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ABSTRACT

The U.S. Army Yuma ProvingGround (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 tbr 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 Slte Hlstory

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 privately owned lands to the south are used primarilyfor 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 penetratorrangeis dividedinto 84 gridsquares1640.42ft (500 m) on edge,
eachsquarehavingan areaof 2,690,975ft2 (250,000m2). This representsa total areaof
approximately2.26 x l0s ftz (2.07 x 107m2). The KOFA DU penetratorrangeis depictedin
Figure2. Figure3 is a gridsquaremapof the northwesterncorner of the KOFA rangeshowing
the gridlayoutof the KOFA DU area. Centrallyadjacentto gridsN1 andS1 isone locationof a
firing sitefor the DU penetrators.This gunsiteiscalledGun Position20 (GP-20). Most
projectilesoriginatingfrom GP-20 impacta 1,200x 50 ft areacentral to gridsN9 andS9. Gun
Position17A (GP-17A), centrallylocatedto gridsquaresSIB andS1C, is a new DU firing site.

Between1984 and1987, the heavilyimpactedlandbetweengridsquaresN9 and$9 was
clearedof approximately3 ft of DU contaminatedsoil. The soilwasstockpiledinto three piles;
commonlyreferredto as the North Pile,SouthPile,andWest Pile. The three pilesare locatedin
thevicinityof gridsquaresN9 and$9. The volumeof thesestockpilesis approximately1,400yd3
(37,800 ft3). DU contaminatedsoil stillremainsin the GP-20 targetarea.

In November,1992,a samplingeffort wasconductedto characterizethe stockpiledsoil 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 effort 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 ber,efit 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

minimizationof 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 evaluatemethodologiesfor theseparationof DU fromsoil fractionsat YPG have
not been conducted.However,YPG hascollectedanalyticaldatawithin the pastseveralyearsto
monitorthe area. In 1987,a HydrologicandPollutionInvestigationStudy(Entech, Inc.) was
performedto evaluatethe potentialof DU migratingdownstreaminto the ColoradoandGila
Rivers. This studyconcludedthat 0.1 in.3 DU particlescouldbe displacedat a maximumof seven
milesfrom the GP-20 targetarea,assuminghydraulicconditionsmostconductiveto 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
groundhurst 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:

• 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

• All significant contan!ination 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

YPC} 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 Y'PC}soils.

The information derived from these reports confirms the need to remediate the Y'PC}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, parti_:lesize 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 applicabilityof 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



Figure 4. The collection scheme for the West 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 parafiim,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 physicalpropertiesanalysisincludedbulkdensity(MOA, PartIandII),andmoisture

content(ASTM D2216-90),pH (MOA, PartIandII)analysis,particledensity(MOA, PartIand
II),and theparticlesizedistribution(ASTM D422).TableI liststheresultsofthephysical
propertiesanalysisspecifictoeachpile(includespH). RefertoAppendixA fortherawdata.

I0



Table 1. Pile samples for the physical properties analysis.
iiii

Particle

Bulk density density Moisture content
Pile (lb/ft3) (Ib/ft3) (%) pH

South 98.7'1_'.5 - 169.7-171.8 1.5-3.3 ..... 7.9-.8.3
t

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 7.7-7.8
i i ii i,it

The average results for the physical properties at the 95% confidence interval are as follows:
I,

Bulk Density = 101.0 -- 1.8 Ib/ft3

Particle Density -- 170.8 ± 0.5 Ib/ft3

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 spike are
listed in Table 3.

True background is approximately 2/_g 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 _g/g. The
sample that was to be used for the background level is below the detection limit of the ICP
method used.

As can be noted by the analytical results presented in Tab!e 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. Average values of the soil passing by % and the particle size sieve for the particle size
distribution analysis.

ill i ,i i i

.... Gravel Sand siit and clay .....,ll|l,i ii i HI i

19.0 mm= 99'.8 ±'"0.3% 210 mm -- 66.7± 3'.7% 0.075 mm = 23.7 _ 5.2%
Q

12.5 mm= 96.3 ± 1.4% 0.850 mm- 54.4 ± 5.1% 0.050 mm = 20.5 _ 4.8%
9.5 mm = 92.1 _ 2.1% 0.425 mm= 46.8 ± 6.2% 0.020 mm= 14.3 ± 3.6%
6.3 mm = 86.0 ± 2.'7% 0.250 mm= 41.3 ± 6.8% 0.005 mm= 6.9 ± 2.0%

0.106 mm - 30.1 ± 6.2% 0.001 mm = 1.3 ± 0.5%
i|,, ill i ,i , i i i .ml HI

Table 3. Results from the total U analysis.
H H

e

Range of results Range of results
Uranium concentration Uranium concentration

Pile (,u,g/g) (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" 61.0(}-66.45 21.96-23.92
... , , ..,

a. Duplicate analysis of spiked sample.
iim|l ills HI i

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 5 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 metals.

2.3.4 Application of Analytical Results to Soil Treatment Technologies

Applicationof a treatmenttechnologyfor the DU contaminatedsoilsat YPG is dependent
upona numberof factors. These includethe mineralogyandparticlesizedistributionof the soils,
moisturecontent,the typeof contaminantpresentat the site,the pH andbufferingcapacityof
thesoils,Eh or redoxpotentialof the soil, the presenceandnatureof chemicalligands,andother
suchkeyelements. Thissectiondiscussesthe applicationof different treatmenttechnologiesto
thesoils. Section3 will use the informationpresentedin thissectionto determinewhat identified
treatment technologiesare feasible.

12



2.&4.1 Uranium Chemistry Information and Analysis. This subsectionprovides
informationpertinent to the chemistryof U and an analysisof the data resultsobtained from the
samplingeffort.

Penetratorsare composedof U metal alloyedwith 0.75wt% Ti. U metal in suchan alloy is
. unstableat the earth'ssurfaceandwill react to form oxides,oxyhydroxides,hydroxides,andother

chemicalcompoundswhenin contactwith soil,air, andwater. Somedata are availablethat show
theoxidationof U metalswhen in contactwith dry air,moistair, watervapor,andcarbondioxide

. at temperatures less than 100*C(Ritchie 1981; Tyzack and Cowne 1976).

In general, the first product of U metal oxidation is UO 2 (uraninite). As oxidation proceeds,
hyperstoichiometric U oxides of the form UO2+r where 0 < × < 0.4 are produced. These
include such forms as U40 9, U30.I, and U30 s, all of which are mixtures of U+4 and U+6 and have
the fluorite structure of UO 2. These compounds are generally green-black in color. Generalized
reactions illustrating possible oxidation processes include:

u + [(2+ x)/2]o2= u02+,

U + (2 + x)H20 -- UO_ + (2 + x)H2

U . 2CO2 = UO2 + 2CO.

Furtheroxidationandreactionwithwaterandcarbondioxidesmay produceseveralhydratedand
carbonated compounds such as UO3, U30 8.H20, (UO3)./" 11(H20 ), (UO2(OH)2"H20) and
complex uranyl carbonates. This group of minerals is typicallyyellow in color and is referred to as
"yellowcake." 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 minoror 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 primaryoxidation states, U +4 and
U+6. 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+6 species, the uranyl ion (UO+2), will also
complex with hydroxide, carbonate, fluoride, sulfate, and phosphate ions. The uranyl ion is
generally complexed primarilyby 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 UO2, UO 3, 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 (UO2(OH)2. H20 ). 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 2, 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 n_orethan 13.5% of the soil and that would have
a U concentration of less than 2 ppm. This su_ests 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 venus 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 materialwas 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 .4t.hatmore than 60% of the DU was recovered as metal by screening
using a 0.S 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.
i

Particle size Particle size West Pile East Pile North Pile

(microns) (mm) % Uranium % Uranium % Uranium

a 19,050 19.050 0.1 0.1' 0.1
,r

19,049-4750 19.049-4.75 0.2 0.4 0.5

4749-2000 4.749-2.000 16.3 26.6 23.4

1999-840 1.999-0.84 15.0 18.6 14.7
I

839-600 0.839-0.600 4.1 2.9 2.8

599-300 0.599-0.300 13.1 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 26.9 24.4 28.8

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

According to the study by ORNL (Wichner et ai. 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 ai. 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 lb/ft3. The bulk density ranges from 96.9 to 106.5 lb/ft3. The pH of the soils tends to be
somewhat alkaline in nature, ranging L,etween 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.

tt,
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2.3.5 Applicationof Data Resultsto TreatmentTechnologies

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

t

• The U probablyoccurs in severalphysicalstates to includemetal,uraninite(UO 2 and
its derivatives), and yellowcake (uranyl oxides and hydroxides).

• The soil pH is alkaline,approximately8, and suggests the presence of calcite (CaCO3),
a commonmineralin desert environments.

• The relationof radioactivityto grainsize suggeststhatU, perhapsas the metal,
concentratedin the coarsesize fraction(0.84 mmto 4.75 mm)and also in the fine size
fraction(0.037mm and less), probablyas chemicalcompounds. The U in the fine size
fractionmaybe presentas individualfine grains,as coatingson other grains,adsorbed
on other minerals,ion exchangedwithother elements in mineralssuch as the clay
minerals,or some complexcombinationof two or moreof these possibilities. It is not
found in significantamounts in the regularcoarse fractions(>4.75 mm). If so, the U is
most likelypieces of metalor adheredto largecobbles.

These propertieswilldistinguishthe typesof treatmenttechnologiesthat feasiblyhave the
capabilitiesof cleaningthe DU contaminatedsoils to the NRC mandatedlevels of 35 pCi/g.

2.3.6 Applic_lon of Datato TreatmentTechnologies

Assumingthat several competingsoil treatmentsystemscan achievethe desiredcleanup
goals, the followingguidelinesareuseful for choosingamongthe soil treatmentcandidates. In
general,physicalmethods,such as gravityseparation,magneticseparation,screening,and/or
classifying,are preferred. The least desirablemethodsfor removingDU are dissolution
techniquesusingacids or bases followedbyrecoveryusingion exchange,solvent extraction,or
similarmethods. This is so because of the undesirablenatureand volumeof the secondarywaste
streamsgeneratedby these processesandthe severe chemicalalterationof the cleaned soils that
are to be returned to the environment. Froth flotationis a border-linecase between physicaland
chemicalapproaches.

The complexnatureof the U contaminationat YPG indicates that the successfulsoil
treatmentsystemwillcombineseveraldifferenttechniques. This conclusionis supportedbya
reviewof differentstudiesby LANL and ORNL for U.S. Departmentof Defense (DOD) sites
contaminatedwith DU. The studies indicatedthat a successfulapproachwould applya blendof a
wet separationmethod,size reduction,possiblymagneticseparation,and the additionof a
chelating agent or an acid tO remove U rich coatingsor adsorbedor ion exchangedU. Some of
the proposed methodsfor soil cleanupfor U contaminatedsoils encompassboth dryand wet
separationtests (includeschemicalseparationprocessesor a blendof these technologies). Dry
separationmethodsincludedry magneticseparatk,,,and electrostaticseparation. Wet separation
treatmenttechnologiesincludeseveralvarietiesof acidand base leachand dissolutionreagents
togetherwithseveralmethodsfor treatingthe liquidwastestreams.Wet physicalseparation
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methods includewet screening,wet magneticseparation,jigging,shakingtable, staticbelt
separation,movingbelt separation,and a rotatingspiralconcentrator.

2.3.6.1 Summaryof DU ContaminationProperties and Possible TreatmentMethods.
The informationdescribedin previoussectionsis againsummarizedhere togetherwithpossible

. treatmentmethodsand philosophies. It shouldbe understoodthatthe ideas presentedhere are
hypotheticaland are to be used only as guides. Additionalsamplecharacterizationand bench
testingwill be necessaryto test the ideas presentedhere.

• The U probablyoccurs in severalphysicalstates to includemetal,uraninite(UO2and
itsderivatives)_and yellowcake (uranyloxidesand hydroxides).This suggests that the
successfulseparationwillbe robustandcapableof treatingU in severalchemicalforms.
Itwill probablyconsistof a combinationof severalseparationmethods.

• The soil pH is alkaline,approximately8, and suggeststhe presenceof calcite (CaCO3).
Calcitegreatlyincreasesthe bufferingcapacityof the soils and will tend to buffersoil
washingsolutions to thisvalue and neutralizeacidsused for leaching,thus decreasing
theireffectiveness. The optimumsoil treatmentsystemshouldbe unaffectedbythe
alkalinesoils.

• The relationof radioactivityto grainsize suggests thatU is concentratedin the size
fractionless than 4.75 ram. Separationof thissize fractionwould providean initial
overall reductionof approximately13.5%of the DU co0taminatedmaterialfrom the
YPG soils. If, as seems likely,the DU in the coarserfraction(but less than 4.75 ram)
is in the form of metal fragmentsfromthe penetrators,a simplegravity,or magnetic
separatorcould be effectivelyused to furtherseparateit fromthis size fraction. The
situationwith the fine size fractionis morecomplex. The DU in the fine fractionis
probablya complex mixtureof oxides,hydroxides,and possiblycarbonateor other
minerals. It probablyoccursas both veryfine individualparticlesandas coatingson
other mineralgrainsand possiblyas adsorbedon or ion exchangedinto other minerals
such as the clayminerals. If the U compounds in the fine materialare predominantly
presentas individualgrains,physicalseparationmethodssuch as densityseparation,
magnetic,etc., are probablyapplicable. If the compoundsare presentpredominantlyas
coatings,adsorbed,or ion exchangedwith host minerals,then chemical methodssuch as
frothflotation,ion exchange,leachor dissolutiontechniqueswillprobablybe necessary
to removethem from the fine size soil fraction. Althoughthey mightbe separable
usingsimple physicaltechniquessuch as gravityseparation,it is likelythat more

• sophisticatedmethods,such as soil washing,will be necessaryto separate the DU from
the soil particlesin the fine fraction.

. Given the complexitiesof the physicalandchemicalpropertiesof the materialsto be treated
and the observationthatsoil treatmentsare verysite and contaminantspecific,it is clear that
bench-scaletestingwillbe requiredto establishthe preferredsoil treatmentprocedures.
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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, EO&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
particularorder. The information compiled in this section was directly derived from the vendors.

Economic information obtained from vendors was given in ranges versus specific costs
becausedata results,a statementof work,soilcharacteristics,etc.,were not providedto the
vendors. A moreaccuratecostcanbe determinedfrom thebench-scaletesting. Costsfor a full-
scaleoperationare dependentupon thebench-scaleresults. Most vendorswill require a bench-
scaleoperationto fully determinethe final costsfor cleanup. Becauseof the lackof site.specific
information,the vendorswere reluctantto providecostsuntil a statementof work hasbeen
issued.The substantialdeviationsin the rangesquotedin this report were a bestguess,basedon
not havinga definedscopeof work.

A set of criteriawasestablishedto determinethecapabilityof eachgroupas follows:

• Previousexperience

• Cleanup process

• NRC Laboratory availability

• Previous cleanup levels and volume reduction achieved

• Portability of equipment

• Economics

• Radiationcontrolsand measurementsincorporatedin soil monitoring

• Additionalwastestreamsgenerated

• Permits required on previous sites

• References,

The information specified by the established criteria for each technology is presented in the
following sections,

18



3.1 TMA/Eberllne Thermo Analytical Inc.

Thermo Analytical, Inc. (TMA_berline) is located in Albuquerque, New Mexico. The
treatment technology developed by this company is referred to as the TMA/Eberline modified
Johnston Atofl 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 yd3 of coral soil matrixcontaining low and intermediate levels of
contamination remain inside a controlled access area and is being processed. This work is
exIa_ted 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 yd3 of soil per week. The soil remediation
system uses an arrayof sensitive radiation detectors and software designed by Eberline Instrument
Corporation. The software controls the _gmented Gate System for diverting contaminated
material from soil as it moves along conveyor belts beneath an arrayof 15 overlapping NaI
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 arrayof 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

TMA/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 st Iohnston Atoll to date.
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Figure 7. TMA/Eberline flowchart.
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5. PortabilityofEquipment

The modifiedJohnstonAtollPu CleanupPlantisowned bytheDNA. TMA/Eberiinehas
completedthedesignofa smaller-scaledversionofthisplant,whichismore mobileandcapable
of processing 200 to 300 yds per week..

6. Economics

• The approximate cost/yds 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 individualmicroprocessor 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 radioactivityhas 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 I 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
q

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

Dr.EdwardBramlitt

TechnicalDirector

DefenseNuclearAgency,FieldCommand
(505) s4e.m6s

Company Contact:

Nels R. Johnson, President
TMA/Eherline

(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 u the ACT'DE'CON process (patent pending). This
technology wu developed to separate radiologicai contaminants from soil at Department of
Energy (DOE) facilities. The following provides relevant information as to how the criteria in
Section 3, Wreatment 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, C.s,Tc, Ra, actinides (U and tramuranics), 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 pro_.idesfor solvent contact and contaminant dissolution. The soil is then fed
from the first extractor to the second extractor where partiallytreated 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 treated by either selective ion
exchange or evaporation. The solvent can then be analyzed and chemically adjusted before
recycling.
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3. NRC LicensedLaboratory

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

4. PreviomCleanup LeveLsAchieved

IE_nch.scaletestingwasconductedon soiLswith a 8"/% silt fraction and a 5% clayfraction
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/yd3 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 Wasteatreams Generated

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

9. Permits Required on Previom Sites

Bradtec penmnnel are not aware of any permits required for their process.

10. References

Don Johnson

Argonne National Laboratory
("/08)252-3392

Company Contact:

Mike Dunn, President
Bradtec.U.S., Inc.
(404) 640-9305
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3.3 B&W Nuclear Environmental Services, Inc.

Babcock and Wilcox NuclearEnvironmentalServices,Inc. (B&W-NESI) is locatedin
Lynchburg,Virginia. The treatmenttechnologydevelopedby thiscompanyis referredto asthe
B&W-NESI Soil WashingTechnology.The technologywasoriginallydesignedto separateclean

• soilsfrom contaminatedfines at a DOE site. The followingsectionprovidesrelevantinformation
asto how the cdteriain Se,ction 3 are metby the technology.

. 1. PreviousExperience

B&W-NESI developeda soilwashingsystemfor the cleanupof approximately500,000ft3 of
U contaminatedsoilsfrom the Apollo Facilitylocated35 milesnortheastof Pittsburgh,
Pennsylvania.This facilityisscheduledfor decontaminationanddecommissioning.The U at this
facilityis in the form of U-234, -235,and .238. Soilcontaminationrangedfrom zeroto
2,000pCi/g. B&W-NESI developeda bench-scalemodelof thissoilwashingtechnologyand
treatedapproximately1000lbsof contaminatedsoil. The systemneverreachedthe pilot-plant
levelbecauseit wasagreeduponthat it wouldbe politicallyandeconomicallymoreadvantageous
for DOE to shipall of thesoiloffsite to Envirocare,a disposalfacilityin Utah.

2. CleanupProcess

The soilwashingsystemis composedof separatingcontaminatedsoilsinto a coarsesize
fractionand a fine size fraction,whichrepresentsthecleanandcontaminatedportions,
respectively(see Figure9). The processcomprisestwo screeningandwashingstepsand two
dewateringsteps. Coarsescreeningandwashingof the plus 1-in.materialis achievedin a
trommel(rotatingscreen). Fine screeningandwashingis achievedover a horizontalvibrating
screen.The coarsefractionsof thesoilaredewateredmechanicallyin a vibratingbasket-type
centrifuge. The fine fractionsof thesoilare dcwateredbya classifyingcyclonedewatcringscreen
andthickener/beltpressprocesscircuitry. The cyclonerequiresabout750 gpmof slurryto
operateproperly;therefore,a portionof the overflowisrecycledfor water conservation.

The dischargestreamfeedingthe thickenerfrom the headtank ischemicallytreatedwith
tlocculants(cationicor anionictype,or both) for coagulatingthe fine solidsinto largegroupsor
particlesto increasesettlingratesin the highcapacitythickener. The thickenerunderflowis
treatedwith flocculating-ty_chemicalsand is further mechanicallydewateredin a I:¢lt process.
The thickeneroverflowis collectedin theclarifiedwatersumpandischemicallytreatedwith a
wettin$agent. Acid andmakeupwaterare addedasrequired. Two pumpssplit theclarified
watersurnpto the belt press,vibratingscreen,andtrommel. Excesswater is bled from thesystem
andskoredonsitein a storagetank.

. 3. NRC LicensedLaboratory . _

B&:W.NESI has"-'_ite laboratoriescapableof performingthe radiologicalanalysis.
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Figure 9. The B&W-NESI processflowchart.
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4. PreviousCleanup Levels Achieved

The bench-scalemodelwasable to achieve a cleanuplevel of 30 pCi/gfor U. An 85%
volumereductionwas alsoachieved withthis process. A worsecase scenario for the systemwas
thatof a 50% volume reduction. The soils at Lynchburg,Virginiaconsist mainlyof Ioamsand

• clays. The absorptiontendenciesof clays aresignificant,thereforethe level of difficultyfor
removalof U from the soils is far moredifficultthanfromthose soils found at the U.S. Army
YPG.

5. Portabilityof Equipment

B&W-NESIcan move equipmentfromlocationto location. The timeframefor a complete
setup for the system rangesfrom 1 to 2 months.

6. Economics

The approximatecost for cleanupper yd3 of soil rangesfrom$3.00 to $5.00dependingupon
the site conditions. This is only for a purelyconsumablecost and for affiliatedworking
labor-hours(costs do not includeequipment). Bench-scalecosts rangefrom$30,000to $70,000.
This includessample collection,dataanalysis,etc.

7. RadiologicalSoil ProcessMonitoring

The B&W-NESIsoil washingsystemdoes not utilizedirectinprocessradiologicalmeasuring
controls,rathergrabsamplesof the soil are collectedrandomlyby built-insamplersthroughout
the process. The samplesare collectedfromthe up frontsystem (inputfeed location), the
processsampler (output feed), in process,and fromthe clean-fractionspile. Samplesare
immediatelyanalyzedonsite for U content.

8. AdditionalWaste StreamsGenerated

Wastestreamsgeneratedother than the remaining15%contaminatedsoil include
wastewater. The processutilizedby the plantoperatorsis to monitorthe water involvedin
cleanupto ensure it does not exceed the sewagesystemdischargelimitationsfor the contaminant.
tn other words,the wateris changedfrequently.

9. PermitsRequiredon PreviousSite
t

This was a bench-scaleprocess;therefore, permits for thissy-temwere not required.

10. References

Dr. RichardCarleson
B&W-NuclearEnvironmentalServices,Inc.
Lynchburg,VA 24506
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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) 94S-4606

3.4 Westinghouse Scientific Ecology Group, Inc.

WestinghouseScientificEcologyGroup, Inc. (SEG) is locatedin Pittsburgh,Pennsylvania.
The treatmenttechnologydevelopedby thiscompanyis referredto asthe SEG Soil Washing
System.This technologywasdevelopedto separateorganics,polychlorinatedbiphenyls(PCBs),
heavymetals,andradioactivecontaminantsfrom mils. The followingprovidesrelevant
informationasto how thecriteria in Section3 aremet bythe technology.

1. PreviousExperience

WestinghouseSEG hasrecentlycompletedusingtheir full-scalemobilesoilwashingsystem
to remediatea site in Bruni,TX. The sitewas formerlyusedfor the solutionminingof U. The
contaminationof approximately22,500yd3 of soil, primarilyof U andRa, was a resultof well
drillingmaterialandsolutionspills(includingresins)that occurredduringthe courseof operations
at thissite. On a benchandpilot-scalebasis,the SEG SoilWashingProcesshas beenusedto
decontaminatesoilcontaminatedwith a mixtureof grease,PolychlorinatedBiphenyls(PCBs)and
U at ORNL At thesamesite, theSEG Soil WashingProcesswasusedto removeU andHg
from the soil, at thebenchandpilot-scalelevel.

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 ram) 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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Westinghouse Scientific Ecology Group, Inc.
Flowsheet
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Figure 10. Westinghouse SEG flowchart.
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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 con'esponds 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
"weeksto setup.

6. Economics

The approximate cost/yd3 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 radioactivityof the processed soil leaving the system is
available, but has not been implemented to date. Cu_ently, 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

3O



Company Contact:

Al Dietrich

Weatinghome Scientific Ecology Group, Inc.
(412) 247-6258

3.5 S. G. Frantz Company, Inc.

- The S. (3. 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
Magnetic Barrier Technology. This technology was originally developed to separate and
concentrate panicles according to magnetic susceptibility on a laboratoryscale. 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 hu been tested at the bench and pilot-s_,aleswith
various types of radioactive wastes, including Pu and DU. A full-_,ale venion of this process is
currently in the planning and design stages.

2. Cleanup Process

The Frantz Magnetic BarrierTechnology 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 barriersystem 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. Me.am 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/hrwhile 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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S. G. Frantz Company, Inc.
Flowsheet
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Figure 11. The S. O. Frantz processflowchart.
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4. PreviousCleanupLevelsAchieved

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 10tz pCi/g to 4.70 x

• 10It pCi/g). The final concentration of Pu was 900 to 6500 mg/kg (1.57 x 10z° pCi/g to 1.14 x
10It pCi/g), after treatment.

. Additional bench.scaletestingwasconductedbyLANL on sizedbombreductionsand
(>90 microns)and fine sand. The initialconcentrationof Pu rangedfrom 15,500to 15,700mg/kg
(Z71 x 10It pCi/g to 2.74 x 10tt pCi/g), The final concentration of Pu was 5,100 to 8,600 mg/kg
(8.91 x 10 10pCi/g to 1.50 x 10It pCi/g), after treatment.

Bench-scale testing was also conducted by ORNL using a predecessor of the magnetic
barrierseparator, the Frantz lsodynamic 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 conddcted at
the S. G. Frantz facility on the separation of almandite from magnesium oxide and cupric oxide
froin 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. Portabilityof Equipment

The full-scale system is planned tobe fully transportable.

6. Economics

The approximate cost/yd3 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 magnetic barrier separator generates no a,_titional 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 permitshave been required.

10. References
t

Dr. LarryR. Averts, Scientist
Lee Alamm National Laboratory
LosAlarum,New Mexico

(505) _.2320

Company Contact:

ThomasWellington,President
S. (3. FrantzCo., Inc.
(6o9)s82.7100

3.6 EcoTek, Inc./Brlce Environmental Services Corp

F.a)Tck Inc. (EmTek)/Brice Environmental Services Corp. (BESCORP) is a joint venture to
provide soil treatment services. FxoTek 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. Previom 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 yd3 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, EcoTek 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 demonstrat|ons 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 yd3 of mixed heavy metal and radioactive contaminated soil at Hanford. Based on
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stipulationsoftheRFP andnatureofthecontaminants,a processingcostofunder120peryds
wassubmitted.Best-and.flnalnegotiationsarecurrentlyunderway.

2. Cleanup Proceu

. in the ECOTek/BESCORPSoil WashingProcess,the contaminatedsoil is initiallyscreened
for removalof largerocksanddebris(see Figure 12). Water isaddedto thescreenedsoil in a
high-attritiontrommel for deagglomerationof material. Oversizematerials(>0.25 in.) are rimed

. with a high-pressurewash,dewatered,and redepositedon site.

The slurry containing panicles <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 contaminatedmaterialis dischargedinto a clarifler for removal from the wash
solution. A coagulantis addedto the contaminatedsoil fines,whicharecontainerizedas a slurry
composedof approximately60% solids,or further dewateredwith a filter pressresultingin a
slum/cake containing80.90% solids. Noncontaminated-0.25 in. materialsare removedfrom the
separationchambers,washedwith a high-pressurerinse,dewatered,anddischargedfrom the
plant. The -0.25 in. material is further monitoredandrecombinedwith theoversize(>0.25 in.)
material to be placedbackon site.

3. NRC L/ce_ 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
F.r,,oTekto conduct a broad range of operations involving Byproduct, Source and Special Nuclear
Material, incident to any of the following activities:

• Site characterization

• Environmental remediation

• Decontaminationof facilities,equipment, and containers

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

• Packaging for transport

• 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 licenu: authority can generally
be granted by Agreement States, with prior planning and notification, through the process of
reciprocity..

35



E©otek Flowsheet
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Figure 12. The EcoTek/BESCORP process flowchart.
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EcoTck can use the masterlicenseto take IX_,:e, ionof radioactivematerialsthat arc not
currentlyunder theconditionsof ;in existingfacility license. _ntially, EcoTek can take control
of a site that either hasno licenseor an inadequatelicensefor the poMcssionof the materialor
contaminantin concern.

In additionto this licemm,EcoT©k°sparentcompany.Nuclear FuelServices,Inc. (NFS), hase

licensedfacilitiesfor the poucMion anduseof largequantitiesof radioactivematerialssuchas
highlyenrichedU, DU0 Th. andPu. NFS is thesolesupplierof nuclearfuel to the U.S. Navy

, andthe supplierof advancedDOE fuels.

4. PreviousCleanupLevelsAchieved

At theAlaskanBatteryEnterprisesSuperfundSite, Pbcontaminationrangedashigh as
40,000ppm. The treatedsoilmet thecriteria of < 1,000ppmtotal Pb and <5 mB/l.,Pb. A 90%
ow:rallvolumereductionwas achieved.

At Tinker AFB Ra.226 levels ranged from 15 to 2,000 pCi/g. The soil washing feasibility
testing s_ 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 contamination. 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/_g/g and from 394 to 11,900 p,g/g, respectively.
Initial testing on these soils indicate that contamination levels can be reduced to background
levels with a 95% volume: reduction.

5. Portabilityof Equipment

The EcoTek/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 (yd3) (ft3)
Soil type (yd3)
i _.... i i i i i [ ii i _ j

_andy 1,000,000 20.00 0.74
Semi.sandy 18,000 120.00 4.45
Clay 1,000 625.00 23.00

IlmllII I I II I I I II . I I I I I
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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 programmeetingtheseconditionswouldcost approximately$20,000. Thesecoatscanusually
be deductedfrom thecost for full-scaletreatment.

7. Radioiogical 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
(PEP).

In addition to the PCP requirements of full.scale operation, FxoTek 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
efftciencies 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 continuowly monitored for total activity (beta/gamma) upon
discharge from the trommel and spiral classifier onto the conveyor bell The online monitoring
installation consists of a large area polyvinyl toluene plastic scintillation detector and an associated
controller.

The detector, 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 Streams 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.Dependinguponthecontaminationtype(s),watertreatmentmayinclude
precipitation/fiocculation,clarifcation,ionexchange,andcarbonadsorption.

The totalwaterinventoryrequiredforthesoilwashingsystemisapproximately2,000galfor
a 20 ton/hrplantfor initialstartupwitha minimalamountof makeupwateraddedto thesystem

• duringoperation,

9. PermitsRequiredon PreviousSites

An P.,n,//ronmentalProtectionAgency(EPA) NPDESdischargepermitisrequiredat theend
of theprojectforthedischargeOfwater. If a permitis notavailable,thewatermaybesentfor
off.sitetreatmentanddisposal.

10. References

Foster Wheeler

F..PASITE Program
Mr.Roger Gaire
(908) 906.6821

CompanyContact:

Daniel R. Dilday,BusinessDevelopment
EcoTek
(5 3)825.8030

3.7 Lockheed Environmental Systems and Technologies Co.

Lockheed F,nv/ronmentalSystems& TechnologiesCo. (Lockheed) is locatedin Las Vegas,
Nevada. The treatment technologydevelopedby thiscompanyis referredto as the TRUclean
process. This technologywas originallydevelopedto separatePu and Am froma coralsoil
matrix. The technologywas latermodified to separateDU from firingrangesoils. The following
providesrelevantinformationas to how the criteriain Section 3 aremet bythe technology.

1. PreviousExperience

The LockheedTRUclean processwas initiallytested in a nonlaboratorysetting in connection
. witha DNA pilot projecton JohnstonAtoll in the South Pacificin late 1985. The first

production.sizesystemwas assembledon JohnstonAtoll in Novemberof 1988. Approximately
1,000yd3 of the 100,000yd3 of contaminatedsoil at JohnstonAtoll was processedwith the
TRUclean process. Thisprocessingplanthas a 15 yd3/hrcapacityand a minimumsensitivityon
the orderof 5 pCi/gof Pu.239.

TheTRUcleanprocessiscurrentlyin useat theChinaLakeNavalWeaponsCenterin
southernCalifornia.At thissitetheprocess,whichhasbeenmodified,isbeingusedto separate
DU fromsoilfractionsat a firingrange.A totalvolumeof 6,600yd3of'contaminatedsoilis
scheduledto be processed.Workat thissiteisexpectedto becompletedin thesummerof 1993.
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2. Cleanup Process

With the lockheed TRUclean process, contaminated soil is first placed in a feed 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 level, 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 slurryas it enters the decontamination
section. The slurry flows into the gravimetricseparator 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
slurryenters 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 Licemed Laboratory

Lockheed has NRC licensed faciliti_ 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 system requires 1 to 6 months for setup depending on site conditions and required
equipment.

0 :_"



Lockheed Environmental Systems and
Technologies Flowsheet
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Figure 13. The Lockheed TRUclean process flowchart.
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6. Economics

The approximate cost/yd3 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. Radiologicai 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 arrayof 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.

& 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) S46-S56S

3.8 Nuclear Remedlation 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 Technologies (NRT), a Division of General Atomic.s, 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 C.s
(Cs 137)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 C.s-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 the 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 trommei and
drop onto a flat deck vibrating screen with 0.25 in. openings. The <0.25 in. material will pass
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NRT Flowsheet
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Figure 14. The NRT processflowchart.
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through the screen for further processing downstream. The <2 in. plus 0.25 in. material 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 l.Jnatex Hydrosizer is a dense media separator. As feed enters the top of the
hydrosizer, the particles of solids are met by an upwardrising 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 slurryfraction. 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 Kneison 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 will 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 analyticallyverifying that it is <35 pCi/g. Thk: <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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plus325meshmaterialwillthenbedewateredandplacedindumpsters,whileanalytically
verifyingthatitis<35pCi/g.The <325meshmaterialwillflowtoaninclinedplateclarifierto
collectandsettlethematerial.Thesludgefromtheclarifierwillthenbeplacedinafilterpress
fordewateringbeforechemicalextraction.

TheChemicalExtractionwillbeusedtoextracttheU fromthe<325meshmaterialandall
otherfractionsnotmeetingthe<35pCi/gcriteria.

3. NRC LicensedLaboratory

NRTs SanDiegofacilityislicensedbytheNRC andtheStateofCaliforniatohandlea
varietyofradioactivematerials.Thisfacilitycouldbeusedtoconductbench-scaletreatability
studiestoestablishthesoilcharacteristics,contaminantdistributioncharacteristics,andthe
behaviorofthevarioussoilfractionswhensubjectedtospecificphysicalandchemicalseparation
treatments.

4. PreviousCleanup LevelsAchieved

In bench-scalecentrifugalconcentration/soilwuhing tests on DU contaminatedsoils froma
fh-ingrangeowned byOlin Ordinance. A Knelsoncentrifugalconcentratorwas successfullyused
tocleanthesoilto15pCi/gfromastartingcontaminantof150pCi/g.

Inbench-scalesoilwashandchemicalextractiontestsconductedforremovalofCs-137at

theTRA WWP attheINEL,testsresultsindicatedthatbycombiningselectedprocesssteps,
morethan90% oftheWWP sedimentcouldbereducedtotherequiredCs-137concentrationof
690 pCi/g or leu.

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

5. Portabilityof Equipment

Soil cleaning plants can be providedin a range of sizes fromsmall, truck-mountedpilot
plants capable of processingseveral hundred pounds per hour up to large, modularplants capable
of 75 tons/hr. All plants are constructed in modularfashion to facilitate rapid assemblyand
disassembly.

6. Economics

Theapproximatecost/ydsofsoilrangesfrom$540.00to$1350.00dependingonsite
conditions.The costrangeforcomprehensivebench-scaletestingrangesfrom$200,000.00to
$300,000.00,andincludesapreliminarydesignfora full-scalesystem.
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7. RadiologicalSoilProcess Monitoring

Characterizationinthesoilwashingprocesswillbeaccomplishedusingalpha,beta,and
gamma detectors.Thesedetectorswillbeusedtoanalyzeallinputandoutputstreamand
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 fen'ate (KzFeO4)
for the ferrate precipitation system. This technology was developed by the LANL and acquired
by At3C for exclusive use by ADC. The fen'ate has been shown to be very effective in the
reduction of gross alpha and beta radioactivityfrom 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.

o

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 AlternativeOptions for Managementof ContaminatedSolls

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 licensetoreceivelow-levelwaste(alsospecificRCRA hazardouswastesandmixedwastes),
includingDU contaminatedsoils.ThemaximumconcentrationofDU acceptablefordisposable
atthefacilityis1.1x I0spCi/g.

ThecostsaffiliatedwithanalysisrequiredbyEnvirocare,excavation,packaging,andshipment
of DU contaminatedsoil fromYPG presented in thisreportare estimatesbasedon information
deriveddirectlyfromEnvirocare.

Disposalcosts for disposalof DU contaminatedsoils at the Envirocarefacilityrange from
i24.00 to $30.00/fts. Shipmentcosts depend greatlyupon the type of shippingcontainers,etc.
that the soil willbe shipped in. The mostcost effective containerizationis shippingvia bulk lined
railcars. The cost for this depends upon the mileage,weightof soil per car,and the potential
volume. Union Pacificworkscloselywith Envirocarein the shipmentof soils to their facility. An
approximatecost of I5 l._/net ton on 170,000Ibminimumweight was quoted to the INEL for
railcarshipment [C'harlieBlack.Union PacificRailroad(402) 271.5204.]

3.10 Partial VolumetrloReduction/Disposalof
DU ContaminatedSoils

An additionalalternativeis to utilizean existinggravitationalseparationdevice,screenor
both, to reduce the volume of DU contaminatedsoil to approximately50%as discussedin
Section 2 and disposeof the remainingcontaminatedsoil at a disposalfacility. This can be done

. by a combinationof processesthat includetreatmenttechnologiesdescribedin Section 3.0 of this
report. The remainderof the soil thathas not achievedthe 35 pCi/gcleanuplevel can be
disposedof at the Envirocarefa_:ilityin Utah.

This willrequireobtaining a cost breakdownfor the gravitationalseparatingdevice and
havingthe actualexcavation,packaging,shipping,and costs invokedby Envirocare. Thisshould
cost less, and wastestreamsgeneratedby a soil washing,or other type of process,would not be
generated.

g
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4. SELECTION BASIS

EachtreatmenttechnologydescribedinSection3 hassomebasisforthefeasibilityof
remediatlngDU-contaminatedsoils.Thissectionwillprovidea tabularsummaryofeach
technology,screeningapplicationofthetechnology,anda finalrecommendationinTable6.

4.1 Summary of Treatment Technologies

• The treatment technologies presented in Section 3 are summarized in tabular form in this
section. The specificareasthat areemphasizedare listedat the headof eachcolumn,with the
technologylistedat the left handsideof Table 6.

As shownin Table 6, all of the identifiedtechnologieshavehadsomeexperiencein the area
of either a bench.scale/pilotplantor full-scaleremediationapplicationfor contaminatedmils.
The contaminantsrangefrom heavymetals,radiological,to DU contaminatedsoils. The following
sectionwill presentan overallreviewof the treatmenttechnologiesanda discussionof each
treatmenttechnologyto determinethe feasibilityof the technologyfor the YPO DU
contaminatedsoils. A high,medium,or low rankingshallbe assignedto each treatment
technologybasedon the discussion.Some pilot-scaleor bench-scaletestingwill be requiredfor
the selectedtreatmentprocess.Eachprocessmustbe tailoredto thesoil and itsconditionsas
well as thecontaminantstructure.

4.2 Screenlng Crlterla

This sectionof the reportdiscusseseach treatmenttechnologyto determinewhich
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 isbased 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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based on the f.ct that the:tcchnoloW hus had only limited experience with
radioactivc/DU/U contaminants,hasonlyundergonea BS/PPstudy,andhashad
limitedsuccessin applicationof the treatmenttechnologyto thecontaminated
site.

Low This technologyhasa _r probabilityof separatingthe DU contaminationfrom
the soils at YPO baseduponthe pastuseof this technologyand theapplicability
of the technologyto the conditiomat YPO. This technologymay havethe ability
to treat the contaminatedcoarseor fine soilfraction,but not both. The low
rankingis basedon the fact that :he technologyhashad little or no experience
with radioactive/DU/Ucontaminants,hadundergoneonlya BS_S study,and has
hadlittle or no successin applicationof the treatmenttechnologyto the
contaminatedsoils.

After the treatmenttechnologieshavebeenscreenedout, each remainingtreatment
technologywill be evaluatedagainstthe following:

• Volume reduction

• Costfor bench.scale/pilotplant.

4.2.1 AppllrAtlon of Treatment Proem to YPG Soils

This sectionwill discussthe rankingassignedto eachtreatment technologyandits
applicationto YPO DU contaminatedsoils.

4.2. i. 1 Dl_uuton of TMA Eberllne Treatment Technology. Operationaldetailsof the
soilwashingsystemare not available,particularlythesegmentedgatesystem. However,it appears
to be basedon physicalseparationsystems,probablyscreeningapparatus,densityseparators,and
particleclassifiers.In principal,thissystemshouldworkwell with the Yuma U contaminated
materials. The individualparticlesof U mineralsandmetalshouldrespondwell to both the size
anddensityseparationproceduresbecausethe U appearsto oe concentratedin the coarseand
fine sizefractionsand the U particleshavea muchhigherdensitythan the matrix material.
Adsorbedor ion exchangedU will probablyrequirechemicalextractionmethodsfor removal.
Like all physicalsystems,it hasminimumsecondarywastestreamsandminimumchemical
alterationof the cleaned soil.

TMA/Eberline's experiencewith radiologicalcontaminationat JohnstonAtoll andprevious
work isexcellent,however,their experiencewith soil washingissomewhatlimited. Therefore,
TMA/Eberline is ratedasmediumastheir technologyappliesto YPO.

4.2,1,2 Dlscuulon of Brao'tsc Treatment Technology. Thissystemis a chemical
treatmentsystemandprobablywouldnot be appropriatefor treatingall the YPG DU waste.
glowever,combinedwith other methods,it mightbe very effective,particularlyfor treatingthe U
concentratedin the fine particlesizefraction. If it ispresentascoatings,chemicaldissolution
methodsare possibleremovalmethods,but the calciumcarbonatein theYuma soilswould

52



decrc_mcthe effectivcnc_ of methodsusingacidsor anyother chemicalsystemthat requiresa pH
other than about 8 to be effective.

Bradtec'schemicaltreatmenttechnologymayhaveconsiderabledifficultyremovingthe U
from thecoarsesoil fraction. This alongwith the fact that the Bradtecprocesshasnot been

, demonstratedon a full-scaleresultin a low ratingastheir technologyappliesto YPG.

4.2.1.3 Olscuulon of B&W Nuclear Services, Inc. Treatment Technology. The system
, is basedprimarilyon a combinationof wet physicalseparationmethods. In principle,the system

wouldbe appropriateForthe treatmentof theYPO contaminatedmaterials. However,thesystem
has not progressedbeyondthe initial bench-scaletests. Extensivedevelopmentwork wouldbe
expectedbefore it couldbe put into productionat YPG.

B&W's soilwashingtechnologywouldbe well suitedto remcdiatethe Yuma Proving
Ground soils. However,becausethistechnologyhasnot beendemonstratedon a full scale,it is
rated as"Medium"as it appliesto YPO.

4.2.1.4 Olacuuion of Westinghouse Scientific Ecology Group, Inc. Treatment
Techno/ogy. This methodisbasedprimarilyon chemicalleachingandwouldbe appropriatefor
th= fine soil fraction,providedthat the U in the coarsefractionof thesoilwasremovedbefore
thechemicaltreatment(assumingthat the U is in factpresentasmetal or anotherFormthat can
be removedby a simplephysicalprocessaspreviouslydiscussedin Section:3.4. The natureof the
leachateis not known,but for greatesteffectivenessit shouldbe stablein pH 8 solutions.

The WestinghouseSEG Soil WashingSystemhasdemonstratedits ability to successfully
remediatesoilscontaminatedwith U. With this experienceanda proventechnology,it israted as
highas it appliesto YPO.

4.2.1.S Discussion of S. G. Frantz Company, Inc. Treatment Technology. The S. O.
Frantzmagneticsystemis probablynot appropriateForprocessingall of the YPC} U waste
became the DU is present 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
individualgrains. The system is in the development stage and probably requires significant
additional work before production is achieved,

The S. O. 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 YPO.

. 4.2.1.6 Discussion of EcoTek, Inc.IBrica Environmental Services Corp Treatment
Technology. This systemUsesa seriesof wet physicalseparationproceduresbasedon sizeand
densitydifferencesamongthe materialspresentin thecontaminatedsoil. In principle,this
approachmay be ver;_,effectivewhenappliedto theYPG soils. The individualparticlesof U
mineralsandmetal shouldrespondwell to both thesizeanddensityseparationprocedures
becausethe U appearsto be concentratedin the lessthan4.25 mm sizefractionandthe U
particleshavea muchhigherdensitythanthe matrix material. Adsorbedor ionexchangedU will
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probably require chemical extraction methods for removal. As is true of all potential remediation
methods, the final de.sign parameters would only be determined following detailed characterization
of YPO contaminated soil, and bench and pilot testing using YPG materials. 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 haveextemiveexperiencewith radiologicalcontaminantsandsoil
washing. Basedon their pastexperienceandproventechnology,it is ratedas highasit appliesto
YPG.

4.2.1.7 Discussion of Lockheed Environmental Systems & Technologies, Inc.
Treatment Technology. This systemis basedon a combinationpH physicalseparationmethods,
mainlygravityseparationandchemicalleachtechniques,includingacidleach. Physicalmethods,
particularlydensityseparation,are appropriatefor separatingthe metallic U from thecoarsesoil
sizefraction and individualU mineralparticlesfrom the finesoilsize fraction. Chemical
dissolutionmethodsmightbe usefulfor removingU coatingadsorbedmaterial and ionexchanged
material. However, it shouldbe noted that the calciumcarbonate(calciteprobablypresent)in
the YPG soilswill causeacidleachingto be lesseffectivethan at other locations.

Lockheedhasdemonstratedtheir abilityto remediateDU contaminatedsoilson a full-scale.
With somemodifications,their systemhasa veryhighprobabilityof beingable to remc,diate the
YPG soils. This technologyis ratedashighas it appliesto YPG.

4.2.1.8 Diacuulon of Nuclear Remedlation Technologies. The NRT soilcleaning
approachis basedprimarilyon physicalseparationmethods,mainlyscreening,togetherwith
sophisticateddensityandsizeseparationapparati. Unspecifiedchemicalextractionmethodsare
suggestedby NRT for the lessthan 0.003 in. sizefraction. In principal,thissystemshouldwork
well with the YPG DU contaminatedsoils. The individualparticlesof U mineralsandmetal
shouldrespondwell to boththe sizeanddensityseparationproceduresbecausethe U appearsto
Ix: concentratedin the coarseandfine size fractionsandthe U particleshavea muchhigher
densitythan the matrixmaterial. Adsorbedor ionexchangedU will probablyrequirechemical
extractionmethodsfor removal. The NRT systemisa modulardesignandcanIx: easilymodified
to meet the requirementsof a specificsite. As istrue of all potential rcmediationmethods,the
finaldesignparameterswouldonly Ix: determinedfollowingdetailedYPG contaminatedsoil
characterizationandbench-scaletestingusingYPG contaminatedsoils.

NRT's soilcleaningtechnologywouldbewell suitedto remediatethe YPG soils. However,*
becausethis technologyhasnot beendemonstratedon a full-scale,it israted asmediumas it
appliesto YPG.

v,

4.3 Recommended Treatment Technologies

Table 7 summ,,,zzcsthe treatment technologies,the assignedranking,the volumereduction,
andthe bench.scalecosts.WestinghouseSEG, EcoTek/BESCORP,andLockheedwere all
assigneda "high"rankingbasedon the criterionassignedabove.
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Table 7. A summary of the assigned ranking, the volume reductions, and the bench-scale costs of
the treatment technologies.
nllll

Volume

Bem:h-m_M_ reduction Crated3
Tnmlmen! technology Rankinl ($) (%) (S)

w

TM.adEberline Medium 25,000-50,000 98 100-200

Bradlec-U.S., Inc. Low 12,000.,13,000 -- 50.-100

- EMkW-NESI Medium 30,000=70,000 85 3..5

Weminghome SEG High 30,000=I00,000 99 I00-I,000

S. O. Frantz Low 12,000-15,000 -- • 6..6,000

EcoTck/BESCORP Hilh 70..95 20-625

Lzck,heed Environmental Systems & Hilh 200,0(X)-250,000 92 100-200
Tech_ Co.

NRT Medium 200,000-300,000 -- 540-1,350
,ira
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5, CONCLUSIONS

The information provided in this reportcloselyfollowsthe guidelinesestablishedby the EPA
for the remediationof a ComprehensiveEnvironmentalResponse,Compensation,andLiability
Act (CERCLA) site. Although theYPG is not regulatedas a superfundsite,it wasdetermined
that the mechanismdesignedby the EPA to determinethe feasibilityof a treatmenttechnology
for remediationof a sitecanbe implementedhere. The followingsectionsdescribea CERCLA
treatabilitystudy,a reviewof regulatoryrequirementsthat maybe applicablefor the remediation
of thesite, anda final recommendation.

5.1 Treatability Studies

Although the YPG site is not a CERCLA site,the treatabilitystudyprocessdefinedby the
EPA streamlinesthe mechanismin whicha remedyis selectedfor cleanupof the site and its
implementation.A treatabilitystudy,asdefined underCERCLA, is a setof laboratoryor field
tests that are"designedto define criticaldata neededto evaluateand, ultimately,to implement
one or more technologies."A treatabilitystudygenerallyinvolvescharacterizinga siteand
evaluatingthe performanceof a treatment technologyfor remediationof thesite. Three tiers
aredefined in a treatabilitystudy,theseare (1) laboratoryscreening,(2) bench-scaletesting,and
(3) pilot-scaletesting. The first two of whichwill be discussedhere.

Laboratoryscreeningis usedto yielddata to define the tcchnology'spotential to meet the
remediationgoal. It alsoservesto identifyparametersfor investigationduringbench-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 thespecified 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

Institutingremediationat a sitewill requirean evaluationof regulatoryrequirementsor
applicableor relevantandappropriaterequirements.This shouldbe doneconcurrentlywhile the
treatabilitystudyis planned.

Installationof a treatmentsystemutilizinga soil separationdeviceand/ora soilwashing
systemplussome additionaltreatment methodsdiscussedin the abovesectionsof thisreport
wouldrequirea reviewof existingNRC, EPA, Arizona Departmentof EnvironmentalQuality
(ADEQ), andU.S. Army YPG regulationsandrequirements.

In remediationof the site,there is a ::,ghprobabilitythat YPG maybe requiredto excavate
the soil andmoveit to anotherlocationfor treatment. If this isthe case,YPG mustensurethe
staginglocationis coveredunderthe existingNEPA documentationandNRC 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 Dischsrge 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

a

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 _:loesnot 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 Disptm_ 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 materialexceeds 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-NT-TL-NP 30 Dec 92

MEMORANDUM FOR STEYP-ES (Dunfrund)

SUBJECT: Review of Laboratory data for INEL

I. Thank you for getting me a copy of the data from TSSI and Aspen
Laboratories for review. Am 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 referenoe 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 include_.

3. Aspen Environmental Laboratory TCLP analysis. Corrected sheets
attached.

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 lilit. In the "Federal
Register/ Vol. 55, No. 61/ Thursday, March 29, 1990/ Rules and
Regulatlons" 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
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in the 8oil as ug/g of aoiZ, but with the incorrect units of
ug/L. The TCLP procedure is very specific. In the above
referenced Federal Register on page 7.1873 Paragraph 8.15 it
reads, "Compare the contaminant concentrations in the TCLP

(my underline) with the thresholds Identified in the
appropriate regulations. N 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 i8 about 20
tlmea 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 N when it should be .Extract
Weight N 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 WReported in mg/L. R If it were me I
would label it Reported in mg/L of extract. They also 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 questions concerning the data to be
sent to INEL. If you have any further questions feel free to call.

DAVID L. POND
CHEMIST
MATERIAL ANALYSIS LABORATORY
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, I_P(Jk PROVZWO OROUIID

AIIIALTSIS OF URZME JIk]ID W&TEA FOR UIUIJZUN

' The analysis of urine and Water samples for uranium are
performed by the Material Analysis Section under the following
guidelines. The instrumentation used i8 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 i8 obtained down to about 0.00017 ug/ml.

I. Reagents, Stanaards, and Supplies

Deionized Water: referred to as "di water"; preferably 10
megohm8 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 Standardj 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/l, 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. Smsple P=opsratio_

Raw urine cannot be analyzed t;ithout pretreatment except at
levels well above 0.020 ug/ml. The reason for this is that the
orgaz,_.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 esbentlal 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. Increase 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 I0 ml with di water. Swirl to
mix. Final volume may be determin&d 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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A. Preparation of Spiking Standards
These solutions are made by making serial dilutions of a

I000 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.

• B. 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.I,
.5, 1.0, a_d 2.0 ug/ml for the high range. These calibration
standards 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•

C. 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.

OC Standard 1: To 5 ml of urine in a 20 ml scintillation
vial, add 50 ul of the 0.I ug/ml spiking standard. This will
yield a sample with a concentration of 0.001 ug/ml.

QC Standard 2: Prepare like OC standard I, using 50 ul of the
1.0 ug/ml spiking standard. This will yield a sample with a
concentration of 0•01 ug/ml.

OC Standard 3: Prepare like QC standard I, 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• If 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.

q

D. 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 I,
the samples in rack 2 and the QC Standards in rack 3.
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E. Calibration Procedure

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

2. Next, place the calibration standard_ 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 goin_o the next one. When both of the ranges
are calibrated, go to the Main menu and select the Analyze
menu.

F. Analysis Procedure
From the Analyze menu go into Data Entry end list the

samples by name and location in the racks. It is also a good
idea to run the calibration standards against themselves as •
secondary check. Enter the theoretical concentrations and
dilution factors of the calibration standards end the quality
control samples so that the computer wall automatically
calculate their %recoveries. Analyze the batch of samples,
turn off the system and refrigerate the Uraplex.
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Idaho National Laboratories Uranium Study

Rinse Ware "_ Results

• Laboratory Personnel:
Manager/Chief Chemist; Stephen Maurer, MS Chemistry
QC Manager; Ranell Calazzo, BS Biology, $ years

, experience at YPG laboratory
Analyst; Daron Hargadine, BA Chemistry

Analytical Method:
Data for the analysis of the water samples was obtained

through the use of a developmental procedure titled "Environmental
Radiation Monitoring, ¥uma 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 1.00.0

ml aliquots were evaporated down to 10.0 ml. Then 6.0 ml of
concentrated nitric acid and 1.0ml _ 30t 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.
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Laboratory Sample Log Number/INEL Sample Number Correl_tion
All zamplez were analyzed on ? Dec 92 at the time iven.

_i i I II111 III I I I I IIIII I I IIII , II I '

Time
tit t tuuttt

DI WATER 11:12
ttlt, tit, t itit I t ]

Di WATER PRE 11:17
I I I I It I i!_1 i !r|ll!llr !:L] I! ]_l;rl ! [!1:_ II I I I

DI WATER POST 11:37 'ttttttt tit i ttt ]ttt,tt t

92-4569 YPG-II0392-SP-00-ER 14:15
Itt,t]tlt ttt t t I t ]

92-4569B-I YPG-II0392-SP-00-ER 14:18
tttH ttttltt Itttt It rtt I t

92-4569B-2 YPG-II0392-SP-00-ER 14:20
t tHtt t t tit ttl]tit,i, tt t ttt]i,t] tt ] tfi|tttt t t t

92-4570 i YPG-II0392-SP-00-FB 14:23
i !111 1111 . i! i Ull • iii i ii1! i i i i! ilmllllll i

92-4570 2 YPG-II0392-SP-00-FB 14:25
t tttt tt tt

92-4585 I YPG- i10492-NP-00-ER 14:28
i i iiiiii iilull i iiilllm|nll

92-4585 2 YPG-II0492-NP-00-ER 14:34
t t H tr t

92-4586 i YPG-II0492-NP-00-FB 14:38
tt

92-4586 2 YPG-II0492-NP-00-FB 14:40
t i ttlit , ttl t t i

92-4669 YPG-II0592-WP-00-ER 12:09
ii t tl,i

92-4669 W/S YPG-II0592-WP-00-ER 12:19
t t littu l,lt t tt

92-4670A-I YPG-II0592-WP-00-FB 14:44
t tt t t

92-4670A-2 YPG-II0592-WP-00-FB 14:53
tH ,i ii t t t tt t ttta

92-4670A-3 YPG-II0592-WP-00-FB !5:09
t

92-4670B-I YPG-110592-WP-00-FB 14:58
i ii t ttitl i tit

92-4670B-2 YPG-I10592-WP-00-FB 15100
ii i i it , t i t

92-4670BB-I YPG-II0592-WP-00-FB 15:03
i it t

92-4670BB-2 YPG-II0592-WP-00-FB 15:05
ii i

UNKNOWN 12:44 '

e
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Laboratory Sample Log Numbor/INEL Sample Number Correlation (cont.)
............ iiii ii ......

SAMPLE ID# I_L# ANALYSIS TIME

i i i i iiiiiiiii iiii ii i i i i iii1|111111_ iii iii iiiii I

, 11-6-92 1 13:33
i i ii I

11-6-92 2 13:38
i r i in i iii i ii iiiii

11-9-92 1 13:42
ii

11-9-92 2 13:48
I ii r ii ii

11-10-92 1 13:50
ii i [ I I

11-10-92 2 13:55
i i i i,i ii i i i i

11-12-92 1 13:59
.... i rlH ii ii i iii i

11-12-92 2 14:01
i i i i i ii!ii ii lift iiiii iii ii iiii Ii iiiii

11-13-92 1 14:03
i i i i i i i i i i iii i i i, ,i i

11-13-92 2 14:06
i,, i i i H i i i ii ii H

11-16-92 1 14:09
i jlllll i ] ii i i ii i illlll

11-16-92 2 14:11
.. iililli i I i i i I iillH ilii i i i ' i ii i

Note:
The samples beginning with #11-6-92 1 were laboratory rinse

water gathered while cleaning our equipment.

o
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Results from Analysis

SAMPLE # SPIKE MEASURED %DIFF %
LAB ID# ADDED CONC. RECOVERY

(ppm) (ppm) (1/2,100)
I

DI Water 6.29E-6
i i

DI Water Pre 0.00500 4.53E-3 90.47
ii

DI Water Post 0.00500 4.93E-3 98.47 ,

92-4569* 9.95E-5

92-4569B-1 2.66E-4

92-4569B-2 2.57E-4 103.50
i

92-4570 i 1.62E-5

92-4570 2 1.47E-5 110.20
ii i i i

92-4585 1 9.60E-4
i i

92-4585 2 1.01E-3 95.05

92-4586 I 1.30E-5
i

92-4586 2 1.19E-5 109.24

92-4669 3.09E-6
i

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
i ii

92-4670A-3 9.67E-6 96.59

(113)
92-4670B-I* 9.00E-6

ii

92-4670B-2" 6.55E-6 137.40

92-4670BB-I 9.27E-6

92-4670BB-2 i. 04E-5 89.15
,i ,,|

UNKNOWN 0. 007500 7.26E'-3 96.80
Iii
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Results cont.
i

RINSE SPIKE MF%SURED % DIFF %

WATER SAMPLES ADDED .....CONC. (1\2"100) RECOVERYillll

- 11-6-92 1 1.21E-3
i i i |iii

11-6-92 2 9.95E-4 121.61

- 11-9-92 1 2.69E-3
ill

11-9-92 2 2.85E-3 94.39
i i

11-10-92 1 2.42E-3
i i ii

11-10-92 2 2.64E-3 91.67

11-12-92 1 4.50E-4
i l, i

11-12-92 2 4.42E-4 101.81
ii i

11-13-92 1 2.05E-3
II,i i II i

11-13-92 2 2.04E-3 100.49
ii i

11-16-92 1 1.23E-3
illlll Hilll

11-16 92 2 1.15E-3 106.95
i

Notes :

Samples (92-456"9* 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 samples 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
l i

Sample The0retical Measured %
Id Conc. Conc. Recovery

1:19 blank 0.000144
i i| i

.0001 cs 0.000100 0.000182 182.27
i m

.0005 cs 0.000500 0.000549 109.79
i i i|i ill

.001 cs 0.00100 0.00105 105.5%

.005 cs 0.00500 0.00543 108.51
i i

.01 cs 0.0100 0.0108 107.%3
ill ii

.05 cs 0.0500 0.0494 98.88 low
range

i i ii

.05 cs 0.0500 0.0488 97.60 high
range

.1 cs 0.100 0.106 105.81
i| illl

.5 CS 0.500 0.498 99.58
i

1.0 cs 01.00 1.02 102.00
i ill

2.0 cs 02.00 1.90 95.00
II

From this data, it appears that the detection limit is around
0.0005 ppm.
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:.:_alyst Certification:

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

Daron Hargadine
Analyst_, j,

QC Manager Verification:

The preceding data has been reviewed as prescribed in paragraph
7.2.1.1. of the Samplin_ and Analysis Plan for the Yuma Proving
Ground Firing Range Restoration Project.

Ranell Caiazzo
QC Manager

4
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ANALTSZS OF SOILS FOR URANZUMAND BERTLLI_q
Q

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 smuples 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
I 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 tBe 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 Iug U/g by neutron activation anal_ .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 I - 10 minutes 90% power (590 watts)
stage 2 - 5 minutes 70% power (450 watts)
stage 3 - I0 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 (described
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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I. After the program is complete, allow the vessels to 8ta z in
the oven for five to ten minutes.

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

K. 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.

L. 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.

M. Transfer the contents of each vessel to 8 100 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.

N. 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.

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

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

ZIZ. JUI_T.,TSZS OF SOILS FOR VJUJZUM AND DERn,LIUN BY ZCP

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. Preparation of Standards

1. Calibration suandards

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).

(I). Standard 1: Spike with 200 ul of a standard containing
i000 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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_,ulume of 20.40 ml). This standard should be prepared
fresh daily.

(2). Standard 2: Spike with 100 ul of a standard containing
" i000 ug U/ml and I00 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.

2. Spiking standards
The standard containing I000 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.

B. 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.

I. 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'Ulg. )
QC Sample l--Use 0.5 g of the soil labeled "QC Sample I -
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%.

2. Each extraction batch should contain two vessels of the

• uncontaminated soil (#504) used for calibration standards that
have been spiked with uranium and beryllium as described
below.

a. 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 finis sample should yield
1000 ug U/g +/- 10% and 2 ug Be/g +/- 10%.

b. 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 +/- I0%, 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 U1, Bel, and Mnl (used for peaking). Turn "on"
all three lines, and set integration times at 3 for Mnl and 6
for U1 and Be1. Leave gains at default of 3. Set values as
follows:

number of integrations 3
uptake time 60 seconds
scan integration time i
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 Ii

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

A-20



TRI/TESSCO:MW: pg 6

will extinguish the plasma or destroy the torch if the line
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 "spitt:ng'.

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
ml 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
an, lysis.

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 s_mples.
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. If linearity is poor, recalibrate
using new standards if necessary.

7. Analyze the samples. Run a standard after every tenth sample
(or after the last sample if there are fewer than I0) to check
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for stability. The analysis of the standard should be within
10% of its known concentration.

8. 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.

IV. RJ_LLTSIS OF SOIL8 BT KINETIC PHOSPHORI_Y

The analysis of soils by kinetic phosphorimetry for uranium is
applicable to soils with original concentrations of less than -250
ug/g. Procedures for soil analysis by the CbemChek Kinetic
Phosphorescence Analyzer (KPA-10 or KPA) are outlined below.
Quality control for the KPA is covered in Section III B.

A. 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.I 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. In 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.

1. 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.

a. 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.

A-22



TRI/TESSCOzMWz pg 8

c. Fill the c*!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.

. d. Rinse well with di water several times.

e. Using the I00 ul motorized pipet, add 30 ul of Iug U/ml
and 3.0 ml Uraplex to the cell.

f. Cap and invert to mix the solution.
• g. 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.

h. Replace the reference cell in the sample chamber of the
KPA.

2. Calibration Standards

a. Label and date four scintillation vials as "soil blank',
".01 soil", "0.2 soil', and "2.0 soil'.

b. Add I0 ml of blank soil (#504) wet ashed extract to all
vials.

c. To the ".01 soil" vial, add 0.010 ml of I0 ug/ml U.
d. To the ".2 soil" vial, add 0.204 ml of 10 ug/ml U.
e. 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.

B. Sample Preparation

1. 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.

2. 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.

3. 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.
4. 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).
5. Add 3.2 ml nitric:di water to each vial. Swirl and allow to

. sit for an additional 25 minutes.
6. 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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C. KPA Operation

I. 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.

2. 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 one point
in a range is set, and any samples that fall outside that
range, but within the limit_ of the unit, must be analyzed
again.

a. 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.

b. Press IF10] to rinse the sample cell.
c. 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.

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

e. 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 sat
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 toggle 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. In
the high setting during sample analysis most of the light from
middle to low 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 possible from the data input
table.

- c. 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 An
their QA/QC documentation of the SamDlina and Analysis Plan f_r thQ
¥uma Provin_ Ground Firin_ Ranae Restoration Proiect._

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 ks 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.

((83.4Sx690uF/_,) +(1034.9gx2ug/g)) -53.3ug/g
(1034.9g.83.4g)

((83.4gx830uF/_7) +(1034.9gx2u,,q/g) ) -63 8ug/g
(1034.9g+83.4g)

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.

DAVID L. POND
Chemist

Material Analysis Laboratory
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o,TE:s,p,emb,r,,.,,.,
LosAlamosNatk_rmlLaboratory IN REPLYREFERTO: HSE-9/89-446
LosAlamos,NewMexico87545 HAIL STOP: K484

TELEPHONE:(505)667-6028
(FTS)667-6028

Hr. DavePonds
HT-HP
YumaProvtng Grounds
Yuma,AZ 85355

Dear Dave:

Enclosedare two reprints on someof our nuclear methodsfor
determining total uranium tn samplesthat contain uranium that is
depleted tn U-235. Wehavealso run the three comparisonsamplesthat
you provided us during our Hay 1989 visit by instrumental eptthermal
neutron activation anmlysts:

YumaSamole# U (ua/a)

504 < ]
• 542 670 +/- 70

573 760 +/- 70

Qualtty assurancewasprovided by the concurrent analysts of Canad|an
Certified ReferenceHatertals Project BL-4 (uranium ore):

P_Lu
CCRHPCert I ft ed

HSE-9 _ ,, YPl_lq_

1620+/- ]00 ]730 +/- 40

] hopethese data and reprtnts will be of assistance. Thankyou
again for all your help during our Hay visit. I certainly hope that we
wtll be spendingmore ttme at Yumanext year-.

Warmestregards,

Ernest S. Gladney
Health and Environmental Chemistry

ESG/mr
(wp\esg\ponds)

Enc.a/s

Cy: HSE-DO,HS-K491
CRH-4, (2) HS-A]50
HSE-9file

AnEclualOpp_u_y E__ bymeUnlvereayofCmMlomW



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

_ - ' ,,T ' "T '

Sample INEL Number Analysis
Number date

. w,m i ,

4558 YPGII0392 SP01 DU 11/30/92

4558d YPGII0392 SP01 DU 11/30/92
,, ill

4561 YPGII0392 SP02 DU 11/30/92
i .,,H i j

4564 YPGII0392 SP03 DU 11/30/92

4567 YPGII0392 SP04 DU ii].30/92
, ii ii

4574 YPGII0492 NPOI DU 11/30/92

4574s YPGII0492 NP01 DU 11/30/92

4577 YPGII0492 NP02 DU 11/30/92
. ,H

4580 YPGII0492 NP03 DU 11/30/92
• .,H i i i

4583 YPGII0492 NP04 DU 11/30/92
i ill

4658 YPGII0592 WP01 DU 11/30/92
i

4661 YPGII0592 WP02 DUa 11/30/92
[

4664a YPGII0592 WP02 DUb 11/30/92

4664b YPGII0592 WP02 DU 11/30/92

4664db YPGII0592 WP02 DU 11/30/92

4667 YPGII0592 WP03 DU 11/30/92
n, i i .i

4667S YPGII0592 WP03 DU 11/30/92

4672 YPGII0592 BK01 DU 11/30/92

4673 YPGII0592 BK02 DU 11/30/92

4676 YPGII0592 WP04 DU 11/30/92

Can III 11/30/92
i

Can II 11/30/92
i

Std "A" 11/30/92
, ,

"A" Pre 11/30/92

"A" Post 11/30/92
,.,., .,= .

Blank 11/30/92

B spike 11/30/92
ii iiiii ml iii iiii iiI[I ,_
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Analysis Results for Unknowns
I iii ii Ill ii i

Sample ICP Soil(g) Result Analysis

Number Results dilution ug/g time
ug/ml factor (ml)llli|i i

......4558 1.230 .52 25 59.13 11:35
lluli i

4558d 1.357 .54 25 62.82 12:11
i iiii i i

• 4561 1.057 .52 25 50.82 11:39
ill

4564 2.724 .51 25 133.53 11:44

4567 I. 008 .51 25 49.41 II:52
i

4574 4.105 .51 25 201.23 11:56
ill

...... 4574s 8.985 .52 25 431.97 10:22
i ii i i

4577 6.674 .51 25 327.16 11:59
"= l llll

4580 5.008 .52 25 240.77 12:03
| ill

4583 7.921 .50 25 396.05 12:07
ii i ii i

4658 3.685 .52 25 177.16 I0:17
__

4661 5.865 .50 25 293.25 12:22
m l

4664a 8.292 .52 25 398.65 10:45
ii

4664b 6.521 .51 25 319.66 9:26
Hii

4664dbi 7.645 .51 25 374.75 9:39 duplicate

4664db2 7.698 .51 25 377.35 12:32 scan

4667 2.606 .53 25 122.92 9:59
i ii

4667S 8.052 .50 25 402.60 9:55
i i i --.,

4672 -.1078 .50 25 -5.39 10:14
Hll i i ,

4673 1.220 .50 25 61.00 10:03 duplicate
i ii __

4673 1.329 .50 25 66.45 ii:47 scan

4676 2.070 .51 25 101.47 12:27

Can III 14.00 .50 25 700.00 10:33
H,i

" Can II 5.327 .53 25 251.27 10:08
i i. i

Std "A" -.0178 .53 25 -0.84 9:51

• "A" Pre 7.158 .52 25 344.13 12:43
i|ll i

"A" Post 6.730 .53 25 317 45 12:36. i i ii "

Blank -.1010 25 -2.53 10:39ill

B spike 7.195 25 179.88 10:26
ii
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Notes:

Sample number 4664 was used for two systems checks. It was
first spl_t as a preparation check, then b_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/g)

Results for Standards and Spikes

Standard Expected ug/g Obtained ug/g %Recovery

4574 201.23
Hi i ii i ill

4574 spike 401.23 431.87 115
lJ i t

4667 122.92
i ..ii

4667 spike _ 422.92 402.60 93

Blank 0.0 ND

Blank Spike 150 179.88 120
ml

Can III 630/650 700.00 111/108

Can II 280/290 251.27 90/87
i J i|ill

Internal A 0.0 ND
i . i

A Preprep 300 344.13 115i.i liHt

A Postprep 300 317.45 106

RPD
i ,i liltl Jt.l ill il

4664 dup.scan 374.75/377.35 0.69ii t

4673 dup scan 61.00/66.45 7.87i i

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. There is not enough historical
data at this time to aid in selection of the proper point.

Calibration standards 1 ppm and 5 ppm were checked as samples
midway through sample analysis. Theresults showed both standards
were higher; 1 ppm at 1.237 ppm and 5 ppm at 5.349 ppm. At this
time the the instrument was recalibrated.

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
attached reports: CANMET 79-35 and LA-8770-MS.) In the expected
column, the figure on the left is the Los Alamos figure and on the
right the Canadian figure.
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j Pro_:ol_em Title'!.............. Po_,_r:.1.0_
triode:,Sequential Rev:1.294 Tim: 18:29:4581 Dec1992 Coolant:13 LI_
[Folder:inel-4 Seq:114 Plasm:Off Print:On Ileklize: 38 PSI

-"iUser. Batch: Id: Cup.:.8 Auxil: ._.
. !State: Idle _t, OffAut_ample_.Off

ICAL!B_TIOH:LineCalibrationI ...... z/
_.ine:uI e_ PsD. ,v:=e_ /"
| Conc. Calc. l)ev, Lillea_

xa.m io.ee .8"_ _.cnt o /

,'$1 2899 7.14 Ill, ' , 3639 2581 2211'!, 3939 291e
_2 "_ 4.25 _ 9215 9117 9759 6292?

41993 4.31 48839 44293 42?94 3%11 _438
_4 85313 5.73 M_ 9"/645"?.99155 89159 82186

' I............... 9 2 5
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YUMA PROVING GROUND Folder: inel-4 Page 1
08:_6:10 30 Nov 1992 Protocol: erm

Line Wave. Conc. Units SD/RSD I 2 3 4 5

*** Standard: 1 ReD: I Seq: 8 08:26:10 30 Nov 1992 .

U 1 385.958 .0000 UG/ML -28374 -28404 -28208
Ave. Int. = -28329 S. D. = 106

*** Standard: 1 ReD: 2 Seq: 9 08:27:14 30 Nov 1992

U 1 385.958 .0000 UG/ML -28474 -29765 -29080
Ave. Int. = -29106 S. D.. 646

*** Standard: 1 ReD: 3 Seq: 10 08:28:02 30 Nov 1992

U 1 385.958 .0000 UG/ML -29514 -29286 -28980
Ave. Int. = -29260 S. D. = 268

*** Stanaard: I ReD: 4 Seq: 11 08:28:49 30 Nov 1992,o

U 1 385.958 .0000 UG/ML -29510 -2882.0 -28314
Ave. Int. = -28881 S. D. = 600

*** Standard: 1 Rep: 5 SeQ: 12 08:29:37 30 Nov 1992

U 1 385. 958 • 0000 UG/ML -29433 -28959 -29070
Ave. Int. = -29154 S. D. = 248

*** Standard: 2 ReD: 1 Sea: 13 08:34:12 30 Nov 1992

U 1 "=_8_.958 1.000 UG/ML -17197 -17380 -168%2
Ave. Int. = -17156 S. D. = 247

*** Standard: 2 Reo: 2 Seo: 14 08:35:00 30 Nov 1992

U 1 385.958 1.000 UG/ML -17787 -16913 -17328
Ave. Int. = -17343 S. D. = 437

*** Standard: 2 Reo: 3 Sea: 15 08:35:48 30 Nov 1992 .

U I 385.958 1.000 UG/ML -16912 -16848 -16443

Ave. Int. = -16734 S. D. = 254

*** Standard: 2 Reo: 4 Seo: 1'6 08:36:35 30 Nov 1992

U I 385.958 1.000 UG/ML -16961 -16016 -16818
Ave. Int. = -16598 5. D. = 5_19
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YUMAPROVING GROUND Folde_: inel-4 Page 2
08:37:23 30 Nov 1992 Protocol: erm

Line Wave. Conc. Units SD/RSD 1 2 3 4 5
mmm--m--m----m--m----mmm------ _ ------m--m----m--

• *** Standard: 2 RI_: 5 Sea: 17 08:37:23 30 Nov 1992

U 1 385.958 1.000 UG/ML -17105 -17275 -16783
Ave. Int. = -17054 S. D. = 250

•** Standard: 3 Re_: I SeQ: 19 08:41:40 30 Nov 1992

U 1 385.958 5. 000 UG/ML 28798 28494 26_96

Ave. Int. - 27996 S. D. = 1136
J

•** Standard: 3 Rep: 2 Seq: 20 08:_2:28 30 Nov 1992

U 1 385.958 5.000 UG/ML 30020 28781 29346
Ave. Int. = 29382 S. D. = 620

\

•** Standard: 3 Rep: 3 SeQ: 2i 08:43:15 30 Nov 1992
\

U 1 385.958 5. 000 UG/ML 26127 26375 28564 \
Ave. Int. = 27022 S. D. = 1341

•** Standard: 3 Reo: 4 SeQ: 22 08:44:03 30 Nov 1992 \
\

U 1 385.958 5.000 UG/ML 27995 29272 29_06 _
Ave. Int. = 28824 S. D. _ 719

•** Standard: 3 ReD: 5 See:: 23 08:44:50 30 Nov 1992

U 1 385.958 5.000 UG/ML 27584 _8709 29108
Ave. Int. = 28467 S. D. = 790

•** Standard: I Reo: 1 See;: 24 08:51:27 30 Nov 1992

U 1 385.958 .0000 UG/ML -168 -70 -248
Ave. Int. = -169 S. D. = 91

• '*** Standard: 1 Re_: 2 Seas 25 0a:52:15 30 Nov 1992

U 1 385. 958 .0000 UG/ML 1803 997 47
. Ave. Int. = 949 S. D. = 879

•** Standard: 1 Rep: 3 Sea: 26 08:53:03 30 Nov 1992

U 1 385.958 .0000 UG/ML -51 -1092 285
Ave. _n_. = -286 S. D. = 718
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YUMAPROVING GROUND Folder: inel-4 PaQe 3
08:53:52 30 Nov 1992 Protocol: erm

Line Wave. Conc. Units SD/RSD 1 2 3 4 5 "

*** Standard: I ilep:4 SeQ: 27 08:53:52 30 Nov 1992 ,

U 1 385.958 .0000 UG/ML -573 -599 -505
Ave. Int, = -559 S. D. = 49

*** Standard: 1Rep: 5 Seq: 28 08:54:40 30 Nov 1992

U 1 385.958 .0000 UG/ML -1506 -14 -58
Ave. Int. = -526 S. D. = 849

*** Standard: 2 Rep: 1 Seq: 29 08:58:08 30 Nov 1992

U I 385.958 1.000 UG/ML 7192 7851 7881
Ave. Int. = 7641S. D. = 389

*** Standard: 2 Rep: 2 SeQ: 30 08:58:56 30 Nov 1992

U 1 385.958 1.000 UG/ML 7153 8876 8656
Ave. Int. = 8228 S. D. = 938

*** Standard: 2 Re_: 3 Seq: 31 08:59:44 30 Nov 1992

U 1 385.958 1.000 UG/ML 9346 10264 8246
Ave. Int. = 9285 S. O. = 1010

*** Standard: 2 Rep: 4 Seq: 32 09:00:33 30 Nov 1992

U 1 385.958 1.000 UG/ML 9678 8727 9748
Ave. Int. = 9384 S. D. = 570

*** Standard: 2 ReD: 5 Sea: 33 09:01:21 30 Nov 1992

U 1 385.958 1.000 UG/ML 9624 10204 8492
Ave. Int. = 9440 S. D. = 871

*** Standard: 3 ReO: I SeQ: 35 09:08:37 30 Nov 1992 •

U 1 385.958 5.000 UG/ML 44996 37131 36571
Ave. Int. = 39566 S. D. = 4711

*** Standard: 3 Rep: 2 Seq: 36 09:09:=_ 30 Nov 1992

U 1 385.958 5.000 UG/ML 47343 44304 34071
Ave. Int. = 41906 S. D. = 6953
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YUMfi PROVING GROUND Folder: inel-4 Paqe 4
09:10:13 30 Nov 1992 Protocol: erm

Line Wave. Conc. Units 5D/RSD I 2 3 4 5

" *** Standard: 3 Rep: 3 Seq: 37 09:10:13 30 Nov 1992

U 1 385.958 5.000 UG/ML 38769 46451 45459
five. Int. = 43560 5. Do = 4178

*** Standard: 3 Rep: 4 5eq: 38 09:11:01 30 Nov 1992

U I 385.958 5.000 UG/ML 48789 32015 364|9

five. Int. = 39074°5. D. = 8697

*** Standard: 3 Rep: 5 Seq: 39 09:11:49 30 Nov 1992

U 1 385.958 5.000 UGIML 45690 38962 37233

five• Int. = 40628 5. D. = 4468

*** Standard: 4 Rep: I 5eQ: 40 09:17:57 30 Nov 1992

U I 385•958 10.00 UGIML 85343 88934 91650

Ave. Int. = 88642 S. D. = 3164

*** Standard: 4 Rep: 2 Soq: 41 09:18:45 30 Nov 1992

U 1 385.958 10_00 UGIML 70236 74006 73239

five. Int. = 72494 S. D. = 1992

*** Standard: 4 Rep: 3 SeQ: 42 09:19:34 30 Nov 1992

U 1 385.958 10.00 UG/ML 80333 71409 72804

Ave. Int. = 74849 S. D. = 4801

*** Standard: 4 Rep: 4 Seq: 43 09:20:22 30 Nov 1992

U 1 385•958 10.00 UG/ML 68669 80970 73056

Ave. Int. = 74232 S. D. = 6234

o

*** Standard: 4 Rep: 5 SeQ: 44 09:21:10 30 Nov 1992

U 1 385.958 10.00 UG/ML 80052 76807 73242
• _vo. _nt. = 76700 S. D. = 3406

,I i i1,111
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YUMAPROVING GROUND Folder: inel-4 Page 5
09:26:06 30 Nov 1992 Protocol: erm

Line Wave. Conc. Units SD/RSD 1 2 3 4 5

-- *** Sample ID:_rg SeQ: 45 09:26:06 30 Nov 1992

U 1 385.958 6.521 UG/ML 44925 52175 56090

*** Sample ID: __. Seq: 47 09s29:17 30 Nov 1992

U 1 385.958 .4716 UG/ML 5192 4552 3250

*** Sample ID: _ Seq: 48 09:31:56 30 Nov 1992

" U 1 385.958 .2484 UG/ML 2637 2224 2962

--- *** Sample ID: 4667 Seq: 49 09:35=29 30 Nov 1992

U 1 385.958 1.655 UG/ML 14090 9965 16368

(
--*** Sample IDk,..4664d-h'_ Seq: 50 09:39:26 30 Nov 1992

U 1 385.958 7.645 UG/ML 59713 59736 59788

.*** Samole ID: _ Sea: 51 09:46:14 30 Nov 1992

U 1 385.958 4.469 UG/ML 33393 36325 35910

_ *** Sample ID:'__O_ Seq: 53 09:51:43 30 Nov 1992

U1 "=_8_.958 - 0178 UG/ML 234 1377 42

-- *** SamDle ID: 4667s-I-2 Seq: 54 09:55:14 30 Nov 1992

U 1 385.958 8.052 UG/ML 54067 64703 69888

-- *** Sample ID: 4667-c Seq: 55 09:59:05 30 Nov 1992

U 1 _8_.958 2.606 UG/ML 22022 20017 20427
I

. *** Sample ID: 4673-e SeQ: 56 10:03:10 30 Nov 1992

U 1 385.958 I._20 UG/ML 10094 10237 10000

- (_Sample ID: canII SeQ: 57 10:08:01 30 Nov 1992

U 1 385.958 5.327 UGIML 44659 38827 42043

--*** Sample ID: 4672-d Se_: 59 10:14:15 30 1_cv ._:

U i 385.958 -.1078 UG/ML 1564 -1516 -480
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YUMA PROVING GROUND Folder: inel-4 Page 6
10:17:28 30 Nov 1992 Protocol: erl

Line Wave. Conc. Units SDIRSD 1 2 3 4 5

• -- *** SaIple ID: 4658-a Seq: 60 10:17:28 30 Nov 1992

U 1 385.958 3.685 UG/ML 30147 29166 28160

_ *_* Saiple ID: 4574s-10 Seq: 61 10:22:21 30 Nov 1992

U 1 385.958 8.985 UG/ML 69278 70424 70593

*** SaIple ID: blankspike Seq: 62 10:26:27 30 Nov 1992

U 1 385.958 7.195 UG/ML 57113 56600 55100

*** Saiple ID: canIII-12 Seq: 63 10:33:21 30 Nov 1992

U I 385.958 14.00 UE/ML 113646 . 113880 • 98920

_..-*** Sample ID: _9"i_ j_ Seq: 65 10:39:18 30 Nov 1992
o,

U 1 385.958 -.1010 UG/ML -545 590 -321

_*** Sample ID:_6_6_ SeQ: 66 10:45:13 30 Nov 1992

* U 1 385.958 8.292 US/ML 64030 6@832 69372

*** SaIple ID: 5pDI check SeQ: 67 10:49:59 30 Nov 1992

U 1 385.958 6.262 UG/ML 48694 48650 49844

*** SaIDle ID: 5DDI check Seq: 68 10:52:48 30 Nov 1992

U 1 385.958 5.349 UG/ML 43508 43550 38979

*** Saiple ID: Ippi check Seq: 71 11:02:06 30 Nov 1992

U 1 385.958 1.237 UG/ML 8803 9492 12444

*** Standard: I RepL1 SeQ: 72 11:06:00 30 Nov 1992

. U 1 385.958 .0000 UG/ML 263_ 2983 3497
Ave. Int. = 3039 S. D. = 433

*** Standard: I ReD: 2 Seo: 73 11:06:48 30 Nov 1992

U 1 385.958 .0000 UG/ML 2350 2818 2636
Ave. Int. = 2601S. D. = 236
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YUMAPROVING GROUND Folder: inel-4 Page /
11:07:37 30 Nov 1992 Protocol: erm

Line Wave. Conc. Units SD/RSD 1 2 3 4 5

*** Standard: 1 ReD: 3 Seq: 74 11:07:37 30 Nov 1992 •

U 1 385.958 .0000 UG/ML 3166 1124 2343
Ave. Int. = 2211S. D. = 1027

*** Standard: 1Rep: 4 Seq: 75 11:08:25 30 Nov 1992

U 1 385.958 .0000 UG/ML 1942 3240 3934
Ave. Int. = 3039 S. D. = 1011

*** Standard: I Rep: 5 Seq: 76 11:09:13 30 Nov 1992

U 1 385.958 .0000 UG/ML 2894 2361 3500
Arm. Int. = 2918 S. D. = 570

*** Standard: 2 Rep: 1 Sea: 77 11:11:48 30 Nov 1992

U 1 385.958 1.000 UG/ML 10566 8620 10624
Ave. Int. = 9937 5. D. m 1141

*** Standard: 2 Rep: 2 SeQ: 78 11:12:36 30 Nov 1992

U 1 385.958 1.000 UG/ML 9032 9265 9352
Ave. Int. = 9216 S. D. = 165

*** Standard: 2 Rep: 3 Seq: 79 11:13:24 30 Nov 1992

U 1 385.958 1.000 UG/ML 9094 9805 8452
Ave. Int. = 9117 S. D. = 677

*** Standard: 2 Rep: 4 Seq: 80 11:14:12 30 Nov 1992

U 1 385.958 1.000 UG/ML 7828 11931 9547
Ave. Int. = 9769 S. D. = 2060

*** Standard: 2 Rep: 5 Seq: 81 11:15:01 30 Nov 1992 -

U 1 385.958 1.000 UG/ML 7078 8129 9398
Ave. Int. = 8202 S. D. = 1162

*** Standard: 3 Re_: I SeQ: 82 11:18:47 30 Nov 1992

U 1 385.958 5.000 UG/ML 42105 _0390 40021
Ave. Int. = 40839 S. D. = 1112
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YUMAPROVI_tr GROUND Folder: inel-4 Page 8
11:19:35 30 Nov 1992 Protocol: ere

q_

• Line Wave. Conc. Units SD/RSD 1 2 3 4 5

• *** Standard: 3 Rep: 2 Seq: 83 11:19:35 30 Nov i992

U 1 385.958 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

U 1 385.958 5.000 UG/ML 42009 41497 44875
Ave. Int. m 42794 S. D. - 1821

*** Standard: 3 Rep: 4 Seq: 85 11:21:11 30 Nov 1992

U 1 385.958 5.000 UG/ML 41873 38031 38930
Ave. Int. = 39611S. D. - 2010

*** Standard: 3 Rep: 5 Seq: 86 11:22:00 30 Nov 1992

U 1 385.958 5.000 UG/ML 44252 41362 41677
Ave. Int. m 42430 S. D. " 1585

*** Standard: 4 Rep: I Seq: 88 11:26:59 30 Nov 1992

U 1 385.958 10.00 UG/ML 86212 96900 83166
Rye. Int. = 88759 S. D. - 7213

*** Standard: 4 Rep: 2 Seq: 89 11:27:47 30 Nov 1992

U 1 385.958 10.00 UG/ML 96_15 100039 96180
Ave. Int. = 97645 S. D. - 2091

*** Standard: 4 Rep: 3 Seq: 90 11:28:35 30 Nov 1992

U 1 385.958 10.00 UG/ML 94868 88029 87571
Ave. Int. = 90156 S. D. = 4087

*** Standard: 4 Rep: 4 Seq: 91 11:29:23 30 Nov 1992

U 1 385.956 10.00 UG/ML 75223 85630 79622
Ave. Int. = 80158 S. D. = 5224G

*** Standard: 4 Rep: 5 Seq: 92 11:30:11 30 Nov 1992

U I 385.958 10.00 UG/ML 76750 87424 82365
Ave. Int. = 82180 S. D. = 5339

*** SamDle ID: 4558-1 Seq: 93 11:35:31 30 Nov 1992

U 1 385.958 1.230 UG/ML 11900 11706 12267
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YUMAPROVING GROUND Folder: inel-4 Page 9
11:39:_3 30 Nov 1992 Protocol: erm

4

Line Wave. Cone. Units SD/RSD 1 2 3 4 5

"*** Salpl! ID: 4561-2 Seq: 94 11:39:33 30 Nov 1992 .

U 1 385.958 1. 057 UG/ML 9714 10483 11360

.. _** Sample ID: 4564-3 Seq: 95 11:44:15 30 Nov 1992

U 1 385. 958 2.724 UG/ML 24000 25016 24014

*** SamDle ID: 4673-e-2 Seq: 97 11:47:56 30 Nov 1992

U 1 385.958 1. 329 UG/ML 12832 12718 12794

_-*** Sample ID: 4567-4 Seq: 98 11:52:04 30 Nov 1992

U 1 385. 958 1.008 UG/ML 9312 9372 11668

" *** Sample ID: 4574-5 Seq: 99 11:56:16 30 Nov 1993

U 1 385. 958 4.105 UG/ML 35381 35644 36383

--*** Sample ID: 4577-6 Seq: 100 11:59:58 30 Nov 1992

U 1 385. 958 6.674 UG/ML 58123 56286 56903

-- *** Samole ID: 4580-7 Seq: 101 12:03:33 30 Nov 1992

U 1 385. 958 5•008 UG/ML 41707 43723 44435

_*** Sample ID: 4583-8 Seq: 102 12:07:23 30 Nov 1992

U 1 385.958 7.921 UG/ML 69459 66494 66373

-_-** SamDle ID: 4558d-9 Seq: 104 12:11:32 30 Nov 1992

U 1 385. 958 1.357 UG/ML 12572 13304 13146

*** Samole ID: canI-I SeQ: 105 12:15:03 30 Nov 1992

U 1 385• 958 .2565 UG/ML 4405 3320 3926

*** Samole ID: canI-l-2 Seq: 106 12:18:17 30 Nov 1992

U 1 385• 958 .3057 UG/ML 4071 4664 4139

...."*** Sample ID: 4661-b SeQ: 107 I;':22:3330 Nov 199_

U 1 385.958 5.865 UG/ML 50208 51075 49904
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YUMAPROVING GROUND Folder: inel-4 Pag_ i0
12:27:49 30 Nov 1992 P_otocol: erl

, • 4

Line Wave." Conc. Units SD/RSD 1 2 3 4 5

. _ *** Sample ID: 4676-f SeQ: _08 12:27:49 30 Nov 1992

U 1 385. 958 2. 070 UG/ML 19039 19148 18573

•-** Sample ID _ Seq: 109 12:32:00 30 Nov 1992

" U 1 385.958 7.698 UG/ML" 63421 67299 66077

•** SamDle ID: stdA-post Seq: 111 12:36:43 30 Nov 1992

U 1 385.958 6.730 UG/ML 60312 56069 56321

•** Sample ID: stdA-pPe Seq: 112 12:43:21 30 Nov 1992
..

U 1 385.958 7. 158 UG/ML 61659 60485 61219

•** Sample ID: eam44--L_ Seq: 113 12:47:37 30 Nov 1992

U 1 385.958 4.824 UG/ML 38026 44357 42910
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Laboratory Sample Log Number/INEL Sample Number Correlation

iii -- iiii

Sample INEL Number Analysis
Number date

ii ii ii i

4557 YPGII0392.,SP01 TC 11124192

4560 YPGII0392 SP02 TC 11124192

4563 YPGII0392 SP03 TC 11124192ii ii ml

4566 YPGII0392 SP04 TC 11124192,,ii i i

4566b YPGII0392 SP04 TC 11124192.__!iiii iiii i

4573 YpGllO492,.P01 TC 11124192.,
4576 YPGII0492 NP02 TC 11124192i i| i iiiii i i ml

4579 YPU110492 NP03 TC 1112,41,92
4582 YPG110492 NP04 TC 11124192i ii i i ii

4657, ¥PGl10592 WP01TC 11124192 ,

4660 YPGl10592 WP02 Tea 11124192, i i ii

4663 YPGl10592 WP02 TCb 11/24/92
i i i iii i i i i

4666 YPGII0592 WP03 TC 11124192
llml ,ii i

4671 YPGl10592 BK01 TC 11124192
e

4677 YPGl10592 WP04 TC ii124192 ,'

4569 YPGl10392 SPO0 ER 11124192
i II III IIIII I IIIII

4570 YPGl10392 SP00 FB 11124192i i i i- i

4585 YPGl10492 NP00 ER 11/24/92H

4586 ¥PGlI0492 NP00 FB !11241,92,,

4669 YPGl10592 WP01 ER 11124192
ii i m.

4670 ¥PGII0592 WP00 FB 11124192
i i|ii

A_4



A s p e n Environmental Laboratory
/ ,730N.o,.ol.R,..s_,e2i_.Tuo.;nI"_Z"'_OS1.(_2)SST.tg_5.F.x(;02)s87.','_

I III IIII I I IIII I I
|

- J LABORATORY QA/QC REPORT
IIIIIII I I IIIII

I II I I -- I I I II I II III I

Client: T.S.S.I.
" U.S. ArmyYuma ProvingGrmmd Project Number N/A

STEYP.M'r.TL-MP,Bldg. 2060 Sample ID ListedBelow
Yuma, AZ 85366

lab ID 111092.08 thai 20

Sampling Date 11/03/92,11/04/92,& 11/05/92
For: YPGGP-20

Date Received 11/10/92

SOIL/WATERSAMPLF_ Date of Analysis 11/24/92

Date of Report 12D.8/92

II I I Ill

LABORATORY CONTROL SUMMARY

IIII ,I

Barium Lead Mercury
i iiiii lllHll ii

Limit of Detection (rag/L) (leachate) 0.5 0.05 0.001
i i iii

Limit of Detection (mg/Kg) (weight basis) 10 1 0.02

Calibration Cheek Standard (% Recovery) 100.4 103.1 109.9

Acceptance Criteria 90 - 110 90 - 110 90 - 110
i i ii ii ii ii iiiiiiii

Method Blank (rag/L) <MDL <MDL <MDL
iiiii i i iii ii i ii

Method Blank Spike (% Recovery) 108.6 99.7 108.9

Acceptance Criteria 80- 120 80- 120 80- 120
ii iii i iiiii ii

. Laboratory Control (% Recovery) 98.4 106.5 85.9t

Aspen Acceptance Criteria 72.6- 120 68.9- 133 65.5- 121
I is II I

Lab Notes/Comments: Analyzed By: A

......
........,,Amende d Re .... i_Iport. _ , , ewed By: Date

.... ., ,./,.......... _".'c)/'/e/- . • ,.'t..:'('t". ,,/"_ _"7"

....................... Laboratory Director :" Date
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As p e n nviro mental Laboratory
.........................................................4_¢ 473oN.0racl'eRdii"Sui_212.T'_;oni_"85705;"i_2)_8871i975 , Faxi_)2i 887'2352

iiiiii I III ii I IHII II I I I I IIIII] I I I I

_ L

. ] iii I I li _

Client:

T.$.S.I. Project Humber lq/A •
U.S. ArmyYumaProvingGmtmd Sample ID _ Below

S'IEYP-MT-TL-MP, Bldg. 21160 lab ID 111092- 14-.19, 08-13, 21-23
Yuma.AZ 85366

Sampling Date 11/03/92, 11/04/92, 11/05/92

For: Date Received 11110/92
YPG GP-20

Date of Analysis 11/24/92

SOIL & WATERSAMPL,I_ Date of Report 12/28/92

i "' I II I I III

TCLP- Priority Metals
, , ,,,,, ,,,

Parameter Arsenic Barium Cadmium Chromium Lead Mercury Selenium Silver..... , ,,,

Limit of
Detection 0.5 0.05 0.001

(ppm),,

924557 <0.5 0.66 <0.001
924560 <0.5 0.42 <O.001 -.-
924563 <0.5 0.79 <0.001
924566 <0.5 0.25 <0.001

•924566 <0.5 0.25 <0.001
924569 <0.5 <0.05 <0.001
924570 <0.5 <0.05 <O.001
924573 <0.5 0.19 <0.001
924576 <0.5 0.19 <'0.001
924579 <0.5 0.66 <0.001
924582 <0.5 0.79 <0.001
924585 <0.5 <0.05 <0.001 .
924586 <0.5 <0.05 <0.001
92.4657 <0.5 0.79 <0.001

• m

92-4660 <0.5 0.59 <0.001
92-4663 <0.5 0.42 <0.001

Reported in mir/L

Lab Notes/Comments: 4_-ilQyzedbBy: /'I i" I "/'_/'

Amended Report ........... _ /,_. £_,. q_.

_*Duplicateextractionperformed., ' lllt_/vlewedBy: Date

- , .-..........., ,/,%,_:l_._,,,,,,:_,._/_:/,,..,._
- ....... Laboratory Director Date
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As p e n nviro mental I, aboratory
.........................................................../ ,73o_'.0;'Ci';'Rdii'SUi,;ii2"Tu_,o;;';_"8;_O;"i_ii"g87;ig_s.F,'<i_i;i87;:35:'

i ii I iiill I

" IREPORT OF CHEMICAL ANALYSIS
' i IINUlIIII I

" Client:

T.S.S.I. Project Number N/A

U_. ArmyYumaProvingGnmend Sample ID ListedBelow

STEYP-MT-TL-MP, Bldg. 2060 Lab ID 111092- 24--27, & 20
Yuma,AZ 853_

• Sampling Date 11/05/92

For: Date Received 11/10/92
YPG GP-20

Date of Analysis 11/7A/92

SOIL & WATERS_dVfPL_ Date of Report 12/28/92

' ] ] ]1 N ] II]

TCLP- Priority Metals

Parameter Arsenic Barium .... Cadmium Chromium Lead Mercur_ Selenium Silver
Limit of

Detection 0.5 0.05 0.001
(ppm) lie i ii

92-4666 <0.5 0.73 _.001
92-4669 <0..5 <0.05 <0.001
92-4670 <0.5 <0.0-5 <0.001
92-4671 <0.-5 0.3-5 _).001
92-4677 ¢0.-5 0.35 <0.001

,i
¢

i i ' " ""' ' IIIIIII I I III III II I

Reported in mg/L

Lab NotegComments: _yzed [ty:

Amended Report..c '._ i2" _'8" o/'L_ i i -- i

_ ii iiii ii i i i i i , ,

_ , Re/viewedBy: Date

- J<<_ll, ,__;._d.y_. U,,i
HI II I I

................................ , # .¢- . 7/Z¢ I, i

.... Laboratory Director Date
A47



A s p e n Environmental Laboratory
........................................................._' 4730N, Ovlcle'RdiiSUite2i2• TUcson/AZ"ssTo;• (l_2j 887.i975 • Faro(602)887.235?.

nUll II n iiiii

LABORATORY REPORT OF CHEMICAL ANALYSIS 1
-- i i iin ill mlit

-- illllll i i i i i i ill i i ,

Client:

1".5.5.1. Project Number N/A "
U.S. _mny YumaProvingGrmmd Sample ID ListedBelow
STEYP-MT-TL-MP,Bldg. 2060
YumL AZ 85366 Lab ID 111092.14-17, 08-11, 21-24, 27, 20

. Samplin8 Date 11/03/92, 11/04_2

For: Date Received 11/10/92
YPG GP.20

Date of Analysis 11/24/92

SOIL SAMPLES Date or Report 12/28/92

-- II Illl I + I I I I

k

"rCLP. Priority Metals
........... lUl i

Parameter , Arsenic Bart,um _Cidmimn Chromium Lead Mercury Se,!,entum Silver
Limit of

Detection 10 1 0.02
.... (ppI) ..................... _ + .

924557 <10 12.9 <0.02
924560 <10 8.27 <0.02
924563 <I0 15.2 <0.02
924566 <10 4.98 <0.02

°924566 <I0 5.02 <0.02
924573 <10 3.65 <0.02
924576 <10 3.62 <0.02
924579 <10 13.0 <0.02
924582 <10 15.6 <0.02
92.4657 <10 15.6 <0.02
92-4660 < I0 11.7 <().02
92-44563 < I0 8.19 <0.02

¢

92.4666 <I0 14.4 <0.02
924671 < I0 6.98 <0.02
924677 < I0 7.02 <0.02

,,,, l , ii,,

Reported in mg/Kg

Lib Notes/Comments: ly d

AmendedReporL .......... _(,___ _7_ _ ,, /_,",__" _7_' -_On ........_Duplk:ateextracuperformeE _ I_¢_icwed By: Date

............ _,_/&. .,,,_ / _-ii i iiiiil ,ii

............. Laboratory Director Date
A.48



_N_.L COPye

A
s p e n U Environmental Laboratory

4730N. OracleRd.,Suite212• Tucson,AZ 85705• (602)887.1975• Fax(602) 887-2352

i I Ull ii ii i ii ii I

• LABORATORY REPORT OF CHEMICAL ANALYSIS
i i i i i

• Client:

T.S.S.I. Project Number N/A
U.S. Army Yuma ProvingGround Sample ID ListedBelow
STEYP.MT-TL.MP,BIdj. 2060
Yuma, AZ 85366 Lab lID 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

SOILSAMPL_ Date of Report 11/30/92

L _ IIIII I Ill I in. I II I

TCLP- Priority Metals

Parameter Arsenic l_.rlu m . Cadmium Chromium Lead Mercur 7 Selenium Silver
Limit of

Detection 10 1 0.02
(_mm} .......

924557 <10 12.95 <0.02
92-4560 <I0 8.27 <0.02
92-4563 <I0 13.19 <0.02
92-4566 <I0 4.98 <0.02

*924566 <10 5.02 <0.02
92-4573 <10 3.65 <0.02
924576 < 10 3.62 <0.02
924579 < 10 13.03 <0.02
924582 <10 15.63 <0.02
92-44557 <10 15.61 <0.02
924660 < 10 11.69 <0.02
92-44563 < 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

IIIII I I II I ' '" ' ' " ' '

Reported in mg/L

Lab Notes/Comments: At_,ly_d ,.1_._,i

4(. ' / /i i i iiii iiillll ii i i ii iiii / [

_// - . ,,7 ', _' ].. , ':iiii iiiiiiii ii ii H II _

....... Laboratory Director /_" Date
A.49



t o VA

z"x s p e n Environmental Laboratory
..................... / 4730 N'i0raeleRd.iSuite2i'2 • T'ucson'i_' 85705."('_2i887-i'975 • Fax(602)887.2352

I I I I I i illl iiiiiii I iiii --

LABORATORY REPORT OF CHEMICAL ANALYSIS
t art it,,tt ttti ii 'JR f t

i ii|llll ll,. ii i i i i

Client:

T.S.S.I. Project Number N/A •

U.S. ArmyYuma ProvingGround Sample ID ListedBelow

STEYP-MT.I"t.-MP,Bldg. 2060 Lab ID 111092-18, 19, 12, 13, 25, 26
Yuma, ,_Z 85366

Sampling Date 11/03/92,11/04/92,11/05/92

For: Date Received 11110/92
YPG GP-20

Date of Analysis 11/24/92

WATERSAMPLES Date of Report 11/30/92

lime Ill Ill I liB[Hill I _ III Illllll -- --

TCLP- Priority Metals

Parameter Arsenic Barium Cadmium Chromium Lead Mercury Selenium Silver
' Limit of ..........

Detection 0.5 0.2 0.001
., (nn-) ..........

92-4569 <0.5 <0.2 <0.001
924570 <0.5 <0.2 <0.001
924585 <00.5 <0.2 <0.001
924586 <0.5 <0.2 <0.001
92-4669 <0.5 <0.2 <0.001
924670 <0.5 <0.2 <0.001

i iiii i i

Reported in mg/L

Lab Notes/Comments: ly ed,,_

....... R/e/viewed'By: Date

j .

i

;/__..,.

- " . . ,J<,,.-,_/_ d.,,:,,, </.< ,.;/ ..../':,,.,_
., Laboratory Director )/_ Date

A-50



..... p e n EnvironmentalLaboratoryA

• ] LABORATORY QA/QC REPORT [
m I I I

Client: T.S.$.I.
" U.S. Amp Y_a Proving_ Project Number N/A

STEYP-MT-TL-MP.Bldg. 2060 Sample ID ListedBelow
Yumt, AZ 85366

Lab ID I11092-08thru20

Smnplinlg Date 11/03/92, 11_ & 11/05/92

For: _aG GP-20 Date Received 11/10_92

SOIL/WATERS_ Date of Analysis IIOA,_

Date of Report 12/08/92

J JJ

LABORATORY CONTROL SUMMARY

Barium Lead Mercury

Limit of Detection (mg/L) (water) 0.5 0.2 0.001

Limit of Detection (mg/Kg) (soil) 10 1 0.02

Calibration Check Studard (% Recovery) 100.4 103.1 109.9

Acceptance Criteria 90 - I I0 90 - I I0 90 - I I0

Method Blank (mg/L) <IVlDL <MDL <MDL

Method Blank Spike (% Recovery) 108.6 99.7 108.9

Acceptance Criteria 80- 120 80- 120 80- 120
I

. Laboratory Control (% Recovery) 98.4 106.5 85.9

Aspen Acceptance Criteria 72.6- 120 68.9- 133 65.5- 121

• m I

Lab Notes/Comments: _mly_ed _K]f_

MDL--- Method Detection Limit. .. _ _,_ ,_'l t:_./: ,Z." 1o- *lr..
ii

R_vlewed By: Date

__ .. ' :S'J'O,,_I,//_ _,_//,.',/., I ,> _../9__
Laboratory Director f Date

A-51



As p e n Environmental Laboratory
:iii!i!:!i!_:,_ii!ii_!i_i.".;!i_,ii_!!_!i!!!i:',,_i_i!_!,iii!_!!_!:__iiiii:':_:_!!i!i!i!i'_:iii!iii_iii:iiii!_i!,:.... .:::_!iii_!ii!i_!!i!i!i!!!!.:!!_!i!_ii!7!_!_!i_i!:!_!:!i_:!_:i!:!:;.i:!:iD:_i:_:_i_:!:!:!:!!i:_!i_i_D_:!:!_:_:?!i!:!i_:_!!._!iii!i_i!_;!!:_i!!i:i:_i!:i:!:!:;:_:!i!.?_:!:!i_::_:j:_:i:!:i.iii::_i.i:!_!ii:i:!:_:!!!:ii::ii!.!iiii.i:!ii:!iil;_!ii_:iii::!!i_i!;!ii!!;:iiiiii:ii:_iii;;:iiiii/-:I.:].:L_

× ' / 4730 N. OracleRd.i'Sui_2i2 'T_;on, AZ 85'705':'i_i';"887_'i'975 • Fax {602)887-2352

[LABORATORY QA/QC REPORT
I

Client: T.$.$.I.

U.S. Anay Yuma Proving Cmmnd PreJt_t Number N/A

STEYP-MT-TL-MP, Bldg. 2060 Sample ID Listed Below
YmnL AZ 85366

Lab ID 111092-08 thru 20

Sampling Date 11/03/92, 11/04/92, & 11/05/92

For: YPG GP-20 Date Received 11/10/92

SOII2WATI_ SAMPlJ_ Date of Analysl_ 1IDA/92

.+ Date of Report 12/08/92

i Ill

LABORATORY DUPLICATE & SPIKE SUMMARY

Sample ID Matrix Barium Lead Mercuryiii

*Laboratory Duplicate (% Difference) 92-4566 SOIL 0 0.84 0

Laboratory Duplicate (% Difference) 92-4569 WATER 0 0 - •
92-4570 WATER - - 0

92-4566 SOIL - - 0

92-4573 SOIL 0 - -

92-4576 SOIL - 30.9 -

92-4666 SOIL 0 8.91 -
i

Matrix Spike (% Recovery) 92-4586 WATER - - 120.2
92-4669 WATER 92.4 111.4 -

92-4573 SOIL - 101.5 -

92-4576 SOIL 90.7 - -

92-4579 SOIL -- - 116.5

92-4666 SOIL - - 132.9 "

92-4671 SOIL 109.5 94.8 -

Aspen Acceptance Criteria 6o.0- 133.3 71.7- 114.7 69.4- 153.7 .
I , i,

Lab Notes/Comments: Analyzed

/ ,' I

I/

Rl_iewed By: Date

' \ _ _/(_ ,1,<.<. I_ I'/c/9_
/

A-_'_ Laboratory Director Date



n , EG&G Idaho. Inc.Pob. ,_sMSa,o2 ENVIRONMENTAL MONITORING
_ et;_t;,.... ,.,._,..._o 01535-c_,_--,, ,_,_.._ CHAIN OF CUSTODY FORM

SAMPLER: (Signature_ ..... _ PROJECT NAME: "'

YPG 6P-Zo
(9 DATE/TIME

SAMPLE NO. Z tu a. m SAMPLE ,,3_ RECEIVEDBY I

o_ ANALYST OATS.me
TIME 8 13 _O_ _O REMARKS I

YPG.,o,YI;z-kpoJ--r_. 9_. "v_'TJ o_5 X _m P,It X (,. __n,'1 I/1#_2 Zg,_ !

YP_.4u:,,_a._.o,._ 9a ,v._'),V l( A "ro'r,,l ue,_,iu_ I
" "4

Y_-.._'_-,e-_.-+'t' p,t.*/5_:." _ J( X _,,s:c,_l Pee._r|;es I
,, A _ Me'r_,es"

Y_,-#oWa./vAut.w.. p,,t ,_')& loll,, X X (,. e.. P,,)///#fZ-_' I
v. "I '" "

YP6-1mqqa.Jul_a-Du 9_, ,t_ ;_9 to IL, t( X "ff_'_ ut,uvt..,_ I
v" "f

v (4 "R,._ MeTal:,"
','_-.¢m_;_-,,e-,._+'C9_ "¢__9' II _q _( X (.,_P,,,/%)II/_g/_.'/_' I

.> ,, ,/ .....t,a
_,, v,R.r-,,o_f@-t,_-O_C¢ 9a_"f_ 115_1 X X "7"ore_l LIPA,vi_,m I

" " iW_,-I_o'tq&t_e.o_-T¢ 9_.,/_'#'._L- p" "Rc_ Iqer_l>IqLo 11 1_ lt_,_,eb. .._ 110"12-// !

I'_-ImC_Z-Np-_I-I_ __-Zr_ 19ID X X -rpr_l UeA.iV_ I

I_-IIO_Z-Ne-oq-t'P ,I _._,¢_o_ "t |qZD X X' Pkvs;c_,@_,,_,s I
, ttl. -rc.,._,N,w__,. "_. e_j illlY_.z-_,2_

T_ , IIC'_iZ-lUP-o-Et. 9,2 .'/.>"E_" tq_0 _( X _r_, _,,,,.,.,.,t_._ P,,,,.,k_ I
," _"_ _ '_'_("9,_, _) ,,:-.--- '_; '

YP_-,oY'/Z-+.P-_.F__'.,l.,/..1"P4,,, IqttO _ _, I( _" "':""- J_", _,.,,I e.._,4;,s I

" __'J/__"'"_ Ople/TimeRece_by:(S;,+alure)¢ , Relinquishedby:,S,gnalure) Oale/TimeReceivedby.(Signalure).,,._.0_ /1_,

Rel,r;qu,shel_ by (Sig_afure) Date/Time • IT'eceived by: (_gnature, V'/ _ehnquished by: (Sigrlaef_fe) " Dale/Time

_ l , I _ived-fy:_Si_fiar_re)

OISTFIIBUTION O,r_g+nll and Pink C00+eS ICCOml2tlny sllm_le shq_ne,nt IO IIIx)+ll(Xy O,K),ntll (ooy ;'Bll,nf_l I)I Ct.l$10d,an P,nk cOOy ,_,ll,ned by Ill)OellOey Yellow COpy retained by samplers



Po,o.,_2,-s.;_ ENVIRONMENTAL MONITORING
,_,s2.ao_,s,_,s_._ CHAIN OF CUSTODY FORM 0 1 5 3 4

SAMPLER: (S,gnatu_ PROJECT NAME: '

yp'
,d

(9 DATE/TIME

,O"_'O roO'_O o'_'_'_'q" RECEIVED ,

SAMPLE NO. Z SAMPLING o_ m SAMPLE ,_r_ BY.....

FIELD LAB _ TIME _ _ LOCATION ANALYST DATE/TIMEO REMARKS I

_._ ....

" ,_ "T'oT',411,4_ANi,.,,,.', 1

,, _ ,/4eTAC_. .,_.
_e_-,o_qa._eo_-_. 9_ -_,o IO50 ;( aso_,, X (__. el,, t,)./!l(gT_1_" I

..... ,_ "' I

_(t_a-I,o_,z.-_.o)-Pp" 9a - _.,T_.. I 0.,_o X, ,_PC., A pk..._,,f _,,,.4;t,,_ I .
" " T_ 14,r= 1%

"(t_-po_z.-'_-o._T'C qa -,W$3 13"11 X as_<n _ t'a4._b_ i_)lll_ _'16" 1

d

¢

" Lf'.,. eb #,,_11/C_'2/_
II " I

YPo'-,o.'w_-._.Of.-_t4 9_- .'_5"1,,q IqZO )_ _.ec. _ "ID'Tn._£,le,_i,.,,.. I

" .Tr.u'_kw,_,_, ev, e,,,) _
..... ,'_,,,s_,,,_P,,_w,._,,,.SJu_' I

...... t_ • • "" _1_,_1_

.... • • w-

' -'-- ' ' Dale/Time !Received by: (Sigme_ure) Relinquished by: (Signa_ure) Dale/Time Rece,ved by: S#_ lure_ .4_//f_,

Ref_nq-u,'she_by:($,gnature) Date/Time _Receivedby:-(S,gna(u_e) Relinqulshedb_(S, gnd'ld_e) "Date/Time __" (____'_l_ivedby: (b'_gnature) '

I ...........

DISTRIBUTION O_gnll Ind Pink CO_qlS _¢Omll_y _ _ IO I#bOellOry Orgna! coov rela,ne, d by cuslod,an P,nk ¢oOy reta,'_'_l 13v lat_,al_,v v... ..... "

a. ._., _ , mw,=,,_,---_



n eo, o Idaho, Inc. ENVIRONMENTALMONITORINGP O Bol 16_ MS 8102

_, _ EG_G ,,.,o.,....o ,.,..,,..o,=,s_.=,, ,_)s=._ CHAIN OF CUSTODY FORM 0 ] _ 3
EnwonmenUd lUlondoa_r_l Teem

DATE/TIME

SAMPLE NO. 0._Ztu SAMPLING _ _ SAMPLE ._<f.,O'_CO,_O "_'_" RECEIVEDBy J
FIELD LAB _ O TIME O _ LOCATION O._,¢,. ANALYST DATE/TIME

_1_ .C_ coo REMARK_pqQ_ I-- ¢._,,,z_:I . _,_c_ Ph)fPC,-ilo_J.i_B-0=/._ IIV ¢} V fo//¢_ _/ _/C,IL ,,<; I

- ' - " _ /I_- -J_'"
_'- I

I

!

._ /. ,.- _,,

I

. I

- I

,

_shed by Dale/Time Rece. _11by: (Sign_e] Relinquished by (S,gnature) Dale/Time , ecewed by: (

Rel,nq01'_h-edby (Signature) Date/Time I_"eived by: (SegnaturCY/ "Rehnquished b'_': (Segl)_tf'e) /Date/Time ,_re, ved by."f_cjnature)

._ J L/

• • OISTRI_UTION Oe,QmsI iln4 Pink COl_ _¢COen_lny _ S_ tO i41bO_ielO_y Oe_jmal eDDy _eea._ed by custod,an P,nk COPy _ela,ne_ by laboratory venow cooy fela,r_cI by sa,_pk_J



EG&G Idaho, Inc. ENVIRONMENTAL MONITORINGn .o.o. 01536
,_,_ao,5,_,_._ CHAIN OF CUSTODY FORM

Team

SAMPLER (S,gnat PROJECT NAME:

YK, dP-zo
........ DATE/TIME

RECEIVI, L [
SAMPLE NO. _ lU SAMPLING _ _ SAMPLE _ BY ....

FIELD LAB _ (.9 ,pO-- %Ov (_- REMARKS I

_" 4 _ IA/e_r I'CLP Me_YK.-,o_'_z.,,,,-o,.-rce._,.¢<;a-_ --,,.. o#z5 A ;,.,_ X G':- l'b._ III0/Z-_I I
'I Y X "Tol",e,I le,_.iu,,_ IYP(.,--itt>--3_z*wPo_-Ou _J. ,./&_-8 O_ J( U
,t

Yff.,.,,o-5'iz-w/-oB-PP 9,,I_6J'<2 Y Or¢_-_ '_ X 10ky_',41 Pmp,A;_._ I

ri_. lfOS@Z.Wo_O_.T(,___,o_.,v_,_,o _ 9'/_5 X /( f_. _ Po: R,,.)lllpq2"i_- I

Y_-IiO_'tz.-Uf-o_-n.,,_,..)9,_ "7_/ "t O_q3 X l( -'r_,_/ &,#m_,;,_,,, I .......

O_

" n _r'C_P ,evle_,,/ _s

.. ,t

r,..,_._,p.,,.o,.._;,_i 11/_2"'2L_ 1
" - . i iI_2 .Z'7"r,"(,-/,os_,.,,,.-o,-",c ,w.,z..w,_t /Z_7 X' X,,ar_¢? X --re,.,o,v_._,(, . .-......,: t

_" "/ /Z57 X X 7"a_,U_,'_"
Oate/T,me Received by (S,9.afure) Rel,r.:lU,._hed by tS_jnature) Dale/T,me IRece,ved by: ( _ /)/_.

" Rel,nqu,shedby (S,9nature) Dale/Time Received by:(_gnatu_" l_lelinqu,shedby "_S,gna{_'d " Oale/Time i_L_y lS,!)natu,,)

DISTIR_;TliON (_r_)_,a! lind P,nl, COO_$ I¢COml_leq_ saelM_e Shq_ t101,3164_alo_. O,,¢pnal c'P'-v eela,rmd t_v cu$1Od,a- P,nk CODVe@l.l.e_t_lby labo_alo*y Y(_.'_, COOy ,-'la_ L%Sar, Dk_,$



rI
I

Effective: 10/13/92

Supercedes: 02/13192

Aspen Environmental Laboratory

I TCLP EXTRACTION LOG BOOK
......... prt .........' ..............................

" .PH ,5__mHI Extracti Weight l.,iqmd Volume
Date LabID (grams) /I_IHCL (1 or2) , (ml) StartTime StopTime Initials

' //'/_ aloe I_eIOS _'g¢/ t¢_ t I' '' _ _0_ ,, ' ' 9 .00 ,,,,, { tO + }

n.loq._,:o It)/.Oq ¢l.q:t/K/Z 2. _ _90 I,,.l"oo t'",,4I III I II- IIII

' I#[IIIOs 9_ 0// . fO/ 51l_ __-$Q_ ..... Z _a_l_ 0 0 i_ ii . Iql,' O0 Ill q " O 4 ' ' l

• ,//U_z.......I#/oq_-Jq /o/.:Z_._/5/zz ._,..,:,o,:,,',o.g:,./o../-/_
I /_:o.'l_-/.:_o/,_,¢_/,//.'_' .-_..... aoo_ /6",o.,.' ,:4.o

//lo.12-/(,IoL/.__"f._'J/_':/o.2. B,oo_ /6: to g'4o
.e r//o.%1-/7/0/-__._,)'.z.oS-_ ..2_0 16:o0 g 4 _ ,,

,l/7/qz l/soe,_-40/oo.gqr._//._ / "_O0 _ _l_ll:lllO ( I II fl: balalS_ I _

It/0_._/ /o:.:?-o_.,5_/_//, z _oo _.o_q57 I
(._(,e,t-g:._m:.o__.gl,_._,....ao,,,_.o_" ,_:_q- •

,, _/,,o,_,z-,1_/o,z.oo ilal_._'.....],........ ._o,_ _..0_ q so,. .i,
Ilk_/qz it/z9 42-.7#700 61 $'_ tg._f 2. ,.,qooO16:#3 lo o, I ' ' _ll l_

• ,1:, //1o qd-,,o,7_o/: '_._ ,':R ]. .o2oo0 /6'4_, _o oo

,I;_l_z_l/o._,_--'7_, ,_7i.,_-.... #0oo, /_.:,_ ,o °°, 4,
ts-o_-¢z//,7.q.z-oo /o:#/ _.,-_._,_ _ _oov _q5.o .. .__

III II II I III I II I _ I Illll II II I

J J I IIII IIII III II I IIIIm III J ]JNJ I I I I

II I III III I I IIIIMI III III IIII I

...... ii III II I I I II I II IIll I

II I I IIII I I I I II - I IIII I I I II I

I II II I II I IIlllll II I II __ I I1 I I Ill I I

II II I I I I IIIUll II I , llll, ,,, l , I I III II

I II III IIII II I I III I • II IIIII III I II I

, ,,, , .......

A-57
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Page__(,9_ or loo
Aspen Environmentallaboratory

METALS DIGESTION LOG

Lead Based Paint and EPA Methods3010A,3020A, 3050A, 7060A, 7740A, 7470A, & 7471A

......................Meth_' "l_g'inningEndirig.........
Date, LaboratoryID SampleType mlor gram, Volume ,,, Spikes/Notes ,,Initials_,,, •

;tl" qZ.,, _____/ '_'7oA, ,oo[..............................I0_/ ._/o,e,,.l/_ ,Jl_

.................. ._l_U/ u _/_
:35.0_ 1oo .,, ,,.....

,l.ll II iiiiiii i II i

.... • • f

t'_I/I,'Zl...
• I(,_,,,r _ _,, ............ . ...................... _ _ ,....

11IOq_-Ot .....ii ii ii iii [ ii i i i III I I

illlog;t- co "i i i iii I i i i iii I I llr iiiiiiii iiii

a,loQa-_ / ,=,_I_ _oee,'i+_-
i • i1ll,_ iii lllrlllll,lli iti I I II IIII IIII

• IIli)q_,- _o )
i i ill IIII I r l I Nil II II [ IIII I

i i L I I I IIIIII I

i . lU iiiii iiiiiiiii i iii iii Ull

iiiii illll i i i i i I Iii iiii ' =" --

11 i i f111 111111 L i i I I 111 11

I I "_I roq',a-v::tiiirl i i iii iii i i I __ i I IIII iii

_i__,-_'_ _ / |i _ iiii,iiii i i i .... i iiii iii i ii i i

i i iiiiiiiiii iiiii ii iiiiiiiii

, ti,oq..a-al' . I
_

i i iiiii i ii rill iiii i

_' ' _ '" I •I "

.................................. H_ I --

REVIEWED BY:

_;,,,/( 'I / ,,, ,o/<,/v_
LaboratoryDirector ,/- _a=
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Aspen Environmental Laboratory

METALS DIGESTION LOG

• Lead Based Paint and EPA Methods 3010A, 3020A, 3050A, 7060A, 7740A, 7470A, & 7471A

o

Date Volume Initials
//-.1

'2.

REVIEWED BY:

,lilt ._ I #"

Laboratory Director /-_"_ Date
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• Aspen _ LlbomoJy

.

Date r_, , • v_
11124192 l --_

A. .... J J_ m_ _ _al, ,Ill L. -- _,..&,. _ _
..... a _J_ r---_a .......

0.1 0.002
1 0.016
S 0.078

10 0.148

AM120.01 0.___n2_)____48 1..... 2
L,......... _:-----'- _-_ r_,_r_, rMW

3.6164 3.617 mm-'vm 0 J)99___5 l:_-
,

0.01477 l_r_-_ 0.001 ",_'-'-*-1 "0.10A---_;--98-
Vnof m

_ Dilution Aotud j_Lm SoNde.IFenm FlnelVolume _ ,Jr,__
C_ C___.:_-_q___.__,_-_-;- 0.--_2- " 1 " 2._ .... 103.011 ___

.... :-_ o 0.5 _ _ ....t
TCLP _:__ 0 0.5 _ d _ '_

;)> 111092-06 0.007 O_ O.185 101,1100 2.0G_7 3.652 ,,. --

111092_8 _=_--_I 0,0_ 0.5 0._ 101.1100 2-_ 13.6i5 101.55 _,_
111092-09 _ 0,007 0.5 0.185 102,0000 2._ 3.617 _ _ _

_1o02_e d_.__ o.__n__ 0.8 o,_,,_ 102.0000 2.00_ 4.943 30.991 i Z
111092-10 0.021 O_ O.n__rd__ 101.0900 2.0000 13._.8 £
111092-11 0,025 0.5 0.794 101.5700 2.0000 15._
111092-12 0 0.5 C'J,___d Range ""
111092-13 0 0.5 _ d Flanp
111092-14 0.021 0.5 0.859 101.7200 2.000@ 12.947 ""

_ 2_(v_m 0.031 1 1.994 99.70 (_
111092-15 0.014 0.5 0.422 101.9800 2.0000 0,267 _
111092-18 0.025 0.5 0.794 104.5500 2.0000 15.187 _"
111092-17 0.009 0.5 0.252 101.3300 2.0000 4._80 _"

111092-17 _*_. 2 0.009 0.5 0f252 i 100.4800 2.0000 5.@22 , i , _"
111092-18 * 0.001 0.5 OuI Of,P,JI_ ; ' "

_mo2-_8 _-T o.ooi o_ O_ d _ : • _VALUB' _,J_
111092-19 0 0.5 Oul of _
! 11092-20 0.012 0.5 0.354 100.8900 2.0000 7.015 ""
! 11092-21 0.025 0.5 0.794 101.7000 2.0000 15.613

___.d nbu_ 2._rn_V_r 0.03 1 1.924 96.32 _;/_-
111092-22 0.019 0.5 0.591 101.0660 2.0000 11.691 v
111092-23 0.014 O_ 0.422 102.9000 2.0000 8,193
111092-24 0,023 O_ 0.726 100.61 2 14,436

111092-24 _m 0.025 0.5 O.794 100.61 2 15._2 0,907 _/_--r ....

111092-25 0.002 0.5 <SMmdBd "!
111092-25 _ 1 0.018 0.5 0.557 111.39 £/<-

• , _ ._._:/ _:_: " 7: .' :_', "-_



• i, m

E_ Labomo,y

111092-26 0.002 0.5 <SliKlid ,I

1 ! 1092.27 0.012 0.5 0.354 101.44 2 6.977 _

111002-27 _ 1 0.020 0.5 0.826 101.44 2 10.320 94.78 (.'_-
TCLP F.xl.1 0 1 Oul of Rmile :1
TCLPEM2 .0.002 1 Oul_ P.mp _"

Dig. _ 2.0Pl)m 0.033 1 2.120 1M.47 __,,_.

&

e

/



.I

Aspen Environmental Laboratory

,.A . Calculation Sheet

Date: H'Jq".q 2. Element; .P--ID Energy:,, _ _,, ._ ..

Acetylene: ,2,2- . Oxidizer;, ..._0 Lamp MA: i ¢_......... .

Standards: ......... Control: 19// 3/_:_ Slit (tun): _ ....O. ::/- .......... "

'Stand_,ds(ppm) .... Absorbance -
.....d / 0 '" Wav.l=n_(=):,. .002 .......

II I I I I III II I

Io 0.016
IIIIIIi i

_,_,0 O- 0'_' Con_lafion Coefficient: ................
III I II II II III IIIIIII

tP.o
Slope:....

I I II I III I

II IIII I I I III

y-intercept:............Detection Limit ppm........

Scnsidviw: ....

Cal.checkstd_.p 0. 032 .....' .............
Blank ggoQ,o ........I " ',,','

TCLP Blank' O.oo0
I I III

///oq_ - OCt 0,0o_ , ,,

IIIII I 41()q OlO0111 _ I I III Jlllll _ _
I

- _ta,f, o.oo_i i J I I

•-/0 ._, 02.1
IIII II

-iz o,ag,,I III IIII I I L II

-ta O._O

lll,i I I III Hi I ]

..IS O:Olq
I I I II IIII I

Dig. contml_l_3 g_O31
L lil i

ill I _ I i I Ill __

i -- lillii in

III IIII

I I

.. ..

Notes, Etc.: .... __

Comments, Ana]y by -.

R_iiewed by, L_ '_:



Aspen Environmental Laboratory _ _a
AA . Calculation Sheet

" S_zlards: Control: Slit (nm): _ _). _ "

Sumdards(ppm) : Absorb_ce

_, _on Coc_cimt: .....

Slope:,i iiii

Detection IAmit ppm y-intercept:

Sensitivity:

'Lab ID# Absorbance Dilution Man'ix

CaL check su_9 D._3/ I
Blank 0. oo/

TCLPBlank _ OO/
r l o ql-/_ ©.Oa6 ,.

-I:/ _9.0oq ......
-I':t_z 0.oo9

. l'_ot,,_ z).oo l
,, --I_ o.ooo

.AQ o o_z.
-_ 0.o_
..22. #.oI_.
-2_ _ o_,I.

Dig.conl/ol,1.G@.0.5O

Comments, Notes, Etc.: An •

Re_cw_ by, _<

A-65
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Aspen Environmental Laboratory _ d7]_3
A A . Calculation Sheet

, _._Date: II- q"qT.." Element: Ob Energy: ---_- ..

Acetylene: _7..- Oxidizer'. _ Lamp MA: ]_

Standards: Control: Slit (nm): '_" _)' _f" "

"_tanclm'ds'(ppm) Absorbancc Wavelength (nm): :_ I_"

\ 0'_ _ Coefficient:

,,, Slope:iii

Detecdon'Limit ppm y-intercept:

Sensitivity:

Lab II_ Absorban_ Dilution
CaLcheckstd_.u Q. 0 t

Blank ¢0.O01 J '
TCLP Blank 9' OOl

/I Io q_ - ._qz G.o[13
, -_z_dO.Q_"

-_" _.ooz. .....

-_-.7 0.012.i

Dig. control ,7.G g).f)3_
i

i

iii i i

An_ y t
Comments, Notes, Etc.: _,_A _/j//_.___/j .

•- _,,;.w.ah_ _/,KcvIewcG oy, _,

A-66



Aspen Environmental Laboratory

Dolo Poromotor OC Check
11124192 Lead

Standards (ppm) Absorbence _
0.1 0.002

1 0.016
S 0.078

10 0.148

T. [x(i)'2] 2; lY(i)'2] 2; x(i)y(I)
126.01 0.028248 1.8862

Numeralor Denominator Corr. Coeff.
3.6164 3.617683303 0.9996 $

..

Llnost(slopo) y-intercept x-intercept
0.014771066 0.001546461 -0.10469528

Wt of

Laboratory ID AI)eorbonce Dilution Aetuul ppm Solid| grams Final Volume Adjusted ppm % Difference % Recovery
__ Check SId. 2.0ppm 0.032 1 2.062 103.09

Dkjesled Blank 0 0.5 Oul 04 RangeTCLPe_.k 0.007 O.S 0.165
>,_ 111092-_ 0.014 o.s o.422¢_ 1110,2-0as,_1 0.020 o.s 0.929 lOl.55
"J_ oo14 o.s 0.422111o92_,

111092-09 -dup 0.016 0.$ 0.489 14.866
111092-10 0.021 O.S 0.659
111092-11 0.025 0.5 0.794

, 111092-12 0 0.5 Out 04 Range
111092-13 0 0.5 Oul 04 Range
111092-14 0.021 ./ 0.5 0.659

Dig. Conlrol 2._0ppm 0.031 1 1.994 99.70 ,
._ 11109_ 0.021 0.5 0.650

11109_ 0.025 o.s 0.794
11109 _._f_ 0.016 J 0.5 0.409

111092_7/b;I. 2 0.016 _" O.S 0.489
1110"_2-18 0.001 0.5 Ou104 P,an_

111092-18 dup 0.001 O.S Oul 04 Range |VALUE!
111092-19 0 0.5 Oul 04 Ram_

" 111092_) 0.019 "/" 0.5 0.591
11109 2-'_1 0.025 0.5 0.794

Dig. Control 2.o_]mn 0.03 1 1.926 96.32

111o92#_' o.o19_- o.s o591111o92-2-_ oo14 o.5 0422
1110922, 0.023 05 0.726

111092-24 dup 0.025 0.5 0.794 8.907
111092-25 0.002 0.5 <Slandafd

111092-25 spk 1 0.018 0.5 0.557 111.39

,_ _,rct,_ ._o..,"'_._,_-,_/,._" _ _ ,
• , . -*'c,,__e,'_ _,#,_r/,_r' "_ " "_'_Y ,../._

,_';J,__._c t ._.



Aspen Environmental Laboralory

111092- 2_; 0.002 0.5 <Slandard

,t, 1! 109_-7_)spk I 0.033 O.S 1.065 94.78 ¢_,_...
TCL_I_ fExl.1 0.004 1 O.166

TCLP Exl.2 -0.002 1 Out of Range

Dig. Control 2.0ppm 0.033 1 1 2.129 106.47 ,_,'_--
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i

. _'eo 0 _[_uoo'_o
" " _o.0

' i_o.00 _,-,,, o,,_,, ,,,
QO0 '0 'Zl-,lll

................ _,_0. I_ ll-" '0 o_-
li, i

,OIPO _'_-
-_u 'U b'o-

i

fJo o _ _0-_,_ol//
' I:::oQ.o _l_ d'ID,.L

ii |,

..... 0oo-o _lq
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**Id_i_lU!'_ .....
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_,_l .o.. , oo/
':lua!o_av'Ouopwl_uo_ ooN_O" (] O_

oJIoo • ol
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._.l_O :(mu)tp_uala^_/_ %00, '0 / "0
" _ _ou_posqv (todd)sp.n!pmnS

-_.:,'0 "ff :(mu)=!|$ t"_/ff:_O :|oaluoo .... :sp-_pu_ls .
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%

Aspen Environmental Laboratory

AA - Calculation Sheet

Date: //- (_d./.._'I_ Element: 76 Energy:

Acetylene:0 2- ....... Oxidizer:..... Lamp MA: . . Q

Standards: Control: Slit (rim): ...... "

Standards (ppm)'" , Absorbance
........ Wavelength (nm): ,

IlllllI IllIllIll

' Correlation Coefficient:
I I IllIIlllI I I

' ' ' Slope:
i i

i illillll I

I_t_do n Limit..ppm .... y-intereept:
o.

Sensitivity: .

Lab ID# Ab_r_ ' ' Dilution l_trm .........
I i i illll II1[III •

Ca][.'chex:k sld C). C) _ _, ......
Blank 0.0o, (

TCLP Blank 19.oc)
///0 _'4- /6 _. o6L5 .......

' -Oot,_ _- ,,,
-18 IC_'Oo

ii illUl

,-'_ 4,io.oof

..... -ao o,0_ ,, ,
-_! O. _.q6 ......

-a_ 0-0.4- . .
Dig. control R0 Q. O_ .

i

,, i

mme,,s,No,o,,E,c.:
Reviewed by, _', '5"

A-70



Aspen Environmental Laboratory

AA . Calculatlon Sheet

Date:fif_+-q_ Element:_P_ ,,, Energy: ...................

. Acetylene: ,_ _ Oxidizer: /'40 Lamp MA; /_

. Sumdards:............. Control:_P__/qJ Slit(nm): _ O: _
iiiiiiiii i ii i iii _ i1[ .

Standards(ppm) Ab_anc¢
...... iiiiiii i,. i ii iiil i i

Wavelength (rim):, _/_ .................
II r

I ii iiiii I n j

_¼tion Coefficient:
ii i i

Slope:
iiii 111111111 i i iiiii

i i iiiiii iii i ii

Detection Limit ppm y-intercept: . .

Sensit|_:

• Cal, check std;_# O' C)3 ( ..........

1 Blank Q.oof l

TCLP Blank O, O0

///oea- ,/ o. ,-.1,.t 4,, O . 0;4S
i i L I

- ._',_,_ o .o07_

,2_ - 0.0o z.ii i ii ii

llnl II I

_T_c7 _ Z -O.omz-i i

D!g.control4o O,O_"_ ' , ',,,
i i ii ii

ii

iii ii

,..,,,,.,, ,, ,., , , i .11

....
q.,

An zed by, __..._Comments, Notes, Etc.:

_eviewed by, ',J. "_ '

A-71



Envimmm_al IJbmmmy

Date Paramr, tar
1 112SI92 Barium

S;;,-;d_;.-Js (p_,,_) Ab_-_-_-_-_-:-
1 0.01
S 0.05
10 0.103
30 0.294i

[ [xO)'21 E b-(_l _ xO)y(,!
1026 0.099645 10.11

Numerator O,T,-,omk-dllor r- -'_lr-._--"_f_---
19.418 19.42125712 0.999. i_--_-,-_91 ,1

J

Ur,_st[slopo) 7.intercept Iz-lnlercopt .... ....
0.009767606 0.001922535 -0.19682769

Wt of

........... - ...... rr ....

r'-__C,L----:_SZd. l_r_-_-,., 0.1 1 10.041 100.411 C, _
Digl. TCLP _---,_'--L 0 1 n,.,___04 Rlmge •

,,_,L,,_ _._:___._ 0 1 _ of _ '-
,_ 111092-00 -0.007 o.s _ _ _S*
-,J r_
1_ 11tG_*011 clup -O.O011 O.S 04 _ 8VALUe1 ,-

111092-09 -0.001 O.S _ 04 RsmS_ ,,, ""

111092-09 s_k 3 0.0285 O.S 1.360 110._,-_ _ ._:-
111092-10 -0.00S 0.S _ 04 Range L.
111o92-11 0 O.S Om 04 Flan_ '/
111092-12 0 O.S Oul 04 _ _ ._
111092-13 0 O.S OuI oil Ritge , '-"
111092-14 -0.007 0.S OUl 04 Rans_ .. '"
111092-1S -0.002 0.S Oul 04 _

S_.ked R__k f_[n,_;_m_. 0.108 1 10.8G0 108.601 [':,¢_-..._
111092-16 -0.0017 O.S Oul 04 _ -"
111092-17 -0.001 0.S Oul 04 _ 'I

i11092-17 ed.2 -0.002 0.S Oul OI P,wt_ , v ,
111092-18 '_ 0.001 O.S Oul 04 I:Lwl_ ......

111092-10 dup 0.001 O.S Out ol Rm_ tNALUE! .
111092- lO 0.oo1 0.S cS_andmd , --
111092-20 0 O.S Oul 04 P,ae_
111092-21 0.006 0.S Out ol Ramje
111092-22 -0.00G 0.S Oul 04 _t_ ./
11 1092-23 -0.007 O.S OuI 04 Range
111092-24 -0.0013 0.S Oul of IqLImgO ""

Soiked _R_l.?nk1__n99m_ 0.097 1 9.734 97.340 _/.t



i

, ,ll-1-I

Aspen Environmental Laboratory

AA • Calculation gh_t

• ..../d,.- ,..o,,,: .............
. . _Acetylene;........ _ _ LimpMA: _ ."} ..........

" Standards: . Control: SUi(nm):_ ,(I.4/ ...........

/ 0. o _0 w,_s_<m): _7 6
iiiiiiii_ II 0 050

1o O io3 _ _>'_'":.....
3o o,a<_<_''

...... _' ' ' Slope: ......

lilii I I

DetectionLimitppm y-intercept:, ,,,, , , ,, ,, , , ,, ,,

S_sidvity: ...........

CaL checkSld/(_ (.). (0o
' Blank O clbOil u

TCLP Blank 0

U ,'OqW- o_, ___.,_x.>.t ll ._
........-O_ _ _o o_I_iiiii II I iiii

........ -o?, ...o,¢x:>@_

- 0¢'_.. Oil,0 _4'_iiiiiii i

-// i0 o00
i iiiiii ii i iiiii ii

,z 0"0_i I I III I IJ

-,.,t 0 0oo .....
. -;,/ "0.0_i

' ' ' -/._ .O.OOL-. ._iiii

Dill.control/0 .(,).10_ ,, I
. . -/_ _0 Oot_ 0.,;

-/77 .,0.0..'__1 Ell i i

iiiliiiiiii-/._,_ -.- . @o I iiiiiiii i i i

. ,-_S O. 0o_

-
W

Reviewed by,

A-73



AepenE__

Dote Perker ' OCCheek
1 112 6102 B_lm

1 0.01
5 O.05

10 0.I03
3O O.294

i

,

1020 0.90904s 10.11 ,
N_ator _ Cert. Coelf.

19.418 19.42125712 0._1 44

Un_*st(slope) y-Inter©opt x-inlereep!
0.009767606 O.O01O'_?_ -0.1_760

mel

r-, _ .q____l_.n;_- o.907 1 o.7"J4-- 07.34o C_
_t_r. T(_I P mMk 1 OUl el Flmqp '

_O-d__ 1 Outd RmOo
._ 111902.24 -0.001s o.s or,dha,S.

___os2.24dup -o.oo4 o.s Ovld Reqle evN.ueJ_
111002-25 0.001 O.S Oldd Renp

1!1902-2Sspk 3 0.020 O.S t.380 1_.40e , -*
| 11002-26 0.001 0.5 Oul of Rmip
111092-27 0.01 O.S ,cSImdmnl

111092-27 _ 3 0.034 0.5 1.042 100.400 o--'-
Out d nmm
o,,,d ;_,,p
ov_d nariS,

1,0_nm, o.mm 1 0.eM 90.303
WVALUe

o

i

i ii ,i ,,,

.

c_ l_n,j_ 1 eVNLIJe



Aspen Environmental Laboratory / "_'_,
AA . Calculation Shee|

" Standards:.... Control:.................Silt(rim):_' z// ...........

IO _ Coe/_c_t:.......
i i iiiiHIIiiiiiiiiiii[iiii iiiii ....

$_: .............
I Illlfll[I]II I II I I I I II

]H [U_I[ J I II ] IJ I II I II IIIIIIII I I I

y.in_. QII II I!1 I I I II]11111111I IDe.tecd.onLimit_ ..................

Sensitivity.Ii iiii ] i i iii i

Lab ID# A_e Dilu_ r _-X ....I

...........Chstd,,, o.
BI_

'tX:LeBlank n.oO1 .... _ ' '
II/Of-:- /_ O, or',l o._
... - 20 . ._ C,C,C,
iiiiii ii I II I II[I

,ela
...#q.-o,oc',t-_I i i lii i ii i lli

",_qd-O Ooe:l-
0,,c,o L

-,,,V_.,,.r0 0 _ct
J il I

- Di S.control/o 0 C'Cl_ " Io. ill ii

- ............................-_-7....0 O to o.,i
......-_,_. _. C,_ ,_

!

ii i i i ii ii i i i i ] iiiiii i

i t i t- , ...... C,cI _ ,O_.t_'7" _u ", .......

Comments, Notes, Etc.: An_, ._by('_t_l " )

/
/

ReViewed by,

A-75 ..,. ,



,u

1 1124-2511992 | "- -_"_

1 0.oo9
S 0.041

I 0 0.078
40 0 __)')7

,,

1726 0._:37S 10.074

20.416 20.4-a_--_'?_J74 0.11tl615 _"

Ur,.;;t(_ope) y.ln;iwr.;FI I.Intelrc,,"ft
0.0¢_,,_18259 0.01_-'--_'_3]'4 -2.37-_--w30lil

w-ief

0..,,,,,.,,,,v,I) m,,o,, v,,,,,m ,,.n,,..-,z
r'_...-_-_-___:_-_--_-_ 0.003 1 _ 04P_-_-_.-

,-,--'- o.oo2 n,_._ _ ,,TCLP ..... 1
111092-08 O.-n_-_ I _ _ _.-

'_ 111092-09 0.002 1 _ 04
O_ 111092-09 _ 10 0.076 1 11S47 1111.47 (._..

111092-10 0.002 1 _ 04 _
111092-11 O.__n*_2 1 -C-_---04 RlmSo
111092-14 0.002 1 _ 04 Flalmjp
11lO92. is 0.-n'_-2 1 o_ 04
111092-16 0.-n0_ 1 OUl 04
111092-17 0._2 1 ou, 04Rum ,--

O_. _ _ 0.131 1 21.798 lOe.Ss (,_,,_,
1 11092-17 _m 0.002 1 _ 04 I_ INALUE! c.

111092-17 exl 2 0.002 1 OUI 04 RalmSle
111092-20 O.--n02 1 Oul 04 _ ""
11 1092-21 0.002 1 Oul 04 Range IIVALt_'L']! _ -
111092-22 0.002 1 OuI 04 Ralmge :-
1 11092-12 0.004 1 Out OI IF_ _"
1 11092-13 0.003 1 Out 04 Ransle ,/

111092-13 _ 10 0.078 1 12.016 120.16 ,q,q._r'_,
111092-18 0.003 1 OW 04 _

Dig. Comral 20 _ 0.132 1 21.962 _-
111092-19 0.003 1 Oul OI P,ange

111 092-19 dup 0.003 1 OuI 04 _ INALI,IEt -.-
111092-23 0.003 1 Out 04 _
1 11092-24 0.003 1 Oul 04 RmSle -I

111092-24 _ 10 0.086 1 13.492 134.92 /.k_ 1'.-"
11 1092-25 0.002 1 _ 04 RInje ,,



e
I • q

I

| _
111092-26 ' O.OOS 1 Oul ol Rallo
111092-27 0.004 1 ,¢$nlmlwd

Dto. Comml 20 _ ' 0.t06 1 17.104 06.1t2 e.'_,-...
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Aspen Environmental Laboratory
AA . Calculation Sheet

._... IDate:/!:."_¢"qZ,, Element:_ 4. Energy: _ .._..... "

......... . Lamp MA:, f_ . .

Standards: ......... Control: j06 _/q3. Slit (am): ...._ 0,._

Stand_s _) ' Abate
.2Y_.i 0.o o q w.,,_._h<m):

..............oo4.t..........i,[[ HHllHH , ,1 ,,llll,ll, ..........

• i-/o ....O. aa-3-
Slope: ...................

tt t t i i t I Ill

lit it i I t

I_tecfion Limit ppm y-inter_pt: .......

Sensitivity: ............

_. checkstd._ O. i -_7.. ....I..............
i i i i Illlr I

Blank 13,0C_ .... _ .............

TC__ Blank _m._,.__ ......
I

,to 0.0o_ 'l Ill I ill

-II _0. Oc),L, ,i 4 iti

oIIIII I II i I i I I

Ill IIlll I Ill

-/'6 r_ o__Iiii III III I I I IIIlI II I II

Dig. control 2.0
II iiiiii i Illl

-e:_,_2 o._
I III III II IIII I I II i n

II III I

-_,,_ 0 oo_ .....
-&2. 0 oo Z...

Comments, Notes, Etc.: An!llyzed by, q .r ,_ .

Renewed by, -
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Aspen Environmental Laboratory

AA - Calculation Sheet
J

• Date: //" d_.#_q_ Element: #if/ Energy: "_-

Acetylene: -"_ _ Jl__xidizer; Lamp MA: /a

" Standards: Control:..#e_/¢.3 Slit (nm): 4-/ O. 7-

Standards _) Absorban_

[ {0. OOQ -- Wavelength(rim): _ 5- 72.-_
,-) ©. G41
/0 _- 0_'$ OmeaationCocmcient:

¢o ,, O.
Slope:,,

y-intercept:Detection Limit ppm

Sensitivity:

Lab FD# Absorbance Dilution Matrix
Cal. check std_0 tO. / 3 / I

Blank O. _;:l_,_
TCLP Blank _ _..,_.

It toll.l_- 17,_ _'_._ l

-I 3'i._ 0 "

-_ _ f_o;_ ,,

'9.OK6

.. Dis. control:_i) -_
. -#6 _. 6'_

Comments, Notes, Etc. • An____b "

#*t

/d
Reviewed by, ""

A-79









• o

Idaho National Laboratory Uranium Study

Cover Letter and QA Release

. The results contained within this package were obtained using
developmental procedures. Consequently we have no historical data
to use for QC purposes. In particular, we do not know how well our
extraction procedure works except to say that recoveries from the

. spiked samples analyzed seem acceptable. Nevertheless, we have
followed our procedures faithfully including the QC steps inherent
in those procedures.

I have reviewed the contents of this package. It complies with
the stipulations found in pars. 7.2.1.3. except that no QC reports
were generated.

Stephen M. Maurer
.Chief Chemist

c
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Storage and Shipping Requirements

Samples were stored in wide mouth glass jars with teflon
liners. No holding times were exceeded.

Samples sent out for analysis were shipped on ice in a
insulated container via UPS Overnight. The void space in the
container was filled in with styrofoam packing "peanuts" to secure
the sample jars within the shipping container.
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Analyst Certification:

The preceding results are truthfully reported and were obtained
by the procedure indicated.

/_ _6"f _--
Ranell Caiazzo

- Analyst

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.

Daron Hargadine
QC Manager
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MATERIAL TEST DIRECTORATE
YUMA PROVING GROUND

YUMA, ARIZONA

LABORATORY SERVICES BRANCH TEST REPORT

Q

Item: Field QA/QC Date: 13 Nov. 1992

Project Engineer: Sylvia M. Medina

Comments: This report is the documentation of the quallty of the
Yuma Proving Ground (YPG) provided of equipment used in the fleld
sampling for SamDllna and analysis plan for the Yuma ProVing Ground
Firina Ranae ReStoration Pro_ect. The sampling was conducted by
INEL on 2 - 5 November 1992.

Test Results

Rinse Water Quality:

The water used in the fleld to wash and rinse the equipment
was produced at Yuma Proving Grounds (YPG) by the
Environmental Slmulatlon Section at GP-1 Environmental
Chambers. The water is produced using reverse osmosis and
deionizatlon. The water was produced fresh for this test,
transferred to a sealed 110 gallon polyethylene tank in a
pickup truck and used throughout the four days of sampllng.
The water was transferred in the fleld using a new
polyethylene transfer pump inserted it the top of the tank
through a sampling por_.

ASTM Type II water was requested for this requirement. The
water in the 110 gallon tank was checked in the field after
filling for conductance. The meter used was a Digltal
Conductivity Meter with Automatic Temperature Compensation, by
Curtin Matheson Scientific, Inc. Calibration was performed at
the test site using the Calibratlon Plug provided by the
manufacturer for the meter.

The results of the test were: 0.9 Micromho per cm which
converts to 1.1 megohm per cm. This is better quality water
than the requirement for electrlcal resistivity of ASTM Type
II water.

Sample Container Quality:

The sample bottles for the TCLP, DU, Field Blanks, and
Equipment blanks were 300 Series 1,000 ml HDPE Wide-Mouth Jars
produced by I-Chem. The certificate of analysis is attached
for the three cases used for sampling.

The sample bottles for the Physical Properties were 100 Series
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500 ml HDPE Wlde-Mouth Jars sold by VWR Scientific.

The 5 Gallon and 2 Gallon pails with lids used in the sample
preparation were new HDPE pails with air-tight covers sold by
Aldrich.

e

The sample scoops were new chrome plated scoops purchased at
a local hardware store.

. The sample transport containers were Coleman Steel Belted 40
ice chests filled with ice from the YPG ice machines used for
human consumption.

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
subdtrectory WP under its file name DU-FIELD.

0

DAVID L";'"POND ' '
Chemist
Material Analysis Laboratory
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Appendlx B

Particle Size Analysis Data
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Appendix B

Particle Size Analysis Data

Note that the confidence intervalwas established using the following formula (for a small sample):

" X +_t./_ s/_rn

where

X = Sample mean

t.t 2 = Student- t

s = standarddeviation

n = samplesize

URANIUM ANALYSIS

CONVERSION FACTOR

Example:

Specific Activity of DU = 0.36 x I0_ pCi/g

(49.41 ugofDU/gm ofsoil)x (0.36 x 106pCi/g)x (Igm/1 x 106 ug)=

= 17.79pCiofDU/gm ofsoil
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MATERIAL TEST DIRECTORATE
YUMA PROVING GROUND

YUMA, ARIZONA
e

LABORATORY SERVICES BRANCH TEST REPORT _--

Item: PHYSICAL PROPERTIES DATA PACKAGE Date: 30 Nov. 1992

Project Engineer: Sylvia M. Medina

Comments: This data package consists of the reports for the
Physical Properties tests for the _amDlina and ADalvsis Plan for
the Yuma Pr0vina Ground Firina Ranae Restoration Proiect.

Test Results

The data package consists of two summary confidence interval
estimate data sheets and six hard copy reports.

The two data sheets are the calculations for the confidence
intervals listed in this summary cover sheet.

The first four reports are for the Physical Properties listed
in Table 2 page 4-4 of the Sampling and Analysis Plan. These
tests are:

1. Bulk Density and Moisture Content,
2. pH,
3. Particle Density,
4. Particle Size Distribution.

The fifth report consists of the information on the Quality of
the material used in support of the INEL field sampling.

The sixth report is the information on how the Field Matrix
Spike for DU was prepared at Yuma Proving Ground (YPG).

The data package also consists of one 3.5 inch HD disk. This disk
contains the WordPerfect, word processing files and Lotus 1-2-3,
data files used to generate this data package. The file names are

• included at the end of each report_ The file name for this cover
sheet is DU-COVER in the subdirectory of WP on the disk. The file
name for the two data sheets is DU-SUM in the subdirectory of 123
on the disk.

The quality of the physical properties data in these reports is as
good as the Material Analysis Laboratory could generate using the
limited amount of sample available. The soil in all three piles
basically came from the same geological location at YPG and can
therefore be considered to be the same soil from a Physical

Properties (as defined in this project) standpoint for the physical
properties tests run. If the above is assumed then confidence
intervals for the data can be generated using the twelve sample
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locations as twelve samples of the same soil• The formula for
calculating the confidence interval estimate of the mean when the
sample size is small is:

R±t
• a/a

. _,Sampl e.Mean

is,=Studen t- t

s-Standard. De vi a tion

n-Sample.Size

Using the above formula and calculatlng the mean for the 12 sample
locations we get the following for the average results for the
Physical Properties at the 95% confidence interval.

Bulk Density - 101.0 +/- 1.8 lbs/cu ft
• Particle Density - 170.8 +/- 0.5 lbs/cu ft

Moisture - 2.5 +/- 0.3 %
pH - 8.0 +/- 0.1

Particle Size Percent Passing
19 mm- 99.8 +/- 0.3 %

12.5 mm- 96.3 +/- 1.4 %
9.5 mm- 92•1 +/- 2.1%
6.3 _m- 86.0 +/- 2.7 %

2.00 mm "- 66.7 +/- 3.7 %
0.850 am ,, 54.4 +/- 5.1%
0.425 mm -- 46.8 +/- 6.2 %
0.250 mm ,- 41.3 +/- 6.8 %
0.106 ]am ,, 30.1 +/- 6.2 t
0.075 am - 23.7 +/- 5.2 %
0.050 mm= 20•5 +/- 4.8 % i

0.020 mm= 14.3 +/- 3.6 %
0.005 mm- 6.9 +/- 2.0 %

" 0.001 mm _ 1.3 +/- 0.5 %

m

INSPECTED BY .'_
DAVID L. POND '
Chemist

Material Analysis Laboratory

B-5



CONFIDENCE INTERVAL ESTIMATE AT 95%

BULK PARTICLE
SAMPLE DENSITY DENSITY MOISTURE

NUMBER ib/cu ft ib/cu ft % pH "
II0392-SP-01-PP 98.7 169.7 2.1 7.9
II0392-SP-02-PP 105.2 170.7 1.5 8.3
ii0392-SP-03-PP 99.1 171.8 3.3 8.2

B

II0392-SP-04-PP 106.5 170.1 2 •1 8 •2
I10492-NP-01-PP 102 •0 169.6 3 •0 8 •1
II0492-NP-02-PP 102 •9 170.9 2 •8 7 •9
110492-NP-03-PP 103 •0 170 •9 2 •6 7 •9
II0492-NP-04-PP 101.9 172 •0 3 •0 8 •0
I10592-WP-01-PP 98 •0 170.8 2 •4 7.7
II0592-WP-02-PP 98 •9 171 •0 2 •6 7.7
II0592-WP-03-PP 96 •9 171.5 2 •5 7 •8
II0592-WP-04-PP 99 • 3 170.6 2 •5 7.8

MEAN I01 •0 170 •8 2 •5 8 •0
STANDARD DEVIATION 2 •88 0 •72 0 •46 0.19

CONFIDENCE INTERVAL 1 •8 0.5 0.3 0.1

Student t Factor for 95% confidence Limit = 2.201
Sample Size = 12

0
t
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CONFIDENCE INTERVAL ESTIMATE AT 95%

........................... PERCENT OF SOIL PASSING .................................

SAMPLE 19.0 12.5 9.5 6.3 2.00 0.850 0.425 0.250 0.106 0.075 0.050 0.020 0.005 0.001

NUMBER MM MM MM MM MM MM MM MM MM MM MM MM MM MM

II0392-SP-01-PP 99.9 96.8 94.2 87.1 64.7 51.6 43.6 37.5 28.2 22.1 19.3 13.9 6.2 0.9

II0392-SP-02-PP 100 .0 96 .7 94 .8 90 .9 63 .9 48 .0 35 .8 27 .0 15 .4 11.5 9 .8 6 .8 2 .7 0.3

110392-SP-03-PP 99 .9 96 .5 88 .3 81 .6 64 .6 50 .6 42 .6 36 .8 26 .3 20.1 17 .4 12 .6 6 .3 1.1

I10392-SP-04-PP 99.9 96.1 93°8 89.8 64.3 47.1 35.4 27.7 17.2 14.4 13.0 9.7 4.4 0.7

II0492-NP-01-PP I00.0 92.0 86.1 79.7 61.2 48.2 39.7 33.7 23.1 17.8 15.3 I0.6 4.8 0.6

110492-NP-02-PP 100.0 96.6 93.7 85.3 64.5 52.2 44.7 39.3 28.2 21.6 18.9 12.9 6.1 1.2
I10492-NP-O3-PP I00.0 93.7 88.1 80.4 61.7 49.7 43.0 38°3 27.9 21°9 19.9 14.5 7.3 1.6

110492-NP-04-PP 99.9 98.3 95.7 91.2 74.0 61.6 52.6 46.0 32.2 24.1 20.6 13.6 5.5 0.7

I10592-WP-OI-PP 99.9 99.1 94.7 89.2 76.3 68.6 64.6 61.0 48 °5 40° 4 36.6 26.8 13.6 3.0

II0592-WP-02-PP I00.0 98.7 94.9 88.0 71.8 62.9 57.2 52.5 39.4 30.8 26.7 18.8 9.3 2.0

l10592-WP-03-PP 100.0 98.0 92.5 88.6 75.5 67.7 63.4 59.5 46.4 37.2 32.7 22,9 12.1 2.7
l10592-WP-O4-PP 98.3 92.9 88.1 79.6 57.6 44.9 39.1 35.8 28.7 22.0 15.4 8.5 4.1 0.6

.,j

MEAN 99.8 96.3 92.1 86.0 66.7 54.4 46.8 41.3 30.1 23.7 20.5 14.3 6,9 1.3
STANDARD DEVIATION 0.46 2.20 3.26 4.28 5.87 8.04 9.75 10.77 9,81 8.21 7.55 5.63 3.13 0.83

CONFIDENCE INTERVAL 0 .3 1 .4 2 .1 2 •7 3 .7 5 .1 6 .2 6 .8 6 .2 5 .2 4 .8 3 .6 2 .0 0 .5



• MATERIAL TEST DIRECTORATE
YUMA PROVING GROUND

YUMA, ARIZONA

LABORATORY SERVICES BRANCH TEST REPORT

Item: Bulk Density and Moisture of Soil Date: 13 Nov 1992

Project Engineer: Sylvia M. Medina

Comments: This report is the documentation of the Bulk Density and
Moisture data for the SamDlino _nd Analysis Plan for _hQ Yum_
Provino Ground Firina Ranoe RestoratioD Pro_ect.

Test Results

The bulk density of the soil for each of the piles of soil was
measured undisturbed at the sample location using a reference
provided by INEL. The method was "Bulk Density" from Methods of
Soil Analysis Part I and II. A. Klute ed., American Society of
Agronomy, Madison, WI. From the method, section 13-5, "Radiation
Methods" was used to take the readings from the 40 locations on
each hill corresponding to the 40 locations used for soil sampling.

Verification of the bulk densities was made by using section 13-3
subparagraph 2.2.2 "Rubber-Balloon Method". One sample location
consisting of ten readings was analyzed by both methods for
comparison.

The Moisture of the soil for each of the piles was measured
undisturbed at the sample location using a radiation method
provided by the manufacturer of the moisture density gauge in the
operators instruction manual. Readings from 40 locations on each
hill corresponding to the 40 locations used for soil sampling.

Verification of the moisture was made by using a reference provided
by INEL. The method was ASTM D2216-90 "Standard Test Method for
Laboratory Determination of Water (Moisture) Content of Soil and
Rock". One sample location consisting of ten readings wa_ analyzed
by both methods for comparison.

The Moisture and density content of the soil was taken
simultaneously using a Troxler Model 3411-B Surface Moisture-
Density Gauge, S/N 9185. Verification of the density was made using
a Soiltest CN980 Volumeasure Rubber-Balloon apparatus, Bar Code
number P6170. The oven for the moisture was a Precision Scientific,
Model M-C, Microwave/Convection forced air oven, S/N 10AW-12, used
in the convection mode. The balance for both moisture and density
analysis was a Mettler PE3600 top loading balance, S/N E32675.

Calibration of the Troxler Moisture-Density Gauge was conducted the
day of the test in the field using the procedure outlined in
Chapter IV of the Instruction Manual with a the provided Reference
Standard. Due to the inability of being able to obtain realistic
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soil density and moisture check standards for the Troxler Moisture-
Density Gauge, the method of verification with a second method was
used. The Rubber-balloon method for density and the ASTM 2216
method for moisture were used.

Attached to this report are two data sheets. The first sheet is the
raw and final data from using the Troxler Moisture-Density Gauge
for the 120 readings for the twelve sample locations taken from the
three hills. SD stands for standard deviation for the 10 analysis.

• The depth of the probe for the density measurementa, was set at 12
inches. Moisture measurements are always a backsoatter method for
this gauge. The second data sheet is the raw and fin,a1 data for the
verification readings using the Rubber-Balloon method and ASTM
2216.

A copy of this report i8 on a 3.5 inch HD disk included in this
data package. This cover sheet is a WordPerfect file which is in
the subdirectory WP under its file name DU-DENST. The data is a
Lotus 1-2-3 file which is in the subdirectory 123 under its file
mane DU-DENSI.

DAVID L. POND
Chemist

Materlal Analysis Laboratory
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DENSITY AND MOISTURE DATA FOR FIRING RANGE RESTORATION PROJECT

DENSITY IN POUNDS PER CUBIC FOOT AND MOISTURE IN PERCENT

GRID WEST PILE SOUTH PILE NORTH PILE

LOCATION DENSITY MOISTURE DENSITY MOISTURE DENSITY MOISTURE

A1 97.9 2.4 96.1 1.8 102.4 3.4 ,
A2 92.4 2.0 95.7 2.0 104.6 2.6

A3 96.0 2.1 95.1 2.6 104.3 3.0

A4 92.3 1.9 99.1 2.5 96.5 2.5

A5 95.3 2.5 104.7 i. 0 103.9 2.1 .
A6 97.5 3.0 97.4 1.9 101.2 3.2

A7 103.2 2.6 92.8 2.3 103.8 3.3

A8 I00.4 3.5 102.0 2.4 I00.8 3.3

A9 102.1 1.9 98.4 2.6 103.7 2.9
A10 103.2 2.2 105.3 1.7 98.4 4.1

AVERAGE 98 .0 2 .4 98 .7 2 .1 102 •0 3 .0

SD 3.9 0.5 3.9 0.5 2.6 0.5

B1 93.6 2.8 105.6 i.I 104.3 2.1
B2 89.7 2.8 104.9 1.1 100.4 2.6

B3 99.3 2.4 104.4 0.9 104.7 2.2

B4 96.4 2.9 108.5 I. 0 108.0 2.4

B5 101.5 2.3 99.3 2.8 105.0 2.4

B6 101.3 2.4 108.4 1.0 100.2 3.3

B7 102.0 2.5 106.0 1.0 106.4 3.2 i
B8 101.4 2.7 107.7 0.9 105.6 2.5

B9 101.3 3.2 110.0 2.0 93.6 4.2

B10 102.9 2.2 96.7 3.6 101.1 3.5

AVERAGE 98.9 2.6 105.2 1.5 102.9 2.8

SD 4.1 0.3 4.0 0.9 4.0 0.6

C1 98.3 2.1 98.4 3.5 106.3 2.1

C2 96.5 2.0 98.1 3.3 105.4 2.4

C3 93.9 2.6 I00.8 3.3 103.1 2.7
C4 98.2 2.0 100.5 2.9 96.6 3.0

C5 97.5 2.0 99.3 3.0 100.7 2.8

C6 98.9 2.5 96.3 3.5 103.9 2.6

C7 97.6 2.6 99.9 3.2 94.4 3.6

C8 91.6 3.4 102.2 2.9 106.5 2.7

C9 99.2 2.9 100.9 3.5 104.2 2.4

C10 96.8 2.9 94.7 3.6 109.2 2.1

AVERAGE 96.9 2.5 99.1 3.3 103.0 2.6

SD 2.3 0.5 2.2 0.2 4.4 0.4

D1 97.3 2.2 102.9 3.4 105.2 2.2 •
D2 99.0 2.3 108.8 2.1 100.6 2.5

D3 96.7 2.9 111.3 3.4 104.1 2.2
D4 99.5 3.1 110.7 1.2 102.1 3.2

D5 103.7 2.1 110.7 1.2 100.8 3.3

D6 98.5 2.8 98.1 4.1 101.0 3.0

D7 102.6 2.7 99.7 3.2 99.3 3.5

D8 91.0 2.8 106.7 0.9 95.0 4.2

D9 101.8 2.1 109.6 0.8 103.0 3.3

D10 103.0 2.3 106.8 0.6 108.1 2.8

AVERAGE 99.3 2.5 106.5 2.1 101.9 3.0

SD 3.6 0.3 4.5 1.2 3.4 0.6
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DENSITY AND MOISTURE DATA FOR FIRING RANGE RESTORATION PROJECT
DENSITY IN POUNDS PER CUBIC FOOT AND MOISTURE ZN PERCENT

GRID RADIATION METHOD RUBBER-BALLOON METHOD
. LOCATION NORTH PILE NORTH PILE

DENSITY MOISTURE DENSITY MOISTURE

Cl 106.3 2.1 106.0 1.3
• C2 105.4 2.4 I00.3 2.0

C3 103.1 2.7 102.1 3.2
C4 96.6 3.0 94.7 2.6
CS 100.7 2 .8 105.0 I. 6
C6 103.9 2.6 _ 107.8 2.9
C7 94.4 3.6 92.9 2.9
C8 106.5 2.7 115.0 2.4
C9 104.2 2.4 91.9 2.9

el0 109.2 2.1 108.9 2.0
AVERAGE 103 . 0 2 . 6 102 • 5 2 • 4

SD 4.4 0.4 7.2 0.6
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MATERIAL TEST DIRECTORATE
YUMA PROVING GROUND

YUMA, ARIZONA

LABORATORY SERVICES BRANCH TEST REPORT

Item: pH of Soils Dates 16 Nov 1992

Project Engineer: Sylvia M. Medina

Comments: This report is the documentation of the Sol1 pH for the
_amDlin a and Analysis Plan for the Yuma Provina Ground Firina Ranae
_estoratign Pro_ect.

Test Results

The Soil pH was measured using the sol1 from the 14 samples taken
by INEL on 2 - 5 November 1992 and submitted to the Materlal
Analysis Laboratory labeled PP for physical properties. The method
used for the pH measurement was "Soil pH (Hydrogen Ion Activity):
Intensity Factor of Soil Acidity" From Methods of Sol1 Analysls
p_r_ I and II. A. _lute ed.. American Socletv of Aaronomv. Madison.
WL From the method, section 12-2.6 "Glass Electr0de-Calomel
Electrode pH Meter Method" was used to take the readings from the
14 samples.

TO the method'the following mOdiflcatlons were made: " "

i. Buffer solutions of pH 7 and I0 were used rather than the
recommended pH 7 and 4. The reason for this is that the desert
soil at YPG is alkall in nature normally having a pH of about
8. By using buffers of pH 7 and 10 the area that the unknown
samples are suspected to being in is bracketed.

2. The soil and water were both Weighed rather than the water
being pipetted. This method was more convenient and will give
identical results.

3. 10 grams of soil and 10 grams of deionized water were used
rather than the recommended 5 grams of soil and 5 ml of water.
The doubling of the amounts was done so that total immersion
of the electrode tips could be achieved.

4. Mechanical stirring was used.

The pH analyzer used was a Fisher Accument Selective Ion Analyzer
with Automatic Temp. Compensation, Model 750, S/N 1313. The
electrode was an Orion Combination Gel-Filled pH, Model 91-05. The
two buffers were VWR, Blue Borate Buffer Solution pH10 (10.00+/-
0.01 @ 25 Deg. C), traceable to National Institute of Standards and
Technology SRM 191 and 192, and VWR Yellow Phosphate Buffer
Solution pH7 (7.00+/-0.01 @ 25 Deg. C) traceable to National
Institute of Standards and Technology SRM 186 I and II.
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SOIL pH RESULTS
All pH values are +/-0.1

L_ NO. INEL NO. pH TIME
92-4559 YPG-110392-BP-OI-PP 7.9 12:05

, 92-4562 YPG-110392-SP-02-PP 8.3 12:06
92-4565 YPG-110392-SP-O3-PP 8.2 12:07
92-4568 YPG-1i0392-SP-04-PP 8.2 12:08
92-4575 YPG-110492-NP-01-PP 8.1 12:09

• 92-4578 YPG-1i0492-NP-02-PP 7.9 12:09
92-4581 YPG-110492-NP-03-PP 7.9 12:10
92-4584 YPG-110492-NP-04-PP 8.0 12:11
92-4659 YPG-110592-k'P-01-PP 7.7 12:12
92-4662 YPG-110592-WP-02-PP ?.7 12:12
92-4665 YPG-110592-WP-02-PP(b) 7.7 12:13
92-4668 YPG-110592-k'P-O3-PP 7.8 12:14
92-4674 YPG-110592-BK-01-PP 7.8 12:15
92-4675 YPG-110592-WP-04-PP 7.8 12:15

LABORATORY DUPLICATE SMG'LES

92-4562 YPG-110392-SP-02-PP 8.3 12:18
92-4662 YPG-110592-k'P-02-PP(b) 7.8 12:19

DAVID L. POND
Chemist

Material Analysis Laboratory
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MATERIAL TEST DIRECTORATE
YUMA PROVING GROUND

YUMA, ARIZONA

LABORATORY SERVICES BRANCH TEST REPORT

Item: Particle Density of Soil Date: 24 Nov 1992

Project Engineer: Sylvia M. Medina

Cements: This report is the documentation of the Particle Density
data for the aamDlinu and Analysis Plan for the YumaProvin= Ground
Firin a Ranae R@storation Pro_eot.

Test Results

The particle density was measured using the soil from the 14
samples taken by INEL on 2 - 5 November 1992 and submitted to the
MaterialAnalysie Laboratory, labeled for physical properties. The
method used for the particle density was "Particle Density" From
Methods of soil Analvsls Part I and If. A. Kluteed,. American
Society of Aaronomv._Madlson. WI. From the method, section 14-3
"Pycnometer Meth_ _ Was used to take the data for the 14 samples.

To the method the following modifications were made:

1. Rather than using air dry soil and subtracting out the
moisture, oven dry sell was used.

i

The balance used for all measurements was a Mettler PE3600 top
loading balance, S/N E32675. The pyonometers were 100-mLvolumetri¢
flasks. The water was 17.7 megohmwater.

A copy of this report is on a 3.5 inch HD disk included in this
data package. This cover sheet Is a WordPerfect file which is in
the subdirectory WP under its file name DU-P_-RTI. The data is a
Lotus 1-2-3 file which is in the subdirectory 123 under its file
name DU-PART.

INSPECTED BY ,__/__J
i i

DAVID L. POND
Chemist
Material Analysis Laboratory
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PARTICLE DENSITY DATA FOR FIRING RANGE RESTORATION PROJECT
DENSITY IN GRAMS PER CUBIC CENTIMETER AND WEIGHTS IN GRAMS

o FLASK
FLASK SOIL FLASK PARTICLE PARTICLE

SAMPLE FLASK SOIL WATER TEMP WATER DENSITY DENSITY
NUMBER Wa Ws Wow C Ww g/c_3 Ib/cu ft

92-4559 69.51 119.03 207.75 23 176.40 2.7 169.7
92-4562 69.35 119.44 208.24 23 176.42 2.7 170.7
92-4565 69.06 119.56 208.89 23 176.70 2.8 171.8
92-4568 ?0.29 120.33 208.72 23 177.00 2.7 170.1
92-4575 68.72 117.90 205.94 23 174.82 2.7 169.6
92-4578 70.56 119.07 206.56 23 175.73 2.7 170.9
92-4581 69.72 119.10 208.05 23 176.66 2.7 170.9
92-4584 67.97 121.71 208.69 23 174.41 2.8 172.0
92-4659 71.39 121.36 209.17 23 177.42 2.7 170.8
92-4662 69.78 119.23 208.69 23 177.25 2.7 171.0
92-4665 69.84 119.01 207.67 23 176.49 2.7 170.2
92-4668 71.18 120.95 208.34 23 176.64 2.7 171.5
92-4674 59.82 107.95 194.95 23 164.53 2.7 169.2
92-4675 70.49 120.75 208.41 23 176.50 2.7 170.6

LABORATORY DUPLICATE SAMPLES

92-4659 69.90 116.74 206.89 23 177.19 2.7 170.2
92-4584 59.20 106.64 200.60 23 170.48 2.7 170.6

DENSITY OF WATER AT 23 DEG C m0.997534

,t
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MATERIAL TEST DIRECTORATE
YUMA PROVING GROUND

YUMA, ARIZONA

LABORATORY SERVICES BRANCH TEST REPORT

4

Item: Particle Size of Soils Date: 23 Nov 1992

Project Engineer: Sylvia M. Medina

Comments: This report is the doou_entat_on of the Soll Particle
Size for the Samnlina and Analysis Plan for the YumaProvina Ground
Firina Ranae Reit0ratlon Pro_act.

" Test Results

The particle size was measured using the soll from the 14 samples
taken by INEL on 2 - 5 November 1992 and submitted to the Materlal
Analysis Laboratory, labeled for physical properties. The method
used for the partlcle size analysis was ASTMD421 "Dry Preparation
of Soil Samples for Partlcle-size Analysis and Determination of
Soil Constants" and ASTM D422 "Standard Test Method for Particle-

size Analysis of Soils".

To the method the followfng modifications were made:

1. The entire sample bottle of soil was used for the sieving.
This gave only about 50% of the required 500 grams of soil
that should be retained on the No. i0 sieve which is used for
the course fraction.

2. The less than 75 micron fraction was analyzed in water
using a Malvern, MasterSizer IP laser ensemble llght
scattering particle size analyzer S/N 8019.It was used rather
than the listed hydrometer method because of its superior
speed and quality or results. The analyzer was calibrated
using AC fine dust from AC Spark Plug Division of General
Motors Corp. The Material Analysis Laboratory Operating
Procedure used is tilled "Particle Size Analysis on the
Melvern".

3. Through past experience it i8 known that the fine sieving "
procedure in D422 will not work on most soils at YPG. The soil
will cake upon drying and not pass through the sieves. The
procedure that will give repeatable results is as follows.

A. Dry sieve the 100 grams of fines through the sieve set
on a sieve shaker for 10 minutes.

B. Wash each sieve with water through the lower sieves
until the wash water i8 clear. Save the Wash water, dry,
weigh, and run on the Malvern.
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C. Dry the sieves in an oven at 105 Deg. C.

D. Sieve on a sieve shaker for 5 minutes.

E. Weigh the sieves.

The sieves used were U.S. Standard Testing Sieves with a
Certificate of Compliance to specifications of ASTM Specification
E-11-81. The balance was a Sartorius Model 3876 MPS-2 top loading

. balance, S/N 37030063.

All calculations were made using a Lotus 1-2-3 Spreadsheet program.
A copy of each data file is included in this data package on a 3.5
inch HD disk. The files are in a subdirectory called 123 with the
files listed as DU-xxxx where xxxx is the YPG sample number.
Example: YPG-I10392-SP-02-PP which is YPG No. 92-4562 is filed
under DU-4562. The data and graph were printed from the 1-2-3 file.
This cover sheet is a WordPerfect file which is in the subdirectory
WP under its file name DU-SIEVE.

DAVID L. POND
Chemist

Material Analysis Laboratory
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SAMPLE NUMBER - YPG-I10392-SP-01-PP (92-4559)
ALL WEIGHTS ARE IN GRAMS

SAMPLE PREP ASTM D421
TARE WT. FULL WT. NET WT. % TOTAL % PASSING

STARTING SOIL WEIGHT 1105 _ 1817.9 712.0 RETAINED

#I0 SIEVE WEIGHT 502.8 761.8 259.0
COURSE TOTAL SOIL WEIGHT 251.1 35.3 "

PAN SIEVE WEIGHT 368 .3 797 •6 429 ,3

WASH WATER SOIL WT 383 .7 406.4 22 .7

FINES TOTAL SOIL WEIGHT 459.9 64 .7
SUM COURSE & FINE WEIGHTS 711.0 I00.0

LOSS 1.0

PERCENT RECOVERY 99.9

COURSE SIEVE ASTM D422

SIEVE SIZE TARE WT. FULL WT. NET WT.

50.0 MM 2.000 INCH 778.1 778.1 0.0 0.0 99.9

38 .1 MM 1 .500 INCH 793 •4 793 .4 0 .0 0 .0 99 .9

25.0 MM 1.000 INCH 844.8 844.8 0.0 0.0 99.9

19.0 MM 0.750 INCH 773.8 773.8 0.0 0.0 99.9
12.5 MM 0.500 INCH 793.2 814.8 21.6 3.0 96.8

9.5 MM 0.375 INCH 840.9 859.4 18o5 2.6 94.2

6.3 MM 0.250 INCH 808.3 858.9 50.6 7.1 87.1

2.00 MM #I0 457.7 617.1 159.4 22.4 64.7
PAN 372.4 380.3 7.9 I. 1

TOTAL 258.0

LOSS 1 •0

PERCENT RECOVERY 99.6

ADJUSTED TOTAL REMOVE PAN WEIGHT <#I0 SIEVE 250.1 35.2

FINES SIEVE ASTM D422
TARE WT. FULL WT. NET WT.

FINES SOIL WEIGHT 176.5 278.1 i01.6 64.7

PERCENT OF TOTAL FINES 22.1

SIEVE SIZE

0.850 MM #20 416.3 436.4 20.1 13.1 51.6

0.425 MM #40 378.6 391.0 12.4 8.1 43.6

0.250 MM #60 358.7 368.0 9.3 6.0 37.5

0.106 MM #140 353.1 367.5 14.4 9.4 28.2
0.075 MM #200 351.8 361.2 9.4 6.1 22.1

PAN 770.5 804.5 34.0 22.1

SUB TOTAL • 99.6 64.7

LOSS 2.0

PERCENT RECOVERY 98.0

LASZR PARTICLE SIZING % % % PASSING

MICROM BRACKET RANGE 53 .4 48.7 '
0.050 MM 89.1 86.9 87.5 2.8 19.3

MICRON BRACKET RANGE 21 •0 19 •1

0.020 MM 64.4 61.8 63.0 5.4 13.9 .

MICRON BRACKET RANGE 5.2 4 •7 J-

0.005 MM 28.9 26.9 28.2 7.7 6.2

MICRON BRACKET RANGE 1 •1 1 •0

0.001 MM 4.6 3.9 4.2 5.3 0.9

LESS THAN 0.001 MM 0.9

SUB TOTAL 22 .1
B-18



GRAIN SIZE ACCUMULATION CURVE
YPG FIRING RANGE RESTORATION PROJECT
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SAMPLE NUMBER - YPG-110392-SP-02-PP (92-4562)
ALL WEIGHTS ARE IN GRAMS

SAMPLE PREP ASTM D421

'_ARE WT. FULL WT. NET WT. % TOTAL % PASSING
STARTING SOIL WEIGHT 1196.3 1953 .5 757.2 RETAINED

. #i0 SIEVE WEIGHT 592.4 872.7 280.3

COURSE TOTAL SOIL WEIGHT 272 •4 36 •1
PAN SIEVE WEIGHT 368 .2 835.1 466.9

WASH WATER SOIL WT 374.7 382.6 7.9

• FINES TOTAL SOIL WEIGHT 482.7 63.9

SUM COURSE & FINE WEIGHTS 755.1 I00.0

LOSS 2.1
PERCENT RECOVERY 99.7

COURSE SIEVE ASTM D422

SIEVE SIZE TARE WT. FULL WT. NET WT.
50.0 MM 2.000 INCH 778.1 778.1 0.0 0.0 I00.0

38.1 MM 1.500 INCH 793.4 793.4 0.0 0.0 I00.0

25.0 MM 1.000 INCH 844.8 844.8 0.0 0.0 i00.0

19.0 MM 0.750 INCH 773.8 773.8 0.0 0.0 100.0

12.5 MM 0.500 INCH 793.3 817.7 24.4 3.2 96.7

9.5 MM 0.375 INCH 840.5 855.4 14.9 2.0 94.8
6.3 MM 0.250 INCH 808.2 837.2 29.0 3.8 90.9

2.00 MM #I0 457°7 661°6 203°9 27.0 63.9

PAN 372.4 380.3 7.9 1.0

TOTAL 280.1
LOSS 0.2

PERCENT RECOVERY 99.9

ADJUSTED TOTAL REMOVE PAN WEIGHT <#10 SIEVE 272.2 36.0

FINES SIEVE ASTM D422

TARE WT. FULL WT. NET WT.

FINES SOIL WEIGHT 144 .1 244 .4 I00.3 63 .9
PERCENT OF TOTAL FINES 20.8

SIEVE SIZE

0.850 MM #20 416.2 441.0 24.8 15.9 48.0

0.425 MM #40 378.4 397.3 18.9 12.2 35.8

0.250 MM #60 359.0 372.7 13.7 8.8 27.0

0.106 MM #140 353.1 371.2 18.1 Ii.6 15.4

0.075 MM #200 351.7 357.7 6.0 3.9 11.5

PAN 751.2 769.1 17.9 ii. 5

SUB TOTAL 99 .4 63 .9
LOSS 0.9

PERCENT RECOVERY 99.1

LASER PARTICLE SIZING % % % PASSING

MICROM BRACKET RANGE 53 .4 48 .7

0.050 MM 86.7 84.1 84.8 1.7 9.8

MICRON BRACKET RANGE 21 .0 19 .1

0.020 MM 60.5 58.0 59.2 3.0 6.8
MICRON BRACKET RANGE 5 .2 4 •7

0.005 MM 24.5 22.5 23.8 4.1 2.7

MICRON BRACKET RANGE 1.1 1.0

0.001 MM 2.6 2.1 2.3 2.5 0.3
LESS THAN 0.001 MM 0.3

SUB TOTAL 11.5
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GRAIN SIZE ACCUMULATION CURVE
YPG FIRING RANGE RESTORATION PROJECT
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SAMPLE NUMBER - YPG-I10392-SP-03-PP (92-4565)
ALL WEIGHTS ARE IN GRAMS

SAMPLE PREP ASTM D421

TARE WT. FULL WT. NET WT. % TOTAL % PASSING

STARTING SOIL WEIGHT 1109.3 1758.0 648.7 RETAINED

#I0 SIEVE WEIGHT 503.1 743.8 240.7
COURSE TOTAL SOIL WEIGHT 227 .9 35 .4

PAN SIEVE WEIGHT 368 .3 753.4 385.1

WASH WATER SOIL WT 412.8 430.4 17.6

FINES TOTAL SOIL WEIGHT 415.5 64 .6 .

SUM COURSE & FINE WEIGHTS 643.4 I00.0
LOSS 5.3

PERCENT RECOVERY 99 .2

COURSE SIEVE ASTM D422

SIEVE SIZE TARE WT. FULL WT. NET WT.
50.0 MM 2.000 INCH 778.1 778.1 0.0 0.0 99.9

38.1 MM 1.500 INCH 793.4 793.4 0.0 0.0 99.9

25.0 MM 1.000 INCH 844.8 844.8 0.0 0.0 99.9

19.0 MM 0.750 INCH 773.8 773.8 0.0 0.0 99.9

12.5 MM 0.500 INCH 793.3 815.2 21.9 3.4 96.5
9.5 MM 0.375 INCH 840.6 893.2 52.6 8.2 88.3

6.3 MM 0.250 INCH 808.3 851.9 43.6 6.8 81.6

2.00 MM #10 457.6 566.9 109.3 17.0 64.6

PAN 372.2 385.0 12.8 2.0

TOTAL 240.2

LOSS 0.5
PERCENT RECOVERY 99 .8

ADJUSTED TOTAL REMOVE PAN WEIGHT <#I0 SIEVE 227.4 35.3

FINES SIEVE ASTM D422

TARE WT. FULL WT. NET WT.

FINES SOIL WEIGHT 144.1 245.0 100.9 64.6

PERCENT OF TOTAL FINES 24.3

SIEVE SIZE

0.850 MM #20 415.8 436.9 21.1 13.9 50.6

0.425 MM #40 378.4 390.6 "12.2 8.1 42.6

0.250 MM #60 358.9 367.6 8.7 5.7 36.8

0.106 MM #140 353.1 369.0 15.9 i0.5 26.3

0.075 MM #200 351.7 361.1 9.4 6.2 20.1

PAN 793.4 . 823.9 30.5 20.1
SUB TOTAL 97.8 64.6

LOSS 3.1

PERCENT RECOVERY 96.9

LASER PARTICLE SIZING % % % PASSING
MICROM BRACKET RANGE 53 o4 48.7

0.050 MM 87.9 85.6 86.2 2.8 17.4
MICRON BRACKET RANGE 21 .0 19 .1

0.020 MM 63.6 61.3 62.4 4.8 12.6

MICRON BRACKET RANGE 5 .2 4 .7

0.005 MM 32.1 30.1 31.4 6.2 6.3

MICRON BRACKET RANGE 1 .1 1.0

0.001 MM 6.1 5.2 5.6 5.2 1.1

LESS THAN 0.001 MM 1.1

SUB TOTAL 20 .1
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SAMPLE NUMBER - ¥PG-110392-SP-04-PP (92-4568)
ALL WEIGHTS ARE IN GRAMS

SAMPLE PREP ASTM D421
TARE WT. FULL WT. NET WT. % TOTAL t PASSING

STARTING SOIL WEIGHT 1199.1 1903.3 704 .2 RETAINED
. #i0 SIEVE WEIGHT 592.4 855.2 262.8

COURSE TOTAL SOIL WEIGHT 250.8 35.7
PAN SIEVE WEIGHT 368.2 796.4 428 .2

WASH WATER SOIL WT 395.5 406.1 I0.6
• FINES TOTAL SOIL WEIGHT 450.8 64.3

SUM COURSE & FINE WEIGHTS 701.6 100.0
LOSS 2.6

PERCENT RECOVERY 99.6

COURSE SIEVE ASTM D422
SIEVE SIZE TARE WT. FULL WT. NET WT.

50.0 MM 2.000 INCH 778.1 778.1 0.0 0.0 99.9
38.1 MM 1.500 INCH 793.4 793.4 0.0 0.0 99.9
25.0 MM 1.000 INCH 844.8 844.8 0.0 0.0 99.9
19.0 MM 0.750 INCH 773.8 773.8 0.0 0.0 99.9
12.5 MM 0.500 INCH 793.1 820.1 27.0 3.8 96.1
9.5 MM 0.375 INCH 840.6 856.7 16.1 2.3 93.8
6.3 MM 0.250 INCH 808.3 836.5 28.2 4.0 89.8

2.00 MM #i0 458.0 637.0 179.0 25.5 64.3
PAN 372.6 384.6 12.0 1.7

TOTAL 262.3
LOSS 0.5

PERCENT RECOVERY 99.8
ADJUSTED TOTAL REMOVE PAN WEIGHT <#10 SIEVE 250.3 35.7

FINES SIEVE ASTM D422
TARE WT. FULL WT. NET WT.

FINES SOIL WEIGHT 144.1 247.4 103.3 64.3
PERCENT OF TOTAL FINES 22.9

SIEVE SIZE
0.850 MM #20 416.2 443.3 27.1 17.1 47.1
0.425 MM #40 378.3 396.8 18.5 II.7 35.4
0.250 MM #60 358.8 371.0 12.2 7.7 27.7
0.106 MM #140 353.0 369.6 16.6 I0.5 17.2
0.075 MM #200 351.7 356.1 4.4 2.8 14.4

PAN 779.2 802.0 22.8 14.4
SUB TOTAL 101 .6 64 .3

LOSS 1.7
PERCENT RECOVERY 98.4

D

LASER PARTICLE SIZING % % % PASSING
MICROM BRACKET RANGE 53 .4 48 .7

0.050 MM 91.2 89.4 89.9 1.5 13.0
MICRON BRACKET RANGE 21.0 19 .1

0.020 MM 68.9 66.4 67.6 3.2 9.7
MICRON BRACKET RANGE 5.2 4 .7

0.005 MM 31.4 29.2 30.6 5.3 4.4
MICRON BRACKET RANGE 1.1 1.0

0.001 MM 5.5 4.8 5.1 3.7 0.7
LESS THAN 0.001 MM 0.7

SUB TOTAL " 14.4
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SAMPLE NUMBER s YPG-II0492-NP-01-PP (92-4575)
ALL WEIGHTS ARE IN GRAMS

SAMPLE PREP ASTM D421
TARE WT. FULL WT. NET WT. % TOTAL % PASSING

STARTING SOIL WEIGHT 1109.7 1832.9 723 .2 RETAINED
#i0 SIEVE WEIGHT 502 .7 804 .2 301.5

COURSE TOTAL SOIL WEIGHT 279.0 38.8
PAN SIEVE WEIGHT 368.3 770.5 402.2

WASH WATER SOIL WT 415 .3 431 •0 15 .7
FINES TOTAL SOIL WEIGHT 440.4 61.2 •

SUM COURSE & FINE WEIGHTS 719.4 100.0
LOSS 3.8

PERCENT RECOVERY 99.5

COURSE SIEVE AS_ D422
SIEVE SIZE TARE WT. FULL WT. NET WT.

50.0 MM 2.000 INCH 778.1 778.1 0.0 0.0 I00.0
38.1 MM 1.500 INCH 793.4 793.4 0.0 0.0 i00.0
25.0 MM 1.000 INCH 844,8 844.8 0.0 0,0 i00.0
19.0 MM 0.750 INCH 773.8 773.8 0.0 0.0 100.0
12,5 MM 0.500 INCH 793.2 851.0 57.8 8.0 92.0

9.5 1414 0.375 INCH 840.5 883.2 42.7 5.9 86.1
6.3 MM 0.250 INCH 808.2 854.2 46.0 6.4 79.7

2.00 MM #10 457.8 590.6 132.8 18.5 61.2
PAN 372.3 394.8 22.5 3.1

TOTAL 301.8
LOSS -0.3

PERCENT RECOVERY 100.1
ADJUSTED TOTAL REMOVE PAN WEIGHT <#i0 SIEVE 279.3 38.8

FINES SIEVE ASTM D422
TARE WT. FULL WT. NET WT.

FINES SOIL WEIGHT 144 .1 244 .9 100.8 61.2
PERCENT OF TOTAL FINES 22.9

SIEVE SIZE
0.850 MM #20 416.2 436.8 20.6 13.0 48.2
0.425 MM #40 378.3 391.9 13.6 8.6 39.7
0.250 MM #60 358.8 368.2 9.4 5.9 33.7
0.106 MM #140 353.2 370.0 16.8 10.6 23.1
0.075 MM #200 351.7 360.2 8.5 5.4 17.8

PAN 789.8 818.0 28.2 17.8
SUB TOTAL 97 .1 61 .2

LOSS , 3.7 "
PERCENT RECOVERY 96.3

m

LASER PARTICLE SIZING % % % PASSING
MICROM BRACKET RANGE 53 .4 48 .7

0.050 MM 87.7 85.2 85.9 2.5 15.3
MICRON BRACKET RANGE 21.0 19 .1

0.020 MM 61.0 58.5 59.7 4.7 10.6
MICRON BRACKET RANGE 5 ,2 4 .7

0.005 MM 27.7 25.8 27.0 5.8 4.8
MICRON BRACKET RANGE 1.1 1.0

0.001 MM 4.0 3.4 3.6 4.2 0.6
LESS THAN 0.001 MM 0.6

SUB TOTAL 17.8
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SAMPLE NUMBER = YPG-110492-NP-02-PP (92-4578)
ALL WEIGHTS ARE IN GRAMS

SAMPLE PREP ASTM D421

TARE WT. FULL WT. NET WT. ¢ TOTAL % PASSING

STARTING SOIL WEIGHT 1199 .1 1847 .1 648 .0 RETAINED

. #i0 SIEVE WEIGHT 592.1 832.2 240.1
COURSE TOTAL SOIL WEIGHT 229.0 35.5

PAN SIEVE WEIGHT 368.4 757.0 388.6

WASH WATER SOIL WT 413 .3 429.2 15.9

. FINES TOTAL SOIL WEIGHT 415.6 64 .5
SUM COURSE & FINE WEIGHTS 644.6 I00.0

LOSS 3.4

PERCENT RECOVERY 99.5

COURSE SIEVE ASTM D422

SIEVE SIZE TARE WT. FULL WT. NET WT.

50.0 MM 2.000 INCH 778.1 778.1 0.0 0.0 I00.0

38.1 MM 1.500 INCH 793.4 793.4 0.0 0.0 100.0
a

25.0 MM 1.000 INCH 844.8 844.8 0.0 0.0 I00.0

19.0 MM 0.750 INCH 773.8 773.8 0.0 0.0 i00.0

12.5 MM 0.500 INCH 793.2 815.0 21.8 3.4 96.6

9.5 MM 0.375 INCH 840.6 859.1 18.5 2.9 93.7

6.3 MM 0.250 INCH 808.2 862.4 54.2 8.4 85.3

2.00 MM #i0 457.7 592.2 134.5 20.9 64.5
PAN 372.3 383.4 ii. 1 I. 7

TOTAL 240.1

LOSS 0.0
PERCENT RECOVERY I00.0

ADJUSTED TOTAL REMOVE PAN WEIGHT <#10 SIEVE 229.0 35.5

FINES SIEVE ASTM D422

TARE WT. FULL WT. NET WT.

FINES SOIL WEIGHT 144 .1 246 .5 102 •4 64 .5

PERCENT OF TOTAL FINES 24.6
SIEVE SIZE

0.850 MM #20 416.2 435.1 18.9 12.3 52.2

0.425 MM #40 378.2 389.7 II.5 7.5 44.7

0.250 MM #60 358.9 367.1 8.2 5.3 39.3
0.106 MM #140 353.1 370.2 17.1 Ii.1 28.2

0.075 MM #200 351.7 361.8 10.1 6.6 21.6
PAN 789.9 823.1 33.2 21.6

SUB TOTAL 99 .0 64 .5
LOSS 3 •4

PERCENT RECOVERY 96.7

LASER PARTICLE SIZING % % % PASSING

MICROM BRACKET RANGE 53.4 48.7

0.050 MM 89.4 86.9 87.6 2.7 18.9

• MICRON BRACKET RANGE 21 .0 19 .1

0.020 MM 61.1 58.5 59.7 6.0 12.9

MICRON BRACKET RANGE 5 .2 4 •7

0.005 MM 28.7 27.0 28.1 6.8 6.1

MICRON BRACKET RANGE 1.1 1.0

0.001 MM 6.2 5.4 5.7 4.8 1.2

LESS THAN 0.001 MM 1.2
SUB TOTAL 21.6
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SAMPLE NUMBER = YPG-II0492-NP-03-PP (92-4581)
ALL WEIGHTS ARE IN GRAMS

SAMPLE PREP ASTM. _421

TARE WT. FULL WT. NET WT. % TOTAL % PASSING
STARTING SOIL WEIGHT 1109 .2 1829 .4 720.2 RETAINED

#i0 SIEVE WEIGHT 502 .2 788 .9 286 .7

COURSE TOTAL SOIL WEIGHT 275.0 38 °3

PAN SIEVE WEIGHT 368.5 789.1 420.6

WASH WATER SOIL WT 408.3 419.1 10.8
FINES TOTAL SOIL WEIGHT 443 .1 61.7 ,

SUM COURSE & FINE WEIGHTS 718.1 I00.0

LOSS 2.1

PERCENT RECOVERY 99,7

COURSE SIEVE ASTM D422

SIEVE SIZE TARE WT. FULL WT. NET WT.

50.0 MM 2.000 INCH 778.1 77801 0.0 0.0 i00.0
38.1 MM 1.500 INCH 793.4 793.4 0.0 0.0 i00.0

25.0 MM 1.000 INCH 844.8 844.8 0.0 0.0 I00.0

19.0 MM 0.750 INCH 773.8 773.8 0.0 0o0 I00.0

12.5 MM 0.500 INCH 793.2 838.7 45.5 6.3 93.7

9.5 MM 0.375 INCH 840.5 880.5 40.0 5.6 88.1
6.3 MM 0.250 INCH 808.2 863.8 55.6 7.7 80.4

2.00 MM #10 457.4 591.6 134.2 18.7 61.7

PAN 372 .4 384.1 Ii. 7 I. 6

TOTAL 287.0
LOSS -0.3

PERCENT RECOVERY 100 .1

ADJUSTED TOTAL REMOVE PAN WEIGHT <#i0 SIEVE 275.3 38.3

FINES SIEVE ASTM D422

TARE WT. FULL WT. NET WT.
FINES SOIL WEIGHT 144.1 245.3 101.2 61.7

PERCENT OF TOTAL FINES 22 o8

SIEVE SIZE

0.850 MM #20 416.3 435.4 19.1 12.0 49.7

0.425 MM #40 378.3 389.0 10.7 6.7 43.0

0.250 MM #60 358.8 366.3 7.5 4.7 38.3

0.106 MM #140 353.2 369.8 16.6 10.4 27.9

0.075 MM #200 351.7 361.4 9.7 6.1 21.9

PAN 795 .0 829.9 34 .9 21.9
SUB TOTAL 98 .5 61.7

LOSS 2.7

PERCENT RECOVERY 97.3

LASER PARTICLE SIZING % % % PASSING

MICROM BRACKET RANGE 53 .4 48.7

0.050 MM 92.2 90.3 90.8 2.0 19.9 4

MICRON BRACKET RANGE 21 .0 19 .1

0.020 MM 67.6 65.0 66.2 5.4 14.5

MICRON BRACKET RANGE 5 .2 4 ,7

0.005 MM 34.1 32.2 33.4 7.2 7.3
MICRON BRACKET RANGE 1.1 i. 0

0.001 MM 8.1 7.1 7.5 5.7 1,6
LESS THAN 0.001 MM 1,6

SUB TOTAL 21.9
B-';6
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SAMPLE NUMBER = YPG-110492-NP-04-PP (92-4584)
ALL WEIGHTS ARE IN GRAMS

SAMPLE PREP ASTM D421

TARE WT. FULL WT. NET WT. % TOTAL % PASSING
STARTING SOIL WEIGHT 1198.6 1826.0 627.4 RETAINED

#I0 SIEVE WEIGHT 591.9 763.1 171.2
COURSE TOTAL SOIL WEIGHT 162 .0 26.0 "

PAN SIEVE WEIGHT 368.2 806.1 437.9

WASH WATER SOIL WT 380.5 395.3 14.8

FINES TOTAL SOIL WEIGHT 461.9 74 .0
SUM COURSE & FINE WEIGHTS 623.9 100.0 '

LOSS 3.5

PERCENT RECOVERY 99.4

COURSE SIEVE ASTM D422

SIEVE SIZE TARE WT. FULL WT. NET WT.

50 .0 MM 2 ,000 INCH 778 .1 778 .1 0 ,0 0.0 99 .9

38.1 MM 1.500 INCH 793.4 793.4 0.0 0.0 99.9

25.0 MM 1.000 INCH 844.8 844.8 0.0 0.0 99.9

19.0 MM 0.750 INCH 773.8 773,8 0.0 0.0 99.9

12.5 MM 0.500 INCH 793.1 802.9 9.8 1.6 98.3
9.5 MM 0.375 INCH 840.8 857.5 16.7 2.7 95.7

6.3 MM 0.250 INCH 808.2 836.4 28.2 4.5 91,2

2 .00 MM #I0 457 .4 564 .2 106 .8 17 .1 74 .0

PAN 372.4 381.6 9.2 i. 5
TOTAL 170.7

LOSS 0.5

PERCENT RECOVERY 99.7

ADJUSTED TOTAL REMOVE PAN WEIGHT <#10 SIEVE 161.5 25.9

FINES SIEVE ASTM D422

TARE WT. FULL WT. NET WT.

FINES SOIL WEIGHT 144.1 246.3 102.2 74.0

PERCENT OF TOTAL FINES 22.1
SIEVE SIZE

0,850 MM #20 416.0 432.4 16.4 12.4 61.6

0.425 MM #40 378.3 390.2 11.9 9.u 52.6

0.250 MM #60 358.9 367.6 8.7 6.6 46.0

0.106 MM #140 353.1 371.4 18.3 13.9 32.2

0,075 MM #200 351.8 362.4 I0.6 8.0 24.1
PAN 543.2 575.1 31.9 24.1

SUB TOTAL • 97.8 74.0

LOSS 4.4

PERCENT RECOVERY 95.7

LASER PARTICLE SIZING % % % PASSING
MICROM BRACKET RANGE 53 .4 48.7

0.050 MM 87.2 84.5 85.2 3.6 20.6
MICRON BRACKET RANGE 2I. 0 19 .1

0.020 MM 57.9 55.1 56.4 7.0 13.6
MICRON BRACKET RANGE 5 .2 4 .7

0,005 MM 23.4 21.7 22.8 8.1 5.5
MICRON BRACKET RANGE 1.1 1.0

0.001 MM 3.1 2.6 2.8 4.8 0.7

LESS THAN 0.001 MM 0.7

SUB TOTAL 24.1
B-40
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SAMPLE NUMBER = YPG-110592-WP-01-PP (92-4659)
ALL WEIGHTS ARE IN GRAMS

SAMPLE PREP ASTM D421

TARE WT. FULL WT. NET WT. % TOTAL % PASSING

STARTING SOIL WEIGHT 1108.8 1761.9 653 .1 RETAINED

#i0 SIEVE WEIGHT 502 .2 666 .9 164 .7
COURSE TOTAL SOIL WEIGHT 153 .8 23.7

PAN SIEVE WEIGHT 368 .1 819 .6 451.5

WASH WATER SOIL WT 376.6 410.6 34.0

FINES TOTAL SOIL WEIGHT 496.4 76.3 ,
SUM COURSE & FINE WEIGHTS 650.2 I00.0

LOSS 2.9

PERCENT RECOVERY 99.6

COURSE SIEVE ASTM D422
SIEVE SIZE TARE WT. FULL WT. NET WT.

50.0 MM 2.000 INCH 778.1 778.1 0.0 0.0 99.9

38.1 MM 1.500 INCH 793.4 793.4 0.0 0.0 99.9

25.0 MM 1.000 INCH 844.8 844.8 0.0 0.0 99.9

19.0 MM 0.750 INCH 773.8 773.8 0.0 0.0 99.9
12.5 MM 0. 500 INCH 793.2 798.5 5.3 0.8 99.1

9.5 MM 0.375 INCH 840.5 869o0 28.5 4.4 94.7

6.3 MM 0.250 INCH 808.3 844.1 35.8 5.5 89.2

2.00 MM #i0 457.4 541.1 83.7 12.9 76.3
PAN 372.4 383.3 I0.9 i. 7

TOTAL 164.2

LOSS 0.5

PERCENT RECOVERY 99.7

ADJUSTED TOTAL REMOVE PAN WEIGHT <#I0 SIEVE 153.3 23.6

FINES SIEVE ASTM D422

TARE WT. FULL WT. NET WT.

FINES SOIL WEIGHT 144.1 245.0 I00.9 76.3

PERCENT OF TOTAL FINES 20.3

SIEVE SIZE

0.850 MM #20 416.2 425.9 9.7 7.7 68.6

0.425 MM #40 378.3 383.4 5.1 4.1 64.6

0.250 MM #60 358.8 363.3 4.5 3.6 61.0

0.106 MM #140 353.1 368.8 15.7 12.5 48.5
0.075 MM #200 351.8 362.0 10.2 8.1 40.4

PAN 789.9 840.8 50.9 40.4

SUB TOTAL 96.1 76.3

LOSS 4.8
PERCENT RECOVERY 95.2

LASER PARTICLE SIZING % % % PASSING
MICROM BRACKET RANGE 53 .4 48.7

0.050 MM 91.8 89.9 90.4 3.9 36.6

MICRON BRACKET RANGE 21 .0 19 .1

0.020 MM 67.7 65.1 66.3 9.7 26.8

MICRON BRACKET RANGE 5 .2 4 .7

0.005 MM 34.4 32.6 33.7 13.2 13.6

MICRON BRACKET RANGE 1.1 1 .0

0.001 MM 8.1 7.0 7.4 10.6 3.0

LESS THAN 0.001 MM 3.0

SUB TOTAL B-44 40.4
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SAMPLE NUMBER "= YPG-110592-WP-02-PP (92-4662)
ALL WEIGHTS ARE IN GRAMS

SAMPLE PREP ASTM D421

TARE WT. FULL WT. NET WT. % TOTAL % PASSING
STARTING SOIL WEIGHT 1198.5 1848.4 649.9 RETAINED

- #I0 SIEVE WEIGHT 592.0 782.6 190.6
COURSE TOTAL SOIL WEIGHT 182.0 28.2

PAN SIEVE WEIGHT 368.3 798.9 430.6

WASH WATER SOIL WT 543.1 568.3 25.2

FINES TOTAL SOIL WEIGHT 464.4 71.8
SUM COURSE & FINE WEIGHTS 646.4 I00.0

.... LOSS 3 • 5
PERCENT RECOVERY 99.5

COURSE SIEVE ASTM D422

SIEVE SIZE TARE WT. FULL WT. NET WT.

50.0 MM 2.000 INCH 778.1 778.1 0.0 0.0 100.0
38.1 MM 1.500 INCH 793.4 793.4 0.0 0.0 I00.0

25.0 MM 1.000 INCH 844.8 844.8 0.0 0.0 I00.0

19.0 MM 0.750 INCH 773.8 773.8 0.0 0.0 I00.0

12.5 MM 0.500 INCH 793.1 801.3 8.2 1.3 98.7

9.5 MM 0.375 INCH 840.5 865.1 24.6 3,8 94.9

6.3 MM 0.250 INCH 808.3 852.7 44.4 6.9 88.0

2.00 MM #10 457.6 562.3 104.7 16.2 71.8
PAN 372.4 381.0 8.6 i. 3

TOTAL 190.5

LOSS 0.1
PERCENT RECOVERY 99 •9

ADJUSTED TOTAL REMOVE PAN WEIGHT <#10 SIEVE 181.9 28.1

FINES SIEVE ASTM D422

TARE WT. FULL WT. NET WT,
FINES SOIL WEIGHT 144.1 244.3 100.2 71.8

PERCENT OF TOTAL FINES 21.6

SIEVE SIZE

0.850 MM #20 416.2 428.1 11.9 9.0 62.9

0.425 MM #40 378.2 385.7 7.5 5.7 57.2

0.250 MM #60 358.8 365.0 6.2 4.7 52.5

0,106 MM #140 353.2 370.7 17.5 13.2 39.4
0 .075 MM #200 351 .7 363 .1 11 •4 8 ,6 30 .8

PAN 543.2 584.0 40.8 30.8

SUB TOTAL 95 •3 71.8

LOSS 4.9

PERCENT RECOVERY 95.1

LASER PARTICLE SIZING % % % PASSING

MICROM BRACKET RANGE 53 .4 48.7

, 0.050 MM 88.6 86.3 86.9 4.0 26.7
MICRON BRACKET RANGE 21 .0 19 .1

0.020 MM 62.4 59.9 61.1 8,0 18.8

MICRON BRACKET RANGE 5 .2 4 •7

0.005 MM 31.0 29.3 30.4 9.4 9.3

MICRON BRACKET RANGE 1 •1 1 •0

0.001 MM 7.1 6.1 6.5 7.3 2.0

LESS THAN 0.001 MM 2.0

SUB TOTAL 30 .8
B-47
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SAMPLE NUMBER = YPG-II0592-WP-02-PP(b) (92-4665)
ALL WEIGHTS ARE IN GRAMS

S_ _PLE PREP ASTM D421
TARE WT. FULL WT. NET WT. % TOTAL % PASSING

STARTING SOIL WEIGHT 1108.7 1765.5 656.8 RETAINED
#i0 SIEVE WEIGHT 502.4 722.1 219.7

COURSE TOTAL SOIL WEIGHT 205.6 31.3
PAN SIEVE WEIGHT 368 .4 778 .9 410 .5

WASH WATER SOIL WT 567.1 593.5 26.4
FINES TOTAL SOIL WEIGHT 451.0 68.7 r

SUM COURSE & FINE WEIGHTS 656.6 100.0
LOSS 0.2

PERCENT RECOVERY 100 .0

COURSE SIEVE ASTM D422
SIEVE SIZE TARE WT. FULL WT. NET WT.

50.0 MM 2.000 INCH 778.1 778.1 0.0 0.0 100.0
38.1 MM 1.500 INCH 793.4 793.4 0.0 0.0 100.0
25.0 MM 1.000 INCH 844.8 844.8 0.0 0.0 100.0
19.0 MM 0.750 INCH 773.8 773.8 0.0 0.0 100.0
12.5 MM 0.500 INCH 793.2 820.0 26.8 4.1 95.9
9.5 MM 0.375 INCH 840.5 867.0 26.5 4.0 91.9
6.3 MM 0.250 INCH 808.2 852.8 44.6 6.8 85.1

2.00 MM #I0 457.7 565.3 107.6 16.4 68.7
PAN 372.7 386.8 14.1 2.1

TOTAL 219.6
LOSS 0.1

PERCENT RECOVERY 100 .0
ADJUSTED TOTAL REMOVE PAN WEIGHT <#10 SIEVE 205.5 31.3

FINES SIEVE ASTM D422
TARE WT. FULL WT. NET WT.

FINES SOIL WEIGHT 144.1 245.0 100.9 68.7
PERCENT OF TOTAL FINES 22.4

SIEVE SIZE
0.850 MM #20 416.2 430.3 14.1 10.0 58.7
0.425 MM #40 378.2 385.6 7.4 5.2 53.5
0.250 MM #60 358.8 365.0 6.2 4.4 49.1
0.106 MM #140 353.2 371.1 17.9 12.7 36.4
0.075 MM #200 351.8 363.7 11.9 8.4 28.0

PAN 1177.9 1217.4 39.5 28.0
SUB TOTAL 97 .0 68 .7

LOSS 3.9
PERCENT RECOVERY 96.1

LASER PARTICLE SIZING % % % PASSING
MICROM BRACKET RANGE 53 .4 48.7

0.050 MM 86.9 84.2 84.9 4.2 23.8
MICRON BRACKET RANGE 21.0 19 .1

0.020 MM 58.8 56.3 57.5 7.7 16.1
MICRON BRACKET RANGE 5 .2 4 .7

0.005 MM 29.0 27.4 28.4 8.1 7.9
MICRON BRACKET RANGE 1.1 1.0

0.001 MM 6.7 5.8 6.2 6.2 1.7
LESS THAN 0.001 MM 1.7

SUB TOTAL B-50 28.0
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SAMPLE NUMBER - YPG-110592-WP-03-PP (92-4668)
ALL WEIGHTS ARE IN GRAMS

SAJ_PLE PREP ASTM D421

TARE WT. FULL WT. NET WT. % TOTAL % PASSING

STARTING SOIL WEIGHT 1198.5 1860.3 661.8 RETAINED

#I0 SIEVE WEIGHT 592.5 762.1 169.6
COURSE TOTAL SOIL WEIGHT 161.4 24.5

PAN SIEVE WEIGHT 368.3 815.6 447.3

WASH WATER SOIL WT 567.9 609.7 4I. 8

FINES TOTAL SOIL WEIGHT 497.3 75.5

SUM COURSE & FINE WEIGHTS 658.7 100.0
LOSS 3.1

PERCENT RECOVERY 99.5

COURSE SIEVE ASTM D422

SIEVE SIZE TARE WT. FULL WT. NET WT.

50.0 MM 2.000 INCH 778.1 778.1 0.0 0.0 100.0

38.1 MM 1.500 INCH 793.4 793.4 0.0 0.0 I00.0

25.0 MM 1.000 INCH 844.8 844.8 0.0 0.0 i00.0

19.0 MM 0.750 INCH 773.8 773.8 0.0 0.0 100.0
12.5 MM 0.500 INCH 793.5 806.8 13.3 2.0 98.0

9.5 MM 0.375 INCH 840.5 877.1 36.6 5.6 92.5

6.3 MM 0.250 INCH 808.2 833.6 25.4 3.9 88.6

2.00 MM #i0 457.6 543.9 86.3 13.1 75.5

PAN 372.4 380.6 8.2 I. 2
TOTAL 169.8

LOSS -0.2

PERCENT RECOVERY 100.1

ADJUSTED TOTAL REMOVE PAN WEIGHT <#10 SIEVE 161.6 24.5

FINES SIEVE ASTM D422

TARE WT. FULL WT. NET WT.

FINES SOIL WEIGHT 144 .1 245 .7 101.6 75 .5

PERCENT OF TOTAL FINES 20.4

SIEVE SIZE

0.850 MM #20 416.2 426.5 10.3 7.8 67.7

0.425 MM #40 378.3 384.1 5.8 4.4 63.4

0.250 MM #60 358.8 363.9 5.1 3.8 59.5

0.106 MM #140 353.2 370.6 17.4 13.1 46.4

0.075 MM #200 351.8 364.1 12.3 9.3 37.2
PAN 567.9 617.3 49.4 37.2

SUB TOTAL 100 .3 75 .5

LOSS 1.3 Q

PERCENT RECOVERY 98.7

LASER PARTICLE SIZING % % % PASSING

MICRON BRACKET RANGE 53 .4 48.7

o 0.050 MM 89.7 87.3 88.0 4.5 32.7
MICRON BRACKET RANGE 21 .0 lg .1

0.020 MM 62.9 60.5 61.6 9.8 22.9

MICRON BRACKET RANGE 5 .2 4 •7

0.005 MM 33.3 31.6 32.7 10.8 12.1

MICRON BRACKET RANGE 1 .1 1 •0

0.001 MM 7.8 6.8 7.2 9.5 2.7
LESS THAN 0.001 MM 2.7

SUB TOTAL 37.2
B-53



GRAIN SIZE ACCUMULATION CURVE
YPG FIRING RANGE RESTORATION PROJECT

,oo f I

80 '

t_

_ 40
D.,

20 f-

0 '
0.001 0.010 0.100 1.000 10.000 100.000

GRAIN SIZE IN MILLIMETERS

YPG- 110592- WP-03- PP
92-4668



..+._ .

. - .-.. ; ....,.:.- ..-. ...- _,.].,*....:.{::.i.**...--....... .-;.:.
• ,,.... , ..,; °. ..'. .

" ,I i i __ I

•,.... ,..... ., .. :,.. -. .......... , - ....,..
, ;:. -, ,-. :..- , . _.,, -, .. . : .... ...:•, , I . 1 _ '1

'1 .:- ....... . .,* .... " = "" .v,. -.,:- ._ ,,_.,-: ",=

• , , • " :,.. ..o. .*_. ." .... ", .....
U 1

;;... -o -_-.. - :.,. :,. _.,.: ........ - .....
' .,, l "- ''7 :, ,I .:. ." I '*

" " ': i:.',l - . _,., :_,:o.,:: ...:._.,: . ; ,,...... i_

' " T';.: .: .o " "" I "" • . . ,,.., ..... _ ". -,: ",.: -;,- .,&, .,,., ..,_
II " - ' I . .: . - I d .... I

.............. •., . :.*i ._; .... : ", . ., .....
Ii I ....... i L '; !

, . _ _ _t/1_1 I I i

i_ ;i li

- ,,,i m,l i , i

I ' ; , "'" ,
, I n li - _ i -- i

_ Ill I I _ - Illl' I -

, , : , [ ,'

i . #

,,, : n, _ .

• o ..

. '_ . °

, _ .

•..._,._ , ,........ ,
. .

I .{ , , ._'+; , , ,I|. i . _ . .

_--..':" ,

-- " II I I X _ --

.,l-"i I' ,I .,,, ,, , ,,t' . I "-_. "'
.... _ - _ l l i I i : - _ ": . l l l " [ l i Tf -- _ 'I

# I

I I

4 l ' i • r,t+l"l
•

...._

YUMR PROVING GROUND B-55



SAMPLE NUMBER = YPG-I10592-BK-01-PP (92-4674)
ALL WEIGHTS ARE IN GRAMS

SAMPLE PREP ASTM D421

TARE WT. FULL WT. NET WT. % TOTAL % PASSING
STARTING SOIL WEIGHT 1108.8 1811.0 702.2 RETAINED

#i0 SIEVE WEIGHT 502.3 812.4 310.1 •
COURSE TOTAL SOIL WEIGHT 296.5 42.4

PAN SIEVE WEIGHT 368.3 749.4 381.1
WASH WATER SOIL WT 541.0 549.4 8.4

FINES TOTAL SOIL WEIGHT 403.1 57.6 t
SUM COURSE & FINE WEIGHTS 699.6 i00.0

LOSS 2.6
PERCENT RECOVERY 99.6

COURSE SIEVE ASTM D422

SIEVE SIZE TARE WT. FULL WT. NET WT.
50.0 MM 2.000 INCH 778.1 778.1 0.0 0.0 100.0

38.1 MM 1.500 INCH 793.4 793.4 0.0 .0.0 100.0

25.0 MM 1.000 INCH 844.8 844.8 0.0 0.0 i00.0

19o0 MM 0.750 INCH 773.8 785.9 12.1 1.7 98o3

12.5 MM 0.500 INCH 793o2 831.1 37.9 5.4 92.9
.5 MM 0.375 INCH 840o6 874ol 33.5 4.8 88.1

6o3 MM 0.250 INCH 808.2 867.7 59.5 8.5 79.6

2.00 MM #10 457.6 611.1 153.5 21.9 57.6

PAN 372.4 386.0 13.6 I. 9

TOTAL 310.1
LOSS 0.0

PERCENT RECOVERY I00.0

ADJUSTED TOTAL REMOVE 1)AN WEIGHT <#i0 SIEVE 296.5 42.4

FINES SIEVE ASTM D422

TARE WT. FULL WT. NET WTo

FINES SOIL WEIGHT 144 .1 248 .7 104 .6 57 .6

PERCENT OF TOTAL FINES 25.9

SIEVE SIZE

0.850 MM #20 416.3 438.9 22.6 12.7 44_9

0.425 MM #40 378.3 388.7 I0.4 5o8 39.1

0.250 MM #60 358.8 364.7 5.9 3.3 35.8

0.106 MM #140 353.3 365.9 12.6 7.1 28.7

0.075 MM #200 351.8 363.6 11.8 6.6 22.0
• PAN 541.0 580.2 39.2 22.0

SUB TOTAL 102 •5 57 .6

LOSS 2.1

PERCENT RECOVERY 98.0
w

LASER PARTICLE SIZING % % % PASSING ..

MICROM BRACKET RANGE 53 .4 48 .7

0.050 MM 73.6 68.7 70.1 6.6 15.4
MICRON BRACKET RANGE 21 .0 19 .1

0.020 MM 39.4 37.5 38.4 7.0 8.5

MICRON BRACKET RANGE 5 .2 4 .7

. 0.005 MM 18o9 17.8 18.5 4.4 4.1

MICRON BRACKET RANGE 1 •1 1.0

0.001 MM 2.8 2.3 2.5 3.5 0.6

LESS THAN 0.001 MM 0.6

SUB TOTAL 22 .0
-" B-56
_t
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SAMPLE NUMBER - ¥PG-110592-WP-04-PP (92-4675)
ALL WEIGHTS ARE IN GRAMS

SAMPLE PREP ASTM D421

TARE WT. FULL WT. NET WT. % TOTAL % PASSING

STARTING SOIL WEIGHT 1198 o9 1909.5 710.6 RETAINED
#I0 SIEVE WEIGHT 592 o0 850.0 258 .0

COURSE TOTAL SOIL WEIGHT 249.8 35.3

PAN SIEVE WEIGHT 368 .6 799 .3 430 .7

WASH WATER SOIL WT 386.7 405.7 19 .0
" FINES TOTAL SOIL WEIGHT 457 .9 64 .7

SUM COURSE & FINE WEIGHTS 707.7 100.0

LOSS 2.9

PERCENT RECOVERY 99.6

COURSE SIEVE ASTM D422

SIEVE SIZE TARE WT. FULL WT. NET WT.

50.0 MM 2.000 INCH 778ol 778.1 0.0 0.0 100.0

38.1 MM 1.500 INCH 793.4 793.4 0o0 0o0 100.0

25.0 MM lo000 INCH 844.8 844.8 0.0 0.0 100o0
19.0 MM 0.750 INCH 773.8 781.0 7.2 lo0 99.0

12.5 MM 0.500 INCH 793.1 834.5 41.4 5.8 93.1
9.5 MM 0.375 INCH 840.7 865.7 25.0 3.5 89.6

6.3 MM 0.250 INCH 808.3 851.5 43.2 6.1 83.5

2.00 MM #10 457.5 590.4 132.9 18.8 64.7
PAN 372.4 380.6 8.2 I. 2

TOTAL 257 o9

LOSS 0.1

PERCENT RECOVERY 100 .0

ADJUSTED TOTAL REMOVE PAN WEIGHT <#10 SIEVE 249.7 35.3

FINES SIEVE ASTM D422

TARE WT. FULL WT. NET WTo

FINES SOIL WEIGHT 144 .1 244 .1 I00 .0 64 .7

PERCENT OF TOTAL FINES 21.8
SIEVE SIZE

0.850 MM #20 416.2 431.5 15.3 10.3 54.4

0o425 MM #40 378.3 386o2 7.9 5.3 49.0

0.250 MM #60 358.8 365.5 6.7 4.5 44.5

0o106 MM #140 353.3 370.7 17o4 Iio7 32.8

0.075 MM #200 351.8 363.2 11.4 7.7 25.1

PAN 793.3 830.5 37.2 25.1
SUB TOTAL 95 .9 64 .7

LOSS 4.1

PERCENT RECOVERY 95.9

LASER PARTICLE SIZING % % % PASSING
MICROM BRACKET RANGE 53.4 48.7

, 0.050 MM 86.9 84.0 84.8 3.8 21.3
MICRON BRACKET RANGE 21.0 19.1

0.020 MM 55o7 53.0 54o3 7.7 13.6
MICRON BRACKET RANGE 5.2 4.7

0.005 MM 25.2 23.7 24.6 7.4 6.2
MICRON BRACKET RANGE 1.1 1.0

0.001 MM 4.7 4o0 4.3 5.1 1.1
LESS THAN 0.001 MM 1.1

SUB TOTAL 25.1
B-59
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