

- ##% Sample ID:(%QQQ;S Seaq: 66 - 10:45:13 38 Nov 1992

U1 385.958 - 8.292 UG/ML 64030 62832 69372
##% Sample ID: Spps check Seq: 67 10:49:59 3@ Nov 1992
U1l 385.958 6.262 UG/ML 48694 48650 49844
#%% Sample ID: Sppm check Seq: 68 10:52:48 30 Nov 1992
U1 385.958 5.349 UG/ML 43508 43550 38979
##% Saaple ID: ippa check Seq: 71 11302:06 30 Nov 1992
ﬂlc'ﬁ U1l 385.958 1.237 UG/ML 8803 9492 12444
- dn———
##%# Standard: {1 Rep: 1| Seq: 72 11:26:28 38 Nov 1992
U1l 385.958 .0000 UG/ML 2636 2983 3497
Ave. Int. = 3039 S. D. = 433
### Standard: | Rep: 2 Seq: 73 11:06:48 20 Nov 1992
U1l 2385.958 .oaa@d UG/ML 2350 £818 2636
Ave. Int. = e6e1l S. D. = 23



A-40

YUMA PROVING GROUND Folder: inel-4 Page /
11:07:37 30 Nov 1992 Protocol: ers
Line Wave. Conc. Units SD/RSD 1 2 3 4 5
##% Standard: {1 Rep: 3 Seq: 74 11:07:37 3@ Nov 1992
U1l 385,958 .0000 UG/ML 3166 1124 2343
Ave. Int, = e2i1 8. D. = 1027
. ##%# Standard: 1 Rep: 4 Seq: 75 11:08:25 30 Nov 1992
U1l 385.958 .0000 UG/ML 1942 3240 3934
Ave. Int. = 3039 S. D. = 1011
*#% Standard: | Rep: S Seq: 76 11:09:13 30 Nov 1992
U1l 385.958 .0000 UG/ML 2894 2361 3500
: Ave. Int. = 2918 S. D. = 570
##+ Standard: 2 Rep: 1 Seq: 77  11:11:48 30 Nov 1992
U1l 385.958 1.000 UG/ML 10566 8620 10624
Ave. Int. = 9937 °S. D. = 11414
*##% Standard: 2 Rep: 2 Seq: 78 11:12:36 30 Nov 1992
U1l 385.958 1.000 UG/ML 9@32 9265 9352
Ave. Int. = 9216 S. D. = 165
+## Standard: 2 Rep: 3 Seq: 79 11:13:24 30 Nov 1992
U1l 385.958 1.000 UG/ML 9094 9815 8452
Ave. Int, = 9117 S. D. = 677
##% Standard: 2 Rep: 4 Seq: 80 11:14:12 20 Nov 1992
U1 385.958 1.000 UG/ML 7828 11931 9547
Rve. Int. = 9769 S. D. = 2060
### Standard: 2 Rep: S Seq: 81 11:15:01 3@ Nov {992
U1l 385.958 1.000 UG/ML 7078 8129 9398
Ave. Int. = 82ez 5. D. = 1162
*#%#% Standard: 3 Rep: 1 Seq: 82 11:18:47 3@ Nov 1992
U1 385.958 S.@@0 UG/ML 42105 40390 40021
Ave. Int. = 4Q829 5. D, = 1112



=  YUMAR PROVIM® GROUND Folder: inel-4 Page 8

11:19:35 30 Nov 1992 Protocol: era
Line Wave. Conc. Units SD/RSD 1 e ‘ 3 4 S
#x% Standard: 3 Rep: 2 Seq: 83 11:19:35 30 Nov 1992
U1l 385.958 §5.000 UG/ML 45892 42855 44132
Ave. Int., = 44293 S, D. = 1525
### Standard: 3 Rep: 3 Seq: 84 11:20:23 30 Nov 1992
U1l 385,958 S5.000 UG/ML 42009 41497 44875
Ave. Int, = 42794 S, D. = 16821
*### Standard: 3 Rep: 4 Seq: 85 11:21:11 30 Nov 1992
U1l 385,958 ©S.000 UG/ML 41873 38031 38930
- Ave. Int, = 39611 S. D, = 2010
*## Standard: 3 Rep: S Seq: 86 11:22:00 30 Nov 1992
U1l 2B85.958 S.000 UG/ML 44252 41362 41677
Ave. Int, = 42430 S. D, = 1585
+## Standard: &4 Rep: 1 Seq: 88 11:26:59 30 Nov 1992
U1l 385.958 10.00 UG/ML as212 96900 83166
Ave. Int, = 88759 S. D. = 7213
### Standard: 4 Rep: 2 Seq: 89 11:27:47 30 Nov 1992
Ui 385.958 10.80 UG/ML 96715 100039 9180
Ave. Int., = 97645 S. D, = 2091
*## Standard: 4 Rep: 3 Seq: 90 11:28:35 30 Nov 1992
U1 385.958 10.02 UG/ML 94868 88029 87571
- Ave. Int. = 92156 S. D, = 4987
#+## Standard: 4 Rep: 4 Seq: 91 11:29:23 30 Nov 199¢
U1l 385.956 10.00 UG/ML 75223 85630 79622
Ave. Int. = 80158 S. D. = S224
##%# Standard: 4 Rep: S Seq: 92 11:30:11 30 Nov 1992
U1l 385.958 10.00 UG/ML 76752 87424 82369
Ave. Int, = 82180 8. D. = 533
< #x% Sample ID: 4558-1 Seq: 93 11:35:31 30 Nov 1992
U1l 385.958 1.230 UG/ML 1190@ 11706 2267

A1



YUMA PROVING GROUND Folder: inel-4 ‘ Page 9

11:39:33 3@ Nov 1992 Protocol: era
Line Wave. Conc. Units SD/RSD 1 e 3 4 5
- ##% Sample ID: 4561-2 Seq: 94 11:39:33 30 Nov 1992
U1l 385.958 1.057 UG/ML 9714 10483 11360
- *%% Sanple ID: 4564-3 Seq: 95 11:44:15 30 Nov 1992
U1l 385.958 2.724 UG/ML 24000 25016 24014
*#x# Sample ID: 4673-e-2 Seq: 97 11:47:56 30 Nov 1992
Uil 3835.958 1.329 UG/ML 12832 12718 12794
- #%% Saaple ID: 4567-4 Seq: 98 '11=52=04 30 Nov 1992
U1l 385.958 1.008 UG/ML 9312 9372 l 11668 .
« wx¢ Sample ID: 4574-5 Seq: 99 11:56:16 30 Nov 1992
U1l 3B85.958 4.105 UG/ML 35381 35644v 36383
- ##% Sample ID: 4577-6 Seq: 10Q 11:59:58 3@ Nov 1992
U1l 385.958 6.674 UG/ML 58123 S6286 S6903
- ##% Sample ID: 4580-7 Seq: 101 12:03:33 30 Nov 1992
U1l 385.958 S.008 UG/ML 41707 43723 L4435
- +%#% Sample ID: 4S83-8 Seq: 102 12:07:23 2@ Nov 1992
U1l 385.958 7.921 UG/ML 69459 66494 66373
- #*# Sample ID: 4558d-9 . T Seqr 106  12:11:32 30 Nov 1992
U1l 383.958 1.357 UG/ML 1&57¢2 13304 13146
#%## Sample ID: canl-l Seq: 10% 12:15:83 30 Nov 1992
Ul 385.958 .256% UG/ML 4405 33z 3986
###% Sample ID: canl-l1-2 Seq: 106 12:18:17 20 Nov 1992
U1l 385.958 .3057 UG/ML 4271 4664 4139
~ ##% Sample ID: 4661i-b Seq: 107 1&:2e:33 30 Nov 199¢
U1 385.9858 5.865 UG/ML Sozes S1075 49904

. A-42
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YUMA PROVING GROUND Folder: inel-4 Page i0
12:27:49 3@ Nov 1992 Protocol: ers
Line Wave, - Coﬁé. Units SD/RSD 1 .‘2 | 3 4 S
##+% Sample ID: 4676-f Seq: 108 12327:49 30 Nov 1992
U1l 385.958 2.7 UG/ML 19039 19148 18573
)
##+ Sample ID 4664d”_)k B SQQ{ 109 12:32:00 3@ Nov 1992
U1l 385.958 7.698 UG/ML 63421 67299 66077
##% Sample ID: stdR-post Seq: 111} 12:36:43 30 Nov 1992
U1l 385.958 6.730 UG/ML 60312 56069 Se321
##% Sample ID: stdR-pre Seq: 112 12:43:21 30 Nov 1992
U1l 385.958 7.158 UG/ML 61659 60465> ;1219
##% Sample 1D: eanidi—t- Squ 113 12:47:37 30 Nov 1992
U1l 385.958 4.824 UG/ML 38026 44357 42910

A43



Laboratory Sample Log Number/INEL Sample Number Correlation

INEL Number

Analysis

date

YPG110392 7c |

SPOl1

11/24/92

YPG110392

Sp02 TC

11/24/92

YPG110392

SP03 TC

11/24/92

YPG110392

SP04 TC

11/24/92

YPG110392

SpP04 TC

11/24/92

YPG110492 NPO1l TC

11/24/92

YPG110492

NP02 TC

11/24/92

YPG110492 NPO3 TC

11/24/92

4582

YPG110492 NPO4 TC

11/24/92

' 4657 YPG110592 WPO1 TC | 11724792
4660 | YPG110592 wpo2 Tca | 11/24/92

4663 | YPG110592 Wp0o2 TCb | 11/24/92

4666 YPG110592 WPO3 TC | 11/24/92
4671 | YPG110592 BKO1 TC ) 11/24/92

4677 YPG110592 WPO4 TC | 11/24/92

4569 YPG110392 SP00 ER | 11/24/92

4570 YPG110392 SP00 FB | 11/24/92
4585 YPG110492 NPOO ER | 11/24/92

i YPG110492 NPOO FB | 11/24/92
? YPG110592 WPO1 ER | 11/24/92

YPG110592 WPOO FB

A-44
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{ASp&l’l

Env

ironmental Lab

4730 N. Oracle Rd.. Suite 212 » Tucson, AZ 85705 « (602) 887-1975

oratory

o Fax (602) 887-2352

LABORATORY QA/QC REPORT

Client: T.S.S.I.
U.S. Army Yuma Proving Ground Project Number NA
i’!’EYP;Lé'I‘;ﬁ;hﬁdP. Bldg. 2060 Sample ID Listed Below
- Lab ID 111092-08 thru 20
F Sampling Date 11/03/92, 11/04/92, & 11/05/92
: P.
oft YPGGP-20 Date Received 11/1092
SOIL/WATER SAMPLES Date of Anmalysis 11/24/92
Date of Report 12/28/92

LABORATORY CONTROL SUMMARY

Barium Lead Mercury
Limit of Detection (mg/L) (leachate) 0.5 0.05 0.001
Limit of Detection (mg/Kg) (weight basis) 10 1 0.02
Calibration Check Standard (% Recovery) 100.4 103.1 109.9
Acceptance Criteria 90-110 | 90-110 90-110
Method Blank (mg/L) <MDL <MDL <MDL
Method Blank Spike (% Recovery) 108.6 99.7 108.9
Acceptance Criteria 80-120 80- 120 80 - 120
Laboratory Control (% Recovery) 98.4 106.5 85.9
Aspen Acceptance Criteria 72.6-120 | 689-133 | 65.5-121
Lab Notes/Comments: Analyzed By:
MDL = Method Detection Limit Q,L&¥<77Zw¢a (7-5K7-72
AanQEQ BEEOFt R&Iewed By: Date
""Z"/t /-/L_ { oge ol / "/]7/';)1
Laboratory Director 4 Date

A-45




Env1ronmental Laboratory

4730N Orncle Rd Suite 212 « Tucson, AZ 85705  (602) 887- 1975 Fu (602)887 2352

LABORATORY REPORT OF CHEMICAL ANALYSIS

A-46

Client:
TSSI Project Number N/A
U.S. Army Yuma Proving Ground Sample ID Listed Below
mYP ‘M‘r‘n-‘m. Bld‘- m - -~ ~2
Yoma, AZ 85366 Lab ID 111092- 14~19, 08~13, 21~23 P
Sampling Date 110392, 11/04/92, 11/05/92
For: Date Received 11/10/92
YPG GP-20
Date of Analysis 112492
SOLL & WATER § Date of Report 12/28/92 I
TCLP - Priority Metals
Parameter Arsenic Barium Cadmium | Chromium Lead Mercury | Selenium | Silver
Limit of
Detection 0.5 0.05 0.001
=
92-4557 <0.5 0.66 <0.001
92-4560 <0.5 042 <0.001
924563 <0.5 0.79 <0.001
92-4566 <0.5 0.25 <0.001
*92-4566 <0.5 0.25 <0.001
92-4569 <0.5 <0.05 <0.001
924570 <0.5 <0.05 <0.001
924573 <0.5 0.19 <0.001
92-4576 <0.5 0.19 <0.001
924579 <0.5 0.66 <0.001
924582 <0.5 0.79 <0.001
92-4585 <0.5 <0.05 <0.001
92-4586 <0.5 <0.05 <0.001
92-4657 <0.5 0.79 <0.001
92-4660 <0.5 0.59 <0.001
92-4663 <05 042 <0.001
L—m R
Reported in mg/L
Lab Notes/Comments: yzed By:
Amended Report £ __\{/’7 7 aco J2- 24-95.
“#Duplicate extraction performed. R viewed By: Date
— .
‘ /tt‘ﬁt_/_/[c /J/;'wur{% /3 n/«;‘;'_
Laboratory Director Date



Environmental L.aboratory

-1975

Fax (602) 887-2352

LABORATORY REPORT OF CHEMICAL ANALYSIS

Client:
TSSL Project Number NA
U.S. Army Yuma Proving Ground Sample ID Listed Below
STEYP-MT-TL-MP, Bidg. 2060 .
Yumas, AZ 85366 Lab ID 111092-24-27, & 20
‘ Sampling Date 110592
For: Date Received 11/10/92
YPG GP-20
Date of Analysis 11/24/92
SOIL & WATER SAMPLES Date of Report 1228/2
TCLP - Priority Metals
Parameter Arsenic Barium Cadmium | Chromium Lead M.ercnry Selenium | Silver
Limit of
Detection 0.5 0.0 0.001
{(ppm)
92-4666 <0.5 0.73 <0.001
92-4669 <0.5 <0.05 <0.001
92-4670 <0.5 <0.05 <0.001
92-4671 <0.5 0.35 <0.001
92-4677 <0.5 0.35 <0.001

Reported in mg/L

Lab Notes/Comments: zed By: '
Amended Report ; jn‘ f: mﬁz&q /2-78-972

Reviewed By: Date

—

/g( /;.L("‘ 4 &517/7,,( /t/¢‘ 1.2/23 [9°
Laboratory Director Date
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Aspen Env1ronmenta1 Laboratory

4730N Oracle Rd Sunle 212 Tucson AZ 57

. (602) 887 1975 . Fax (602) 887 2352

LABORATORY REPORT OF CHEMICAL ANALYSIS

Client:
TSSI Project Number NA
U.S. Amny Yuma Proving Ground Sample ID Listed Below
STEYP-MT-TL-MP, Bldg. 2060 1417, 08=11. 21—
Y AZ 85366 Lab ID 111092-14-~17, 08~11, 21~24, 27, 20

. Sampling Date 11/03/92, 11/04/92
For: Date Received 11/10/92

YPG GP-20
Date of Analysis 11/24/92
SOIL SAMPLES Date of Report 12/28/92
L_m
TCLP - Priority Metals
Parameter Arsenic Barium Cadmium | Chromium Lead Mercury | Selenium Silver
O
3‘.‘:?:.::. ) 10 1 0.02
L]
92-4557 ) <0 129 <0.02
92-4560 <10 8.27 <0.02
924563 <10 15.2 <0.02
924566 <10 498 <0.02
*92-4566 <10 5.02 <0.02
924573 <10 3.65 <0.02
924576 <10 3.62 <0.02
924579 <10 13.0 <0.02
92-4582 <10 15.6 <0.02
92-4657 <10 15.6 <0.02
92-4660 <10 11.7 <0.02
92.4663 <10 T, 8.19 <0.02
92-4666 <0 144 <0.02
92-4671 <10 6.98 <0.02
924677 <10 7.02 <0.02

Reported in mg/Kg

Lab Notes/Comments: ‘BW
Amended Report. Ag\ I Nh k_[ao 12- 28-92

“Duplicate extraction performed. RJ,‘M By: Date
/ .
' (3352
Laboratory Director Date

A-48




TABL oy

Environmental Laboratory

4730 N. Oracle Rd., Suite 212 *» Tucson, AZ 85705 « (602) 887-1975 » Fax (602) 887-2352

LABORATORY REPORT OF CHEMICAL ANALYSIS

Client:

T.S.S.L

U.S. Army Yuma Proving Ground
STEYP-MT-TL-MP, Bldg. 2060
Yuma, AZ 85366

For:
YPG GP-20

SOIL SAMPLES

Project Number
Sample ID

Lab ID
Sampling Date
Date Received

Date of Analysis

Date of Report

N/A

Listed Below

111092-14~17, 08~11, 21~24, 27, 20
11/03/92, 11/04/92

11/10/92

1122492

1173092

TCLP - Priority Metals

Reported in mg/L

Lab Notes/Comments:
*Duplicate extraction performed.

Parameter Arsenic Barium Cadmium | Chromium Lead Mercury | Selenium | Silver
1:':3‘::?:. 10 1 0.02
| (ppWm)
92-4557 <10 12.95 <0.02
92-4560 <10 8.27 <0.02
924563 <10 15.19 <0.02
92-4566 <10 498 <0.02
*92.4566 <10 5.02 <0.02
92-4573 <10 365 <0.02
92-4576 <10 362 <0.02
92-4579 <10 13.03 <0.02
92-4582 <10 15.63 <0.02
92-4657 <10 15.61 <0.02
92-4660 <10 11.69 <0.02
92-4663 <10 8.19 <0.02
92-4666 <10 14.44 <0.02
92-4671 <10 6.98 <0.02
92-4677 <10 7.02 <0.02
D ﬁ

A-49
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/
Laboratory Director Date



4730 N. Oracle Rd., Suite 212 « Tucson, AZ 8570

Environmental Laboratory

(602) 887-1975 » Fax (602) 887-2352

LABORATORY REPORT OF CHEMICAL ANALYSIS

Reported in mg/L

Lab Notes/Comments:

Client:
T.S.S. Project Number N/A |
U.S. Army Yuma Proving Ground Sample ID Listed Below
smYP'Mr'n-‘MP. Bldg- m 1 .18 9 1 13 25 26
Yuma, AZ 85366 Lab ID 111092-18, 19, 12, 13, 25,
Sampling Date 11/03/92, 11/04/92, 1100592
For: Date Received 11/10/92
YPG GP-20
Date of Analysis 11/24/92
WATER § i Date of Report 11/30/92
TCLP - Priority Metals
Parameter Arsenic Barium Cadmium | Chromium Lead Mercury | Selenium | Silver
Limit of .
Detection 0.5 0.2 0.001
{ppm)
92-4569 <0.5 <0.2 <0.001
92-4570 <0.5 <0.2 <0.001
92.4585 <0.5 <02 <0.001
92-4586 <0.5 <0.2 <0.001
92.466<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>