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e PERMANGANATE TREATABILITY TESTING

1.0 INTRODUCTION

Groundwater and aquifer material samples were submitted to IT Corporation’s Technology
Application Laboratory (TAL) in Knoxville, TN for permanganate treatability testing. The samples
were from an area at the Groundwater Operable Unit (GWOU!) of the Weldon Spring Site Remedial
Action Project (WSSRAP) that was contaminated with trichloroethene (TCE). Bench-scale
treatability testing was conducted to determine the feasibility of insitu permanganate oxidation
treatment to destroy the TCE and TCE degradation products, cis- and trans-1,2-dichloroethene (1,2-
DCE) and viny! chloride, in the groundwater. The reaction with TCE, the contaminant of concern,
is expressed by the following equation:

JKMnO, + CHCl, + 4H,0 — 2MnO(s) + 2C0, + 2KCl + HCI

In addition to TCE, other contaminants of concern identified in the groundwater include
nitroaromatic compounds and nitrate. Permanganate oxidation treatment has been shown to have
negligible effect on the oxidation and/or mobilization of nitrates or nitroaromatics. Nitrate analyses
of the aqueous phase was performed prior to and after treatment to demonstrate this effect.

The batch slurry tests were also used to evaluate the impact of oxidation treatment on aqueous metal
concentrations. At some sites, the application of insitu chemical oxidation {such as with pétassium
permanganate, or hydrogen peroxide) may mobilize certain metals present in the soil. The most -
common of these metals is chromium (Cr). Chromium in the soil may be either naturally occurring.
or anthropogenic and in a chemically reduced, insoluble state such as Cr (III). However, application
of permanganate can oxidize the Cr (II[) species to a more soluble hexavalent chromium [Cr (VI)]

species by the following equation:

\

MnO, + Cr(l) + 4H' — MnO, + Cr(VD) + 2H,0

Chromium analyses wete perfonned to define concerns for mobilization with respect to the 0.1 mg/L
total chromium federal guideline level. '

For the Weldo‘n Spring Site, there is also a concern that uranium, an identified contaminant of
concern, may be oxidized by the application of permanganate and become mobile. The uranium in
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the aquifer material of the Weldon Spring Site is likely to be adsorbed on the argillaceous limestone
or clay minerals within the aquifer matrix or adsorbed and incorporated into the iron oxyhydroxide
coatings on these surfaces of these minerals. Uranium contamination in aquifer materials is typically
U(VI), as this is the more mobile valence state in groundwater. Therefore, the uranium associated
with the aquifer matrix will likely be U(VI), though some of the uranium may be reduced to U(IV)
by sulfate reducing bacteria. There is the potential that the permanganate application may oxidize
some of the U(IV). As an additional objective of the testing, uranium analyses were performed to
define concerns for mobilization at the site due to permanganate treatment.

In addition, as part of the oxidation process, permanganate is reduced to stable manganese dioxide
(MnQ,) solids that remain in the subsurface matrix. The metal analyses performed included
manganese (Mn) to determine the amount dissolved in aqueous treatment phases with respect to the
secondary drinking water standard (0.05 mg/L).

The treatability study was performed at IT’s Technology Applications Laboratory (TAL) in
Knoxville, Tennessee. '

fa

2.0 SITE LOCATION AND DESCRIPTION

The Weldon Spring Chemical Plant Area is located in St. Charles County, Missouri, approximéteiy
48 km (30 mi.) west of St. Louis, near the junction of U.S. Route 40/61 and State Route 94. The
shallow groundwater aquifer beneath the 217-acre Chemical Plant Area comprises the Groundwater -
Operable Unit (GWOU). This study applies to the southwestern portion of the GWOU.

3.0 DESCRIPTION OF BENCH SCALE TESTING

\
Bench scale tests included the following:

‘e characterization of contaminated aquifer material and groundwater samples,
® oxidant demand tests on the aquifer material to define the permanganate-dosing requirement, and
e batch slurry reaction tests to investigate ‘;he rate of reaction of permanganate with TCE (C,HCl,)
"in an aquifer environment, and to determine the effect of treatment on aquet;us chloride ion,
nitrate ion, chromium, manganése and uranium concentrations. '

The description of procedures and results obtained for these tests are described in the sections below.
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4.0 INITIAL CHARACTERIZATION OF SITE GROUNDWATER AND
AQUIFER MATERIAL -

Groundwater in 16 1-L glass sample bottles and two (2) 1-gallon plastic bag samples of bedrock
were received at the TAL on March 29, 2001. The samples were labeled as listed below.,

GW-3034-032801-IT 3/28/01 Groundwater 16 x 1-L (TDL #2833)
BR-3034-IT . 3/28/01 Bedrock - 1x1-gallon (TDL #2834)
BR-3035-IT 3/28/01 Bedrock 1 x 1-gallon (TDL #2835)

At the TAL, the contaminated groundwater was analyzed in triplicate for TCE and TCE degradation
products {e.g., cis- and trans-1,2-DCE and vinyl chloﬁde) by modified EPA Method 8021, for
dissolved metals (uranium, chromium and manganese) by EPA Method 6010B, and anions (chloride
and nitrate) by EPA method 300.0. Results of these analyses are presented in Table 1.

Table 1 — Summary of Initial Characterization Results for Groundwater
Groundwater, GW-3034-032801-IT

1 2 3 Mean IE:S;))
Analyte :
VOCs (ug/L): _
Trichioroethene (TCE) ' 966 972 949 962 1
Cis-1,2-Dichloroethene (cis-DCE) 27 27 25 26 4
Trans-1,2-Dichlrorethene (trans-DCE) <5 <5 <5 <5 NA
1,1-Dichloroethene (1,1-DCE) <5 <5 <5 <5 "NA
Vinyl Chloride 1 <5 5 <5 5 ‘NA
Metals, dissolved (mg/L):. : : -
Chromium | <0.035 | <0.035 | <0.035 | <0.035 NA
Manganese ' 0.330 |- 0310 | 0.310 0.320 .4
Uranium <0.250 { <0.250 | <0.250 | <0.250 NA
Anions (mg/L): _
Chloride ion 36.6 40.3 345 37.1 8
Nitrate ion {as NO;) 3,510 | 3,590 3,530 3,540 1

RSD = Relative standard deviation or the standard deviation of replicate analyses expressed as a percentage of the
mean concentration. ) ' '
NA = Not analyzed or not applicable.
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The aquifer material to be tested was crushed, composited and homogenized at the TAL at 4°C prior
to testing. An aquifer materials composite sample was prepared by combining equal weights of both
crushed samples in a large stainless steel bowl. The composite was mixed by hand using a stainless
steel spatula until visually homogeneous. After mixing, the composite was placed into a sample
bottle and was immediately capped. The compositing and homogenization process was done under
refrigeration and in a manner to minimize the amount and time of open exposure of the aquifer
material to avoid excessive loss of VOCs from the sample.

A sample of the homogenized aquifer material was analyzed in triplicate for TCE and TCE
degradation products using the same method described for the water. In addition, the aquifer
material was analyzed for total uranium, chromium and manganese by EPA Method 6010B to assess
the potential for generation of aqueous concentrations of these metals during permanganate
treatment. The results of these an‘alyses are presented in Table 2.

Table 2 Summary of Initial Characterization Results for Aqulfer Material Composite
Aquifer Composite, BR-3034-1T & BR-3035-IT
(dry weight basis®)

RSD
Analyte 1 2 3 Mean (%)
VOCs (ug/kg): '
Trichloroethene (TCE) <220 <220 <220 <220 NA-
Cis-1,2-Dichloroethene (cis-DCE) | <220 <220 <220. | <220 NA
Trans-1,2-Dichirorethene (trans-DCE}) <220 <220 | <220 <220 NA
Vinyl Chloride® <5,500 | <5,500 | <5,500 | <5,500 NA
Metals (mg/kg): _ :
Chromium 7.27 5.92 7.18 6.79 11
Manganese 288 276 | 278 281 2
Uranium A\ <13.8 <13.8 | <138 <13.8 NA -

RSD = Relative standard deviation qr the standard deviation of replicaie analyses expressed as a percentage of the

mean concentration.
NA = Not analyzed or not applicable.
"Percent solids = 90,.9%.

*Elevated detection limit due to chemical interference.
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5.0 AQUIFER OXIDANT DEMAND TEST

51 Oxidant Demand Test Procedure

The oxidant demand test was performed to measure the amount of permanganate that will be
consumed by oxidizable species in the aquifer material in the course of treatment to destroy the
contaminants of concern (COCs). Since there are other oxidizable species in the site aquifer matrix |
and groundwater, the consumption of the permanganate by these “non-target” species and the COCs
must be determined. The amount of permanganate consurned in reaction with the aquifer species
is dependent on the reaction time and the concentration of permanganate to which the aquifer
material is exposed. The test was conducted by measuring the loss of permanganate from an aquifer
material:water slurry as a function of time at both a low and a high initial pérmanganate
concentration to define the aquifer consumption characteristics.

The test was performed on the aquifer composite in duplicate using two concentrations of
permanganate. In one test, 0.8 liter of site groundwater and 200 grams of prepared aquifer material
were used. The aquifer material/water mixture was treated with 1.0 grams of potassium
permanganate (KMnO,) to provide an initial permanganate concentration of 1,250 mg/L (0.125%).
This concentration is on the lower end of the typical permanganate application concentration range.
The second test was performed using 200 grams of prepared aquifer material and 0.2 liter of site
groundwater and was treated initially with 1.4 grams of KMnO,. This treatment had an initial
permanganate concentration of 7,000 mg/L (0.7%). The two tests had different aquifer material to
water ratios, but this is not anticipated to affect the oxidant demand results, as the critical parameteré -
_ are the amount of aquifer material, and the amount and concentration of the permanganate supplied.

to the aquifer material.

The tests were established irh 1-L. sample bottles, which were capped and shaken on a shaker table
for the duration of the test. In IT’s experience this provides adequate agitation to maintain a well-

.mixed slurry.
' The amount of permanganate used in these tests in relation to the aquifer material, 5-7 g KMnO, per

kilogram of aquifer material, is well within the typical range for solids oxidant demand, and was
sufficient to provide a persistent permanganate concentration so the total demand was measured.

The solution permanganate concentration was monitored as a function of time for both treatments.

IT Project 825930 MK Ferguson WSSRAP Report May 3, 2000
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- Samples for determination of aqueous permanganate concentration were collected and analyzed at

4, 8,24, 48, 96 and 168 hours. Results from these analyses were used to determine the amount of
permanganate consumed at each sampling point. The amount of permanganate consumed was

determined from the difference in amount of permanganate dosed and the amount of permanganate
determined from analysis. A graph of grams of KMnO, consumed per kilogram of aquifer material

versus time in hours for both concentrations was prepared for determining dosing requirements for

the batch slurry permanganate tests.

5.2 Oxidant Demand Test Results

The complete data sets including plots of the permanganate consumption versus time are provided
in Appendix A. Figures la and 1b in Appendix A show the consumption curves for the low
concentration permanganate demand, and Figures 2a and 2b show the consumption curves for the

high concentration permanganate demand.

The consumption of permanganate by the aquifer material/groundwater slurry was extremely low.
The plots showed some fluctuation because the error associated with the permanganate analysis may,
have exceeded the change in concentration due to consumption between time points. There was also
an apparent dip in the consumption at the 24-hour sampling point in all four tests. This is
characteristic for these plots and is believed to be due to incomplete dissolution of the solid KMnO, - |
reagent added at the beginning of the test. Approximately 90-95 percent of the permanganate
dissolves readily in the first few minutes of mixing, but there is typically a resi'dual,'which requlres ,
between 8 and 24 hours to dissolve completely. At the 24-hour sample point the dissolution of the |
residual pennaxiganate can cause an increase in concentration, if the matrix consumption is low, and -
this results in a decrease in the amount of permanganate calculated as consumed.

The bulk of the permanganaté consumption typically occurs in the first 48 hours, and the curves level
off after that time and remain‘at a relatively constant value. For this reason, the averag"éﬂ of the
consumption values for the 48, 96 and 168 hour time points was calculated as the total conéumption
for each test to obtain a statistically more accurate result. The results for the total demand are

summarized in Table 3.

IT Project 825930 MK Ferguson WSSRAP Report . May 3, 2000
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Table 3 — Summary of 168-Hour Aquifer Oxidant Demand Results

_ Aquifer Material/Groundwater Slurry
Aquifer Material KMnO, Oxidant Demand for 168 Hours
Composite: Concentration (g KMnO /kg solid™)
BR-3034-IT / BR-3035-IT (mg/L) | 2 Mean RPD (%)
Low KMnO, Conc. 1,250 0.44 0.43 0.44 2 -
High KMnO, Conc. 7,000 0.99 0.79 0.89 22
Average 4,125 0.67

*Aquifer material composite as received. Percent solids = 90.9%.
RPD = Relative percent difference or the difference between duplicate results expressed as a percentage of the
average of the results. '

The oxidant demand for the aquifer material composite ranged from 0.44 g KMnO,/kg solids after
168 hours at the low perménganate concentration to 0.89 g KMnO,/kg solids at the high
concentration. The average was 0.67 g KMnO,/kg solids. These values are well below the typical
soil oxidant demand range of 5-15 g KMnO,/kg soil, and this would be expected for a low organic
bedrock matrix. |

The reproducibility of the oxidant demand tests was acceptible as the relative percent dlfferences
(RPDs) for the test duphcates were less than 25 percent.

6.0 SLURRY PERMANGANATE REACTION TEST

6.1 Test Design

The objectives of the slurry permanganate batch reaction tests were the following:

e measure the rate and extent of permanganate reaction with TCE

e measure the aqueous concentration of uranium and chromium produced by permanganate
oxidation of these metals in the aquifer material,

* measure the aqueous cqncentra*aon of manganese resulting from permanganate treatment of
aquifer material/groundwater slurries, :

» verify permanganate consumption data from the aquifer oxidant demand tests, and

e collect pH and ORP behavior data for reference in pilot- and field-scale application.

The test objectives were met using 1:1 aquifer material composite and groundwater slurries in batch
reactions similar to the aquifer oxidant demand test. The aquifer material and groundwater used in
these tests were from TCE contaminated locations at the site. The slurry reactions were conducted

IT Project 825930 MK Ferguson WSSRAP Report
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in duplicate using two permanganate concentrations, 1,000 mg/L or 0.10 percent permanganate (low
concentration), and 3,850 mg/L or 0.39 percent (high concentration). These concentrations covered
the practical range of application concentrations, and provided a factor of about 4 difference to

observe concentration effects. Control tests without permangax_late addition were also performed as

" a comparison to the treatment tests.

The aquifer material:groundwater slurries were allowed to react with permanganate at the two
concentrations for 72 hours, which based on IT’s experience has been sufficient to provide greater

- than 99 percent reduction of TCE levels. Two sampling points at 8 and 72 hours were used to

monitor the reaction of permanganate with TCE. At each sampling point, the residual permanganate
concéntration, the solution ORP and pH were determined, and then the reaction mixture was
chemically quenched, and analyzed for TCE and TCE degradation products. At the 72-hour.
sampling the aqueous phase from the tests were analyzed for chloride and nitrate ion and total
dissolved Cr, Mn and U.

6.2 TestProcedure

Each sample point in the experiment was set up in duplicate in individual 220 mL centrifuge bottles.
The test was performed by adding 130 grams aquifer material composite and 130 mLgroundwater
quantities to the test bottles and then adding the calculated amount of permanganate (as potassium
permanganate) to each bottle to produce the desired initial permanganate concentrations. As detailed
in Table 4. A small volume of headspace was left in each bottle to allow for slurry mixing. All .
bottles were mixed continuously on a shaker table until sampled. Some volatilization of TCE is
anticipated into the bottle headspace and is lost during the procedure as well as from other
procedural handling steps in this test. However, the procedures developed, including the use of
Control tests without permanganate, have been the most practical to date, and have demonstrated

sufficient control of VOC loéses to meet testing objectives.
4

IT Project 825930 MK Ferguson WSSRAP Report May 3, 2000
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Table 4 — Experimental Details
' Nominal TInitial
- Test Condition : _ KMnO, KMnO,
1:1 aquifer KMnO, | KMnO,/Soil | Stoichiometry Aqueous
material;groundwater slurry Dose Ratio for TCE Conc.
130 g:130 mL {g) (g/kg soil) Reaction (mg/1.)
Control —-no permanganate 0.0 0 0 0
: ' 1,000
Low permanganate 0.13 1.00 380x 617
. | | 3,850
High permanganate 0.50 3.85 1500x (3,530

2Corrected for contribution to aqueous volume from the moisture in the aquifer material (9.1%6).

Control tests (no permanganate added) were established in parallel to the permanganate treated tests.
The tests were also conducted in duplicate and sampled at T =0, and T = 72 hours. The control tests
were treated in an identical manner as the treated tests, except that no pennangaﬁate was added. The
bottles were opened and recapped at the time of dosing and quenching and sampled in the same

manner as the treated tests.

For each sample point, one bottle was sacrificed for analysis. Each bottle sacrificed was opened and

a 15 to 20 mL aliguot was withdrawn for oxidant reduction potential (ORP), pH and uhreacted'
permanganate measurements. For the TO control and 72-hour sﬁamples, an additional 20 to 30 mL
aliquot of the solution was withdrawn and quenched by addition of a slight stoichiometric excess of
sodium maleate to react with the residual permanganate in the sample. Sodium maleate is used to
mimic aquifer organic material and does not produce a reducing environment, which can affect U,
Cr and Mn chemistry. The quenched solutions were then analyzed for dissolved Cr, Mn and U. For
all samples, the remaining Sample slurry was chemically quenched by addition of a 's‘light
stoichiometric excess of mangénese sulfate to react with residual permanganate. Manganese sulfate
was used because it is not an organic compound and from our experience it does not interfere with
the VOC analysis. When the quench reactions were complete, the bottles were centrifuged to
produce separate aquifer solids and aqueous fractions. The aqueous phase was transferred to VOA
vials for TCE and TCE degradation product analysis by modified EPA Method 8021. The TO
Control and the 72-hour samples were also analyzed for chloride and nitrate ions by EPA Method

IT Project 825930 ' MK Ferguson WSSRAP Report May 3, 2000
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300.0. Any excess aqueous phase was then decanted from the solids in the test bottles and 65 mLs
of methanol was added to each bottle to extract VOCs. The solids were extracted by shaking the
bottle for 2 minutes. The bottle extractions were then centrifuged and the methanol fractions were
collected in vials for VOC analysis. The methanol extracts were analyzed by modified EPA Method
8021B to obtain aquifer material concentrations.

Table 5 tabulates the slurry batch tests that were perfofmed and samples that were collected.

Table 5 - Treatability Study Batch Tests

Test Condition Aquifer and Water Samples®
(Time in Hour)
o 8 - T
Control (no permanganate) XX XX
Permanganate at low concentration ' ' XX XX
Permanganate at high concentration _ XX XX

2 Aqueous samples analyzed for ORP, pH, KMnO, and chlorinated organics. Aquifer material
samples analyzed for chlorinated organics.

*In addition to the other analyses the aqueous samples were also analyzed for chlonde and mtrate
ion and total dissolved U, Cr, and Mn.

6.3 Analytical Measurements

All samples generated during the bench-séaie study were analyzed at the TAL in Knoxville per
the following methods. T
A

Measurement of Oxxdatmaneductmn Potentml IORP), ];H and Resndual (Unreacted)

Permanganate
ORP readings of slurry test aqueous solutions were taken using a standard ORP platinum/reference

electrode (SCE). The operation of the electrochemical measurement system was chccked by reading
a standard ORP solution at +430 mV.

IT Project 825930 - MK Ferguson WSSRAP Report May 3, 2000
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The pH readings of slurry test aqueous solutions were taken using a standard combination glass

- membrane pH/reference electrode. The electrochemical measurement system was calibrated daily
using standard pH buffer solutions at pH 4, 7 and 10 prior to taking readings.

Residual permanganate in -the slurry test aqueous solution was determined by comparing the
absorbance at 526 nanometer wavelength of an aliquot of the solution to that for a prepared standard
~ of permanganate in ionized (DI) water of known concentration. The aliquot of the slurry test
supernate was filtered through a 0.2 pm syringe filter and diluted in DI water, if necessary, to
produce an aqueous solution containing between 10 and 60 milligrams per liter (mg/l.) of
permanganate for reading.

Total and Dissolved Metals Analysis
Dissolved metals analysis of water samples were performed at the TAL using SW-846 Method 3015

for sample preparation (microwave digestion) and Method 6010B for Inductively Coupled Plasma
Atomic Emission Spectroscopy (ICP) analysis. For each treated water the solution was quenched
by addition of sodiurmn maleate to destroy unreacted permanganate. The quenched sample solutions
were then filtered through a 0.45 pm pore size filter and analyzed for Cr, Mn and U. Aquifer
material samples were analyzed for total metals and were prepared for ICP analysis (Method 6010B)
using SW-846 Method 3051 (microwave digestion).

Chloride and Nitrate Ion Analyses

Water samples were analyzed for chloride and nitrate by ion chromatography using EPA Method
300.0. Treated waters were first quenched with manganese sulfate to destroy unreacted

permanganate and then barium hydroxide to reduce the sulfate concentration.

TCE and TCE Degradation Product Analyse

The aqueous samples and aqﬁfer solids methanol extracts were analyzed at the TAL for TCE, cis-
1,2-DCE trans-1,2-DCE and viny! chloride using a modified EPA SW-846 Method 8021. This
‘method uses a purge-and-trap technique for sample introduction into a gas chromatograjah (GQO),
which provided analyte separation. A flame jonization detector (FID) was used for quantification.

6.4 Test Results

. IT Project 825930 MK Ferguson WSSRAP Report May 3, 2000
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The results from test measurements and sathple analyses for TCE, metals and anions are summarized.

in Table 6. Table 7 contains sample analysis results for TCE and TCE degradation products.

The TCE results show that it was rapidly degraded by permanganate at both concentrations tested.

TCE was not detected in any of the treated samples, even for the 8-hour low permanganate
concentration treatments. All treated samples were below the detection limits of 5 pg/L for the
waters and 110 pg/kg for the aquifer solids. The results demonstrate 99 percent or greater reduction
of aqueous concentrations starting from values in the range of 458 to 701 pg/L.

Some cis-1,2-DCE in the range of 15 to 110 pg/L. and vinyl chloride in the range of 5 to 18
pg/Lwere also found in the groundwater and were treated by the permanganate in a similar manner
as the TCE. All of the treated water samples were below the 5 pg/l. detection limit for these

compounds.

The 72-hour permanganate consumptions in the batch tests were somewhat less than those observed -

in the oxidant demand tests. The oxidant demand tests predicted a matrix consumption of 0.44 to
0.89 grams of KMnO, per kilogram of solids. The batch tests demonstrated permanganate
consumptions from 0 to 0.4 grams of KMnO, per kilogram of solids in 72-hours. At these low levels
it is difficult to compare the values given the potential errors involved. The batch values, however,

would more than likely stabilize at a higher value and be closer to the demand test values if the tests

continued for 168 hours like the oxidant demand tests.

Chloride ion (Cl'} concentrations in the groundwater and treated water samples ranged from 34.9 to
64.0 mg/L.. One treated water value of 598 mg/L was obtained, but it is suspected that this sample’

was mistakenly collected in a vial that had HCI preservative added for VOC sample collection. The
chloride values in the groundwater were too high to be able to detect the approxlmate 1 mg/L
chloride produced from VO(E oxidation. There may have been some detectable increase in values
for the treated samples, and this may be from oxidation of other chlorinated organics in t]_ne water,
‘but it also could be due to chloride impurities in the permanganate and quench reagents.

Nitrate ion concentrations in the groundwater and treated water samples were not impacted by
permanganate treatment. Concentrations were consistently in the range of 3,080 to 3,720 mg NO,7L

The shurry ORP measurements were consistent with permanganate concentrations. They were

IT Project 825930 ' MK Ferguson WSSRAP Report May 3, 2000
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greater than +550 mV in the presence of a permanganate concentration, and in the absence of
permanganate (the control tests) the slurry ORPs were at about +400 mV or below.

The pH data show did not show an impact on pH due to permanganate treatment. The groundwater
and treated water samples all had pH values within the range of 7.12 to 7.60. -

Metal analyses were in progress and not completed at the time of this report and will be reported at
a later date in a report addendum.

7.0 QA/QC MEASURES

All tests were performed in dupiic,ate and the agreement between duplicate tests was good as
summarized in Table 3 for the soil oxidant demand tests and Tables 6 and 7 for the slurry
. permanganate reactions. Table 8 summarizes the precision of the duplicate test results where

positive values were determined.

Table 8 — Summary of Duplicate Test Result Precisions for the Slurry
Permanganate Reactions

Test Parameter Number of Positive Result Relative Percent
' Test Pairs Differences (%)

TCE in Water 2 14, 15

CI in Treated Water 3 2,0,19

NO; in Treated Water 4 11,3,8. 4

KMnQ, Consumed 2 13, 46

RPD = Relative percent difference.or the difference between duplicate results expressed as a percentage of the - -

average of the results. \

8.0 CONCLUSIONS

Test data indicate that permanganate reaction with TCE, cis-1,2-DCE and vinyl chloride present in
the site groundwater occurs rapidly and are destroyed to below detectable levels (<5 pg/L) in
groundwater and aquifer environment within the first 8 hours of treatment. A permanganate
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~ concentration of 1,000 mg/L or above will accomplish this performance.

The aquifer oxidant demand was 0.44 to 0.89 grams KMnO, per kg aquifer solids. This is an
exceptionally low level and indicates that permanganate reagent would be used efficiently on site
to treat VOCs rather than react with the aquifer matrix. - Typical soil oxidant demand for a
permanganate treatment site that must be taken into account for determining reagent doses ranges
from 5 to 15 g KMnO /kg soil.

Chloride and nitrate ion concentrations in the groundwater as well as pH of the groundwater are not
impacted by permanganate treatment.

Metal analyses on treated waters were not complete at the time of this writing. Conclusions
regarding metal oxidation and mobilization issues will be addressed in a report addendum.

Based on the results available from these tests permanganate . treatment to destroy VOC

contamination is expected to be highly successful. Treatment conditions are favorable because of

the following:

1. Demonstrated rapid degradation of site VOC,

2. Low aquifer oxidant demand, which minimizes permanganate cost and allows efficient use of
permanganate reagent, even at low concentrations, and _

3. No adverse impact demonstrated on chloride and nitrate ion concentrations and groundwater pH.

IT Project 825930 MK Ferguson WSSRAP Report May 3, 2000
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Soil Oxidant Demand Data

IT Project 803283 Southern Solvents Draft Report October 19, 2000




LO0Z/YDISO : o ~ 00DDOOLO'0E6528 "ON Waloid
, : ; . JdYHSSM uosnbied YN

"Jojzalep Q4 oW Ag _us_E__ o pue :owma_ﬁ.u EmE_Em:._ 10} piepUE]S JSOMO] Bif) UD uomm..._ alom
Spw| uopeuenb JaJEAA UOREIGIED JUSWWIUISU] JO) PIBPUERLS 1SSMO| 2U3 pue sishleus ejduies jo poyew fos yBiy ey) uo paseq Jes aiam Sy uoneiuenb jog 90N
..m>.amzumma IOH s pajeunuejucd Buleq jo pejoedsns eidwes,

(*ON) s1enu S8 uoRRRUsOUCD),

2|qedidde JoN 10 pazAjEue JON = YN
4 ) ‘ )
865 8g’L 170 osie  foege/ 010t 615/ 9 G> 0LL> 7 8zl LH
509 75°L s 0 00€€ osy¥e 865 5> 0LL> ZL VZ.LIH
965 521 510 DBEE YN wN g> oLL> 8 9 8.LH] 3/Bui 058'c
B8 Gi'L LL0 0£€ vN wN : g> 01> g8 ¥ SLH} *oup yBiy
vIs 09'L oLLO- SLot ozve 1'eS _ 5> oLl> A Ay |
2l5 85, vE00 589 T 08 G> 0tl> 7] VZLLTY
G5 vl 6€2°0- A VN N G> oL1> 8 8811 /6w 000'L
€95 L 9900 998 WN WN . 5> o> [ s veit ___rouppi Mo
0% 152 vN WN 0L¥e 6t G¥5 L L gz419]
8¢ 87’2 WN N 09ee (X4 . Liv - zL v ZLLO]
E¥E L YN N 0Eve g'Ge 102 0zz> o [ goLof
Z5€ ZL'L VN N 080¢ 6'¥E 119 0ge> 0 v 010} [0/U0D
WN N YN VN VN VN N 0zz> YN ovil jeuaie Jepnby
¥N N YN N orse 18 0SZ 0> ZE0 SE0°0> 296 NI WN Mol 12|RMPUNOID)
{+}ans Hd nos By 1w hw Bw TBw B VB 7/Bn ByBn  fhsinoy | juiod - s8]
"SA AW siseq w Aip ojdweg
dHo pawnsuon | {sncanby) 19120 Ja1em wnjuein |essuebuew | winiuolyn - 19yepm rog fl ey
Jenpisay
YOUNY SN | epuoo (snoanby) siejeyy pasjossig oL 10/Y0/S0 :83eQ

00000010°0£6528 # LO3F0Ud

}sa| youag uonepixo sjeurbuewsag

dYHSSM uosnbiag Wiy 10} BlRQ 1S9 UOOEaY YIjeqd jo Alewwng
9 o|qeL



Geo-Cleanse International, Inc.

DRAFT
Bench Scale Test Report
Geo-Cleanse® Treatment Program

Weldon Springs Site
- Missouri

Prepared for:
MK-Ferguson
7295 Highway 94 South
St. Charles, Missouri 63304

May 2, 2001

Geo-Cleanse International, Inc
v 4 Mark Road, Suite C
Kenilworth, NJ 07033
Tel (908) 206-1250
Fax (908) 206-1251

contact@geocleanse.com
- www.geocleanse.com




Bench Test Report
Weldon Spring Site
DRAFT May 2, 2001

TABLE OF CONTENTS

Section

1.0
1.1
1.2
1.3

2.0
2.1
2.2
2.3

2.4
2.5

3.0
3.1
3.2
3.3

4.0

5.0

Permanganate OXidation .........ccccoiiicvvimniieicciiei s iicine e sinr e v
Bench Test Objectives and Overview.............. SUPUPRPRN
MATERIALS AND METHODS.. ....ccovrermvnieiemrereesineaseeesrrsressssnessens
Sample ColleCHON ..cuveriireerccerirrrerseriresrmmereensriessscnrmnessasareenenaes
Total Oxidant Demand TEStS.......c.c..rmuecerersecerrieeseecsssrmmecessecsenes
Aquifer INpact TesiS......vvvvvrrvrecrrrnneerrrmneesessmerrmrascecrarrisnnnenseens
Contaminant Oxidatton TestS .......cccvvvvverecrsmnseriisisenne e
General Analytical Methods ......ccovrvvvvrvriecereieccnes ety e
RESULTS AND DISCUSSION ......oovorereccirrrrr e iernneeanneeeanns J
Total Oxidant Demand Tests.........ccooeeeveneee e
Aquifer Impact TestS......vcvviiiiiiiimiiiiiii e
Contaminant Ox1dation Tests .......cccvveeercrmrecrevieeecceernresseaerernee
CONCLUSTONS. ...t veirerrssnrressrseeenasnersesseseasneesseresassearesssesessnssnres
REFERENCES CITED.......ccooiriirrenrrermrrre e esimsssssanasssansssnasns

List of Figures

1.1
3.L
32
3.3

Trichloroethene (TCE) Oxidation Pathway
Oxidant Demand Test Results (Full Data Set)
Oxidant Demand Test Results (ORP > 50 mV)
VOC Oxidation Test Results

List of Tables ,
3-1. Target Analyte List Metz}.ls and Permanganate Results
3-2. Volatile Organic Compound Oxidation Test Results

2
{Fen-Cleanse International, Inc.




Bench Test Report
Weldon Spring Site
DRAFT May 2, 2001

1.0 INTRODUCTION

MK-Ferguson, Inc. (MK-F) has identified an underground discharge of organic compounds
(primarily chlorinated hydrocarbons) in groundwater at the Weldon Springs site. Based upon ‘a
preliminary review of site characterization data provided by MK-F, Geo-Cleanse International, Inc. (GCI)
believes that geologic and hydrogeologic conditions are appropriate and the site is amenable to treatment
of the known organic contamination by permanganate in-situ chemical oxidation (PISCO) utilizing the
Geo-Cleanse® Process. The Geo-Cleanse® Process is an in-situ injection technology to inject chemical-
oxidants to the subsurface to oxidize hydrocarboﬁ organic contaminants to substituent carbon dioxide and

water (see Section 1.2).

1.1 Oxidant Selection

Based upon review of the supplied documents, GCI recommended permanganate as the selected
oxidant for application at the site, as opposed to Fenton’s reagent, for several reasons including (but not
limited to):

(D Permanganate is much longer-lived than Fenton’s reagent, which increases the ability to
distribute the reagent and destroy the TCE under conditions of relatively large fracture
volume and rapid groundwater flow regimes. '

(2) Permanganate is a more efficient oxidant than Fenton’s reagent under conditions of
relatively low (<5,000 ug/L.} TCE concentrations. 7

(3) Permanganate is much less sensitive to groundwater pH, alkalinity or iron concentration
than is Fenton’s reagent. Under conditions present at the Weldon Springs Site, no
additional reagent amendments (other than the pcrmanganate solution) are antlc1pated to be
required for treatment.

(4) Fenton’s reagent requires a mildly ‘acidic' pH condmon, low alkahmty and elevated iron
concentration for effective treatment. The mildly acidic condition will be difficult. 6
achieve under the aquifer and bedrock conditions present at the site. Although iron could be
-maintained in solution through the use of iron chelators, these chelators may themselves be
of environmental concemn. Furthermore, dissolved bicarbonate (present as long as
groundwater is akaline) is an effective radical scavenger, inhibiting treatment of low (<1
mg/L) dissolved VOC concentrations, even when iron is maintained in solution.

. 3
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Only relatively dilute (much less than 1%) penmanganate solutions will be likely be necessary to
deliver the required oxidant charge because the contaminant concentrations at the site are relatively low.
Sodium permanganate is preferred over potassium permanganate when the required permanganate mass is
very large, because the solubility of sodium permanganate (up to 40%) is much higher than potassium
permanganate (less than 6%). Potassium permanganate is also preferred over sodium permanganate
primarily because potassium permanganate is approximately Y of the price (per unit of oxidizing power,
or mole of permanganate) of sodium permanganate. Potassium permanganate is delivered as a powder,

and reagent preparation is conducted inside a mobile injection treatment unit operated by GCL

1.2 Permanganate Oxidation

Permanganate (MnO,) is widely used for drinking md wastewater treatment, and has been
recently evaluated at several sites for in-situ destruction of organic contarninants in soil and groundwater
- (e.g., US. EPA, 1998). Permanganate ion is most frequently used as potassium permanganate (KMnQOy;
solubility approximately 65 grams per liter [g/L] at 20°C) or sodium permanganate (NaMnO,; solubility
approximately 400 g/L at 20°C). Permanganate is considered a strong oxidizer (E° = +1.7 volts [V]) and |
readily oxidizes TCE (CLC=CHC(I), the primary contaminants present at the Weldon Springs site, with
the following basic stoichiometric relationship:

2MnO, + CLC=CHC] - 2CO, + 2MnO, + 3CT + H’ )

where CO; is carbon dioxide, MnO, is manganese dioxide (which precipitates as an insoluble solid), CI is
chloride bn, and H' is hydronium ion, O, is oxygen and H,O is water. The systematics and pathway of
permanganate oxidation of TCE is not well known. Huang et al. (1999) found that TCE oxidation was

generally complete in 60 to 90 minutes, and reported a rate constant for equation 1 of approximately 0.9 .~

M's”, Intermediate oxidation products are reported to include formic, glycolic, glyoxylic and oxalic -
acids, which are subsequently oxidized to carbon’dioxide (Yan and Schwaﬁz, 199.8). The most detailed
studies to date are those of Yan and Schwartz (1999, 2000). Yan and Schwartz (1999, 2000) proposed a '
reaction scheme for oxidation o¥ chloninated ethylenes (including TCE and cis-1,2-DCE) which ge;ierates
aldehydes.and carboxylic acids as intermediate pfoducts (Figure I1). Yan and Schwartz (1999, 2000)
found that the permanganate reaction rates with chlorinated ethylenes increase with decreasing
chlorination, i.e., vinyl chloride reacts more rapidly than TCE. Yan and Schwartz (1999) reported that the
reaction was pseudo-first order with respect to both TCE and permanganate, and second-order overall,
with a second-order rate constant of 0.66 M''s™.

. 4
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Precipitated MnO, is also environmentally active. Solid MnO; can be reduced and dissolved by
certain organic compounds, resulting in oxidation and destruction of the organic compound. For example,
Laha and Luthy (1990) report oxidation of aniline and other aromatic amines, catechol, and quinones by
colloidal suspensions of solid MnO,. Manganese dioxide also undergoes ion-exchange reactions with
dissolved metals. Metal adsorption is sensitive to pH, but under near-neutral conditions (pH of 5 to 8),
MnQ; is capable of adsorbing heavy metals such as hexavalent chromium, cadmium, and copper (Vella,
1998). _ .
Permanganate also reacts with oxidizable metals and certain natural organic compounds in soil
and groundwater. For example, MnO," oxidizes Fe™ to Fe**:

3Fe™ + MnO,” + 4H" — MnO,; + 3Fe™ + 2H,0 3)

Rélatively higher concentrations of oxidizable metals or other compounds, therefore, act to increase
oxidant demand and reduce permanganate efficiency. Permanganate is not a thermodynamically favorable
form of manganese in groundwater systems due to the presence of oxidizable organic and transition
metals, thus the potential migration of permanganate solutions is limited.

1.3 Bench Test Objectives and Overview
Prior to conducting a field pilot test, MKF requested a bench test to confirm effectiveness of the

proposed technology and to attempt to evaluate the potential impact of permanganate in-situ chemical
oxidation on groundwater quality. The purposes of this document are to:

(1) Describe the fundamental basis for application of PISCO to TCE, identified by MK.F as the
primary contaminant of concern at the site.

(2) Describe the objectives, methods, and results of bench scale treatability tests conducted -
with Geo-Cleanse® PISCO reagents on grouhdwater and rock sam]iles from the Weldon
Springs site. o ' '

(3} Draw conclusions regarding overall applicability of PISCO on the contaminants p.t;ésent

" and under the geological and hydrological characteristics present at the Weldon Springs
site. .

Three types of bench tests were conducted to evaluate the potential effects and applicability of

| PISCO at the Weldon Springs site. The specific tests conducted included total oxidant demand tests,

aquifer impact tests, and contaminant 'oxidau‘on tests. The total oxidant demand tests were intended to

. 5
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evaluate oxidant demand from naturally present oxidizable metals and organics, and from the targctéd
contaminants. Aquifer impact tests were conducted to evaluate the potential impact of permanganate
treatment on inorganic groundwater quality, specifically upon. dissolved metals concentration. Finally,
contaminant oxidation tests were conducted to confirm that permanganate would oxidize TCE to
concentrations below the ARAR of 5 ug/L, and utilize the resulting data (in conjunction with the ORP

data) to evaluate reagent requirements,

" 6
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2.0 MATERIALS AND METHODS

2.1 Sample Collection

Samples were collected by MKF personnel and delivered under standard chain of custody
protocols to GCI. A 5 L groundwater sample identified by MKF as GW-3030-032701-GC, collected on
March 27, 2001, was supplied in five 1,000-mL amber glass bottles ﬁrcserved on ice but not 6therwise
preserved (ie., no acid or other‘preservative was added). Two groundwater core samples identified by
MKF as BR-3035-GC-135 and BR-3035-GC-36, collected (from an archived core) on March 28, 2001,
were provided, individually packaged in a plastic Ziploc®-type bag and stored on ice but not otherwise

preserved. Samples were delivered by overnight express mail and received at GCI on March 29, 2001.

2.2 Total Oxidant Demand Tests

Four 200-ml aliquots of groundwater were transferred to 400-mL Pyrex beakers containing a
Teflon-coated magnetic stirrer. A charge of 4, 6, 8 and 10 mL of a 711 mg/L. permanganate solution
(standardized with sodium permanganate) was added to each beaker and ORP measured after thoroughly
mixing the amended groundwater sample. ORP was measured at approximately 1-hr intervals for 8 hours,
then at approximately 2-hr intervals starting the next day. The samples were allowed to react until ORP
was stable. A plot was prepared of the final ORP versus volume of permanganate added. The volume of
permanganate added to achieve a stable ORP was the quantity of permanganate solution required to
oxidize all reactant species in the 200-mL groundwater sample. Bedrock samples were not included in
these tests because the available surface area does not significantly affect total oxidant demand.

2.3 Agquifer Impact Tests
A natural fracture face of the bedrock (derived from the bedrock cores) was suspended within

polyethylene cable ties in a 1,000-mL volume of site groundwater in a 2,000 mL Pyrex beaker. The
unnatural, cut surfaces of the core section (representing the sides of the core) were coated with non-
reactive polyurethane (meax@ Fast-Drying élear Gloss) to isolate these surfaces from reagent
exposure. The full, natural frari:turc face was fully immersed in the amended groundwater. A 20 mL
charge of 711 mg/L sodium permanganate (standardized with sodium oxalate; see below) was added to
the groundwater (resulting in a net 13.9 mg/L concentration of éodimn permanganate in the test solution,
which was targeted based upon the total oxidant demand test results; see Section 3.1) and allowed to react
while gently stirring with a Teflon-coated stir bar. Tﬁe experiment was concluded after 48 hours, and the
solution was filtered (0.45-micron) and analyzed for target analyte list metals (23 metals) plus uranium
(uranium results will be reported separately). The target analyte list metals (except mercury) were

analyzed by EPA Method 200.7. Mercury was analyzed by Method 245.1. This test was conducted on

. 7
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each bedrock sample submitted to GCI. A method blank was prepared by adding 20 mL of the stock 711

mg/L permanganate to 1,000 mL of deionized water, to evaluate the metals concentration in the reagent at

the identical concentration utilized in the tests.

24 Coniaminant Osxidation Tests

. The final set of tests was conducted to ensure that permanganate can oxidize the targeted
compound (TCE) at the site to levels below the ARAR of 5 ug/L, and estimate the permanganate
requirement for the site. For this test, six 250-mL aliquots of groundwater were transferred to 250 mL
Pyrex media bottles. Media bottles were selected because they are effectively vapor-tight to mitigate
volatilization. Five bottles received permanganate amendments, one test each with approximately 0.6, 1,
2, 5 and 10 times the stoichiomgtric oxidant demand. Stoichiometric oxidant demand was based upon
equation 1, which assumed a 220 pg/L TCE concentration (based upon pre-test data supplied by MKEF).
Equation 1 predicts a stoichiometric mass ratio for NaMnO,.TCE of 2.2:1. For a 250 mL volume of
groundwater and a 711 mg/L solution of permanganate, the volume of permanganate solution for each test
was 100 pL (0.6 x stoichiometric), 170 uL (1 x stoichiometric), 340 pL (2 x stoichiometric), 850 pL (5 x
stoichiometric), and 1,700 pL (10 x stoichiometric). One bottle was utilized as a method blank, which
received no oxidant but was otherwise treated exactly as a sample, to represent the baseline condition.
The solutions will be allowed to react in the dark for 48 houro, aftet which an aliquot was collected for
VOC analysis by EPA Method 8260. N

2.5 General Analytical Methods
Bench test experiments were conducted at GCI’s Romedmtton Technology Testmg Laboratory
Laboratory facilities include a dedicated fume hood, refrigerated sample storage, a Hach DR-2010 data
logging spect'ophotometer micropipettors, glass electrode pH meters, thermometers, analytical balances,
rcagents and all associated glassware and other facilities necessary for proper cleamng, storage, .
sampling, analyses and other experimental procedures required for these tests.
All laboratory matenal_s to which the samples or reagents came into contact were composed of -
Pyrex, stainless steel, Teflon, ot polyethylene (as dictated by the analytical procedmé), and were cleaoed
with deionized water and Alconox and then triple -rinsed with deionized water prior to use. Solution
volumes were measured with Class A graduated cylinders, volumetric flasks or a calibrated micropipette.
Sample or reagent masses were measured wit‘t; calibrated analytical balances. Solution pH was measured
- to £0.01 pH units with a glass electrode meter calibrated daily. All reagents were reagent grade or better,
and only deionized water was used in all experiments.

. 8
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A stock sodium permanganate solution (with a target of approximately 500 mg/L, soditim
permanganate) was prepared by diluting 3.75 mL of 40% technical grade NaMnQ, solution to 3,000 mL
with deionized water. This solution was then standardized (with a result of 711 mg/L NaMnQ,) by
titration with sodum oxalate. In order to measure residual sodium permanganate in test solutions,

secondary standards at 0.711 mg/L, 3.56 mg/L, 7.11 mg/L, and 35.6 mg/L sodium permanganate were '
prepared by dilution of the 711 mg/L stock solution. Absorbance was measured at 546 nm using matched

25 mL glass cells. A inear regression was calculated by least squares regression of the absorbance
(independent variable) and known concentration (dependent variable), against which the samples were

compared to measure sodium permanganate concentration in the sample.

9
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3.0 RESULTS AND DISCUSSION

3.1 Total Oxidant Demand Tests _

The total oxidant demand test results are presented in Figures 3-1 (full scale) and 3-2 (reduced
scale to exhibit in greater detail the results with ORP greater than 550 mV). The ORP results exhibit
patterns that are very similar in all four tests (Figure 3-1), but the quantitative results for each
successively increasing permanganate concentration are offset from each other (i.e., the trends are parallel
but do not converge). The baseline ORP ranged from 239 to 245 mV prior to permanganate addition.
After addition of 4 to 10 mL of 711 mg/L sodium permanganate, the ORP increased to range from 536 to
574 mV (Figure *1). The ORP than decreased over a period of 4 hours (with minimum ORP values
ranging from 551 to 565 mV), after which ORP then increased (without additional permanganate
amcndment's). The next moming, ORP had dropped again in all four tests, however the parallel trends
were maintained, indicaﬁng that the permanganate demand had been satisfied after addition of less than 4
mL of 711 mg/L sodium permanganate (equivalent to a 13.9 mg/L solution NaMnQ,).

3.2 Aquifer Impact Tests
The aquifer impact results for target analyte list metals and residual permanganate results are

presented in Table 31. The sodium permanganate cencentration established in the samples was 13.9
mg/L, (based upon the results of the total oxidant demand tests described in Section 3.1). Results for the
Method Blank {(a sampie with identical sodium permanganate concentration as the test samples, but
* diluted with deionized water rather than site groundwater) indicate that only sodium and manganese were
present at relatively high concentrations. The only other metal detected was zinc, with a wncmﬁaﬁon of
81 pg/L. Therefore, metals in the permanganate amendment would not contribute significantly to any
metals detected in the treatment solutions (derived by dissolution from the rock core fragment).
Post-treatment analysis of the samples exposed to the bedrock core yielded calcitim, magnesium, ‘
and sodium in the treated water samp]&s. Mostlsignjﬁcantly, primary metals of cencern when wbrking
with permanganate (for example chromium, lead, and mercury) remained at non-detectable levels. The
treated samples yielded calcmm and magnesmm (representing hardness in the groundwater samplc
utilized), and potassium (unkncwu origin). Thus establishing an approximately 14 mg/l sodium
permanganate concentration satisfies total oxidant demand (based upon the ORP titration; Section 3.1)
and does not produce significant quantities of liberated metals from either the pcrmanganate or the rock

sample.

10
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3.3 Contaminant Oxidation Tests | .
Analytical results for VOCs and residual sodium permanganate are presented in Table 3-2. The

total chlorinated VOC results (sum of TCE and cis-1,2-dichloroethene concentrations) are presented
graphically in Figure 3-3. The background concentration of chlorinated VOCs (taken as the sum of TCE
and cis-1,2-dichlorosthene concentrations) was 229.6 mg/l. The VOC concentration decreased
progressively (and linearly) with increasing permanganate addition, with a TCE concentration less than
the ARAR of 5 pg/L. established at approximately a mass ratio equivalent to approximately 10 times the
stoichiometric amount. The 10x test was addition of 1.7 mL of 711 mg/L sodium permanganate to a 250
mL volume, thus the net sodium permanganate concentration in the test solution was approximately 4.8

mg/L.

8
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4.0 CONCLUSIONS

The following general conclusions were reached based upon the analytical results of the bench

tests: '

(1) The total oxidant demand of groundwater from the Weldon Springs site (based upon ORP
measmclhents) was satisfied after establishing a sodium permanganate concentration of
13.9 mg/L. ' _ o

(2) Calcium, magnesium, manganese, potassium and sodium were the only metals detected in
water samples with 13.9 mg/L. sodium permanganate and with a core section from the site
immersed in the groundwater for 48 hours. This indicates that many metals of potential
concern during PISCO (e.g., chromium, lead, mercury, etc.) were not detectable in the °
concen&aﬁons of permanganate that are likely to be used at thxs site.

(3) A stoichiometric mass ratio 6f NaMnO,:VOC of approximately 10:1 resulted in greater
than 99% oxidation of trichloroethene and ci-1,2-dichloroethene (to a concentration of 2.0
pg/L, below the ARAR of 5 pg/L). For the 220 pg/L TCE concentration in the test samples,
this corresponded to establishing a concentration of approximately 4.8 mg/L of sodium

permanganate,

_ Based upon these results, PISCO treatment of the TCE plume at the site is a viable technology to
— ~ for TCE oxidation and to achieve the ARAR value of 5 mg/L. The estimated 10:1 mass ratio of
permanganate: VOC is anticipated to represent the integrated treatment target at the site,

12
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Table 3-1. Target Anaiyte List Metals and Permanganate Results

Method Blank | BR-3030-GC-135 | BR-3030-GC-36
Analyte ug/l ug/L u

Aluminum ND (<100) ND {<100) ND {<100)
Antimony "ND (<7.5) ND (<7.5) ND (<7.5)
Arsenic ND {<4) ND {<4) ND {<4)
Barum ND (<25} ND (<25). ND {<25)
Beryllium ND (<10} ND {<10) ND (<10}
Cadmium ND {<2) ND {<2) ND {<2)
Calcium ND (<1,000) 100,000 110,000
Chromium (total) ND (<25) ND (<25} ND (<25)
Cobalt ND (<10} ND {<10} ND {<10)
Copper ND (<25) ND (<25) ND {<25)
iron ND (<150) ND {<150) ND (<150}
Lead ND {<5) ND (<5) ND {<5)
Magnesium NB (<1,000) 39,000 41,080
Manganese 3,300 180 1,600
Mercury ND {<0.21) ND (<0.21) ND (<0.21)
Nickel ND (<25} ND (<25) ND (<25)
Potassium ND (<500} 3,600 3,600
Selenium ND {<25) ND ({<25) ND {<25)
Silver ND {<10) ND (<10} -ND {<10)
Sodium 4,100 180,000 200,000
Thallium ND (<5) ND (<5) ND (<5)
Vanadium ND {<25) ND {<25) ND (<25)
Zinc 81 ND (<25} ND (<25)
Sodium Permanganate 13,700 476 J 5,890

Notes:

Bold font indicates analyte was positively detected.
ND indicates analyte was not detected with the quatad PQL.
PQL is the practical quantitation limit quoted by the analytical laboratory.

J indicates the analyte v'v\as positively detected at an estimated concentration less than the PQL.




Tabla. 3-2. Volatile Organic Compound Oxidation Tast Results

Tast 2 Tost 3 Tast 4 Test b Test o
Tast 1 0.6x Stoichiometric | 1x Stoichiometric | 2x Stalchi tric | 5x Stoichi tric | 10x Stoichiometric
Gompound Method Blank |- 100 ulL NaMnO, 170 ul NaMnO, | 340 uL NaMnO, 1 830 uft NaMnO, | 1,700 ul NaMnO,
—. o T e T S S Ty - T

1,1,1-Trichioroethane ND (<0.23) ND [<0.23) ND {<0.23) ND (<0.23} NI (<0.23) - ND (<023}
+.1,2,2-Tetrachioroethans ND (<0,27) MWD (<0.27) ND {<0.27) ND (<0.27} ND (=0.27) ND (<0.27)
1.1,2-Trichloroethana ND (=0.37} ND (<0.37) ND {<0.37) ND (<0.37} ND (<0.37) ND («0.37)
1.1-Dichloroethane NEY {<0.24}) WD (<0.24) ND (<0.24) ND (<0.24) ND (<0,24) ND (<0.24)
1,1-Dichloroethene MO (<0.33) ND («0.33) ND (=<0.33) ND (<0.33) ND (<0.33) ND [<0.33)
1,2-Dichlorosthana ND [<0.13 ND (<0.13) NOD {«0.13) ND (<0,13} ND [<0.13) NE («0.13)
1.2-Dichloropropane ND (<0.18 ND (<0,18) ND (<0.18) ND (<0.18) ND (<0.18) ND (<0.18)
2-Butanone NEL (<0,87) ND (<0.87) ND (<0.87) ND (<0.87) ND (<0.87) ND (<0.87)
2-Chioroethylvinylether ND (<0.80) ND (<0.40) ND (<0.80} ND (<0.80) ND (<0.80) ND (=0.80)
2-Hexanone __ND{<0.22) ND(<0.32) | _ ND (<0.32) ND (<0.32) ND (<0.32) ND (<0.32)
+HMethyl-2Fentanone ND {«0.28) ND (<0.28) ND (<0.28} ND (<0.28) ND {<0.28) NE (<0.28)
Acatone ND {<2.7) ND (<2.7) NO (<2.7) ND (<2.7) ND (<2.7) ND (<2.7)
Acrolein ND {«3.2) ND {<3.2) ND [<3.2) ND (<3.2) ND (<3.2) ND (<3.2)
Acrylonitrile ND (<2.1} ND [<2.1) ND (<2,1) ND (<2,1) ND (<2.1} ND {<2.1)
Benzena ND (<0.27) MND (<0.27) ND (=0.27) ND {<0.27) ND (<0.27} ND (<0.27)
Bromodichloromethane - ND (<0.15) ND (<0.15) N} (<0_15 ND {=0.15] ND {<0.15) ND (<0.15)
Bromofarm ND (<0.15) ND (<0.15) ND (<0.15 ND {<0,15] ND (<0,15) ML (<0.15}
EBromomethane ND (<0,31) ND ¢{=0.31) ND [=0.31 ND {<0.31 ND {<0.31) ND (<0.31)
Carbon Disulfide ND (<0.27) ND (<0.27) ND (<0.27) ND {<0.27) ND (<0.27) ND (<8.27)}

[Carbon Tetrachloride ND (=0.21) ND (<0.21) ND [<0.21) ND {<0.21) N {(«0.21) NC(<g.21)
Chlorobenzens ND (<0.26) ND {=<0.28} N {<0.28) ND {<0.28) ND («0.28) ND (<0.28)
Chlorosthane ND (<0.49) ND (<0.48) NE (<0.49) ND {=.40) ND (<0.49} ND (<0.48)

Chiorolornm 21 2.2 1.9 2.0 241 21
IChioromethane ND (<0.51) ND (<0.51) MND [<0.51) ND {<0.51) ND («0.51) ND {<0.51}
Cls-1,2-Dichioroethens 8.6 9.8 9.1 7.3 1.4 HD (<0.27}
Cis-1,3-Dichlorepropane ND (<0.18) ND {<1.18} ND (<0.18) ND {<0.18) ND (<0.18) ND (<0.18)
Dibromochloromethane ND (<0.22) ND {<0.22) ND (<0.22) ND (<0.22) ND {«0.22) ND (<0.22)
Ethylbenzana ND {<0.58) ND {<0,58) ND» (<0.58) MO (<0.58) ND {<0.58) ND (=0.58)
Im- & p-Xylenes ND (<0.80) ND {<0.90) ND (<0.90) ND (=0.90) ND {<0.50) ND (<D.80)
Meathiane Chiorids ND (<1.5) ND (<1.5) ND {<1.5) NI} (<1.5) ND {<1,5) ND (<1.5)
o-Xylana ND (<0.52} ND {<0.52) ND (<0.52) ND (<0.52 ND [<0.52) ND (<0.52)
ane NO (<0.44) ND (<0.44) ND (<0.44) ND (<0.44 ND {<0.44) ND (<0.44)
Tatrachlomosathene ND (<0.38) ND {<0.30) ND (<0.30) ND («<0.30 ND (<0,30) ND (<D.20)
Toluens ND {<0.19) ND [=0.19) ND (<0.18} ND (<019 ND (=0.19) ND {£0,19)
Trans-1,2-Dichloroathena N (<0.34) ND {<0,34) ND (<0.34) ND (<0.24 ND (<0.34) ND [<0.34)
Trans-1,3-Dichiormpropane ND {<0.23) ND {<0.23) "~ ND (<0,23) ND {«0.23 ND (<0.23) ND (<0.23)
Trichloroethene 220 : 220 200 180 7. .20

Vinyl Chiorida ND (<0.55) NI (<0.55 ND {=0.55) ND (<0.55) ND {<0.55) ND {<0.55) .-

Sadium Parmanganate - ND («<300) ND (<300 ND (<300} ND (<300) 1,420 3,390 -
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(636) 928-0300

(636) 928-2050 (fax)

May 2, 2001

[T L ==

Mzr. Vernon D. Logan
Subcontract Administrator

Morrison Knudsen Corporation ERM.
MK Ferguson Group

Weldon Spring Site Remedial Action Project

7295 Highway 94 South

St. Charles, MO 63304

RE: ~ Weldon Spring Site Remedial Action Project
Ground Water Operable Unit (GWOU)
Insitu Chemical Oxidation Treatment Bench Scale Testing Results
Potassium Permanganate and Sodium Persulfate
MK Ferguson Purchase Order No. 3589-0000-32713
ERM Project No. FV201.00

Dear Mr. Logan:
INTRODUCTION

Environmental Resources Management’s (ERM's) Remediation
Technology Group (RTG) is pleased to submit this report summarizing
the results of the bench scale treatability study performed using
weathered bedrock and ground water samples from the Weldon Spring
Site Remedial Action Project (WSSRAP) located in Weldon Spring, St.
Charles County, Missouri. The tests associated with this study were
designed to investigate the effectiveness of two chemical oxidants,
potassium permanganate and sodium persulfate, to treat the primary
contaminant of concern (COC), trichloroethene (TCE) in ground water at
the WSSRAP and to determine the oxidant demand of each weathered
bedrock sample. Additionally, the effect of chemical oxidation on the
dissolved concentrations of the secondary COCs, uranium,
nitroaromatics, and nitrate, was determined durmg the performance of
the bench scale treatability tests.

ENepfAEvZNEV201N00 wph lettersh 1-lir.doc
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The goal of using insitu chemical oxidation (ISCQ) in the field is to
achieve the Applicable, Relevant, and Appropriate Requirements
(ARAR) for TCE, which is the U.S. Environmental Protection Agency
(USEPA) Maximum Contaminant Level (MCL} of 5 ug/L. An
additional goal is to not mobilize the secondary COCs during the
oxidation of TCE. :

SUPPLY OF GROUND WATER AND BEDROCK SAMPLES

Personnel from MK Ferguson performed the field sampling work to
collect the weathered bedrock and ground water samples to be used by
ERM'’s Remedial Technology Center (RTC) in performing the bench
scale treatability tests. MK Ferguson personnel collected the samples
on March 28, 2001, packed them on ice, and shipped them using
standard chain-of-custody procedures to ERM’s RTC in West Chester,
Pennsylvania. The weathered bedrock and soil samples arrived at the
RTC on March 29, 2001.

MK Ferguson personnel supplied two weathered bedrock samples and
one ground water sample for the study. Approximately 6.5 kilograms
(14.3 pounds) of weathered bedrock designated “BR3034” were
received in three plastic bags. Approximately 7.4 kilograms (16.3
pounds) of weathered bedrock designated “BR3035” were received in
three plastic bags. Ten 1-liter bottles of ground water designated
“GW3034" were also received. The sample containers were inspected
for integrity and radioactivity. No counts were observed with a Geiger
counter. The samples were then logged in and placed in refrigerated
storage. '

BENCH SCALE TREATABILITY TESTS

The basic experimental design for the WSSRAP bench scale chemical
oxidation treatability study consisted of five phases of work. These
phases were as follows: '
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1. Initial characterization of the two weathered bedrock and single
ground water samples;

2. Determination of chemical oxidation effectiveness against the
primary COC with: (a) potassium permanganate alone, and
{(b) a combination of sodium persulfate and ferrous iron;

3. Determination of chemical oxidation effectiveness against the
secondary COCs with: (a) potassium permanganate alone, and
(b) a combination of sodium persulfate and ferrous iron;

4. Determination of total matrix oxidant demand for each weathered
bedrock sample using: (a) potassium permanganate alone, and
(b) sodium persulfate alone; and

5. Determination of the solubility of secondary COCs in the
' weathered bedrock using: (a) potassium permanganate alone, and
(b) a combination of sodium persulfate and ferrous iron.

PHASE I - INITIAL CHARACTERIZATION OF SITE MATERIALS
Initial Characterization Procedures

Prior to beginning the actual treatability experiments, the weathered
bedrock samples and ground water were processed and chemically
characterized as described in the sections below.

Weathered Bedrock - The two bedrock samples, BR3034 and BR3035,
were mechanically crushed individually. Each sample was then
screened to a uniform size (10-mm screen) to remove debris, and mixed
by hand to apparent homogeneity. The processed bedrock samples
were then refrigerated in sealed containers with minimal headspace
and used in all subsequent tests.
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Crushing and screening of the weathered bedrock was necessary to
create materials of similar physical composition for use in the tests. The
similarity of the starting materials allows for the direct comparison of
data generated from each weathered bedrock sample.

Processed weathered bedrock samples, BR3034 and BR3035 were each
analyzed for:

¢ Chemical Oxygen Demand (MCAWW Method 410.1);
s Total Organic Carbon ( US EPA SW846 Method 9060 );
¢ Nitroaromatics (US EPA SW846 Method 8330);

¢ Nitrate (US EPA SW846 Method 9056); and

e Uranium (US EPA SW846 Method 908).

All analytical tests were performed by CompuChem Laboratories
(CompuChem) of Cary, North Carolina, except for the uranium
analysis. CompuChem subcontracted the uranium analyses to Paragon
Analytics, Inc. (Paragon} of Fort Collins, Colorado.

Ground Water - Ground water sample, GW3034, was analyzed for:

¢ Volatile Organic Aromatics ( US EPA CLP SOW OLM04.2 );

¢ Nitroaromatics ( US EPA SW846 Method 8330 );

» Nitrate ( US EPA SW846 Method 9056 );

e Dissolved Uranium ( US EPA SW846 Method 908 );

e pH (USEPA SW846 Method 9040 ); |

e Total Organic Carbon (TOC) ( US EPA SW846 Method 9060 );
e Chemical Oxygen Demand (COD) (MCAWW Method 410.1);
o Alkalinity as Carbonate (MCAWW Method 310.1); and

e Alkalinity as Bicarbonate MCAWW Method 310.1).

All analytical tests were performed by CompuChem, except for the
uranium analysis, which was subcontracted to Paragon.

The samples for uranium analysis were sent for overnight delivery to
Paragon on Friday, March 30, 2001. These samples arrived in good
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- condition on Saturday, March 31, 2001. The samples for the remaining
analyses were sent for overnight delivery to CompuChem. These
coolers were delivered to the laboratory on Monday, April 2, 2001,
instead of Saturday, March 31, 2001. CompuChem notified David
Robinson of ERM that these coolers arrived out of temperature (at 7°C,
rather than 4°C as required), and that the nitrate samples were out of
the standard 48-hour holding time. A decision was made by ERM to
proceed with all analyses in order to meet the project schedule and to
consider the data generated provisional. The status of these data were
discussed with Barb Duletsky, the MK Ferguson Project Manager, on
April 6, 2001.. '

Characterization Sample Results

Results of the bedrock and ground water analyses are shown in Table 1.

Only those compounds detected above the practical quantitation limit
(PQL) are shown in the table. Copies of the laboratory analytical
reports are contained in Appendix A.

The ground water sample from GW3034 contained 640 n/L of TCE, the
primary COC, along with lower concentrations of several other volatile
organic aromatics (VOAs). For the secondary COC, only quantifiable
levels of nitrate (785 mg/L) and uranium (3.93 = 0.53 u/L) were found
in the ground water. The ground water was at a near-neutral pH (7.46)
and contained low levels of organic material as shown by the 69.6
mg/L concentration of Total Organic Carbon and a Chemical Oxygen
Demand of 20.2 mg/L.

The weathered bedrock sample from BR3034 contained acetone at an
estimated concentration of 8 ug/kg. No other VOAs or nitroaromatic
compounds were detected in sample BR3034. This finding may be
questionable since acetone was also detected in the method blank,
which would suggest that the acetone may be a laboratory artifact.
Nitrate, at 7.63 mg/kg, and uranium, at 0.72 £ 0.10 ug/kg, were also
present in sample BR3034. This bedrock sample also exhibited a high
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Total Organic Carbon concentration of 110,500 mg/kg, and a relatively
low Chemical Oxygen Demand of 26.4 mg/kg.

The weathered bedrock sample from BR3035, contained acetone and
2-butanone at estimated concentrations of 4 g /kg and 2 ug/kg,
respectively. No other VOAs or nitroaromatic compounds were
detected in sample BR3035. These findings may be questionable since
acetone and 2-butanone were also detected in the method blank, which
- would suggest that they may be laboratory artifacts.. Nitrate, at 3.6
mg/kg, and uranium, at 0.84 ug/kg, were also present. This bedrock
also exhibited a high Total Organic Carbon concentration of 113,000
mg/kg, and a relatively low Chemical Oxygen Demand of 3.0 mg/kg

Finalization of the Treatability Study Work Plan

On April 6, 2001, a conference call was made by George Skladany and
David Robinson of ERM to Barb Duletsky of MK Ferguson to discuss
the Initial Characterization results and proposed changes in the
treatability study work plan. Four issues were discussed: (1) the status
and use of the initial characterization provisional data; (2) provisions
for spiking nitroaromatics into the site bedrock/ground water samples
due to the absence of nitroaromatics from these materials; (3)
conducting the oxidation efficiency tests in two separate stages: one for
the primary COC and a complementary experiment for the secondary
COCs; and (4) analyzing for nitroaromatics as part of the bedrock
solubilization tests.

1. Ms. Duletsky commented that the initial characterization results
were similar to those independently obtained by MK Ferguson on
similar samples. With respect to the sample temperature and
holding time issues, ERM offered to provide new samples for
analyses should that be deemed necessary. A decision was made to
use the provisional data since new “Time = 0” samples would be
submitted with each new treatability experiment.
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2. Since the effect of the chemical oxidants on the secondary COC was
one of the major concerns of the study, the lack of nitroaromatic
compounds in either the bedrock or ground water samples was
discussed. In order to investigate the effect of permanganate and
persulfate on nitroaromatic compounds, it was decided to spike the
ground water to contain these compounds. It was determined that
a certified chromatography standard solution of these standards
would be purchased from Restek Corporation (Restek) of "
Bellafonte, Pennsylvania. The targeted spiking concentration was
set at 10 /L for each nitroaromatic compound.

Each processed bedrock sample contained quantifiable
concentrations of nitrate and uranium, but no nitroaromatics. Due
to the difficulty in spiking solid matrices with organics, a decision
was made to use the processed bedrock materials, as is, in the
treatability tests without modification.

3. Approval was received to conduct the oxidation efficiency
experiments with each oxidant in two experiments. The first
experiment, to evaluate volatile organic destruction only, would be
conducted in 40-mL VOA vials. The second experiment, to
investigate oxidant effects on the secondary COCs, would react the
ground water in the specific bottles supplied to the analytical
laboratory for analyses (separate 100-mL bottles for nitrate and
uranium analyses and a 1-liter bottle for nitroaromatics analysis).

4. Lastly, even though nitroaromatic compounds were not detected in
either processed bedrock sample, it was decided that the bedrock
solubilization test aqueous phases were also to be analyzed for
nitroaromatic compounds.
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PHASE I1 - DETERMINATION OF PERMANGANATE AND
PERSULFATE OXIDATION EFFICIENCIES

The effectiveness of potassium permanganate or sodium persulfate to
individually oxidize the primary COC and secondary COCs was '
determined in separate experiments. A flowchart for the primary COC
experiments is shown in Figure 1. A flowchart for the secondary COCs
experiments is provided in Figure 2.

The oxidation efficiency experiments were designed to demonstrate
whether a COC could be oxidized by potassium permanganate or
sodium persulfate. The specific rates of reaction involved and the
minimal concentration of oxidant needed to effect a change in a COC
were not considered in these tests. The experiments were conducted
using a single excess concentration of either potassium permanganate
or sodium persulfate.

Potassium Permanganate Expériments

Separate bench scale tests were conducted to evaluate the effect of
potassium permanganate on the primary and secondary COCs.

Permanganate Oxidation Efficiency for the Primary COC - This test
was designed to investigate the effect of potassium permanganate on
volatile organics only. A portion of ground water from sample GW3034
was reacted at a single potassium permanganate concentration of 0.5%
(5,000 mg/L). “Control” samples of ground water without the addition
of permanganate were also monitored during the experiment.

On April 9, 2001, the experiment was set up using 40-mL glass VOA
vials. Three vials were set up at the beginning of the experiment using
ground water only. These “Time = 0” vials were cooled and shipped on
ice to the analytical laboratory. Two of the three vials were separately
analyzed in order to obtain duplicate “Time = (” volatile organic
concentrations.
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Three additional vials were filled with ground water. Potassium
permanganate was added to the vials until a concentration of 5,000
mg/L was obtained in the ground water. These vials were then sealed
without headspace, incubated at room temperature (approximately
20°C), and periodically mixed by hand over a 7-day period. Three
additional vials were filled with ground water only, and contained zero
headspace. These vials served as the experimental control for the
permanganate efficiency test.

On April 16, 2001, the permanganate efficiency test vials and control
vials were cooled and shipped on ice to the analytical laboratory. The
laboratory analyzed two permanganate-treated vials and two control
vials for volatile organics in order to provide duplicate results for each
“Time Final” condition.

Data from duplicate samples for this experiment are provided in Table
2-A. As expected, the “Time = 0” samples showed high concentrations
of TCE present (510 and 540 ./L), along with much lower
concentrations of five other volatile organics. The “Time Final” TCE
concentration remained essentially unchanged (490 and 500 u/L), while
the TCE concentrations in the permanganate-treated samples were
below the PQL of 10 u/L.

Permanganate Treatment for the Secondary COCs - This
complementary experiment was designed to investigate whether
treatment with permanganate would cause a change in the dissolved
concentrations of the secondary COCs. While the permanganate
concentration added remained constant at 5,000 mg/L, significantly
larger volumes of site ground water were treated. This greater volume
of water was needed so the analytical laboratory could meet the desired
low analytical detection limits for the secondary COCs.

The following “Time = 0” ground water samples were prepared on
April 9, 2001: (1) nitroaromatics (one 1-liter glass bottle); (2) nitrate (one
100-mL glass bottle); and (3) uranium (one 100-mL glass bottle).

Environmental
Resources
Management
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Since the ground water as supplied did not contain any nitroaromatic
compounds, the one liter bottle for nitroaromatics analysis was spiked
with 10 uL of the standard 1,000 i/ mL nitroaromatic mixture. This
volume of spiking solution theoretically resulted in a final
concentration of 10 /L for each of the nitroaromatic compounds
present. All bottles were cooled and shipped on ice to the appropriate
analytical laboratories on April 9, 2001. Each bottle was analyzed to
provide single “Time = 0" concentrations of uranium, nitrate, and
nitroaromatics.

The remainder of the permanganate experiment was initiated on April
9,2001. A 1-liter glass bottle was filled with ground water, spiked with
the nitroaromatic solution as performed previously, and then brought
to a concentration of 5,000 mg/L of potassium permanganate. Two
100-mL glass bottles were each filled with ground water and brought to
a concentration of 5,000 mg/L of potassium permanganate. Similar
control bottles containing ground water only were also prepared on the
same day. |

Both permanganate-treated and control bottles were incubated at room
temperature and were periodically mixed by hand over a 7-day period.
On April 16, 2001, all of the permanganate-treated and control bottles
were cooled and shipped on ice to the appropriate analytical
laboratories for determination of dissolved uranium, nitrate, and
nitroaromatics levels.

Data from this experiment are provided in Table 3-A. The “Time = 0"
sample showed the presence of nitroaromatic compounds at
concentrations very close to the desired spiking level of 10 lL/L, except
for RDX (present at only 0.4 p/L) and tetryl (present at only 0.49 u/L).
In the “Time Final” control, 6 of the 14 nitroaromatic compounds were
present below the PQLs, while the remaining 8 compounds showed
little decrease in concentration. With the permanganate-treated sample,
10 of the compounds were present below their respective PQLs; the

- remaining 4 compounds were each present at concentrations below
their “Time = 0" levels. While permanganate appears to have a
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beneficial effect in reducing at least some nitroaromatic compound
concentrations, additional work would be recommended before
drawing more definitive conclusions from this experiment.

Sodium Persulfate with Iron Experiments

Separate bench scale tests were conducted to evaluate the effect of
sodium persulfate on the primary and secondary COCs.

Persulfate with Iron Oxidation Efficiency for Primary COC - A ground
water sample from GW3034 was reacted at a single sodium persulfate
concentration of 11,150 mg/L and 500 mg/L of ferrous iron. This
persulfate concentration corresponds to the same number of chemical
oxidation equivalents as present in the 5,000 mg/L potassium
permanganate solution used previously, which allows for a direct
comparison of both oxidants. Ferrous iron acts as a catalyst for this
reaction, and was provided in order to allow potential oxidation
reactions to occur within the timeframe imposed on the test. |

The “Time = 0” samples from the previously described permanganate
oxidation efficiency test were also used as the starting contaminant
concentrations for this experiment. In addition, the corresponding
“Time Final” control samples from the permanganate efficiency test
were also used with this experiment.

Three VOA vials were filled with ground water and brought to a
concentration of 11,150 mg/L of sodium persulfate and 500 mg/L of
ferrous iron on April 9, 2001. These vials were sealed without
headspace, incubated at room temperature, and periodically mixed by
hand for 7 days. On April 16, 2001, the samples were cooled and
shipped on ice to the analytical laboratory. Two of the vials were
analyzed in order to provide duplicate persulfate-treated volatile
organics concentrations for the experiment.

Data from duplicate samples for this experiment are provided in Table
2-B. For TCE, the “Time = 0" (510 and 540 u/L) and “Time Final”
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concentrations remained essentially unchanged (490 and 500 w/L),
while the persulfate-treated samples were below the PQL of 10 u/L and
at an estimated 2 /L, respectively.

Persulfate with Iron Treatment for Secondary COCs - This
complementary experiment was designed to investigate whether
treatment with persulfate and iron would cause a change in the
dissolved concentrations of the secondary COCs. While the persulfate
and iron concentrations added remained constant at 11,150 and 500
mg/L, respectively, significantly larger volumes of site ground water
were treated. This greater volume of water was needed so that the
analytical laboratory could meet the desired low analytical detection
limits for the secondary COCs.

The “Time = 0” and “Time Final” samples prepared for the similar
permanganate treatment experiment described above served the same
function for this test.

On April 9, 2001, a 1-liter glass bottle was filled with ground water,
spiked with the nitroaromatic solution as performed previously, and
brought to a concentration of 11,150 mg/L sodium persuifate and 500
mg/L ferrous iron. Two 100-mL glass bottles were each filled with
ground water and brought to similar concentrations of persulfate and
iron.

The bottles were incubated at room temperature and periodically
mixed by hand over a 7-day period. On April 16, 2001, the persulfate-
treated bottles were cooled and shipped on ice to the appropriate
analytical laboratories for analysis of uranium, nitroaromatics, and
nitrate.

Results from this experiment are provided in Table 3-B. The “Time = 0”
sample shows the presence of nitroaromatic compounds at
concentrations close to the desired spiking level of 10 p./L, except for
RDX (present at only 0.4 L/L) and tetryl (present at only 0.49 u/L). In
the “Time Final” control, 6 of the 14 nitroaromatic compounds were




Environmental
Resources
Management

Mr. Vernon D. Logan
Marrison Knudsen Corporation
MK Ferguson Group

Page 13

present below the PQLSs, while the remaining 8 compounds showed
little decrease in concentration. With the persulfate-treated sample, 12
of the compounds were present below their respective PQLs. Of the
remaining 2 compounds, one was present at essentially its starting
concentration while the second showed a decrease relative to its “Time
= 0" level. While persulfate appears to have a beneficial effect in
reducing at least some nitroaromatic concentrations, additional work
would be recommended before drawing more definitive conclusions
from this experiment.

PHASE III - TOTAL WEATHERED BEDROCK OXIDATION
DEMAND TESTS

Since permanganate and persulfate may react with many organic and
inorganic materials naturally present in the weathered bedrock, the
results of these tests were used to estimate the total mass of each
oxidant consumed per unit volume of site bedrock. If this demand is
high, the economics of permanganate and/or persulfate treatment will
need to be carefully considered. A flowchart for the demand
experiments is provided in Figure 3.

It should be noted that the total oxidant demand tests would most
likely overestimate the mass of oxidant consumed by the weathered
bedrock materials. These tests react a known mass of bedrock particles
with a much greater volume of a particular oxidizing solution. Since
the total rock surface area exposed to the oxidizing solution is greater
than that of an equal mass of larger-sized rocks or pebbles, more
complete oxidation can occur. The test is biased to maximize the
amount of oxidant consumed, and this bias must be considered when
interpreting the experimental results.

Total Weathered Bedrock Permanganate Demand

This standard demand test was performed separately on processed
weathered bedrock samples BR3034 and BR3035.
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Each processed bedrock sample was reacted with a range of potassium
permanganate concentrations in order to determine its individual total
permanganate demand. The permanganate concentrations used in the

test were selected to bracket the anticipated permanganate demand of

the processed bedrock. The tests were initiated on April 2, 2001.

For each test, 25 grams of wet-weight processed bedrock was added to
each of ten 50-mL centrifuge tubes. An appropriate volume of a stock
5% potassium permanganate solution was then added to each tube, and
distilled water was added to bring the total liquid volume in each tube
to approximately 40 mL. The ten tubes make up a mass series ranging
from 1 to 500 mg of potassium permanganate per tube; each tube in the
series contains twice the permanganate mass as the preceding tube.

All centrifuge tubes were incubated at room temperature
(approximately 20°C) and mixed by hand periodically over a 15-day
reaction period, ending on April 17, 2001. At the end of the reaction
period, the Oxidation-Reduction Potential (ORP) of each slurry was
measured and recorded. The tubes were then centrifuged to produce
distinct solid and aqueous fractions. The color of the aqueous phase in
each tube was visually determined and recorded. Solutions containing
residual permanganate were pink to purple in color, while solutions in
which the starting mass of permanganate was exhausted were colorless.

The raw data from this experiment is provided in Appendix B. A
summary of the results, reported as the range of grams of potassium
permanganate consumed per kilogram of wet-weight bedrock, are
shown in Table 4-A.

Bedrock BR3034 exhibited a relative low total oxidant demand range of
0.15 to 0.31 grams per kilogram of wet-weight bedrock. Scaled up, this
demand would theoretically correspond to the need for 0.41 to 0.84
pounds of permanganate to treat a cubic yard of bedrock, assuming a
bedrock density of 100 pounds per cubic foot and a porosity of 30%.
This low total oxidant demand is economically favorable from a field
implementation perspective.
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Bedrock BR3035 exhibited the same low total oxidant demand range of
0.15 to 0.31 grams per kilogram of wet-weight bedrock, or 0.41 to 0.84
pounds of permanganate per cubic yard of bedrock. '

Total Bedrock Persulfate Demand

This standard demand test was performed separately on processed
weathered bedrock sample BR3034 and BR3035.

The processed bedrock was reacted with a range of sodium persulfate
concentrations in order to determine their individual total persulfate
demand. The persulfate concentrations used in the test were selected to
bracket the anticipated persulfate demand of the processed bedrock.
Supplemental ferrous iron is not used in this test because it interferes
with the determination of residual persulfate at the completion of the
experiment. The tests were initiated on April 2, 2001.

The experiment was conducted by adding 25 grams of wet-weight
processed bedrock to ten 50-mL centrifuge tubes, An appropriate
volume of a stock sodium persulfate solution was added to each tube,
and distilled water added to bring the total liquid volume in each tube
to approximately 40 mL. The ten tubes make up a persulfate mass
series ranging from 2.5 to 1,250 mg of sodium persulfate per tube. Each
tube in the series contains twice the mass of persulfate as the preceding
tube. On a chemical equivalent basis, the concentrations of persulfate
used in this test are equal to the concentrations of permanganate used
in its oxidant demand test. -

All centrifuge tubes were incubated at room temperature
(approximately 20°C) and mixed by hand over a 15-day reaction period,
ending on April 17, 2001. At the end of the reaction period, the pH and
ORP of each slurry was measured and recorded. The tubes were then
centrifuged to form distinct solid and aqueous fractions. The presence
of residual persulfate in each aqueous fraction was determined using a
colorimetric test. If residual persulfate was present, the test solution
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turned blue in color. Aqueous fractions without residual persulfate
remained colorless in the test.

The raw data from this experiment are provided in Appendix B. A
summary of the results, reported as the range of grams of sodium
persulfate consumed per kilogram of wet-weight bedrock, are shown in
Table 4-B.

Bedrock BR3034 exhibited a very low total oxidant demand of less than
0.09 grams per kilogram of wet-weight bedrock. Scaled up, this
‘demand would theoretically correspond to the need for less than 0.24
pounds of persulfate to treat a cubic yard of bedrock, assuming a soil
density of 100 pounds per cubic foot and a porosity of 30%. The low
total oxidant demand is economically favorable from a field
implementation perspective.

.Bedrock BR3035 exhibited the same low total oxidant demand range of
less than 0.09 grams per kilogram of wet-weight bedrock, or less than
0.24 pounds of persulfate per cubic yard of bedrock.

PHASE IV - WEATHERED BEDROCK SOLUBILIZATION TESTS

These tests were performed to determine whether permanganate or
persulfate treatment of the bedrock would result in the release of any
secondary COCs from the rock matrix to the surrounding liquid. A
flowchart for this experiment is provided in Figure 4.

Permanganate Solubilization Test

Each processed bedrock sample was individually tested in this
experiment. In order to determine whether dissolved secondary COCs
levels increase upon exposure to an oxidant, both “Time = 0” and
“Time Final” control dissolved phase COC concentrations were
determined.
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On April 9, 2001, the “ Time = 0” reaction flasks were prepared for each
bedrock sample by adding 300 grams of wet-weight processed
weathered bedrock to 1,500 mlL. of distilled water. Each slurry was then
mixed at room temperature for 60 minutes, at which time it was
centrifuged to produce distinct solid and aqueous fractions. The
aqueous fractions were carefully removed, placed into appropriate
sample bottles, and refrigerated. On April 10, 2001, samples of the
aqueous fractions were shipped on ice to the appropriate analytical
laboratories for analysis of nitroaromatics (1-liter supplied), nitrate (100
mL supplied), and uranium (100 mL preserved with nitric acid).

On April 10, 2001, the permanganate-treated reaction flasks were
prepared for each weathered bedrock sample by adding 300 grams of
wet-weight processed material to 1,500 mL of distilled water. The
slurries were then brought to a concentration of 20,000 mg /L of
potassium permanganate. The contents of these reactors were
periodically mixed at room temperature for 7 days.. On April 17, 2001,
the pH and ORP of each slurry were determined, and the sturry was
centrifuged to produce distinct solid and aqueous fractions. The
aqueous fractions were carefully removed, placed into appropriate
sample bottles, and shipped on ice to the appropriate analytical
laboratories for analysis of nitroaromatics (1-liter supplied), nitrate (100
mL supplied), and uranium (100 mL preserved with nitric acid).

The “Time Final” control flasks were also prepared for both samples on
April 10, 2001. Each control flask was prepared by adding 300 grams of
wet-weight processed bedrock to 1,500-mL of distilled water. The
contents of these reactors were periodically mixed at room temperature -
for 7 days. On April 17, 2001, the pH and ORP of the slurry we
determined, and the contents of each flask were then centrifuged to
produce distinct solid and aqueous fractions. The aqueous fractions
were carefully removed, placed into appropriate sample bottles, and
shipped on ice to the appropriate analytical laboratories for analysis of
nitroaromatics (1-liter supplied), nitrate (100 mL supplied), and
uranium (100 mL preserved with nitric acid).
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Data from the experiments are presented in Table 5-A and 5-B for
bedrock samples BR3034 and BR3035, respectively.

Bedrock Sample BR3034 - No nitroaromatic compounds were detected
above their PQLs in any of the samples tested (Time = 0, Time Final
Control, and Permanganate-Treated). '

With nitrate, the “Time = 0” and “Time Final Control” concentrations
are essentially identical. The permanganate-treated sample, however,
caused matrix interferences with the analytical test, and a final nitrate
concentration could not be determined.

Lastly, uranium appears to slowly dissolve from the rock matrix into
the surrounding distilled water as the contact time increases. For the
“Time = 0” sample, the uranium concentration was 0.16 + 0.02. This
concentration increased to 0.82 + 0.11 in the 7-day distilled water
control. When the bedrock was treated with permanganate for 7 days,
the dissolved uranium concentration increased to 2.16 + 0.25.

Bedrock Sample BR3035 - No nitroaromatic compounds were detected
above their PQLs in any of the samples tested (Time = 0, Time Final
Control, and Permanganate-Treated).

With nitrate, the “Time = 0” and “Time Final Control” concentrations -
were essentially unchanged (7.68 and 8.7, respectively). The
permanganate-treated sample, however, caused matrix interferences
with the analytical test, and a final nitrate concentration could not be
determined.

Lastly, uranium also appears to slowly dissolve from the rock matrix
into the surrounding distilled water as the contact time increases with
this bedrock. For the “Time = 0” sample, the uranium concentration
was (.19 £0.03. This concentration increased to 1.96 £ 0.26 in the 7-day
distilled water control. When the bedrock was treated with
permanganate for 7 days, the dissolved uranium concentration
increased to 2.16 + 0.30.
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Persulfate Solubilization Test

Each processed weathered bedrock sample was individually tested in
this experiment to determine whether reaction with persulfate would
increase the concentration of dissolved secondary COC. The “Time =
0" and “Time Final” samples prepared for the analogous permanganate
solubilization experiment described above served the same functions
for this test.

On.April 10, 2001, the persulfate-treated reaction flasks were prepared
for both samples by adding 300 grams of wet-weight processed
weathered bedrock to 1,500 mL of distilled water. The slurries were
then brought to a concentration of 50,000 mg/L of sedium persulfate,
and the contents of these reactors were periodically mixed at room
temperature for 7 days. On April 17, 2001, the pH and ORP of the
slurry were determined, and the slurry was then centrifuged to
produce distinct solid and aqueous fractions. The aqueous fractions
were carefully removed, placed into appropriate sample bottles, and
shipped on ice to the appropriate analytical laboratories for analysis of
nitroaromatics (1-liter supplied}, nitrate (100 mL supplied), and
uranium (100 mL preserved with nitric acid).

Data from the experiments are shown in Table 5-A and 5-B for bedrock
samples BR3034 and BR3035, respectively.

Bedrock Sample BR3034 - No nitroaromatic compounds were detected
above their PQLs in any of the samples tested (Time = 0, Tirrie Final
Control, and Permanganate-Treated).

With nitrate, the “Time = 0” and “Time Final Control” concentrations
are essentially identical 19.2 mg/L and 20.4 mg/L, respectively). The
nitrate concentration in the persulfate-treated sample was essentially
the same: 23.3 mg/L. '

Lastly, uranium appears to slowly dissolve from the rock matrix into
the surrounding distilled water as the contact time increases. For the
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“Time = 0” sample, the uranium concentration was 0.16 = 0.02. This
concentration increased to 0.82 +0.11 in the 7-day distilled water
control. When the bedrock was treated with persulfate for 7 days, the
dissolved uranium concentration was approximately six times higher
than that of the 7-day control (6.23 + 0.85 vs. 0.82 + 0.11, respectively).

Bedrock Sample BR3035 - No nitroaromatic compounds were detected
above their PQLs in any of the samples tested (Time = 0, Time Final
Control, and Permanganate-Treated).

With nitrate, the “Time = 0” and f‘Time Final Control” concentrations
were essentially unchanged (7.68 and 8.7, respectively). The persulfate-
treated sample had a nitrate concentration of 8.75 mg /L.

Lastly, uranium also appears to slowly dissolve from the rock matrix
into the surrounding distilled water as the contact time increases with
this bedrock. For the “Time = (" sample, the uranium concentration
was 0.19 £ 0.03. This concentration increased to 1.96 + 0.26 in the 7-day
distilled water control. When the bedrock was treated with persulfate
for 7 days, the dissolved uranium concentration increased to 3.43 + 0.46.

RESULTS AND DISCUSSION

The bench scale study was performed to determine the following four
factors:

1. The oxidation efficiency of permanganate and persulfate on TCE
and daughter products;

2. The interaction of the bedrock with the oxidants (bedrock matrix
demand and contaminant solubilization);

3. The oxidation efficiency of permanganate and persulfate on
nitroaromatic compounds; and
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4. The oxidation efficiency of permanganate and persulfate on
dissolved uranium concentrations.

The initial characterization data, shown in Table 1, confirmed that the
primary ground water contaminant was TCE. Traces levels of a
number of other volatile organic compounds were also detected during
the initial ground water characterization. However, many were also
found in the method blanks. The only compounds not also found in the
method blanks for the ground water sample were acetone, cis- and
trans-1,2-dichloroethylene (DCE), chloroform and bromoform. No
organic contaminants were found in the bedrock samples alone,
however trace levels of acetone and 2-butanone were detected in the
processed weathered bedrock sample as well as the method blanks for
the samples.

Uranium was found at low levels in both the processed weathered
bedrock and the ground water.

Oxidation of TCE

Ground water samples were treated with both permanganate and
persulfate over a 7-day reaction period. Table 2 presents the results
from these experiments. Both oxidants reduced TCE to concentrations
to below 10 pg /1L, the PQL achieved. Based on many other similar TCE
oxidation experiments performed by the RTC, it is likely that the final
TCE levels are below 1 ng/L. The corresponding “Time Final” control
sample showed minimal loss (< 9%) of TCE. Therefore, it can be
concluded that both persulfate and permanganate were effective in
reducing the TCE levels through oxidation.

In addition to TCE, cis-1,2-DCE was also oxidized to low levels with
both permanganate and persulfate.

In both oxidation studies, acetone appears to have been formed during
the oxidation reactions. In the permanganate study, acetone was also
detected in the method blank. Therefore, the presence of acetone in the
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permanganate oxidation sample may be a laboratory artifact, and not a
result of formation due to permanganate oxidation of the volatile
Organics.

The persulfate oxidation reaction resulted in a higher detected level of

acetone (48 pg/L), which was not detected in the corresponding

method blank. Previous experience at the RTC has shown that acetone

may form during persulfate oxidation of some organic compounds.
Experience has also shown that this formation is transient, and

persulfate will degrade acetone as it forms.

B e.drack,Matrix Deimmd

The total bedrock matrix demand test measures the amount of oxidant
consumed by naturally-occurring materials in the soil matrix {organics
and metals) as well as any oxidizable contaminants present. If the total
matrix demand is high, the economics of insitu oxidation may be
adversely affected as a large amount of oxidant would be needed to
overcome the matrix demand. Except when contaminant
concentrations are exceedingly high, the total matrix demand is
generally driven by naturally-occurring organic and reduced metal
species.

The bedrock matrix demand results for permanganate and persulfate
are presented in Table 4. These results show that the bedrock samples
have a relatively low demand. Therefore, it is not expected that the
bedrock matrix will interfere with the efficient oxidation of the
contaminants present by consuming large quantities of the oxidant
added. '

Oxidation of Nitroaromatics
Because the ground water from GW3034 did not contain concentrations

of nitroaromatics, the ground water was spiked with low levels (10
ng/L) of a number of nitroaromatics, using a nitroaromatics standard
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solution. The spiked ground water was then treated with
permanganate and persulfate for seven days.

In general, both permanganate and persulfate appear to have oxidized
several of the nitroaromatics present (see Table 3). Relative to the
control sample, it appears that permanganate was effective in treating
dinitrobenzene, and the nitro- and dinitrotoluenes. Persulfate appeared
to oxidize the majority of nitroaromatics, present with the exception of
trinifrobenzene and trinitrotoluene. '

Based on these results, permanganate and persulfate oxidation appears
to have some beneficial effect on dissolved nitroaromatics. However,
because of the low concentrations of compounds used in this phase of
the study, further testing needs to be performed in order to determine
the extent of oxidation and analytical variability encountered.

The bedrock samples were also treated with excess permanganate or
persulfate to see whether any nitroaromatics present in the rock matrix
would be desorbed by the oxidants. As shown in Table 5, no
nitroaromatics were detected in any of the treated or control samples.

Effect of Oxidation on Uranium

The effect of oxidation on uranium was examined for both weathered
bedrock (solubilization) and ground water (oxidation efficiency).

Table 3 presents the ground water results. Permanganate oxidation

~appears to reduce the dissolved uranium levels. While, persulfate

oxidation does not have any beneficial effect. Permanganate oxidation
decreased the uranium levels from approximately 4 ug/L to less than 1
ng/L, a 75% reduction. Persulfate oxidation resulted in an apparent
increase in uranium concentrations from approximately 4 ug/L to .
approximately 6 ug/L. This may be due to analytical variability
because only aqueous samples were used and the treated samples had
no source of additional uranium (e.g., leaching from the bedrock
matrix).
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The second phase of the study was designed to determine the effect of
oxidation on the uranium in the bedrock matrix, in order to determine
if the oxidants would solubilize uranium from the bedrock. The
assumption was that the secondary COCs, specifically uranium, may be
adsorbed onto the bedrock matrix and leached into the ground water as
a result of the chemical oxidation process. The results are listed in

Table 5.

From these results, it appears that the uranium present in the bedrock
matrix may be available through leaching. This can be seen from the
increase in the “Control” concentrations with respect to their “Time =
0% concentrations. This shows that uranium can be leached out of the
bedrock using only distilled water.

It also appears that the adsorbed uranium is liberated during chemical
oxidation. Permanganate has a relatively small effect on uranium
solublization. The dissolved uranium concentration (vs. its control)
increases by a factor of 2.5 for BR3034 and a factor of 1.12 for BR 3035,
Persulfate increased uranium dissolution, relative to their respective
controls, by a factor of 7.5 for BR3034 and by a factor of 4.5 for BR3035.

If uranium is present in a reduced state (U*4) both oxidants are strong
enough to oxidize it to the +6 state:

U+ 2H20 — UOp* +4H* + 2¢ B, = -0.334V

With permanganate oxidation, the uranyl ion (UO2*2) would most likely
form an insoluble hydroxide [UO2(OH)]. Additionally, uranium
concentrations may decrease when using permanganate through
uranium binding to MnOz formed as a byproduct of permanganate
oxidation. With persulfate a more soluble uranyl sulfate (UQO2504)
would be formed. Therefore, persulfate oxidation would have a greater
effect on uranium solubility.

It should be noted that these bedrock solubilization experiments used a
high dose of oxidants on crushed bedrock, resulting in extremely
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conservative conditions not likely to be encountered in the field. Any
effects seen are exacerbated due to the increased surface area of the
crushed rock, as well as an over abundance of oxidant. Therefore, it is
unlikely that this high degree of solubilization would occur under more
typical field conditions.

In conclusion, permanganate appears to have a more beneficial effect
than persulfate on uranium concentrations in the ground water as well
as uranium desorption from the bedrock.

ANALYTICAL DATA QUALITY ASSURANCE/ QUALITY CONTROL

All samples were stored, transported and analyzed using standard
good laboratory practices (GLP) and appropriate analytical
methodologies. Following each phase of the treatability study, all

. samples were refrigerated at 4°C prior to shipment to the analytical

laboratories. Analytical samples were shipped via common carrier to
the analytical laboratories in a cooler(s) under proper chain-of-custody
procedures. The cooler(s) were filled with ice to maintain the sample
temperature at or below 4°C.

Data Review

Analyses for volatile organics, nitroaromatics, and inorganic
parameters (except uranium analyses) were performed by
CompuChem. Uranium analyses were performed by Paragon. Both
laboratories performed these analyses following the appropriate
methodologies (Contract Lab Protocol [CLP] and /or USEPA SW-846),
and quality control/quality assurance (QA/AC) procedures.

Due to the time limitations of this study, the data packages received
were cursorily reviewed by ERM personnel. All data were reviewed for
accuracy, completeness, and general adherence to methodology. ERM
will perform a more detailed review of the data, and present an
amendment if there are any changes to the analytical data. Data
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validation was not performed on these data, and was not required
under the Scope-of-Work for this treatability study.

Analytical Detection Limits

It should be noted that these experiments were constructed in order to
provide the analytical laboratories with the proper sample volumes to
reach the contract required detection limits (CRDL). The CRDL is
effected by several factors, including sample volume, sample/extract
dilution, and percent moisture of non-aqueous samples. In general, the
CRDL for the VOAs analyzed by OLMO04.2 is 10 ng/L. Elevated
detection limits are seen in the “Time Final Control” samples for both
the permanganate and persulfate oxidation efficiency tests due to the
high level of TCE detected in these samples. The variability in
detection limits for the nitroaromatic analyses (USEPA SW-846 8330)
are due to the differences in useable sample volumes extracted by the
analytical personnel. '

CONCLUSIONS

The results of these experiments demonstrated that both permanganate
and persulfate were effective in significantly reducing TCE levels from
approximately 500 (/L to less than 10 |t/L in seven days at room
temperature. The oxidants were also effective in reducing the
concentrations of several other volatile organics present.

While both oxidants appeared to effect a decrease in the concentration
of some specific nitroaromatic compounds present, additional testing
would be necessary to convincingly determine the variability and
degree of treatment effectiveness that could be reproducibly obtained.

The two bedrock samples tested exhibited low total oxidant demands,
indicating that the matrix material does not consume excessive
quantities of either potassium permanganate or sodium persulfate.
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Low total oxidant demand is typically a requirement for cost-effective
use of insitu chemical oxidation on a large scale.

With respect to uranium: (1) uranium adsorbed to the processed
bedrock samples appears to solubilize over time into the surrounding

‘water matrix, (2) treating the bedrock samples with permanganate

resulted in a low to moderate increase in the final dissolved uranium
levels; and (3) treatment of the bedrock with persulfate, however,
resulted in a significantly greater increase in the final dissolved
uranium level, as compared to the permanganate treated samples. The
complementary release of uranium from bedrock by permanganate
followed by its corresponding decrease in aqueous concentration is
encouraging from a technology implementation perspective, and ]Jkely
justifies further investigation on a laboratory or field-pilot basis.

For uranium already dissolved in ground water, treatment with
permanganate results in a significant decrease in soluble uranium,
while persulfate treatment under similar conditions resulted in an
increase in dissolved uranium levels.

» Potassium permanganate would be the preferred reagent
recommended for use with an insitu chemical oxidation system for
the following reasons:

* Permanganate effectively oxidizes TCE, the primary COC;

¢ Permanganate appears to oxidize trace levels of some nitroaromatic
constituents; :

» DPermanganate appears to be able to reduce dissolved uranium
levels, perhaps through the formation of insoluble uranium salts;

* Application of permanganate does not appear to cause the leaching
of major amounts of secondary COCs (i.e., uranium) from the site
bedrock; and
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* Only low quantities of the oxidant are consumed by the bedrock
matrix, offering the potential for cost-effective field remediation.

Based on the favorable results obtained from the treatability study, an
insitu permanganate oxidation field pilot study at the WSSRAP using
potassium permanganate would be justified as a means of confirming
both treatment effectiveness and process economics.

Should you have any questions or require additional information
concerning these results, please feel free to contact Alan J. Cork at
636/928-0300 or George J. Skladany at 609 /895-0050.

Sincerely,

Aipptes

George J. Skladany
Program Director
ERM Remediation Technology Group

C. George Lynn, C.P.G.
Principal-In-Charge _
ERM, Inc. - St. Charles, Missouri

Alan]. Cork, P.E,
Project Manager
ERM, Inc. - St. Charles, Missouri

GJS/AJC
Attachments
cc: Richard A. Brown - ERM, Inc./Princeton, NJ
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Table 1. Initial Characterization Results
Weldon Spring Site Remedial Action Project
Insitu Chemical Oxidation Treatment Bench Scale Testing

2-May-01
Analyte Ground Water (GW3034) Bedrock (BR3034) Bedrock (BR3035)
Cencentration Notes * Concentration Notes * Concentration Notes *
Volatiles (ug/L or ug'kg) _ '
Acetone 36 8 JB 4 IB
Methyl acetate 28 DJs : 11| U 11} U
trans -1,2-Dichloroethene 1 ] 11 U 11 U
cis -1,2-Dichloroethene 20 11 U 11l U
2-Butanone 10 8] 11 U 2 ]B
Chioroform 1 ] 1 U 1] U
Trichlorcethene 640 DB 11 u 11 U
4-Methyl-2-pentanone 12 DJ IR 1] U
2-Hexanone 14 DJB 11 U 11 U
Bromoform & 3] 1 U i u
1,1,2,2-Tetrachloroethane 13 DB 11 8] 11 U
1,2-Dibremo-3-chloropropane 35 DJB 11 U 11 U
Nitrodromatics (ug/L or ug/kg) ' _
HMX 32 U 025 U 025 U
" 1,3,5-Trinitrobenzene 1.6 U 025 U 025 U
RDX ' 4.0 8] 0.25 u 0.25 u
1,3-Dinitrobenzene L o 1.6 8] 0.25 U 025 U
2,4,6-Trinitrotoluene 32 U 025 U 0.25 U
Tetryl _ 32 U 0500 U 050 U
Nitrobenzene ‘ ' 24 U 0.25 u 0.25 U
24-Dinitrotoluene 4.0 U 0.25 U 0.2 U
2,6-Dinitrotoluene 40 U 0.50 u 0.50 U
2-Amino-4,6-dinitrotoluene 48] U (.50 8] Q.50 u
4-Amino-2,6-dinitrotoluene 324 U 0500 U 050f U
_2-Nitrotoluene B 4.0 19) 0.50 U 0.50 U
4-Nitrotoluene 4.0 U 0.50 U 0.50 u
3-Nitrotoluene 32| U 050 U 0500 U
OtHer Parameters
Total Organic Carbon {mg/L or mg/kg) 69.6 110,500 113,000
Nitrate {mg/L or mg/kg) 785 7.63 3.6
Alkalinity (mg/L) 230 Not analyzed Not analyzed
Chemical Oxygen Demand (mg/L or mg/kg) 20.2 264 3.00) ND
pH (standard units) 7.46 Not analyzed Not analyzed
Uranium {ug/L or ug/g) 3.93 + 0.53 0.72+0.10 0.84 £0.71
* Notes:

U: The compound was analyzed for, but not detected at the Practical Quantitation Limit (PQL)

J: Estimated value based on a detected concentration above MDL but less than the PQL

B: The compound was also detected in the method blank analyzed in association with the sample:

D: The quantitation is based on a ditution analysis of the sample or sample extract

P: There was a greater than 25% difference between the detected concentrations on the two HPLC columns. The lower of
the two values is reported

ND: Not detected at the reported detection limit




Table 2. Oxidation Efficiency Results for Primary COC
Weldon Spring Site Remedial Action Project

Insitu Chemical Oxidation Treatment Bench Scale Testing

2-May-01

2-B. Treatment with Sodium Persulfate for Seven Days

Analyte Time =0 Time Final Control Persulfate-Treated
Concentration Notes * Concentration Notes * Concentration Notes *
Volatiles (ug/L)
Acetone 4 IB 10 U 48
o duplicate | 5 I8 500 U I
" Methyl acetate 10f U 10 U 100 U
_duplicate 0 U 500 U 107 U
trans -1,2-Dichloroethene 1 ] 2 ] 10 U
duplicate 1 ] 501 U 101 U
cis -1,2-Dichloroethene 18 20 10 U
_ duplicate 16 J 16 ] . W U
Chloroform 1 ] 1 ] 1 ] w
o duplicate}] - 50| U 1 I
Trichloroethene 510 DB 490 DB 2 ]
_ _ duplicate 540 DB 300 0 U
Tetrachloroethene 10 u 100 U 10 U
duplicate 7 ] 50y U 100 U
Xylene (total} 10 U M U 10 U
- duplicate 5 jB 0 U
1,3-Dichlorobenzene 10 U 10 u 10 U
| o duplicate 5 1 0 U
1,4-Dichlorobenzene 10 U 10 [§) 10 U
duplicate ) 6 ) 100 U
1,2-Dichlorobenzene 10 U 10 8) 10 U
duplicate 7 JB 10 U
1,2-Dibromo-3-Chloropropane 07 U W U 0y U
i duplicate 5 JB 00 U
1,2,4-Trichlorabenzene 10 U 10 U 10 U
duplicate 13 1B 2 JB
* Notes:

U: The compound was analyzed for, but not detected at the Practical Quantitation Limit (PQL)

J: Estimated value based on a detected concentration above MDL but Jess than the PQL

B: The compound was also detected in the method blank analyzed in association with the sample:

D: The quantitation is based on a dilution analysis of the sample or sample extract

P: There was a greater than 25% difference between the detected concentrations on the two HPLC columns, The lower of
the two values is reported :

ND: Not detected at the reported detection limit




Table 3. Oxidation Efficiency Results for Secondary COCs

Weldon Spring Site Remedial Action Profect

Insitu Chemical Oxidation Treatment Bench Scale Testing

2-May-01

3-A. Treatment with Potassium Permanganate for Seven Days

Analyte Time=0 Time Final Control Permanganate-Treated
Concentration Notes * Concentration Notes * Concentration Notes *
Nitroaromatics (ug/L)
HMX 9.1 ] 48 U gy U
1,3,5-Trinitrobenzene 7.1 24 u 1.9 U
RDX 0.4 P 60| U 48] U
1,3-Dinitrobenzene o B 74 .57 o 1% U
2,4,6-Trinitrotoluene 6.3 ] 30 38 U
Tetryl 0.49 JP 48] U 38 U
Nitrobenzene 6.4 ] 7.6 51 P
_24-Dinitrotoluene B 8.8 ] 8.0 22 ]
2,6-Dinitrotoluene 75 ) 74 5.2
2-Amino-4,6-dinitrotoluene 8.0 ] 71 ] 57 u
4-Amino-2,6-dinitrotoluene 8.6 J 4.3 U 38 u
2-Nitrotoluene L 8.0 } 7.2 - 26 P
4-Nitrotoluene 8.1 I 6.0 u 48 u
3-Nitrotoluene 6.8 jP 7.7 38 U
Qther Parameters
Nitrate (mg/L}) 740 776 Not analyzed **
Uranium (ug/L) 4,00 % 0.34 416+ 0.56 0.88 £ 0.12
3-B. Treatment with Sodium Persulfate for Seven Days
Analyte _ Time = 0 Time Finai Contrel Persulfate-Treated
: Concentration | Notes* | Ceoncentration | Notes* Concentration Notes *
\Nitroaromatics (ug/L)
HMX 2.1 ] 48] U 38 U
1,3,5-Trinitrobenzene 71 24 U 77
RDX 0.4 JP 60| U 48 U
1,3-Dinitrobenzene 7.4 57 B 19 U
2,4,6-Trinitrotoluene 6.3 ] 30 37 P
Tetryl 0.49 P 48] U 38 U
Nitrobenzene 6.4 ] 7.6 28 u
2,4-Dinitrotoluene ) 8.8 ] 8.0 48 U
2,6-Dinitrotoluene 75 I 74 48 U
2-Amino-4, 6-dinitrotoluene 8.0 ] 71 i 571 U
4-Amine-2,6-dinitrotoluene 8.6 ] 481 U asp U
2-Nitrotoluene o 8.0 ] 7.2 B 48} U
4-Nitrotoluene 81 J 6.0 u 48 u
3-Nitrotoluene 6.8 TP 7.7 3.8 U
Other Parameters )
Nitrate (mg,/L}) 740 776 Not analyzed **
Uranium ;ug{ L) 4.00 £ (.54 416+ .36 6.18+ 0.84
* Notes:

U: The compound was analyzed for, but not detected at the Practical Quantitation Limlt (PQL)

T: Estimated value based on a detected concentration above MDL but less than the PQL

B: The compound was also detected in the method blank anaiyzed in association with the sample:
D: The quantitation is based on a dilution analysis of the sample or sample extract
P: There was a greater than 25% difference between the detected concentrations on the two HPLC columns. The lower of

the twa values is reported
ND: Not detected at the reported detection limit

** Not analyzed: Matrix interferences precluded proper analysis




Table 4. Bedrock Oxidant Demand Results

Weldon Spring Site Remedial Action Project
Insitu Chemical Oxidation Treatment Bench Scale Testing
2-May-01

4-A. Potassium Permanganate After 15 Days

Demand
Bedrock (g'kg wet-weight bedrock)
BR3034 0.15t0 0.31
BR3035 015t00.31

4-B. Sodium Persulfate After 15 Days

Demand
Bedrock (g/kg wet-weight bedrock)
BR3034 <0.09

BR3035 .<0.09




Table 5. Bedrock Sclubilization Tests for Secondary COCs
Weldon Spring Site Remedial Action Project

Insitu Chemical Oxidation Treatment Bench Scale Testing

2-May-01

5-A. Treatment of Bedrock 3034 with Permanganate or Persulfate for Seven Days

Analyte Time =0 Time Final Control Permanganate-Treated Persulfate-Treated
Cancentration | Notes* | Concentration | Notes ™ Concentration Notes * | Concentration | Notes™
WNitroaromatics (ug/L)
HMX 9.7 u 3.2 U 6.4 u 16 i)
1,3,5-Trinitrcbenzene 49] U 16 U 32 U 08| U
RDX 12 U 40 U 80| U 200 U
13Dinlobenzene b .49 U 16 _U 32 u | o8l u._
2,4,6-Trinitrotolugne 971 U 3.2 U 6.4 u 1.6 u
Tetry! 97 U 32t U 64f U 6] U
Nitrobenzene 73 u 24 u 4.3 u 1.2 U
2,4-Dhinitrotoluene 12 U 4.0 U 8.9 U 2.0 u
2,6-Dinitrotoluens 2( U 40l U aol U 200 U
2-Amino-4,6-dinitrotoluene 14 u 4.8 u 2.6 u 24 u
4-Amine-2,6-dinitrotoluene 97 U 32y U 64y U 16| U
2-Nitrotoluene _ N i L 40l U | 801 U 200 U ¥
4-Nitrotoluene ' 1 U 440 U gof U 28] U
3-Nitrotoluene 971 U 32f U 64 U 16| U
Other Parameters
Nitrate (mg/L) 192 . 204 Mot analyzed ** 33
Uranium {ug/L) 0.16 + 0.02 0324 011 236 0.25 623+ 0.85

5-B. Treatment of Bedrock 3035 with Permanganate or Persulfate for Seven Days

Analyte Time =0 Time Final Contro{ Permanganate-?r_eal:ed Persulfate-Treated
Concentration Notes * Concentration Notes * Concentration Notes * Caoncentration Notes*
INitroaromatics {ug/L) . )
HMX 10 u 1.8 U 26 U 200 U
135Trinitrobenzene | 51 U 09 U 13 U 19 U
‘RDX 13 U 22 18] 32 U 25 U
1,3-Dinitrobenzene o _ 5.1 U 09 U 1.3 u 10 U
24, 6-Trinitrotoluene g U 18 U 26 u 200 U
Tetryl 0 U 13 U 28 U 200 U
Nitrobenzene 77| U 14 U 2l U 15 U
2 4-Dinitrotoluene L . 13 u o 22 U _ 32 U 25 U
2,6-Dinitrotoluene 13 U 22| U 321 U 25 U
2-Amino4,6-dinitrotoluene 15 U 27 U gl U 30 U
4-Amino-2,6-dinitrotoluene - 16 U 13 ] 2.6 u 200 U©
2-Nitrotoluene 13 U 2.2 U 32 U 25 u
4-Nitrotoluene 13 U 2.2 U 32 u 25 %)
3-Nitrotoluene 10 U 1.8 U 2.6 U 200 U
Other Parameters
Nitrate {mg/L} 7.68 87 Not analyzed ™ | B75
Uranium (ug/L) 019+ 0.03 196+ 0.26 I 216 + .30 343+ 046

* Notes:
U: The compound was analyzed for, but not detected at the Practical Quantitation Limit (PQL)
J: Estimated value based on a detected concentration above MDL but less than the PQL
B: The compound was also detected in the method blank analyzed in association with the sample:
D: The quantitation is based on a dilution analysis of the sample or sample extract
P: There was a greater than 25% difference between the detected concentrations on the twa HPLC columns. The lower of
the two values i reported
NI Not detected at the reported detection limit

** Not analyzed: Matrix interferences precluded proper analysis




FIGURES




Figure 1. Oxidation Efficiency Tests for Primary COC

Weldon Spring Site Remedial Action Project
Insitu Chemical Oxidation Treatment Bench Scale Testing
2-May-01

Permanganate Efficiency Test

“Time = 0" ground water sample P firégfs

React gTound water with 5,000 mg/L | ] Analyze

potassium permanganate for 7 days for VOAs

(ne: f):?r:::gif;;df;a;jays ” f::{?g)fs
Persulfate Efficiency Test

R::;:f;? :zi:;:: ;vnlgl 5(1)(1)'?:2 /?ggfL " fif?flg)ies

ferrous iron for 7 days




Figure 2. Oxidation Efficiency Tests for Secondary COCs
Weldon Spring Site Remedial Action Project

Insitu Chemical Oxidation Treatment Bench Scale Testing

2-May-01

Permanganate Efficiency Test

"Time = 0" ground water sample spiked with] Analyze for nitroaromatics,
nitroaromatics mixture nitrate, and uranium

Spike ground water with nitroaromatics

mixture; react ground water with Analyze for nitroaromatics,
5,000 mg/L of potassium nitrate, and uranium

permanganate for 7 days

"Control" ground water spiked with Analyze for nitroaromatics,
nitroaromatics mixture only for 7 days nitrate, and uranium

Persulfate Efficiency Test

Spike ground water with nitroaromatics

mixture; react ground water with ‘ | Analyze for nitroaromatics,
11,150 mg/L sodium persulfate and nitrate, and uranium

500 mg/L ferrous iron for 7 days




Figure 3. Bedrock Total Oxidant Demand Tests
Weldon Spring Site Remedial Action Project
Insitu Chemical Oxidation Treatment Bench Scale Testing

2-Muy-01

Permanganate Demand Test

Set up bedrock/distilled water slurries in
centrifuge tubes; react slurries with various
concentrations of potassium
permanganate for 15 days

Persulfate Demand Test

Set up bedrock/distilled water slurries in

concentrations of sodium
persulfate for 15 days

Centrifuge; visually determine
presence of color in supernatants
indicating residual permanganate

g P &

centrifuge tubes; react slurries with various
& ma—

Centrifuge; test supernatants
for residual persulfate using
colorimetric test
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APPENDIX A

LABORATORY ANALYTICAL REPORTS




C o

: e 1n EPA SAMPLE NO.
VOLATILE ORGANICS- ANALYSIS DATA SHEET

-

. BR3034ERM
Contract: QLMJ4-REVS

Lab Name: COMPUCHEM

Lab Code: LIBRTY  Case No.: SAS No.: 8DG No.: 01571

Lab Sample ID: 01971-1

Matrix: (soil/wﬁtef) SOIL
: Lab File ID: 01971-1RB55

Sample wt/vﬁl: S.G{QXmLJ G

Level: (low/med) LOW - S . Date Received: 04/02/01

Date Analyzed: D4/05fq1
1.0

% Moiszsture: notfdec. 5

GC Column: EQUITY624 ID: 0.53  (twm) Dilution Factor:
Soil Extract Volume: (ﬁL)

.(ui), -

COMPOUND S

Soil Aliqﬁot Volume:

CONCENTRATION UNITS:

CAS NQ. (ug/L or ug/Kg) UG/KE O

5-71-8 Dichlorodifluoromethanae 11 | U
74~87-3 Crnloromethane ) 11 [¥]
75-01-4 Vinyl Chloride AL [T
74~-83-9 Bromomethane 11 J
75-00-~3 Chloroethane 11 U
75-69-4 Trichloroflucromaetoane 11 4]
75-35-4 1, 1l-DIchloroethene ' 11 i
TH-13-1 1,1,2-Trichloro-1,2,2-trifluoroethane 11 U
67-64-1 Acetone 8 JB
75~15-0 Carbon Disulfide 11 U
T9-20-9 Methyl Acétate 11 U
75-06-2 Methylene Chloride 11 U
156-60-5 trans-1,2-Dichloroet hene 11 [¥]
1634-04-4 | Methyl-tert-butyl ether 1110
T5~34-3 1l,l-Dichloroethane 11 ¥}
156-55-2 cis-1,2-Dichloroethene 11 U
TB-53-3 2=Butanone 11 [VilE
67-66-3 Chloxoform 1T (4]
7L-55-6 1l,1,1-Trichloroethans il U
110-82-7 Cyelohexane . L1l [
S5e-23-5 Carbon Tetrachloride i 11 i
J7l-43=2 Benzene 1L [¥]
107-06-2 1, 2-Dichloroethane 11 7

200

FORM I VOA-1

RIEIIIAOD

OIM04.2

0L0F% 6L¢ 6T6 YVd £Z:9T T0/80/F0




13 . . EPA SAMPLE NO.

VOLATTLE ORGANICS.ANALYSIS DATA SHEET

: | L ' . | BR3034ERM
Lab Name: COMPUCHEM - o .- Contract: OLMDéwREVS-
Lab Code: LIBRTY  Case No.: . 8AS No.: DG No.: Q1971
Matrix: (soil/water) SOIL .- - . Lab sample ID: Q1971-1 '
Sample wt/vol: 5.0(g/ml) @ . . Lab File ID: Q1871-1RBS5
Level: (low/med) Low . ' Date Received: 04/02/01
% Moisture: not dec. 5 o - | Daée Analfzedﬁ 04/05/01

aC Column: BQUITY624 ID: 0.53 (mm) Dilution Factor: 1.0

Poe o !

Soil Extract Volume: (ul) - Seoil Aliéﬁot Volume: {ul)

- CONCENTRATION UNITS:

CAS NO. COMPOUND B - , (ug/L or ug/Kg) UG/XG Q
79-01-6 Trichloroethene ~ . o S ]
108-~87-2 Methvlcyclohexane 11 U
78-87~5 1,2-Dichloropropane 11 3]
75-27F-2 Bromodichlorcmetharne 11 i
LC061-01-5 cis-1,3-Dichloxrcpropene 11 u
108-10-1 —Methyl -2-Pentanone _ 11 U
108-8B8-3 Teluene - 11 J
10061-02-6 trans-1, 3-Dichloropraopens 11 1 U
789-00-% | 1,1,2-T Trlchloroethane 11 7
127-18-~-4 Tetrachloroethene " ' 11 [i]
591-78-8 2 -Hexanone _ i 11 | O
124-48-71 Dibpromochloromethane ' 11 U
1l06-95-4 1,2-Dibromcethane _ 11 i
108-90~7 Chiorobenzene - : 1l 13
100-41-4 Ethyibenzene , 11 U
1330 20-7 Xylene (rtotal) 11 U
l00-42-5 | Stvyrene ' ' 11 U
75-25-2 Bromofiorm 11 7
$8-82-8 | Tsopropylbenzene& ' i1 )
75-34~-5 1,1.2,2-Tetrachloroethane 11 U
b41~-73-1 1,3- chhlorobenzene < 11 U
L0E-46~7 l,é Dichlorobenzene 11 [§)
9n-50-1 1,2-Dichlorcbenzena Lo 11 J U
D6-12-8 1,2-Dibromo~3-Chloropropane 11 | U
120-82-7 1,2,4-Trichlorchenzene - 11 1)

FORM I VOA-2 OLMO4 .2

ean @ L wEARIEOA a0 RLr 6I8 YVA £2:8T T0/S0/F0



EPA SAMPLE NO.

GC EXTRACTARLE QRGANICS ANALYSIS DATA SHEET
o o | - BR3034ERM
Lab Name: COMPUCHEM R - Contract: '
rab Code: LIBRTY case No.: SAS No.: SDG No.: Q1871
Matrix: (soil/water) SOIL - ' Lab Sample ID: Q1871-1
Ssample wt/vol: 2.0 {g/mL} G . : Lab File ID:
% Yoistuze: O . decanted: (Y/N) N Date Received: 04/02/01
Extraction: (SepF/Cont/Sonc) SONC Date Extracted:04/02/01
Concentrated Extract Volume: = 10000(ul)  Date Analyzed:.04/64/01
Injection Volume: 25.0 (uL} ‘ Dilution Factor: 1.0
GPC Cleanup: (Y/N) N pH: gulfur Cleanup: (Y¥/N) N
' CONCENTRATION UNITS:
CAS NO. COMPOUND - (ug/L or ug/Kg) MG/KG 0
2691-41-0------~ HMX 0.254
99-38ug———--——== 1,3,5-Trinitrobenzene 0.25{U
121-82~4---===--RDX L 0.25|U
99-65-0--==------ 1,3-Dinitrobenzene 0.23U
11B8-86-TF-—=====~ 2,4,6-Trinitrotoluene 0.25(0
479-45-B---m=—=- Tetryl 0.50(U
98-95-3~==--~--~- Nitrobenzene 0.25|U
121-14-2-w=----- 2,4-Dinitrotoluene 0.25(T
606-20-2-~=~~-=- 2,6-Dinitrotoluene : 0.50{U
35572-78-2--~--~ 2-Amino-4,6-dinitrotoluene 0.50|U
1946-51-0-=--~---~- Q-Amino-z;S—dinitrotoluene__ 0.501T
BR-T72-2-~wmm-—-- 2-Nitrotoluene 0.504U
98-99-N-mr—-—~~- 4-Nitrotoluene 0.50!T
99-Q8-1~------=- 3-Nitrotoluene 0.50{U

FORM I PEST -

WHHMHOCL ~ DLOY 6.7 8T8 XvA £2:41 10/80/%0



-

. EPA SAMPLE NO.

VOLATILE ORGANICS ANALYSIS DATA SHEET

BR3035ERM

Lab Name: COMPUCHEM . Contract: OLMO4-REVS

Lab Code: LIBRTY

case No.: : sas No. SDG No.: Q1971

Matrix: (soil/water) SOIL

Lab Sample ID:y Q1371-2

Sample wt/vol:
{low/med)

Level:

% Moisture: not dec.
GC Column: EQUITYS24 ID: 0

Boil Extract Volume:

CAS NO.

.53 (dm) .

a1y

COMPOUND

Soil Aliquot Volume:

5.0(g/mL) G " Lab File ID: Q1971-2B55
LOW ' Date Received: 04/02/01
10 Date Analyzed: 04/05/01

Dilution Pactor: 1.0’

(uL)

CONCENTRATION UNITS:

Ty R —

FORM I VOA-1

RIHONIROD

{(ug/L or ug/¥Kg) UG/KE @
75-71-8 DichlorodifluorometRane 11 | 0
F74-87-3 Chioromethane : 171 [¥]
7E-01-4 Vinyl Chloride i1 | T
74~83-9 Bromomethane 11 j'
T5-00-3 Chlioroethane 11 U
TE-G65-4 Trichlorofluoromethans 11 C
75-35-4 1l,l-Dichlaoroethens 11 [§)
76-13-1 1,1,2-Trichloro-1,2,2-Eritluoroethane 11 T U
b'7-a4-1 Acetone 4 JB
75-15-0 Carbon Disulfjide 17, g
79-20-9 Methy! Acetate 11 ]
75-089-2 Methvlene Chloride 11 U
156-60-5 Crans-1,2-Dichlordethens 11 I
1634-04-4 Methyl-tert-Dutyl ether 11 [T
75-34-3 1,i-Dichlorcethane 11 6]
156-~58-2 £is-1,2-Dichloroethens 11 T
78-93-3 | 2-Butanone 2 JB
e7-66-3 Chloroform 11 U
T1-552¢ l,1,l-Trichlorcethans 11 1¢)
110-82-7 CycloheXane. 11 U
56-23-5 Carbon Tetrachlcrlde i1 U
T71-43-2 enzene 11 1J
107~06-2 1,2 chhloroathane 11 iH

OLMQ4 .2

aL0¥ BLC 8T6 TV £2:9T T0/80/F0



-~ 18

L EPA SAMPLE NO.
VOLATILE ORGANYC'S. ANALYSIS DATA SHEET
| . | BR3035ERM
Lab Name: COMPUCHEM Contract: OLMO4-REVS
Lab Code: LIBRTY . SAS No.: . 8DG No.: 01971

Case Na.:
Lab Sample ID: Q1971-2
Lab Pile ID: Q1971-2555

Matrix: (soil/wéter) SOIL
5.0(g/mL) G
LOW L

Sample wt/vol:

Level: (low/med) HDate Received: 04/02/01

Date Analyzed: 04/05/01

e

% Moisture: not dec. 10

GC Column: EQUITY624 ID: Q.53  {mm) Dilution Factor: 1.0

Soil Extract Volume: (ul) - Soil Aliguot Volume: {uL.)
CONCENTRATION UNITS:

CAS NO. COMPOUND 5 (ug/L or ug/Kg) UG/KE O
79-01-6 Trichloroethenes . 11 U
108-87-2 Methylcyelohexane 1l U
78-87-5 1,2-Dichloropropane 11 U
75-27-4 Bromodichloromethzie 11 U
100671-01-5 cis-1,3-Dichloropropens il 1'vU
108-10-1 {1 4-Methv]-2-Pentanone 11 [#]
L08-88-3 | Toluene 11 1 0
10061-02-6 txans-1,3-Dichloropropene 11l i
79-00-5 1.1,2-Trichloroethans 11 )
127-18-4 Tetrachloroethens il | O
S9T-TH-6 2 -Hexanone 11 | U
124-48-7 Dipromochleromethane 11 9]
106-93-4 1,2-Dibromoethane 11l U
108-20-7 Chlorobenzena 11 19
100-21-4 T Ethylbenzene 11 1 U
1330-20-7 Iylene {Teotal) 11 U
i100-42-5 Styrene 11 U
75-25-2 Bromoform 11 10U
98-82-8 Isopropvlbenzene 11 U
78-34-5§ 1,1,2,2~Tetrachloroethana 11 U
54T--73-1 L, 3-Dichlorobenzens 2 ) 1)
106-46-7 1,4-Dichlorobenzens 11 [4)
I5-50-1 1,Z2-Dichlorobenzens 11 [¥)
S6=-12-8 | 1,2-Dibromo-3-Chlcropropane 11 U
120-82-7 1,2,4-Trichlorobenzene 11 i

SNG P

FORM I VOA-2

ni0% BLe 8T8 YVd ¢Z:9f Tos/so/%Q

QLMQ4 . 2




CONCENTRATICON UNITS:

‘1D . EPA SAMPLD NU.
GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET i
- | o g BR3D35ERM
" Lab Name: COMPUCHEM , . T Contxact:
Lab Code: LIERT? Casefﬁoi: o | gAS No.: SDG No.: Q1971
Matrix: (soil/wétér) SOIL’ ;k o . Léb Sample ID: Q1951—2
Sample wt/vol:. 2.0 (g/mL) Gf_ Lab File ID: |
¥ Moisture: © decan;gé; (Y/NiiN Date Received: 04/02/01
Extraction:: <SepF/cOnt/sc§ﬁé)".SONc § Date Extracted:04/02/01
Concentrated Extract volume: 10000-(ul) Date Analyzed: 04/04/01
Injection Volume: 25.0 (ul) . Dilution Factor: 1.0
@pc Cleanupé (Y/N) N pH: Sulfur Cleanup: (¥/N} N

200 F

CAS NO. COMPQUND {ug/L or ug/Xg) MG/KG Q
2691-41-0w==-—-- EMX 0.25|0
96-315-4~=-=-m—-—= -1,3,5-Trinitrobenzene 0.25|0U
121-82~4---~===-=— RDK 0.251|0
99-F5-0---~—--=—=~ 1,3-Dinitropenzena 0.25|40
118-86~-7--—--—-- 2,4,6-Trinitrotoluene 0.25|U0
479~45-B~—-==m=- Tetryl 0.50|0
98-95-3-—-mom == Nitrobenzene 0.251(0
191~14-2-——=w=== 2,4~-Dinitrotoluene 0.25|0
E06-20-2m=~——~—= 2, 6-Dinitrotoluens 0.50|U
35572-78-2------ 2-Amino-4,6-dinitrotoluene 0.50|U0
1946~81-0~----—~~-~ 4=-AMino-2,6- dlnltrotoluene 0.50(T
BB-T72-2-—~======r 2 Nltrotoluene 0.50|U
03-9%-(0-r-———u-= 4-Nitrotoluene 0.5010T
99-08-1~----+==- 3-Nitrotoluene 0.501U0
FORM I PEST .
0407 -6LC 618 IV €¢-GT T10/50/%0

RAHDIIADD




NITRATE/NITRITE ANALYSIS

SUMMARY REPORT
ITEM  SAMPLE COMPUCHEM RESULT REPORTING LIMIT
NO. IDENTIFIER NUMBER (mg/Kg) - (mg/Kg)
1. BR3034ERM Q1971-1 7.63 1.1
2 BR303SERM - .. Q19712 3.6 1.1

BRI = BELOW REPORTING LIMIT |
Reviewed by/ID#: “@—] “—bwﬁl | JuoK  Date ‘_115@]_

A

Fon
HIESOdROD 0L0% BL¢ 616 IV ¥Z:6T T0/80/70



04/13/01 17:16 FAX 918 3785 4070 COMPUCHEY

TOTAL ORGANIC CARBON (QUAD) ANALYSIS

@002

SUMMARY REPORT
ITEM  SAMPLE COMPUCHEM  RESULT REPORTING LIMIT
NO.  IDENTIFIER NUMBER (mg/Kg) (mg/Kg)
1 BR3034ERM TI971-1 110500 53 .
56

2. BR3035ERM T1971-2 113000 -

BRL = BELOW REPORTING LIMIT

Rcvieﬁedbyfﬂ)#: :@gﬁ )m%ﬁ oS Date: "-\/\?._/Crl



W APR-04-01 HED 08:26 AM  PARAGON ANALYTICS. . FAX HO. 970 480 1349_ P 02

TOTAL URANIUM ANALYSIS RESULTS SUMMARY
By laser-Inducced Kinstic Phosphorimetry

Lab Namg:'?ﬁraghn Analyti;g? Inc. - Date Collected: 03/30/2001
Client Name: COmpuChem‘-i_" _ L - Date Analyzed : 04/03/2001

Cliant Project ID: Wéldoh Springs

Laly Sample TD Serics: 01-04-001 Sample Matrix :*EBOIL
P PRI LRI I L e "‘—"‘"‘"E"J.':“—""‘ FIl ~ = C e ‘mw——“———'ﬂr—___
B [ Lab Total Uranium Reporting
Cllent Sample ID | Sample ID {ug/g ) Limit
pasteE R L e e T Fa ST R
BR3IQILTRM 04-001-01 0.%32 + 0.10
| TMR3I0IBERM 04-001-02 0.84 ¢ 0.11
Blank 04-001-B1 BDL
HAR303408M 04~201-D1 0.78 3 0.11

RS T T e ) e 2 I T

Reported Uncerbainties ars the Eﬂleated Total Propagated

UnLﬁVLalﬁfics {(Zo)
Heza PAT 8QP 743R3 EBav datnlls of TPU determinations.

FLAGE = J - 'Hatimated Value‘ - Tapult betwegn_Method
Detection Limit and keporking Limit.
U - 'Hol Dateotedt! - resull less than Mathod
Detockion Limit.
B = Boelow Detecktion Limit; sac method for DL determination.
Rumaziks:
Sample 01-04-001-D1 iz a duplicate of 01-04-001-01.

PRELIVINARY RESULTS




VOLATILE ORGANICSqANALYSIE DATA SHEET

IA

GW3034ERM

Lab Name: COMPUCHEM | . Contract: OLM04-REVS

Lab Code: LIBRTY  Case No.: . . 8AS No.: SDG No.: R1871
Matrix: (501l/water) WATER . | ) ﬁab Sample ID: R1B271-1

Sample wt/vel: = 5 {g/mL ML - Lab File ID: R1571-1AK5
Level: (low/med) LOW Date Received: 04/02/01

% Moisture: not dec. . Date- Analyzed: 04/03/01

GC Column: EQUIstzé ID: 0;53 {mm) Dilution Factor: 1.0

Soil Extract Volume: un)  Seil Aliquot Volume: _  (ub)

CONCENT?AIION UNITS:
{ug/L or wg/Kg) UG/L @

¢aS NO. COMBOUND
T5-71-8 Pichlorodifluoraonetnane * 10 U
74-87-3 Chlorometnans 10 T
75-01-4 Vinyi Chloride i0.] O
Tad-83-9 Bromomethane 10 J
75-00-3 Chlorgethane 10 1
T5-69-4 TrlchloroLlucromethane Lo 8]
75-35-4 T,1-Dichloroethene T0 T
Te-13-1 j,1,2-Trichloro-1,2,2- trlfluoroethane 10 (i
g7-64-1 - Acetone \ 36
F5-15~0 Carpon Digulfide 1G U
T9-2U-8 Methyl Acetate ' 10 BE)
Ta-09-2 Methylene Chloride 10 4]
156-60-5 trans-1, 2-Lilichloroethens il J
1632-04-4 | Methyl tert-Butyl Erher 10 U
75-34-3 1. I-Dichloroethane 10 U
1656~59-2 cis-1, 2-Dichloroethene 20
78-53-3 2 -Butanone 10 (8]
6/=-66-3 Chlorolform 1 5]
TFi-55-6 1,1,1l-Trichloroethane 10 1¥]
110-82-7 Cyclchexane io 1T o
S6-24-5 Carbon Tetracnloride 10 U
71-43-2 Benzene 10 1 0
107-06-2 1,2-Dichloroethane 10 i
=
FORM I VOA-1 OLMC4 . 2
I.
ann IO 1T ~In® RJF RTR YU BT:eT  TO0/C0/F0




L ' “1B ' EPA SAMPLE NO.
VOLATILE ORGANICS ANALYSIS DATA SHEET

: _ N ' GW3034ERM
Lab Name: COMPUCHEM _  Contract: CLMO4-REVS
Lab Code: LIBRTY Case No.: SAS No.: SDG No.: R1S71
Matrix: (soil/water) WATER o fab Sample ID: R1871-1
Sample wt/vol: . 5 {g/mL) ML _ _ Lab File ID: R1871-1ASS
Level: (low/med) LOW : ' Date Received: 04/02/02
% Moisture: neot dec. - Date Analyzed: 04/03/01
GC Column: BQUITY624 ID: 0.53 (mm) Dilution Factor: 1.0
Soil Extract Volume: (uL) o Soil Aliquot Volume: (uL.)
. : : . - ' . ‘{-
: - _ . . CONCENTRATION UNITS:
CAS NO. COMPOUND L . (ug/L or 1g/Kg) UG/L Q
95T 8 | Trichloroethens , 770 ] EB
108~-87-2 Mathyloyclohexane 10
78-87-5 1,2-Dichloropropane ' 10
' T5-37=-4 Eromodichlorometaane 10
J10061~01-5 cis-1,3-Uichloropropene 10
108~-10-1 4-Metnyl -2-Pentanone 10
108-88-3 Tolusne 10
10

10061l-02-6 transﬂl,3—Dichloro§rogene :
75-00-5 1,1,2-Trichloroet e . - 10,
127-18-4 Tetrachloroethene i . 10

591-78-6 2 -Hexanone 10
' 10 -

¢la colalalcaalalo ooy ool o Qo Cy o Q| el S

124-48-1 Dibromochloromethane
106-33-4 1, e -Dibromoethane 10
108-~90-7 Chlorobenzene 10
100-41-4 Ethylbenzene - 10
1T330-20~7 | Xylene (Total) 10
100-42-5 styrene 10
T5-25-2 Bromoform . 10
S8-82-8 Isopropyloenzene - 10
79-34-5 1,1,2,2- TetraChloroethane 10
5&1-73-1 1,3—31ch10robenzene 10
106-46-7 T, Z-Dicnlorobenzene , 10
95-50~1 1, 2~Dichloronenzene 7 _ 10
96-124 -3 1,2-Dibromo-3-Chloropropane 10
720-82-1_| %.2,4-frichlorobenzens 10

FORM I VOA-2 OLMO4. 2

N L . .
L ey i~ rmE AP OTO TUT =W imaT TA PN RN



o . 1D EPA SAMPLE NO.
GC EXTRACTABLE ORGANICS ANALYSTS DATA SHEET

: ' . - GW3034ERM
Lab Name: COMPUCHEM . ~ Contract:
Lab Code: LIBR?Y Case No.: . .: BAS No.: - SDG MNo.: R1971
. Matrix: (soil/water) WATER . i Lab Sample ID: R1971-1

Sample wt/vol: 770.0-(g/ml) ML ~  Lab Pile ID:

¥ Moisture: decan.teci: (y/n) Date Recelved: 04/02/01

Extraction: (SepF/Cont/Sonc) SEPF Date Extracted:04/03/01

Concentrated Extract Volume: 160060 {(ul) Date Analyzed: 04/04/01

Injection Volume: = 25,0 (uL) Dilution Factor: 1.0

GPC Cleanup: (Y/N) ¥ . pH: Sulfur Cleanup: (Y¥/N} N o

. : CONCENTRATION UNITS:

CAS NO. COMPOUND {(ug/L or ug/Kg) U&/L . Q
2691-41-0--=----HMX : 3.2|U0
98-35-4---—-u_ - 1,3,5-Trigitrobenzene 1.6f0
121-82-4------- RDX 4.01{U
899-65-0n---—au__ 1,3-Dinitrobenzens 1.6(U
118-96-F-v---a_ 2,4,6-Trinitrotolusie 3.2|U
479-45-8moouonn Tetryl 3.2|o
98-95-3m-cmmao—- Nitrobenzene 2.4
121-14-2--——au- 2,4-Dinitretolvuens 4.0(0
606-20-2--———~——2,E~Dinitrotoluene - 4.0U
35572h78—2-~——--2-Amino-4,E—dinitrotolueng_* 4.810
15946-51-0------ _—4-Amino-‘2,sudinitrotoluene_ . ©3.2|U
88-72-2---cuna 2-Nitrotoluene ' : 4.0(T
89-89-0---------g-Nitrotoluene 4.010
895-08-1c-mnmon 3-Nitrotoluens 3.2|0

FORM I PEST

800 | ﬁEBDH&NOO OLO% 6LC 8T6 IVA P;=9Em“39590/?0



. aa | EPA SAMPLE NO.
VOLATILE ORGANICS ANALYSIS DATA SHEET

_ CWI034ERMDL
Lah Name: COMPUCHEM . . Contract: QLMO4-REVS
Lab Cede: LIERTY Case Nb.:_ . SAS No.: | SDG No.: R1571
Matrix: (soil/water) WATER ~ Lab Sample ID: R1971-1
Sample wt/vol: 5 (g/mL] ML Lab File ID: R1971-1DASS
Level: (low/med) LOW .; R Date Received: 04/02/01
% Moisture: not dec. : - Date Analyzed: 04/03/01
GC Column: EQUITY624 ID: 0.53 (rem) Dilution Factor: 6.2
Scil Extract leumé: o (any - | Soil Aliguot Volume: - {ul)
' | e CONCENTRATION UNITS:
CAS NO. COMPOUND S - {ug/L or ug/Kg) UG/L Q
J5-71-8 chhlorod*fluoromethane —23
- 74-87-3 Chloromethans R 63
T5-01-4 | vVipyli Chloride .63
74-83-9 Bromometnane - 63
T5-00-3 Chioroethane _ a3
75-65-4 Trichlorof luorometnane 63
Fa=-35-4 1, I-Dichloroethene 163
Th-1a3-1 1,1,8-Trichloro-1,2,2-triflucroethane 63
' 70

67-64~1 Acetone
J5-15-0 Carbon Disulllide

To=20-9 Methyl Acetate ] 28 B
75-09-2 Methvlene Chloride
156-60-5 trang-1,2-Dichlorosthene ' 63
1634-04-4 Methyl tert-Butyl Ether 63
Fn-34-3 1,1-Dichloroethane 63
156-59-4 cig~1,2-Dichloroethens 22
78-93-3 2-Butanone 63
_ 67-66-3 Chlorororm gg

71-55-6 1,1l.1l-Trichlorocethane

o
W
GGQGGGQEGGGGEGUGQGGGGGG

110-82-7 Cyclohexans , _
56-23-5 Carbon itetrachioride 7 63
F1-43-2 Banzene gg

107-06-2 1,2-Dichloroethane

FORM I VOA-1 CLMC4 .2




Lab Name: COMPUCHEM

Lab Code:

LIBRTY

1B

VOLATILE ORGANICS ANALYSIS

Case No.: - SAS No.:

Matrix: (soil/water) WATER

Sample wt/vol: - 3
Level: - (low/med)

% Moisture: not dec.

{g/mL) ML
LOW '

GC Column: EQUITYE24 ID: €.53 - (mm)

Soil Extract Velume:

)

 'Contract: OLMcé-REVS

.EPA SAMPLEMNb:MNMH

DATA SHEET |

GW31034ERMDL

_ 8DG No.: R1g71
Lab Sample ID: R1971-1

Lab File IDl: R1971-1DASS

Date Recelved: 04/02/01
Date Analyzed: 04/03/01

Dilution Factor: &.2

Soil Aliguot Volume: (ul)

CONCENTRATION UNITS:

CAS NO. COMPOUND - (ug/L or ug/Kg) UG/L Q
79-01-6 Trichloroethensg - T 540 DB
108-87-2 Methyvloye lohexane &3 T
_78-87-5 1, 2-Dichloropropanea ) 1
Th-~27-4 Bromodichloromethane 63 U
10061-01-5 cis-1,3-Dicaloropropene 63 U
108-10-13 4 -Methyl-Z-Pentanone 12 DJ
1083-88-3 Toluene 63 T
T0061-02-6 trans-1, 3-Dichloropropens 63 | U
79-00-5 | 1,1,2-Trichloroethane 63 | U
127-18-4 Tetrachloroethene 63 18]
59]~-78~-6 Z -Hexanone 14 DJB
124-48-1 Dibromoch!oromethane 53 U
106-93-4 1, 2-Dibromcetiane 62 || U
108-90~7 Chlorobepzens 53 [¥]
100-41-4 Bthylbenzene 63 [3)
1330-20G~17 Xylene (Total} 63 8]
100-42-5 Styrene 63 U
T5-25-2 Bromoform & D
98-82-8 Isopropylbanzene 63 | U
T6-34-5 | 1,L,2,.2-lecrachloroethane i3 | DJB
C41-73-1 1,3-Dichlorobenzene . 62 | U
106-46-7 1, 4-Dichlorocbenzene 63 g
§5-50-1 1, 3-Dichloxobenzene 63 U
56-12-8 | 1,2-Dibromo-3i-Chloropropane 35 | DJ8d
120-82-1 1,2,4-Trichlorobenzene 63 [¥] .
FORM I VOA-2 oLMO4 .2
_O0 T WTRAN TR nioF BAE 8T8 YVI €Z:6¢T T0/S0/%0




NITRATE/NITRITE ANALYSIS

SUMMARY REPORT
ITEM  SAMPLE COMPUCHEM  RESULT  REPORTING LIMIT
NO.  IDENTIFEER NUMBER (mg/L) (mg/l)
L GW3034ERM R1971-1 78S 25

" BRL = BELOW REPORTING LIMIT

Rlevinwed by/ID#: “’Q.)—«z)m},;}_ ! LS Date: 1\,{5 ZC‘)}

0TO @A WIHONAACD 0L0F 8L¢ 8T8 IVd G2 8T TO/G0/70



04/13/01 17:18 FAX 919 379 4070 COMPUCHEM | . @003

ALKALINITY ANALYSIS

SUMMARY REPORT
ITEM  SAMPLE COMPUCHEM RESULT REPORTING LIMIT
NO. IDENTIFIER NUMEBER (mg/L) ~__ (mg/L)
1. GW3034ERM U1971-1 230 10 . !

BRL = BELOW REPORTING LIMIT

Reviewed by/ID#: ‘Qj‘f_j)ﬂe:-ﬁL ' I_POS ' Date: M [t '3'/6(




04/13/01

17:18 FAX 818 379 4070 COMPUCHEM

Boo4

CORROSIVITY BY PH ANALYSIS

SUMMARY REPQRT

ITEM  SAMPLE COMPUCHEM
NOQ. IDENTIFIER NUMBER

RESULT REPORTING LIMIT

1. GW3034ERM ~ U1971-1

BRL = BELOW REPORTING LIMIT

. Reviewed by/ID#: "‘@“@% .

(Standard pH units) (Standard pH unjis)

>

746 N/A

/_340% _ Date: _4/12 Ao




04/13/01 17:18 FAX 919 379 4070  COMPUCEENM @005

TOTAL QRGANIC CARBON ANALYSIS

SUMMARY REPORT
ITEM  SAMPLE COMPUCHEM  RESULT REPORTING LIMIT
NO. IDENTIFIER NUMBER (mg/L) (mg/L)

1, GW3034ERM U1971-1 69.6 1

BRL = BELOW REPORTING LIMIT

Reviewed by/ID#: “"Q)"Cjzmﬂ;ﬁ, .Y Date: ‘*{/[3 AH




. | .
4PR-04-01 WED 08:26 Al  PARAGON ANALYTICS - FAX NO. 870 490 1348 P

TOTAL URANIUM ANALYSIS RESUDLTS SUMMARY
By Laser-Induced Kinstic Phesphorimetry

Lab Name: Paragon Aualytics, Ino. Daka Collacted: 03/30/2001

Client Nawme: CompuChen Date Analyzed : 04/03/2001

Client Projant ID: WeldcnrsPiings ;
Lakh Sample ID Series: 01-04-001 Sample Matrix - WATER

et N B L ey g ]

e R e
) : Lab Tatal Uranium Reporting
Client Sanple ID || Sampls ID {ug/L ) Limit

— TR N | et e i R I T B Y G T e L TR
GW3034ERM "—1( 04~001-03 3.93 4

0.53

Dlank ‘ 04-001-32 0.02 + Q.00

l GWR034FRM 04-001-D2 3,89 + 0.52
ey rmmmm = e mormme T ey T eyt e e el

feportaed Tnesrtainties are the Estimated Totnl Propagated
Incartainties (2d¢) .

Pos DAT 30D 743K3 for details of TPU determinations.

HLAGSE - T - tHEstimabted Valus' - result between Method

Detaction Limit and Eeporting Limit.
U - 'Not Detected' - rosult less than Mathoed
Datection Limit. ’

3, v Below Dotecticn Limit; sce méihod for DL daetermination.

Raiparks:

Sairple 01«Q4-001-D2 is a duplicate of 01-04-001-03.

PRELLGINARY RESULTS

c

o pouORIROD . 0LoV BLC 676 YV 9Z:sT T0/60/%0D



Bo02/008

COMPUCHEM

04/16/01 16:37 FAX §18 379 4070

e ——— Vi—— T
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FROM ‘ . (wow) 4 18 2001 12508750, FSIUM/NU VI8 19e09 1 &

TESTAMERICA. INC.

Crient,_ Compuham .- ey CHWT
Cooler Received On; Glabe An dojséned On:__Ghles By:_Mark Beasley

| . /N
_ (Sigasturs) -/
. Temperature of Cooler when opmd ____I_F_Q_mgnzr.s.;;l.gms______
2, Were custcdyseals on omde of cooler and 12 T+ FR. R mmiﬁ@
ol Ifyes,whxt ktnd and where: ____TAPE -
b. Were r.he signature and date COrTect?ummnimesens b.mﬂ@ _
3; ’Wu_-e custody sedls on containers imact?.... .......... ._YF-‘{E_,B

4‘ Ware cnstndy pa’pm‘mﬂde coom wimphbbavadnnn g u.-qu-.i-o-on---:-u---.utc--qn-‘u-u"--vhi@ NO
5. Wers custody papers properly filled out T T 170 S——— eerenelES' NO

A

3 Was sulficient ict used (f APFrOpriate) oommrromnren eeemeressamesessassimsornees YESHES
5. Did all bottles arrive In good condition n.nhmken)".. .......... Lo
10, Were 21} botile Iabels complete (#,dnte,signa&,pres,ét:)?...............................;..._@ND

6. md ynu sign the custody plpers in the appropmte PlACET s uuronrmscmsesavrmsarames srossnser .@ NO

7. What kind of psu'.kmg ma:erial W33 e ewrsp) Peanuts Otber None

11, Did sl botﬂe labels and tags agres with custody PIPErs?e...merssmsrimasses: @ NOD
12. Were cﬂrreﬁt batﬂes mﬂ fbrﬂle ‘nﬂyﬂ’ requmd?n PPTYTL LIRSl E LIRS L bttt "“""@ No

..-......nm@-

14. If present, were VOA vials chetked for absence of alr bubbles and noted i formd? iararrem 4]

s essrensen SESNO

13. If present, was auy abservable VOA headspace present?...,. ..... sraunsnanaes

15, ‘Was sfficlept amount of ssmple seat in each botile?..cnesnsaraases
16, ‘Were cox;r'ec! pruemﬁ:es DSR2 cnsmrmsrssssstanrsnssisssapprossnssssneiineioss @N
1. Was residual chlorize present (if appropriate?)e. i inssarassrsessamsertuiasssdt caren XS @
18, Corrective action taken, if nacessary:

». Naume of person contacted:__SEE ATTACHED FORRESOLUTION TF NEEDED

b, Date:

Cooler RectlptForm LF-1

RO0/€00 R



~ FROM

(MON) 4 16 2001 13:08/8]. 1¥IUI/NV- QUi ivew

SAMPLE NONCONFORMANCE/COC REVISION FORM
Test/America | —
Nashville Division AGCTNO. a 5@3
DATE RECEIVED commmcmpﬁmﬁhmz.
IRelinquishad by Date/Time: Recaived by: Date/Time
Y] LT L@ 4N ci e |
Relinguished hy:‘ Date/Time: - Recaivad by: Data/Time:
3 H 1B G 1230
{Refinqulshed by: Date/Time: “Receivad by: Date/Time:
PROBLEM(S): '
FOC/TOG? "METALS LIST?
TPH METHOD? TCLP WHAT?
EDE METHOD? . HERB LIST- LONG OR SHORT?
NEED LIBT OF CQMFOUNDS: . . B260 INSTEAD OF 50217

TEMPERATURE UPON RECEIPT 7-2
ICE ~ OR~ NO ICE??

SATURDAY DELIVERY MARKED? A
_ FIELD TEST- OUT OF HOLD

ND COC - PLEASE FAX . NO ANALYSIS REQUESTED
DOCLUIMENTATION LEVEL? " OUT OF HOLDING TIME-- TEST
OTHER:

RESOLUTION: 6&” GM ¥ Nt (}tm.s{t'__-‘-}_!%:_

- -

lCONTACTED —[BATEITIME EMAIL |LEFT MESSAGE
.%:W‘- $decy [O5D w .4
Sample Nonconfonnancefboc Revigion Form ¢SFr-12

N0 /YN0

Revised 8/3/00
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o ¥32U5)5!-la1U|/llu-qul|«_|Q..v.'. '
- FROM (MON) 4 1§ 2001 _

TestAmerica
tMEOAPQNATESD
ANALYTICAL REPGRT '
COMPUCHEM 2303 | Lab Number: Ql-A47181
DIANE BYRD . o : Sample ID: §1971-1 .
50} MADISON AVENUE Sample Type: Ground water
CARY, NC 27313 Site ID: -
' o I T Date Collected: 3/30/01
Project: . . g Time Collacted:
Project Name: WELDON SPRINGS , Date Received: 47.9/01
Sampler: Time Received: 9:00 °
: "Heport  Quan Dil  Aulywls anslyels ,
Aoalyre . Besult Deirs Limit Limit Factor  Pate Time Analyst  Methad  Batch

------------------------ ARsumddyas AmmpEas Sedmme  AEBEaa wwwas A hw ek WRMA-=m AThis——aSRE mucamsrsed -l

Chemlcal Crygen Dematd = 26.4 mgl .00 300 1 411001 15110 5. Overten A510.4 Hod 7937
Sampls wag recsived ar 13,0 degress uls&ué, cilent‘ mtiﬂed .

RO = Wot detecrsd at the report Hmit.

# « Becovery outside Laboratoly Ristorissl limira,

C0D perhod modifiad fox MACE M=thod 8000, _ .t

These results relate only to the :'I.IEmS'i tesred.
This report shall not be reproduced except in full and with
permission of the laboratory. .

Report Approved By: _a bl B AAS Report Date: 4/16/01

Paul E. Lane, Jr., Lab Director Gail A. lage, Technica:_L Serv.
Michael H. Dunn, M.S., Technical Director Glenn L. Norton. Technical iexs'v
Johrmy A. Mitchell, Dir. Technical Serv. Kelly §. Comstock, Technical Serv.

Eric S. Smith. Assistant Technical Directer Pamela A. Langford, Technical Serv.

laboratory Certification Number: 387

End of Sample Report.

680 Fostxe Camciron DRivE / Naswwile.TN 37204 / 615-726-0177 / Fax: §15-726-0954 / 800-765-0080
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(MON) 4 18 2401 FRCIE I ATAL IR IO L A

FROM ‘ N S -
Test/America
. IMEJAPDRLATED
* ANALYTICAL REPORT
COMPUCHEM 2303 | - . Lab Number: 01-A47182
DIANE BYRD ' Sample ID: S1971-2
501 MADISON AVENUE - Sample Type: Ground water
CARY, NC 27513 Site ID:
e ’ Date Collected: 3/30/01
Projece: T ' ‘ Time Collected:
Project Name: WELDON SPRINGS Date Received: 4/ 9/01
Sampler: Time Received: : .
* Beport Quan DAl Anelysis Analysis
aAnalyte Bemult - Dndey Limir liwlc Pacrey  Date Time amplyst  Methed  Batch

AR imessrmmEmT—wahmweaay mmw—— kmwe—a ame o e P TTT T T T Y ] ] mmrmedmn  Sépaan  ToEWE——mmm SmeeeryFe  s=esw

MISCRLLANEOUS CHEMTSTRT* .. . .. -
Chemical Oxygen Demand 3 mg/1 3.00 200 1 . &s11/01 1%:19 5. Overton A10.4 Hod 7937

Sample vas received st 15.0 degrees celsina. client notified.
’D - Not dé:'ecta'd at tha repert Limit.
# = Recovery outsdde Labsgatory hlisorigel limits.

6D method modified for BACH Methed 83000.

Thege results relate only to the items tested,
This report shall not be reproduced except in full and with
permission of the laboratory.

Report Approved By: Lhan Al B manss Report Date: A/1§/O1

faul E. lane, Jr., Lab Director Gail A. lLage, 'Iechnica]..,Serv.
Michael H. Durn, M.S.., Techmical Director Glemn L, Norton, Technical Serv.
Johmmy A. Mitchell, Dir. Technical Serv. Kelly S. Comstock, Technical Serv.

Eric 5. Smith, Assistant Te¢mmical Director Pamela A. langford, Tachiical Serv.

Laboratory Certification Number: 387

End of Sample Report.
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|00/800 A WIEHHYNARGD 0L0F 8.¢ 678 XV 8£:9T TO0/9T1/70



- >FROM (MON) 4 16 2001 13:08/81. 18 Ul/Nv. qutiarazas r v

L _ . ! INCoORPSRaTEn
ANALYTTCAL REPORT
COMPUCHEM 2303 . 1ab Number: 01-47183
DIANE BYRD ‘ ' Sample ID: $1971-3
501 MADISON AVENUE - " Sample Type: Ground water
CARY, NC 27513 . ' Site ID
' Date Collected: 3/30/01

Project: .. Time Collected:

Project Name: WELDON SPRINGS Date Received: 4/,9/01

Sampler: Time Received: 9:00
© Reperr  Quam Bl Analysis Analysis
Apelyte e _hesnl: Thite Lipir I1dmi® TFagpar  Pare Time Anelyst Mathod  Batch

PR A cmm T = d B demy—— - Emmr—AeE TS Ammree mugpwmE weerdR  ——asww v eREEE  AsMTEE  seeARWERaBe Semsspghan  wowol

TMISCELLANEOUS CHENTSTRY™ . o . _
Chamical Drygen Demand 22 ngrl o 1.00 1 As11701 15:19 &, Ovarzon 410.4 Med 7937

Sanple was recedwed £v 15.0 degress ‘eelgiug, olient notifisd.
WD = Fot detacted st the Tapore limlg,
# = Reeovery curaids Lahovatory bistorisal Jimity.

CoD mathnd mediffed for m Hathod 2000,

These results relate only to the items tesred.
This report shall not be reproduced except in full and with
permigsion of the laboratory.

Repart Approve& By: uﬁ' B wran I~ Report Date: 4/16/01

Paul E. lLane, Jr., Lab Director Gail A. Lage, Technical Serv.
Michael H. Dunn, M.S., Technlcal Director Glenn L. Norton, Technicgl Serv.
Johuny A. Mitchell, Dir. Techmizal Serv. Kelly S. Comstock, Technical Sexv.

Eric 3. Smith, Assistant Technical Director Pamela A. langford, Technical Serv.

Laboratory Certification Numbex: 387

End of Sample Report.
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C(MON) 4 16 2001 13:09/81. 14IUI/NO. DUTTET09203 P

TestAmerica

IMEOSRPSRATER

~ FROM

PROJECT QUALITY CONTROL DATA
Project Number: -

Mutrix Spille Bécwepy .

Analyta unita Grig, Yal.  MS Val Spike Conc HRecmvery Turger Renge G.C. Barch Spike Sszple

——————mawww . — - . mewesmma’ smmanw PR e mmfdbme——= 2 pEEsEemaas  mmduAE= Y P Ll LT L ]

"ONTISE PARAHEIERSS® , _
Chepieal Oxyger Demard sl 26.4 73.9 50.0 g5 80 - 120 7937 01-447181

Labozatery Contzol Data

Analyte untes Enown Vsl. Analyzed val X Redovary Terger Range Q.C. Batch

A —— Wew——— msEamEw—n Ammsw s - e L e T T PR DR E L

EMISC PARAMETERS=H - .
Themical Oxygen Demand - ng/l .0 50.5 101 9¢ = 110 1537

Paplicares
Aoalyte wmity vrig. val. TDuplicarts ) Limiz Q& Batch  Sample Dup’d
coumtcal Oggen Denzotmgrl W2 7 2k - a5, e oLwms
| Blank Da;:a g |
ﬂn;lvt& Blonk Value  Untty “ Q.%. Batch Dats Anmlyzed Time Analyzed

PR e —— N R L T R Y L LT e m—r——S Emww waddEasE=—wam AR Eressmeseysns

*MISC FARAMETERSA* . .
Chenical Oxygen Demand % 3.00 ng/l 7837 4417701 15:1%
# = Value cucside Laboratory hisrerieal o€ limies,

Bnd of Repert for Praject 233107

2960 Foster Ceriguton DRIVE / Nasuvenl.s, TN 37204 7 815-728-01T7 / Fax; 815-728-0854 / 800-T63-0880
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FILE No.310 05,02 *01 13:49 ID:E.R.M. FoX:600 895 0111 PAGE 2/ 2

TOTAL URANIUM ANALYSIS RESULTS SUMMARY
By Laser-Induced Kinetic Phosphorimetry

Lab Name: Paragon Analytics, Inc. Date Collected: 04/06/2001
Client Name: CompuChem -  Date Analyzed : 04/11/2001

Client Project ID: Weldon Springs

Lab Sample ID Series: 01-04-092 | ~Sample Matrix : WATER
_ Lab I Total Uranium Reporting
Client Sample ID | Sample ID ] (ug/L ) L Limit Flag ||
GW3034T0 04-0%2-01" 4.00 + 0.54 0.20
Blank 04-092-81 ' BDL 0.20 u
GW3034T0 04—092-D1," 3.9¢ O.§3 0.20

Reported Uncertainties are the Estlmated Total Propagated

Uncertainties (2¢).
See PAI SOP 743R3 for details of TPU determinations.

FLAGS = J - ‘'Estimated Value', - result between Method
Detection Limit and Reporting Limit.
U - 'Not Detected' - result less than Methcd

Detection Limit.

BDL = Below Detection Limit; see method for DL determination.

Remarks:

Sample 01-04-092-D1 is a duplicate of 01-04-092-01.
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VOLATILE ORGANICS ANALYSIS DATA SHEET

GW3034T0

Lab Name: COMPUCHEM .. _Contract: OLMO4-REVS .
Lab Code: LIBRTY.. . Case No.: - ~ .SAS No!: = SDG No.: V1971
Matrix: (soil/water) WATER | - Lab Sample ID: V1971-1

Sample wt/voi:i- 5 .l (gme) ML Lab File ID: V1971-1ASS

Level: (low]méd)f‘bbw i? :_  _1 Date Received: 04/10/01

% Moisture: not dec. o Date Analyzed: 04/13/01

GC Column: EQUITY624 ID: 0.53 (mmi . Dilution Factor: 1.0

Soil Extract Volume: _f' um). . Soil Aliguot Volume: _ {un}

CONCENTRATION UNITS:

CAS NO. COMPOUND <~ - . (ug/L or ug/Kg) UG/L QO
75-71-8 | Dichlorodifluoromethane N 10 [ O
74-87-3 Chloromethane , 10 jij
75-01-4 viny) Chloride - 10 T
74-83-9 Bromomethane 10 [ U
75-00-3 Chloroethane | _ 101 U
75-68-4 Tricnlorof lucromethane 10 0
75-35-4 i, l-Dichloroathens 10 U
Te-13~1 1,1,2=-Trichloro-1,2,2-Criflucroethane 10 5]
67-54-1 Acetfone _ & JB
75«15-0 Carbon Disulfides - 10 U

. 79-20-0 Methyl Acetate _ 10 U
75-08-2 Methylene Chloride ' _ 10 J
156-60-5 trans-1,2~-Dichloroetherne 11T J

1634-04-4 Methyl tert-Butyl ECher 10 4]
F5-34-3 1l,1-Dichicorcethane 10 U
156-55-2 cig-1,2-Dichloroaethens . 18 -
F8-93-4 Z2-~Butanone ' 10 U
67-66~13 CAlorororm 1 J
71-55-6 | 1,1,1l-Trichlcroethane - . 10 U
110-82-7 Cyclohexane ' 10 ¥)
56-23-5 Carbon Tetrachloride e 10 U
JLl-43-2 Benzene X 10 [ U
L07-06-2 1,2-Dichloroethane 10 17

FORM I VOA-1 OLM04. 2

11
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VOLATILE ORGANICS ANALYSIS DATA SHEET

GW3034T¢

Lab Name: COMPUCHEM _Contract: OLMO4-REVS

Lab Code: LIBRTY  Case No.: . L8AS No. : SDG No.: V1371

Matrix: (soil/water) WATER Lab Sample ID: V1871-1

Sample wt/vol: 3 (g/ml) ML . Lab File ID: V1571-1A55

Level: (low/med) ‘LOW Dete Received: 04/10/01
% Moisture: not aEC. Date Analyéed: 04/13/01

- Dilukion Factor: 1.0

GC Column: EQUITY624 ID: 0.53  (mm)

Soil Extract Volume: - (1L} . Soil Aligquot Volume: (uly)

. o CONCENTRATION UNITS:
¢ag NO. COMEOUND - (ug/L or ug/Kg) UG/L Q

79-01-6 | Trichloroethene ~ . 570 | EB
108-~-8B7-2 Methylcyclohexane 10 U
78-87-5 1,2-Dichloropropans 1i¢6 | U
Fh-27-4 Bromodlichioromethans 10 [§)
10061-01-5 [ ¢is-1,3-Dichloropropene 10 3]
108-10-1 4-Mathyi-2-Pentanons 10 J
108-88-3 Toluene 1 J
10061-02-6 trans-1,3-Dichioropropens 10 U
79-00-5 1,1,2-Trichloroethana 101 U
127-18-4 Tetrachloroethens 10 U
591-78-6 <~ HeXarons _ 10 1)
124-48-1 | Dibromocnloromethane 10 | O
. 106-93-4 1,2-Dibromcethane 10 3]
108-90-7 Chlorobenzene 10 U
100-41-4 Ethylbenzene 10 U
1330-20=7 <ylene {Total) 10 J
L00-42-% | Styrene 10 J
F5-25-2 Bromoform 10 U
EEREFLY: Igopropylbenzensa 10 U
79-3%~5 1.1,2,2-letrachloroethane 1o U
541-73-1 1,3-Dichlorobanzene 10 J
106-46-7 | i,4-Dichiorobenzeéne 10 | U
95-50-1 | 1,4-Dichlcrobenzene 10 U
56~12~B 1, 2~-D1broms-3-ChloYopropana 10 I
1,2,4-Trichlorobenzene 10 | U

120-82-1

2007

FORM I VOA-2

QLMO4.2
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Lab Name: COMPUCHEM

Lab Code: LIBRTY
Matrix:
Sample wt/vcl 5

Level:

HCasé No.'

_(1ow/medﬁ"

VOLATILE ORGHNICS ANALYSIS DATA SHEET
. TENTATIVELY IDENTIFIED COMPOUNDS

GW3034T0

Contract OLMQ4-REVS

soll/water) WATER .

(g/mL ML

.LOW.

% Moisture: notﬁ&étJ-"-

GC Column: EQUITY624 ID: 0.53

S0il Extract Vclume

Number TICs found: .

| ()

. (uL)

0

" 8AS No.:

S8DG No.: V1971

Lab Sample ID: V1871-1
Lab File ID: V1871-1A55
Date Received: 04/10/01
Date Analyzed: 04/13/01
Dilution Factor: 1.0
Soil Aligquot Volume: _  (ul)

CONCENTRATION UNITS:

- {ug/L or ug/Kg) UG/L

COMPOUND NAME

SRS EE RS SRS R SR

KT

oroTas =Tt RN

"EST. CONC. Q

nnnnn —t

TR Emm - | =mE=

2 Fo e Ju v f»

10.

8003

FORM I VOA-TIC

NIHDNROO

0L0% 8L 6T6 XVA YT:igT TO/LT/YO




" Lab Name: COMPUCHEM

|
|
!
I

VOLATILE ORGANICS ANALYSIS

Lab Code: LIBRTY  Case No.: LSAS No. :
Matrix: (soil/water) WATER .
Sample wt/vol: 5

(Low/med) - LOW

{g/mL) ML .
Level: ) |
% Moisture: not dec. ___ ': '_ )
GC Column: EQUITY624 ID: 0.53 (mm) .

Soil_Extract;Vglﬁme: )

Contract: OLM04-REVS

Lab File ID:

| COMBOUND

—r—— ot — . — -

DATA SHEET
GW3034TCD
SDE No.: V1571
Lab Sample ID: V1971-2
V1i971-2A55

Date Received: 04/10/01
Date Analyzed: 04/13/01
Dilution Factor: 1.0

Soil Aligquot Volume: {ulL)

CONCENTRATION UNITS:

CAS NO. (ug/L or ug/Kg) UG/L Q
75-71-8 Dichlorodlitlucromethane - 1G U @
74-87-3 Chlorometiiane 10 | U
T5-01-4 vinyl Chloride 10 | O
74-83-9 Bromomethane 10 U
T5-00-3 Chloroethane 10 U
Th-69-4 Trichloreotluoromethane 10 U
75-35-4 1,1-Dicaloroethiene 10 | U
76-13-1 1,1,2-Trichloro-1,2,2-trifluoroethana 10 J
67-64-1 | Acetone ' ] 5 J B
75-15-Q carbon Disulflce 10 17
78-20-3 | Metnyl Acetate 10 U
Ta-08-2 Maethylene Cnloride ] J

Lob-60+5h trans~1,2-Dichlorcethene 1 W

1634-04-4 Methyl tert-Butvy] Ether 10 4]

TR-34-~3 1,1-Dicshloroethansa i0 T

l56-59-2 crs-1, 2-Dichloroethens 16 3
78-93-~-3 Z-Butanone 1.0 J
67-66-3 | Chloroform 10 i
TLl-hh=t 1,1, 1-Trichlcroethane i0 1 O
110-82~7 Cyclohaxane 10 i8]
-23-5 " Carbon Tetrachloride 10] U
71-43-2 | Benzene 10 | U
107~06-2 10 U

010

- 1,2-Dichlorcetharne

FORM I VOA-1

RIHONIAOD

OLMO4 .2

14
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VOLATILE ORGANICS ANALYSIS DATA SHEET

GW3034TCD

Lab Name: COMBUCHEM _Contract: OLMO4-REVS

Lab Code: LIBRTY  Case No,: -SAS No.: . SDG No.: V1971

Matrix: (soil/water) WATER Lab Sample ID: V1971-2
Lab File ID: Vi971-2A85

Date Received: 04/10/01

Sample wt/vol: , S (g/mL) ML,
Level: (low/madf' LOW |

% Moisture; not:dec. ‘ Date Analyzed: 04/13/01
GC Columm: EQUITY624 ID: 0.53 (mm) Dilution Factor: 1,0

Soil Aliguot Volume: {uL)

Soil Extract Volume: .

 .fﬁL):

Pemre o

. COMPOUND - . © -

CONCENTRATION UNITS:

CAS NO. (ug/L or ug/Kg) UG/L @
79-01-6 | Trichlorcethena - 540 ER
108-87-2 ?ethylcyclohexane ' 10 4]
78-87-5 2-Dichlordopropane 10 9]
Th-27-4 Bromodichloromethane 10 U
10081-01-5 | cis-1,3-Dichloropropene 10 |0
L 108=10-1 4-Matnyl-2-Pentanona 10 i
10B-88«3 Toluene ' 1 J
_F0061-02-6 Lrang-1l,3-Dichloropropens 10 U
79-00-5 l,l,2-Trichloroetnane 10 U
12/7-18-4 Tetrachloroethene 7 J
581-78-8 2 -Hexarnone 10 1]
124-48-7 Dibromochloromethane 10 u
106-95-4 1, 2-Dibromoethane 10 [¢]
108-80-7 Chlorobenzene 10 )
100-41-4 Ethylhenzene 10 U
1330-20~-7 Xylene (Total) %g g
100-42-5 Stvrene
75-25-2 Bromororm 10 1)
9B8-82-8 lsopropylbenzene 10 | U
To-~-34-5 1,1,2,2-Tetrachloroethane 10 U
521-73-1 T, 3-Dichlorobenzene 10 | U
106-46-7 1,4-Dichlorcbenzene 10 U
95-50-1 1,2-Dichlorobenzene 10 U
96-~12-8 1, 2-Dibromo-2-Chloropropans : —x0 ! U
120-82-1 1,2,4-Trichlorobenzens 10 | U

¥FORM I VOA-2 OLM04.2

15
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1

1F EPA SAMPLE NO.
VOLATILE ORGANICS BANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

' o ' GW3034TOD
Lab Name: COMPUCHEM ) Contract: OLMO4-REVS
Lab Code: LIBRTY = Case No.: . SAS No.: 5DG No.: V1871
Matrix: (soilfwater) WATER ' Lab Sample ID: V1971-2
Sample wt/vol: 5 {(g/mhL) ML - Lab File ID: V1571-2A88
Level: (low/med) ~ LOW =~ = - Date Received: 04/10/01
% Moisture:'no;Jdec. : : - Date Analyzed: 04/13/01
GC Column: EQUITYE24 ID: 0.53 (mm) - Dilution Factor: 1.0
Soil Extract Volume: = - {ul} - Soil Aligquet Volume: (uL}
i e T T CONCENTRATION UNITS;
Number TICs found: 0 . ‘ - - (ug/L or ug/Kg) .UG/L
CAS NUMEBER T -7 COMBOUND NAME . RT EST. CONC. Q
1.
2.
3.
4,
5.
&,
7.
g.
9.
10.
11
12
13,
14.
15,
18.
17.
i8. i
19
28
21
22.
23.
24 .
25
26.
27.
25.
25, =
30,

FORM T VQA-TIC OLMO4 .2
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S \ A2 EPA SAMPLE NO.
VOLATILE ORGANICS ANALYSIS DATA SHEET:

| R L , GW3034T0DDL
Lab Name: COMPUCHEM . - . Contract: OLM04-REVS

Lab Code: LIBRTY. j Case Nﬁ;:%L.':_  SAS No.: SDG No.: V1371
Matrix: (sdil/&atér) WATER o Lab Sample ID: V1971-2

sample wt/vel: - 5  (g/L). ML Lab File ID: V1971-2DASS
Level: (low/med) LOW - Date Received: 04/10/01

% Moisture:-notfdéc. | o S Date Analyzed: 04/13/01

GC Column: EQUITY624 ID: 0.53. (mm) Dilution Factor: 5.0

Soil Extract‘VEIumé;-"f,F‘ uny. . ' So0il Aliquot Volume: ___ (ul)

CONCENTRATION UNITS:

CAS NO. . .CCMPQUND . (ug/L or ug/Kg) UG/L Q
T5-71-8 Dichlorodlifluocrometnane ) .+ 50 ¥
T4-H7-3 Chloromethane 50 -
75-01-4 Vinyl Chloride 50 | U~
74-83-9 Bromometnane _ 50 U
75-00-3 Chlorocethane 50 1T
75-65-4 Trichlorofluoromethiane 50 i
75-35-4 | 1,1-Dichioroethene 50 [ U
76-13-1 1,1,2-Trichloxo-l,2,2-trifiuoroethane 50 U
&7-64~-1 Acetone 18 DJB
75-15-0 Carbon Disulfide : : 50 3]
7o9-20-9 Methyl Acetate _ 507U
75-09-2 Methyvliene Chloride 13 DJ

156-60-5 trans-1,2-Dichloroethens S50 [ U

1634-04-4 Methyl tert-Butvyl Ether 50 19

75-34-3 1,l-Dichloroethans - 50 i)
156-59-2 c¢is~1,2=-Dichloroethiene 15 DJd
78-93-3 Z2-Butanone 50 U
67-66-1 Chloroform - 50 [
71-55-6 1,1,1-Trichlorcethane ' 50 U
110-82-7 | Cyclohexane . — 50 | U
Be-23~5 Carbon Tetracnloride . 50 u
71-43-2 Benzane S ) 50 U
107-06-2 1,2-Dichloroethane 50 U

S
FORM I VOA-1 OLM04.2

1? A

-
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. ) . 18 ’
lVDLAIILE ORGANICS ANALYSIS DATA SHEET

Lab Name: coMgubHEM “
Lab Code: LIBRTY  Case No.:
Matrix: (soil/water) WATER -
Sample wt/vol: B 5 .-(g/ﬁL) ML
Level: (low/med) LoW
% Mcisture:-ﬁoﬁ,ded:-h

GC Column: EQUiT¥624 ID: 0.53 {mm)
Soil Extract Volume:_ o uny

CAS NO. . COMPOUND. < .. .: o

. SAS No.:

BEPA SAMPLE NU.

GW3034TODDL

- Contract: OLMO4-REVS

SDG No.: V1871
Lab Sample ID: V1871-2
Lab File ID: Vi571-2DASS
Date Received: 04/10/01
Date Analyzed: 04/13/01
Dilution Factor: 5.0
Soil Aliquot Volume:  (ul)

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L Q

75-0T-6 | Trichloroethene .

~ . 540 ju} ]

108-87/-2 | Methylcyclohexane

78-87-5 1,2-Dichloropropans

75-27-4 | Bromeodlichloromethane

10061-01-5 cig-1,3-Dichloropropens

108-10-1 4-Mathyl-2-Pantanone

108-88-3 Toluena

10061-02-6 trans-1,3-Dilichloropropene

79-00-5 1,1,2-Trichlorcethans

127-18-4 | Tetrachloroethene : s 3 g
581 -78~-6 2-Hexanone i 50

124 -48-1 Dibromochloromethana

106-93-4 1, 2-Dibromoethane

108-80-~7 Chlorobenzana

100-41-4 Ethylbenzens

1330-20-7 Xvlene (Total)

100-42-5 Styreane

. JBm25-2 BromoIorm 50
95-82-8 ‘leopropyLlbenzene 50

79-34-5 L,1,2,2-Tetrachioroathane

541-73-1 1,3-Dichlorobenzena

106-48-7 L, 4-Dichlorpbanzens

95-50-1 ] 1,2=-Dichlorobenzene.

S6-12-8 i,Z2-Dibromo-3-Chlorepropane

oy
[
cicldlclalddicicldadaaldulaladddddd

120-82-1 1,2,4-Tricﬁlo:obenzene

FORM I VOA-2

Y10 ' NIHONIROD

OLM04 .2
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” e hp o EPA SAMPLE NO.
VOLATILE ORGANICS ANALYSTS DATA SHEET :
TENTATIVELY IDENTIFIED COMPQUNDS

. . _ GW3034T0DDL
Lab Name: COMPUCHEM S , Lontract: OILMO4-REVS

Lab Code: LIBRTY Case No.: 8AS No.: | SDGE No.: V1971
Matrix: (soil/water) WATER . .. . Lab Sample ID: V1971-2

Bample wt/vol:. 5  (g/mL) ML . Lab File ID: V1971-2DASS
Level: (low/med). . LOW - Date Recsived: 04/10/01

% Moisture: not degc, . ... . . | - Date Analyzed: 04/13/01

GC Column: EQUITY624 ID: 0.53  (mm) . pilution Factor: 5.0

Soil Extract Volume: . . (un) . Soil Aliquot Volume: (urL)
' T CONCENTRATION UNTTS:

Number TICs found: .. 0 . L N {ug/L or ug/Kg) UG/L

CAS NUMBER = .| . .. .. COMPOUND NAME RT EST. coNG. | q

e i e e e D T L L Nt T T T R TF V) Yoenyupopmemmpny ——

L2 I TN 1
]

FORM I VOA-TIC OLM04 .2

19
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1A  EPA SAMPLE NO.

VOLATILE ORGANICS ANALYSIS DATA SHEET

Lab Name: COMPUCHEM "

Lab Code: LIBRTY  Case No.:
Matrix:.(soi%/water) WATER )
Sample wt/vol::. ) 5 - (g/mu) ML
Level: (low/med) LDW | 'C' S .
% Moisture; not dea. |

GC Columni EQUITY624 ID: 0.53  (mm)

“Contract: OLMO4-REVS

GW3034TODL

" SAS No.: SDG No.: V1871

Lab Sample ID: V1371-1
Lab File ID: V137L-1DA55
Date Received: 04/10/01
Date Analyzed: 04/13/01

Dilukion Factor: S.d

Soil Extract Volume: . - . {uL} =~ Soil Aliquot Volume: _ (uls)
: o CONCENTRATION UNITS: %
CAS NO. COMPOUND (ug/L or ug/Kg) UG/L Q
75-71~-8 | Dicnlorodifluorcomethane 50 | O
74-87-3 Chloromethane 50 | U
7S-01l-4 Vinyl Chloride 50 U
74-83=9 Bromomethane . 50 U
T5-00-3 Chlorcethane 50 U
75-69-4 | Trichlorotrluorometiane 50 (]
T5-25-4 1., L-Dichlorocethene ‘ 50 o
76-13-1 TfTTETTrlchlorc—l,z,2-trif;uoroethane ‘ 50 1T O
67-64=1 Acetone _ 18 DB
75-15-0 | Carxbon Disulflde 50 | U
79-20-8 HaEhyl Acatsate 50 (iR
75-08-2 Metliivlene Chloride 12 DJ
156-60-5 trans-1,2-Dichlorocethene 56 | U
1634-04-4. | Methyl tert-Butyl Ether 50 | U
7T5-34-3. 1, l=Dighlorogethane 5{ [9)
156-55-2 cis-1,2-Dichloroetiene 16 DJ
 J8-83=3 2-Butanone. 11 DB
67/-bb=3 Chioroform 50 U
Tl-55«6 1,1,l1-Trichloroethane 5Q U
110-B2=7 CycloheXane g 50 U
EGwel=5 Carbon Tetrachiloride 50 g
1=-434- Benzene 50 |4
107-06-2 1,2=Dichlorosthane 50 U
I vVoa-1 OILMO4 .2

FORM

aTo By ' : WHHDNIR0D 0L0% 8.8 8T8 XV 8€:8T TO/4T/V0
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- RSN 1B EPA SAMFLE NO.
 VOLATILE ORGANICS ANALYSIS DATA SHEET _

GW3034TODL

Lab Name: COMPUCHEM - o * Contract: OLMO4-REVS
Lab Code: LIBRTY  Case No.: .; SAS No.: . 8DG No.: V1971
Matrix: (soil/water) WATER .~ = Lab Sample ID: V1971-1
sample wt/vol: 5 . (g/mn) ML. Lab File ID: V1971-1DAS5
Level: (low/med) LOW § Date Received: 04/10/01
% Moisture: not dec. = , o Date Analyzed: 04/13/01
GC Column: EQUITYS24 ID: 0.53 (mm) . Dilution Factor: 5.0
Soil Extract Voiume:_ ) A:(uL) o Soil Aliguot Vblume; {ull)
S U, CONCENTRATION UNITS:
CAS NO. - COMPOUND. -~ = - . L (ug/L or ug/Kg) UG/L Q
79-01-& | . Trichloroethense ~ I U =
10B-87-2 Methylcycichexane _ B0 5]
TB-87-5 1,2~-Dichloropropansa . 50 U
75-27-4 | Bromodichloromethane 50 1 U
10061-01-5 "1 ¢is-1,3-Dichloropropens - 50 [¥]
168-10-1 4-Methyl-2-Pentanone 50 J
108-88~13 Toluene ' ' 50 o
10061-02-6 | Trans-1,3-Dichloropropens . 50 [ U
79-00-5 1,1,2-Trichlorcethane 50 [i]
127-18-4 Tetracinloroethene - 50 U
591l-78-6 2-Hexanone _ - 50 |.U
_124-48-1 | Dibromochloromethane . - 50 | U
106-93-4 [™7,J-Dibromoéthane : 50 | U
108-90-7 Chlorobenzene 50 [4]
. 100-41-4 Ethylbenzene .50 9]
1330-20-7 | Xylene (Total) 50 | U
100-42-5 Styrene 50 U
7T5-2E=32 Bromoform 50 U
92-82-8 Isopropylhbenzens ' 50 9]
79-34-5 1,1,2,2-Tetrachloroethane 50 | U
541-73-1 1l,3-Dichlorobenzefe . _ _ : 50 U
106-46-7 | 1,4-Dichlorobenzene T 50 | U
95-80-=T 1,2-DichTnrobenzene 3 50 U
96-12-8 1,2-Dibromo-3-Chloropropane BE L
120-82~1 l,2,4-Trichlorobenzene . 5¢Q U
Ib

FORM I VvOA-2 OLM04 ., 2
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Lab Name:
Lab Code: LIBRTY
Matrix:

Sample Wt/vcl 5
Level : (1cw/med}

¥ Moisture: not dec

VOLATILE ORGANICS ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

COMPUCHEM

Case No.:

(g/mLy ML

LOW

GC Column: EQUITY624 ID:

30il Extract Vblumer

Numbez Tzcs fOundi

g -

1F

:Contract:

'SAS No.:

{soil/water) WATER

) 0:53° (um)

Ly

EPA SAMPLE NO.

OLMG4 -REVS

GW3034TODL

SDG No.
Lab Sample ID: V1i971-1

Lakh File ID:

Date Received:

Dilution Factor: 5.0
Soil Aliquot Voluma:

CONCENTRATION UNITS:
(ug/L or ug/Kg)+UG/L

1 Vie7l

V1i871-1DARS
04/10/01
Date Analyzed: 04/13/01

{(ul)

- CAS NUMBER

T I o i o i o e vt S e i s

e e e

COMPOUND 'NAME

RT

EST. CONC.

- . o T T R R

s s s |0 -

w0 oo 3] o un] s Lt 1o

i
[w)

4
4
I

T I
s L b

o
%)

|._.1
0\

17.

0| R
3]\t o)

R
N3] -

G2 B8 DL B D DO O D)
CHAG] 0]~ o L i Lad

8T

FORM T VOA-TIC

REEONJROD

OLMO4 .2

22
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. o EPA SAMPLE NO.
VOLATILE ORGANICS ANALYSIS DATA SHEET

o N ' ' GW3034TODLMS
Lab Name: COMPUCHEM L Contract: COLMC4-REVS
Lab Code: LIBRTY  Case No.: “8AS No. . EDG No.: V1971
Matrix: {sgil/water) WATER . B Lab Sample ID: WGS5546-4
Sample wt/vol: - 5 Hg/mL) ML Lab File ID: WG@9546-4A55
Level: (low/med) LOW - - e Date Received: 04/10/01
¥ Moisture: mot dec. ___ Date Analyzed: 04/13/01
GC Column: EQUITY624-ID: 0.53 (mm) Dilution Factor: 5.0
Soil Extract Volume:_  —~  (uL) = - Soil Aliquot Volume: {ul)
S CONCENTRATEON UNITS;:
CAS NO. COMPOUND (ug/L or ug/Kg) UE/L 0
T5-71-8 Dichlorodiflucromethana ' E0 | U
74-B7-3 Crnloromethane ' 50 U
75-01-4 | Vinyl Chloride 50 | U
74-83-9 Bromometihans 20 | U
75-00-3 Chioroethane 50 [
TEZE9-4 Tricghlorofluoromethans 50 [
75-35-4 1, 1l-Dichlorcethena 170 D
76-13-1 1,1,2-Trichloro-1,2,2-trifluoroethane 13 DuJ
7-64-1 Acetone 21 DJB
75-15-0 Carbon Digulride R j 50 U
T79-~-20-8 Methyl Acetata . ) . 50 J
75-05-2 Methylene Chlorida 17 DJ
1586-60~5 trars-1,2-Dichloroethéne ' 50 ' U
1634-(4-2 Methyl tert-Butyl Ether 50 L]
TS =-34 -3 1,1-Dichloroethane _ 50 |0
156~59-2 | cis-1,2-Dichloroethene 16 | DJ
78-93-3 2-Bufanone - 50 U -
87-66-3 | Chloroform ' . - 50 | U
71-55-6 L1,1l,l-Trichloroethane ' 50 U
110-82-7 | CycloheXane N a0 | U
86-23-5 Carbon Tetrachloride , 50 14
-~ 71-43-2 Benzenea 230 D
107-06~2 L, e-bDichloroethansa ' . 50 i)
=
FORM I VOA-1 OLMO04 . 2

23
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’

I

Lab Name: COMPUCHEM
Lab Code: LIBRTY

L - .18
VOLATILE ORGANICS

Case No.;‘ . ;SAS No.

Matrix: (soil/water) WATER

Sample wt/voi:f

5 {g/mL) ML

Level: (low/med) ITOW .- i

% Moisture:

ndtfded.

GC Column: EQUITYS24 ID: 0.53 (mm)

ANALYSIS DATA SHEET

EPA SAMPLE NO.

GW3034TODLMS

.Contract: OLM04-REVS

SDG No.: V1971
Lab sample ID: WG9546-4

Lab File ID: WGES546-4A55
Date Received: 04/10/01
Date Analyzed: 04/13/01

Dilution Factor: 5.0

Soil Extract Volume: ~{uL) Soil Aliquot Volume: (ulL}
: R T CONCENTRATION UNITS:
CAS NO. COMPOUND - .. .~ - (ug/L or ug/Kg) UG/L Q

79-01-6 | Trichlorcethene =~ T 740 DB
108-87-2 | Methylcyclohexane 50 U
78-87-5 Ll,2-Dichicropropane 50 u
15-27-4 Bromodichloromethane 50 9]
10061-01-5 | cis-1,3~Dichloropropens 50 | U
108~10-1 4~-Methyl-2-Pentanone 50 U
108-88~3 Toluane 240 D
10061-02-6 trang-1,3-Dichloropropene. 50 i
78-00-5 1,1,2-Trichloroethare 50 jij
127-18-4 Tettrachloroethene 50 U
591-78-6 | 2-Hexanone 50 | U
124-48-1 vibromochloromethane 50 L6
106-93-4 1, 2-Dibromcethane 50 U
108-30-7 Chlorebenzens 250 D
100-41-4 | Ethylbenzene 50 | U
1330-ig~7 Xylene (Total) 50 |4
100-42-5 Styrare 50 17
TE-25-2 Bromoform 50 &)
S8-82-H Iscpropylbenzeane 50 U
TE9-34~5 1,1,2, 2-TeErachloroethane 50 U

S L~73=-1 1, 3~Dichlorobenzens 50 U

- l06-46-7 L, 4-Dichliorobenzene = 50 U
95-50-1 i, 2-Dichlorobenzens 50 i
56-12-8 | 1,2-Dibrome-3-Chloropropane S0 | 4
120-82-1 1,2, 4-Trichlorobenzene 50 § O

0203

FORM I VOA-2

REHDNIROD

OLMQO4.2
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' 1A EPA SAMPLE NO.
'VOLATILE ORGANICS ANALYSIS DATA SHEET

. S | GW3034TODLMSD
Lab Name: COMPUCHEM .Contract: OLM04-REVS
Lab Code: LIBRTY  Case No.: (SRS No.: SDG No.: V1971
Matrix: (soil/water} WATER . Lab Sample ID: WG9546-5
gample wt/vel: 5 (g/mL) ML - Lab File ID: WG9546-5ASS
Level: 1ow/med) LOW - . Date Received: 04/10/01

% Moisture: not dec Date Analyzed: 04/13/01

GC Column: EQULTY624 ID: 0.53

S0il Extract Vﬁlume:

()

(uly) . -

Dilution Factor: 5.0

S0il Aliguot Volume:

(ul)

CONCENTRATION UNITS:

TZ0R

RIH2O04NOD

aL0% 6L 616 IVd

CAS NO. COMPOUND = . - W - {ug/L or ug/Kg) Uz/L Q
5-7.-8 Dldﬁlorodlfluoramethane T B0 U
74-87-3 Chloromethanea 50 U .
75-01-4 vinyl Chloride 50 U
74-83-9 Bromomethansa 50 U
- F85-00-3 Chlorocethane 50 U
7T5-68-4 Trichlorof [uoromethatie 50 U
f5-35-4 1,l-Dichloroethens . 170 D
76-13-1 1,Ll,2-Tricnloro-1,2,2~ trlfluoroethane 50 9
67-64-1 Acetoge . .26 | DJB
75-15-0 Carbon Disulfide 50 ]
T9-20-~9 Methyl Acetate 15 DJd
7E-09-2 Methiylene Chloride 12 D
156-60-5 trans-1,2-Dichlorpethans 50 U
1634-04-4 Methyl tert-Bufvl Ether 50 4}
75-34-3 1,1-Dichloroethanes 50 j¥j
L56-59-2 cig~l,2=-Dichlorcecthensa 15 DJ
78-93-3 Z-Butanone 17 DJB
E7-66-3 Chloroform 50 9]
T1-55-6 1,1,1-Trichloroethane S0 5}
11G6-82-7 Cyelohexana 50 J
hg-23-5 Carbon Tetrachloride 50 U
Jl-44-24 Henzanea = 240 D
107-06~2 1,2-Dichloroethane 50 U
£
FORM I VOA-1 QLM04.2

29
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BEPA SAMELRE NU.

S . . LE : ‘
VOLATILE ORGANICS ANALYSIS DATA SHEET .

EEEEE . GW3034TODLMSD
-Contract: OLM04-REVS

' Lab Name: COMPUCHEM

Lab Code: LIBRTY . Case No.: _SAS No.: 8DG No.: V1971

Matrix: (soil

sample Wt/ﬁci:

Level: ({(low/

/water) WATER
5 (g/mL) ML .
med} | LOW

- % Moisture: not dec.'

GC Column: EQUITY624 ID:. 0.53 . (mm)

Lab Sample ID: WG9548-5
Lab File ID: WG9546-5A55
Date Received: 04/10/01
Date Analyzed: 04/13/01

Dilution Factor: 5.0

Soil BExtract Volume: (uL) . S0il Aliguot Volume: (ul)
CONCENTRATION TNITS:
CAS NO. CGMPOUND . {ug/L or ug/Kg) UG/L 0
75~-01-6 ,Trlchloroethene .. ) T 750 DB
10B-8B7-2 Methylcyclohexane SO T
78-87=5 | 1,2-Dichloropropane 50 9]
J5-27=4 Bromodichloromethane 50 [¥]
10061~01-5 c1s-1,3-Dichloropropene 50 U
108-10-1 4-Methyl-2-Pentancone 9 DJ
108-88-3 Toluene 240 D
10061-02-6 trans-1,3- chhlcropropnne 50 (i
79-00-5 i,1,2 Trlchloroethane . & DJB
127-18-4 Tetrachloroethene 50 j§)
S581-78-6 2 -Hexanone 7 UJB
124-48-1 Dibromochloromsthans 50 U
L06-593-4 1,2-Dibromoethane & DJ
108-50-7 | Chlorobenzene 260 ' D
100-41-4 Etnylbenzene 50 V]
1330-20-7 Xylene (Total) 50 U
L00-242-5 | styrene 50 T
Fh-25=2 | Bromoform 2] DJ
98~-82-8 ITsopropylbenzene 50 0]
78-34-5 1,1,2,2-Tetrachloroethane 16 DWJB
541-73-1 1,3- ch orobenzenes Lhj U
106-46-7 1,4 Dichlorobenzénea B 50 U
85-50-1 1,2-Dicdnilorobenzene 5¢ | U
06~ 12 -5 1, 2-Dibromo-3-Chloropronane 3% | DJB
120-82-1 | 1,2,4-Trichlorobenzene - 14 | DJB

22007

FORM I VOA-2

KIHONROD

OLM04.2
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CREA T BAMPLL NOJS T T

- _ I — S S
VOLATILE ORGANICS ANALYSIS DATA SHEET
. o VHEL

Lab Name: COMPUCHEM ' _Contract: OLMO4-REVS

Lab Code: LIBRTY

" Case Noi: L8AS No.: | 8DG No.: V1971

fivieg

Matrix: (soil/water) WATER Lab Sample ID: WOOB46-8

sample wt/vol: - - 5 . (g/wh) ML . Lab File ID: WQ9546-6A55

Level: (low/med) ~LOW Date Received:

% Moisture: not dec. Date Analyzed: 04/13/01

GC Column: EQUITYE24 ID: 0.53  (mm) Diluticon Factor: 1.0

Soil Extract Volume: {ul) Soil Aliquot Volume: {ul.)

" e,

COMPOUND -

CONCENTRATION UNITS:

CAS NO, (ug/L or ug/Kg) UG/L O
75-71-8 Dichlorodifludoromethans v 10 iij
T4-87-3 Chloromethane 10 U
I5-01-4 Viny!l Chloride 10 U
74-83-9 Bromomethanea 10 T U -
75-00-1 Cnlorsathana 14 J
T5-69-4 TrichlLoroflucromethana 10 ]
75-35-4 1,1-Dichloroethene 10 U
TE=13-1 1,1,2-Trichloro-1,2,2-trifluoroethane 10 | U
67-64~1 Acetone 3 JB
75-15-0 Carbon Disulfide 10 U
79~-20-8 Methyl Acetate 10 ]
T5-09-2 Methiylene Chloride 10 U

156-60-5 trans-l,2-Dichloroethene 10 U

1634-04-4 Methyl tert-Butyl Ethar - lQ_ u

75-34-3 1,1-Dichlorcethane 10 1
156-59-2 clg-1,2-Dichloroethens 10 (4]
T8-53-13 2-Butanonsa 10 U
67-66-3 | Chloroform 10 | U
71-55-6 1,1,1l-Trichloroethane 10 i)
110-84-7 Cyclohexane - 10 4]
=R ER) Carbon Tetrachloride 10 U
Tl-43-2 Benzene 10 U

L0T-06~2 1l,2-Dicnloroethane 10 L]

FORM I VOA-1 OLMO04.2
£20@ RAHONINOD 0L0F 8LC 6T8 YV gg:¢T "TO/Z1/F0




' 1B EPA SAMPLE NO.
VOLATILE ORGANICS ANAT,YSIS DATA SHEET

Lab Name: COMPUCHEM = = ;Contract: OLMO4 ~REVS 1 VHELITT
Lab Code: LIBRTY case ﬁb;} . fsas No. : | SDG No.: V1871
Matrix: (soil/watex) WATER : T Lab Sample ID: WGE2546-6
Sample wt/vol: 5 lg/mL) ML C Lab File ID: WG9546-6A5S
Lavel: (low/med) Low . - .Date Received:

% Moisture: not dec. S ‘__ R Date Analyzed: 04/13/01

GC Column: EQUITY624 ID: 0.53° (mmj_‘; Dilution Factor: 1.0

Soil Extract Volume '_.':‘KﬁL}J-' %. Soil Aliquot Volume: __ (ul)

o R o CONCENTRATEON UNITS:
CAS NO. -~ COMPOUND '~ = =~ - (ug/L or ug/Kg) UG/L Q

79-01-6 Trichloroethens . 10 7
10B8-87-2 Matayloveclohaxana : L0 [§]
TH-87=h i,2-Dichloropropane 10 9]
LY yVED Bromodichloromethane . 10 4]
10081-01-5 cle-1,3-Dichloropropene s 10 | O
108-10-1 -Methvi-2-Pentanone 10 u
108-88-3 Toluene 10 [*]
10061-02-6 trans-l,3-Dichloropropensa 10 )
79-00-5 l,L,2~ TrchIoroetgane 10 [§]

- 127-18-4 TeEracEIoroethane ’ 10 9
581-78-5 | 2-HexXanone 10. 4]
124-48-1 leromocﬁIoromethane 10 9]
106-93-4 1 ,2-Dibromeeihane 0 U
108-50-7 "ﬁEIorobenzene . 10 | U
100-41-4 Ethylbenzene ; - 10 1¥]
1330-20~7 Ayiena (lotal) - 10 5]
100-42-85 Styrene 10 1 U
75-25-2 Bromoform . _ 10 U
98-BZ-8 1S0propylbenzena i . _ . 10 9]
79-34-5 1,1,2,2-Tetrachlorgethare = 10 [ U
541-F3-1 1,3=Dichlorobanzene 10 8]
106-a6-7 1, a~-vichlorobenzene 10 | U
95-50-1 1., 2-Dichlcrobenzene | 10 U
56-12-8 1,2-Dibromo-3-Chloropropane _ - 10 U

T 120-82-1 |{.1,2,4-Trichlorcbenzene ' 10 | U

FORM I VOA-2 OLMO4.2

28
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ir EPA SAMPLE NO.
VOLATILE ORGANICS ANALYSIS DATA SHEET ' .
- TENTATIVELY IDENTIFIRD COMPOUNDS

. L - . VHELEVT
Lab Name: COMPUCHEM = . ~Contract: CLM(04-REVS

Lab Code: LIBRTY . Case No.: .  .SAS No.: SDG No.: V1971
Matrix: (sdil/water) WATER . L Lab Sample ID: WG@9546-6
sample wt/vel: & = (g/mm) ML . Lab File ID: WGS546-6A55
Level: (lqw/med): .LOW; L . Date Received:

% Moisture: not. dec, e : :, Date Analyzed: 0¢/13/01

GC Column: EQUITY624 ID: 0.53  (mm) . Dilution Factor: 1.0

Soil Extract Volume: {un) . Soil Aliquot Volume:  (uL)

_ . , S . ) CONCENTRATION UNITS:
Npmber TICs found: 0O - . (ug/L or ug/Kg) UG/L

CAS NUMBER . .. | . COMPOUND NAME  RT EST. CONC. | 0O

S R R EEE RS SEEEF | e a s s s e SR EEEERR S S S s | mmmsrres | eSS =D m e | =

AL O S O s (0f NI

=
O
4

L
[

i
RIS

 ta fe

it o
L i

[ Y
~J R
L] -

[
0]

R

FORM I VOA-TIC OLMO4 .2

29

sz0@ ' ' RAHONJAGD 0L0F 810 618 XVA 8£:9T TO/LT/VO




[ R-gF Y= TR S TS | L

| VOLATILE ORGANICS ANALYSIS DATA SHEET |
Rt | S

Lab. Name: COMPUCHEM : .“]] . .Contract: OLM04-REVS
Lab Code: LIBRTY = Case No ~ .5AS No.: - . 8DG No.: V1971
Matrix: (801l/water) WATER - . Lab Sample ID: VIBLKSD
Sample wt/vol: 5 ' (g/nL) ML . Lab File ID: CC010413A55
Level: (low/med) LOW S ) Date Received:
% Moisture: not dec. o ‘ .: . Date Analyzed: 04/12/01
GC Column: EQUITY624 ID: 0.53 '(ﬁmj' N Dilution FPactor: 1.0 |
5011 Extract VOlume.' ‘ ”(uL) o Soil Aliquot Volume: (uk)
o o CONCENTRATION UNITS:
CAS NO. . CoMPOUND. - L . : (ug/L or ug/Kg) UG/L Q
75-71-8 | Dilchlorodifluoromethane ' 10 1 U
74-837-3 Chloromethane 10 [ElE
75-01-4 vinyl Chloride 10 i
T4-83-9 Bromomathane ' ' 10 [§j
75-00=-3 Chloroethane _ I 10 5]
75-639~2 Trichlorof Ilucromethane _ 10 T
FE-35=4 1,1-Dichlorcethene ' 10 U
T6-13~1 1,1,2-Trichloro-T1,2,2-trifluoroecane 10 U
67-64-1 | Acetone _ 5 Nj=]
T5-15-0 Carbon Disullide o - 10 O
79-2(-9 Methyl Acetate 10 [9)
75-05-2 Methvlene Chloride “ - 10 4
186~60-5 | trans-l,e-Dichlorcethens : 10 | U
1634-04-4 Methyl tert -Butvl Ether ' 10 (5]
75-34-3 1l,l-Dichloroethane j 10 u
156-55-3 | ciB- 1,2~ chhloroethene : : ' i 10 [¥]
FB-93- 2= Butanone . ' 2 JB
67-66-3 | Chloroform _ 10 U
T1-55-6 L,1, 1~Tr1cﬁloroethane 10 ]
110-82-7 Cyclchexane ' .10 U
56-~23-5 Carban Tetrachloride _ 10 J
71-43-2 Benhzene - 10 i)
107-06-2 1,2-Dichloroetnaneé ' 10 U
FORM T VQA-1 OILMO4 .2

30
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Lab Name: COMPUCHEM

-1B

VOLATILE. ORGANTCS .ANATYSIS DATA SHEET

C&Sé NO.: ‘

EPA SAMPLE NO.

VIBLKED

. Contract: OLMO4-REVS

Lab Code: LIBRTY . 8AS No. SDGE No.: Vis7l
Matrix: (soil/water) WATER -~ Lab Sample ID: VIBLKSD
Sample wt/vol: 5 - {g/mL) ML.. Lab File ID: CCO10413A55
Level: (low/med) LOW Date Received:
% Moisture: not dec. Date Analyzed: 04/13/01
GC Column: EQUITY624 ID: 0.53 {mm) Dilution Factor: 1.0
Soil Extract Volume: (ul) . 50il Aligquot Volume: (ul)
- . {
- R CONCENTRATION UNITS:
CAS NO. COMPQUND (ug/L or ug/Xg) UG/L ¢
-789-01-6 .| Trichloroethens’ + 10 U
108-87-2 Methvlcveclohexane 10 [
78-87-58 L,2-Dichloropropanea 10 9]
7b-27-4 Bromodlichloromethane 10 B
10061-01-5 cia-1,3-Dichloropropens 10 U
108-10-1 4-Methyl-2-Pentanone 10 U
108-88-3 Toluene 10 T
10061-02-6 trans-1,3-Dicnl oropropens 10 U
78=-00-5 1,1,2-Trichloroethane _ 10 U
127-18-4 Tetrachlorosthene g 10 1]
5981-78-64 Z-Hexanone 10 %)
- 124-48-T7 Dibromochloromethansa 10 9]
106-93-4 | 1,2-Dibromoethane 10 U
108-90-7 Chlorobenzene 10 J
100-~-41-4 Ethylbenzene 10 [¥]
1320-20-7 XyTlene (Total) i0 | U
100-42-5 Styreane i0 [¥]
T5-25-72 Bromoform 10 9]
- 9B-B2-8 lgopropyvlbanzene 10 U
79-34-5 | 1,1,2,2-Tetrachloroethane 10 | U
541-73-1 1,3-Dichlorobenzene . 10 U
106-46-7 1,4-Dichiiorobenzensa 10 3]
9h-50-1 1,2-Dichlorcbenzens 10 U
9&6-12-8 i, 2-Dibromo-3-Chloropropane 10 [3)
120-82-1 1l,2,4-Trichlorobenzene 10 u

Lz0m

FORM I VOA-2

RIHEDALROD

OLMO4 . 2

31
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| VOLATILE ORGANI

Iy

~1F

¢S ANALYSIS DATA SHEET

EPA SAMPLE NO.

TENTATIVELY IDENTIFIED COMPOUNDS

‘ VIBLKSD
Lab Name: COMPUCHEM _ - Contract: CLMO4-REVS
Lab Code: LIBRTY ' Case Nq.; _ - BAS No.: . DG No.: Vis7i
Matrix: (soil/water) WATER =~ = Lab Sample ID: VIBLXSD
Sample wt/vol: S (g/mL) ML ) Lab File ID: CC010413ASS
Level: (low/med) LOwW Date Received:
% Moisture: not dec. Date Analyzed: 04/13/01
GC Column: EQUITY624 ID: 0.53 (wm) Dilution Factor: 1.0
Soil Extract Volume: {un) - ) " 8o0il Alicquot Volume: (uL)
Co A " CONCENTRATICN UNITS:
Number TICg found: Q0 - (ug/L or ug/Kg} JUG/L
CAS NUMBER ‘COMPOUND NAME RT EST., CONC. Q
ﬂ==§==========ﬁ===5=' R e a R e ey —— [ ook | s T RR S EES | ===z
1. " '
5
3.
4.
5.
6,
7.
8.
9.
10,
1l.
12,
i3, l
14.
15.
15,
17.
18
19.
20,
2L,
22,
22.
24 .
25,
26.
27
28
29 .
30
FORM I VOA-TIC OLMO4 .2
8zl REHIN4R00 0LOY BLC 8T8 IVA 6L 8T TO/LT/%0




GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET

: ' : AR : BR3034T0
Lab Name: COMPUCHEM - Contract: -
Lab Code: LIBRTY  Case No.: *SAS No.: SDG No.: V1871
Matrix: (soil/wdter) WATER ~ . Lab Sample ID: V1971-3
Sample wt/vol: =~ ~  190.0 tg/mlj ML Lab File ID:
% Moisture: o decanted (Y/N) ~ Date Received: 04/11/01
Extraction:: {SepF/Cont/Scnc) SEPF Date Extracted:04/13/01
Concentrated Extract Volume: 12000(ﬁl) ' Date Analyzed: 04/13/Q01
Injection Volume: 25.0 (uL) Dilution Factor: 1.0
GPC Cleanup: (¥/N) N PH: ' Sulfur Cleanup: (Y¥Y/N)
CONCENTRATION UNITS:
CAS NO. COMPQUND (ug/L or ug/Kg) UG/L Q
269]1-41-0------~ HMY 8.7\0
89-35-4----~~~~~ 1,3,h-Trinitrobenzene 4.9%5|U0
12]-82-4d-~mmm=== RDX 123U
99-85-0-—-——-w=- 1.3=-Dinitrobenzene 4.910
11B8-96~7-=—m===< 2,4,6-Trinitrotoluene - 8.7y
479-45-B- - TEtryl 9.7|U
98-95-3 -~ meam- Nitrobenzene 7.3|U0
121-14~-2-—----==~ 2,4~ Dlnltrotoluene 12|10
606-20-2-ncuvrm-~ 2,6-Dinitrotolusne 121|U
35572-78-2--~---- E—Amlno 4,6-dinitrotoluene__ 14|U
1946-51~0=w--~~~ 4-Amino- 2 g-dinitrotoluene 5.7|U
B8-72+2-armmom—— 2 Nltrotcluene : 1210
99-90afn-mun ----4-Nitrotoluene 1210
99-08~le-m-m—m—— 3-Nitrotoluene ' 9.7|U
FORM I PEST
91
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GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET

3

e dm i de e S Ads i wew e m

BR303570

Lab Name: COMBUCHEM . Contract:

Lab Code: LIBRTY  Case No.: 'SAS No.: SDG No.: V1971

Matrix: (soil/water) WATER ~ = - . Lab Sample ID: V1971-4

Sample wt/vol: 210.0 (g/ml)'ML ) Laby File ID:

% Moisture: - " decanted; (Y/N) ' Date Received: 04/11/01

Extxadticn: (SepF/Cont/Sonc) SEPF ) - Date BExtracted:04/13/01

Concentrated Extract"Volumﬂ_._ 14000(ul) Date Analyzed: 04/13/01

Injedtion Volume: 25.0 (ul) . ' ' Dilution Factor: 1.0

GPC Cleanup: (Y/N) N ' pH: B Sulfur Cleanup: (¥/N) N

| | CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) UG/L Q
2691-4Ll~0-=-m=am= —HMX 10U
899-35-4----====- 1,3,5- Trlnltrnbenzene 5.1|0
121-83=4m~vm-mm—-— RDX ' 134U
R R e s 1,3 Dinltrobenzene _ 5.1|0
118-96-7------~- 2,4,6-Trinitrotoluene 10U
479-45- 8—-—4——~-Tetryl 10117
98-95-3~~—-~---= Nitrobeénzene 7.710
121-14-2------ ~=2,4-Dinitrotoltene ERCH NV
606-20-2w=w-wern 2,6-Dinitrotoluens 13T
35572-782==v=r- 2-Amino-4,6-dinitrotoluens - 15U
1946-51~0ummm==- 4-Amine-2,6-dinitrotoluene _ 10|U
B8-72-2----~m=== 2~ Nltrotoluene . 13,0
99-99-0----cmm== 4-Nitrotoluene 13U
99-08-l-cammwmen~ 3-Nitrotoluene 10U
FORM I PEST

- £00 ‘ s WAHOAJNOD
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L 1D ‘ EPA SAMPLE NO.
GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET

' " N - GW3034T0
Lah Name:_COMPUCHEM . -Contract: -
Lab Code: LIBRTY. Caéa No.: SAS Ne.: SDG No.: V1971
Matrix: (901l/water) WATER f Lab Sample ID: V1s7l-1
1
Sample wt/vol, : 260 0 {g/ml) ML| Labh File ID:
? Molisture:; .. | decanted; [Y/N )= Date Received: 04/10/01
Extraction: (SepF/Cont/Souc) SEPF Date Extracted:04/13/01
Concentratad Extract Volume: 20000 (ul) Date Analyzed: 04/13/01
Injection Volume: 25 .0 {uL) Dilution Factor: 1.0
GPC Cleanup: (Y/N) N pH: sulfur Cleanup: (¥/N} N
CONCENTRATION UMNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) UG/L Q
2681-41-0~~rvmmm HMX 5.1
99-38-f-——-urmmm 1,3, 5-Trinitrcbenzene 7.1 '
121-82-4ameecw—— RDX 0.35|JP
98-F5-0mvw-om 1,3-Dinitrobenzene 7.4
118-96=-7---—--——- 2,4,6-Trinitretolusne §.3|J
479-45=Bmenmcmoa- Tetryl 0.45|J7
98=-95=Fmmmmee o Nitrobenzene 6.4(J
12142 v-uo—o 2,4-Dinitrotoluens B.8|J
606-20=2=~mmmam= 2,6-Dinitrotoluene 7.51J
35872-78-2-~-===-= -Amzno 4,6« dinitrotoluene 8.0|J
1846-51-0------~ 4-Amino-2,6- dlnltrotoluene 8.68]J
88-72-2------—~- 2~ Nltrotcluene 8.01J
99-99-0--—--~~~~ 4-Nitrotoluene 8.1(J
99-0B8-1-=--m--=mn 3-Nitrotoluene 6.8|JP
§
.
i FORM I FEST
11
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GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET

¢ PZNLCS
Lab Name: COMPUCHEM o , Contract: :
Lab Code: LIBRTY ~ 'Case No.: "SAS No.: SDG No.: V1971
Matrix: (soil/water) WATER = ) Lab Sample ID: WG2612-2
Sampla wt/vol: 770.0 (g/ml) ME ‘ Lab File ID:
% Moisture: . decanted (Y/N r Date Received:
Extraction: (SepF/Cont/Sonc) SEPF : Date Extracted:04/13/01
' Concentrated Extract Volume: 12000(ul) .  Date Analyzed: 04/13/01
Injection Volume: 25.0 (ulL) , Dilution Factor: 1.0
GPC Cleanup: (Y/N) N pH: Sulfur Cleanup: (¥/N) N
CONCENTRATION UNITS: ' :
CAS NO. COMPOUND (ug/L or ug/Kg) UG/L _ 0
269)-41-0=m===—— HMX 6.4
e R - 1,2,5- Trlnltrobenzane 4.5
121-82-4 - mmn RDX 2.71d
98-8 -Q=-eer-—m— 1,3-Dinitrobenzenea 4.1
11B-96-T=mmmmm—— 2,4,6- Trlnltrotoluene 3.8
47945 w8mmmmmmm - Tetryl 7.2
9B-85-3 - —— Nitrobenzene 3.5
121-14-2=r-~---~ 2,4-Dinitrotoluens 4.6
606=-20=2~ -~ wwaem 2,6-Dinitrotoluens 6.5
35572-78-2------2-2Amino-4, 6-dinitrotoluene 6.1
1948=51-0------- 4-Amino-2, 6- dlnltrotoluene 6.1
B-72-2---==-=== 2 Nltrctoluene 5.6
99-99-0--—--~--- 4-Nitrotolusnea 5.5
989~0B~1--=mmm——— 3-Nitrotoluene 6.6
FORM I PEST

s000 HIEDNdR0D QLY 8% BT XYVA ££TCT T0/LT/FD



NITRATE ANALYSIS

SUMMARY REPORT
ITEM  SAMPLE COMPUCHEM RESULT REPORTING LIMIT
NO. IDENTIFIER NUMBER fmg/L) (mg/L)
L. GW3034T0 V1571-1 740 20
2, BRIOUTO - VIOTL3 19.2 0.5
3. BR3035T0 V19714 7.68 0.2

BRL = BELOW REPORTING LIMIT

Reviewed by/ID#: @ I:;-: ) 2onof ! oo Date: “l/ /0

200 @ ' JEREWeD G107 61C GT6 X¥d S£:ST T0/L1/70



'SIE9A 821U} JSYE PIACIISAP BIep Jo seidod qe| (v (g) BloN
"Mou sayojeq Buissaooid uiBaq |im qe) A, 1 lohes S Bupziuiitl pue ez1s Yojeq Buiziwixew-1oaosd Jo Jeputewss jleme o) saidwes play (M qe) N, 3 1) 810N

2B1eyo vlixe ou je pajew Yodas eyep Jeye shep gg pelo)s sajdwes () 210N

. JRWEL rsweN Auedwon aw], eleN Aueduwon |l auen Avedwon
‘ajeq (Big) Ag panpoey £ ejeg ~{Bis) :Aa permoey 74 ) - {Bis) ‘Aa penaoay 14|
R-IT) e Avediion) =TT aurN Auedon % \ el ‘awepn Auedwion
oeq {6is) Aa pausinbuiiay £ @jeQ (Bis) :Ag psysmbuyiay z# \W\x\ .@w sieQ CRES paysinbuiay L4
; )
shuw’)| ‘Suijgoad 3quIsag N 1o ﬁ «:o_zucco poog uy vozcuux qeq
N aimjeladwa | isuopanLsu| _a_u&m siueno
/
!
7
/
/
/
/
/
, T “ W A7 |6 | IR B
ARV R 1 | W vl 4| Z L b glthdzlo =G
o3t Hddzm.N\W.,n z Fa O ] = = S
(g ¢ Z S9)ON a0s) =3I F 2 C & -~ g (wnuixew si18jeseyo g)
SIUGUIIOD [ SHIeWDY m Tix M 37 g S 2 q| a|dueg
2 Y
) b
I 3 !
S#xog | i xod | c# xoR | Zedod | L# xoq
I IE] bpNIS / IUSWIPaS / (10§ G
B0 0 83 + HOEN+OWUZ '] %3] + ¥OSZH 'd Jano 6 ojesURY 't
£81188-009 YMD "M Mo 0+ POSHEN'H  99] + HO®BN ..._u. ISEM ‘g ejedER] 'R
9FE-MS 'S wnjpeiy "W pelsyyun n #0989+ gONH g oL FHEM punoIg) g
d101°L 06/£ 4100 g Xog ubBiH H ¥ xog pamid 'y € X0" Alug 291 4 33 + IOH 'Y T# X0od Aueig duj "9 i9)epA BOBLING "t L# Xod
& 00 (g} uoieg 10 (Sd) ouroads-aioig : anjeubig Jojdwes T swep Jejdweg
(1 Soz aas) NJo A ¢aejdwos buydwes T 0N NIQIY £B0S-££8-008-1
} Ly, $fr Jiee 205 - 2 roN euoydeja) ;?.u...” I dﬁ‘\ 7 a.:, : Isllie €142 ON 'Azeg
7 w %:n - ER \.ﬂ. iJ rd,.‘u 5! 7 Y _,., 7, _a & ﬁ T .WE, (YT 2 PUaRY UOSIPEN 109
Nx, aw‘ W o : » 3.2 f bl .w * Ww.h ah .P (3 Q,W % el ._ .\Q.H«. N Qm’u‘ ._mﬁa\w di07) [eonApeuy A13giT JO UOISIAID B “
T y5EU0D-j0-Jutog : mmm._uv< ualD n : ewep joajory EMHH'HU D AHE O
SHYEGE "ON Gd0O3d AAOLSNI-40-NIVHD . =

—

m\\.wﬁ_ Pl )

Ps O

mnm—




TO&AL'URANTUH ANALYSIS RESULTS STIMMARY
Ry Laser—lnducad KiULLlC bhosphorimetry

Lab Nams: Paragon Analytics,'Inc. 1 Pate Collected: 04/09/2001
¢lient Naheg: CompuChem . Date Analyzed : 04/13/2001

client. Projoct ID: Weldon Springs

Lab Sﬁmp1ﬂ 13 Serics: 01-04-110 Sample Matrix : WATER
T o e YT RS “'-'*‘-““‘—'*—'-—;-.-—‘_=ﬁ':-r.--.-. T .“._..,_._.':.___._:__.,_,,___..__.—-———-—-—w-"_.._.-=_——
T.abk Total Uranium R@portlng

¢liemt namm1n Té—] Sample ID (uer/T ) CLimit | Flag
e | oL R e Ui~ A T B B H S — -—‘—-'—"_""""'_ S o e
BR3U3IATO 04-110-01 0.16 ¢ 0.02 0.20 J-—_h
ER3Q3ILTO 04-110-02 0.1» + 0.03 - D.20 Y
I larnk 04-110-B1 || . 0.02 ¢ 0.00 0.20 J
CR3G3ATO - 04-110-D1 6.16 + ©0.02 .20 J

R T YRy dnfar i o - gk} o ur kS L '-;:',.1"-1.".-“-'-8%;______’:.-_.«_-—--""'"-; — b T L S S

Reported Uacortainties are the Fatimated Potal Propagated

uesrtaintles (201,
saw PAT qop 743R3 for details of opU detcrminations.

FLAGH - T - rmatimated Value' - rosult hetwean Method
Deteecion Limit and Repenrting Limit.
r - I'Not Dutowsted' - reﬂult lenq than Method
Detection Limit.

RLMd:hi

fample 01-04-130-DL is a dupl:.c.m:e of 01-04-110-01.

bJ/a
b s e g S A S e 2

S etk b e e e g T ) e W 7 S e T S, B A

———————r

£00/£00 . : e
: o - , RERDNIROD 0L0Y 648 8T8 XVd ¢3:1T T10/83/70
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'ANALYTICAL REPORT OF DATA - CASE # W1971

SUBMITTED TO:

- Mr. David Robinson
ERM '
230 Phillips Blvd., Sujre 280
Princéton Crossroads
Ewing, NJ 08613

LABORATORY CHRONICLE - NITRATE ANALYSIS

| _ DATE DATE

ITEM SAMPLE COMPUCHEM SAMPLE ANALYSIS

NO.  IDENTIFIER NUMBER _ RECEIVED COMPLETED

1. GW303CNTL7 . Wis7L1 - 04/17/01 04/18/01

2. GW3034KMNO47  WI19712 04/17/01 d

3. GW3034PERS7 W1671-3 04/17/01 *

A Analysis could not be completed due to sample matrix.
£

LZ0/200M@ . T RABDNJNCD 0L0Y BLC 616 XVA LG:€T T0/C2/¥0

-



NITRATE ANALYSIS

, SUMMARY REPORT
ITEM  SAMPLE COMPUCHEM  RESULT REPORTING LIMIT
NO.  IDENTIFER NUMBER (mg/L) (/L)
L GWI034CNTL7  WI9714 776 0.05

BRL = BELOW REPORTING LIMIT

£y |
Reviewed by/ID#: A.U *éj-w-\t ;PMOS Date: M ZHZU:

—

LZasgoolm : . RAHOOdROD 0L0F 6L& 616 XVd L8:¢T T0/€2/%0




EPA SAMPLE NO.

: ‘ 1D
el EXTRACTABLE ORGANTCS ANALYSIS DATA SHEET
‘ GW3034CNTL? \
Lab Name: COMPUGHEM Contract: 8330 !
Lab Code: LIBRTY  Case No.: "8RS No.: SDG No.: W1971
Matrix: (soil/water) WATER : Lab Sample ID: W1971-1
sample wt/vol: 770.0 {(g/ml) ML Lab File ID:
% Moisture: decanted: (Y/N} . Date Received: 04/17/01
Extraction: (SepF/Cont/Sonc) SEPF ‘ Date Extracted:04/18/01
Concentrated Extract Volume: 24000(u1) ‘Date Analyzed: 04/19/01
Injection Volume: 25.0 {ul) Dilution Factor: 1.0
@GPC Cleanup: (Y/N) pH: gulfur Cleanup: (¥/N) N
| CONCENTRATION UNITS: = *
CcaS NG. - COMPQUND (ug/L or ug/Kg) UG/L N
269]1-4L-0----—== HME 4.8(0
§9-35-4--——c—u-- 1,3,5-Trinftrobenzens 2.41U0
121-82-4eern--—= RDX 6§.0|U
99-65-0~rmumeem- 1,3-Dinitrobenzena 5.7
118-96-7=------—-- 2,4,6-Trinitrotoluene A.01J
47545 «Burm=-=—— Tetryl . 4.8|U
898-95-3 v Nitrohenzene 7.8
121wl4=2r-=-----~- 2,4-Dinitrotoluans 8.0
L BOE=20=2~—-n -~ 2,6-Dinitrotoluens 7.4 .
35572-78-2------2-Amino-4, é-dinitrotoluvene 7.1|d
1946-51=0----——-- 4-Anino-2,6- dlnltrotoluene 4.8|0
BR-T2wDumr—reem ~N1tr0to1uene 7.2
 BE-99-Qumm = 4-Nitrotoluena 6.0
99-08-1l~wwmmrn-—= 3-Nitrotoluens 7.7
-1
FORM I PEST
- L20/7000) RAEDNdR0) 0207 BLE 676 XVvd LgieT

T0/82/70



GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET

| | - i | GW3034XKMNO47 \
Lab Name: COMPUCHEM : Contract: 8330

Lab Code: LIBRTYU Cage No.: - lgaAS8 No.: g0¢ No.: W1971

Matrix: SOIlfwater) WATER Lab Sample ID: W1971-2

L
1

 Sample wt/vol: 0 776.0 {g/ml) ML Lab File ID:

% Moisture: - decanted: (Y/N} i Date Received: 04/17/01

Extraction: (SapF/Cont/SonC) SEPF Date Extracted:04/18/01

Concentrated Extract Volume: 19000(&1} Date Analyzed: 04/l9/U1

Injection Volume: 25.0 (uL) ' pilution Factor: 1.0

GPC Cleanup: (Y/N) N pH: gulfur Cleanup: (¥/N) N

' CONCENTRATION UNITS:

CAS NO. : COMPOUND (ug/L or ug/Kg) UG/L Q-
2691-41-Qumrmo=-- HMX 3.8|0
99-35 4w wumm 1,3, 5-Trinitrobenzens 1.510
121-82wdmmmmen RDX 4. 810
99-65-Qrmummm——— 1,3- Dinitrobenrene 1.92|U0
11B-B8~T—=====r- 2,4,6-Trinitrotoluene 3.8|0
479-45-8ommmmmm Tetryl 3.8|U
08-95-3--~=mm=== Nitrobenzene 5.11[P
121-14-2--—=wum== 2,4A-Dinitrotoluene 2.21J0
606—20—2---———-*2,S-Dinitrotoluane 5.2
I5572-78u2mnr~--2-Amino-4,-dinitrotoluens_ 5.710
1946-R1l-0--~---- 4-Aming=-2,6~ dlnltrotoluene 2.8|0
88-T72-2 = —— 2 Nitrotoluene 2.6|JP
99-99ulmr-m—— -~ 4-Nitrotoluane 4.810
B9-08=-1---====~-~ I-Nitrotoluene 3.8|U

FORM I PEST

L20/50007 S - DRI 0L0F 6L 616 Xvd 8S:€T T0/£2/70




cC EKTRACTABLE ORGANICS ANALYSIS DATA SHEET

REEDNAROD

- " s GW3034PERSY
Lab Name: CQMPUCHEM R .. - Contract: 8330 '
Lab Code: LIBRTY Case No.: ‘8AS No.: 8DGE No.: W1971
‘Matrix: (soil/water) WATER 7 Lab Sample ID: W1971-3
sample wt/vol:' 770.0 (g/ml) ML - Lah File ID:

% Mojsture: < decanted: {y/N)_*¢ Date Received: 04/17/01
Extraction: (SepF/Cont/Sonc) SEPF ) Date Extracted:04/18/01
Concentrated Extract Volume: 19000(ul)  Date Analyzed: 04/15/01
Injection Volume: 25,0 (uL) . Dilution Factor: 1.0
GPC Cleanup: (Y/¥) N pH: ' gulfur Cleanup: (Y/N)'N

- | COMCENTRATION UNITS:
CAE NO. COMPOUND (ug/L or ug/Kg) UG/L - Q
2691-41-0-~~~=~~HMX . 3.8|0
98~-35-4----—~=~-~ 1,3,5-Trinitrobenzene 7.7
121-82-4~--~----RDX_ 4,810
89-65-0--=-==-=--- 1,3-Dinitrobenzene 1.9|U0
118-96~7=-~---—--~- 2,4,6- Trinltrotoluene 3.7|Jp
479458 mmmmm Tetryl . 3.8|U0
§8-95-3-==----—= Nitrobenzene 2.810
121-14-2a=r—---- 2,4-Dinitrotoluene 4.810
606-20-2~=---—-—-- 2,6-Dinitrotoluene 4.8\0
35572-78~ 2~———~-2—Am1nm -4, 6-dinitrotoluene 5.7|U
1946-51-0~---- --4-Amino-2, §-dinitrotoluene 3.8|0-
88-72-2~-==m~-—~ 2-Nitrotoluene 4,810
89-99-0-=~-~---~-4-Nitrotoluene 4.8iU
853-08-1---~~ ~=---3-Nitrotoluene 3.8V
FORM I PEST
T
L30/900 5707 §ic 616 XVd 89:6T T0/62/%0



EPA SAMPLE NO.

: 1D
GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET

: . o " : PACI.CE
Lab Name: COMPUCHEM o Contract: 8330
Lab Code: LIBRTY .= Case No.: "SAS No.: SDG No.: W1871
Matrix: (soil/water) WATER . Lab Sample ID: WG9680-2
sample wt/vol: 770.0 (g/wl) ML Lab Pile ID:

- % Meoisture: _ decanted: (¥/N) : Date Received:
Extraction: ,féepF/Cont/Sonc) SEPF ; Date Extracted:04/18/01
Concentrated Extract Volume: 19000 {(ul) Date Analyzed: 04/19/01
Injection Volume: 25.0{ul) : Dilution Factor; 1.0
GPC Cleanup: (Y/N) N pH: gulfur Cleanup: (¥/N) N

- CONCENTRATION UNITS: * .

CAS NO. COMPOUND {ug/L or ug/Kg) UG/L 9
2691-41-0----~~-- HMY : E.8|F .
99-35-4--==-~—-~- 1,3,5-Trinitrobenzen 4.8P
121-82-4==r~==== RDX 2.7|JP
99 -E5<iQumer---==1,3-DiNitrobenzanc 4 _.51PF
118-86~-7=------—- 2,4,6-Trinitrotoluene 3.9iP
479-45-8-=-m-~—=—- Tetryl 8.2|P
98-95-3~nwmro-mm Nitrobenzene 3.6|P
121-14-2-==----- 2,4-Dinitrotoluens 4.81\P
E06-20=2r—---~== 2,6-Dinitrotoluene 7.0(P
35572~78-2----=~2-Amino-4, 6-dinitrotoluene_ | 6.3|P
1946-51=0---~-—= 4-Amino-2, 6-dinitrotoluene 6.5|P
88-72-2m--——==m= 2-Nitrotoluene 7.4|F
99-98-0==--——-~=~= 4-Nitrotoluene 5.8(P
89-08-1-==-==-=-~ 3-Nitrotoluste 7.3\

FORM I PEST

[
ol

/100 : - REEOMIROD 50v BLC 616 XVA 88:0T T0/£2/¥0




CompuChem
a division of Liberty Analytical Carporation i
501 Madison Avenue - 3 A ¢
Cary, N.C, 27513 S
Tel: 919/379-4100  Fax: 919/379-4050

A

SDG NARRATIVE
. SDG #W1971
) CONTRACT # OLM04-REVS
SAMPLE IDENTIFICATIONS: GW3034CNTL? GW3034KMNO47 GWI034PERS7

Tm: three water samples {lsted above were rcceived intact, at §, degrees C, in scaled shrpp!ng containers, on April
17, 200]. All samples were submitted for volatile, nitrate, and explosives analysis. ;
The volatile samples were propared and analyzed follomng Contract Laboratory Protocol(CLP) Statement of Work(SOW),
document OLM04.2, and this portion of the SDG narratlve deals with the volatile fractiens only. All pertinent Quality
Assurance Notices are included in the narrative section, and all pertment Laboratery Notices for 3DG # WI97T are
inchuded in the sample data sections. -
Analysis holding timme requirements were met for all sampIcs and sample pH values were less than 2.0 for all samples. No
pH could be. measured for Sample GW3034KNH¢047 as the color inherent to the sample stained the pH paper so that no
reading conld be abtined. :
The Target Compound Llst(TCL) analyts trichlomethene was identified above the Comiract Required Quanhtzchon )
Limit(CRQL), and outside of calibratiom limits in the neat gnalysis of GW3034CNTL7. One SMC compound failed high
for recavery in this analysis, and the sample was diluted and brought trichloreethene into calibration limits. An SMC
compmmd again failed high for recogvry, and we have reported both neat and dilited analyses.
Sample GW3034KMNQ47 was initially analyzed at 8 100X dilution and did not contain smy reportable levels of TCL
analytas. The sample was not reanalyzed ar a lesser dilution as the reactive nature of the sample may have caused
instrument downtime.
No instrument blank was analyzed betwesn sample GWSOMCNTL?{wnh exceading levels of trichloroethene), and
GW3034PERS7. Due to the fact that no trichloroethene ~was identifled in GW3034PERS7 above the CRQL, we are
reporting 1 the dn:a Wlth rcfcre:nca to this qualifier. _

Other than lahoratory artifact and siloxane peaks, no repurtabia Tentatively Identified Compounds{TTCs} were present in

the submitted samples.
All Bromofluorobenzene (BFB) abundance r:.rtt:da were met for tunes associated to this SDG. Overall QC critsria were

" [|met for aif injtial and continuing calibration standards associated to this SDG.

: {The system monitering compounds(SMC's) met recavery criteria in the analyses of these samples(except as noted above), |
and all of the internal standards met retention time and response criteria in the analyses of these samples.

The associated method blanks met all quality contro] criterie, and did not contain any target analytes above the CROQL.
The asssociated storage blank met all QC eritéria, and also d1d ot contzin any TCL analytes above the CRQL.

Duplicate matnx spikes were generated from the original GW3034PERS?, and mert all QC ptecision and accuracy criteria
without exception. The assosiated Labarato:y Control Sample(L.CS) met all acouracy requirements.

‘IManual quantitations were performed on the process files in some of the the assoczamd initial, ‘and continuing
calibrarion(s). The reasons have been coded with explanations provided in the netice included it the narrative section of

this SDG

I certify that this data package is in compliance with the terms and conditions of the comtract, both technically and for
completeness, for other than the conditions defailed above, Releass of the data contained in this hardcopy data package and
in the computer-readable dats submitted on diskerte has been authorized by the Laberatory Maneger or his‘her designee, as
verified by the following signature.

L20/800@ o TRAHDIdROD 010V 6L¢ 6T6 YVd 6§:¢T T0/¢3/¥0




EPA SAMPLE NO.

- _ 1A
VOLATILE ORGANICS -ANALYSIS DATA SHEET

- GW3I0D3I4CTNTL7
Contract QLMO4 -REVS

[ g

. SAS No.: SDG No.: W1971

Lab Name: COMPUCHEM

Lab Code: LIBRTY Case No
Lab Sample ID: W1971-1
ILab File ID: W1971-1RAS5S

Matrix: 3011/water) WATER |
Sample wt/vcl - 5 {(g/mL) ML -
Level: (low/med) LOW : S .

% Mojisture: not dec.

Date Received: 04/17/01
Date Analyzed: 04/20/01

GC Columm: RTX- 524 ID: 0.32 (mm) pilution Factor: 1.0

Scll Extract Valuma : ”  : {aL) 8o0il Aligquot Volume: fuls)

CONCENTRATION UNITS:

CAS NO. - COMPOQUND (ug/L or ug/Kg) UG/L Q
75-71-8 Dichlorodifluoromethansa - 10 U
T74-87-3 Chloromethane ' 10 U
75-01 -4 vinyl Chloride 10 T
T4-83-9 Bromomethane 10 I
T5-00-3 Chloroethane i U
75-65-4 | Trichlorofluoromethane. 10 1 U
TE-3n=4 1,1-Dichloroethene - - 10 u
TE-13~-1 1,1, 2-<Trichlore-1,2,2- trlfluoroetnane 10 U
67-64-1 Acetone 10 U
75+-15-0 Carbon Disuliide 10 U
79-20-9 Methy!l Acetate 10 4]
T5-09~-2 | Methylene Chloride 13 B

156-60-5 trans-1,2-Dichlorosethene 2 J
1634-04-4 ethyl tert-Butyl Ether 10 k]
T TR -34=3 1, lL=pichloroetfhane i0 4]

156-59-2 ci5-1,2-Dichloroethene a0 -

78-93-3 2-Butanones 10 7
6i-6a-3 Chloroform il J
Ti-55-8 1,1, 1-Trichloroethane 10 u
110-82-"7 clohexane 10 5]
BE-23-5 Tarbon Tetrachloride 10 U
71-43-2 Banzene 10 U
107-06-2 1, 2-Dichloroathane 10 U

L20/600

RIHMINOD

FORM I VOA-1

OLM04 .2

007 BL€ BT6 XVd 69:CT T0/82/%0




EPA SAMPLE NO.

| ' o 1B
VOLATILE ORGANICS ANALYSIS DATA SHEET

. . ‘ ~ GW3034CNTL7
tab Name: (OMPUCHEM . " Contract: OLMO4-REVS
Lab Code: LIBRTY Case No.: " SAS No.: SDG No.: W1971
Matrix: soml/water) WATER ) Lab Sample ID: W1371-1
Sample wt/vol: 5 {g/mL) ML, Lab File ID: W1971-1RAS5S
Level: {low/med§ LOW . B Date Received: 04/17/01
% Moisture: not dec. , - Date Analyzed: 04/20/01
GC Column: RTX-624  ID: 0.32 (mm) _ Dilution Factor: 1.0
’ . ’ - -‘?
$0il Extract Volume: __{uL) ) Soil Aliquot Volume: (uL)
| o : I CONCENTRATION' UNITS :
CAS NO. © COMPOUND : - {ug/L or ug/Kg) UG/L Q
TH-01-6 Trichioroathens B30 =
108-87-2 Methvicyclohexate 10 1 U
~87-5 1,2-Dichloropropane 10 [¥]
75-27-4 BEromodichlorométhane ' 10 9]
10061-01-5 cis-1,3-Dichloropropens uK1] U
108-10=1 2-Methyl-2-Pentancne 10 9]
108-88-3 Tollene © . 2 )
1G061-02-6 trana-1,3-Dichloropropens ' 10 i
-00- 1,L,2-Trichlorcethanse , i0 [#]
127-18-4 Tetrachlorcethens i 10 U
591-78-6 2 -HeXxanone 10 U
124-48 -1 DibramcEHI_rmmethane i0-{ O
106-93-4 1, 2-Dibromoethane _ 10 U
108-320-7 quorobenzene _ 10 U
~ 100-31-4 yibenzensa _ 10 i
1330-20-7 i Tene (Totadl) ‘ - 10 U
100-42-5 Styrene 10 [i]
J5.35.2 Bromeiorm ' 10 U
28-82~8 180propylbenzene ] 10 4]
7Ge34-5 1,1,4,2- etrachloraethana 10 fij
5471-73~) 1,;-Dichlorobenzene 10 U
106-46-7 | 1,4-bDichlorcbenzene 10 &
95-50-1 | 1,2-bichlorcbenzene 10 J
56-12-8 | 41,2-Dibromo-3-Chloropropane 10 U
120-8B2-1 1;2,4—Trichlorobenzene 10 U

FORM I VOA-2 OLMO4 .2

Lz0/0TO0 R _ ice: VBT U GL0% GLC 678 YV 89:¢T T0/82/70




e e S MM D ERS | e EE S oSO NSRS NRS SR RN IIRE | &

EPA SAMPLE NU.

' 1F _
VOLATILE ORGANIGS ANALYSIS DATA SHEET
 TENTATIVELY JDENTIFIED COMPOUNDS

GW3034CNTL7

Lab Name: CbeUCHEM ’ - ‘ _ *Contract: OLM0O4-REVS
tab Code: LIBRTY Case No.:  -SAS No.: SDG No.: WiS71
Matrix: {soil/ﬁater) WATER‘- . Lab Sample ID: W1871-1

Sample wt/vél.»: 5. {g/mlL} ML . Lab File ID: W1971-1RAS9
Level: (low/med). LOW -~ - - Date Received: 04/17/01

¥ Moisture: néé dec.r . : Date Analyzed: 04/20/01

GC Column: ﬁEXw624 ”lID: 9.32 {mm) - pilution Factor: 1.0

Boil Extract Vélﬁﬁé: | (uﬁ} - Soil Aliquot Volume: _ (ul)

o oo ' CONCENTRATION UNITS:
Number TICGs found: 3 : . (ug/L or ug/Xg) UG/L

¢AS NUMBER.- - | - - COMPOUND-NAME | RT BST. CONC. |

Eomogmmmm o DRNNEm QoS | ESSEE

mE=EE=EX=

- LABOQRATORY ARTIFACT 13.43 11}J8
LABORATORY ARTIFACT ' -~ 14.77 44 =
LABORATORY ARTIFACT 16.20 100

EE

vof o ~a) o e b L Bof 12
- - - - » - ¥ » [l .
>

FORM I VOA-TIC OLMO4 .2

- —

Lz0/1T0M . o AEHONAROD — GZ0F 6L 616 ¥vd 00:¢T 10/82/70



. L1A
_ VOLATILE ORGANICS-ANALYSIS DATA SHEET

EPA SAMFLE NO. .

GW3034CNTL7DL

Lab Name: COMPUCHEM - Contract: OLM0O4-REVS

Lab Code:_LIBRTf Cagze Né.:' ; SAS No.: SDG No.: Wis71
Matrix: (soil/water) WATER : - . Lab Sample ID: W1%71-1

Samplé wt/veol: 57 (g/mls) ML‘ Lab File ID: W1371-1D2ASS
Level: (ibw/médﬁ LOW : Date Received: 04/17/01

% Moisture: not dec. ‘ , -
GC Column: RTX-624 ID: 0.32 (mm) -

Soll Extract ?olume:"

(QL) S0il

COMBOUND

Date Analyzed: 04/20/01

Dilutien Pactor: 5.0

Aliquot Volume : (uL)

CONCENTRATION UNITS:

CAS NO. {ug/L or ug/Kg) UG/L Q
75-71-8 | Dichlorodirlucromethane 50 | U [
74-87-3 Chloromethane _ 50 T T
75-01-4 vinyl Chloride B0 U
74~83-9 Bromomethane 50 [¥]
75-00-3 Chlorcetharie B0 9]
75-65-4 Trichlorofluoromethane 50 0
J5-35-4 1,1-Dicnlorosthene - R 50 U
76-13-1 1,1,2-1xichioro-1,2,2-triflucrcethane 50 | U
87-64-1 Acetone : 99 ]
75-15-0 Carbon Disulfide 50 [
78-20-9 Methyl Acetate 50 )
TE-09-2 Methylene Chioride . 22 DJE

156-60-5 | trans-1,2-Dichloroethene 50 [ U

1634-04-4 Mefthyl tert-Butyl Ether 50 |4
75-34-3 1,l-Dichlorocethane 50 j¥i

156=-59-2 cis-1,2-Dicnloroathens 19 DJ
7H8-93-3 Z-Bubanone 50 U
67-66-3 Chlicroform 50 U

- 71L-55-6 1,1,1-Trichloroethane 50 1¥)

110-82-7 Cyvolohexane 50 U -
56-23~5 Carbon letrachioride 50 [¥)
71-43-2 Benzeane S0.| U

107-06-2 1,2~-Dichloroethane 50 J

L20/ZTOR

FORM I VOA-1

OLM04.2

RHHONIA0D

3207 8L 616 TV 00:7T T0/€2/%0



Lab Name: COMPUCHEM _
Lab Code: LIBETY‘
Matrix: (soil/water) WATER - .

. ~1B
VOLATILE ORGANICS ANALYSIS

SAS No.:

(IR R T S

Case No.:

EPA SAMPLE NO.

DATA SHEET
- GW303 4CNTL7DL
Contract: QLMO4-REVS
SDG No.: W1871
Lab Sample ID: W1371-1 |

Sample wt /vol: E (g/mL) ML- Lap File ID: W1871-1D2A5P
Level: (low/med) LOW Date Received: 04/17/01
% Moisture: not dec. Date Analyzed: 04/20/01
GC Column: RTX-624 ID: 0.32 {wmm} Dilution Factor: 5.0
Soil Extract Volume: {ul} - Soil Aliguot Volume: {ul)
S CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) UG/L ©Q
79-01-6 Trichloroethens : - + 490 D
108-87-2 Methylcvelonexane 50 U
78-87-5 1,2-Dichloropropang 50 U
To-27~4 Bromodichlorometnane S0 U
100e-04L-5 cis-1,a-Dichloropropene 50 5]
168-10-1 z-Methyl-2-Pentanone 50 U
108-98~-3 Toluene , R 50 [
10061-02-6 trans-1, 3-Dichloropropena 50 U
79-00-5 1,1,2-Ttrichloroethane 50 [ U
127-183-4 Tetrachnloroethene 50 o]
581-78-6 2~Hexanone _ 50 U
124-48-1 Dibromochlaromethane 50 U
106-93-4 1,2 ~Dibromoathane 50 u
138-80-7 Chliorobenzens 50 U
100-41-4 Echylbenzens 50 u
1330-20-7 viene (Totalj EQ | U
100-42-5 Styrene 50 u
Th-26-2 Bromoform &0 ]
SE-82-8 Isopropylbenzene 50 U
78-34-b T,1,2,2-tetrachloroethane 5Q U
Gd1-73-1 1,3-Dichloronenzeng 50 4]
106-46-7 1,4-Dichlorobenzens 50 U
g95-50-1. 1,2 -bichlorobenzene 50 j#]
SE6-13-8 | 1,2-Dibromo-3-Chloropropane 850 [4)
120-82-1 1,2,4-Trichlorgbenzene 50 U

Lz0/8T0M

FPORM I VOA-2

OLMO4.2

REHONGROD ——GL0F 61 618 XV4 00:FT 10/62/70




17 HEA DANOCLD 1N

VOLATILE ORGANI(S ANALYSIS DATA SHEET
TENT%TIVELY EDENTIFIED COMPOUNDS

GW3 034CNTL7DL

Lab Name: GOMPUCHEM-3 _' - : iContract: QLM04 -REVS
Lab Code: LIBRTY .Casé No-. : jSAS No.: SDG No.: W1871
Matrix- (soil/ﬁater) WATER : Lab Sample ID: Wi371-1

Sample wt/vol S~: (g/mL) M1, . Lah File ID: W1871-1D2A5S
Level: {low/med -LOW o Date Received: 04/17/01

% Moisture: not dec‘ . : ) " Date Analyzed: 04/20/01

GC Column: RTX 624 ID:ld;BZ fmm)-w Dilution Factor: 5.0

.SDll Extract Vblume{ {uL) _ Soil Alicuot Volume: _____(uL)'

S - CONCENTRATION UNITS:
Number TICs found: 4 : (ug/L or ug/Kg) UG/L

e -

CAS NUMBER. I . . COMPOUND-NAME RT EST. CONC. | Q

=============;===s,—.-===.-==z=====&==—_~===:=========.‘:::—= oMo | SAmmmo D TRESEsE | ERRSS

‘LABORATORY ARTIFACT 11.83 42 1JD
LABORATORY ARLIFALT ~ 13.50 70 JBL
- [LABORATORY ARTIFACT 14.78 270 JED

TABORATORY ARLXFACT 16.20 600 | JBD

o] ~af o} e sis et o 1
*

FORM I VOA-TIC QLMO4.2

L20/7TOEA . NHHININOD 0L0Y 646 8T8 IV 00'%T T0/¢3/%0



. L ETN o EPA SAMPLE NO.
. VOLATTLE ORGANICS-ANALYSIS DATA SHEET =

GW3034KMNO47

COMPUCHEM . Contract: OLMO4-REVS

Lab Name:

nab Code: LIBRTY _
(501l/waterJ WATER -

SDG No.: W1971

‘Cagg No. : SAS No.

Matrix: Lab Sample ID: W1571-2
Sample wt/vol .5 {g/mL) ML- Lab File ID: W13971-2BS9
Level: (low/med) LOW H Date Received: 04/17/01
% Moisture: not dec. Date Analyzed: 04/19/01
GC Column: RTK-624 CID: 0.32 {mm) - Dilution Factor: 100.0
Soil Extract Velume:: . - {ab) Soil Aliguot Volume: (L)
: ; o - CONCENTRATION UNITS:
CAS NO. COMPOUND - (ug/L: or ug/Kg) UG/L Q
Th-71-8 chhlorodlflucromethane 1000 9]
T4-87-3 Chloromethane 1500 ]
75-01-4 vinyl Chlaride L1000 i)
4-83-9 Bromomethianse 1000 U -
75-00-3 Chloroethana 1000 u
75-65-4 Trichlorofluoromnethane . 1060 U
7J5-35-4 1, 1-Dichlorgethene . 1000 U
T6-13-1 1,1,2- Trlchloro 1,2,2- trmfluoroethane 1000 U
67-64-1 Acetone . ] 1000 U
TE-15-0 Carbon Disulfide 1000 4]
79-20-9 Mathyl Acelate 1000 U
75-09-2 Methylene Chlioride 1000 ¥
i56-60-5 trans-1,2-Dichloroethene 1000 U
1634-Q04-4 Methyl tert-Bufyl Ether 10060 U
7T5-34-3 1,1-Dichloroethane 100G0 U
156-59~-2 cis-1,2-Dicnloroethenea 1000 [§]
TH-93-3 2-Butancne 1000 u
67-66-2 Chlorocform 1000 [ 5]
71-55-6 | 1,31,1-Trichloroethane 1000 | U
L10-82-7 Cyvclohexane 1000 T
B6-23-5 Carbon Tetrachloride 1000 i)
71-43-2 | Benzene 1000 [
107-06-~2 1, Z-Dichlorgethane 1000 1 U

LT0/STOR

PORM I VOA-1.

OLMQ4 .2

——

KIHINIRGD

0Z0F 616 616 Xvd T0:7T T0/€2/¥0




Lab Name:
Lab Code: LIERTY

Matrix:

Bample wt/vol:
(low/med) - LOW

Level:

COMPUCHEM

iB
VOLATILE ORGANICS

Case No

— i

(soil/water) WATER .

5 fglmL) ML.

% Moisture: not dec.

GC Column: RTX-624 ID: 0.32

oil Extract Vblume

- {mm)

(um)

ANALYSIS DATA SHEET

Contract: OLMO4-REVS

- SAS No.:

EPA SAMPLE NO.

GW3 034KMNO47

SDG No.: W1571

Lab Sample ID: W1571-2
Lab File ID: W1971-2B5S
Date Received: 04/17/01
Date Analyzed: 04/13/01
bilution Factor: 100.0

So01l Aliquot Volume: (uL)

CONCENTRATION UNITS:

LZ0/9T0 @)

FORM I VOA-2

CAS NO. - COMPOUND (ug/L or ug/Kg) UG/L Q
75-01-6 | Tricnloroethene 1000 )
1.08-87-2 Methylcyclohexane 1000 T
_78-87-5 1, 2-Dichloropropane 1000 i
Th-27-4 Bromodigshloromeltnane 1000 i
10061-01-5 cis-1,3-Dichloropropene 1000 U
168-10-1 4-Methyl-Z2-Bantancne’ ' 1000 ¥
108-88-13 Toluene . 1000 J
1006L-02-6 trang-1,3- chhloropropene L1000 ¥
79-0Q-5 l,1,2= Trlchloroethane 1000 U
1247-18=-4 Tetrachloroethena 1000 14
581-78-6 2 -Haxanone L0000 J
124-428-1 Dibromochlorometharie 1000 5]
106-93-4 | 1,2-Dibromoethane 1000 [3)
TOH-4¥0-7 Chlorobenzens 1060 3]
100-41-4 Ethylbenzene 1000 [ O
1330-20~7 Xvilene (Total) 1000 U
100-42-5 | Styrene 1000 | U
75-25-2 | BromoiIorm B 1000 ¥
JHE-B2-8 | laopropyibenzens 1000 | O
T9-34-5 yl,2,8- Tetrachloroethane 1000 6]
541-73-1 1, 3 D;chlcrobenzene 3 1060 | U
106-46-7 i,4-Dichlorobenzens 17000 U
95-50-1 1,2-Dichlorobenzene 1000 [1]
96-12-8 1,2-Dibromo-3-Chloropropane 1000 U
120-82-1 1,2,4-Trichlorcbenzene 1G00 U

OLM04 .2

T RAEDIdNGS

0L0y 618 8T8 XVd To:¥T TO/€Z/%0



EPA SAMPLE NO.

1F
VOLATILE ORGANIC'S ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

GW3034KMNO4 7

Lab Name: COMPUCHEM -Contract OLMO4 -REVS

Lab Code: LIBRTY - Cazse No.: mSAS No.: - SDG No.: Wls7l

Matrix: (5011/water) WATER o - Lab Sample ID: W1871-2
sample wt/vol: 5 (g/ml) ML - Lab File ID: WL1971-2B59
Level: (low/med - L5W - - Date Received: 04/17/01
% Moisture. not dec.d. L - Date Analyzed: 04/19/01
GC Column: RTX- 624 ID:'d;32~ {mm} - Dilution Factor: 100.0

Soil Extract Vblume: {uL) - Soil Aliguot Volume: o {uL)

S : CONCENTRATION UNITS:
Number TICs found: 1 - . {ug/L or ug/Kg) UG/L

CAS NUMBER - - | . - COMPOUND -NAME RT BST. CONC. Q

ey F PP b b e EessoES==MME | DDOSFSES= MRS | e

LAEORATORY ARTIEACT ' 14.72 720 | JB

-
8

FORM I VOA-TIC OLMO4 .2

e b ——————

L20/470 o T REESTAR0D 0L0V 8L 816 Ivd T0:PT T0/€Z/¥0




1A EFA S5AMPLE NO.
VOLATILE ORGANICS ANALYSIS DATA SHEET

GW3034KMNO47

Lab Name: COM?UCHEM . | - Contract:
Lab Code: LIBRTY Case No.: - SAS No.: SDG Ne.: W1971

Matrix: (soil/water) WATER Lab Sample ID: X1971-2
Sample wt/vol: | 5 (g/mal} ML .
Level : ‘floq/mgd}"LOW |

% Moisture: notadgc.

GC Column: EQUITY624 ID: 0.53  (mm)

Lab File ID: X1971-2Ra51
Date Received: __;"_____
Date Analyzed: 04/25/01
Dilution Factoxr: 1.0

Socil Extract Velume: (ul) Soil Aliguot Volume: {uL)

CONCENTRATION UNITS:

compoﬂmn

CAS NO. (ug/L or ug/Kg) UG/L Q
~75-71-8 | Dichiorodifluoromethana 10 4]
FL4-87-3 chioromethane 10 4]
75-01-4 vinyl Chloride 10 T
74-83-9 Bromomethane 10 T
75-00-13 Chlorcethane ' 10 7
75-69-4 Trichlorofluoromethane 10 | U
75-35-4 1, l-Dichloroethene 10 (1
76-13-1 | 1,1,2-Trichlere-1,2,2- trlfluoroethane 10 U
b7-6&-1 Acetone T8 | B
75-15-0 Carbon Disulfide : 10 1 O
T9-20-58 Methyl Acetate ' 10 T
75~-00-2 | Methylene Chloride 1% | B
18&6-80-5 trans-1,2-Dichlorpoethene - 10 U
1634-04-4 Methyl tert-Butyl ELDer 10 ]
75-34-3 151 -Dichloroethane 10 9]
156-55-2 cig-1,2- chhlcroethene ' 10 ji]
78-83-3 2= Butanona , 10 i}
67-66-3 | Chloxroform 3 | JB
Tl-55-6 1,1,1- Trlchlorcethane - 10 o]
110-B2-7 Cyclchexane 10 | °
Sh~=23=5 Caroon Tetrachlorlde 10 3]
71-43-2 Eenzene ' 10 4]
107-06-2 1,2-Dichlorcethane : 10 | O

"
FORM I VOA-1 OLM04.2

bt ———

OLOV B.¢ 616 YVd ¥I:¥T T0/9Z/%0

£00/200 ? WHHOTINOD




Lab Name: COMPUCHEM
Lab Code: LIBRTY

‘ 1B
VOLATILE ORGANICS ANALYSIS DATA SHEET

Case No.:

Matrix: (soil/water) WATER

Sample wt/vol:. 5
(low/med} LOW

Leveal:

% Maisture:

(g/mL) ML -

not dec.

GC Column: EQUITYS24 ID: 0.53  (mm)

Soil Extract Volume: - ful)

COMPOUND

"Contract:

" SAS No.:

EPA SAMPLE NO,

GW3034KMN047

SDG No.:
Lab Sample ID: X15871i-2
Lab File ID:

W1871

X1971-2RAS1
Date Received:

Date Analyzea: 04/25/01
Dilution Factor: 1.0

Soil Aliquot Veolume: {ur)

CONCENTRATION UNITS:

1330-20-7

Xylene (Total)

CAS NO. {ug/L or ug/Kg) UY/L Q
79-01~-6 Trichlorcethene " 10 9]
108-87-2 Methylcyclohexane 10 U
78-87-5 1,2-Dichloropropane i0 | U
T5-27~4 Bromodichlioromethane 10 7
1G061-01~5 cls-1,3-Dichloropropaene () [
168-10-1 4-Methyl -2 ~Pantanone 10 4]
1(8-88-23 Toluene 1 JB
10061-02-6 trans-1,3-Dichloropropene 10 U
- _789-Q00-5 1,1,2-Trichloroethane 10 (S
127-18-4 TeLrachloroechens 10 | U,
' 591-78-6 2-Hexanone 10 9]
124-48~-1 Dibromochloromethane 10 U
16-93-4 1, 2-Dibromoethane 10 U
- 108-90-7 Chlorobenzene 10 u
100-41-4 Ethylbenzene 10 | U
J
7
1J
U
U
U
8]
U
1)
U

100-42-5 Jtyrene
75-235-2 Bromoform 10
§98-82-8 Igoprepyibenzene 10
79-34-5 1,1,2,2-Tetracahlorcethane 10
G&l-73~-1 | 1,3-Dichlorobenzene 10
106=4p~"7 1,4-Dichlorobenzene 10
95-50-1 1, Z2-Dichlorobenzene 10
96-12-8 1, 2-Dibromo-3 -Chloropropane 10
120-82-1 1,2,4-1richlorobenzane 10

OLM04 .2

FORM I VOA-2

—r—— T

RIHIOIROD 0L0V B84¢ 616 XVd ¥YI:¥T T0/92/%0

£€00/€00 ]




EPA SAMPLE NU.

: 1A
' VOLATILE ORGANTICS-ANALYSIS DATA SHEET

- : : GW3I0N34PERST -

Lab Name: . Contract: OLMQ4-REVS

Lab Code: LIBRTY

COMPUCHEM

SDG No.: W1871

Case No.: S5A5 No.:

Lab Sample ID: W1971-3

Matrix: {(soil/water) WATER
Sample wt/vol: 5 (g/mL) ML - Lab File ID: W1971-3RA5H
Level: (low/med) LOW < Date Received: 04/17/01
% Moigture: not dec. Date Analyzed: 04/20/01
GC Column RTX 624 ID: 0.32 (wm) Dilution Factor: 1.0
Scll Extract Vblume* _{ulL}) - 80il Aligquot Volume: {ul)
: oo - . - CONCENTRATION UNITS:
CAS NO. - COMPOUND - {ug/L or ug/Kg) UG/L Q
75-71-8 Dichlorodifluoromethane I T
74-87-3 Chloroemetnane 10 i)
75~-01~4 vinyl Chloride 10 ]
74-53-8 Bromomethane 10 7
75~00~3 Chloroethane 10 U
75-58-4 | Trichlororluoromethane 10 { U
75-35-4 1,1-Dichloroethene ' . —10 T
76-13-1 1,1, 2~-Trichloro-1,2,2-trifluporoethans 10 U
§7-64-1 | Acetone i a8
75-15-0 | Garbon Diguliide 101U
79=-20-8 Mathyl Acetate 10 U
75-00-2 | Methylene Chlioride 7T I8
156 60-5 trang-1,2-Dichloroethens 10 9
. 1634-04-4 Methiyl tert-Butyl Ether 10 TJ
75-34-1 1,1-Dichloroethane _ 0 | U
T iE54-59-2 ] cis-1,2-Dichloroethene_ 0 | U
78-93-3 Z-Butanone 10 T
67-66-23 Chloroform 1 J
71-55-6 1,1,i-Trichloroethane 16 T
110-82-7 Cyclohexane 1Q U
Sh-23-5 Carbon Tetrachloride 10 U
71-43-2 | Benzene 10 | U
107-06-2 T,2-Dichloroethane. 10 U

LZ0/8T0

FORM I VOA-1

CLMO4 .2

T RAEONdReD

0L0Y 84¢ 616 XVd 20:¥T T0/£82/%0




Lab Name: COMPUCHEM
Lab Code: LIBRTY

o 1B .
VOLATILE ORGANICS-ANALYSIS DATA SHEET

Case No.: :

Matrix: (soil/water) WATER -

Sample wt/vol: _ 5

fg/mL) ML-

Level: (low/med) IOW . .

% Moisture: n&t dec.

GC Column: RTX-624 - ID: 0.32 (mm)

-

Contract: OLMO4-REVS
SAS No.:

EPA SAMPLE NO.

GW3 034PERS7

DG No.: W1871
Lab Sample ID: W1571-3
Lab File ID: W1971-3RA59
Date Received: 04/17/01
Date Analyzed: 04/20/01

Dilution Factor: 1.0

Soil Bxtract Volume: {ul) = Soil Aliquot Volume: {(uL)

- Sl CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) UG/L Q

79-01-6 Trichlorosthene 2 J
108-87-2 Methvlcyclohexane 10 U
78-87-5 1, 2-Dichloropropane 10 1 O
75-27-4 Bromodichloromethane ' 1 J
T0061-01~58 | cli8-1,3-Dichloropropens 10 &)
108-10-1 4 -Methyl-2-Pentanons 10 U
108-88-3 Toluans . 10 U
10061-02-6 trans-1, 3-Dichloropropene 10 5]
» 79-00-5 1,1,2-Trichlorosthane 10 U
127-18-4 Tetrachloroetnene 1.0 4]
5481-78-6 2-Hexanone 10 U
t 124-48-1 Dibromochloromethane 10 3]
i 106-93~-4 1,2-Dibromoethane 10 b
! 108=-20-"7 Chlorobanzense 10 U
“100-41-4 Echylbenzene 10 (1]
1330~-20-7 Xylene (Total) 10 9]
100-42-5 BLyrene 10 u
75-25-2 Bromoform 10 3]
948~82-8 1sopropylbanzens i0 U
T70-34-5 1,1,2,.2-Tetrachloroethane 10 U
- R41-73-1 1,2-Dichlorxobenzene 10 9]
106-46-7 1,4-Dichlorobenzene 10 4]
g5-50-1 i, 2-Dichloroienzene 10 i}
~12~-8 1,.2-Dibromo-3-Chloropropana 10 U
12(3-82-1 1,2,4-rtrichlorobenzene 10 i)

LTO/6TOR

- FORM 1 VOA-2

QLM04.2

RAHONGROD

0,07 BLC 616 XVd 20:¥T TO/€2/F¥0 -



: 1F ‘ .
. VOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

TENTATIVELY ;DENTIFIED COMPQUNDS
\ o : , GW3034PERS7?
L.ab Name: COMPUCHEM ;Contract: OLMO4-REVS
Lab Code: LIBRTY Case No.: ~SAS No,: SDG No.: W1971
Matrix: (soil/water) WATER Lab Sample ID: W1971-3
Sample wt/vol:- 5 (g/mL) ML Lab File ID: W1971-3RAS59
Level: (low/med) S LOW - - Date Received: 04/17/01
% Moisture: not dec. - Date Analyzed: 04/20/01
GC Column: RTX-624 ID: 0.32  (mm) Dilution Factor: 1.0 '
801l Extract Volume: (uli} - Soil Aliquot Volume: (L)
e CONCENTRATICON UNITS:
Number TICs found: 4 {ug/L or ug/Kg) UG/L
CAS NUMBER . COMPOUND -NAME RT BST. conC. | Q
IV LABORATORY ARTIFACT T Tat.eal ela
2. LABORATORY -ARTIFACT 13.49) - 10]|JB
3 LAHORATORY ARTIFACT 14.78 25|JB
4. LABORATORY ARTIFACT 16.21 15)J8
5 : e : .
[
7.
8.
9.
10.
11,
12
313.
14.
15,
16.
17.
18.
19.
20,
21.
22.
23.
24 .
25 .
26.
27,
28.
29, e
30.

LZ0/0Z0%

FORM I VOA-TIC

OLM04 .2

RIEDNdRCO

0L0F BL¢ BTG IVA Zo:¥Y T0/€¢/¥0




' -1h
VOLATILE ORGANICS -ANALYSIS DATA SHEET

Lab Name: COMPUCHEM

Lab Code: LIBRTY Case No.:
Matrix: (soil/water) WATER
Sample wt/vol: 5 - {g/mL) ML-

(low/med) LOW

Level:
% Moisture: not dec. o -
GC Columm: RTX-624  ID: 0.32 (mm) -

Soil Extract Volume: {uL)

. Contract: OLM04-REVS

SAS No.:

BEPA SAMPLE NU.

GW3034PERS7MS

5DG No.:
Lab Sample ID: WGS683-4
Lab File ID:
Date Received: 04/17/01
Date Analyzed: 04/20/01
bilution Factor: 1.0

S8oil Aliguot Volume:

Wl571

WGES683~4A59

(uL)

CONCENTRATION UNITS:

L20/120[7

FORM I VOA-L

CAS NO. - COMPOUND - - (ug/L or ug/Kg) UG/L Q
TH=-71-8 DicholLorodl fluoromaetnans * 10 [§]
74-87-3 Chlorometfhans . 10 J
T5-0Ll-4 Vinyl Chloride 10 { U
74-83-9 Bromomethane 10 U
Th-00-3 | Cchlorcethane 10 [#]
75-65-4 Trichlorofluoromethane 10 bkj
75-35~-4 1,1-Dichloroethene , 58
Fe-13-1 T,1,2-Trichloro-1,4,2-triflugroetnane 10 T
§7-64-1 Acetone o, 23
75-15-0 Carbon Digulilde i 10 U
79-30-9 | Methyl Acecate 10 | U
T75-09-~2 Metnylene Chloride -6 JB

156-60-5 trans-1,2-~Dichloroathene 10 1)

1634-04-4 Methy]l tert-Butyl Ether 10 g

75-34-3 | 1,l-Dichlorcethane 10 | U

156-59-2 cis-1,2-Dichlorgethene 10 [¥]
T8-093-3 ¥ -Butanone 10 U
&7-66-3 Chloroiorm 1 g
Ti-55-6 1,1,1-Trichlorcetnane 10 | U
1L0~82-"7 Cyclohexane 10 4]
56-23-5 Carbon letrachioride 10 3]
71-43-2 Benzene ' 50

107-06=-2 1,2-Dichlorcethane 10 4]

153
OLMO04 .2

RARDOAN0D

0L0% BLC 618 XV4 20:¥T TG/CZ/¥0




EDA SAMPLE NO.

VQLATILE ORGANICS.iEALYSIS DATA SHEET
Lab Name: COMPUCHEM . . Contract: OLMO4-REVS - II034PERATME
Lab Code: LIBRTY Cage No : % SAS No.: - SDG No.: W1871
Matrix: (soll/water) WATER . Lab Sample ID: WGS9683-4
Sample wt/VDl- : 5 (g/mL) ML - Lap File ID: WGE9683-4A59
Level; low/med) LOW P - Date Received: 04/17/01
Moisture. not dec L ; Daté Analyzed: 04/20/01

GC Column: RTX- 624 ID: 0.32

S50i1l Extract Volume

) -

{uL) -

| COMPOUND

" DPilution Factor: 1.0

Soil Aligquot Volume: {uls)

CONCENTRATION UNITS:

CAS NO. (ug/L or ug/Kg) Ue/I. Q
. S L ) i
79-01-6 Trichloroethene . - “4.8
108-87-2 Methylcyclohaxane 10 J
78-87-5 1,2-Dichloropropans 10 u
15-27-4 Bromodichloromethane X J
100681-01-5 cis-1,3-Dichloropropene 10 U
108-10-1 4 - MethVI—z-Pentanone : 10 | U
108-88-3 Toluenes . 49
10061-02-6 | trapz-1,3- chhIornpropene i¢ | U
- 79-00-5 1,1,2- Trlchloroefhane 10 U
127-18~4 Tetrachloroethene 10 U
591-78-6 2 -Hexanonea T 10 U
12d-48~1 Dibromochtloromethane 10 ¥
106-93-4 | 1,2-Dibromoethane 10 | U
108-90~7 Chlorgobenzene 51
100-41-4 BEthyvibenzens 10 J
1330-20-7 Ayviens (Total) 10 [3)
100-42-5 Styvrene 10 U
T5-25-2 BromoLorm 10 U
g8-82-8 Iscpropylbenzens 10 U
78-34-~5 1,1,2,2-Tetrachioroethans 10 )
5471-73-1 1,3d-Dichlorobenzense 10 U
106-46-7 1,4-Dichlorohenzensa 10 U
95-50-1 1,2-Dichliorchenzens 10 u
6§-12-8 | 1,2-Dibromo-4-ChlOropropane 10 | U
120-82-1 1,2,4-Trichlorobenzene 10 i)

120/2200

FORM T VOQOA-2

OLM04 .2

T RABOAdR0D

0L0F% B8i¢ 676 IVd £0:%T TO/88/F0



Lab Name: COMPUCHEM
Lab Code: LIERTY

1A

VOLATILE ORGANICS ANALYSIS DATR SHEET

i

‘Case No.: SAS No.:

Contract: OLMC4-REVS

EPA SAMPLE NO.

GW3I034PERSTMSD

SDG No.: W1571

Matrix: (soil/water) WATER B Lab Sample ID: WG9683-5

Sample wt/vol: 5 - {g/mL) ML} Lab File ID: WGE9683-5A59

Level: (low/med) LOW X Date Received: 04/17/01

% Moisture: not dec.. ' Date Analyzed: 04/20/01

GO Column: RTﬁ+624 ID: 0.32  {mm) Dilution Factor: 1.0

Soil Extract Volume: (L) _ Soil Aliquot Volume: {ul)

' ' _ - CONCENTRATION UNITS: :
CasS NO. COMPOUND (ug/L or ug/Kg) Us/L Q
7E=71-8 | Dichlorodifluoromethans | 0] O
74=-87-3 Chloromethane 1 J
T5-01-4 | vinyl Chloxride 10 U
T4-B3-9 Bromomet.hane 10 U
75-00-3 Chicrocethane 10 7
T5-69-4 Trichlorofluoyomethane 10 1. U
TE-35-4 T,I-Dichloroetnene . 62
T6-14-1 1, 2-Tricnloro-1,2,2-trifluoroethane 130 L4
67-64-1 Aceatone - 32
75-15-0 Carbon Disulfide 10 J
78-20-9 Methyl Acetate _10 U
75-09-2 Methylene Chloride B JB
156-60-5 | trans-1,2-Dichlioroethene 10 | U
1634-04-4 Methyl tert-8utyl Ether 10 U
Th-34-3 1, I-Dichlorcethanhe 10 U
156-~58-2 cis-1,2-Dichlorcethene 10 J
7E-93-3 2 -Butanone 10 U
6/-66-4 Chloroform 2 J
T1-55-6 T, 1,1l-Trichlorogthane 10 U
TL0-B2-7 v lohexane 10 i)
Eg-23-5 | Carbon Tetrachioride 10 1 U
T1-43-2 Henzene 52
1.07-06-2 T, 2-Dighloxoethane 10 T
=
OILM04.2

L30/8T0M

FORM I VOA~1

0L0V BLC 8T8 YV CO:BT TO/EI/V0



1B EPA SAMPLE NO.
VOLATILE ORGANICS ANALYSIS DATA SHEET ‘

-

Lab Name: COMPUCHEM | " Contract: OLMO4-REVS GW3034PERS7MED
Lab Code: LIBRTY . Case No.: . SAS No.: SDG No.: W1871
Matrix: {soil/waﬁer) WATER . ) ‘ Lab Sample ID: WG9683-5

Sample wt/vol: 5 (Q/mL) ML: Lab File ID: WGS683-5A5%
Level: {low/med) LOW i Date Recesived: 04/17/01
%‘Mbisture; not dec. : : Date Analyzed: 04/20/01

GC Column: RTX~624 1D 0.32 (mm) - " bilution Factor: 1.0 _

‘80il Extract tiuﬁe; _ ' [uL) ; Soil Aliquot Volume: ___ (uL)

. CONCENTRATION UNITS:

CAS NO. COMBOUND R ¢ (ug/L or ug/Kg) UG/L 0
79-01-6 Trichlorosthene : - -E]
108-87-2 Methyvlcyclohexane 10 T
F8-87-5 1, 2-Dichaloropropansa 10 9]
75-27-4 Bromodlchloromethane - ' Lo d
10061-01-5 cis-1,3-Dichloropropare _ 10 3]
108-10~1 4-Methyl-2~-Pentanorne ' - 10 1]
108-88-23 Toluene . 47
10061~02-6 | trans-1,3-Dichloropropene 10 i)
F6-00-5 | 1,l,2-Trichloroethane » ' 10 9]
127-18-4 Fatrachlorcetiene - ' 10 U
hel-7H-6 2 -Hexanone 10 (5]
174-46-1 | Dibromochloromethane 10 | U
108-93-4 1, 2-Dibromoethane 10 U
108-90-7 Chilorobanzena 49
100-41-2 | Ethylbenzene - 10 tJ
1330-20-7 Xylene {Total) : 10 )
100-42-5 Styrene : 10 J
TE-25-2 Bromoform . ' 10 17
9g-82-8 Isopropylbenzena 140 U
79-34-5 1,1,2,2- Tetrachloroethane i0 i)
H41-73-1 1,43- chhlorobenzene _ 10 U
106-46-7 1,4-ﬁicEIoroEenzene : 10 U
g5-50~1 1, 2-Dichlorobenzenea 10 g
J

Sh-12-8 i, 2-Dibromo-3-Chloropropane ' 10
120-82-1 | 1,4,4-Trichiorobenzene -

FORM I VOA-2 oLMO4 .2

—

Leosvzom o | REFONIR00 0LOV 648 618 XVA £O'PT T0/£2/¥0




ﬁr,ﬁ. W bk s

o , aA
VOLATILE ORGANICS -AMALYSIS DATA SHEET

VHBLKAD ‘

. Contract: OLMO4-REVS

Lab Name: compchEM

Lab Code: LIBRTY Case No.: SAS No.: SDG No.: W1s71

(soil/water) WATER .

Iowng

Lab Sample ID: WG9620-8

Matrix: .
Sample wt/vol: - 5 :(gme) ML Lab File ID: WGS620-8A59
Level: (1aw/med) LOW ‘. g Date Regeived:
% Moisture: not dec. :_ff'  - Date Analyzed: 04/20/01
GC Column: RTXészﬁ ID: 0.32 (mm) . bilution Factor: 1.0
{uL) i Soil Aligquot Volume: _  (ul)

Boil Extract Volume:

coMpouND . . -

CONCENTRATION UNITS:

CAS NO. (ug/L or ug/Kg) UG/L
75-71-8 Pichloroditiuoromer hane 10 U
T74-87-3 chlorometnane 161717
75~01-4 Vinyl Chloride 10 ]
74-83-9 Bromomethane 10 i)
75-00-3 Cnioroethang - 10 U
7T5-69-4 Trichloror luoromethane _ 10 i
FR-35-4 1,1-Dichloroethens . 10 [i]
Fe-13-1 1,1, 2-Trichloro-1,2,2-trifluocroethane 1.0 u
67-64-1 Acetone 10 U
75~15-0 Carpon Disuliilde 10 | U
70-20-9 | Methyl Acetate 10 [¥)
T5-00-2 Methylene Chloride 2 a8

156-60-5 trans-1,2-Dichloroethene 10 U

1634-04-4 Methyl tert Butyl Etfher 10 4]

T5-34-3 1,1 -Dichiorpethane 10 (U
156-59-2 Cis-1, 2-Dichloroetnene 10 U
78-93-3 | Z2-Butanone 10 [ U
67-66-3 Chloroform 10 4]
Ti-65-6 | 1,1, l-Trichloroethane 10 g
110-82-7 Cyclohexane 10 U
56-23-5 | Carbon Tetrachloride 10 [ U
T1-43-2 Benzena 10 T
107~06-2 1,2~ chhloroethane 10 | U

LZO/QZU@

FORM I VOA-1

OLM04 .2

~REHONAW00

GLQv 6.L% 618 XIVd ¥0:¥T T0/CE/F0




Lab Name:'COMﬁUCHEM
T.ab Code: LIBRTY . Case No.: - 8AS No.:

- | 15 o
VOLATILE ORGANICS«ANALYSIS DATR SHEET

-

Matrix: (soil/water) WATER
Sample wt/vol: 5 (g/mL) ML -

Level: (low/med) LOW

¥ Moiéture: not dec.

GC Columm: RTX-624 ID: 0.32 {(mm) -

Soil Extract Volume: . {ul)

COMPOUND -

. Contract: QLM04-REVS

‘EPR SAMYrLBE wNoLTTTTY

VHBLEKXD

SDG No.: Wi971
tab Sample ID: WG9620-8
Lab File ID: WG9620-8AS9
Date Received:

Date Analyzed: 04/20/01

Dilution Factor: 1.0

Soil Aliquot Volume: (1)

CONCENTRATION UNITS:

CAS NO. - (ug/L or ug/Kg) UG/L Q
" 76-01l-a Trichloroethene - 10 T
108-87-2 Mathvylcyolohexane 10 T

TB-B7-5 1,2-Dichloropropans 70 ¥
Toed -4 Bryomodichloromethane 10 U
10061-01-5 cig-1,3-Dichloropropens 10 ]
108-10~-1 4-Methyl-2-BFentanone 10 U
108-88-2 Toluaneg ' N 10 U
10061-02-6 trans-1,3-Dichloropropena 10 8]
73-00-5 1,1,2-Trichloroethane 10 i)
127-18-4 Tetrachloroetfiens 10 U
591-7B-6 4-Hexanone 10 [¥]
124-48-1 Dibromochioromethans 10 i)
106-93-4 i, Z-Dibromoetiane 10 U
108-90-7 Chloropenzene 10 U
100-41-4 | Ethylbenzene 10 U

1330-20-7 Xylene (Total) 10 .

100-42-5 styrens 10 U
Th-25-2 Bromolform 10 i)
OE-8J-H Isopropylbenzene 10 o
75-34-5 1,1,2,2-tecrachloroethane 10 u

541~73-1 1,3-Dichlorcbhenzene s 10 i)

106-46-7 1, 4-Dichlorobenzene 10 13
55-50-1 | 1,2-Dichlorobenzene 10 [ U
96-12-8 1, 2-Dibromo-4-Ccnloropropane 10 9]

T50-82-1 | 1,2,4-Tricplorobenzene 10 | U

120/920@

FORM I VOA-2

"WHHDIdN0D

OLMO4 .2

0L0% 64¢ 678 IVA ¥0:¥T T0/CE/F0




Lab Name:
Lab Code: LIBRTY -
(5011/water

5.H

Matrix:
Sample Wt/vol
Level: (low/med

¥ Moisture: not dec

GC Colummn: RTX 624

S0il Extract Volume:

Number TICs found:

COMPUCHEM

- Cage Nor-

VOLATILE . ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

TENTATIVELY IDENTIFIED COMPOUNDS

) WATER
(gf mL)
LOW

- ML

ID: 0.32

 (rm)
{uli)

4

Contract OLMO4-REVS

“SAS No.:

'VHEBLEXD

SDG No.: W1971

Lab Sample ID: WG9620-8

Lab File ID: WG9620-8A55

Date Recelved:

Date Analyzed: 04/20/01
Dilution Factor: 1.0
Soil Aliguot Volume: __ (ul)

CONCENTRATION UNITS:
(ug/L ox ug/Kg) UG/L

c'om':ou'm NAME

CYCLOTRISILOXANE HEXAMETHYL

EST. ConNc.

LABORATORY ARTIFACT

LABORATORY ARTIFACT

LABORATORY ARTIFACT

L30/LIDP

FORM I VOA-TIC

RIHONJROD

OLMO04 .2

070% 6% 8T8 Yvd F0:¥1 10/¢3/10
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APR-27-01 FRY 08:30 A  PARAGON ANALYTICS ) Fax HO. 870 490 1349 P 03

TGTALinRAmIUM ANALYSIS RESULTE SUMMARY
By Laser-Induced Kinatic Phosphorimetry

_Lab;Name:.Ehfagmn,Analytich Inc. Late Collected: 04/16/2001

Clicnt Name: CompuCliem o Date Analyzed - 04/18/2001

v

“llent Project: IN: Weldon Springs

Lab Sauple ID Serias: 01-04-133 . Sample Matrix WATER
s B ST Y Y 8, LR R TR i o e 1 Ry ]
' . Lab Total Uranium Reporting
Client Sample ID || Sample ID {ug/L ) Limit Flag
hnitia e DR o PR T DR e ¢ LTl MR o e e
GWI034-CNTT,-7 04-133~01 4.16 + 0.58 : 0.20
GW&OB&-KMNQ4—7 04-133-02 0.68 &+ 0.12 0.20
UH2034 - PRS- 04~133-03 £.18 + (.84 2.00
Blank 04-133-p1 0.08 ¢ 0.01 . 0.20 g
W03 -CNTI -/ 04-133-D1 4.17 + Q.56 0.20
E.L'-.'-'J-'.L‘h.ﬂ’:-‘::‘—“;ﬂ.‘.-?.;:m—..??lf-=1“: -m—=z=£ 1 T e e e e —d —-J-—-—-—"‘_"'l

Reparced UncerLsinties are the Igtimatcd Total Propagatced
certainties (20).
Zee BAI S0V 743R3 for details of TEV daterminations.

FIAGS = J » fughkinsted Valua! - rgnult hotween Mathod
Davection Liwmit and Reporting Limit,
U - 'Not Detected! - result less than Method
veteckion Limit,

Remarha;
Bampla oi-nﬁs133-nl is a duplicate of 0.-04-333-01,

]

8f

@ T1:zT 10/L24%0
200/200M '
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- ANALYTICAL REPORT OF DATA - CASE # Y1971

-~ SUBMITTED TO: -
_Mr. David Robinson
ERM-
250 Phillips Blvd,, Suite 280
Princeton Crossroads
Ewing, NJ 08618

LABORATORY CHRONICLE - NITRATE ANALYSIS

. < DATE DATE "
ITEM SAMPLE COMPUCHEM SAMPLE - ANALYSIS :
NO. JDENTIFIER NUMBER RECEIVED COMPLETED
1. BR30ISPERM . Y1971 ., D4/18/01 "
2. . BR3034PERM Y1971-2 o4n18/01 - | ¢
3, BR3035PERS " Y1971-3 " T04718/01 04/18/01
4, BR3034PERS S Y19714 © 04/18/01 04/19/01
5. BR3035CNTL Y1971-5 " 04/18/01 04/19/01
6. BR3034CNTL Y1571-6 04/18/01 04/19/01
* Aﬁaiysis not completed due to matrix interference.
0107200 RIHINSROD 0L0% 8L 8T8 XVd 3¥:80 ro/f:/vo '

T /¢ 3Md TTT0 968 B09: X4 | LW R 8€:TT T0. 2050 yoeToN Tid




NITRATE ANALYSIS

SUMMARY REPORT
ITEM  SAMPLE .. COMPUCHEM  RESULT REPORTING LIMIT
NO. IDENTIFIER . NUMBER C (mg/ly . (mg/l) B
1. BR3035PERS C Y1971-3 - 875 - 0.05
2. BR3I034PERS Y19714 233 - 0.05
3. BR3035CNTL Yi1971-5 | 8.7 0.05
4, BR3034CNTL Y¥1971-6 204 0.05

_BRl.==BE1£NW!§EPORJINC}LHWTT

Reviewed by/ID#: “ng-zm%i_, il ;‘Q‘-{O{ Date: _ M éy:;_éu

8.

__ 0To/co0Mm | : RIHONAWOD 0L0? 6L 616 XV 29:80 T0/92/%0
T ~F IS TT10 488 809 XY WY 3al 6E:TT T0. 20060 FO£TON J1I4




1 3 | EPA SAMPLE NO.
GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET

¥ . BR3034CNTL

Lab Name: COMPUCHEM i Contr;ct: 8330

Lab Code: LIBRTY Case No.: SA8 No.: SDG No.: Y1971

Matrix: (soil/water) WATER . Lab Sample ID: Y1971-6

Sample wt/vol: 770.0 (g/ml) ML .. Lab File ID:

% Moisture: decantaﬂ- (Y/N) " Date Received: 04/1B/01

BExtraction: (SepF/Cont/Sonc) SEPF I Date Extracted:04/19/01

Concentrated Bxtract Vblumenj‘_lﬁooo(ul) ", pate Analyzed: 04/21/01

Injection Volume: 2S.O(uﬂa : Tf: Dilution Factor: 1.0

GPC Cleanup: (Y/N) N . pH: ~e gulfur Cleamup: (Y/N) N

CONCENTRATION UNITS:
CAS NO. COMPQUND (ug/L or ug/Kg) UG/ L Q
2891-4]«Qum=~w==HMY ' 3.21U0
99-35-4----——~—= 1,3,5- Trin;trobenzene 1.6|T
121-82-4~-------~ RDX 4.010
59-88-0vwmmer——= 1, 3-ﬁiuiErobenzene _ 1L.6lT
118-56-T~~=====~ 2,4,6- Trinitrotoluene . 3.2|0U
479-45-B-~-----~ Tetryl 3.2|U
98=05=3mmmmn—a - -Nitrobenzerne 2.4|U
121-14-2eemwmn—a- 2,4=Dinitrotaluene 4.0|U
§06-20~2----~—~- 2,6-Dinitrotcluene .. _ 4.0{U
35572-78- 2-a--—~2-Amino—4 g-dinitrotcluene 4.8U
1946-51=0r-mmcnn 4-2amino=2,6~ dinztrotcluene 3.2|U
88-72-2-ww==——=~ ~N1trotolugne 4.0117
898-99-0--====m-=~ 4-Nitrotoluene 4.01U
89<08-1~-m==== ~~3-Nitrotoluene 3.2{U
FORM I PEST :
0T0/%00 : RIAONINOD 0L0% 6LC 8T8 XVd TV:e0 T0/¥2/P0

1T »~§ 399d 1110 568 609:XU4 ‘WHR:al 6817 10, 30480 #OSTON T4



EPA SAMPLE NO.

- 1D '
GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET
, | . BR3034PERM
Lab Name: COMPUCHEM - Contract: 8330
Lab Code: LIBRTY Case No.: SAS No.: 8DG No.: Y1371
Matrix: (soll/water) WATER ° ' Lab Sample ID: Y1871-2
sample wt/vel: 385.0 (g/ml) ML * Lab Pile ID:
% Moilsture: decantéd: (¥/N) -  Date Recaived: 04/18/01
Extraction: (SepF/Cont/S'oﬁé) SRDBF . Date Extracted:04/19/01
Concentrated Extract Vblumé{ 16000 (ul) " pate Analyzed: 04/21/01
Injeation Volume: 25.0 (ul) ':f' Dilution Factor: 1.0
GPC Cleanup: (¥/N) N - pH: .= gulfur Cleamup: (¥/N) N
- ' CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Xg) UG/L Q
2691-41l=-0mr-we-= HMX . 6€.4|U
99=35-4~-==-———~= 1,3, 5-Trinitrobenzensa - 3.2|0
121-82-4«m=n~===-RDX . 8.0|U
99-65~0=ae-m==m= 1,3-Dinitrobenzene 3.24U
118-56-7-~---~==2,4,6-Trinitrotoluene . 6.4|U
479-45-8~---———= Tetryl A 6.4|U
98-95-3——ww-mm= Nitrobenzene 4.8|07
121-14-2---~-~=~ 2,4-Dinitrotoluene_ : 8.0(U
606-20=2amem~mr= 2,6-Dinitrotoluen : B.Q|U
35572-78-2------2-Amino-4, 6-dinitrotoluens__ 8.6|U -
1946-81L~0r—~—-~~ 4-Amino-2,6-dinitrotoluene 6.41U
§8~72-2-~-~--——~ 2-Nitrotoluene - 8.01U
99-99-0~------=== 4-Nitrotoluene N 8.0|U
99~-08-1---=~~~-=3-Nitrotoluena = 6.4|U
FORM I PEST .., —_—
oT0/800 WAHINIROD pLOY 6.0 BT6 XVJ TP:60 TO/¥Z/P0

IT G J9H4 1170 SB2 609: X5 Wy 3ar oF:TT 10. 2080 rOETeN 114




EPA SAMPLE NO.

. 1D -
G EXTRACTABLE ORGANICS ANALYSI_%@.;;I_JATA SHEET .
I BR3034DERS
Lab Name: CCMPUCHEM o - Contract: 8330
Lab Code: LIBRTY Case No.: | SAS No.: D@ No.: Y1971
Matrix: (soil/water) WATER | - Lab Sample ID: Y1971-4
Sample wt/vol: 770.0 .(g/ml) ML “" pab File ID:
% Moisture: decanted: (Y/N) . pate Received: 04/18/01
Extraction: (SepF/Cont/Sonc) SEPF ~  Date Bxtracted:04/15/01
Concentrated Extract VQlume} 8000 (1)) 1: Date Analyzed: 04/21/01
Injection Volume: 25.0 (ulb) - pilution Factor: 1.0
GPC Cleanup: (¥/N) N e PH: © gulfur Cleanup: (Y¥/N) N
- ' - comcm'rzow UNITS:
CAS NO. COMBOUND {ug/L or ug/Xg) UG/L 0
2691-41-0---—~-~ MK, 1.6|U
898-35-4 - —-—— 1.3, 3 Trinltroberizene 0.80|U
121-82-4~~=uw= --R.‘Dx 2.0|10
95-65-0Qummvuwa=n] 3~ Dlnltrcbanzene 0.80|U
118-96=Tmve-~--=-2,4,6- Trinitrotoluene . 1.6{U
479-45-8--—----- Tetryl - 1.6{U
GB-85=3mmmmcmenu Nitrcbenzens 1,250
121mldm2mmm - 2,4-Dinitrotdluéne 2.01U
BU8-20-2~-==-==m= 2,6-Dinitrotolusne 2.0|U
asg72-78- 2-----~2-Am1no -4,6-dinitrotoluene _ 2.4\T7
1946-Fluwlme-—=== 4-Amino-2,6- din;trotcluene l.6|0
g8-72~- 2——*-—----2-N1trotoluene , 2.0(0
99«89-0----mmmw- 4-Nitrotoluane 2.0
99-QB~l---ua== f-B-Nitrctoluane 1.6|U
FORM I PEST"
‘ﬁ?‘
0T0/900 REHH0AROD GLOP 6LC 8T8 VL 29:80 TO/¥Z/¥0

1T #4 398d 1110 S68 B80G: KU Cotyt3ar Ov:iTT 10, 20090 VOETON FN1d




EPA SAMPLE NO.

1D
GC EXTRACTARLE ORGANICS ANALYSIS DATA SHEET
| o BR3035CNTL
Lab Name: COMPUCHEM b Contract: 8330
Lab Code: LIERTY Case No,: SAS ¥ag.: SDGE No.: Y1971
Matrix: (soil/water) WATER b Lab Sample ID: ¥Y1571-5
Sample wt/vol: 770.0l;g/m1) ML " pab File ID:
3 Moisture: decanted: (Y/N) .- pate Received: 04/18/01
Extraction: (SepF/Cont/Sonc) SEPF .° Date Extracted:04/13/01
Concentrated Extract Volume: 9000 (ul) " pate Analyzed: 04/21/01
Injection Volume: 25.0{q§) -+ Diluticn Factor: 1.0
GPC Cleanup: (¥y/M) N pH: ~ gulfur Cleanup: (Y¥/N) W
CONCENTRATION UNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) UG/L Q0
2691-41-0emaw~---HMX 1.8|U
99-35-4-um—mmmn- 1,3, B-Trinitrobenzese 0.90|T
121-82-4-~---=-~ ROX - 2.21U0
39-65-0-~-—-~=== 1,3-Dinitrobenzens _ 0.2804U0
1iB-86-T~mmnr—--~ 2,4,6-Trinitrotoluene 1.8|0
47845 «Bm--—-—- =~ Tetryl - 1.8|0
GH-95-3-mwmmm Nitrobenzene 1.4|U
121~14-2~~====== 2,4-Dinitrotoluene 2.2,|U
6D6-20-2--=-~~--2,6-Dinitrotoluene 2.2
35572-78-2=-=-----2-Aminc-4, 6-dinitrotoluene 2.7/0
1946-51=0----=-~ 4-Aminc-2,6-dinitrotoluene _ 1.8|U0
B8-72-2-=--me-- 2-Nitrotcluene . 2.2|U
98-99-0rm~mmmm=—m 4-Nitroteluene 2.2|U0
. 95-08-1--------=3=Nitrotoluene 1.8|U
FORM I PEST -
0T0/L0003 RAHDNJROD 0L0F 6.LC 8T8 XYVI ¢¥:s¢ T0/¥Z/¥0

"1 -8  dod 7110 968 609: X4 : COWYT3ar oF:TT T0. €090 pOETON A4



EPA SAMPLE NO.

1D
GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET
! BR3035PEREM
1,a2P Name: COMPUCHEM Contract: 8330
SAS No.: SDGE No.: ¥1871

Lab Code: LIERTY Case No.:
watrix: (soll/water) WATER
Sample wt/vol: 770.0 (g/ml) ML ¢ Lab File ID:
decanted: (Y/N)__ - Date Received: 04/18/01

Lab Sample ID: ¥Y1971-1

% Molsture:
Extraction: (SepF/Cont/Scﬁé) SEEF . = Date Extracted:04/19/01
.. Dpate hnalyzad: 04/20/01

Concentrated Zxtract Volums: 13000 (ul)
Injection Volume: .25.0(uﬁ) : -+ Dpilutien Factor: 1.0
GPC Cleanup: (/M) W PH: " gulfur Cleanup: (¥/N} N
' CONCENTRATICN UNITS: :
CAS NO. COMPOUND {(ug/L or ug/Kg) UG/L Q
2651-41~0=nn=n== e 2.6|0
99-35-4-——=-wm=-= 1,3, §~Trinitrobanzene 1.3|U0
. 121-82-4====-—=-RDX : 3.210
99 -f5=0-wm=w=e~=1 3J-Dinitrobenzene _ 1.330.
118-96~T==m-——~- 2,4,6-Trinitrotoluene . 2.61U
479-45=8m----—== Tetryl — 2.6|U
LD L Nitrobenzene 2.010m
121-14-2--=--=-~ 2,4=Dinitrotoluene 3.21U0
606-20-2-=-=-=~~~~ 2,6-Dinitrotoluene . 3.210
35572—78-2--———-Z—Aminc-é,GwdinitrQEQIuenqm_ 3.91U
1946-51-0-----~-~ 4-Amiro-2, 6-dinitrotoluene 2.6|0
. B8-72-2---—--=-- 2-Nitrotoluene .7 : 3.2|U -
99-89-0-----~=~- 4-Nitrotoluene L 3.2V
98-0B=1~----—-=~= 3-Nitrotoluene _ 2.6{0
FORM I PEST -
010/800[ RIEINIRCD oLov 8LC 618 IVL ¢¥iso To/ve/FE T

11 »«6 39td TT10 968 609: X4 Wy3:al Ov:TT 10, 20-50 wOSTON I




P

EPA SAMPLE NO.

1D o |
GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET

BR3(035PERS

Lab Name: COMPUCHEM ' Contract: 8330

Lab Code: LIBRTY Case No.: 828 No.: 8DG No.: ¥1371

Matrix: (soil/water) WATER - - fab Sample ID: Y1871-3

Sample wt/vol: 770.0 (g/ml) ML © rab File ID:

% Molsture: decanted: (Y/N) - Date Receivad: 04/18/01

mxtraction: (SepF/Cont/Sonc) SEFF .. Date Extracted:04/19/01

" Concentrated Extract Volume:. 10000 (ul) r; Date Analyzed: 04/21/01

Injection Volume: 25.0(uﬁ) © Dilutdon Factor: 1.0

GPC Cleanup: (¢/N) N - pHE: <+t Sulfur Cleanup: (Yy/N) N

CONCENTRATION TNITS:
CAS NO. COMPOUND (ug/L or ug/Kg) UG/L Q
2691-41-0m-=mw=- HMX ‘ 2.0|0
99-35-4==m===--~ 1,3, 5-Trinitrobenzene 1.0/
12]1~-82-4--=-===-~ RDX : 2.5|4U
99-G5=0-~-———=== 1, 3-Dinitrobenzene 1.04U
118w86-T-~—~-===2,4,6-Trinitrotoluene 2.04U
£79-45-Buravm-m- Tetryl —— 2.0|U
9885 -Fmm-—m—m = Nitrcbenzens 1.5|0
121~14=2-=~-—~=~ 2, 4=-Dinivrotoluche 2.510
606-20-2----~ ~-~2,6-Dinitrotoluene_ _ __ ] 2.5.07
35572-78-2=~=~--2-Amino-4, 6-dinitrotoluene 3.0.0
1946-51-0--~-==~ 4-Amino-2,6-dinitrotoluena 2.01U
B8-72-2@=~———-=-~ 2-Nitrotoluene . 2.5|0
99-838~0-===m==-~- ¢=Nitrotoluene 2.5jU
95-08-1--------= 3-Nitrotoluene 2.0|U
PORM I PEST, .
0T0/800M NEEONAN03 - oL0? 6LC B16 XV ¢P:g0 TO/¥Z/P0

COTT 0T FHA 0 TTI0 SB88 809:X¥H4 Sttt Al TEETT OTO0. 20460 wOEToN TId




‘ ' 1D EPA SAMPLE NO.
GC EXTRACTABLE ORGANICS ANALYSIS DATA SHEET

PANLCS

Lab Name: COMPUCHEM . 9 'Contréct: 8330
SAS NQ.: _ SDE No.: Y1871

tab Sample ID: WG9718-2

Lab Code: LIBRTY Case No.:

Matrix: (soil/water) WATER N
sample wt/vol: 770.0 {g/ml) ML .~ Tab File ID:
Date Recelved:

% Molisture: decanted: (¥/N)

Extraction: (SepF/Cont/Sonc) SEPF _ Date Extracted:04/15/01
Concentrated Extract Volume: . 8000 (ul) Date Analyzed: 04/20/01
Injecticn Veolume: ZS.O(uL) i pilution Factor: 1.0
GPC Clesmup: (Y/N) N . pH: ~ Sulfur Cleanup: (¥/N) N
- CONCENTRATION UNITS: |
CAS NO. COMPQUND (ug/L or ug/Kg) Ua/L Q
2691-41-0~--—==- HMX_ | 1.6
9935~ ==mo=mr- 1,3, 5-Trinitropenzens 1.0
121-83=4w-———==—= RDX . 0.36id
99-85-0-~--~==-- 1, 3-Dinitrobenzene 0.394
118~86-T--=====~ 2,4,6-Trinitrotoluene . 0.881J
479-45-B-~-~-—=~ Tetxryl 1,0|J
98-95=3--«~====~Nitrobenzene 0.771J
121-1G=2mewr-——= 2,4-Dinitrotoluene 1.0(d
§06-20-2-~~-==== 2,6-Dinitrotcluene 1.5(|J
35572-78~2--——~-2—Amino—é,s-dinitrctoluene__ 1.4)J
1846-51-0----~=- 4-Amino-2,6-dinitrotoluene 1.4|J
gB-72-2~mm—mm 2-Nitrotoluene 1.4|J
§9-99-0-==-=-- ~-=4=-Nitrotoluene 1.6|J
99-0f-l--m====—r 3-Nitrotoluene 1.6
FORM I PEST.

11

oT0/0TOBN .maﬂgngn;a' . gLO? 6L 8T8 Xvd CYiso T0/¥e/V0
11 71T 39d 1110 G628 609:XUd WAl T TT 10, 20480 FOETON TId
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PRELIAINART rin=

DOTAL URANTUM AWALYSIS RESULTS SUMMARY

Hy Lasezr-Induced Kinetic Phosphcrimet'ry

Lab Nowa: Paragen Amalyties, Tne.

¢lient Name: CoapuChem

Client bejeéE'IDr'Welddﬁ Springs

lab Sample IDfQﬂriés: 01-04-142

Date Collected: 04/17/2001

o cample Matrix : WATER

Date Analyzed : 04/19/2001

e Pl R SR S TR TS TR AR A AT e P mee—
' Lab Total Uranium Reporting
Cliant Sampls ID || Sample ID (ug/L ) Limit Flag
b ey ST Sl LA R e L i P - e Em —
RR2 G5 PERM 04-142-01 [ 2,16 x 0.320 0.20
BR30YAPERM Gd-242-02 . 31.30 £ 0.18 &.20 _
RR3:O3IHPERS 04-142-03 3,43 ¢ 0.48 2.00 SR
BRIDZAMERS 04-142-04 &.23 + 0.85 2.00
BRICIECHIT, 04~142-05 1.96 + 0.26 ) 2.00 g
RuA Q24 CRTL Q4-142-06 0.82 + .11 Q.20
Blouk 04-142-1B1 0.03 +  0.00 : 0.20 J
RE30ARTERM J‘ 04-142-D1 1.85 + D0.25 0.20
e i e 1 T T S T S B T S A T T P T e e R e = L ==
Reportod Undertainties arc the Estimated 1ratal Propagated
Uneartainties (20). : K :
aue WAL 80D 743RY for details of TFU dalsrminakions.
FLAGH -~ J - 'Bstimated Value' - result between Method
petection Limit and Raporting Limit.
7 - 'Nol Neteacgted' - result less than Mathod
Datection Ldwmit, ' '
Rewmoarks:
Jample 01-04-142-D1 is a duplicate of 01-04-142-01.

£00/200R HEHO(4ROD 0L0Y 84C 616 YV TT:TT T0/82/90




APPENDIX B

WEATHERED BEDROCK OXIDATION
DEMAND TEST RAW DATA




Bedrock BR3034 Total Permanganate Demand (15 days)

Weldon Spring Site Remedial Action Project
Insitu Chemical Oxidation Treatment Bench Scale Testing

2-May-01
Theoretical
Permanganate | Permanganate
Permanganate Observed
. Demand, Demand, -
Sample ID Load, Observation ORP
mg/kg 5/ e ye (@)
wet wt bedrock wet wt bedrock bedrock
1 20,000 Purple < 20 < 54 712
2 10,000 Purple < 10 < 27 703
3 5,000 Purple < 5 < 14 694
4 2,500 Purple < 25 < 68 664
5 - 1,250 Purple < 13 < 34 682
6 630 Purple < 063 < 17 668
7 310 Purple < 031 < 084 659
8 150 Clear > 015 > 041 648
9 80 Clear > 008 > 022 641
10 40 Clear > 0.04 > 011 632

Source: ERM's Remediation Technology Center




Bedrock BR3035 Total Permanganate Demand (15 days)
Weldon Spring Site Remedial Action Project

Insitu Chemical Oxidation Treatment Bench Scale Testing
2-May-01

Theoretical ‘
Permanganate | Permanganate
Permanganate Observed
. Demand, Demand,
Sample ID Load, Observation Ib/cw. vd ORP
mg/kg g/kg blgu- y (mV)
wet wt bedrock wet wt bedrock edrock
1 20,000 Purple < 20 < 54 669
2 10,000 Purple < 10 < 27 672
3 5,000 Purple < 5 < 14 653
4 2,500 Purple < 25 < 638 646
5 1,250 Purple < 13 < 34 636
6 630 Purple < 0.63 < 17 623
7 310 Purple < 031 < 084 615
8 150 Clear > 015 > 041 611
9 80 Clear > 008 > 022 608
10 - 40 Clear > 0.04 > 011 603

Source: ERM's Remediation Technology Center




Bedrock BR3034 Total Persulfate Demand (15 days)
Weldon Spring Site Remedial Action Project
Insitu Chemical Oxidation Treatment Bench Scale Testing

2-May-01
Theoretical Persulfate Persulfate
Observed
Persulifate Load, ) Demand, Demand,
Sample ID Observation ORP
mg/kg g/kg lb/cu. yd (V)
wet wt bedrock wet wt bedrock bedrock
1 45,200 blue < 45 < 122 439
2 22,600 blue < 23 < 61 435
3 11,300 blue < 113 < 3 474
4 5,650 blue < 5.7 < 153 466
5 2,825 blue < 2.8 < 7.6 463
6 1,413 blue < 14 < 38 459
7 706 blue < 071 < 19 457
8 353 blue < 035 < 095 450
9 177 blue < 018 < (048 451
10 88 blue < 009 < (.24 454

Source: ERM's Remediation Technology Center




Bedrock BR3035 Total Persulfate Demand (15 days)
Weldon Spring Site Remedial Action Project
Insitu Chemical Oxidation Treatment Bench Scale Testing

2-May-01
Theoretical Persulfate Persulfate Observed
Sample ID Fersulfate Load, Observation Demand, Demand, ORDP
mg/kg g/kg Ib/cu. yd
wet wt bedrock wet wt bedrock bedrock (mV)
1 45,200 blue < 45 < 122 530
2 22,600 blue < 23 < 61 513
3 11,300 blue < 113 < 31 506
4 5,650 blue < 5.7 < 153 490
5 2,825 blue < 2.8 < 7.6 486
6 1,413 - blue < 141 < 3.8 477
7 706 blue < 071 < 19 466
8 353 blue < 035 < 095 463
9 177 blue < 018 < 048 453
10 88 blue < 009 < 024 450

Source: ERM's Remediation Technology Center
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Section 1 Executive Summary

In-Situ Oxidative Technologies, Inc. (ISOTEC™) was retained by Morrison Knudsen -
Ferguson Company (MK) to conduct a laboratory treatability study (study) on soil and
groundwater samples collected at the Weldon Spring Chemical Plant site in St. Charles,
Missouri. The purpose of the study was to determine the potential effectiveness of
ISOTEC’s in situ chemical oxidation process to oxidize soil and dissolved phase
contaminants of concern at the site.

The ISOTEC process is based on Fenton’s chemistry using a proprietary catalyst to
produce hydroxyl radicals that oxidize chemical bonds. The contaminants of concern for
the study are chlorinated volatile organic compounds (VOCs) primarily consisting of
trichloroethene (TCE).

Experiments were conducted on samples of site groundwater and on a mixture of site
groundwater and site soil (soil-slurry) that were prepared by ISOTEC at their facility.
Results of the study indicated over a 99%%* destruction of targeted VOCs in the
groundwater test (GW-Test) and over 77%* destruction of targeted VOCs in the soil-
slurry test (SL-Test) using ISOTEC process. Target VOCs were reduced to below the
analytical method detection limits in both the GW-Test and SL-Test. The study results
can be used to design a pilot scale application of the ISOTEC process for the site from
which the study samples were collected. '

*Percent reduction was calculated based on summation of analytical method detection
limit values.

In-Situ Oxidative Technologies, Inc.

ISOTEC Laboratory Treatability Study Report - PAGE | Aprii 30, 2001
Weldon Spring Chemical Plant, St. Charles, MO
ISOTEC Project #300346




Section 2 Study Objectives

The objectives of the study were as follows:

» For each ISOTEC catalyst under evaluation, determine the amount of catalyst/oxidant
mix (reagent) required to oxidize the measured contaminants at the site (i.e. the site-
specific stoichiometry per catalyst);

o Evaluate the effectiveness of ISOTEC’s Fenton-based chemical oxidation on site
groundwater samples;

o Evaluate the effectiveness of ISOTEC ’s Fenton-based chemical oxidation in the
" presence of site aquifer solids (i.e. soil); and

o Determine the most effective reagent for a potential pilot scale application at the site.

In-Situ Oxidative Technologies, Inc.

ISOTEC Laboratory Treatubility Study Report ' PAGE 2 . April 36, 2001
Weldon Spring Chemical Plant, St. Charles, MO :
ISOTEC Project #8003_46 :




Section 3 Sample Collection

Site soil and groundwater samples were collected by MK personnel and shipped to
ISOTEC facility for the treatability study. The groundwater sample (hereinafter referred
to as GW-3034-032801-ISO) was collected on March 28, 2001. The sample location was
selected based on high contaminant concentrations detected in groundwater during
previous sampling events. The groundwater was collected in five (5) 1-liter glass
containers with no preservative and stored in ice-packed coolers for transportation. In
addition, two (2) 40-mL vials of groundwater preserved in hydrochloric acid (HCI) were
collected and submitted to the laboratory for VOC analysis. A 250-mL sample of the
unpreserved groundwater sample was also provided for iron and manganese analysis.

Site soil identified as “SO-4033-ISO Soil” was collected on March 27, 2001 and sent to
ISOTEC facility for the treatability study. The soil was stored at 4 degrees Celstus (°C)
until mixed at the laboratory with the site groundwater sample to form the soil-slurry mix

- used during the study. A portion of the field soil was analyzed for iron (Fe) manganese
{Mn), and total organic carbon (TOC).
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Section 4 Laboratory Treatability Study

"The study consisted of the experimental setup, establishing initial conditions and
experimental controls, conducting the experiments through application of various
catalysts and oxidants, and then submitting the treated samples for chemical analysis.

4.1 Experimental Setup

Two sets of laboratory experiments were performed: one set on the groundwater sample
. and two sets on a soil-slurry mix. The groundwater experiments are hereinafter referred
to as Groundwater Test (GW-test) and consisted of the following:

e ~ Orie experiment to determine the optimum catalyst/oxidant mix (reagent) and reagent
volume, as evidenced by VOC oxidation in groundwater.

The soil-slurry expeniments are heremafter referred to as Soil-Slurry Test (SL- test) and
* consisted of the following:

» Omne experiment to determine the optimum reagent and reagent volume as evidenced
by VOC oxidation in the soil-slurry.

4.1.1 GW-test Experimental Setup

The GW-test VOC experiment was performed in five {5) pairs of 140 ml sealed batch
reactors (reactors). Groundwater was introduced into each reactor, leaving enough
‘headspace for predetermined reagent volumes to be injected. The reactors were sealed
with aluminum caps fitted with Teflon®-lined rubber septa to facilitate reagent injections.

Each pair received either a different reagent, or a different volurme of a particular reagent.
One reactor of each pair served as the “treatment reactor” while the other served as the.
“monitoring reactor”. Both reactors of each pair received identical reagent doses. The
treatment reactor was not opened or sampled until the end of the experiment. The
monitoring reactor was used to monitor the extent of the oxidation reaction of the pair, by
periodically extracting small samples for hydrogen peroxide analysis. Additional reactors
were set up for control purposes. Control reactors are discussed later in Section 4.3.

4.1.2 SL-test Experimental Setup

The SL-test VOC experirr}ent was performed in five (5) pairs of 120 ml sealed batch
reactors (reactors). The soil-slurry mix was prepared from a one to one ratio by weight
(1:1 w/w) of soil and groundwater. The soil-slurry was introduced into each reactor,
leaving enough headspace for predetermined reagent volumes to be injected. The
reactors were sealed with screw-top caps fitted with Teflon®-lined rubber septa to
facilitate reagent injections. One additional reactor was setup and stored at 4°C to
represent initial conditions (Section 4.2).

Each pair received either a different reagent, or a different volume of a particular reagent,
with one reactor serving as the “treatment reactor’ and the other as the “monitoring
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reactor”. Both reactors of each pair received identical reagent doses. The treatment
reactor was not opened or sampled until the end of the experiment. The monitoring
reactor was used to monitor the extent of the oxidation reaction of the pair, by
periodically extracting small samples for hydrogen peroxide analysis. Additional reactors
were set up for control purposes. Control reactors are discussed later in Section 4.3.

4.2 Initial Conditions

The initial conditions of each matrix (soil, groundwater and soil-slurry) were established
prior to initiating the experiments.

Soil was analyzed for iron and manganese by EPA method 60 1'0 and total organic carbon
(TOC) by EPA method 9060.

The results of the initial condition analyses are presented in Table 4-1. The analytical
laboratory reports, including chains of custody, are presented in Appendix 2.

4.3 Experimental Control

Experimental control samples (Control) were set up during the study to document the
following: : ‘

¢ Reduction in contaminant concentrations due to sample dilution by reagent volumes -
injected, and

L]

¢ Reduction in contaminant concentrations due to volatilization caused by room
temperature test conditions. :

The control sample was set up in a treatment reactor but was injected with distilled water
instead of catalyst and oxidant. The volume of distilled water injected was identical to -
the volumes of reagent injected into treatment reactors. The control sample remained at
and was subject to the same conditions as the treatment and monitoring reactors.

Control samples were used during the following experiments:
¢  GW-test VOC experiment
o Sl-test VOC experime\nt '

4.4 Application of‘Reagents

The study experiments were performed on each matrix. Where multiple pairs of reactors
- were prepared for a given matrix, a series of different reagents or different volumes of the
same reagent were injected into each pair of reactors (treatment and monitoring). Each
monitoring reactor received an identical dose as its paired treatment reactor. Samples
were periodically withdrawn from the monitoring reactors for hydrogen peroxide
analysis, the results of which may have led to additional treatment dosages of the reagent
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* under study, for its paired treatment reactor. Distilled water was used to equalize the
total volume of reagent used between reactor pair.

Following the last application of reagent, all reactors remained undisturbed at room
- temperature for a minimum of 24 hours or until the oxidizer was completely consumed as
determined by Hach H,0O; testing equipment. The reaction was quenched using catalase,
which is an organic enzyme catalyst naturally present in most soils that decomposes
hydrogen peroxide directly to oxygen without generating hydroxyl radicals as shown
below.

H;0; - H O+ % 0,

After the resting period, excess catalase was injected into each reactor to decompose
residual hydrogen peroxide and terminate the study. The use of catalase for quenching
purposes is a standard practice in Fenton’s chemistry and does not interfere with
laboratory analysis. However, for control purposes, the exact volume of excess catalase -
injected into each treatment reactor was also injected into control reactors. The treatment
effectiveness was evaluated by calculating the percent VOC reduction in each treatment
reactor relative to the control reactors.

The type of catalyst tested, and the number of treatment dosages evaluated is discussed
below.

4.4.1 ISOTEC Catalyst 4260

ISOTEC’s patented Catalyst 4260 is a circum-neutral pH (e.g. 5-8) organometallic
complex with high mobility within the subsurface. Based on historical contaminant levels
nicted at the site and previous experience with treatment of the compounds of concem,
ISOTEC selected this catalyst for most of the experiments. The stoichiometric molar
ratio of Catalyst 4260 to measured site contaminants was determined and then used to
prepare the Catalyst 4260 reageént. One, two, and three treatment dosages of the Catalyst
4260 reagent were evaluated on the soil-shury matrix for VOC oxidation. One, two, and
three treatment dosages were evaluated on the groundwater matrix for VOC oxidation.

4.4.2 ISOTEC Catalyst 6260

ISOTEC’s proprietary Catalyst 6260 is an organometallic complex that was also
evaluated during this study. This catalyst is similar to Catalyst 4260 except for a slight
variation in the formula components. The stoichiometric molar ratio of Catalyst 6260 to
measured site contaminants was determined and then used to prepare the Catalyst 6260
reagent. One and two treatment dosages of the Catalyst 6260 reagent were evaluated on
the soil-shury matrix for VOC oxidation. One and two treatment dosages were evaluated
on the groundwater matrix for VOC oxidation.
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4.5 Sample Cbllection and Analysis

After the study was terminated by injecting excess catalase into the reactors, water from
each of the GW-test VOC experiment treatment and control reactors was decanted into
40-ml glass vials preserved in HCl for VOC analysis by EPA method 624 + 10. Final
values of pH were determined from the monitoring reactor. Likewise, a sample of slurry
from each SL-test VOC experiment treatment and control reactor was homogenized in
the 120-ml reactor vessels and analyzed for VOCs by EPA method 8260B+10.

All study samples were submitted to a New Jersey certified analytical laboratory for

analysis.

Table 4-1: Initial Conditions

Sample GW-3034-032801 | SO-4033-ISO | SL/ANITIAL
Matrix Aqueous Soil Slurry
Volatile Organic UNITS '

Compound

Trichloroethene pg/L or ug/Ke 1,070 NA 42.2
Tetrachloroethene ug/L or pg/Kg ND(<7.6) NA 19.6
Cis-1,2-Dichloroethene ug/L or ug/Kg 26.2 NA 248 ]
Total target VOCs - pg/L or pg/Kg 1,096.2 NA 64.28 J
Total TIC's peg/L or ng/Kg ND NA ND

| Additional Parameters _ .
Iron mg/L or mg/Kg ND(<0.1) 31,400 NA
Manganese mg/L or mg/Kg 0.260 1,050 NA
Total Organic Carbon -mg/L or mg/Kg NA - 850 NA
Note:

. SL/ INITIAL is a laboratory prepared soil-slurry sample prepared in a 1:1 ratio of “GW-3034-032801" and “S0-4033-1SO”

samples.

mg/Kg = milligrams per kilogran'k;:

mg/L = milligrams per liter; pg/L

3

J = Concentration detected at a value below the method detection limit.

ND = Analyzed for but not detected at the method detection limit (MDL) indicated.
NA = Parameter not analyzed for
YOCs = Volatile organic compounds
TIC’s = Tentatively Identified Compounds or non-target compounds
ng/Kg = micrograms per kilogram
micrograms per liter
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Section 5 Treatability Study Results

5.1 GW-test

Results of the GW-Test experiment are discussed below, with analytica] results tabulated
in Table 5-1. The analytical data package is provided iri Appendix 1.

The treated sample data when compared to control sample indicate 99.9% destruction of
the target VOCs detected in the groundwater sample after two treatment dosages of the
Catalyst 4260 reagent. Target compound TCE was treated to below the laboratory
method detection limits in each of the treated samples. Catalyst 6260 showed identical
reduction of the target contaminants, achieving 99.8% VOC reduction after one treatment

dosage.

As may be noted from the final pH values, the treatment occurred in the circum-neutral
pH range 6.31-6.61, which is desirable for maintaining natural subsurface conditions. A
comparison of the GW-test Contro! data (Tabie 5-1) with GW-test Initial data (Table 4-1)
shows that the VOC losses (volatilization, dilution, and sample preparation losses) were
moderate (i.e. approximately 26%). :

Table 5-1: Results of GW-Test YOC Experiment

Control |Treated #1 | Treated #2 | Treated #3 | Treated #4 | Treated #5
Catalyst Used None Cat-4260 | Cat-4260 | Cat-4260 | Cat-6260 | Cat-6260
Oxidant Used None [Stab. H,O;|Stab. H,O, | Stab. H,0, | Stab. H,0, | Stab. H,0,}
No. of Treatments 0 1 2 3 1 2
Volatile Organic Compound| Units
Trichloroethene ug/L 793 | ND(<0.36) | ND(<0.36) | ND(<0.36) | ND(<0.36) | ND(<0.36)
cis-1,2-Dichloroethene ug/L 19.8 ND{<0.27) | ND(<0(.27) | ND(<0.27) } ND(<0.27) | ND({<0.27)
Chloroform Lg/L ND{<3.1) 1.34 115 1.04 137 | 1.23
1,1,2-Trichloroethane ND{<3.1} 0.465 ND(<0.31) | ND{<0.31) 0.491 NIX{<0.31) |
Total target VOCs ug/L 812.8 1.805 115 1.04 - 1.861 123
Total TIC's ug/L ND ND 32 58 ND 39
Reduction (Target VOCs) ; 99.8% | 99.9% | 99.9% | 99.8% | 99.9%
Final pH of sample - 7.08 6.61 6.39 6.31 6.60 6.47
Note: ) ’

*  ND = Analyzed for but not detected at the method detection limit (MDL) indicated.
*  VOCs = Volatile organic compounds
*  TIC's = Tentatively Identified Compounds or non-target compounds

pg/L. = micrograms per liter
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5.2 SL-test

The results of the SL-Test experiments are discussed below, with analytical results
tabulated in Tables 5-2. Analytical data packages are presented in Appendix 1.

The data indicate oxidation of targeted VOCs to non-detectable levels after one treatment
dosage of ISOTEC Catalyst 4260 reagent. Treatment using Catalyst 6260 yielded
1dentical reduction of VOCs. As may be observed from final pH values, treatments with
Catalyst 4260 and Catalyst 6260 indicate that the oxidation occurred under circum-
neutral pH conditions (i.e. pH = 6.31-6.61) and both are suitable for field application
under natural subsurface conditions.

Table 5-2: Results of SL-Test VOC Experiment

IUNITS | Control | Treated #1 | Treated #2 | Treated #3 Treated_#4 | Treated #5

Catalyst Used None | Cat-4260 | Cat-4260 | Cat-4260 Cat-6260 | Cat-6260

Ozxidant Used None | Stab. H,O, | Stab. H;O, | Stab. H,0, | Stab. HO, |S8tab. H,0,

No. of Treatments 0 1 2 3 1 2
Velatile Organic Compound '

Trichlorocthene pgkg | 673 | ND(<8.7) | ND(<9.5) | ND(<8.45) | ND(<8.1) | ND(<7.9)
cis-1,2-Dichloroethene uglks | 347 7 | ND(<8.7) | ND(<9.5) | ND(<8.45) | ND(<8.1} | ND(<7.9)
Total target VOCs ng/kg | 7077 J ND ND ND ND ND

- - |Total TICs ughkg | ND ND ND ND ND ND
Reduction (Target VOCs) - - >75.4% >73.2% >76.1% >T171% >77.7%
Final pH of sample - | 704 6% | em 6.51 6.98 6.76

Note: .

ND = Anaiyzed for but not detected at the method detection limit (MDL) indicated.

VOUCs = Volatile organic compounds

TICs = Tentatively Identified Compounds or non-target compounds 1.g/L = micrograms per liter

* = Percent reduction a.lcuiations\arc relative to control sample and assume ND values ag equivalent to MDL value.

\
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Section 6 Conclusions

The laboratory study results indicate that the ISOTEC process is effective in significantly
reducing the concentration of volatile organic compounds in site soil and groundwater
collected from the Weldon Springs site in St. Charles, Missouri. The data indicate that
both the catalysts tested (1.e. Catalysts 4260 and 6260) achieved maximum contaminant
reduction under close to natural subsurface pH conditions, with one application of each
indicating reduction of target VOCs to non-detectable levels in site soils and
groundwater.

A preliminary assessment of site-specific factors that could affect the ISOTEC process
was performed on the content of iron, manganese and TOC in site soil. Iron was detected
in site soil at a concentration of 31,400 mg/Kg (Table 4-1). Much of this iron is bound to
the soil matrix and unavailable to catalyze the Fenton reaction that occurs in the aqueous
phase. Iron was not detected in the site groundwater ( < 0.1 mg/L). The soil manganese
(1,050 mg/Kg) is also bound to the soil matrix and is not available to catalyze the Fenton
reaction and the groundwater concentration (0.26 mg/L) is too low to promote effective
Fenton-type reaction. The concentration of TOC was measured at 850 mg/Kg, which is
moderate and may promote side reactions that compete for hydroxyl radicals. However,
supplying additional reagent volumes will offset reagent losses due to such competition.

The ISOTEC study results suggest that a pilot application of the ISOTEC process shonld
be completed at the site to gather additional data on the effectiveness of this remedial
alternative on a large-scale basis. A pilot application would also serve as an initial step
toward remediating the site; data obtained from the study indicate that the ISOTEC
process could substantially reduce contaminant concentrations in the treated areas.

In-Situ Oxidative Technologies, Inc.

ISOTEC Laboratory Treatability Study Report o PAGE I April 30, 2001
Weldon Spring Chemical Plant, St. Charles, MO :
{SOTEC Profect #800346




Section 7 Proposed Pilot Program

Based on the successful ISOTEC iab study results received, an ISOTEC pilot program
can be performed within the source areas: (1) to gather additional data to evaluate the
effectiveness of this remedial alternative; (2) as an initial step toward a full-scale
remediation effort at the site; and (3) to substantially reduce the organic loading in the
areas treated. The treatment program will consist of introducing ISOTEC’s proprietary
series catalysts, oxidizer and mobility control agents into the subsurface over a short time
period.

The overall cost of full-scale remedial measures cannot be determined based on
treatability study data alone. At the minimum, a field pilot study is required to provide
necessary information to estimate a full-scale treatment cost. An initial field pilot study
can be designed based on the laboratory treatability data and the site conditions described
in data received to date.

7.1 The ISOTEC Process

The ISOTEC process is an in-situ remedial technology that destroys organic
contamination using Fenton’s reagent-based oxidation chemistry. ISOTEC’s process
treats organic contaminants in the subsurface, by utilizing our proprietary blends of
catalysts, oxidizers, and stabilizers, which include stabilized hydrogen peroxide and a
soluble iron catalyst at a neutral pH. ISOTEC compounds are injected through a site-
specific delivery system providing sufficient distribution to selectively treat the
contaminants in the area of concern. Site-specific stoichiometry is first determined
through a laboratory study, with preliminary treatment quantities calculated. Application
levels are typically tested in the field during a pilot study to determine the efficiency and
extent of treatment, which varies depending on the site's subsurface characteristics.
Based upon successful laboratory and pilot studies, design and implementation of full-
scale remediation is undertaken. The ISOTEC approach works via the in-situ oxidation
of contaminants, while creating minimal disturbance to site operations.

The ISOTEC process generates powerful oxidizing species known as hydroxyl radicals
when the catalyst reacts with the oxidizer (stabilized hydrogen peroxide).- Since hydroxyl
radicals are generated in the aqueous form, it is necessary that the catalyst remain in a

dissolved form to be available for reaction. The biggest challenge associated with in-situ -~~~ |

application of a Fenton’s prdcess lies in maintaining an active, soluble catalyst that can.
be transported in the subsurface. When a catalyst is introduced into the subsurface in the
form of a pure ferrous sulfate acidic solution it does not travel very far due to sorption

- and chemical reactions. For example, at natural ground water pH conditions (pH =6-7), a
ferrous sulfate catalyst tends to precipitate as its oxidized (ferric) form, thereby, making
hydroxyl radical generation somewhat localized. As a result as much as 95% to 97% of
the ferrous sulfate catalyst may not be available for reaction.
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When the ISOTEC catalyst is introduced into the subsurface, the catalyst mobility is
significantly enhanced, as it is present in a proprietary chelated complex. In addition,
ISOTEC’s catalyst remains in dissolved form even under natural ground water pH
conditions, thereby, making it readily available for hydroxyl radical generation upon
addition of the oxidizer.

Safety is a priority with the ISOTEC process. Most negative effects noted with in-situ
oxidation occur with aggressive oxidation reactions utilizing high concentration reagents
under highly pressurized conditions. These conditions can create a significant
temperature rise and an enormous amount of carbon dioxide and/or oxygen off-gas,
which can mobilize vapors and contaminants within the subsurface. ISOTEC does not
utilize this approach. Reagents utilized by ISOTEC are stabilized and at low '
concentrations, with injection in a controlled manner to reduce the possibility of surface
breakout or subsequent migration. Furthermore, based on request to treat site
contaminants within fracture zones, extreme caution must be exercised while injecting
reagents as these preferred pathways will deliver the majority of chemical oxidation
reagents. Again, the stabilized ISOTEC reagents utilized along with control of the
injection process limit these concems. ISOTEC has a spotless record with respect to
safety and the use of their chemical oxidation process.

7.2 Design of an In-Situ Chemical Oxidation Treatment
Program

The design and remedial treatment using in-situ chemical oxidation is like no other
technology. Due to the nature of the chemical reaction, the ISOTEC process works
through contaminant desorption from the saturated soil phase followed by oxidation in
the aqueous phase. Therefore, detectable ground water VOC concentrations sometime
increase in an area of the initial treatment. This is caused by the desorption process of
organics from the site soils and initial reagent quantities calculated not being sufficient to
oxidize all organic contamination which may have been present in the treatment area.
The temporary increase in GW is marginal when compared to the reduction noted in the
saturated soil where the majority of contamination exists. Regulators, Consultants and
Clients look at this phenomenon and initially question the chem-ox approach and GW
results, as post-treatment soil data is typically not available (and costly). However, this is

simply the desorption process of organics from the site soils and initial reagent quantities .

calculated not being sufficient to oxidize all organic contamination which may have been”
present in the treatment area. The GW concerns are overcome by additional treatment.
applications, as typically proposed by ISOTEC, an increase in total reagent volume
injected, with GW levels dropping sharply after all saturated soils have been treated.

Site subsurface characteristics play a significant role in the design of an in-situ chemical
oxidation program. For the Weldon Spring site, ISOTEC must carefully evaluate the
chemical reagent delivery system and the ability to inject the required amount of reagents
into the subsurface throughout the entire treatment area. Previous experience with
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injection of reagents into a fractured bedrock formation raises both positive and negative
points of concern.

Positive points include:
¢ Obtaining desirable radius of influence (ROI) due to permeability through fractures.

e In a low permeability, matrix treatment results should be good since the majority of
contaminant is within the fractures.

Negative points include:

¢ In a moderate to high permeability, matrix results may be reduced since much of the
contaminant is located in the matrix and the majority of the reagent will travel
through the fractures.

o Overloading of reagents could flush the fractures and move small amounts of
dissolved contamination laterally. Only the dissolved contamination will be
transported, the adsorbed mass will remain. Therefore, the long-term influence
should be limited since the groundwater concentrations should return to equilibrium
without the supporting contaminant mass in soil.

Therefore, injection delivery, volume and flow rate must be watched closely to overcome
the above negative point scenarios.

Dissolved phase transport can be limited during a pilot study performed in the center of a
plume. In order to limit the transport of dissolved phase contamination during full-scale,
‘injections could start at the plume fringes and work towards the center.

Initial review of the Weldon Spring site notes varying permeability with dual porosity,
which will most likely require the use of a pressurized system. Reagents would be
delivered into-the subsurface under a low constant pressure in an effort to distnbute
materials in 2 more homogeneous fashion throughout the injection interval. Reagent
injection will be limited to 10’ of screen per interval depth, which may require multiple
depth screen installations (or nested wells). Installation of sound injection points, and
development of such, is crucial.

7.3 Pilot Study Reagent Quantities

Results of the laboratory s\tudy were used to-estimate preliminary reagent quantities for
the initial field pilot program at the Weldon Spring facility. The estimated reagent
quantities may be modified based on the results of field monitoring conducted during and
after the initial pilot program. The estimates assume a treatment criterion of 90%
reduction of the target contamination. The optimal treatment efficiency during the
laboratory bench scale study is determined from the ratio of percent contaminant
reduction (exceeding the desired criteria) to the number of treatment applications tested.
Based on this criterion, one treatment of either catalyst 4260 or 6260 is optimal for
contaminant destruction in the groundwater samples General field pilot study
assumptions included the following.
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+ Homogeneous subsurface conditions;

» Uniform contaminant distribution within the subsurface;

e Uniform treatment distribution within the subsurface;

« Lab bench scale study samples represented subsu:rface condltlons at the subject site;
* A field reagent loss factor of 1.5;

« Estimated subsurface porosity = 0.40

» [Estimated treatment depth per injection point = 10 feet; and

» Estimated number of treatment depths per injection point = 1 depth.

The estimated theoretical reagent volume calculations are shown in Appendix 2. The
reagent volumes were estimated based on a 10-foot injection depth interval per point and
assume a 100% displacement in pore volume by oxidizing reagents. Pilot study reagent
volumes average between 30%-50% of the calculated pore volume. It should be noted
that a 100% displacement in pore volume is not required to complete chemical oxidation
objectives due to dispersion and concentration of reagents needed to oxidize
contaminants of concern. Based on these calculations, a minimum reagent volume of 165
to 330 gallons will be injected per injection point depth to achieve the 10-12 foot radial
effect proposed.

The ISOTEC process injection rate and volume of discharge are interrelated to the
reaction rates of hydroxyl radicals with the contaminants, the contaminant distribution
coefficients in the subsurface systems, and the rate of hydrogen peroxide decomposition
within the subsurface. The rate at which the reagent flow can be injected into the _
‘subsurface is initially determined by the soil/aquifer characteristics, or possible premature
stoppage due to reagent material seeping up from monitoring well seals or injection
points, therefore installation of sound injection points is crucial. Field decisions
regarding injection volumes will be based on the subsurface intake, radial effects noted.
during injection, and the distance of the injection point from the nearest monitoring point. .
If it becomes impossible to inject the above volume and/or no radial effects are noted in
the monitoring point, the next closest injection point may be tested and/or reagent
concentrations may be increased. Otherwise, an increasing volume may also be tested in
the same injection point until influence can be determined in the nearest monitoring
point. These radial effect estimates are conservative because of the large.zone(s) of
treatment and type of COCs noted in the subsurface. Itis important to note that these
estimates assume a uniform treatment distribution and are theoretical in nature. Under
practical field conditions at the site, the reagents will tend to follow a preferential
pathway through existing crevices/ fissures or through new channels created during
drilling/ injection activities. The estimated radial effects may be lower or higher
depending on whether the preferred pathways are vertical or horizontal in nature.
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7.4 Pilot Study Monitoring and Reporting

Specific site monitoring will be performed dunng the pilot program to obtain information
related to the treatment process and subsurface characteristics. For the Weldon Spring
site, groundwater and soil (if available) samples would be collected prior to ISOTEC’s
treatment and approximately four weeks following the completion of each treatment
application phase. An anticipated schedule for the pilot program monitoring activities
will be included as part of the overall project schedule. This schedule will ensure
adequate time lag for groundwater equilibration following oxidation treatment. For the
treatment program, ISOTEC proposes the use of existing monitoring wells, along with -
each newly installed injection points as groundwater monitoning points. Samples from
these wells would be collected and submitted to a certified laboratory for the following
analysis — VOCs, total organic carbon (TOC), total dissolved solids (TDS), and dissolved
iron (Fe-dissolved). In addition, trip and field blanks will also be collected during pre-
and post sampling events.

Field monitoring parameters measured by ISOTEC during injection activities include pH
and TDS. In addition, ISOTEC will perform qualitative tests for the oxidizer and iron
(using Hach test kits) at selected locations. As stated, the above tests are qualitative, with
results sometimes undetermined due to interference in the collected sample (i.e. solids in
sample and unable to read color reference chart). ISOTEC typically analyzes, at a
minimum, daily qualitative data during injection activities from monitoring locations (i.e.
2 locations), or until sufficient data is collected.

For field monitoring by ISOTEC, emphasis will be on sample collection and analysis
from the monitoring points closest to the injection location being used. If influence is
noted, samples will be collected from the next farthest monitoring point from the
injection location. Increases in the oxidizer and iron concentrations greater than 30-50%
over the base line data will reflect a radial influence due to injection in the vicinity.
Greater the variation over the baseline data, greater is the radial effect. Radial effects for
each pilot program event will be estimated based on ISOTEC-collected field data during
the injection activities and combined with baseline and post-treatment monitoring sample
data. For contaminant treatment, post-treatment VOC decreases over the baseline data
greater than 40-50% will be considered as significant reduction to evaluate the '
effectiveness of the injection method and process. '

Upon completion of the tréatment program, a bound report will be submitted outlining .~
details of the ISOTEC process, field activities, laboratory analysis summaries, with
recommendations and/or a proposal for continued remediation of the entire contaminant
plume, as may be necessary.
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7.5 Intermediate Degradation Products

Vinyl chloride is a degradation product of the contaminant of concern (TCE). Chemical
oxidation does not create contamination, nor does it create vinyl chloride from TCE.-
However, chemical oxidation may release sorbed contaminants from a matrix into the
ground water matrix. These desorbed compounds may include vinyl chloride, which is
treatabie via chemical oxidation, and were previously not detected in samples collected.

7.6 Treatment Goals

Treatment goals for the Weldon Spring site are TCE levels less than 5 ppb within a one-
year timeframe. As shown within the bench scale study, remedial goals can be achieved -
via in-situ chemical oxidation with the actual process being completed within seconds of
reagent injection. The problem therefore lies in the field delivery of the reagent
throughout the entire plume. ISOTEC (i.e. chemical oxidation) is a contact treatment,
therefore, numerous mjection points would be needed ensure total interaction of reagents
within the plume area, with the ultimate goal of overlapping treatment areas. This is
difficult in homogenous conditions, and even harder in heterogeneous groundwater flow
. environments, but not impossible, however, most likely costly.

ISOTEC’s approach to full-scale treatment is to typically propose a more aggressive
program and design injections at greater radius of influence then noted during the pilot
program. After the 1% phase of full-scale treatment, ISOTEC would evaluate the
locations of the injection points and determine if additional points would be required to
treat the areas of concern. Upon review of the post-treatment monitoring data, an overall
reduction of contaminant mass with isolated pockets of contamination would typically
remain. ISOTEC, along with the Consultant, would review these smaller areas of
contamination and design Phase 2 activities targeting these “hot spots”, if required. The
exact number injection points would be based on the ultimate treatment goal. This
scenario is repeated until the treatment goal is reached.

In-Situ Oxidative Technologies, Inc.
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Integrated Analytical Laboratories, 'i.Lc. |
iintegrated '

_ 273 Franklin Road Phone: 973 381-4252
=, ; K alytical Randolph, N.J. 07869 Fax: 973 989-5288
4 | Labs

ANALYTICAL DATA REPORT

for

Isotec
51 Everett Drive
Suite A-10
West Windsor,NJ 08550

Project: MK/WELDON SPRING RAP - 800346
Lab Case Number: E01-2055
Date Report Prepared: April 12, 2001

CLIENT LABORATORY

SAMPLE ID SAMPLE 1D
'S0-4033-1S0 2055-001
SL/INITIAL | 2055-002
SL/CONTROL 2055-003
SUT-A 2055-004
SUT-B 2055-005
SLIT-C 2055-006
SL/T-D  2055-007
SUT-E 2055-008
GW-3034-032801-1SO 2055-009
GW/CONTROL 2055-010
GWIT-A 2055-011
GW/T-B 2055-012
GW/T-C 2055-013
GW/T-D 2055-014
GWI/T-E 2055-015

All required protocols were followed during analyses. These data have been reviev;fed and accepted by

A . .
Michael H. Leftin, PHID.
Laboratory Direct

The liability of Integrated Analytical Laboratories, LLC. is limited to the actual cost of the analyses performed.

New Jersey Certified Lab # 14751 Connecticut Certified Lab # PH-0699 New Yaork Certified Lab # 11402




INTEGRATED ANALYTICAL LABORATORIES, LLC.
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A -
Q-
S-

G-
D-
D.F. -
E-

MDL -
M -
NA -
ND -

INTEGRATED ANALYTICAL LABORATORIES, LLC.

MATRIX QUALIFIERS

Indicates the sample is an Aqueous matrix.
Indicates the sample is an QOil matrix.
Indicates the sample is a-Soil, Sludge or Sediment matrix.

Indicates the sample is an Other matrix as indicated by Client Chain of Custody.

DATA QUALIFIERS

Indicates the analyte was found in the Blank and in the sample. It indicates possible
sample contamination and warns the data user to use caution when applylng the
resuits of the analyte. .

Common Laboratory Contaminant.
The compound was reported from the Diluted analysis.
Dilution Factor.

Estimated concentration, reported results are outside the calibrated range of the
instrument.

Indicates an estimated value. The compound was detected at a value below the
method detection limit but greater than zero. For GC/MS procedures, the mass
spectral data meets the criteria required to identify the target compound.

Method Detection Limit.
Indicates compound cancentration could not be determined due to Matrix Lnteﬁerences._
Not Applicable. /
Indicates the compound was analyzed for but Not Detected at the MDL.

REPORT QUALIFIERS

\
All solid sample analyseé, are reported on a dry weight basis.

All solid sample values are corrected for original sample size and percent solids.

020C01




INTEGRATED ANALYTICAL LABORATORIES, LLC.
SUMMARY REPORT

Client: Isotec
Project: MK/WELDON SPRING RAP - 800346
Lab Case No.: E01-2055

!
Lab ID: 2055-001 2055-002 2055-003 2655-004
Client ID: S$0-4033-150 SL/INITIAL SL/CONTROL SL/T-A
Matrix: Soil Seil Seil Seil
Sampled Date: 3/27/201 3/29/2001 ‘ 4/3/2001 4/3/2001
PARAMETER(Units) Conc Q  MDL Conc Q MDL | Conc Q MDL Conc Q MDL
Volatiles (pph)
Including MTBE, TBA & Cis 1,2-DCE) !
|
-Butyl Alcohol(TBA) ~ ND 16.5 | ND 14.9 ND 17.4
Methyl-t-Butyl Ether(MTBE) ~ "ND 825 | ND 7.45 NI 8.7
-is-1,2-Dichloroethene ~ 248 I 825 ¢ 347 J 745 ND 8.7
|,2-Dichloroethane(EDC) ~ ND 8.25 ND 7.45 ND 8.7
I'richloroethene ~ 42.2 8.25 67.3 1.45 ND 8.7
[etrachioroethene ~ 19.6 8.25 ND 7.45 ND 8.7
[OTAL VO's: ~ 64.28 J 7077 1 ND
[OTAL TIC's: -~ ND ND ND
FOTAL VO's & TIC's: ~ 6428 J 7077 ] ND
Vietals (ppm}
Ton 31400 3.27 ~ ~ ~
Manganese 1050 0.436 ~ ~ ~
>eneral Analytical
Total Organic Carbons (ppm) 850 NA ~ ~ ~
Lab ID 2055005 2055-006 2055-007 2055-008
Ciient ID: SL/T-B SL/T-C SL/T-D - SL/T-E
Matrix: Seil Seil Soil Soil .
Sampled Date: 4/3/2001 4/3/2001 4/3/2001 4/3/2001°
>ARAMETER(Units) Conc Q MDL Conc  Q MDL Conc @ MDL Conc Q MDL
Yolatiles (ppb)
Including MTBE, TBA & Cis 1,2-DCE)
-Butyl Alcohol(TBA) ND 19 ND 169 | ND 16.2 ND 15.8
ethyl-t-Butyl Ether{MTBE) ND 95 ND 8.45 _ND. 8.1 ND . 7.9
,2-Dichloroethane(EDC) ND . 9.5 ND 8.45 ND 8.1 ND 7.9
[OTAL VO's: ND ND ND ND
[OTAL TIC's: ND ND ND ND
[OTAL VO's & TIC's: ND ND ND ND
- = Sample not analyzed for

ND = Analyzed for but Not Detected at the MDL

= The concentration was detected at a value below the MDL
\ll qualifiers on individual Volatiles are carried down through summation.
‘Subcontracted results from The Washington Group Laboratory

000£02




INTEGRATED ANALYTICAL LABORATORIES, LLC.

SUMMARY REPORT

Client: Isotec
Project: MK/WELDON SPRING RAP - 800346
Lab Case No.: E01-2055

Lab ID: 2055-609 2055-019 2055-611 2055-012
Client ID:|GW-3034-032801-1SO| GW/CONTROL GW/T-A GW/T-B
Matrix: “Aqueous Aqueous Aqueous _ Aqueous
Sampled Date: 3/28/2001 4/3/2001 4/3/2001 4/3/2001
PARAMETER(Units) Conc Q MDL Conc  Q MDL Conc  Q MDL Conc Q MDL
Volatiles (ppb)
(Including MTBE, TBA & Cis 1,2-DCE)
t-Butyl Alcohol(TBA) ND 204 ND 10.2 ND 1.02 ND 1.02
Methyl-t-Butyl Ether(MTBE) ND 10.6 ND 53 ND 0.53 ND 0.53
cis-1,2-Dichloroethene 26.2 5.4 19.8 27 ND 0.27 ND 027
Chloroform ND 6.2 ND 31 1.34 0.31 1.15 0.31
1,2-Dichloroethane(EDC) ND 7 ND 35 ND 035 .| ND 035 |
Trichloroethene 1070 7.2 793 36 ND 0.36 ND 0.36
1,1,2-Trichloroethane ND 6.2 ND 3.1 0.465 0.31 ND 0.31 -
TOTAL VO's: 1096.2 812.8 1.805 1.15
TOTAL TIC's: ND ND ND 32
TOTAL VO's & TIC's: 1096.2 . 812.8 1.805 4.35
Metals (ppm)
Iron ND 0.100 -~ ~ ~
Manganese 0.260 0.010 ~ ~ ' ~
' Lab ID: 2055-013 . 2055014 2055-015
Client ID: GW/T-C GW/T-D GW/T-E
Matrix: Aqueous Aqueous Aqueous
Sampled Date: - 4/3/2001 4/3/2001 4/3/2001
PARAMETER(Units) Conc Q MDL Conc Q MDL Conc Q MDL
Vofatiles (ppb)
(Including MTBE, TBA & Cis 1,2-DCE)
t-Butyl Alcohol(TBA) ND 1.02 ND 102 ND 1.02
Methyl-t-Butyl Ether( MTBE) ND 0.53 ND 0.53 ND . 053
Chloroform - 1,04 031 T137° 031 1.23 0.31
1,2-Dithloroethane(EDC) I~}D 0.35 ND 035 | ND 0.35
1,1,2-Trichloroethane . ND, 0.31 0.491 0.31 ND 0.31
TOTAL VO's: 1.04 1.861 1.23
TOTAL TIC's: 5.8 ND 39
TOTAL VO's & TIC's: 6.84 T 1.861 5.13
~ = Sample not analyzed for

ND = Analyzed for but Not Detected at the MDL
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INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-002 GC/MS Column: DB-624
Client ID: SL/INITIAL _ Sample wt/vol: 5g
Date Received: 04/03/2001 : Matrix-Units: Soil-ug/Kg (ppb)
Date Analyzed: 04/06/2001 Dilution Factor: 1
Data file: 17809.D ' % Moisture: 39.5
Compound Concentration Q MDL
Chloromethane ND- 8.25
Vinyl Chloride ND 8.25
Bromomethane ND 8.25
Chloroethane -ND 8.25
Trichlorofluoromethane ND- 8.25 |
Acrolein _ ND 16.5
1,1-Dichloroethene - ND 8.25
Methylene Chloride ND 8.25
Acrylonitrile ND 16.5
t-Butyl Alcohol(TBA) ND 16.5

- trans-1,2-Dichloroethene ND 8.25
Methyl-t-Butyl Ether(MTBE) ND 8.25
1,1-Dichloroethane ND ' 8.25
cis-1,2-Dichloroethene 2.48 J 8.25
Chloroform ~ ND ~ 8.25
1,1,1-Trichloroethane ND - 8.25
Carbon Tetrachloride ND 8.25
1,2-Dichloroethane(EDC) ND _ 8.25
Benzene ND ' 8.25
Trichloroethene 42.2 3.25
1,2-Dichloropropane ND 8.25
Bromodichloromethane ND 3 ' 8.25
2-Chloroethylvinyl Ether ND _ 8.25
cis-1,3-Dichloropropene : ND .- . ' 8.25
Toluene ' \ ND : - 825
trans-1,3-Dichloropropene \ ND ' 8.25
1,1,2-Trichloroethane ' ND ) 8.25
Tetrachloroethene 19.6 8.25
Dibromochloromethane ND 8.25
Chlorobenzene ND 8.25
Ethylbenzene ND 8325
Total Xylenes ND 8.25
Bromoform ND 8.25
1,1,2,2-Tetrachloroethane ND ' 8.25
1,3-Dichlorobenizene ND 8.25
1,4-Dichlorobenzene . ND . . 825
1,2-Dichlorobenzene’ ND 8.25

Total Target Compounds: 64.28 J

G00004




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS
Tentatively Identified Compounds

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-002 | GC/MS Column: DB-624
Client ID: SL/INITIAL ' Sample wt/vol: 5g

Date Received: 04/03/2001 . Matrix-Units: Soil-ug/Kg (ppb)
Date Analyzed: .04/06/2001 Dilution Factor: 1

Data file: 17809.D % Moisture: 39.5

Estimated  Retention
CAS # Compound Concentration Time

No peaks detected

- Total TICs = 0

: o 60005




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-003 GC/MS Column:  DB-624
Client ID: SL/CONTROL Sample wt/vol: 5g
Date Received: 04/03/2001 : Matrix-Units: Soil-ug/Kg (ppb)
Date Analyzed: 04/06/2001 Dilution Factor: 1
Data file: 17810.D % Moisture: 33
Compound Concentration Q MDL
Chloromethane : ND 7.45
Vinyl Chloride ND 7.45
Bromomethane ND 7.45
Chloroethane ND 7.45
Trichloroflucromethane - ND 7.45
Acrolein : ' ND ' 14.9
1,1-Dichloroethene ND 7.45
Methylene Chloride ND 7.45
Acrylonitrile ' ND 14.9
t-Butyl Alcohol(TBA) ND 14.9
trans-1,2-Dichloroethene ND 7.45
Methyl-t-Butyl Ether(MTBE) ND . 7.45
1,1-Dichloroethane ND 7.45
cis-1,2-Dichloroethene 3.47 J 7.45
Chloroform ND 7.45
I,1,1-Trichloroethane ND 7.45
Carbon Tetrachloride ND 7.45
1,2-Dichloroethane(EDC) ND 7.45
Benzene ND 7.45
Trichloroethene 67.3 7.45
1,2-Dichloropropane ND _ 7.45
Bromodichloromethane ND ' 7.45
2-Chloroethylvinyl Ether ND 7.45
cis-1,3-Dichloropropene ND 7.45
Toluene A ND 7.45
trans-1,3-Dichloropropene \ ND 7.45
1,1,2-Trichloroethane ﬁ "ND : 7.45
Tetrachloroethene ND 7.45
Dibromochloromethane ND 7.45
Chlorobenzene ND 7.45
Ethylbenzene : ND 7.45
Total Xylenes ND 7.45
Bromoform ND 7.45
1,1,2,2-Tetrachloroethane ND : 7.45
1,3-Dichlorobenzene : ND 7.45
1,4-Dichlorobenzene . ND . 7.45
I,2-Dichlorobenzene ' ND 7.45

Total Target Compounds: 70.77 I 0 90 06




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS
Tentatively Identified Compounds

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-003 GC/MS Column: DB-624
Client ID: SL/CONTROL _ Sample wt/vol: 5g

Date Received: 04/03/2001 Matrix-Units: Soil-pg/Kg (ppb)
Date Analyzed: 04/06/2001 Dilution Factor: 1

Data file: 17810.D % Moisture: 33

_ Estimated  Retention
CAS# Compound Concentration Time

No pe'aks detected

- Total TICs = 0

0006¢C07




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS

Client/Project: ISCTEC/MK/WELDON SPRING

Lab ID: 2055-004 | GC/MS Column: DB-624

Client ID: SL/T-A Sample wt/vol: 5g
Date Received: 04/03/2001 Matrix-Units: Soil-ug/Kg (ppb)
Date Analyzed: 04/06/2001 Dilution Factor: 1
Data file: 17811.D ' % Moisture: 42.4
Compound Concentration Q MDL
Chloromethane ND 8.7
Vinyl Chloride ND 8.7.
Bromomethane ND 8.7
Chloroethane ND 8.7
Trichlorofluoromethane ND 8.7
Acrolein ND 17.4
1,1-Dichloroethene ND 8.7
Methylene Chloride ND 8.7
Acrylonitrile ND 174
t-Butyl Alcohol(TBA) ND 17.4
trans-1,2-Dichloroethene ND 8.7
Methyl-t-Butyl Ether(MTBE) ND 8.7
1,1-Dichloroethane ND 8.7
cis-1,2-Dichloroethene ND 8.7
Chloroform ND 8.7
1,1, 1-Trichloroethane ND : 8.7
Carbon Tetrachloride ND 8.7
1,2-Dichloroethane(EDC) ND 8.7
Benzene ND 8.7
Trichloroethene ND 8.7
1,2-Dichloropropane ND 8.7
Bromodichloromethane ND ' 8.7
2-Chloroethylviny! Ether ND - 7 8.7
cis-1,3-Dichloropropene ‘ ND . . ' : 8.7
Toluene .- N\ ' ND : 8.7
trans-1,3-Dichloropropene B ND 8.7
1,1,2-Trichloroethane - ND . 8.7
Tetrachloroethene ND 8.7
Dibromochloromethane ND 8.7
Chlorobenzene ND 8.7
Ethylbenzene ND 8.7
Total Xylenes ND 8.7
Bromoform ND 8.7
1,1,2,2-Tetrachloroethane ND : 8.7
1,3-Dichlorobenzene ND 8.7
1,4-Dichlorobenzene . ND . 8.7
1,2-Dichiorobenzene : ND 8.7
Total Target Compounds: 0

- $00CO08




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS
Tentatively Identified Compounds

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-004 _ GC/MS Column: DB-624
Client ID: SL/T-A Sample wt/vol: 5g

Date Received: 04/03/2001 Matrix-Units: Soil-pg/Kg (ppb)
Date Analyzed: 04/06/2001 Dilution Factor: 1

Data file: 17811.D % Moisture: 42.4

Estimated  Retention
CAS # Compound : Concentration Time

No peaks detected

. Total TICs = 0
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INTEGRATED ANALYTICAL LABORATORIES
VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING -

Lab ID: 2055-005 GC/MS Column: DB-624
Client ID: SL/T-B : Sample wt/vol: 5g

~ Date Received: 04/03/2001 : Matrix-Units: Soil-ug/Kg (ppb)
Date Analyzed: 04/06/2001 Dilution Factor: 1
Data file: 17812.D % Moisture: 47.5
Compound Concentration Q MDL
Chloromethane ND : _ 9.5
Vinyl Chloride ' ND 9.5
Bromomethane ND 9.5
Chloroethane ND 9.5
Trichlorofluoromethane ND : 9.5
Acrolein ND ' , 19
1,1-Dichloroethene ND 9.5
Methylene Chloride ' ND 9.5
Acrylonitrile ND 19
t-Butyl Alcohol{TBA) ND _ 19
trans-1,2-Dichloroethene ND 9.5
Methyl-t-Butyl Ether(MTBE) ND 9.5
1,1-Dichloroethane ND 9.5
cis-1,2-Dichloroethene ND 9.5
Chloroform _ - ND 9.5
1,1,1-Trichloroethane ND 8.5
Carbon Tetrachloride ~ ND 9.5
1,2-Dichloroethane(EDC) ND 9.5
Benzene ND 9.5
Trichloroethene ND 8.5
1,2-Dichloropropane ND 9.5
Bromodichloromethane ND 9.5
2-Chloroethylvinyl Ether ND- : ‘ 95
cis-1,3-Dichloropropene ND - . ’ 9.5
Toluene AN ND : . 9.5
trans-1,3-Dichloropropene \ ND - 9.5
1,1,2-Trichloroethane " ND . 9.5

- Tetrachloroethene ND ‘ 9.5
Dibromochloromethane ND _ 9.5
Chlorobenzene - ND 9.5
Ethylbhenzene ND 9.5
Total Xylenes ND ‘ 9.5
Bromoform ND 9.5
1,1,2,2-Tetrachloroethane ND : 9.5
1,3-Dichlorobenzene . ND 9.5
1,4-Dichlorobenzene . ND ' . 95
1,2-Dichlorobenzene ND o 9.5

Total Target Compounds: 0

. 090040




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS
Tentatively Identified Compounds

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-005 ' : GC/MS Column: DB-624
Client ID: SL/T-B ' - Sample wt/vol: 5g

Date Received: 04/03/2001 , Matrix-Units: Soil-ug/Kg (ppb)
Date Analyzed: 04/06/2001 Dilution Factor: 1 .
Data file: 17812.D % Moisture: 47.5

Estimated  Retention
CAS # Compound Concentration Time

No peaks detected

* Total TICs = 0

000T11




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-006
Client ID: SL/T-C
Date Received: 04/03/2001
Date Analyzed: 04/06/2001
Data file: 17813.D

GC/MS Column: DB-624
Sample wt/vol: 5g
Matrix-Units: Soil-ug/Kg (pph)
Dilution Factor: 1 '
% Moisture: 40.8

Total Target Compounds:

Compound Concentration ~ MDL .
Chloromethane ND 8.45
Vinyl Chloride ND 8.45
Bromomethane ND 8.45
Chlioroethane ND 8.45
Trichlorofluoromethane ND 8.45
Acrolein ND 16.9
1,1-Dichloroethene ND 8.45
Methylene Chloride ND 8.45
Acrylonitrile ND 16.9
t-Buty! Alcchol(TBA) ND 16.9
trans-1,2-Dichloroethene ND 8.45
Methyl-t-Butyl Ether(MTBE) ND 8.45
1,1-Dichloroethane ND . 8§.45
cis-1,2-Dichloroethene ND 8.45
Chloroform ND 8.45
1,1,1-Trichloroethane - ND - 8.45
Carbon Tetrachloride ND 8.45
1,2-Dichioroethane(EDC) ND 8.45
Benzene ND 8.45
Trichloroethene ND 8.45
1,2-Dichloropropane ND 8.45
Bromodichloromethane ND 845
2-Chloroethylvinyl Ether ND . 845
cis-1,3-Dichloropropene ND .- 8.45
Toluene Y ND 8.45
trans-1,3-Dichloropropene ND 8.45
1,1,2-Trichloroethane ND 8.45
Tetrachloroethene ND 8.45
Dibromochloromethane ND 8.45
Chiorobenzene - ND 8.45

- Ethylbenzene ND 8.45
Total Xylenes ND 8.45
Bromoform ND 8.45
1,1,2,2-Tetrachloroethane ND 8.45

~ 1,3-Dichlorobenzene ND 8.45
1,4-Dichlorobenzene . ND 8.45
1,2-Dichlorobenzene ND 8.45

0
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INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS
Tentatively Identified Compounds

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-006 L GC/MS Column: DB-624
Client ID: SL/T-C Sample wt/vol: 5g

Date Received: 04/03/2001 Matrix-Units: Soil-ug/Kg (ppb)
Date Analyzed: 04/06/2001 Dilution Factor: 1

Data file: 17813.D % Moisture: 40.8

‘Estimated  Retention
CAS # Compound Concentration Time

No peaks detected

. Total TICs = 0

000C13




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS -

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-007
Client ID: SL/T-D
Date Received: 04/03/2001
Date Analyzed: 04/06/2001
Data file: 17814.D

GC/MS Column: DB-624
Sample wt/vol: 5g
Matrix-Units: Soil-ug/Kg (ppb)
Dilution Factor: 1

% Moisture: 38.3

Compound ~ Congentration MDL
Chioromethane . ND 8.1
Vinyl Chloride ND 8.1
Bromomethane ND 8.1
Chloroethane ND 2.1
Trichlorofluoromethane ND 8.1
Acrolein ND 16.2

. 1,1-Dichloroethene ND 8.1
Methylene Chioride ND 8.1
Acrylonitrile ND 16.2
t-Butyl Alcohol(TBA) ND 16.2
trans-1,2-Dichloroethene ND 8.1
Methyl-t-Butyl Ether(MTBE) ND 8.1
1,1-Dichloroethane ND 8.1
cis-1,2-Dichloroethene ND 8.1
Chloroform ND 8.1
1,1,1-Trichloroethane ND 8.1
Carbon Tetrachloride ND 8.1
1,2-Dichloroethane(EDC) ND 8.1
Benzene ND 8.1
Trichloroethene - ND 8.1
1,2-Dichloropropane ND 8.1
Bromodichloromethane ND 8.1
2-Chloroethylvinyl Ether ND 8.1
cis-1,3-Dichloropropene ND .. 8.1
Toluene Y ND 8.1
trans-1,3-Dichloropropene R ND 8.1
1,1,2-Trichloroethane : ND 8.1
Tetrachloroethene ND 8.1
Dibromochloromethane ND 8.1
Chlorobenzene ND 8.1
Ethylbenzene ND -8.1
Total Xylenes ND 8.1
Bromoform ND g.1
1,1,2,2-Tetrachloroethane ND 8.1
1,3-Dichlorobenzene ND 8.1
1,4-Dichlorobenzene . ND 8.1
1,2-Dichlorobenzene ND 8.1

Total Target-Compounds: 0

000C14




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS
Tentatively Identified Compounds

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-007 GC/MS Column: DB-624
Client ID: SL/T-D : Sample wt/vol: 5g

Date Received: 04/03/2001 i Matrix-Units: Soil-ug/Kg (ppb)
Date Analyzed: 04/06/2001 _ Dilution Factor: 1

Data file: 17814.D ' % Moisture: 38.3

Estimated  Retention
CAS # Compound Concentration Time

No peaks detected

- Total TICs = 0

000C15



INTEGRATED ANALYTICAL LABORATORIES

. 'VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-008 GC/MS Column: DB-624
Client ID: SL/T-E Sample wt/vol: 5g
Date Received: 04/03/2001 ' Matrix-Units: Soil-ug/Kg (ppb)
Date Analyzed: 04/06/2001 ' Dilution Factor: 1
Data file:. I7815.D % Moisture: 36.8
Compound Concentration Q MDL
Chloromethane ND : , 7.9
Vinyl Chloride ND 7.9
Bromomethane ND 7.9
Chloroethane : ND 7.9
Trichlorofluoromethane ND o 7.9
Acrolein ND 15.8
1,1-Dichloroethene ND 1.9
Methylene Chloride ND 79
Acrylonitrile ND 15.8
t-Butyl Alcohol(TBA) ND 15.8
trans-1,2-Dichloroethene ND 79
Methyl-t-Butyl Ether(MTBE) ND 7.9
1,1-Dichloroethane ND 7.9
cis-1,2-Dichloroethene ND 7.9
Chloroform ND 7.9
1,1,1-Trichloroethane ND 7.9
Carbon Tetrachloride ND 7.9
1,2-Dichloroethane(EDC) ND 79
Benzene ND 7.9
Trichloroethene ND 79
1,2-Dichloropropane ND 7.9
Bromodichloromethane ND 79
2-Chloroethylvinyl Ether ND _ 79
cis-1,3-Dichloropropene : ND .- . ‘ 7.9
Toluene A ND : . 1.9
trans-1,3-Dichloropropene B ND 7.9
1,1,2-Trichloroethane -, ND . 7.9
Tetrachloroethene ND _ 1.9
Dibromochloromethane ND 7.9
Chlorobenzene ND 7.9
Ethylbenzene ND 1.9
Total Xylenes ND 7.9
Bromoform ND 7.9
1,1,2,2-Tetrachloroethane ND 7.9
1,3-Dichlorobenzene ND 7.9
1,4-Dichlorobenzene . ND : . 1.9
1,2-Dichlorobenzene ND 7.9
Total Target Compounds: a

000C16




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS
Tentatively Identified Compounds

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-008 ' GC/MS Column: DB-624
Client ID: SL/T-E Sample wt/vol: 5g

Date Received: 04/03/2001 Matrix-Units: Soil-ug/Kg (ppb)
Date Analyzed: 04/06/2001 Dilution Factor: 1

Data file: [7815.D % Moisture: 36.8

Estimated  Retention
CAS # Compound Concentration Time

No peaks detected

. Total TICs = 0

n0OCA"?




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS |

Client/Project: ISOTEC/MK/WELDON SPRING:

Lab ID: 2055-009 GC/MS Column: DB-624
Client ID: GW-3034-032801-1S0 Sample wt/vol: 0.25mL
Date Received: 04/03/2001 . Matrix-Units: Aqueous-ug/L (ppb)
Date Analyzed: 04/04/2001 Dilution Factor: 20
Data file: E7979.D : % Moisture: 100
Compound Concentration Q _ MDL
Chloromethane ND 12.2
Vinyl Chloride ND . ' 6.6
Bromomethane ND 94
Chloroethane ND 13
Trichlorofluoromethane ND 7.6
Acrolein ND 119
1,1-Dichloroethene ND 10
Methylene Chloride ND 38.2
Acrylonitrile - ND 254
t-Buty! Alcohol(TBA) ND : 20.4
trans-1,2-Dichloroethene ND 7.8
Methyl-t-Butyl Ether(MTBE) ND . 10.6
1,1-Dichloroethane ND 6.6
cis-1,2-Dichloroethene 26.2 5.4
Chloroform _ ND 6.2
1,1,1-Trichloroethane ND 7.6
Carbon Tetrachloride ND _ 7.8
1,2-Dichloroethane(EDC) ND ' 7
Benzene ND ' 6
Trichloroethene 1070 7.2
1,2-Dichloropropane - ND 3
Bromodichloromethane ND 5
2-Chloroethylvinyl Ether ND _ 5
cis-1,3-Dichloropropene : ND . . - 3.8
Toluene \ ND : . 6.6
trans-1,3-Dichloropropene R ND : ‘ 5.4
1,1,2-Trichloroethane ‘- ND , 6.2
Tetrachloroethene ND _ 7.6
Dibromochloromethane ND 6.2
Chlorcbenzene ND- 5.6
Ethylbenzene ND -6
Total Xylenes ND 18
Bromoform ND 5.6
1,1,2,2-Tetrachloroethane ND , 54
1,3-Dichlorobenzene ND 4.4
1,4-Dichlorobenzene . ND . 44

1,2-Dichlorobenzene ND 3.8

Total Target Compounds: 1096.2

050048




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS
Tentatively Identified Compounds

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-009 : GC/MS Column: DB-624

Client ID: GW-3034-032801-1SO Sample wt/vol: 0.25mL

Date Received: 04/03/2001 : Matrix-Units: Aqueous-ug/L (ppb)
Date Analyzed: 04/04/2001 Dilution Factor: 20

Data file: E7979.D : % Moisture: 100

Estimated  Retention
CAS # Compound Concentration Time

No peaks detected

. Total TICs = 0

annfi9



INTEGRATED ANALYTICAL LABORATORIES

" VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-010 _  GC/MS Column: DB-624
Client ID: GW/CONTROL Sample wt/vol: 0.5mL
Date Received: 04/03/2001 _ Matrix-Units: Aqueous-ug/L (ppb)
Date Analyzed: 04/04/2001 Dilution Factor: 10
Data file: E7980.D % Moisture: 100
Compound Concentration Q MDL
Chloromethane , ND 6.1
Vinyl Chloride ND 33
Bromomethane ND 4.7
Chloroethane ND 6.5
Trichlorofluoromethane ND 3.8
Acrolein ND 594
1,1-Dichloroethene ND 5
Methylene Chioride ND 19.1
Acrylonitrile ND 12.7
t-Butyl Alcohol(TBA) ND 10.2
trans-1,2-Dichioroethene ND 3.9
Methyl-t-Butyl Ether(MTBE) ND 53
1,1-Dichloroethane ND : 3.3
cis-1,2-Dichloroethene 19.8 2.7
Chloroform ND - 3.1
1,1,1-Trichloroethane ND _ 3.8
Carbon Tetrachloride ND 3.9
1,2-Dichloroethane(EDC) ND | 3.5
Benzene ~ ND 3.
Trichloroethene 793 3.6
1,2-Dichloropropane ND 2.5
Bromodichloromethane ND 2.5
2-Chloroethylvinyl Ether ND 25
cis-1,3-Dichloropropene ‘ ND .. - 1.9
Toluene Y ND ' 3.3
trans- 1,3-Dichloropropene - ND : 2.7
1,1,2-Trichloroethane b ND o 31
Tetrachloroethene ND 3.8
Dibromochioromethane ' ND 3.1
Chlorobenzene - ND 2.8
Ethylbenzene ND -3
Total Xylenes ND 9
Bromoform ND . 2.8
1,1,2,2-Tetrachloroethane ND . 2.7
1,3-Dichlorcbenzene ND 2.2
1,4-Dichlorobenzene . ND ' . 2.2

I,2-Dichlorobenzene ND 1.9

Total Target Compounds: 812.8

000C20




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS
Tentatively Identified Compounds

Client/Project; ISOTEC/MK/WELDON SPRING

Lab ID: 2055-010 . GC/MS Column: DB-624

Client ID:  GW/CONTROL ‘ Sample wt/vol: 0.5mL

Date Received: 04/03/2001 Matrix-Units: Aqueous-pg/L (ppb)
Date Analyzed: 04/04/2001 : Dilution Factor: 10

Data file: E7980.D ' % Moisture: 100

Estimated Retention -
CAS # Compound _ Concentration Time

No peaks detected

. Total TICs = 0

adNCTA



INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-011

Client ID: GW/T-A

Date Received: 04/03/2001 -
Date Analyzed: 04/04/2001
Data file:- E7981.D

GC/MS Column: DB-624
Sample wt/vol: SmL
Matrix-Units: Aqueous-pg/L (ppb)
Dilution Factor: 1

% Moisture: - 100

Total Target Compounds:

Compound Concentration MDL
Chloromethane ND 0.61
Vinyl Chloride ND 0.33
Bromomethane ND 0.47
Chloroethane ND 0.65
Trichlorofluoromethane ND 0.38
Acrolein ND 5.94
1,1-Dichloroethene ND 0.5
Methylene Chloride ND 1.91
Acrylonitrile ND 1.27
t-Butyl Alcohol(TBA) ND 1.02
trans-1,2-Dichloroethene ND - 0.39

. Methyl-t-Butyl Ether(MTBE) ND 0.53
1,1-Dichloroethane ND 0.33
cis-1,2-Dichloroethene ND 0.27
Chloroform 1.34 0.31
1,1,1-Trichloroethane ND 0.38
Carbon Tetrachloride 'ND 0.39
1,2-Dichloroethane(EDC) ND 0.35
Benzene ND 0.3
Trichlotoethene ND 0.36
1,2-Dichloropropane ND 0.25
Bromodichioromethane ND 0.25
2-Chloroethylvinyl Ether ND 0.25 .
cis-1,3-Dichloropropene ND 0.19
Toluene \ ND 0.33
trans-1,3-Dichloropropene ' ND 0.27
1,1,2-Trichloroethane \ 0.465 0.31
Tetrachloroethene ' ND 0.38
Dibromochloromethane ND 0.31
Chlorobenzene ND 0.28
Ethylbenzene ND 0.3
Total Xylenes ND - 0.9
Bromoform ND 0.28
1,1,2,2-Tetrachloroethane ND 0.27
1,3-Dichlorobenzene ND 0.22
1,4-Dichlorobenzene ND 0.22
1,2-Dichlorobenzene ND 0.19

1.805

000C22




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS
Tentatively Identified Compounds

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-011

Client ID: GW/T-A

Date Received: 04/03/2001
Date Analyzed: 04/04/2001
Data file: E7981.D

CAS # Compound

GC/MS Column: DB-624

Sample wt/vol: SmL
Matrix-Units: Aqueous-ug/L (ppb)
Dilution Factor: 1

% Moisture: 100

Estimated Retention
Concentration Time

No peaks detected

Total TICs =




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-012 GC/MS Column: DB-624
Client ID: GW/T-B Sample wt/vol: SmL
Date Received: 04/03/2001 Matrix-Units: Aqueous-ug/L (ppb)
Date Analyzed: 04/04/2001 Dilution Factor: 1
Data file: E7982.D : % Moisture: 100
Compound . ' Concentration Q MDL
Chloromethane ND 0.61
Vinyl Chloride ND 0.33
Bromomethane ND 0.47
Chloroethane ND 0.65
Trichlorofluoromethane ND 0.38
Acrolein ND 5.94
1, 1-Dichloroethene ND 0.5
Methylene Chloride ND 1.91
Acrylonitrile ND ' 1.27
t-Butyl Alcohol(TBA) ND 1.02
trans-1,2-Dichloroethene ND 0.39
Methyl-t-Butyl Ether(MTBE) ND 0.53
1,1-Dichloroethane ND _ 0.33
cis-1,2-Dichloroethene ND 0.27
Chloroform 1.15 0.31
1,1,1-Trichloroethane ND 0.38
Carbon Tetrachloride ND 0.39
1,2-Dichloroethane(EDC) ' ND 0.35
Benzene ' ND . 0.3
Trichloroethene ND 0.36
1,2-Dichloropropane ND 0.25
Bromodichloromethane ND - 0.25
2-Chlorcethylvinyl Ether ND 7 025
cis-1,3-Dichloropropene : ND . , N 0.19
Toluene \ ND : . 0.33
trans-1,3-Dichloropropene . ND _ 0.27
1,1,2-Trichloroethane 1' ND , 0.31
Tetrachloroethene ND 0.38
Dibromochloromethane ND 0.31
Chlorobenzene ND 0.28
Ethylbenzene ND 03
Total Xylenes ' ND 0.9
Bromoform ND 0.28
1,1,2,2-Tetrachloroethane - ND , 0.27
1,3-Dichlorobenzene ND : 0.22

. 1,4-Dichlorobenzene . ND : . 0.22
1,2-Dichlorobenzene : ND ' 0.19

Total Target Compounds: L.15

000024



INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS
Tentatively Identified Compounds

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-012 GC/MS Column: DB-624

Client ID: GW/T-B Sample wt/vol: SmL

Date Received: 04/03/2001 ' Matrix-Units: Aqueous-pg/L (ppb)
Date Analyzed: 04/04/2001 Dilution Factor: 1

Date File: E7982.D % Moisture: 100

' Estimated Retention

CAS # . Compound Concentration Time
Unknown 3.2 5.91
Y
\
. Total TICs = 3.2

000C25




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab [D: 2055-013 GC/MS Column: DB-624

Client ID: GW/T-C _ Sample wt/vol: SmL
Date Received: 04/03/2001 _ Matrix-Units: Aqueous-pg/L (ppb)
Date Analyzed: 04/04/2001 Dilution Factor: 1
Data file: E7983.D "% Moisture: 100
Compound Concentration Q MDL
Chloromethane ' ND 0.61
Vinyl Chloride ND 0.33
Bromomethane ND 0.47
Chloroethane ND " 065
Trichloroftuoromethane ND 0.38
Acrolein ‘ ND 5.94
1,1-Dichloroethene ND 0.5
Methylene Chloride ND 1.91
Acrylonitrile "ND . 1.27
t-Butyl Alcohol(TBA) ND 1.02
trans-1,2-Dichloroethene ND 0.3
Methy!-t-Butyl Ether{ MTBE) ND 0.53
1,1-Dichloroethane ND 0.33
cis-1,2-Dichloroethene ND 0.27
Chloroform 1.04 ' 0.31
1,1,1-Trichloroethane ND - - 0.38
Carbon Tetrachloride ND 0.39
1,2-Dichloroethane(EDC) ND : 0.35
Benzene ND 0.3
Trichloroethene ND 0.36
1,2-Dichloropropane ND _ _ 0.25
Bromodichloromethane ND 0.25
2-Chloroethylvinyl Ether ND _ 0.25
cis-1,3-Dichloropropene ' ND - . ) ' 0.19
Toluene \ : ND : . 0.33
trans-1,3-Dichloropropene | ND ' 0.27
1,1,2-Trichloroethane : ND : 0.31
Tetrachloroethene ND 0.38
Dibromochloromethane ND 0.31
Chlorobenzene ND 0.28
Ethylbenzene ND _ 0.3
Total Xylenes ND 0.9
Bromoform ND 0.28
1,1,2,2-Tetrachloroethane ND : 0.27
1,3-Dichlorobenzene ND 0.22
1,4-Dichlorobenzene - ND - 022
1,2-Dichlorobenzene ND - 0.19

- Total Target Compounds: 1.04

- 000C26




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS
Tentatively Identified Compounds

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-013 . GC/MS Column: DB-624

Client ID: GW/T-C Sample wt/vol:: SmL :
Date Received: 04/03/2001 Matrix-Units: Aqueous-pg/L (ppb)
Date Analyzed: 04/04/2001 , Dilution Factor: 1

Date File: E7983.D % Moisture: 100

Estimated Retention

CAS # Compound _ Concentration Time
Unknown ‘ 5.8 5.91
N
- Total TICs = 5.8

000027




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-014 GC/MS Column: DB-624

Client ID: GW/T-D _ Sample wt/vol: 5mL
Date Received: 04/03/2001 Matrix-Units: Aqueous-ug/L (ppb)
Date Analyzed: 04/04/2001 Dilution Factor: 1
Data file: E7984.D % Moisture: 100
Compound _ Concentration Q MDL
Chloromethane ND 0.61
Vinyl Chloride ND © (.33
Bromomethane ND . 0.47
Chloreethane ND 0.65
Trichlorofluoromethane ND 0.38
Acrolein ND 5.94
1,1-Dichloroethene ND 0.5
Methylene Chloride ND - 191
Acrylonitrile ND 1.27
t-Butyl Alcohol(TBA) ND : 1.02
trans-1,2-Dichloroethene ND 0.36
Methyl-t-Butyl Ether(MTBE) ND 0.53
1,1-Dichloroethane ND 0.33
cis-1,2-Dichloroethene : ND 0.27
Chloroform 1.37 0.31
1,1,1-Trichloroethane ' ND 0.38
Carbon Tetrachloride ' ND 0.39
1,2-Dichloroethane(EDC) ND - 0.35
Benzene ND . 0.3
Trichloroethene ND 0.36
1,2-Dichloropropane ND 0.25
Bromodichloromethane ND 0.25
2-Chloroethylviny! Ether ND ‘ 0.25
cis-1,3-Dichloropropene - ND .- . ’ 0.19
Toluene \ ND ‘ 0.33
trans-1,3-Dichloropropene \ ND 0.27
1,1,2-Trichloroethane ' 0.491 : 0.31
Tetrachloroethene ND 0.38
Dibromochloromethane ND 0.31
Chlorobenzene ND 0.28
Ethylbenzene ND 0.3
Total Xylenes ' ' ND 0.9
Bromoform ND 0.28
1,1,2,2-Tetrachloroethane ND : 0.27
1,3-Dichlorobenzene ND 0.22
1,4-Dichlorobenzene . ND . 0.22
1,2-Dichlorobenzene ND 0.19
Total Target Compounds: 1.861

000CR8




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS
Tentatively Identified Compounds

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-014 GC/MS Column: DB-624

Client ID: GW/T-D | Sample wt/vol: 5mlL

Date Received: 04/03/2001 Matrix-Units: Aqueous-ug/L (ppb)
Date Analyzed: 04/04/2001 _ Dilution Factor: 1

Data file: E7984.D ' % Moisture: 100

Estimated  Retention
CAS # Compound Concentration Time

No peaks detected

* Total TICs = 0

000029




INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-015 : GC/MS Column: DB-624°

Client ID: GW/T-E ‘Sample wt/vol: 5mL
Date Received: 04/03/2001 Matrix-Units: Agqueous-pug/L (ppb)
Date Analyzed: 04/05/2001 Dilution Factor: 1
Data file: E7985.D % Moisture: 100
Compound Concentration Q ' MDL
Chloromethane ND 0.61
Vinyl Chloride ND 0.33
Bromomethane ND 0.47
Chloroethane - _ND 0.65
Trichlorofluoromethane ND 0.38
Acrolein ‘ ND 5.94
1,1-Dichloroethene ' ND 0.5
Methylene Chloride ND 1.91
Acrylonitrile ND 1.27
t-Butyl Alcohol(TBA) ND . 1.02
trans-1,2-Dichloreethene ND 0.39
Methyl-t-Butyl Ether(MTBE) ND 0.53
1,1-Dichloroethane ' ND ' 0.33
cis-1,2-Dichloroethene ) ND 0.27
Chloroform 1.23 0.31
1,1, 1-Trichloroethane ND ' 0.38
Carbon Tetrachloride ND 0.39
1,2-Dichloroethane(EDC) ND 0.35
Benzene ND 0.3
Trichloroethene ND . 0.36
1,2-Dichloropropane ND 0.25
Bromodichloromethane ND 0.25
2-Chloroethylvinyl Ether © ND _ 025
cis-1,3-Dichloropropene : ND - ' 0.19
Toluene \ ND : 0.33
trans-1,3-Dichloropropene N ND 0.27
1,1,2-Trichloroethane : ND 0.31
Tetrachloroethene ND 0.38
Dibromochloromethane ND 0.31
Chlorobenzene ND 0.28
Ethylbenzene . ND 6.3
Total Xylenes ND : 0.9
Bromoform ND 0.28
1,1,2,2-Tetrachloroethane : ND 0.27
1,3-Dichlorobenzene ND 0.22
1,4-Dichlorobenzene - ND - 022
1,2-Dichlorobenzene ND 0.19
Total Target Compounds: 1.23

000030



INTEGRATED ANALYTICAL LABORATORIES

VOLATILE ORGANICS
Tentatively Identified Compounds

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-015 GC/MS Column: DB-624

Client ID: GW/T-E Sample wt/vol: 5mL

Date Received: 04/03/2001 Matrix-Units: Aqueous-ug/L (ppb)
Date Analyzed: 04/05/2001 Dilution Factor: 1

Date File: E7985.D % Moisture: 100

Estimated Retention

CAS # Compound ' Concentration Time
Unknown _ 3.9 _ 5.91
\'.
\'.
< Total TICs = - 3.9

000034



INTEGRATED ANALYTICAL LABORATORIES, LLC.

METALS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab iD: 2055-001

Client ID: S0-4033-ISO

Date Received: 4/3/01

Date Analyzed: 4/5/01
Matrix-Units: Soil-mg/Kg {ppm)
% Moisture: 8.2 C

Compound ‘Result Q DF MDL

Iron 31400 1 3.27

Manganese 1050 1 0.436

000032




INTEGRATED ANALYTICAL LABORATORIES, LLC.

METALS

Client/Project: ISOTEC/MK/WELDON SPRING

Lab ID: 2055-009

Client ID: GW-3034-032801-1SO
Date Received: 4/3/01

Date Analyzed: 4/5/01 ,
Matrix-Units: Aqu_.eous-mglL (ppm)
% Moisture: 100

Compound _ Result Q DF MDL

Iron ND 1 0.100
Manganese 0.260 1 0.010

000033




INTEGRATED ANALYTICAL LABORATORIES, LLC.

GENERAL ANALYTICAL

Client/Project; ISOTEC/MK/WELDON SPRING

Lab ID: 2055-001
Client ID: SO-4033-ISO
Date Received: 4/3/01
% Moisture: 8.2

Matrix Date
Compound Result Q Unit DF MDL Analyzed
*Total Organic Carbons 850 Soil-mg/Kg NA ‘NA 4/11/01

*Subcontracted results from The Washington Group Laboratory

000034
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CHAIN OF CUSTODY

Case No.:

P.O. #: 1691

E01-2055
Project : MK/WELDON SPRING RAP - 800346
_Client/Project: ISOTEC/MK/WELDON SPRING
Client Address: Billing Address:
Isotec IgotecC
51 Everett Drive 51 Everett Drive
Suite A-10 Suite A-10

West Windsor, NJ 08550

West Windsor, NJ 08550

Date Received: 04/03/01 Verbal Due: Apr 17
Time Received: 17:00 Report Due: Apr 24
Report Format: Standard '
# of Containers 2 1 1 1 1 1
IAL ID # 2055-001]12055-002]2055-003[2055-004(2055-005|2055-006
Client ID # S0-4033-|SL/INITI|SL/CONTR|SL/T-A SL/T-B SL/T-C
IS0 AL QL
Matrix Soil Soil Soil Soil Soil Soil
Sample Date 03/27/01 03/29/01|04/03/01[04/03/01]|04/03/01104/03/01
Sample Time : 10:00 16:00 10:00 10:00 10:00
MTBE + TBA v v Vv v v
VO+10, PP LIST v v v v v
Cis 1,2-DCE v v v v v
Fe-Iron v
Mn-Manganese v
-% Solids v v v ¥ v v
TOC v
Comments: NOTE 1: AS PER COC, EXPECT TCE CONCENTRATIONS OF 780 ppb.
PLEASE REPORT LOWEST MDLs POSSIBLE.
NOTE 2: PLEASE MEET GROUNDWATER LIMITS FOR AQUEQUS METAILS.
NCOTE 3:

LAB.

SAMPLE #9S FOR DISSOLVED METALS TO BE FILTERED AT

000C37




CHAIN OF CUSTCDY

Case No.: EQ01-2055 ' P.O. #: 1691
Project : MK/WELDON SPRING RAP - 800346
Client/Project: ISOTEC/MK/WELDON SPRING

Client Address: Billing Address:
Isotec Isotec
51 Everett Drive S1 Everett Drive
Suite A-10 , Suite A-10
West Windsor, NJ 08550 West Windsor, NJ 08550
Date Received: 04/03/01 Verbal Due: Apr 17
- Time Received: 17:00 Report Due: Apr 24
Report Format: Standard
# of Containers 1 1 3 2 2 2
TAL ID # 2055-007|2055-008]2055-009|2055-01012055-011]2055-012
Client ID # SL/T-D SL/T-E GW-3034- |GW/CONTR |GW/T-A GW/T-B
032801-1|0OL
SO
Matrix Soil Scil - Aqueous |Aqueous |Agqueous |Aqueous
Sample Date 04/03/01|04/03/01{03/28/01(04/03/01]/04/03/01(04/03/01
Sample Time 10:00 10:00 -3 10:00 10:00 10:00
| MTBE + TBA v v vV v v vV
VO+10, PP LIST v v v v _ v v "
Cis 1,2-DCE v v v v v v
Fe-Iron -y
Mn-Manganese v
-% Solids . v v
Spl Filtration Y

Comments: NOTE 1: AS PER COC, EXPECT TCE CONCENTRATIONS OF 780 ppb.
PLEASE REPORT LOWEST MDLs POSSIBLE.
NOTE 2: PLEASE MEET GROUNDWATER LIMITS FOR AQUEOUS METALS.
NOTE 3: SAMPLE #9 FOR DISSOLVED METALS TO BE FILTERED AT
LAR.

000038




Case No.: EQ1-2055

Project

MK/WELDON SPRING RAP - 800346

CHAIN OF CUSTODY

P.O. #: 1691

Client/Project: ISOTEC/MK/WELDON SPRING

Client Address:

Billing Address:

Isotec Isotec _
51 Ewverett Drive 51 Everett Drive
Suite A-10 Suite A-10

West Windsor, NJ 08550

West Windsor, NJ 08550

Date Received: 04/03/01
Time Received: 17:00

Report Format: Standard

Verbal Due: Apr 17
Report Due: Apr 24

# of Containers 2 2 2

IAL 1D # 2055-013[2055-014]2055-015
Client ID # GW/T-C |GW/T-D |GW/T-E
Matrix Aqueous |Aqueous {Agueous
Sample Date 04/03/01[04/03/01{04/03/01
Sample Time 10:00 10:00 10:00
MTBE + TBA Vv v v
VO+10, PP LIST Y v v

Cis 1,2-DCE v v v

“omments: NOTE 1: AS PER COC, EXPECT TCE CONCENTRATIONS OF 780 ppb.
- PLEASE REPORT LOWEST MDLs POSSIBLE.
NOTE 2: PLEASE MEET GROUNDWATER LIMITS FOR AQUEOUS METALS.

NOTE 3: SAMPLE #9 FOR DISSOLVED METALS TC BE FILTERED AT

LAB.

000039




INTEGRATED ANALYTICAL LABORATORIES, LLC
SAMPLE RECEIPT VERIFICATION

CASE NO: 2055 | CLIENT: [<OTEE

COOLER TEMPERATURE: 2°-6°C: ¥ (See Chain of Custody)

CHAIN ©OF CUSTODY:; COMPLETE / INCOMPLETE Comments;
Sample Bottles Intact: v Comments:
Sample Labels Intact/ Correct: v
Sufficient Sample Volume: v
Correct bottles/ preservative: v
Samples received in
holding time/ prep time: v

U 10 K 4,0 Or( Sowpit W8 Bubbl, W(~15, 2. Voas
Yerag

Headspace/ bubbles in voa samples:

Samples to be subcontracted: Lubblee
" KEY-

Preserved Sample pH checked: 4 v =YES
(Excluding voa samples) *  =NO

| = NIA
ADDITIONAL COMMENTS:

i

SAMPLE(S) VERIFIED BY:  INITIAL[ %Y | DATE |1l |
CORRECTIVE ACTION REQUIRED:  YES |____ Isseael.de NO | v

CLIENT NOTIFIED: YES [__] Date/ Time: ' no [

PROJECT CONTACT:

SUBCONTRACTED LAB:
DATE SHIPPED: |
ADDITIONAL COMMENTS:
—
VERIFIED/TAKEN BY: NTIAL W7 DATE |

000040

REV 10/00




Case No
Client
Project

vo+1ioe,

Integrated Analytical Laboratories, LLC.

Laboratory Custody Chronicle

E01-20

Isotec

55

MK/WELDON SPRING RAP - 800346

PF LIST

GC/MS V

EXTRACT

ANALYSIS

2055-002

DATE TIME

INITIAL DATE TIME

4h-4h?

INT

TIAL
FS

2055-003

1

'2055-004

2055-005

2055-006

2055-007 -

2055-008

2055-0098

2055-010

2055-011

2055-012

2055-013

2055-014

2055-015

el B el b b e b Y LN AT 4]

Fe-Iron

METALS

2055-001

775

[¢2

o

2055-009

&%

/g

=

'Mn—Mang

anege

2055-001

o /s

/? Ser

rad

2055-009%

2]

Gy

/.;;a-—a

_ZE

% Solid

5

WETCHEM

7

2055-001

2055-002

%

2055-003

2055-004

2055-005

2055-006

2055-007

2055-008

Spl Fil

tration

2055-009

|| n|wn|n|nin|n

TOC

SUB-CON,

2055-001

REVIEW & APPROVAL:

REMARKS

) | '

C0QC a2




APPENDIX #2
ESTIMATED REAGENT QUANTITIES

In-Situ Oxidative Technologies, Inc.




Appendix #2: Estimated Reagent Quantities for the Initial Pilot Program

Weldon Spring Chemical Plant
St. Charles, Missouri
ISOTEC Project #800346

General Assumptions
Uniform Contaminant Distribution

Uniform Treatment Distribution

Homogeneous subsurface

Representative composite sample tested during bench scale study

Optimal Treatment Criteria = 90% destruction :

Treatment Efficiency = Ratio of percent contaminant destruction/no. of treatments

From Bench Scale Study ] Calculations
Sample Volume tested -

Selected Catalyst -

Optimal Treatment Dosages Determined -

Reagent Volume for Optimal Treatment Efficiency -

Assumed Loss Factor -

Estimated reagent volume with loss factor 2x3ml
Estimated reagent volume & percent sample volume {6 mi/130 ml)x100

Pilot Study Assumptions
Site Area -

Reagent Loss Factor -
Subsurface Porosity ) -
Number of injection depths per injection point .-
Injection depth of treatment -
Estimated radial effect -

Pilot Study Initial Reagent Volumes (see notes #1 and #2)

Site Volume for radial effect =5 ft
_ Estimated reagents required per 10-ft deptl/ injection point 4.62%of315cu ft
Site Volumé for radial effect = 10 f
Estimated reagents required per 10-ft depth/ injection point

04x3.14x(10)*2x 10
4.62%o0f 1,257 cu ft

04x3.14x(15)"2x 10
4.62% o0f 2,828 cu ft

Site Volume for radial effect=15 ft
Estimated reagents required per 10-ft depth/ injection point

Site Volume for radial effect = 20 ft :
Estimated reagents required per 10-ft depth/ injection poin

04x3.14x(201°2x 10
4.62% of 5,027 cu ft

Note #1: Above volumes assume a 100% homogeneous displacement in’
pore volume by oxidizing reagents. Pilot study reagent volumes average
between 30%-50% of the pore volume noted above.

Note #2: A 100% displacement in pore volume is not required to
complete chemical oxidation objectives due to dispersion and
concentration needed to oxidize contaminant of concemn.

04x3.14x(5)"2x10

Value

130 ml
Cat-4260/6260
1

3ml

2

6mi

4.62%

Pilot Program Area

1.5

04

1

10ft
0ftwisf

J5cuft
14.5 cu ft or 109 gallons:

1,257 cuft
58 cu ft or 435 gallons

2,828 cu fi
130.6 cu fi or 977 gallons

5027 cuft
232 cu ftor 1,737 gallons
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